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Stereo be1a =F: Ficegcassees irom Peramount Home Video for $39 95 © Paramcunt Pictures Conporation.

The NEC VC-739E with Beta Hi-Fi sound. A technological breakthrough in video recording and playback whereby the video
heads record both the audio and video information. Compared to conventional VCR's which use stationary audio heads, the VC-739E
offers 30 times greater dynamic range. In fact, the audio specifications of the VC-739F exceed even those of a studio open-reel tape
recorder!

The NEC VC-739E is the industry’s most “fully ioaded” Beta Hi-Fi model, with four heads for clear special effects; 134 channel
cable ready quartz PLL tuner; 8-event, 14 day programmable timer; audio-only recording capability; fluorescent indicator level meters
and more ... all controllable by a full function remote.

You'll see picture quality with very same "High Video Fidelity” in every NEC model, only with different arrays of features.

The NEC VC-738E is an 83-channel; clear special effects four-head; 8-event, 14 day programmabie; wireless remote control

machine
Even NEC's most basic VCR's, the 134-channel cable ready VC-737E and 83-channel VC-734E NE
offer picture quality and ease of operation matching any %2 machine on the market— at any price.
Think of it this wey. All NEC VCR's offer "High Video Fidelity.” And now, the new VC-739€ THE ONE TO WATCH.

offers "High Audio Fidelity,” too. NEC Corporation, Tokyo, Japan
NEC Home Electrenics {U.S.A ) Inc , 1401 Estes Avenue, Elk Grove Village, Iilinois 60007, (312) 228-5900



THE NEC VC-739E BETA HIH-F1 VCR.

THE VCR WITH THE PICTURE THAT
SOUNDS AS GOOD AS IT LOOKS.
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YOU'RE LOOKING AT THE
SIX BEST AUTO-REVERSING DECKS
YOU CAN BUY.

"\ MONITORING CAPABILITY—
L AKAJ, NAKAMICHI, JVC

.-‘_\..f't‘ ey
SPECTRUM ANALYZEF

ENCOMPASSING MOL DISPLAY—
AKAI

I i

AUTO MONITOR—
AK

SUPER GX HEADS —

ARAL

COMPUTER RECORD LEVEL
PROCESSING SYSTEM —

\K
BI-DIRECTIONAL RECORD/PLAYBACK— \TWIN DIRECT-DRIVE CLOSED LOOP
AKAI, SONY, JVC, PIONEER, TEAC DOUBLE CAPSTAN TRANSPORT—

AKA]. NAKAMICHI

Staying ahead of the competition in auto-  display, which displays frequency response with

reversing cassette decks has been an AKAI greater accuracy. AKAI's exclusive Auto Moni-

tradition for the past 14 years. Now we're intro-  tor. And our super GX heads. So super, they're

ducing the all-new GX-R99, a deck that has guaranteed for 17}4 years of continuous play.

so many advanced features you'd have to buy It’s easy to see why the GX-R99, just one of

six other auto-reversing decks to get them all. four great AKAl auto-reversing decks, is called
Features like our Computer Record Level the Dragon Slayer. And to find out why it’s getting

Processing System, that sets a tape’s bias, more praise than all the

equalization and tape sensitivity, measures a other guys combined, write
tape’s MOL, then sets the optimum recording to AKAI, PO.Box 6010, Dept.
level. A Spectrum Analyzer encompassing MOL A9, Compton, CA 90224.
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Stereo everywhere,
from speakers you
can put anywhere.

With conventional speakers, youre caught in the
middle—the only place in the room you'll get a
proper stereo image.

Only BES speakers radiate
sound 360 degrees. All through
the room. You can place them
anywhere, and listen to them
anywhere. The 3-dimensional
lifelike qualty remains the same.
Unmistakably music in the round.
Unmistakably elegant.

And no other speaker
but BES can give it to you.

3 BES speakers. S0
Music in the I’Dund S  Model 265 Mark I

©1984 by BES. 345 Fischer Street, Costa Mesa, Ca. 92626 « (714) 549-3833

Tandberg's worid-famous audio
products, highly regarded by professional
musicians as well as discriminating
consumers for more than 50 years, now
include two of the most advanced high
fidelity components available today: the
TIA 3012 Integrated Amplifier & TPT 3001A
Programable Tuner

These units, which were individually
given a “rave” review by AUDIO magazine,
can be joined together with their optional
rosewood sidepanels to become “ .the
finest ‘receiver’ we have ever tested”
(HIGH FIDELITY) and “a receiver of
exceptional quality” (STEREQ REVIEW).

it is a stereo receiver capable of
exceeding the demands of today's. .
and tomorrow’s most advanced digital
program material

For literature, test reports and the
name of your local dealer, contact:
Tandberg of America, Labriola Court,
Armonk, NY 10504. (914) 273-9150

LISTEN

TO WHAT

50 YEARS OF
EXPERIENCE
CAN SOUND
LIKE....

TANDBERG
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BEHIND THE SCENES

BERT WHYTE

WON'T YOU COME BACK, BILL BUYER

he theme song of the Winter

I Consumer Electronics Show,

held in Las Vegas from January

7th through 10th, must have been

“Seems Like Old Times.” The buyers

were back! Throngs of them! The over-

all attendance of 91,245 made it the

largest trade show in the U.S.. and that
led to extensive TV coverage.

Yes, the WCES, often a barometer of
the country’'s economic climate, was a
positive reflection of the recovery in the
business world. With comfortably re-
duced inventories due to recent sales
successes, dealers stalked the aisles
looking for profit-building products.

Of course, a lot of buying activity
centered on computers, telephones,
games. and video products. There
was, as you might expect, a plethora of
new CD players. many of them sec-
ond-generation models. An easily pre-
dictable trend was that almost across
the board, in every price category, hor-
izontal drawer loading predominated.
As for CD players at reduced price
points, Magnavox and Sanyo had bare
bones models at $499. It is widely ex-
pected that, at the June CES, some
models will be selling at the $399 level.

All well and good, but those who
look to such low-priced CD players to
break open the market are likely to be
disappointed. Consumers who may
have been waiting for a $399 CD play-
er are still likely to resist paying $18 to
$20 per disc. Obviously, the key is less
expensive Compact Discs. According
to industry experts, about the best one
can expect in the latter part of 1984 is
a reduction in cost of about $2.00 per
disc. As long as mastering costs re-
main high (anywhere from $2,000 to
$3.500 each) and production runs re-
main small (average run on a single
title is 1,000 discs), the priceofa CD is
likely to stay in the $15 to $17 range.
On the other hand, when people real-
ize CDs will never wear out in normal
use. this may cause some rethinking
about value for money.

Philips, Mitsubishi and Panasonic
showed CD players for car installation.
All admitted they were prototypes, with
neither price nor delivery quoted for
production models. Panasonic hinted
their car CD player might be available
in 1985. Apparently, the problems of
heat and vibration have not yet been
completely solved.

The big new high-tech breakthrough
at the convention was Kodavision. Ko-
dak launched this “camcorder” (one-
piece video camera/recorder) using 8-
mm tape, and the rush was on. GE and
RCA said they would soon have similar
units, as did several Japanese manu-
facturers. The shame of it all is that the
Kodak unit is made by Matsushita and
that a company like Kodak, with all of
its vast experience in coating technol-
ogy. will have its tape made by TDK.
This 8-mm tape will be available in
metal-particle and metal-evaporated
formulations, with up to 90 minutes re-
cording time.

