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In hi -f i,up until now,
sound was the whole picture.

Since the very beginning, hi-fi has
appealed to one sense: your hearing. The
rest was up to your imagination.

Now Pioneer brings you closer to the
reality of performance than you've ever
experienced at home: LaserDisc:M

Now you can hear and see a concert or a
movie as easily as you can play a record.
With sound that's pure hi-fi.

The Pioneer LaserDisc player is easy to
hook up and easy to operate. One wire
to your TV; two to
your hi-fi. Then
just place a disc
on the player, and poof ...magic.

tl::b. ,tYi.'::y r.'.1:,i....i'
THE SOUND: A NEW GENERATION IN STEREO.

With Pioneer LaserDisc, both
channels are completely discrete from
each other. It's stereo in its truest sense.
And since the disc is read by a light beam
rather than a video head or needle, with
normal use, it doesn't wear out from play.
In addition, unlike conventional records,

Concerts like Paul Simon. .A'ew movies and
classics like Dracula

you can handle the LaserDisc as much as
you wish. Even minor surface scratches
won't effect the superb audio and video
fidelity. You can enjoy the disc forever.

Sports like NFL Football.

THE PICTURE:BETTER THAN HOME VIDEO TAPE.

The Pioneer LaserDisc player offers a
picture with actually 40% better
resolution than the picture delivered by a
home video tape player. A picture of the
highest broadcast quality. For the first time
on your television set, video fidelity is
matched by audio fidelity.

It's all done
with a laser beam
and mirrors.

TRULY PERSONAL HOME ENTERTAINMENT.

Try to imagine what it would be like to
sit down in front of your television and
see whatever program you wished
whenever you wished to see it. With a
sense of performance, a feeling of "being

there" never before
experienced at home:
Movies, concerts, sports

Pioneer Artists and
MCA/Discovision discs
like Paul Simon, Liza
Minelli, Loretta Lynn,
Jaws, Animal House,
The Blues Brothers,
the NFL.

A DOOR TO EDUCATION.

With standard -play discs, you can create
your own instant sports replays at home,
you can go in fast motion, slow motion, one
frame at a time, even stop motion indefin-
itely. But LaserDisc offers something far
more revolutionary. Everyone of the up

to 108,000 frames on the
disc is coded. And a built in
micro -computer lets you
access any individual
frame at will. This means
you can go to your favorite
scene in a movie or song
in a concert in seconds.

But that's merely the beginning. On one
disc you can stroll through the National
Gallery and study art masterpieces one
masterpiece at a time.

And since play can't wear out the disc,
they can be studied forever.

THE FUTURE IS IN REACH.

One of the most surprising parts of this
new technology is that it's affordable.

A beam of light
instead of a
needle.



The Pioneer
LaserDisc player
has a suggested
retail price of
$749`(Optional
remote control
just $50* more..)
As surprising,
a full length movie on
LaserDisc can even cost less than taking
your family out to the movies. And about
half or a third of the price of that
same movie on video tape.

Instead of
grooves on

the disc, there
are microscopic pits.

Simulates TV picture f`c-n The Blues Brothers.

YOU WON'T BELIEVE IT UNTIL YOU SEE IT.

Irrespective of how much we say here, the
true magic of LaserDisc can only be
appreciated in person. So we've arranged
for a personal demonstration in your area.
Just call us at 800-621-5199," and we'll
give you the names of the stores nearest
you. Go by all means. You won't believe
your eyes. Or your ears.
*Suggested retail price. Actual price set by dealer. **(In Illinois 800.972.5855).
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A NEW
STANDARD
OF
RECORD
BARE

DISCWASHER
D4 SYSTEM

NEW D4 FLUID
Inherently more active against
record contamination. Inherently
safe for record vinyl. Preferentially
absorptive formula carries all
contamination off the record.

NEW D4 FABRIC
Unique directional fibers
preferentially remove fluid and
contamination. D4 fabric results in
clearly better cleaning, better
drying and ultimately residue -free
surfaces.

UNMATCHED VALUE
The Discwasher D4 System is
enhanced by the durability and
aesthetics of the hand -finished
walnut handle. Included in the D4
System are the DC -1 Pad Cleaner
and new instructions.

discwasher
PRODUCTS TO CARE FOR YOUR MUSIC

1407 N. Providence Rd.
Columbia, Missouri 65201
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a brilliant new level of achievement
in cartridge development

Now Pickering, the company with the world's finest
background in cartridge development, introduces a
new level of engineering brilliance in the XSV/5000.
Start ng with a sleek, improved cantilever tube that
adds an incredible dimension of traceAbility, the
XSVi 5000 offers an improved StereohedronTM stylus
design that brings out all of the audio information,
particularly in direct -disc recordings, and a new
internal configuration that offers a frequency re-
sponse out to 50,000 Hz.

l

Over three years in development, backed by 30 years
of experience and carefully handcrafted to the high-
est standards, the XSV/5000 is the one cartridge that
not only meets the most demanding technical specifi-
cations, but delivers a smooth and faithful reproduc-
tion of sound that must be heard...truly "The Source
of Perfection"- hear it at your Pickering dealer today!

For further information write to: Pickering & Co., Inc.
101 3unnyside Blvd., Plainview, N.Y. 11803

PICKERING
"for those who can hear !he difference"
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ARE YOU READY
FOR REAL?

crown announces five new audio instruments, built
exclusively for your home audio system, and designed for the most accu-
rate reproduction - the real sound - of your favorite music.
 a new FM tuner that solves RF intermodulation problems  a new pre -
amp that packs unbelievable sonic accuracy and total control into a 13/4"
chassis  three powerful, clean new amps featuring the Crown MULTI-
MODETM circuit that stops distortion at all listening levels.

They're on their way to your Crown dealer now,
so you can look, touch and listen. Or you can read all about them in your
own home by sending the coupon below and $5 for the latest edition of
the CROWN INFORMATION PACKAGE. Over 100 pages, including a
"tour" of the Crown factory in Indiana; brochures that explain the opera-
tion of all these new instruments plus information on Distinction prod-
ucts; technical articles by Crown engineers on the MULTI-MODETM circuit
and other audio topics; complete reprints of publication reviews; price
lists and dealer addresses. Satisfaction guaranteed or we'll refund your
$5. Your Crown dealer will give you this PACKAGE free if you visit his
store. If you don't know his address, use the Reader Service Card for a
free dealer list. Or call 219/294-5571.

crown..
...WHEN YOU'RE READY FOR REAL!

For your CROWN INFORMATION PACKAGE, send this coupon and five dollars
to Crown International, 1718 W. Mishawaka Road, Elkhart, IN 46517. AU5
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WHY SPEND $200 MORE
ON A BETTER TAPE DECK
WHEN ALLYOU NEED IS $2 MORE
FOR A BETTER TAPE.
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No matter how much you spend on a tape deck,`the sound that comes out of it can
only be as good as the tape you put in it, So before you invest a few hundred dollars
upgrading your tape deck, invest a few extra dollars in a new Maxell XLI -S or
XLII -S cassette.

They're the newest and most advanced generation of oxide formulation tapes.
By engineering smaller and more uniformly shaped oxide particles, we were able to pack
more of these particles onto a given area of tape.

Now this might not sound exactly earth-shattering,but it can help your tape deck live
up to its specifications by improving output, signal-to-noise ratio and frequency response.

Our new XL -S cassettes also have an improved binder system, which helps keep the
oxide particles exactly where they're supposed to be. On the tape's surface, not on your
recording heads. As a result, you'll hear a lot more music and a lot less distortion.

There's more to our XL -S tape than just great tape. We've also redesigned our
cassette shells. Our new Quin-LokTM Clamp/Hub Assembly holds the leader firmly in
place and eliminates tape deformation. Which means you'll not only fi axehear great music, but you'll also be able to enjoy it a lot longer.

So if you'd like to get better sound out of your tape system,
ITS WORTH IT.you don't have to put more money into it. Just put in our new tape.
Mown Corpo.man of Amer... 60 J.la.tl On.o. MeuacAr N 1 0,0
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A_,D O ETC
EDWARD TATNALL CANBY

n your audio thinking, amateur or
pro, do you keep track of what I call
the proto-fundamentals? A lot of us

don't and couldn't care less. That is, un-
til something goes wrong. Then it turns
out we really need them.

I do not mean basic principles like
Ohm's Law or Negative Feedback or the
Hysteresis Loop. I mean much more ele-
mentary basics, the kind that one would
really think ought to be taken for grant-
ed, such as the wheel.

I find that many people of consider-
able intelligence don't know about the
basics at all and often are not even
aware they do not know. Do you think
that audio is any different from the rest of
our life? People's knowledge of the au-
dio proto-basics is like so much Swiss
cheese, full of holes. You can't see them
but, I assure you, they are there, even
so. And, dare I say it, from top to bottom
of the audio spectrum.

It's typical of our civilization that we
acquire extraordinary skills in the opera-
tion of our millions of gadgets and yet

TuLkA
81

mostly haven't the slightest idea how
they work. We are practical, or so we
think. We learn to work the levers and
pedals, push the buttons, tweak the tog-
gles and knobs and juggle the readouts,
remote controls, programmings, to get
what we want, all the way from the Sony
to the Cuisinart, from GM X to Chrysler
K. ABC to . I was about to say XYZ.
Let's be tactful and say CBS.

We buy our audio and we play it, play
with it, just as we compute and calcu-
late, play TV games, program the mi-
crowave, set up the VCR, turn on the
cassette, check out the deep freeze, and
activate the burglar alarm.

You do not really need any proto-fun-
damentals to listen to your hi-fi. De-
signed that way, on purpose. Not until
you have an accident or a breakdown.
Yet, curiously, some people don't have
accidents and they cope beautifully with
breakdowns, apparently without know-
ing anything. Shall we call it a sixth
sense? Others would call it intuition,
which is knowing how without knowing

why. It's the greatest blessing we can
have, though not widespread among us.
If we intuit well, we go straight to the
point and say that's it. And can't explain.
I know hi-fi people who can do this with
their home equipment. When one chan-
nel suddenly goes dead, they close their
eyes and point, saying "THERE." And
the channel is made to work again.

I have discovered recently that there
is a split in the computer world. On one
side are those near -relatives of ours, the
people who invent or design computer
hardware, the memory cores, the
doughnuts and magnetic bubbles, and
the ever -more -potent microchips. Most
audio people are at least moderately at
home with this sort of technology since it
is encroaching so very rapidly into our
own territory.

But on the other side we find the le-
gions of new computer programmers.
Another breed! I remain much in awe of
them, with their new and easy ways of
thinking, but - shocking! I am now
aware that many of these young ge-
niuses do not know even the simplest
basic proto-facts about the insides of
their own computers. And, very often,
they do not want to know. Same old
story. These people are Thinkers. They
are operators, not technicians. They live
in their own high-level stratosphere, far
from plebeian things like electronics and
microcircuits, though they use them ev-
ery day. Their special work is cut out for
them and it does not usually include
servicing machines, let alone under-
standing their working principles.

A young friend of mine in the neigh-
borhood had a big floppy -disc computer
in his summer shack last year and I was
eager to look at it, anything to do with
discs being my special interest. But he
was politely diffident. And I suspect that
he did not really want to answer my
questions, which might have been a bit
uncomfortable for him. I very much
doubt if he knows how his floppy discs
actually store their info, though he is ex-
pert at retrieving it. So I never set eyes
on the machine.

That man is the modern man, all right!
His eye right on the ball, as we used to
say, going straight for the main chance,
and no distractions. (Like proto-funda-
mentals.) And as you can see, the holes
in his Swiss cheese are deliberate. He
does not want to know. This is as it

should be, I guess, in a competitive

6 Illustration: Rick Tulka AUDIO/MAY 1981



Like a photograph that is out of focus, a loudspeaker that presents a
hazy, clouded image will never make music sound real.

In a camera, exact optical focus is achieved by the combination of
advanced design and exacting constructional standards. B&W Loudspeakers
achieve musical focus by adhering to the same strict standards. Their advanced
technology includes crossover designs optimized by computer and cone
inspection performed by laser interferometry. B&W's flawless construction is
evidenced throughout-from massive cast -alloy frames to exquisite wood
veneer finishes.

B&W Loudspeakers reproduce much more than just the notes and
overtones of a performance. By revealing the subtlest details of the music, they
add a sense of depth and clarity that brings one much closer to the experience
of listening to a live performance. Serious music listeners use a variety of terms
to describe this elusive quality. We at B&W call it focus.

Anglo-American Audio P.O. Box 653, Buffalo, N.Y. 14240
Enter No. 4 on Reader Service Card

DM22.
Even B&W's least expensive model, the DM22, bene-
fits from B&W's most important technological inno-
vations. including the use of polymer driver materials
and laser interferometry design procedures.

Yet, the DM22 is not a"utility" model but rather is a
handsomely crafted wood veneer, high performance
loudspeaker.

The DM22 achieves a new level of value and is truly

the least expensive loudspeaker worthy of the
B&W name.



It's typical of our civilization
that we acquire
extraordinary operational
skills without the slightest
idea of how things work.

world. Efficiency. Why clutter the brain
with useless side information? Stick to
what you must know, and shun the rest.
Gets in the way. True, some day you
might get shown up, or your equipment
might let you down. But (you tell yourself)
it won't happen. It's not supposed to
happen.

Question: How many of our audio.

readers fit right into this admirably practi-
cal category of mind, whether in profes-
sional audio or the home type? I'd guess
plenty. And glad of it. No point in being
defensive! It's good pragmatism and
most of us think like this, even though
our audio may be classed as entertain-
ment.

And yet there are others of us, those

the best value in hi-fi
Three V15 Type IV
Technological Breakthroughs
Dynamic Stabilizer Suspended from
two viscous -damped bearings, acts like a shock
absorber to maintain constant cartridge -to -record
distance and uniform tracking force; eliminates
record groove skipping caused by warp; cushions
the stylus from accidental damage.

Electrostatic Neutralizer 10,000
conductive graphite fibers dis;harge static electricity
from the record during play. Eliminates attraction
of dust and tracking force var ations caused by
static charges.

Telescoped Shank 3reatly improves
trackability at the critical midcle and high frequen-
cies. Lowest effective mass, v'ith no sacrifice of
necessary stiffness or strength.

For all the facts
circle 50 on

Reader Service Card

Plus a Studio Cartridge
Innovation
SIDE -GUARD Stylus Deflector
A unique lateral deflection assembly developed by
Shure for its professional studio cartridge-prevents
the most common cause of stylus damage by
withdrawing the entire stylus shank and tip safely
into the stylus housing before it can be bent by
sideways thrusts.

In 6 Models to Match Any
Turntable, Any Budget All these fea-
tures are incorporated into six moderately -priced
cartridges-with tracking forces ranging from 3/4 to 3
grams, and three different stylus configurations-
including the revolutionary distortion -reducing
Hyperelliptical stylus. Headlining the M97 Series
is the M97HE-AH, featuring a precision aligned
cartridge-headshell and adjustable overhang.

1

THE HEADLINER'"
Model M97HE-AH

with adjustable integrated headshellI
M97 SERIES

phono cartridges

Ba

GENUIN
SHUR

Shure Brothers Inc., 222 Hartrey Ave.
Evanston, IL 60204

In Canada: A C. Simmonds & Sons Limited
Manufacturers of high fidelity components,

microphones, sound systems and related circuitry.

who find basic principles, even the sillier
proto-fundamentals, absolutely fascinat-
ing. We have to know how, and why,
however uselessly. Alas, I am one of
these! We do tend to be a bit slow, I'll
admit. Too many interesting distractions.
But we enjoy life and, in a way, we are
more practical than you may think.
When disaster strikes (when the heater
busts, the car stalls, the blizzard hits,
when the hi-fi goes dead or up in
smoke), we know what to do. We have
resources. We understand. Whereas the
practical -minded majority is stymied.

Crown, Inc., the audio maker, recent-
ly fired off some material concerning its
own service reliability, which, I can say
from experience, is indeed excellent.
The company speaks of the low rate of
returns for repair, but then mentions one
factor that has to be discounted, returns
for no good reason. Equipment in per-
fect condition sent back for "repairs"
not needed. Now this is a sizable factor
in every company's operations and a ter-
rible nuisance. And it stems straight from
those gaping holes in our knowledge
that we seem to cultivate so assiduously.

When things do go wrong, it's the
panic button. Ask Crown. My amplifier is
dead! (Somebody pushed in a Tape
Monitor button.) The left speaker blew
out! (Simple loose connection.) My tuner
doesn't work! (Antenna busted.) The
phono cartridge is defective; it plays
mono! (Accidental short in the tiny rear
connections.) What a mess. And all for
the lack of a few silly fundamental proto-
bits. Here are hundreds of intelligent
people who put two and two together to
make five - and out goes the equip-
ment, back to the factory. Crazy. It's the
kindergarten stuff we don't know.

I'll give you three choice little exam-
ples of kindergarten fundamentals,
which are missing and shouldn't be.
Each was a minor disaster. Two are in
our area and one, for balance, is out-
side.

My brother, an editor of numerous
"picture books" on scientific, cultural
and historical subjects, sometimes asks
me to "proofread" the stuff his profes-
sional writers send in, when I happen to
be around. Two minds are better than
one. Back a dozen years ago, he set up
a book on a hot new subject, rocketry
and space travel, and for this he hired a
top journalist out of the London Times
who specialized in this very area. When

8



Equipment in perfect
condition is often sent bac:k
for "repairs" not needed. It
stems from those gaping
holes in our knowledge.

the manuscript came in, I was there.
After a bit, my brother handed me the
typescript. "Does this say what I think it
says?" And a few minutes later there
was another passage, also very strange
and just as incorrect! Though neither of
us is a rocket man, it soon became obvi-
ous to us that this writer, with impecca-
ble credentials and all the facts of rock-
etry at hand, actually did not understand
how a rocket works! As compared with
a plane in the atomosphere. Action and
reaction, in space as well as air. Talk
about fundamentals! That book had to
be rewritten by another author.

Then lately, I was slightly stunned to
read in our "Tape Guide" (January) an
innocent little question concerning reel-
to-reel tape editing. "I am confused
about tape splicing. On which side of the
tape should I apply the splicing tape?"

Which side? Heavens above, why, of
course, on the backside, not on the
magnetic coating or you will "play" your
splices over the head with a dropout in
the sound. Mr. Burstein's answer was
courtly and gracious, but I was
dumbfounded. You mean that an owner
of a reel-to-reel recorder, presumably
well able to operate the same, still does
not know the basics of tape movement
past the machine's heads? Apparently
so. I could understand this in a cassette
owner. But reel-to-reel? No offense! We
should respect this reader for taking the
trouble to record reel to reel, and more,
for desiring to improve his product
through his own editing.

Here's another. Gal -friend, a singer,
called me, said her cassette was acting
up and could I help? She sings into it
and listens to the playback as part of her
practicing. She has hi-fi too. a lot of re-
cords, and is very knowledgeable in mu-
sic. But in audio, NO! Blissfully unaware
of the most proto of fundamentals.

The machine played back fine, she
said, except that when she sang a low
note followed by a high note, the high
note played flat, too low. And, she add-
ed matter of factly, would a new micro-
phone fix it?

Take a breath and figure that out. For
one thing, since when, I ask you, have
microphones, even faulty ones, pro-
duced variable -pitch playback? You
record an A and it comes out G, so you
buy a new mike and try again? Some
logic!

Then do tell me, how could her first

note day right and the very next one too
low? I wondered desperately, could
there be a sudden drag on the ma-
chire's motor? (Obviously she nas no
idea that pitch and tape speed are relat-
ed.) True. a phono stylus produces some
small drag when the groove modulation
gets heavy. But a tape? And why on

playback only? (A similar drag in record
mode would cancel out.) At that point !

gave up. She always tosses me prob-
ems like this! Fertile imagination.

Frankly, between you and me, I think
she sings the high note flat. And the
recorder is all too faithful. But don't tell
her l said so. A

...far your greater pleasure.

L
Mordaunt-Short Inc

In.port.r. and C,.tr,butor. of
Mortlaunt-Short N,gh-F.tl.l.ty Loud.p..4er Sy.tem.

1919 Middle Country Road, Centereach, N.Y. 11720
Telephone: (516) 981-0066

Enter No. 6 on Reader Service Card
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TAPE GUIDE
HERMAN BURSTEIN

Playback Without Lag
Q. I have an inexpensive open -reel

deck with separate record and playback
heads. Is there any way I can add Sel-
Sync when making sound -with -sound re-
cordings so that both channels can be
played back without a time lag between
them?-David Wasilewski, Elysburg,
Pa.

A. The answer depends on your abili-
ty to read circuit diagrams and find your
way around your tape machine. What
Sel-Sync does is to convert one section
of the recording head into a playback
head. For example, suppose that you
made a recording on track 1 through the
left channel. Now you want to make a
recording on track 3 through the right
channel, in sync with track 1. By switch-
ing the left channel of the recording
head to the playback mode, you can
hear what is on track 1 in sync with what
you are recording on track 3. Thus your
task is to work out a switching system
which connects one channel of your re-
cording head to the playback electronics
instead of to the recording electronics.
Inasmuch as oscillator current will then
no longer be going to one channel of the
recording head and to one channel of
the erase head (which must be partially
disabled to prevent erasing the recorded
track), you require a substitute load; oth-
erwise the amount of oscillator current
going to the active sections of the re-
cording and erase heads will change,
adversely affecting your recording.

Intemperate Tape Deck
Q. On a top shelf with more than am-

ple air circulation, my tape deck displays
a temperature rise which I feel may be
harmful to the tapes and equipment.
From an ambient temperature of 86 de-
grees F, the machine's temperature rises
to 110 degrees in less than an hour's
operation. I understand that transistors
start to lose power at about 90 degrees
and that high temperatures adversely af-
fect tapes. Are the temperatures I men-
tioned excessive with respect to either
equipment or tape? - Edwin Small,
Honolulu, Hawaii

A. A number of tape machines run
quite hot, sometimes over 110 degrees
after an hour or two of operation. To my
knowledge, transistors do not signifi-
cantly change characteristics at a tem-
perature as low as 90 degrees F; they
would be unsuited to many purposes if

they did. Tapes can stand appreciably
elevated temperatures, probably well
over 110 degrees. When you see a
warning about leaving tapes in a closed
car on a warm day, bear in mind that the
temperature can easily mount to 1 50 de-
grees. I doubt that any of your equip-
ment is in danger as long as the tem-
perature mounts to no more than 110
degrees or so. Nonetheless, if you are
worried, why not bring the equipment
down to a lower shelf where the ambient
temperature is lower.

Inimi-Treble Range
Q. I plan to buy a cassette deck and

am curious about the limited treble re-
sponse of most medium-priced decks. If
I am correct, the audible range is up to
17.5 kHz, while most cassette decks
record only up to 14 to 16 kHz. Will I be
losing audible sound? - Howard Ross,
Columbus, Ohio

A. The human hearing range is said
to extend from approximately 20 to
20,000 Hz. Ability to hear frequencies
as high as 20 kHz at normal levels prob-
ably exists chiefly or entirely among chil-
dren, and only among relatively few of
them. For most adults the upper limit is
something like 14 kHz or less, unless the
signal is of quite high level. In most mu-
sic and other program material, little if

anything is found at high level much
above 14 kHz or so. If a cassette system
can maintain flat response to about 14
kHz, it sounds like a reasonably faithful
reproducer to most of us. Accordingly, in
looking at frequency response specifica-
tions, what is important is flat response
up to about 14 kHz; what happens
above that tends to be of relatively minor
importance.

The above, I think, is a consensus;
there is no complete unanimity. Howev-
er, there are a few, the so-called "gold-
en ears," who can distinguish between a
system faithful to, say, 14 kHz, and one
faithful to 20 kHz or better. There is a
small probability that you are one of
these few.

Bass Non Profundo
Q. When I play back 8 -track record-

ings I have made, they have a lack of
bass. Please tell me the cause of this
problem.- J. Marquez, Gurabo, P.R.

A. One possibility is the tape you are
using. Some tapes, particularly those
with extended treble, tend to be deficient

in bass. Another possibility is defective
playback equalization, owing to a faulty
capacitor or resistor. Recording equal-
ization may be defective, and still anoth-
er possibility is insufficient bias, which
would favor high frequencies over low
ones.

Trade -In Value
Q. As I understand it, the higher the

recording level, the narrower the fre-
quency response. If this is true, doesn't
a Dolby noise -reduction system trade
some frequency response for quieter
performance? - Bruce Rubin, APO
Seattle, Wash.

A. When properly adjusted, the Dolby
system does not trade a reduction in
noise for a reduction in treble response.
Dolby NR applies treble boost in record-
ing only at low signal levels, and there-
fore it does not increase the danger of
tape saturation and consequent loss of
treble. In playback, treble cut is applied
at low levels, thus restoring flat response
and at the same time reducing noise.
The lower the signal level, the greater is
the Dolby system's action (record treble
boost and playback treble cut). At high
levels, Dolby NR is inoperative, and pro-
gram material tends to mask noise.