All this is great, but our interest is in
audio. Now that reasonable profitability
has been restored to audio retailing, a
bit more attention was paid to audio
matters. The daily WCES newspapers
gave a bit more coverage than last
year, but by and large, audio was still
treated like a stepchild. The high-end
exhibits at the Riviera Hotel were rarely
mentioned. In spite of this, there was
plenty of activity, though a number of
people felt many audio manufacturers
were holding off new product introduc-
tions untit the June CES. There were,
however, several interesting new prod-
ucts shown at the Riviera and even
some significant new technology.

Loudspeakers are always in profu-
sion at any CES. In these early days of
digital audio, the term digital-ready, as
applied to loudspeakers, has already
become something of a cliché and, in
many cases, a misnomer. As | pointed
out last month, the day of the base-
ment tinkerer is over. To compete suc-

cessfully in the overcrowded loud-
speaker market, a sound, scientific de-
sign approach in a well-instrumented
laboratory is absolutely vital. But it
must be noted that even with a highly
disciplined scientific rationale, there is
no guarantee a particular speaker de-
sign will provide sonically accurate re-
production and also satisfy the musical
sensibilities of the auditor. One hopes
that a truly accurate loudspeaker can
indeed be equated, with a high degree
of similarity, to a live musical event.
An interesting speaker, offered by
Rauna, was in the Opus Three exhibit.
(Opus Three is a Swedish record man-
ufacturer whose fine-sounding discs
may be familiar to audiophiles.) The
speaker looks akin to a ship's ventila-
tor. The Njord model employs electro-
dynamic drivers in a transmission line
system and affords a solid, clean bass
with no resonant colorations—not too
surprising, since the speaker is made
of concrete! The weight of the approxi-
mately 40-inch-high unit is close to 90
pounds. It can handle 100-watts input,
with a sensitivity of 88 dB SPL (1 watt/1
meter). The sound was very smooth
and clean, with good imaging and
front-to-back depth. Might just be the
thing for those who have homes fur-
nished in Scandinavian modern.
Acoustat was on hand with a new
electrostatic speaker, the very slim
One + One, measuring only 11 inches
wide and 93 inches tall, with a depth of
3% inches. The One + One is a full-
range unit, with a claimed frequency
response of 30 Hz to 20 kHz, +2 dB. If
you want more bass extension and
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\_\ MCINTOSH ... . TIMELESS

Like a Stradivarius

\ Antonio Stradivari {1644-1737) invested his violins with all the histosic and
\ contemporary technical <nowledge of his day, applied his own research,
A \, intelligence and:mastar craftsmansh p to produce-an instrument that
\Q\ \ still leads the musiczal world in performance capability, technclogy
:§ ' \ and value. Almost 250 years later, his violins are still . .. ths pest

o \ Since its begimming in 1949, McIntosh has been the technclogi
\ cal performance,and value leader for this industry. Continuous
research and development at Mcintosh exp ores the virg:n
terrain of new performance and value that lies beycend the
boundaries of thétechno ogical map described by otaers.
This picneering effort constantly pushes:the boundar es
of exist'ng knowledge:.Qver the years, the*United Siates
Patent Dffice has granted thirty patents that cantify 1he
results of this innovative and exploratory research.
; - Each patent has expcsed new areas of technologw
N 3 & which leads to the superior performance of a Mcir-
i = tosh and exposed new areas of effort anc thqught
5 that is unmatched by any other research group.ir
SR ’\ this industry, in the world. Mcintosh is truly thé,
& , technolocical leader and Mcintosnisded - ™
caled to continuing :hat leadersh g
Mclintosh still . . . the BEST.

A

For more information:

Nclntosh Laboratory Inc.
East 3ide Station, P.O. Box 96
Einghamton, N.Y. 13904-0C36

3 Professional Stereo Preamplifier $2299.00
Suligested retail price cabinet extra
MAMZ

ADDRESS
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INTRODUCES THE
SECONDY 8£II§JERMIQN

Second-generation CD players have come a long way. But none as far as the new Yamaha CD-XI.

There are two unique reasons why — the YM-3511 and the YM-2201 — high performance, high
density LSI’s specially developed by Yamaha to make the CD-X1 everything it is. And one thing it isn’t.

It is the most technically advanced, user-friendly, high performance CD player on the market.

It isn’t expensive. It is amazing.

It has a 3-beam laser pickup that is more accurate than any other previous system.

We've also doubled the normal sampling rate from 44.1 kHz to 88.2 kHz
and added a new digital filter system to virtually eliminate phase distortion
and provide the highest possible playback resolution.

User-friendly features include easy DISC loading, automatic
PLAY mode selection, easy MEMORY programming, con-
venient MUSIC SEARCH, handy REPEAT function, multi-
function INDICATOR, audible FAST FORWARD and more.

The user-friendliness also includes a $599* price tag.

The CD-X1 from Yamaha. It'll be a long time before anyone
closes this second-generation gap. «SoggesEm mlpice

Yamaha Electronics Corporation, USA, RO. Box 6660, Buena Park, CA 90622. YAM AH A




The Duntech PCL-3, a
wall-mounted loudspeaker,
is the most neutral,
uncolored speaker I have
ever heard.

augioml from
au

10-technica.

Number 2 in a series

The Simplest

low-end punch, there is the optional
MK-131/B subwoofer. | heard the
speaker demonstrated using the
soundtrack from the movie Missouri
Breaks, which is heavily oriented to
harmonicas and percussion, and the
transient response, imaging and clarity
were exceptionally good.

In my rounds at the Riviera, | ran
across an exhibit that had a sign read-
ing Tru-Sonic Marketing. Lo and be-
hold, the room was filled with the prod-
ucts of two of the most innovative engi-
neers in the audio field, Sao Win of Win
Labs and John Dunlavy of Duntech
International.

John Dunlavy developed the re-
markable DL-15 loudspeaker some
years ago. | learned he has since
moved to Australia, where he has a
new factory. John was not at the WCES
but was represented by Warren Wein-
grad. A genial chemist and an expert
in surfactants (wetting agents) and de-
tergents, Warren formulated the clean-
ing fluids for the Nitty-Gritty record
cleaning machines. The Dunlavy prod-
uct being demonstrated was, of all
things, a planar loudspeaker made for
wall-mounting. A wall loudspeaker of
true high fidelity and good bass re-
sponse has been a sort of hi-fi Holy
Grail for many years. Although Fisher
tried it over 20 years ago and many
others have since then, none of these
speakers ever truly succeeded.

I don’'t have to dwell on the sales
potential of a really good wall loud-
speaker. Now, at last, the legions of
ladies who won't permit their husbands
to bring “those ugly hi-fi speakers” into
their living rooms will have lost the
prime reason for their recalcitrance. It
1s the Duntech PCL-3 planar standard
wall loudspeaker, measuring 16% in. H
x 23% in. W and only 3% in. D! It
mounts to a walil with a special bracket
and Molly bolts. For optimum perform-
ance it must be flat against the wall.
Inside this innocuous looking speaker,
with its black (or beige) grille cloth and
white oak cabinet, there is much inno-
vative audio technology. John Duniavy
holds over 30 patents in the field of
antenna design, and quite a number of
his designs are on assorted space
hardware. John says there is an acous-
tic analog to certain aspects of wave-
guide theory, and he has used some of
these analogs in this loudspeaker.

Warren Weingrad explained to me
that a U-shaped space, around the pe-
riphery of the 6%-inch Bextrene-cone
bass/midrange driver, is a series of
complex labyrinths filled with variable-
density felt, Dacron and polyurethane
foam, which afford critical damping in
the system. A minimum-phase, first-or-
der Butterworth crossover changes at
6 kHz to a 1-inch dome tweeter using
Ferrofluid. Frequency response is
claimed to be =3 dB from 50 Hz to 20
kHz. Efficiency is 83 dB at 1 wati/1
meter.