Switched -On Bias
Q. I am interested in buying low -

noise high -output tape. Will this kind of
tape damage my heads? My tape deck
does not have a bias switch. Will I still
get the low noise and high output that
the tape is designed to provide? -
Ronald Harrmann, Columbia, S.C.

A. Such tape will not wear your
heads any more than other tapes of high
quality. There is a good chance that you
will get reasonably satisfactory frequen-
cy response with your present bias when
using low -noise high -output tape, al-
though ideally the bias should be in-
creased somewhat. If you do get a mod-
erate departure from flat response, there
is nothing wrong with using the bass and
treble controls of your audio system to
touch up the response. If the departure
is more than moderate, that is, an appre-
ciable increase in treble, it will be neces-
sary to increase the bias. A

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

stamped, self-addressed envelope.
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How to master tape

2.2

60 -

80 -

100-

Eventually, you reach a point with your tape recording system where you realize
you just can't make the kind of quality recordings you want.

Even though your equipment may be the very finest.
Because despite Dolby,* the tape still has too much noise. It doesn't give you

enough headroom. And its dynamic range - the range of volume that makes
music sound alive and real - is just too
restricted.

If you've reached that point, you're
ready for the dbx Recording Technology
Series. Noise reduction systems that elimi-
nate tape hiss and allow you to record with
a quality equal to studio master tapes.

With a dbx Recording Technology
Series Model 224 or 222, noise is reduced
by 30 dB across the entire frequency range.
You get 10 dB more headroom. You can
even make live recordings with 80 dB or
more of dynamic range. Remarkably close
to a live performance.

And there's one final touch. The dbx
Recording Technology Series includes a
built-in dbx Disc Decoder that lets you
play the revolutionary dbx Discs and
Digital dbx Discs, the world's first Full
Dynamic Range Recordings.

See your authorized dbx retailer for a
demonstration of the dbx Model 224 and
222 and learn which is best suited for your
system.

Short of buying your own recording
studio, it's the only way to master tape.

dbx, Inc., 71 Chapel St., Newton, Mass.
02195 U.S.A. Tel. (617) 964-3210. Telex 92-2522.
Distributed throughout Canada by BSR

- ,, (Canada) Ltd., Rexdale, Ontario.

RECORD (ENCODE)
90 dB DYNAMIC RANGE

INPUT SIGNAL

The dbx Recording
Technology Series uses
a unique compression/
expansion process for
recording/playback to
reproduce the full dynamic
range of the source material
-without adding audible
tape noise.

120 -

140-

" t*K,1%P -lié'.i%

250

DBX

2.5 K

FREQUENCY (Hz)

PLAY (DECODE)
90 dB DYNAMIC RANGE

OUTPUT SIGNAL

Dolby B reduces noise
by only 10 dB in the high
frequency ran e. dbx
reduces noise lay more
than 30 dB across the
entire frequency range.
(Unretouched laboratory
photograph. Data for cas-
sette recorder from "The
Importance of Dynamic
Range," Audio Magazine,
January, 1980. For a copy

25 K of the article, write dbx.)
*Dolby is a registered
trademark of Dolby
Laboratories, Inc. Making good sound better X

Enter No. 10 on Reader Service Card
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Phonograph Facts
Q. How many pressings is a master

disc capable of producing before its
original quality becomes degraded? Do
record manufacturers make it a point to
completely curtail use of masters which
have reached the end of their quality -
producing life? Is there a difference in
the quality of a record when it is pur-
chased from different sources (discount
stores, record clubs, etc.) and at differ-
ent prices? I have heard that records
purchased from sources selling them at
less than the full retail price are of lesser
quality due to the fact that they are being
supplied from masters near or past the
end of their quality lifespan. - Arthur
Darrow, Troy, N.Y.

A. The master disc is not directly in-
volved in the pressing of phonograph re-
cords. Rather, it is an intermediate step.
The master disc is vacuum sprayed with
a thin layer of silver only a few molecules
in thickness. This coating makes the sur-
face of the disc conductive and the con-
ductivity, in turn, allows for the electro-
plating of nickel. is

then stripped away from the lacquer
master disc. Under some conditions the
negative itself can be put into a record
press, with the discs produced much like
waffles are produced in a home waffle
iron. This negative, however, is most of-
ten used to generate another plated met-
al part which becomes a positive. With
appropriate equipment this metal com-
ponent can be played. In fact; it some-
times is played to check quality so that
the pressing plant is sure that parts pro-
duced from this positive can be used for
record production. The positive, or
mother as it is more often called, is once
again plated, and the resulting negative
is a metal stamper which is actually
placed into the record press. When the
stamper wears out, a new stamper is
prepared from the mother. Thus, the
number of discs produced from a master
disc can number into the many thou-
sands.

The number of discs, however, which
can be produced from any one stamper
is limited. At one time it was not possible
to produce more than 1,000 pressings
of high quality from any one set of
stampers. This is partially because of the
nature of the processing of the raw vinyl
material which is placed in the press. To-
day, with modern vinyl extrusion tech-
niques and chrome -plated stampers it is

often possible to produce 2,500 discs
from a single set of stampers.

The use of chrome plating does have
some drawbacks. Because it adds a
small amount of noise, some producers
opt for stampers which are not chrome -
plated. If chrome plating is not used, it is
likely that no more than 1,000 to 1,500
discs can be produced before noise be-
gins to build up.

It is hard for consumers to tell whether
or not a set of stampers has been run
past its prime. When this is the case, I do
not know how much of an attempt is
made to separate the less -than -optimal
discs from the rest. The cost of a stamp-
er is relatively low, so there would be lit-
tle benefit in servicing discount stores
with discs which have been pressed with
worn stampers.

Some record clubs have discs made
especially for them - often collections
of the albums and singles recorded by a
given artist. These discs, however, are
often recorded from original tape mas-
ters. The pressings are generally pro-

reliable
There is one other source of phono-

graph records which is the bootlegger.
Those engaged in this practice do not
have permission from either the record
companies or the artists. Generally
speaking, the quality of such offerings is
inferior to the authorized releases of
these same titles.

Though the prices of these illegally
produced discs may be attractive, they
should not be purchased. In part it is a
matter of uncertain quality but there is
another consideration: When one buys
these pirated records rather than the au-
thorized version, it deprives the artist,
the song writer, and the publisher of the
royalties which they receive when the
authorized version of a disc is sold. In
other words, these people are cheated
out of a portion of their livelihood.

How Impedant of You!
Q. Very little seems to be written on

the subject of extension speakers, ex-
cept that equipment reviews will often
say, "You cannot use more than two
pairs of speakers at one time."

Is there any way for an amplifier to be
set up so that three or possibly four sets
of speakers can be played simultaneous-
ly from one amplifier without running into
amplifier overload problems or losing a
significant amount of sound quality?

Also, if two 8 -ohm speakers are con-
nected in parallel, is the resulting im-
pedance four ohms or something else? If
three 8 -ohm speakers are in parallel,
what is the resulting impedance? If there
is a formula for working all of this out, I

would appreciate your giving it to me. -
James Smith, West Palm Beach, Fla.

A. If two 8 -ohm speakers are con-
nected in parallel, their combined im-
pedance is four ohms. If they are con-
nected in series, this same pair of speak-
ers will have an impedance of 16 ohms.
If two pairs each of 16 ohms are in paral-
lel, their combined impedance is 8

ohms.
If three 8 -ohm speakers are connect-

ed in parallel, this will produce a com-
bined impedance of about 3.66 ohms.
The formula for obtaining impedances of
speakers in parallel is the same as for
finding resistances in parallel: The recip-
rocal of the resistance of speaker num-
ber one plus that of speaker number
two, etc. The final answer is obtained by
taking the reciprocal of the sum of all of
the reciprocals. Thus, in the
8 -ohm speakers, we take each of them
and call them 1 /8 (which is the recipro-
cal of 8); 1/8 plus 1 /8 is 2/8. Taking
the reciprocal of this, we now have 8/2,
which is four, or four ohms.

If you wish to have four speakers con-
nected to one channel of your amplifier,
you must put two of them in series, put
the remaining two in series, and finally,
connect the groups in parallel. Use
heavy -gauge wire to keep damping as
high as possible. The damping will not
be high in any case, but with many
speakers this loss of damping will not
matter. This series or parallel arrange-
ment is the only way to have four speak-
ers per channel operating from a single
power amplifier, all at the same time.

Connecting three speakers to one
channel of an amplifier is a real problem
unless one wishes to waste power in the
form of heat in a resistor. Where your
amplifier has been designed to work into
loads lower than four ohms, three speak-
ers can be connected in parallel with no
difficulties.

There is always the alternative of hav-

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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ing two separate power amplifiers, each
of which is fed to two speakers. This ar-
rangement provides the best damping
- in those instances where this is im-
portant.

Naturally, the greater the number of
speakers per channel, the more that the
available amplifier power must be distrib-
uted into each of them. If really loud lis-
tening is contemplated with all speakers
operating, and if the speakers are rela-
tively inefficient, it may be that a low -
power amplifier may not have sufficient
reserve power for this application.

Que Sera, Ceramic
Q. I recently decided to build the

Leach moving -coil pre -preamplifier (Au-
dio, February, 1978), and I would like to
use the highest quality components.

Mr. Leach specifies the use of ceram-
ic capacitors in the circuit for r.f. interfer-
ence suppression, and he specifically
discourages substituting parts.

Would the use of film -type capacitors
- polystyrene or polypropylene - in-
stead of ceramic capacitors improve per-
formance of this circuit? -William E.
Bobrick, Richmond, Va.

A. Ceramic capacitors were recom-
mended because many other capacitors
are inductive at radio frequencies, there-
by reducing their efficiency as r.f.
bypass capacitors. Dielectric materials
have been improved and ceramic capa-
citors have been made smaller for a giv-
en amnllnt of capacitance This ha

1 YOU NEED VISUAL ZERO GAIN LEVEL INDICATION: SOUNDCRAFTS.
MEN combination zero -gain controls with LIGHT EMITTING DIODE indicators to show
when exact zero -gain a accomplished. Adlusting the zero -gain controls tu, equal L.I D intensity
assures you at input vs output level matching.

2YOU NEED FULL -SPECTRUM BOOST OR CUT CONTROLLABILITY:
SOUNDCRAFTSMEN'S"ze,oge,n" tumid provides an additional 18 de cdntroI.,ange over
the full spectrum 20 to 20.480 Hz on each channel tar instantaneous input.nutput zero-dlstatlon
signal matching.

cartridge having deteriorated. There is
probably no phonograph stage in equip-
ment which employs ceramic cartridges.

If your console employs a magnetic
cartridge, check the stylus to see if it is

properly centered or if it is bent, touch-
ing the cartridge body. This would re-
strict the motion of the stylus, leading to

lower volume and considerable distor-
tion.

If the magnetic cartridge proves to be
all right, perhaps the phonograph
preamplifier stage or stages are not op-
erating as they should. Sometimes dirty
switches are the cause of low volume
from a phonograph system. Q

THE
EQUALIZATION
LEADER._.

WHY? Because WE CARE about HOW an equalizer does its job BEST!
That's the reason for Our 10 -POINT 'TOTAL -SYSTEM EQUALIZATION"

YOU NEED MORE THAN JUST AN EQUALIZER ... FOR 3You NEED AUTOMATIC/CONTINUOUS OUTPUT -OVERLOAD WARN -
OPTIMUM EQUALIZATION BENEFITS, HERE ARE THE TEN ING SIGNAL: SOUNDCRAFTSMEN'S 2 top LED's glow brightly. (bottom L e.D.'s all,

ESSENTIAL ELEMENTS YOU NEED: output voltages boosted excessively. thus eliminating the danger of distortion andior damage
to related equipment resulting from the high voltages that can be generated by any line equalizer

4 YOU NEED A POSITIVE METHOD OF READING dB SETTINGS...

5 YOU NEED AT LEAST 30dB TOTAL CONTROL OF EACH OCTAVE ...

6 YOU NEED A UNIT THAT WILL ADD ZERO NOISE AND DISTORTION,
SOUNDCRAFTSMEN'S signal.Io-nase and distortion performance figures re tar superio,
to moss high fidelity components. SOUNDCRAFTSMEN pmduats ae used to p,oIessmnaI
btegratst and ,ouading systems. assuring you al completely noise nee and ainalmo-1,ee

tegonon unto you, system

7 YOU NEED TO BE ABLE TO LOOK AT YOUR ACTUAL "EQ" CURVES.

8 YOU NEED THE ABILITY TO EQUALIZE TAPE RECORDINGS...

I _ 4s70. ~PM e4 cuar. R
DOMES N 10

YOU NEED A MEMORY SYSTEM
FOR "E9 SET -RESET REFER.
ENCING': SOUNDCRAFTSMEN

yoe n "C tPUTONECHARTS'torecordingg
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exact setting of each stave control tor
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matic "Instant MemoryProgramming-t is

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

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

DEAR EDITO

Speakering Up
Dear Editor:

In your interview with Daniel von
Recklinghausen (February 1981) it is
stated that DvR "developed the first
widely used planar -dynamic driver with
reasonable power handling...." In the in-
terest of historical accuracy, your read-
ers should know that James Winey (the
president and founder of Magnepan) de-
veloped a planar -magnetic (i.e. planar
dynamic) driver in the late '60s. In 1971,
Magnepan began producing and selling
the first high -power handling, full -range
planar magnetic loudspeaker - the
Tympani I - under the trademark Mag-
neplanar. The fact that over 30,000
pairs of various models (of the same
principle) have been sold in the U.S. and
abroad qualifies them as "widely used."

Our Magneplanars are still the only full -
range planar magnetic loudspeakers on
the market.

David E. Carambula
Magnepan Incorporated
White Bear Lake, Minn.

Mr. von Recklinghausen Replies:
Mr. Carambula may be unaware that

the history of the flat, large -area
loudspeaker with a planar -magnetic driv-
er goes back to the 1920s. In particular,
the German "Blatthaller" (literally "sheet
hailer") loudspeakers of this era enjoyed
some popularity as wide -range
loudspeakers in Europe in public-ad-
dress systems. What Mr. Winey and I ac-
complished was the tailoring of such
units to specific needs, and these were
improvements over the older designs.

Addenda: The New Level Meters
Dear Editor:

I have a few comments to make about
my article, "The New Level Meters,"
which appeared in the December 1980
issue. This article was solely informative
and by no means intended to be used
for accurate design or as a complete
construction article for audio level me-
ters. There are so many methods of de-
signing such meters using these ICs,
more than can practically be included in
one article, that I left it to the reader to
devise by using the source list provided.

I know that the diagram in Fig. 2 is not

the best design, and I appreciate the
comments I have received to make it
work better. The use of Fig. 2 was for
experimental purposes, and it should not
be followed for best construction tech-
nique. The following is a better version of
Fig. 2 suggested by Michael Maida of
National Semiconductor Corp. This firm
offers excellent data sheets (LM3914,
LM3915, and LM3916) showing appli-
cations and design procedures for audio
level meters.

Ronald G. Ajemian
Institute of Audio Research

New York, N.Y.



Test labs now use
an extraordinary new instrument to

evaluate record playback performance.
A warped record.

Magazine test reports are usually
based on measurements made with
professional equipment and under -
ideal laboratory conditions. None of
which matches the real -life situation
you face at home.

Virtually all records manufactured
today are warped. And even records
that are slightly warped can make
conventional tonearm and cartridge
combinations (typically 18 grams
effective mass) distort badly and even
leave the record groove.

The test labs know this, of course,
which is why they tried something
different with Dual's 8 -gram Ultra
Low Mass tonearm and cartridge
system. They added an innovative
test instrument to their scopes and
meters.

A badly warped record.
The results of this new test are not

reported as percentages, decibels or
other technical jargon, but in clear
and unmistakable language:

"Navigating the worst warps we
could find, the Dual/Ortofon
combination proved very agile
indeed, with nary a mistrack."
High Fidelity

.. tracked the most severely
warped records in our collection,
usually so well that we heard nothing
wrong." Stereo Review

"Even a severe warp that would
normally throw the pickup into the

air will usually give no more than a
slight 'thump' ...and most warps
are undetectable by ear."
Popular Electronics

"The Dual takes dead aim at the
fiend of disc reproduction-the
warped record-and response to
record warps practically is eliminated
at the source.' Stereo

One test lab, after making the usual
measurements, chose to just listen to
music as reproduced by ULM.

"There is no way measurements, or
mere words. can describe the acoustic
presence of this record player... highs
are crystal.ine, with a purity we
haven't hea-d before. The bass s so
clean that Dne can hear new sotnds
from records, such as the harmonic
vibration of unplayed strings or. the
double bass... overall definition and
transient response were outstanding."
HiFi/Stereo Ruyr"s' Guide

You too c3n hear the differen.e
ULM makes. Visit your local Dual
dealer anc be sure to bring your own
"test instrument." Especially one that
seems unplayably warped.

ULM.
A major breakthrough in rec3rd

playback te:bnology.
Write fcr o -.w brochure describing

all nine Du31 ULM turntables. 'rices
start at less than $190. United Audio,
120 So. Columbus Ave., Mt. Vernon,
NY 10553.
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SOTA Industries Pre -Preamplifier
The SOTA pre -preamplifier is a step-

up device designed by John Curl and
intended for use with moving -coil car-
tridges. This unit is designed to com-
pletely eliminate hum and r.f. interfer-
ence which subtly mask music signals.
This pre-preamp features complimentary
Class -A push-pull solid-state circuitry in
two separate gain modules, and it has a
rated THD of less than 0.02 percent, IM
of less than 0.05 percent, and crosstalk
better than 70 dB over the frequency
range of 6 Hz to 160 kHz, +0, -3 dB.
Price: $275.00.

Enter No. 100 on Reader Service Card
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CAMEO Dictionary
The Dictionary of Creative Audio

Terms contains over 1,000 defini-
tions-from A -B test through zenith ad-
justment-and is intended to provide a
fundamental working knowledge of the
jargon of professional audio. Drawn from
a variety of disciplines, including acous-
tics, sound reinforcement, recording,
music, and electronics, these definitions
were written for those who are not tech-
nically inclined. Illustrations are included
for easy understanding, and the text was
written in as few words as possible while
still covering all relevant facts. Price:
$5.95.

Enter No. 108 on Reader Service Card

SAE Amplifier
SAES Model X25A hypersonic Class -

A power amplifier uses a patented de-
sign technique to produce the low distor-
tion inherent in Class -A designs,
yet exhibits high efficiency so
that it loses only a very low
percentage of its power to
heat. The unit is rated at 250
watts per channel into 8 ohms
with less than 0.02 percent
THD. In addition to separate
15 -LED power level indicators,
each channel employs two
independent amplifiers to
handle both the positive and
negative slopes of the
waveform. Price: $1,500.00.
Enter No. 101 on Reader Service Card
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MIS Alignment Cassettes
Ten-minute prerecorded test cas-

settes from Magnetic Information Sys-
tems provide a precise 0 -dB signal at the
Dolby reference level to check level set-
ting, azimuth adjustment, EQ and bias
setting, and flutter testing. "Ultra Quali-
ty" tapes are housed in aluminum, and
"High Quality" cassettes in a precision -
molded enclosure. Both are available at
test frequencies of 333 Hz, 1 kHz, 3
kHz, 6.3 kHz, and 10 kHz. Prices: Ultra
Quality, $24.95 each; High Quality,
$18.95 each.

Enter No. 102 on Reader Service Card

MXR Preamplifier
MXR Innovations'

Linear Preamp serves
as the control center of
any stereo system, and
its two -position gain
switch allows 20 dB of
additional gain - only
when needed - to
help insure optimum
signal-to-noise ratio.
Standard function con-
trols, a subsonic filter,
two tape or processor
loops, and left -right
mono/reverse capabil-
ity are features of
this 19x6x13/4
inch unit.
Price: $330.00.

Enter No. 103 on Reader Service Card
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Trilogy Speaker System
Trilogy's Premiere Subwoofer-Satel-

lite System uses mylar capacitors, air -

core inductors, and plastic and mylar
drivers in its design. The subwoofer fea-
tures two separate enclosures in a com-
mon housing; each driver faces opposite
the other (left facing left, right facing
right) to provide maximum dispersion
while reducing standing waves. The sa-
tellites contain a 4 /2 -inch cone mid-
range and a 3/4 -inch dome tweeter. Fre-
quency response is stated to be 25 Hz
to 22.5 kHz, ±2.5 dB, and impedance
at 8 ohms, with amplifier power recom-
mendations from 25 to 300 watts. Maxi-
mum output is 115 dB SPL at 1 meter
on axis. Price: $680.00 for three pieces.

Enter No. 104 on Reader Service Card

Russound Remote Listening
Controller

The VS -1 remote volume control from
Russound permits the user to select ei-
ther speakers or headphones and to
control volume levels at the listening lo-
cation rather than at the amplifier. Power
outputs of up to 1 50 watts/channel can
be accommodated because of a con-
stant -impedance L -pad control. A self-
contained power attenuator can be
switched in, and a red LED signals when
power levels make this necessary. The
unit measures 3 x 4343 x 4 Y2 inches.
Price: $79.95.

Enter No. 105 on Reader Service Card
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Clarion Programmable Car Radio
The microprocessor -equipped Model

PE -959A car radio from Clarion Corp.
can be programmed to make up to 10
AM and/or FM automatic station
changes at predetermined times. Speci-
fications include an FM usable sensitivity
of 14 dBf, a capture ratio of 2 dB, stereo

separation at 1 kHz of 35 dB, and wow
and flutter of 0.13 percent wtd. rms.
Dolby NR, equalization for Cr02 and
metal tapes, a local/distant station
switch, an automatic reverse mechanism
with locking fast forward and rewind,
and a digital display are among the PE-
959A's other features. Price: $899.95.

Enter No. 106 on Reader Service Card

Superex Parametric EQ
The GEM -7, from Superex Electron-

ics, is an eight -section full parametric
equalizer with four response -shaping fre-
quency banks per channel. Bi-FET cir-
cuitry has been employed in a design
which has a boost/cut range of ±18 dB
per band and S/N of -89 dBm, THD of
less than 0.01 percent, and IM distortion
of less than 0.005 percent. Frequency
selection is continuously variable from
30 Hz to 16 kHz, and the unit is supplied
with handles ready for rack mounting.
Price: $449.95.

Enter No. 107 on Reader Service Card

AUDIO/MAY 1981 19



DHCOLBY C -TYPE
NOISE
REDUCTION

The Dolby B -type noise -reduction
system was introduced to the
consumer in 1 968; the first cas-

sette decks incorporating it were intro-
duced in 1970. Today, tens of millions
of consumer audio products with Dolby
noise reduction have been manufac-
tured, and cassette recordings made
with the system probably number in the
hundreds of millions.

The adoption by the consumer elec-
tronics industry of a single noise -reduc-
tion system, with characteristics main-
tained throughout the world by means of
a comprehensive licensing program, has
ensured compatibility among recordings
and recorders. Thus, any recording
made with Dolby B -type noise reduction
can be played on any machine equipped
with Dolby B circuitry, regardless of
manufacturer or country of origin. The
effectiveness of the system is such that
today's high-performance cassette re-
corders, using good tape formulations,
can record the vast majority of available
program material without significant deg-
radation.

However, over the past two years or
so, there has been a growing desire for a
system giving even more noise reduction
than is provided by Dolby B. Audiophile
disc releases with wide dynamic range,
a continuing reduction in the cost of am-
plifier power, loudspeaker systems with
increased accuracy and robustness, the
use of equalizers in elaborate systems,
and in some markets a serious interest in
high -quality live recording on cassettes
are all indications of a need for more
noise reduction, at least at the higher
end of the marketplace. While it remains
to be seen just how deeply that need
goes, it seemed appropriate in late 1980
for Dolby Laboratories to offer its licen-
sees the option to use a new system,
Dolby C -type noise reduction, to supple-
ment the standard B -type system. Dolby
C provides 20 dB of noise reduction

above about 1 kHz compared with the
Dolby B -type system's 10 dB of noise
reduction above about 4 kHz. Dolby C -
type noise reduction has been designed
specifically to deal with the noise spec-
trum and other parameters particular to
slow -speed consumer tape recording
formats such as the standard compact
cassette and the microcassette.