Warren showed me the speaker's
manual, in which Dunlavy has docu-
mented, with oscilloscope photos, the
performance of his speaker. Would
you believe square waves as good as
from a moving-coil cartridge? Tone
bursts where the output looks like the
input? Third-harmonic distortion of
0.09% at 500 Hz and 0.07% at 5 kHz"?

Now, quite apart from the obvious
advantages of wall-mounting, the
sound itself is quite incredible. lrre-
spective of how big or exotic the de-
sign of a speaker may be, this Duntech
PCL-3 is the most neutral, uncolored
speaker | have ever heard. Its front-to-
back depth is amazing (with the proper
recordings), and the stereo image is
absolutely precise and stable. The de-
lineation of musical textures and the
presentation of ambience are uncan-
ny. It plays extremely loudly (fused with
a 2-amp fuse) and has dynamic differ-
entials you can't conceive as coming
from such a small speaker. The bass
response and impact belie its —3 dB
response at 50 Hz. If you want more
bass extension, and still more overall
output, Warren teamed it perfectly with
a Janis W-1 subwoofer.

Don't take my word for the foregoing.
News about this Duntech speaker has
spread rapidly across the country, and
Warren says he has signed on many
prestigious high-end dealers. The
Duntech PCL-3 will sell for $750 per
pair and should be appearing at se-
lected dealers by the time you read
this.

There is a lot of new technology at
work in the PCL-3, and John Dunlavy's
speaker is a stunning achievement.
Simply put, it is ruthlessly accurate,
and its reproduction is the closest ap-
proximation to the live musical event
I've ever heard. 4
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Stylus

The cost ot a phono cartridge usually
varies with the complexity of its stylus
design. The more elaborate stylus shapes
have audible benefits in terms of high
frequency response, improved high fre-
quency tracing, and — in the case of
Linear Contact types — extended record
and stylus life.

The Spherical Tip

The simplest stylus shape is the Uni-
Radial or spherical tip, formed much like
the end of a ballpoint pen. lts tip size is
determined by the width of the groove,
with a typical radius of 0.7 mils so that it
normally touches the center of the record
groove walls.

Some Tracing Problems

/ \ NS

Y A
p T GROOVE
sTVLUS b

Spherical tip too large

to trace highest frequencies
But a spherical stylus large enough to
track at the mid-point of the groove wall
is too large to precisely trace the very
highest frequencies, especially at the
crowded center of the record. Increased
distortion and reduced high frequency
response results. In addition, spherical
tips often exhibit “pinch effect” distor-
tion as they move up and down in an
attempt to stay in a groove that is momen-
tarily too narrow. This
unwanted vertical
motion is almost
pure distortion, and
results in a “shattering”
of high-energy, high
frequency sounds like
cymbals and horns.

The Design Limit

Simply reducing the radius of a spherical
stylus to fit the smallest groove modula-
tion can result in a radius much too small
to ride at the center of the groove wall.
Instead, the small stylus is often very
near the bottom of the groove, picking up
noise and wear from accumulated debris
and dirt. Its small radius also increases
the pressure on the groove wall for a
given tracking force, thus accelerating
both record and stylus wear.

Another Answer

While the faults of a spherical stylus tip
may be masked by other problems in
low-priced record players, they become
quite evident in even a modest compo-
nent system. And the easiest solution to
most of the side-effects of a spherical
stylus is the elliptical stylus, to be
discussed in my next column.

R sl 4

Jon R. Kelly, President
AUDIO-TECHNICA U.S.,INC.
1221 Commerce Dr. Stow, OH 44224

audio-technica.

The World’s Favorite Phono Cartridge

Pinch Etfect with
Spherical Stylus
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Listen

O
This
Rebate.

Advent speakers are
legendary for incredible
performance at a reasonable
price. Now there’s another
reason to buy Advent. Until
April 30, Advent will give
vou money back—REBATES
up to $60-on the full line
of speakers.

The ageless Advent two-way
design can blow the grills

oftf of many highly-touted
three-way speakers, and the
new Advent 6003 three-way
performance speaks for itself.
Now vou can get the Advent
sound you've always wanted,
and put money back in your
pocket.

For the location of the nearest
participating authorized
Advent retailer, you can call
(toll free ) 800-323-15606

or in [llinois 800-942-0502.
(Void where prohibited

by law.)

Advent 6003

ADVENT

AUDIOCLINIC

JOSEPH GIOVANELLI

Noise Between Stations

Q. Most FM tuners with which | am
familiar produce lots of noise during
the process of tuning from one station
to the next. Why?—Name withheld

A. All electronic equipment has
some residual noise. An FM tuner pos-
sesses a considerable amount of r.f.
and i.f. gain. Under such circum-
stances, even a small amount of noise
can be amplified so much that it can
be easily heard.

When a strong signal is received,
various circuits within the tuner act to
reduce the sensitivity of various
stages, thereby lowering the noise in
the presence of signal.

If you now tune in a weak signal,
more sensitivity will be required to
make this signal audible. Thus, some
of the background noise, suppressed
in the presence of a strong signal, be-
gins to be heard when listening to a
weaker signal.

Stereo from Mono

Q. How are the "oldie,” pre-stereo re-
cordings “electronically processed” for
reissue in stereo? Such reissues usually
sound artificial and unnatural (perhaps
reverberant is the word | am seeking).
Playing these “fake” stereo records us-
ing the mono mode not only reduces
noises such as pops and clicks, but also
frequently improves the sound.—Rudi
Schmid, Kensington, Cal.

A. A number of techniques can be
used to produce pseudo-stereo from
old, monophonic sources. The sim-
plest of these methods is to put more
bass in one channel and more treble in
the other. The perceived result is that
lows will be heard from one speaker
and highs from the other. (This is not a
favorite technigue from the standpoint
of the disc mastering engineer be-
cause of vertical “pull-up” problems
caused by a noncentered low end.)

Another system is to feed the mono-
phonic signal into two stereo channels.
Reverberation is then added to each of
these channels, with this reverb de-
rived from a different “"chamber” for
each channel. Differences in reverber-
ation characteristics from one cham-
ber to the next can result in a sense of
space surrounding the program.

Still another approach is to send the
monophonic signal directly into one
stereo channel. Then the same, mono-

phonic signal is delayed just a bit, and
sent to the other channel. This, againin
conjunction with reverberation, can
produce a sense of space around a
performance.

Some monophonic performances
are so "dry” acoustically that these
techniques, when used with care, can
sometimes aid in enhancing our enjoy-
ment of a monophonic recording.

All too many of these old recordings
are ruined, at least for me, just be-
cause of the overuse of one or all of
these techniques. (I am certain there
are other techniques for producing
pseudo-stereo. but these are the ones
which immediately come to mind.)

Lowering Turntable Speed

Q. | have an old record changer
which has no “pitch control.” |
checked the speed of this unit and
found it to be running at 35 rpm rather
than 33"z rpm. Is there any way of
adjusting the speed?—G. V. V., Oma-
ha, Nebr.

A. To decrease turntable speed of a
typical puck-driven phonograph re-
quires slightly grinding the motor shatt.

Before doing anything, | suggest
that you use a strobe card to check for
proper speed. (While you are doing
this, you may wish to check all
speeds.) It is easy to spot speed er-
rors. If you try measuring turntable
speed with the aid of a stopwatch, you
may not be able to make a correct
judgment as to exact speed. Whatever
you do, don't grind any portion of the
motor shaft unless you are sure that
the phonograph is really running fast,
and that the error remains even after
replacing the idler puck.