Objectives for
Dolby C -Type Noise Reduction

The goal for a new Dolby system was
not simply and arbitrarily "more noise re-
duction." A number of devices, such as
wide -band companders, have long been
available which provide more noise re-
duction than Dolby B under some signal
conditions, most notably in the absence
of signals altogether. However, these de-
vices also introduce such side effects as
noise modulation and overshoot distor-
tion under other signal conditions. Thus,
an important objective for Dolby noise
reduction was minimizing the side ef-
fects, and there were a number of other,
related goals:

1. Quantity and quality of noise re-

duction. With a companding noise -re-
duction system, the greater the noise re-
duction desired, the more the signal
must be manipulated by the encode/de-
code process, and thus the more likely
that side effects will be audible. It was
decided that Dolby C would not trade
more noise reduction for more audible
side effects than had Dolby B. This deci-
sion is not only reflected in the design of
the system, but also in the choice of the
amount of noise reduction the new sys-
tem provides. To minimize the signal
processing required, it was necessary to
establish the minimum amount of noise
reduction required to meet the likely de-
mands of the market. It was concluded
that for cassette recording, 20 dB of
noise reduction would provide a noise
level below that of any current or likely
future program source, and would in-
deed result in tape noise below the am-
bient noise level of most home listening
environments.

2. Tolerance of normal recorder er-
rors. For a noise -reduction system to be
practical, it must be reasonably tolerant
of errors introduced by the recorder at

* Director of Communications, Dolby
Laboratories, San Francisco, Califor-
nia,

Fig. 1 - Dolby C
transfer character-
istics, showing how
the effects of the
two stages combine
to produce 20 dB
of compansion.
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You've driven to the end of the world. Alone.

The engine is still warm.

Amid the roar of the waves and the cries of the gulls,
you fire up your mobile high-fidelity system for a morn-
ing concert.

What will it be? Bach? Mozart? Perhaps some Keith
Jarrett.

Whatever you choose, your system is equal to the
task because you've chosen ADS.

The ADS Power Plate 100 Automotive Amplifier and
the ADS 300i Automotive Loudspeaker System deliver
the kind of power it takes to be heard above road noise,
engine noise, and ocean waves. And it's not just brute
power, but power with performance, subtlety and
nuance - qualities collectively known as musical
accuracy.

Easily the most sophisticated automotive audio com-
ponents available today, the Power Plate 100 amplifier
and 300i speakers are exactly what you'd expect from
ADS, the company that literally invented mobile high-
fidelity.

To find out more about putting an ADS system in
your automobile, write ADS, Department AU26, or call
1-800-824-7888 (California 1-800-852-7777) toll free and
ask for Operator 483.

The more time you spend with your automobile, the
more you owe it to yourself to listen to ADS.

ASS Audio for the critically demanding

Analog & Digital Systems, Inc., One Progress Way, Wilmington, MA 01887 (617) 658-5100



both high and low frequencies between
encoding and decoding. Dolby B -type
noise reduction has proved sufficiently
tolerant of such errors to be practical, so
a similar tolerance was an objective for
Dolby C. (As it turned out, Dolby C is
more tolerant than Dolby B, as the result
of developments which will be described
later.)

3. Provision of the Dolby B character-
istic. With so many Dolby B encoded re-
cordings in use, it was thought essential
to design the new system so that the
Dolby B characteristic could be incorpo-
rated easily and economically. Licen-
sees who decide to manufacture prod-
ucts with Dolby C -type noise reduction
can provide Dolby B at the same time
without the cost and complexity of re-
dundant circuitry.

4. Cost. It was obvious that a system
providing 20 dB of noise reduction
would be more costly than Dolby B -type
noise reduction. However, a consider-
able effort was made to keep its cost ap-
propriate to at least the higher end of the
current market. This meant the use of
regularly available parts, and also a sys-
tem which would not put a greater bur-
den on the manufacturer in the way of
unusually elaborate production -line test-
ing and adjustments.

5. The sound of Dolby C recordings
played with Dolby B decoding. A vital
factor in the adoption of Dolby B -type
noise reduction has been that cassettes
encoded with Dolby B sound acceptable
on players not equipped with Dolby B
circuitry. Thus, assuming there would be
interest from duplicators in issuing C -
type recordings, consideration was given
in the design of the new system to what
those recordings would sound like when
played on machines equipped only with
Dolby B -type or with no noise -reduction
circuitry.

The Problem of Noise Modulation
With a companding noise -reduction

system, noise reduction occurs at the
moment of playback by means of an ex-
pander circuit which acts as a gain con-
trol constantly adjusting the playback
volume. The general idea is to turn the
volume down on quiet passages, thus
turning down the noise as well, and to
turn it back up again on loud passages,
which will hopefully mask the noise. If

this expanding process is preceded at
the time the recording is made by a com-
plementary compression process (i.e.,
turning the record level up on soft pas-
sages and down on loud ones), then the
net result on playback should be a resto-
ration of the dynamics of the original mu-
sic along with noise reduction.

In designing a system which minimiz-

Fig. 2 - Low-level
encode characteristic
of Dolby B and
Dolby C (decoding
is precisely recipro-
cal).

Fig. 3 - Noise from
biased cassette tape
(70 µS), measured
with a constant -
bandwidth wave
analyzer and
weighted (CCIR/
ARM) to reflect the
ear's sensitivity to
noise and noise -re-
duction effects.
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es audible side effects, the trick is to pro-
vide a subjectively consistent amount of
noise reduction, that is, to design a sys-
tem which does not allow the noise to
audibly (and annoyingly) go up and
down with level and/or spectral changes
in the music. This problem is called
noise modulation. As the expander turns
up the volume on a loud bass drum rap,
for example, it will also turn up the vol-
ume of the tape hiss at higher frequen-
cies at the same time so that the bass
drum note is accompanied by an audible
burst of hiss.

In more than 15 years of research into
noise reduction, Dolby Laboratories has
discovered only two effective and practi-
cal ways to render noise modulation
inaudible. The first of these techniques is
called band -splitting, and it is used in
professional Dolby A -type noise reduc-
tion, where the spectrum is divided into
four bands, each of which has its own
independent compander. Thus, when
the hypothetical recording of the bass
drum is played back, the expander
which acts in the frequency range of the
drum lets it through at full volume, while
noise in the drum's vicinity is masked by
its sound. But in the other bands, where
no musical signals mask the noise, the
other expanders simultaneously keep
the volume turned down, thereby provid-
ing full noise reduction in regions such
as that of tape hiss.

The band -splitting technique is most

appropriate to professional applications
because it deals with noise at all audible
frequencies; among other things, this
characteristic complements the relatively
equal distribution of noise in media such
as higher -speed professional tape re-
cording. But it is a comparatively costly
technique, which fortunately is not re-
quired for consumer tape recording
where the predominant noise is higher
frequency hiss. The second approach,
called the sliding -band technique and
developed for the Dolby B -type system,
uses a single band of compansion which
reaches low enough to provide effective
noise reduction in the absence of sig-
nals, but which also changes its width in
response to musical signals. In the case
of the solo bass drum note, the com-
panding band will slide up in frequency
so that on playback the bass drum is let
through at full volume, while the expan-
der lowers the volume, and thus the tape
hiss, at the frequencies above the bass
drum where there is no musical signal. If
the bass drum is accompanied by a vio-
lin, the companding band slides further
up in frequency to let both the drum and
violin through, while still maintaining
noise reduction at frequencies above the
violin. The result is an effective noise -
reduction system with many of the same
benefits as the band -splitting technique,
but one which is more cost-effective and
particularly appropriate to the needs of
consumer tape recording. Thus, the slid -
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TDK CREATES SA -X.
Now you can explore the far reaches of high bias.
TDK has added a new dimension to high bias

recording. It's called SA -X.
SA -X emerges from the Super Avilyn technology

that has set the reference standard for high bias
cassettes. Beyond that, TDK engineers saw new
worlds of high bias to explore. By taking two layers
of Super Avilyn with different coercivities and opti-
mally matching them, TDK creates a formulation
that raises high bias to a higher level. One that
approaches the sound quality of metal.

You will: hear rock and jazz soar to new heights.
Classical, with more of its wide dynamic range.
A clarity that even the best bias couldn't give you
before. With every kind of music, SA -X brings you
closer to the richness of a live performance. And it
will keep you there, with its flawless mechanical
construction. TDK has given SA -X the Laboratory
Standard Mechanism for optimal interfacing with
cassette deck heads. You'll hear its consistently
superior performance for years to come.

SA -X performs like no other cassette. Expect it to
cost a bit more. You can also expect it to take you
further into high bias than you've ever been.

c' 1980 TDK lics Corp Carden CI y. N Y 11530 Enter No 33 on Reader Service Card The Amazing Music Machine



ing band technique has been used for
the new C -type noise -reduction system.

Dual -Level Processing
Simply modifying Dolby B to provide

20 dB of compansion at higher frequen-
cies instead of 10 dB is inadequate, as a
single processing stage suffers from
problems such as overshoots and level
uncertainties in manufacturing. Those
problems were overcome by the use of
two compander circuits in a special way,
by which both cover the same frequency
band but are sensitive to signals at differ-
ent levels. One processor is sensitive to
signals at essentially the same level as
the Dolby B -type processor, while the
other is sensitive to signals at a some-
what lower level. Each processor pro-
vides 10 dB of compansion; as they are
connected in series, their effects add to-
gether to -provide 20 dB of compansion
and so 20 dB of noise reduction.

Figure 1 illustrates by means of trans-
fer characteristic curves how the dual -
level processors work together. Note that
the total companding action is restricted
to middle -level signals. At high signal
levels, unlike conventional companders,
there is no dynamic action and the sys-
tem acts as a unity -gain amplifier, while
at low signal levels, again unlike many
conventional companders, the system
acts only as a fixed -gain amplifier. By
restricting the system's companding ac-
tion, such side effects on the signal as
overshoot distortion can be minimized;
this is characteristic of all Dolby noise -
reduction systems.

Noise -Reduction Bandwidth
Yet a further departure from Dolby B

was required. The B -type system begins
to take effect in the 300 -Hz region and
increases its action until a maximum of
10 dB of noise reduction is provided in
the 4 -kHz region and above. The subjec-
tive result, due to the ear's sensitivity to
the particular spectrum of low -speed
tape noise, is an overall reduction of
noise, and the remaining noise is subjec-
tively evenly distributed. However, re-
ducing noise in the B -type system's op-
erating range by a further 10 dB, while
resulting in very noticeable additional
hiss reduction, has the further subjective
effect of revealing mid -frequency noise.
Thus, a further difference between Dolby
B and Dolby C is that the latter reaches
two octaves lower, begins to take effect
in the 100 -Hz region, and provides on
the order of 15 dB of noise reduction
around 400 Hz and 20 dB in the critical
2 to 10 kHz hiss area. This means that
Dolby C, like Dolby B, produces a sub-
jectively even spectrum in what little
noise remains (Figs. 2 and 3).

Fig. 4 -To pre-
vent mistracking A

between the com-
pressor and the ex-
pander, a noise -re-
duction system
should operate only
on signals which level
are reproduced
reliably by the
medium. (The vagar-
ies typical of
cassette tape are
illustrated.)
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As can be seen in Fig. 2, the C -type
system's action is sharply and deliber-
ately curtailed below 100 Hz because of
the ear's relative insensitivity to low-
level, low -frequency noise. The only po-
tential low -frequency noise of any real
concern is 50 -Hz or 60 -Hz hum, which
can be kept inaudible (at all but totally
impractical listening levels) by proper
cassette recorder engineering. This is

fortunate, because very low -frequency
noise reduction brings up several new
problems. For example, it might be
tempting for a recorder designer to use
the noise -reduction system as a crutch
to reduce hum which could (and should)
be eliminated by other means. Were
there to be considerable hum and were a
single -band (now virtually a wide -band)
noise -reduction system to reach low
enough to affect it, hum modulation
would result, whereby higher frequency
signals cause the hum level to go up and
down audibly. The noise -reduction sys-
tem could get around this problem if it

included a separate low -frequency band,
but then the cost and complexity of the
system would go up substantially. In ad-
dition, a system providing noise reduc-
tion at very low frequencies would result
in encoded recordings with substantially
boosted low frequencies. Such record-
ings heard without reciprocal decoding
would most likely be considered unac-
ceptable due to gross exaggeration of
such low -frequency noises in program
sources as the room rumble inevitable at
most recording sites and turntable rum-
ble components from disc sources.

Dealing with Recorder/Tape Errors
It is important in noise -reduction sys-

tems that the expander precisely track
the compressor so that the original sig-
nal is accurately reconstructed. In tape
recording, however, the expander
derives the information it needs to recon-
struct the original signal after the corn -

pressed signal has been recorded on the
tape. Therefore, if the tape and recorder
combination significantly alter the com-
pressed signal, mistracking and poten-
tially audible side effects can occur. To
make things even more difficult, the de-
gree to which recorder/tape errors are
troublesome -is related to the amount of
noise reduction desired.

In cassette recording, the likelihood of
the recorder and tape introducing
upredictable alterations of the signal is
very real. For example, different recor-
ders introduce different characteristic
head "bumps" at low frequencies so
that the signal level coming off any par-
ticular recorded tape at those frequen-
cies cannot be predicted accurately.
While flat, extended response is theoreti-
cally achievable at high frequencies,
above 10 kHz it is in reality also unpre-
dictable because the consumer may use
a type of tape for which his recorder is
not adjusted, and/or the heads may be
worn or dirty. Furthermore, he may use a
record level too high for the tape, caus-
ing distortion and again unpredictable
signal losses, particularly at higher fre-
quencies. Ideally a noise -reduction sys-
tem should operate only on signals in
what might be termed a "safe" area, as
shown in Fig. 4, where response from
the tape can be predicted with some de-
gree of certainty.

Dolby B -type and C -type noise reduc-
tion have been designed with these cas-
sette limitations in mind. (For example,
as shown earlier, neither system pro-
cesses signals at unpredictable low fre-
quencies.) But with C -type noise reduc-
tion, because more compression and ex-
pansion is being squeezed into the same
safe operating area, two further develop-
ments were necessary to prevent such
problems as mistracking, particularly at
high frequencies. These are the blocks
in Fig. 5 labelled "spectral skewing"
and "anti -saturation."
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The encode curves shown in Fig. 6

not only illustrate the overall characteris-

Fig. 5 - Dolby C -type noise reduction block diagram. tic of Dolby C -type noise reduction, but
also show the specific effects of spectral

1. Spectral skewing. To prevent ex-
pander errors as a result of unpredicta-
ble cassette response above 10 kHz
(such as those caused by using the
wrong tape type), a controlled high-fre-
quency roll -off called spectral skewing is
introduced ahead of the compressor
when the system is in the encode mode.
This roll -off desensitizes the noise-reduc-
tion system so that it tends to ignore
what's happening above about 10 kHz
and so is less likely to mistrack as a re-

suit of changes in response introduced
by the recording process. A complemen-
tary boost of frequencies above 10 kHz
is introduced after the expander in the
decode mode to maintain flat frequency
response. While the noise -reduction ef-
fect is thus reduced above 10 kHz, the
ear's sensitivity to noise above 10 kHz
drops off at an even faster rate than
does the noise -reduction effect.

2. Anti -saturation helps prevent over-
loading the tape at higher frequencies,

skewing and anti -saturation. The roll-ofi
above 10 kHz at all levels is the result of
spectral skewing; the gentler downward
slope beginning at about 1 .5 kHz on the
higher -level curves is the result of anti -
saturation.

Implementation of the
New System

Ultimately, the most efficient way for
the cassette deck manufacturer to pro -
vide Dolby C -type noise reduction will be
by means of dedicated C -type integrated

You've heard it so often...just
as the music reaches its peak, the
phono cartridge simply gives up. But
not Precept. Bring on your thundering
climax...whether it's the heaviest
rock music or the full majesty of
a symphony orchestra. Precept car-
tridges reproduce it all with clarity,
definition, and full dynamic range.
Or challenge Precept with the softest,
most subtle solo. The sound will
delight you with its honesty and
accuracy.

Behind this soul -satisfying
performance lies a tradition of engi-
neering leadership and excellence.

You may not be aware of our dual
magnets, square -shank nude styli,
exceptionally low moving mass, or
even our uniform 360° radial damping.
But each of these features contrib-
utes to music which is heard
undistorted and unchanged from the
intent of the artist.

Yet stirring sound is but one of
the important benefits of a Precept
cartridge. In addition, every record is
treated safely and gently for longest
record and stylus life.

There's a Precept model to fit
every popular turntable and record
player of today. Without fuss or

Enter No. 2 on Reader Service Card

bother, because we believe it should
be easy to get the most from your
record collection.

Precept makes good sense and
great music. Precept cartridges may
be found at the most progressive audio
store in your city. Precept Division,
A.T.U.S., Inc., 1221 Commerce Drive,
Stow, Ohio 44224. Dept. 51 A.

PRECEPT



circuits which are now being developed reduction only, or is switchable between ' __''_ '- -by several IC manufacturers. As this de- both types. (The royalty per processor, ,
-z

velopment will take some time, the first
C -type circuits will be based on pairs of

which averaged 220 at the end of 1980,
is not dependent on the number of ICs

standard ICs now being manufactured
for Dolby B in large

used.)
So far than 25-type noise reduction more manufacturers -m

quantities and at modei'ate cost by sev-
en different suppliers. Additional circuitry

and marketers of consumer tape recor-
der products have plans to introduce

around the IC pairs provides the neces-
sary changes in time constants, the anti-

models incorporating Dolby C -type noise
reduction. Virtually all are likely to incor-

saturation and skewing networks,
switching between the B -type and C-
type characteristics, and so on. The
complexity of the two -IC design is ap-

2.5 times that of Dolby B

porate the switchable B -type feature so
that existing libraries of Dolby B encoded
cassettes will play back properly, and
some will incorporate Dolby HX (head -
room extension) circuitry in addition.

-_. _

proximately
the C in- Also, duplicators havealone (however, -type circuit

cludes the B -type function as well). That
several cassette

expressed interest in releasing Dolby C
40 -

-- --
figure should not be taken as a guide to
what the premium will be at retail, be-
cause greater noise reduction puts
greater demands on the recorder per-
formance itself. (Input and output stage
noise, for example, must be on the order

encoded recordings, and prototype pro-
fessional Dolby C encoders have been
developed and are being tested for this
purpose.

The first products incorporating Dolby
C -type noise reduction have just begun
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of 10 dB lower than was necessary be-
fore.)

Dolby Laboratories provides its licen-
sees with the C -type system's technolo-
gy under terms of the current B -type li-
censing agreement. This means that the
royalty paid Dolby Laboratories on a sin-
gle Dolby noise -reduction processor will
remain the same, whether it provides B-
type noise reduction only, C -type noise

to reach the market. It is not yet known
how many consumers will elect to pay
how much more for a cassette deck with
a 1 0 -dB lower noise floor than before.
But those who choose these products
are likely to find that, with Dolby C -type
noise reduction, cassette tape noise,
even at the highest playback levels, will
no longer be a matter of practical con-
cern. Q

w m w m

Fig. 6 - Dolby C
encode characteristics,
showing the
effects of spectral
skewing and anti-
saturation
(see text).

Basic control,
honest reproduction.

For the audio purist who demands elegant
design, faithful sound reproduction, and essential
control, MXR has developed the Linear Preamp.
The MXR Linear Preamp serves as the central
control urit in any high -quality stereo system,
passing audio signal without adding any percepti-
ble distortion or coloration of its own. A unique
Gain switch offers 20 dB of additional gain only
when needed, for optimum signal-to-noise ratio.
Innovative circuit design and superior compo-
nents provide sonic integrity and accurate stereo
imaging, at all levels.
The Linear Preamp is housed in a tasteful, black
anodized enclosure with solid walnut end pieces.
Compact 13/4"(h)x19"(I)x6"(d) dimensions and

O
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PH no MI al 111p1

optional rack ears allow for convenient placement
in any stereo system.
Like all MXR products, the Linear Preamp reflects
the latest advances in American audio technol-
ogy. The MXR Linear Preamp has been designed
with thought and care, to provide quality sound
for the discriminating listener.
MXR Innovations, Inc., 740 Driving Park Ave.,
Rochester, New York 14613, (716) 254-2910

MXR
J

Consumer
Products Group



1939...FIRST DIRECT -DRIVE TURNTABLE SYSTEM.

1951...FIRST MOVING -COIL CARTRIDGE.

1972...FIRST DIGITAL(PCM) RECORDING.

1981...DENON DL -300 SERIES ULTRA -LOW
MASS MOVING COIL PHONO CARTRIDGES.

While many manufacturers tout Moving -Coil cartridges as
their latest technological advance, the truth is that Denon developed
its first moving -coil cartridge over 30 years ago. This design
became the basis of the famed DL -103 Series, a medium -mass
moving -coil cartridge line that even today is a reference standard
among high quality phono pickups.

Denon's new DL -300 Series, 30 years later, represents an
equally significant introduction. With the lowest stylus tip masses of
any stereo cartridges in history, achieved through the use of a
dual -section cantilever and cross -shaped coil (both developed by
Denon), they depict nuance and depth in music with unsurpassed
sonic accuracy.

Denon's DL -300 Series Cartridges for 1981: Three new musi-
cal instruments from the company where innovation is a tradition.

DL -301 To control reso-
nances, the cantilever
fulcrum of all Denon MC
cartridges is independent of
the damping rings. The
DL -301 uses two damping
rings, each optimized for its
portion of the frequency
range.

In addition a special mag-
netic structure eliminates
pole pieces, reducing both
weight and cost for the best
sonic value in MC cartridges
today

DL -303 The first of the
DL -300 Series, the DL -303
has repeatedly been judged
best of its class." It features

Denon's cross -shaped coil
and dual cantilever design
and a special tensioning
device that maintains ultra-
high performance for
extended periods.

DL -305 The -ultimate Denen
cartridge for 1981. It com-
bines the cross -shaped coil,
dual -section cantilever,
double damping, special ten-
sioning device. advanced
stylus shape and amorphous
boron cantilever (for the
greatest rigidity -to -mass ratio
known to man). The DL -305
is the top of the Denon line
and, therefore, the finest
cartridge available today

DENON
Imagine
what well
do next
Enter No. 12 on

Reader Service Card
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Sansui "Z" Receivers
give you a spectrum

worth analyzing.
What frequency range does

your favorite singer's voice mcs-
commonly fall into? What abou-
your favorite instrument?

How accurately does your car-
tridge handle those frequencies?
How about your tape deck?

The newest Sansui "Z" Receivers
all have an ingenious spectrum
analyzer that answers these arc
other questions by letting you see
exactly what you hear.

SPECTRUM ANMYZER
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And it's what you hear that
makes Sansui so special.

SANSUI -THE LEADER IN DC
TECHNOLOGY. The DC -Servo Amp
brings you coloration -free, superbly
defined reproduction with the
healthy, realistic bass response that
only a DC configuration
can provide. Gone are
unwanted ultra -low
frequencies- like rec-
ord warps and tonearm
resonance. What you
hear is a clean, tight,
transparent sound that
sets a new standard for
receiver performance.

SYNTHESIZED DIGI-
TAL TUNING. You can't
mistune a Sansui synthe-
sized digital receiver. Not
even a little. Press the
up/down tuning buttons.

The digital circuitry ensures
`hat every station received is
automatically locked in for
lowest possible distortion,
with its frequency indicated
both on a digital readout
and by a LED indicator along
an analog type dial.

12 PRESET STATIONS. To
make FM and AM tuning still
easier, UP to 12 user -selected
stations may be "stored" in all
"Z" Receiver memory circuits
for instant recall. The last
station received will be
remembered when the
tuner is turned on again;
and memories are kept
"live" even during a power
outage,

TOUCH VOLUME CON-
TROL & LED PEAK POWER

nm um me

..`: rr BB

:.

f  DON QUARTZ
SYNTHESIZER DC

STEREO RECEIVER

LEVEL INDICATOR. The Sansui "Z"
Receivers use a pair of touch -
buttons to adjust the listening level.
Relative volume control settng is
indicated on a fluorescent display.

On most models actual
peak power amplifier out-
put is shown by 14- or 18 -
segment LED indicators.

And there's more. In-
stead of up/down tuning
buttons, both the 9900Z
and the 8900ZDB have tun -

TUNING
DOWN UP

111.1,111

ing k-)obs linked to a
notary "encoder" disc. As
you turn the knob, the
encoded disc works with

an LED and a photo transistor to
gererate electronic pulses to raise
or lower 'he tuned frequency. In
addition, the 9900Z, 8900ZDB, and
7900Z have ce-amic buzzers which
signal unobt-usively while you tune
in a station.There are three speaker
select sw tc'hes on the 9900Z for
driving any two cf three connected
speaker pairs and two switches on
all the other "2' receivers. Included
are LED's fo every important func-
tion. Two Muting Modes. Two tape

deck connections with
dubbing. And much more.