To do the work, remove the platter. It
is probably held in place via a C wash-
er, which must be pried off, hopefully
without its flying off into space. Hold
the drive puck away from the shaft.
perhaps with the aid of a rubber band.
Obtain some fine emery cloth. Examine
the shaft to be ground down in order to
determine the correct "step” to be
worked on. Once you have determined
this, turn on the motor and grind the
shaft by pressing the emery cloth

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.

Enter No. 8 on Reader Service Card
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against it. Be sure to check the turnta-
ble speed periodically so you don't
grind off too much material. It's best to
be overcautious.

When the work is completed, dis-
mount the motor and disassemble it
Remove all emery dust which may
have found its way into it, especially
the top and bottom bearings. While the
motor is apart, put a drop of ol into
each bearing and allow it to soak into
the metal. Reassemble the motor and
remount it. Apply a drop of ol to the
bearing of the drive puck, and to the
turntable bearing. Check all other me-
chanical parts for proper lubrication
and grease where needed.

Replace the platter and C washer,
and your changer will be ready for use.

Rear-Channel Recovery

Q I have been using a four-channel
receiver with four loudspeakers for a
number of years. The front speakers
are connected to the front channels in
the normal manner. The rear speakers
are connected to the rear amplifier in
accordance with the hookup suggest-
ed by Hafler for recovery of the ambi-
ent sound in many stereo recordings.

I have found this arrangement useful
in that it allows me to control volume
and tone separately. This is especially
helpful for balancing the system be-
cause my front and rear loudspeakers
are not matched

Lately I have been wondering wheth-
er an afternate hookup might improve
the sound even further. My receiver
has provisions for “strapping,” which
will more than double the power-output
capacity of the front channels. | could
then connect the rear speakers, to-
gether with the front-channel speakers,
to the front amplifier channels (again
using the Hafler circuit for the rear
channels), and use a separate L-pad
to provide for channel volume balance

What are the advantages and disad-
vantages of both of these arrange-
ments?—Klaus Hieronymus, Darien
Conn.

A. Your present arrangement, using
all four amplifier channels, with the rear
channels as a Hafler circuit, is a good
one. It is simple to achieve good chan-
nel balance between the main and de-
rived ambience information. Any add-
ed power you might obtain by strap-
ping your amplifier would, in my opin-
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ion, be insignificant. | do not ke to
waste power in the form of heat. and
that 1s just what you would be doing if
you used an L-pad as you have de-
scribed.

You make a good point about using
the separate fana controls in your rear
channels. The lack of speaker match-

ing is a good reason for the extra set of “
tone controls; | like that idea and 1t
would be lost with the strapping sys
tem

This arrangement can be readily
modified to incorporate a time-delay
unit, shou'd you decide to add one at a
later date A

The Model 17 Preamplifier epi-omizes Ambe-’s dedication t> soohis-
ticaticnmrade simple. . . zndincomparable sound made afforcable.
Passive RIAA equalization minimizes phase chift and improves
detail. While direct-counled ciscuitry heightens strong, clean bass
respomsz. Recreating live-sounding sound is critical. But so,too. is
<ontrollir.g it. The Model 17 features three racording loops, con-
toured tone controls, high cutput headphone jack and bass-boost ...
makinzitideal for beginmer and audiophile,a.ike. Visit yousr Amber
dealer. Hear the difference setveen mere ccmpenents and fne

musical imstruments.

-
-

-

From the Amber Collection of
Fine Musical Instruments:

The Model 17 Preamplifier.

PO. BOX 2015 CHARLOTTESVILLE, VA 2290z TLX 901601 (804) 296-5656

Erter Mo. @ on Reader Service Card



AUDICPHILE FILE X
* COMPACT DISC COMPATIBEE

Maxell introduces the

new XL-S audio cassettes:

a series of ferric oxide
tapes whjch deliver alevel
of performance that can
capture the sound nu:
ances found on Com-
pact Discs more faithfulty
than other ferric oxide
cassettes on the market.
There are a number of
areas where this achieve-
ment Ig apparent.

GREATER
DYNAMIC RANGE.
Through a new formu-

lation of our magnetic par-
ticles, we were able to re-
duce the percelved resid-
ual AC bias noise level by
1dBinthe critical 2 kHz

to 10 kHz mid-frequency
range. And simultaneous-
lyincrease sensitivity and
maximum output levels
by asmuchas2 dB.
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As a result, the dyna-
mic range of each tape
has been sn%(;ﬂcarptly
expanded. So you geta

better signal to noise ratio
and afulleri mépa ctofthe

dynamlﬂa ients exclu-
sively inheren tod|g|ta|

~CDrecordings.

‘Harmonic D‘lStOrtioﬁ Yo

LOWER DISTORTION.

The newly formulated
particles also contribute
considerably to XL-S's low
output fluctuation, as well
as its virtual distortion-free
reproduction, especially
inthe critical mid-range
frequencies. This, inturn,
accounts for our XL-S
tape’s enhanced sound
clanty

DISTORTION | FREQUENCY
CHARACTERISTICS
5l — XLI-S
—— (] |-G o
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IMHRdVED
MAGNETIC PAR'I'IQI.ES.
Our refined particle

crystallization process is
the basjs for all of these
accomplishments. Maxell
engineersare now ableto

produce amore compact |

needle-shaped Epitaxial
magnetic particle of
extremely high uniformity
This allows usto create
agreater ratio of total sur-
face areato unit weight of

magnetic particles.
As aresult,jiour XL-S

-nter No. 10 on Reader Service Card

tapes now have the ability
to record more informa-
tion per unit area than
ever before.

PACKING DENSITY OF
UNIFORM PARTICLES.

Which is why Maxell
high bias XLII-S and nor-
mal bias XLI-S are unsur-
passed at reproducing
the sound qualities found
ontoday’s finest record-
ings. Regardless of
whether your frame of ref-
erence is analog or digi-
tal audio discs.

For technical specifica-
tions on the XL-S series,
write to: Audiophile File,
Maxell Corp. of America,
60 Oxford Drive,
Moonachie, New Jersey
07074,

i

TS WORTH IT

xell Corporanon of Amanca 160 Oxford Drive e, N1 Q7074
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EDWARD TATNALL CANBY

id | seem to end on a pessimis-
Dtic note last month? | was talking

about loudspeakers in consum-
erland, and the micro-mouse squeak
Sorry—I just can't take this subliminal
background music | hear all over the
place these days. All that beautiful, ex-
pensively potent hi-fi, so delicately de-
signed for making big noises out of
small signals, emitting nothing but
barely audible chirps, just enough to
register on the non-listening ear! Reac-
tion from decades of Joud volume, the
earlier form of hi-fi status? Probably
After all, if one generation wears
beards, the next has to be clean shav-
en, as even the Romans knew, minus
electric razors. So did George Wash-
ington and Thomas Jefferson. Then
there were beards agamn, and then
there weren't, and now there are. Can
hi-fi be different? Down with loud vol-
ume, up with micro-squeak.