The full line of Sansui "Z"
Receiers cre at your Sansui
dealer now. Visit him for a
complete demonstration
soon. He has just the right
model for your pocketbook
and power requirements.
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SANSUI "Z"
RECEIVERS9900Z

160
watts/chan., min. RMS, boTrchannels into 8 ohms,

from 20-20kHz,with no more than
0.015% THC.8900ZDB

125
watts/chan., min. RMS,bolt -channels into 8 ohms,

from 20-20kHz,with no more than
0.02% THD.7900Z

t00
watts/chan., min. RMS, bolt -channels into 8 ohms,

from 2C-20kHz,with no more than
0.02% THD.59001

75 watts/chan.,
min. RMS, bothchannels into 8 ohms,

from 20-20kHz,with no more than
0.03% THD.4900Z

55 watts/chan.,
min. RMS, bolt -channels into 8 ohms, from 20-20kHz,with no more than

0.03% THD.3900Z
40

watts/than., min. RMS, bothchannels into 8 ohms,
from 20-:0kHz,with no more than

0.03% THD.Cabinet of simulated wood gain.
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SANSUI
ELECTRONICS CORP.Lyndhurst, New

Jersey 07071  Gardena, Ca 0247SANSUI
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ILFEATF-IERWEIGHT
H H AD RHO N H S GARY STOK

he Featherweights are this year's big news in the stereophone held.
Typically, they weigh in at two ounces or less, sit directly upon the
central portion of the pinna (the ear's fleshy outer structure), are

supported by a minimal headband assembly, and operate off very
modest amplifier powers due to their high -sensitivity and impedance
(generally in the range of 50 ohms or so). In conjunction with portable
stereo cassette players, they just might be the technical
development that expands the popularity of headphone listening
beyond the audio enthusiast and into the workaday world, simply
by combining portability, credible performance, and comfort for
the first time in a reasonably priced product.

The idea of a low -mass high-performance headphone is not
entirely new, of course. Sennheiser's classic HD 414, introduced
in 1968, weighed an unprecedentedly low 4 y2 ounces

Photo: `1David S. Kelley



and em-
ployed an in-

novative open
capsule ap-

proach in
order to eli-

minate large
ear cushions.

Among the first
of the lightweights, it

enjoyed sales of 2 Y2 mil-
lion units and went on to become one of
the world's best selling headphones.
Other open designs from Beyer, AKG,
and Koss also became popular during
the '60s and '70s. Most of these stereo -
phones fell into the four to seven ounce
weight range, and all were intended pri-
marily for home and studio use.

Then at last year's January Consumer
Electronics Show, a handful of compa-
nies introduced portable stereo cassette

and a lot of people are coming around to
the notion that the best examples of the
type can hold their own with almost any
full-sized stereophone.

There are a number of technical rea-
sons for the astonishing sound of the
Featherweights. To some extent, new
materials technology is involved: Recent-
ly developed high-energy magnetic ma-
terials such as samarium cobalt - the
same material that has increased the
output efficiency of a number of phono
cartridges and speaker system drivers
- are used in most of the Feath-
erweights. These materials provide
enough sensitivity so that the designers
can then exchange some of that efficien-
cy for more linear frequency response
and/or reduced distortion. Koss Corp.'s
Dave Thomas comments that "You try
for maximum element efficiency so that
you can throw some of it away using me -

Because of diffraction effects by the head and resonances in the cavities of the
outer ear, a loudspeaker which measures flat in a free field will have this curve
when it is measured
in the ear canal. 20

(Data courtesy AKG
after Blauert, 1974; io

Shaw, 1966; Jahn,
1960, and Wiener, o

1974.)
lo
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systems that used extremely lightweight
headphones. Sony called theirs the
Soundabout, then changed their mind
and began using the term Walkman,
while Technidyne called their system the
Hip Pocket Stereo. The entire category
became the splashiest high-fidelity suc-
cess story of 1980, prompting more
than 15 companies to show Feath-
erweights at this January's show, by the
way, including several that use match-
box -sized microcassettes. It also dramat-
ically demonstrated the performance po-
tential of low -mass headphones to both
casual listeners and audiophiles, and
spurred many of the large, well -estab-
lished manufacturers of conventional -
sized headsets to reexamine the techni-
cal tenets of the low -mass approach.
Suddenly, there is a flock of feath-
erweight headphones to choose from,

AUDIO/MAY 1981

chanical damping in order to get
smoother response." More sophisticat-
ed plastics have also contributed to bet-
ter performance by reducing the level of
mechanical resonances within the ele-
ment diaphragm. Even the cabling to the
amplifier is said to have been improved;
Sony makes a big point of the oxygen -
free copper lead-in cable used in their
MDR -series featherweight phones, not-
ing that the reduction in series resistance
and stray inductive effects noticeably im-
prove the system's response.

The most significant reason for the re-
markable sound quality of the Feath-
erweights, though, may simply have
more to do with the way they interact
with the outer ear and the ear canal -
and therein lies an intriguing controversy
long debated by headphone designers
but rarely discussed in the audio press. It

Many people are realizing
that the best examples of the
Featherweights can hold
their own with almost any
conventional model.

might well be called the Comb Filter
Controversy, and the roots of the ques-
tion go down to the most basic points
about how human beings hear sounds.

There is universal agreement that no
one actually hears a flat frequency re-
sponse. In large group tests where parti-
cipants were asked to make different fre-
quencies sound equally loud to them by
adjusting levels, and in other tests where
miniature microphone capsules were
placed at the entrance of the ear canal,
the resultant curves demonstrated that
the structure of the pinna and the pres-
ence of the head radically alter the fre-
quency balance of what we hear. This
introduces both a general curve shape
like that shown in the accompanying fig-
ure and groups of sharp narrow dips -
"suck -outs" - caused by the cavity
resonances and mechanical bending of
the pinna. These patterns of dips collec-
tively comprise a "comb filter" (so called
because of its characteristic comb -like
pattern on a frequency response chart)
which varies enormously from one per-
son to the next. The notably large ears of
actor Clark Gable may well have heard a
response curve that would vary by as
much as 10 dB at certain frequencies
from that heard by the petite ears of,
say, actress Mia Farrow. All of us carry
around an elaborate comb filter attached
to the sides of our heads, and we hear
every sound throughout our lifetimes
processed through that filter. Yet be-
cause we learn to hear both "live" and
recorded sounds through this filter, we
come to view its effects upon what we
hear as normal; removing or changing its
effects will
perforce sound
unrealistic to us.

Record-
ed music
heard through
loudspeakers
will sound
natural if the
loudspeaker
response is
fairly linear,
since the
ear process-
es the sound
of the speaker
just as it would
any naturally oc-
curring noise. With
headphones, howev-
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The most significant reason
for the Featherweights'
remarkable sound quality
may lie in the way they
interact with the outer ear
and the ear canal.

er, deriving a real -
sounding response

becomes con-
siderably more
difficult, since
the mere pre-

sence of the ear-
piece near the ear
radically changes
the nature of the

comb filtering. Headphone
designers have three basic choices in
the development of a stereophone, as
far as controlling ear/headphone inter-
action is concerned. As shown in the ad-
jacent figure, the earcup can surround

ment and the eardrum, and therefore
bass response down very close to d.c.;
Koss' Thomas notes that it is not difficult
to reproduce 8 Hz in a well -sealed cir-
cumaural headphone. More important to
headphone design theorists, however, is
the notion that a circumaural headphone
surrounds the entire pinna and thereby
should leave the comb -filtering effects of
the outer ear pretty much unchanged,
and thus sound is fairly realistic.

Supporters of the supraaural ap-
proach concede the advantages in bass
performance of sealed designs, but hold
that the presence of a closed cavity adja-
cent to the pinna alters the severity and

a =

CIRCUMAURAL SUPRAAURAL INTRAAURAL

the entire pinna, an arrangement called
the circumaural approch; sit directly on
the pinna's outer surface, the supraaurai
approach, or fit within the entrance to
the ear canal stethoscope -style, an ar-
rangement rarely used in hi-fi designs
which might be called intraaural, though
no specific term is used for this ap-
proach. Each of these approaches has
its own virtues and drawbacks; it is these
fairly arcane acoustical concepts, rather
than the simplistic "comfort versus per-
formance" questions usually raised, that
are responsible for the numerous differ-
ent headphone designs available today.

Circumaural headphones have the in-
disputable advantage of sealing against
the side of the head, usually with a soft,
heat -sensitive plastic cushion that molds
itself to the head with the help of body
heat. This, in turn, permits a more or less
direct coupling between the driver ele -

frequency of the dips that collectively
make up the outer -ear comb filter. By
moving the headphone capsule into the
nearfield (a fraction of a wavelength) of
the ear, these engineers argue, reason-
able bass performance can be main-
tained, pressure on the tender outer ear
reduced, and the comb -filtering effects
of the pinna preserved, though in some-
what attenuated form due to the damp-
ing effect of the foam ear cushions on
the pinna's many cavity resonances.
Sennheiser's Vice President of Engineer-
ing Horst Ankermann comments that "It
is better in many cases to simply damp
out some of the less predictable reso-
nances than to allow them to be
changed in frequency and then magni-
fied by a sealed ear cup."

The contribution of the Featherweight
type to the stereophone design art, and
the reason for its extraordinary perform-

ance, may be in its ability to sidestep -
at reasonable cost and with reasonable
compactness - the verified disadvan-
tages of both circumaural and supraaur-
al design types. The exceptionally small
capsules used in most of the Feath-
erweights fit even closer to the ear canal
than most conventional supraaural ele-
ments, thereby augmenting bass per-
formance, and they may also exert far
less of an effect on the pinna's various
resonances than either the conventional
closed -chamber circumaural phone or
the resonance -damping large cushions
of a typical supraaural unit. In this sense,
most featherweight units have taken
what might be called a "quasi-intraaur-
al" approach that preserves some of the
major comb -filtering influences of the
outer ear along with very good bass per-
formance and comfort.

The featherweight headphone is not
the only direction headphone engineers
are exploring, of course. AKG has made
elaborate studies of comb -filtering ef-
fects in the development of their "free -
aire" K-240 and K-340 headphones,
which use passive diaphragms and sev-
eral chambers to simulate a series of
comb filter resonances. Both the piezo-
ceramic diaphragm approach developed
by Pioneer and the electret approach
used by Audio-Technica and others rep-
resent new directions for the future. Sub-
stantial work on developing artificial
heads (so-called "couplers") that will
permit accurate testing of perceived
headphone frequency response is un-
derway through a number
of sources [in-
cluding Audio's own
Equipment Profile
program - Ed.], and
headphones that
sound better on a
wider variety of real
heads should be the
result. The subjec-
tive listenability of
the better Feath-
erweights, despite
their modest size and
cost, however, will
give stereophone de-
signers a good deal
more to think about
in their efforts to
derive more realism
from speakers that
sit on your head. Q

i
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THE VIDEO SCREEN
IN YOUR FUTURE
LEONARD FELDMAN

The Sony Pro feel monitors now available in Japan.

If you now own a color television re-
ceiver, it may come as a surprise
when I tell you that this may be the

last color TV set you will ever buy. I am
not for a moment suggesting that TV
broadcasting is on the way out or that
your present receiver is going to last for-
ever. What I am suggesting is that in the
very near future your video screen is
going to become such an important ele-
ment in your household that it will no
longer make much sense to tie it in to a
TV-r.f. tuner in the traditional way.

I did not come up with this idea on my
own. During a recent visit to several of
Sony Corp.'s modern Japanese plants
as well as to last fall's Japan Electronics
Exhibition in Tokyo, I was introduced to
Profeel, a new video concept which
Sony began marketing last summer in
their own domestic market. The name
given to the new product concept, like
so many other catch -phrase titles invent-
ed by the Japanese, tells you very little
about what the product is. Even after I

was told that the new word Profeel is a
combination of two recognizable words,
"professional feeling," my Western
mind was not able to correlate the new
term with the product itself.

In case you haven't guessed, Profeel
is a super -high -quality video monitor; the
largest version has a screen of 27 inch-
es measured diagonally. The other two
are less expensive and have screen siz-
es of 20 or 16 inches measured diago-
nally. All of the Profeel monitors are

equipped with audio and video input
jacks but lack a TV tuner; there are sev-
eral reasons for this.

Sony has come to the conclusion that
the home entertainment system of the fu-
ture will be based upon the family video
screen. That is to say, a single, conven-
iently located video screen will be "fed"
by the family videocassette recorder, by
a video color camera, by black and
white security video cameras mounted at
entrances to the home, by an assortment
of video -game electronic units, by a
home computer terminal, possibly by a
teletext receiver, by a satellite TV tuner
- you name it! Now, consider this fact:
If you own a videocassette recorder and
a color TV set at the present time, you
have one TV tuner too many! The TV
tuner section within your videocassette
recorder performs the same function as
the one in your color TV receiver. More
often than not, having to include an r.f.
modulator in the videocassette recorder
just so that the recovered video compos-
ite signal within the recorder can be re-
translated to an r.f. signal at the frequen-
cy of TV Channel 3 or 4 is not only a
needless addition to the cost of a VCR
but has also been known to degrade ulti-
mate picture quality because of the addi-
tional r.f. signal -processing performed
by that r.f. module. How much simpler
and better it would be if the video output
of the VCR could be fed directly to a
video input jack on a true monitor -type
TV component. That's where products

like the Sony Profeel monitor come in,
and apparently the idea is already being
met with a great deal of success in Ja-
pan.

The first thing that struck me about
the Profeel TV monitors was the quality
and resolution of the reproduced picture.
Any degradation in picture quality would
have been particularly obvious on the
large 27 -inch unit, but in fact, even
when looking at that oversized screen,
the color picture seemed clearer and
had better detail than any other I had
seen on typical home sets. It should be
pointed out that Japan, like the U.S., is
saddled with the NTSC transmission
standards which do not lend themselves
to as good picture quality as other world
systems such as PAL or SECAM. Yet,
for all of that, the pictures were excel-
lent.

Managers of the Sony factory in Ichi-
nomiya, where these Trinitron monitors
are manufactured, explained why the
Profeel units deliver such an excellent
picture. The key circuitry involved is an
advanced type of comb filter. In conven-
tional TV sets, a 3.58 -MHz resonant
"trap" is used to extract color burst sig-
nals and information from the composite
video signal, which includes luminance
(brightness) signals to beyond 4.0 MHz.
Using such a conventional trap circuit,
some of the luminance signal which car-
ries the fine detail of the picture is also
extracted by this 3.58 -MHz color trap. It
is these very high -frequency luminance
signal components which are responsi-
ble for high resolution in a typical TV pic-
ture. Unfortunately, if some of these
high -frequency components are inad-
vertently eliminated because of the color
trap, good resolution or high definition is
lost as well.

In the Profeel monitor, selective comb
filters are used instead of a conventional
resonant trap. In this way, the 3.58 -MHz
signal and associated sidebands can be
extracted from the composite video sig-
nal without impairing the luminance sig-
nal in any way. This technology is cer-
tainly more costly, but when you think
about it, the elimination of an entire TV
r.f. front end or tuner section probably
more than compensates for the addi-
tional circuitry. The Profeel units end up
costing not much more than a conven-
tional color set of the same picture tube
size.

As a general rule, new products ex -
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Even when looking at the
27 -in. Profeel screen, the
color picture seemed clearer
and had better detail than
any other I had seen on
typical home sets.

hibited in Japanese electronics or audio
shows often make their appearance in
the United States between six months to
a year later. Whether or not the Profeel
concept of a TV monitor of high quality
will be marketed in the U.S. by Sony (or,
for that matter, by any of their competi-
tors) will depend upon several factors.
For one thing, the proliferation of other
video -related products in this country is
presently not nearly as great as it is in
the Japanese domestic market. To be
sure, we are seeing our fair share of TV
game sales and VCR sales, but we are a
long way from having an approved TV
stereo sound system in this country,
where such a system will have to be test-
ed and approved by the FCC. One of the
compelling reasons for owning a TV
monitor in Japan is the fact that Japan's
NHK-TV network and other private TV
broadcasters currently transmit a fair
amount of stereo programming as well
as bilingual programming. While the Pro -
feel units have a pair of built-in 10 -watt
audio amplifiers and a pair of reasonably
good -sounding loudspeakers, most pur-
chasers of these monitors are connect-
ing the audio outputs of their separately
purchased TV stereo audio tuners to the
audio inputs of the Profeel or directly to
their stereo component systems.

It may well be two to three years be-
fore we in the United States have an
approved stereo audio TV system on

the air, and this could delay the accept-
ance of the TV monitor concept. Then,
too, just as audio components took a
long time to gain acceptance with the
general public in this country (and we
still lag far behind Japan's estimated 67
percent of all households with a stereo
component system), the "component"
concept in video may not gain immedi-
ate acceptance even after it is finally in-
troduced.

One final point is worth noting. From
what I have seen thus far of video-
discs, they are capable of yielding
better, sharper pictures than can
usually be obtained either from
videotapes or from TV broadcasts
received over the air. That being the
case, it would seem like a good idea for
manufacturers to put more effort into de-
signing and producing TV sets that are
up to reproducing videodisc pictures at
their very best. The new Sony Profeel TV
monitors seem designed to do just that.A

The 27 -inch Sony Profeel
has a built-in stereo audio
system but does not have a
TV tuner section.

ti
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JVC KD-A7
CASSETTE
DECK

JVC
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Frequency R

kHz, ±3 dB,
17 kHz, ±3
25 Hz to 16
tape.

S/N: 60 dB.
improvement

dB at 10 kHz

's Specifications
esponse: 25 Hz to 17
with metal tape; 25 Hz to
dB, with Cr02 tape, and

kHz, ±3 dB, with normal

with Super ANRS: +5
, 0 VU

Distortion: 1 percent at 0 VU.
Wow and Flutter: 0.04 percent W rms.
Dimensions: 173/4 in. (45.08 cm) W x

12''4 in. (31.11 cm) D x 43/4 in. (12.06
cm) H.

Price: $449.95.
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Cassette decks have come a long way since the original Phi-
lips design which boasted a response all the way up to 8 kHz!
Many present-day models not only extend the response another
octave but offer such features as full logic controls, eye-catching
displays, and facilities that were once reserved for very expen-
sive open -reel machines. A good example of modern design
practice is the JVC KD-A7, a two -head machine with metal -tape
capability. In addition to a pair of VU meters, the KD-A7 has a
fluorescent graphic display that JVC calls their "Spectro-Peak"
indicator. This has seven vertical bars which respond to frequen-
cies centered on 40, 150, 400, 1,000, 2,400, 6,000, and
12,500 Hz An eighth bar indicates the total, so it corresponds

to a normal VU meter but of course is fast acting.
The aforementioned VU meters are on the extreme left of the

front panel, and to their right is the graphic display followed by
two push buttons. One increases the range of the display by 6
dB, and the other gives a choice of "hold," when the peaks are
displayed for about 4 seconds, or peak. Above these switches
are indicators for ANRS and Super ANRS, JVC's noise -reduc-
tion system, and next to them is the cassette compartment. Over
on the right are the memory, timer, and on -off switches and the
eject button and the digital counter. Also located on this side is a
push button which controls the cassette door -opening mecha-
nism. Under the cassette compartment are seven push buttons

36



for the tape transport logic controls, record button, and the
record -mute switch. Sockets for microphones and headphones
are below the VU meters on the extreme left, and they are fol-
lowed by switches for line -mike input, ANRS and tape selection
with equalizing. Then come three rotary controls: The first is for
adjusting the equalization, the second controls the output, while
the third is a dual -concentric type for input levels. The ANRS
switch has three positions: Off, ANRS and Super ANRS, about
which more later.

There are two d.c. motors. The motor which drives the cap-
stan is servo -controlled, using a frequency generator (FG) sys-
tem. The record/play head is one of the new X -cut types; this
designation refers to the shape of the head surface which is
angled back on each side of the gap. It is claimed that this
method of construction restricts the stray magnetic flux, thus
reducing low -frequency "fringing.''

Measurements
Using a standard test tape, playback response was within ±1

......lb
"lb NIL
..

 .     E 
dB from 40 Hz to 12 kHz, as shown in Fig. 1. The first tape
selected for record -replay measurement was a TDK MA -R metal
formulation, and the results are shown in Fig. 2. The upper -3
dB point was at about 21 kHz, which is excellent! But even more
important, the high -frequency saturation was very low indeed.
This brings us to a consideration of the Super ANRS system
incorporated in this deck. JVC's standard ANRS system is simi-
lar to the Dolby system, and, in fact, the two are quite compati-
ble. What the Super ANRS version does is to reduce high-level
high -frequency signals when recording and put them back in
again during playback. In this way, tape saturation is considera-
bly reduced. The effect is shown by the broken line in Fig. 2;
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Fig. 1-Playback
response using a
standard test tape,
JVC KD-A7 cassette
deck.

o
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Fig. 2-Record-replay
response with (- - - )
and without Super ANRS
system using
TDK MA -R metal tape.
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Fig. 3-Record-replay
response with (- - -)
and without Super ANRS
system using
Fuji FX-I tape.
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Two impressions stand out:
The clear superiority of metal
tapes and the dramatic
improvement in headroom
with the Super ANRS system.

0

-20

10 100

Fig. 4-Record-replay
response with (- - -)
and without Super ANRS
system using
Maxell UD-XL II tape.

1

FREQUENCY - Hz

10k 20k

note that the response at 0 VU is nearly the same as the one at
-20 dB.

Next, a standard 120-4 ferric tape was tested -a Fuji FX-I.
Because the first measurement showed a droop at the high end,
the chart in the instruction manual was checked out and the
variable equalizing control turned to its correct +1 position.
(Note that unlike most bias controls, this variable equalizing con-
trol is turned to a plus position to increase the highs and to a
minus position to reduce them.) The upper -3 dB point for the
FX-I came out at 16.5 kHz (see Fig. 3), and switching in the
Super ANRS system improved the headroom at 10 kHz by near-
ly 6 dB. The third tape tested was a Maxell UD-XL II, a chrome -
substitute formulation requiring 70-4 equalization. As shown in
Fig. 4, the upper -3 dB frequency was slightly higher at 1 7.5
kHz and the extra headroom produced by the Super ANRS sys-
tem was 4 dB.

Distortion and headroom at 1 kHz can be seen in Fig. 5 for
the three tapes, while distortion versus frequency is shown in
Fig. 6. The signal-to-noise ratio (ref. 3 percent THD, "A" weight-
ing) measured 58 dB for the TDK MA -R and Fuji FX-I with 57 dB
for the Maxell UD-XL II. Switching to the ANRS mode increased
these figures by approximately 10 dB.
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With TDK MA -R metal tape,
the upper -3 dB point was
about 21 kHz, which is
excellent! Saturation was very
low indeed.
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Fig. 5-Distortion
and headroom at 1 kHz.
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--- TDK MA -R
FUJ FX-

- -- MAXELL UD-XL II
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Fig. 6-Distortion vs.
0 VU.
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Input required for 0 VU was 71.5 mV line and 0.17 mV for
microphone, the output then being about 240 mV depending on
the kind of tape used. Maximum signal handling capacity at the
microphone input was 44 mV. Wow and flutter was a low 0.35
percent (DIN 45-507), and speed was right on the nose. Rewind
time for a C-90 cassette was 98 seconds. Crosstalk measured
41 dB at 1 kHz, and erasure with metal tapes was better than
65 dB.

Conclusion
Two impressons stand out from the foregoing tests: The clear

superiority of metal tapes and the dramatic improvement in
headroom with the Super ANRS system. For most purposes,
"ordinary" tapes with Super ANRS will give very satisfactory
results indeed, but when taping direct discs or the new digitals
the extra cost of metal tapes will almost certainly be justified.
How about that spectral graphic display? (I like JVC's German
description better: Spektral-Pegelspitzenzeigers!) Well, it does
enable the user to analyze the signal in terms of frequency and it
might well help to prevent overloading with electronic music, for
instance, but I must say I found the single bar indicator plus the
meters quite adequate. I am also certain that most users will
appreciate the Super ANRS, auto rewind facility, feather touch
logic controls and variable equalization. All in all, above -average
performance for JVC's KD-A7 cassette deck. George W. Tillett
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Ever hear a Ruby?
It takes more than a ruby cantilever to make a
moving coil cartridge capable of excellent sound
reproduction. It takes imagination, engineering
knowledge and dedication to perfection.

The Dynavector DV/Karat series is the
culmination of these efforts.
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Dr. Noboru Tominari, the creative
genius and founder of Dynavector,
developed a radical new technology
taking into account wave dispersion
and cantilever vibration theories.

Dr. Tominari reasons that the
"soft" sound of most cartridges
was due to the various delays of
frequencies along the length of
the cantilever.

The role of the cantilever as a
sound dispersing medium has
been mitigated by making it as

short and as hard as possible.
As a result, a solid laser cut
synthetic ruby cantilever only
2.5mm in length with a
diamond contact tip is utilized.

Another benefit of the
short/hard ruby cantilever is the
high resonance frequency
above 50 kHz. Therefore, the
elimination of rubber damping.
Without the "creeping time

effects of rubber" (temperature
changes and age deterioration), the

DV/Karat's ability to produce sound with
stunning realism, brilliant tonal balance

and exquisite detail is maintained over the life
of the cartridge.
The truth is in the listening. Call or write for the

name of a Dynavector audio specialist near you.

Dynavector Systems U.S.A., 7042 Owensmouth
Ave., Canoga Park, CA 91303. (213) 702-8025.

Dynavctur
WORLD LEADER IN MC CARTRIDGES
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