At the other end of the audio chain
(see last month). it is good to know that
the microphone can never be a macro-
phone. its rep for useful but totally in-
audible sound is permanent. There
isn't much scope for status dispiay in
any sort of mike, even with chrome and
plastic. Much less in TV gray or black
or dirt brown. Mikes are not for looking
at. Yes, | know, pop stars often sing
into a hand mike that is totally dead
using it merely as a required prop—
ever notice how they sometimes wave
it around In the air (which would pro-
duce outlandish results if the thing
were really functional)? But mikes in
general are sober devices and largely
practical, just a means to an end-
many remarkable ends. With apologies
to the speaker people. | find the mike
part of the audio chain much more
interesting. Both mikes and speakers
are transducers functioning in fields of
actual sound, but the range of effects
that we can get with our present art of
microphoning 1s absolutely astound-
ing. No lesser word will do.

While loudspeaker designers still
work enthusiastically to pare down dis-
tortion, flatten peaks and dips, align
phases, polish up the TIM (only to
launch their marvelous products into
the current mouse-squeak void), the
mike folks after 60 years are still jubi-
lantly developing whole new kinds of
mikes, and new ways of using them
which leads to larger things, such as

CHRISTMAS CARDIOIDS

the ever-new recording studios, or
those enormous mixing boards you
find in every one of them and assem-
bled in booth after booth at the AES
shows. To me, those giant boards are
blurs of knobs and sliders by the mil-
lion, as awesome as, maybe, a grand
piano 20 feet wide with a thousand
keys to play on, but to mike users they
are familiar tools. At the shows, high-
school students talk over their fine
pomts in the most casual fashion, as
though it were all very simple. (It isn't.)
Such 1s the power of the microphone.

As a youth, | never set eyes on a
mike, though | had played my own
baby records on a wind-up machine
long before. Even in the blossoming
times of the Orthophonic phonograph,
still acoustic but with a folded expo-
nential horn, big volume (relatively)
and lots of new bass (I was about to
write: Also the Brunswick Panasonic
but of course meant the Brunswick
Panatropic)-—even with these and the
electrically recorded Orthophonic re-
cords and other eauivalents, we had
only the vaguest idea as to what a
microphone was. The horn was gone; If
you had music to record or broadcast.
you set up this small square wooden
box in front of it, and the music came
out of your radio at home. How? We
didn't much bother. Or, presumably, it
could also go directly onto a shellac

disc; we were foggy as to any neces
sary steps in between Somehow, of
course, these discs multipiied like the
brooms in "The Sorcerer's Appren-
tice," and we could all play records,
but this aspect didn't bother us either

It was broadcasting that put the mike
on the map There never had been a
horn in that area, and the microphone
was essential from the beginning for
everything but Morse code. Shure
Brothers recently sent out a lovely
Christmas card with a group of elderly
Shure mikes on its cover. If you are my
age you will know them all. but the one
that instantly stands out is of the type
that virtually became a symbol for
broadcasting when radio finally went
big. It's a sizable metal ring on a stand
with a symmetrical set of springs inside
holding a round mike suspended in the
middle. presumably shock-proof That
was the idea, anyhow. Shure's was a
carbon mike, the 33N of 1932 follow-
Ing the well-established transduction
system of the telephone, going far
back before the turn of the century. For
years, every photo of a radio star or
broadcasting group would feature a
similar mike In the foreground, more as
a symbol of the broadcast art than as a
practical transducer. If an ordinary citi
zen were asked to draw a picture of a
mike during those years, he would
have immediately produced a circle
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A UNIQUE
OPPORTUNITY
TO JOIN THE

WORLD'’S FIRST

DIGITAL
AUDIO CLUB.

For those who want to attain
an intimate understanding of the
remarkable technology behind
Sony’s compact disc players,
Sony introduces the Digital Audio
Club—a source of informa-
tion about digital audio from the
company most qualified to
provide it.

Join the club now, and you'll re-
celve our quarterly newsletter,

“The Sony Pulse”; The Sony Book
of Digital Audio Technology -
(with more than 300 pages of
facts and details); a 30" x 40"
compact disc poster; extensive in-
formation about Sony digital
audio products; and a CD soft-
ware catalog. You'll even receive
a digitally-recorded CD sampler.

To join, simply mail the cou-
pon below, along with a check or
money order for $15 (which
covers postage and handling), to
Sony Digital Audio Club, PO.

Box 161, Lowell, MA 01853. But do
it soon, because quarntities are
limited.

Name

Address

City

State

Zip

Sony Digital Audio Club
PO. Box 161, Lowell, MA 01853.
Please allow 4-6 weeks for delivery.

ONY.

THE LEADER IN DIGITAL AUDIO™

AB4/3

Microphones in general are
sober devices and largely
practical, just a means to
an end—many remarkable
ends.

with the elegant springs inside, and a
blob for the mike itself. That's the way a
mike looked.

New shapes, though, were coming
in along with new types of transduc-
tion. Shure's other mikes of the 1930s
are familiar still, in their tooks and in
principle too—the crystal mike, a small
round thing minus springs, and also in
the fancier blunt-bullet shape (the
720B) which | remember as the ulti-
mate in elegance. Note that these
mikes were generally chromed and
nickeled, to impress live audiences
and to look great in press pictures. All
that came to an abrupt end with TV,
which could not use any microphone
that visibly reflected those huge over-
head lights.

What happened to the springs? Dare
I surmise that, just maybe, those high-
style chromed suspenders created a
vast collection of spurious-resonances,
right at the mike itself? Think of all the
spring-fed reverb units we have used
during these later years. In any case,
the handsome spring mounts were no
longer to be seen on the scene after
the mid-'30s. A much better idea for
solid protection, though | wonder how
the slots were designed, came with the
die-cast mike housing, a style that re-
mained good looking and useful even
in dun-colored brown, as in the famous
Western Electric cardioid, combining
dynamic and ribbon elements. Shure's
556B, on that same Christmas card,
was long familiar in semi-pro and stu-
dio recording. That version dates from
1938, a dynamic. You will note that
numerous mike manufacturers made
use of these different visual styles, the
way the car makers borrowed back
and forth in auto shapes, in radiator
griles and fenders. It's not at all a
coincidence, I'd say, that the die-cast
microphone coincides in date with the
equally handsome die-cast automobile
grille.

One mike on the Shure picture is
really unfamiliar, an early condenser.
The 40D of 1935 is an ungainly tall
black container with a round mike ele-
ment mounted rather clumsily on top.
In those big-tube days, the necessary
extras to polarize the diaphragm and
process the signal were hard to de-
vise. A much more familiar, and much
later, “early” condenser mike comes
immediately to my mind—I bought one

for myself: The wine-bottle Altec, a tall,
thin, graceful black shape with a really
tiny (for the time) active unit on top.
And, alas, an enormous power-supply
box plus the most unwieldy thick ca-
ble I have ever dealt with. Nevertheless
(and in spite of an often cited peak in
the high end), it was sensational in its
day and | have a story to tell that some
will remember. When stereo came in,
all resplendent in its two channels, the
AES banguet, not to mention every-
thing else in sight, was duly dual-
equipped, two of everything. If I am
right, then, the human speakers at that
banquet faced not one but two mikes,
one to each side, with sets of “PA"
loudspeakers banked at each end of
the hall. The effect was disastrous.
Each time the dinner speaker moved
his silly head a quarter of an inch (and
how many of our fine engineers have
yet learned that before the microphone
you do not move the head?), the sound
source jumped 50 feet sidewise. It was
a sonic battleground with Presidents,
V.P.s, Honored Guests, all flying
through the air at terrifying speeds
from one end of the room to the other.
As | remember, the pairs of mikes in
use were “bottle" Altecs.

Not having 50 pages at my disposal,
I will gently skip the next quarter-centu-
ry and more of microphone history in
favor of a couple of relevant items from
the present, where the furor over mikes
and mike techniques is continuing as
forcefully as ever in the past. First, a
new note on the now-celebrated PZM,
which this department touted a couple
of years ago as a basically new micro-
phone type in its characteristics and
pickup pattern, a half-sphere. Since
Crown took up the PZM, its use has
spread and so has experimentation,
mainly, but, 1 gather, not exclusively
with Crown-made equipment. (The
mike originated at Syn-Aud-Con via the
work of Ed Long and Ron Wicker-
sham.) It's my impression that for most
of this period the PZM-has been used
in variants of its original configuration,
a tiny capsule mounted in the zone of
equal pressure within a millimeter or
two of a flat surface—that surface be-
ing anything from a smallish plate
(weak bass) to the lid or "wing" of a
piano or harpsichord, even a whole
wall, or the fioor, or a table top, any-
thing with enough flat space to do the
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HOLOGRAPHIC INTERFEROMETRY DEMONSTRATION SHOWING HOLOGRAPHIC INTERFEROMETRY DEMONSTRATION SHOWING
DISTORTION IN A CONVENTIONAL SPEAKER AT 265 Hz. NO DISTORTION IN A SONY APM SPEAKER AT 265 Hz.

WHY WASTE
THE PERFECTION OF
DIGITAL SOUND ON
THE IMPERFECTION
OF ACONVENTIONAL

SPEAKER?

As truly remarkable as the digital compact disc  Because it's flat, it eliminates cavity effect. Because it's
18, 1t has one equally remarkable side effect. Namely,  aluminum, it resists bending—a major cause of dis-
along with taking the mask off sound, it also unmasks tortion in paper drivers. Yet it's light in weight for truly
the flaws in your loudspeakers excellent transient response.

Distortions like “cone flexing," “split vibration” and But Sony goes further. APM drivers are square to
“zavity effect” which were hereto- dramatically reduce split vibration
fore barely audible, are now discern- For a most convincing demonstra-
ible when listening to music tion call 1-800-222-SONY for the

To eliminate the flaws inherent name of your nearest APM dealer, and
1n every conventional driver, Sony audition the first speakers of the
has radically redesigned the speaker digital age from the people who were
from the bottom of the woofer to the present at its creation

top of the tweeter. O N Y

The buckling, fimsy paper
' ER IN DIGITAL AUDIO
cones have been replaced by a rigid, SRR T G_ -
; © 1984 Sony Corp of America. Sony Drive, Park Ridge, NJ 07656
aluminum hOneyc@mb construction. Sony 1s a regisiered trademark of the Sony Corp
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WHY PUT TWO
FILTERS INTO ONE
GREAT COMPACT
DISC PLAYER?

Kyocera goes to double lengths to
make sure there’s no distortion in
its DA-01 Compact Disc Player. It’s
got both di ’talpand analog hilters—
so nobody hears distortion.

The advantage of digital and
analog filtering systems.

Modern technology has made ana-
log filters pretty effective. But there
can be a problem—analog filters
by themselves render limited per-
formance. By combining an ana-
log filter with a digital filter, and
precisely a;l)‘plying both types in
just the right way, the limitations
found with analog filters are not
there anymore. Thanks to the
unique use of these filters, and an
impressive array of very advanced
circuitry, the Kyocera CD Player
Frovides accurate, crystal-clear, life-
ike sound.

The awesome specs that only
digital can provide.

Needless to say, the Kyocera DA-01
comes through with some specs that
are mind-boggling: A full 90 dB
dynamic range... flat frequency
response from 20-20,000 Hz ...
quiet 90 dB S/N ratio...and total
isolation 90 dB channel separation.
And, just in case you didn’t
realize it, with the fabulous disc
player system, as provided in
Kyocera’s DA-01 Player, there is
no contact between disc and play-
back head. No tics, clicks, pops,
scratches or record wear. And the
DA-01 plugs right into your present
audio system—Kyocera or others—
just like a conventional turntable.

Easy to use, but total control of
every function.

The DA-O! is easier to use than a
modern cassette deck—slide the
compact disc into the disc compart-
ment, shut the door and hit the

lay button. With the DA-01’s
eather-touch controls, you can
play the whole thing (60 minutes

a side)...repeat a track...scan...
pause...skip... advance...index...
and program up to 24 different
segments with an electronic mem-
ory. A functional LED digital panel
tells you program running time

and just where the optical scanner
is on the disc.

Call (201) 560-0060 for the name of
the nearest dealer. Kyocera Interna-
tional, Inc., 7 der Horn Drive,
Warren. NJ 07060.

KHOCERd



After 60 years, the mike
folks are still jubilantly
developing whole new
kinds of microphones, and
new ways of using them.

required job, similarly to a flat speaker
baffle. Most enterprising usage has
been the hanging plastic rectangle
with the microphone at its center. giv-
ing a honzontal hemisphere of re-
sponse on one side and virtually none
on the other. Not like any other config-
uration of any common sort.

But the PZM hasn't fitted into the
now-common forms of stereo pickup,
except In the form of two spaced plas-
tic mounts. Down in Texas. Michael
Lamm and John C. Lehmann of the
nicely named Dove & Note Recording
Co . working largely in classical re-
cording and broadcast. including TV,
have devised an ingenious new geo-
metrnical complex of plastic mounts
and Crown PZMs that can simulate or
better. duplicate the conventional pick-
up patterns for stereo that are now
widely in use with standard micro-
phones. Mr. Lamm first phoned me
about a Christmas TV Messiah, ema-
nating from Texas, that used a special-
ly built array named the L= MicArray.
and at last fall's AES convention they
gave a paper on therr system. Unfortu-
nately. | missed it thanks to the Transit
Authority—I stood on a 42nd Street
subway station waiting for a nonexis-
tent train. But there is a preprint. No.
2025 (C9), which describes this array.
It 1s an adjustable package of clear
plastic panes which can be mounted
around two PZMs at various positions
and angles to produce the typical pick-
up patterns of an astonishing variety of
stereo alternatives—M-S, DIN. X-Y.
and many more initials. As usual, 1l
keep my non-engineering hands clean
and go no further into the details. But
the system strikes me as full of interest
for classical experimenters and for the
latest in pop styles as well. those that
are simplified a bit from the usual for-
est of microphones long standard at
pop sessions. No. | assume you will
not be able to use 30 PZMs in the L~
MicArray. For information. you might
try Michael Lammm at Dove & Note Re-
cording, 15415 West Antone Circle,
Houston. Tex. 77071.

Finally, | mentioned a new type of
microphone, mounted like a PZM in
plastic rectangles. at the 1983 Bach
Festival in Eugene. Ore. It is, rather, a
new application of an old principle, us-
ing miniature capsules in the PZM
manner but in a different way altogeth-

er. the flush mount. This capsule is
mounted face up, virtually flat aganst
the large Plexiglas rectangle, rather
than pomnting down towards the flat
surface. Messrs. James Swirczynski
and Steve Hangebrauk of JES Audio
Design (see Dec. 1983) are experi-
menting with demountable inserts so

that direct comparisons can be made
between PZMs and the flush-mount
cagsules 1In thz same format and. |
assume. with very nearly identical
pickup patterns.,

It would be irteresting to bring these
two operations ‘ogether—the L° MicAr-
ray anc the flush mounts, perhaps”? A4

AUDIO/APRIL 1984 17

'nlAnonn:}

TINY v« PERFECT

A high technology, ultra-compact two way design tor bookshelf. wall or bracket mounting
achieving the very highest standards in qua!ny pe tormance
and space conservation (9.6"H x 7.3"W x 7.5 D)

‘Itis diffic ult to tell vou just how good these loud speacers are Their mld range clarity, tonal
evenness and coherence tully justifies the description monitors.......
STEREO, January 1984

........ very clear, open and uncoloured like a goad mc nitor skould be and more importantly
tthey) are lively and rhythmic allowing you to fodow he music with case...”
HIFI TODAY, January 1984

“The Diamondssize, performance and pricz make them an ide 1l choice for a l)ud;,elsrud!o
They could also find a home in many professional studios for ¢ 1ecking the “home sound.”

I mentioned in the last section (Sound Quality) that the Diamond has few obvious
peers........ ’ WHAT HIFI, December 1983

“The overall mund produced can hest be described as beirg big, dynamic and above all,
not fatiguing........ : HIFI FOR PLEASURE, 1983

“Thave tosay that Iwas quite howled over by the D'armond. ts zound was detailed, dynamic
and integrated........ HIFI NOW, December 1983

Now Available in the U.S. to music lovers on small budgets.

Iharfedale

Quality and innovation dnce 932

DIANOND

For information on Diamonds and otrer Wharfecale speaker gems, please use the
Readers Response Card or write to: Wharfecale Loudspeaters, PR Department,
¢/o Sasaki & Associates, Inc., 9 Beltane D-ive Dix Hills, New York 11746.
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Award

vourselt
dn
Orbitrac!

And set vour own records for clean
results. Orbitrac™ was proven best by
winning the 1983 Grand Prix Award
presented by AwdioVideo Magazine.
Because only Orbitrac™ removes even
microscopic contaminants with hun-
dreds of fine, soft fibers that track
preciselv in each groove.

1550 & The hand-held control

Il e ol e i ar
i @x;ﬁs?gmm disc aligns easily in your
SRS album’s center notch and

'/ ananti-stat mat protects
” vour records and turntable
from wear and tear. See the
Orbitrac™ display at your
audio dealer’sand trv it
vourself.

Allsop, Inc. P. O. Box 23, Bellingham, WA Y8227
USAL (206) 734-9090, Telex 15-2101/Allsop BLI1
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HERMAN BURSTEIN

TAPE GUIDE

What Can $300 Buy?

Q. When recording at 0 dB on a
cassette deck's meters, what sort of
frequency response is necessary at
this level in order to faithfully repro-
duce a top-quality LP? Can such a
cassette deck be found in the $300
price range?—Jim Kincannon, Ham-
mond, La.

A. Top-quality LPs achieve re-
sponse out to about 15 kHz. However,
for most music, particularly classical,
the treble frequencies tend to be at
substantially lower level than the mid-
range frequencies (and than much of
the bass). Therefore, despite the treble
boost applied in recording, one can
record a tape at or close to the 0-dB
level without substantially impairing re-
sponse in the high treble.

However, there are some qualifica-
tions. As indicated above, some kinds
of music have higher relative treble lev-
els than do other kinds—rock music,
for example. If one is using Dolby B
instead of Dolby C. there is more
chance of saturating the tape and los-
ing highs; with dbx there tends to be
still less chance of tape saturation.
Then there is the question of what 0-dB
level signifies. In some decks it corre-
sponds to Dolby level, while in others it
is about 25%—about 2 dB—higher. If 0
dB corresponds to Doltby reference
level (200 nanowebers per meter),
there is less chance of tape saturation
when recording at a level that doesn't
exceed 0 dB.

Allin all, if frequency response at 10
kHz does not drop more than about 3
dB relative to 1 kHz when recording at
0-dB level, and if one is recording ma-
terial without unusually strong highs,
essentially faithful response out to 15
kHz can be achieved. There are a
number of cassette decks today in the
$300 price range that can do this, and
thereby faithfully reproduce a high-
quality LP record.

Dolby Level

Q. Whatis Dolby level, and what is it
supposed to be used for?—Jeff Pa-
gels, Largo, Fla.

A. Dolby level is a recording level
which, at 400 Hz, produces a signal
level of 200 nanowebers per meter
(200 nWb/m) on the tape. When using
Dolby noise reduction, there has to be

a correspondence (within 2 dB) be-

tween the recording and playback lev-
els going through the Dolby circuitry;
this is referred to as proper tracking. In
playback. the meter or other indicator
shows Dolby level at a specific point,
assuming the indicator has been prop-
erly adjusted. In recording, level is ad-
justed (sometimes by the user, if the
deck so provides; otherwise, by the
manufacturer) so that a 400-Hz tone
reads at Dolby level in playback. If
there is mistracking—poor correspon-
dence between recording and play-
back levels going through the Dolby
circuitry—high-frequency response
tends to suffer. This occurs because
the amount of treble boost supplied in
recording isn't matched by the same
amount of treble cut in playback.

Channet Dropout

Q. ! would appreciate your advice
on the following problem with my open-
reel tape deck. Recently | noticed that
a taped FM broadcast would have a
dropout of one channel for a period of
time. | phoned the station and was told
that the problem was theirs, not mine. |
experienced a similar problem with an-
other station, and it, too, assumed the
blame. | would be reassured, except
that | seem to experience the same
problem in taping phono discs.—Mrs.
H. E. Hlad, Bayonne, N.J.

A. If you have the one-channel
dropout problem with both phono and
FM recordings. but never when listen-
ing directly to FM or phono. the prob-
tem would most likely lie in your tape
deck. You will have to refer it to an
authorized service shop. There is a
very slight possibility that the tape itself
is at fault, owing to excessive oxide
shedding. If you re-record on the tape
and the dropout shows up in the same
region, the tape would be indicated as
the culprit. You might also try record-
ing on virgin tape to see if the problem
then disappears.

If the problem occurs when listening
directly to a sound source, preferably
phono, then the fault lies somewhere in
your system other than the tape deck.
And, as before, you would need the
help of a service shop. 4

if you have a problem or question on tape
recording, 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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FIRST PRIZE—a complete digital system,
including Sony’'s Model CDP-610ES
compact disc player, Sony’s
TA-F555ES 100 watt-per-channel
integrated amplifier, and a pair of

JBL L112 loudspeaker systems.

NO PURCHASE NECESSARY

® All residents of the United States are eligible, except
employees of CBS Inc. and their families, advertisers,
and their advertising agencies.

® Additional entry forms may be obtained by sending a
self-addressed stamped envelope (Washington state
residents need not affix return postage) to: Sweep-
stakes Director, Audio, 1515 Broadway, New York,
N.Y. 10036. Request must be received by May 9,
1984.

® Winners will be determined by random drawing. noti-
fied by mail, and their prizes shipped prepaid. Prizes
are limited to one per entrant or family.

® Ail federal, state, and local taxes are the winners’ sole
responsibitity.

® Odds of winning will depend on the number of entnes
received.

® A iist of winners is available to anyone requesting one
in writing from Audio Magazine, 1515 Broadway, New
York, N.Y. 10036.

® Any manufacturers’ warranties will apply. but Audio
Magazine makes no warranties with regard to any
prize.

® This offer is void where prohibited by law.

® Prze is not transferrable. No substitution for prizes.

® Winners must sign and return an affidavit of eligibiity
within 30 days of notification. In the event of non-
compliance within that time period, alternate winners
will be selected.

® Any prize returned to sponsor as undeliverable will be
awarded fto alternate winners.

— RULES AND REGULATIONS _ﬁ_

Worth of Audio
Equipment
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SECOND PRIZE—a library of 25 CBS/
Sony compact discs.

newsletter devoted to new hardware
and software releases; The Sony Book
of Digital Audio Technology, a definitive
text on digital technology; Volume | of
Sony's Compact Disc Sampler Series;
a striking poster, and other informative
material on digital audio.

10 THIRD PRIZES—Each winner gets a
membership in the Sony Digital Audio
Club, a $15 value that includes a
subscription to Sony Pulse, a quarterly

Here’s how the sweepstakes works. No purchase is necessary to
enter. All you have to do is fill out the coupon below or a
facsimile and return it to: Sweepstakes Director, Audio, 1515
Broadway, 11th Floor, New York, New York 10036. One entry
per person or family is allowed, and envelopes must be received
by May 30, 1984.

OFFICIAL ENTRY FORM

To enter the Audio Digital Giveaway
Sweepstakes, fill in this coupon or a
facsimile thereof and return it to:

Sweepstakes Director,
Audio,

1515 Broadway, 11th Floor,
New York, NY 10036.

NAME

STREET ADDRESS




Twist Owr Arm.

Ouwr “floppy” tcnearmiis the nns: unique element of the
NAD 5-20 turntable.

Most conventional tubuler tor 2arms, limited by their mate-
rial and shape, tend to &dd resonant colorations to the music
being 2droducec.

NAD's enginee-s have ta<en & fresh approach: the radical
flexible and flat dasign incoporates a precision suspended
counterweight system. This “flogpy”’ tonearm, comboined
with a resonance-free ‘loating sub-chass s, results in a turn-
table that sets new standards for parformance.

The NAD 5120 has brought cr -ical acc aim from the world-
wide acio press. Here are just & few of their comments:
Ovation Magazine (USAS seid: “.. . 2 deceptively simple
desigv; that becomes more ininguing at its relativery low
cost.” In France, Revue 2u Son commented: “Always true to
its basiz philosophy, NAD je offesing this turntable at a price
that bea’s all corpetiticn . ..”" And Popuwlar Hi Fi in Great
Britain concludec: “ .. Son.calk: tha NAD 5120 is ir a class '

of its comn.” ety : :
The NAD 5120 Turntable.

Industrial Cesign: rein10id we s3 design/Thicago

For a rearint of a recently publisked ar- ciz de-
scribing the engineerng desiy~ cf the £12C,
and fo- a | st of NAD audio sgecialiss m

your areg, please send us the

coupon telow.

State

NAD (USA), Inc.
675 Cantcn St.

MNorwood, Massachusetts 02062
“We make high-end audio affordable.”
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IGITAL DOMAIN
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A BINARY BEGINNING

KEN POHLMANN

rankly, this could turn out to be
Fan unbelievably horrible mistake

for me. You have no idea how
much trepidation | have undergone
since | received the invitation to write a
new column for Audio. When | accept-
ed, it was on the thin ice of impulse-
the guestion of ego is an enormous
one for all writers. Tonight, as | stare
into my microcomputer’'s green
screen, | am convinced that the ice
has broken, and | have falten through.
into very cold water indeed.

Don't misunderstand me. This
should be a piece of cake. My educa-
tion is solidly electrical engineering,
I've spent years designing digital cir-
cuits, and I'm a recording engineer
and a Music Engineering professor.
I've written articles on digital audio,
and I'm even secretly working on a
digital audio textbook. Qualifications,
seemingly, no problem. Yet, I'm in a
real jam, because of you, the readers.
You see, | can't relate to your interest: |
have never cared for recorded music.
Yes, that's right. | feel better, having
gotten that off my chest. Although this
first in a sernes of articles might be the
last, at least | can say | was honest.

Let me explain. My office adjoins a
concert hall. My office, or lab, has al-
ways adjoined a concert hall. All day or
all night long, it's music. Specifically,
the creation of music. | am immersed
in it, drowned in it. ... As a result, |
don't have much enthusiasm for re-
corded music. Frankly, it all sounds
bad to my ears. Can you blame me? Is
there really any comparison between
the experience of live music and the
pressure wave resulting from the LP on
your turntable? No, |, at least, was nev-
er remotely seduced by hi-fi. After a
day in the concert hall, | could never
bring myself to listen to a stereo sys-
tem and try to believe there wasn't a
tragedy being perpetrated.

Don't misunderstand. | do a lot of
listening at home. My trusty AR turnta-
ble has tracked a million miles of vinyl
groove, my faithful ReVox A-77 has
had untold head transplants; | listen all
the time—critically, appreciatively,
thankfully. But | was never fooled, not
one bit. Those were only recordings,
generations and generations removed
from their live birthright. There was not
even much solace for me in the record-
ing studio: The orchestra on the other

side of the glass was only a cruel re-
minder of imperfect reproduction. In
my chair behind the console, | could
see that none of those controls would
help; at the sound of the final chords of
a symphony, the sound off the tape
would never cause me to jump from
my seat and applaud, spontaneously,
instinctively. They were only record-
ings, in an analog medium which was
intrinsically disappointing.

Analog was always a mistake, be-
cause medium limitations were inher-
ently indistinguishable from signal.
Whether magnetic tape and its flux
densities or a vinyl groove and its me-
chanical variations, the medium's
method of storing information fused the
analog data to the analog medium's
noise. Even in the best analog sys-
tems, the noise and distortion accom-
panying the signal were audible—and
that spells failure for an audio informa-
tion-storage technique. If it sounds
bad. the stored information is wrong.
Thus, for information storage, analog
technology was doomed. | think every
design engineer can see the reasoning
behind that statement. Design is es-
sentially a question of technology, but
with music it is ultimately a question of
hearing. The limitations of analog stor-
age are simply too audible. In the past

| could never satisfactorily listen to re-
cordings, simply because they were
analog.

Then there was digital. With digital,
the nature of storage medium and its
content have been divorced. Thanks to
the digital computer, we can store In-
formation as pure data untainted by
the fact of its storage. Binary data can
be recorded as simple flux reversals
on magnetic tape or dimples on a re-
flective disc, and the noise and distor-
tion from the storage medium—and
degradations like the rotational varia-
tions of the machinery—will not affect
the quality of the data. Suddenly we
are afforded the opportunity to record
music with much greater accuracy
and thus greater fidelity. Of course,
timitations still exist; specifically, the
method of conversion from the analog
acoustic waveform to the digital stor-
age medium, and back again, pre-
sents a formidable engineerng chal-
lenge. But our advantage is irrefut-
able—our digital data exist indepen-
dently of the medium and enjoy all of
the efficient methods of computation
available only to a digital processor.
Moreover, with digital storage our infor-
mation is irrevocably permanent. Fu-
ture systems of still higher fidelity will
be devised, but our digital data will

AUDIO/APRIL. 1984
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HITACHI

the sight and sound of
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COMPACT DISC DIGITAL
AUDIO PLAYER

Hitachi’s laser based sound
reproduction system challenges
the limitations of the finest
analog stereo system. There is
greate- dynamic range. Virtually
no distortion. No wow and flutter.
No acoustic feedback. No record
wear. The result is the purest,
cleanest sound, faithful to the
original recording. Until you own
Hitachi's Compact Disc Player,
you've yet to hear the true sound
of quality.

N

= ew |
" PORTADECK*
VIDEO CASSETTE
RECORDER

If you're still locking for a
portabie VCR that truly is one—
here it is. The PORTADECK™
VCR is the smeliest, lightest,
most versatile video system
Hitachi has ever created. A
single cable disconnect and your
PORTADECK™ is ready to go
anywhere you zre. At home, it
becomes the perfect table
model. Stacked or side-by-side,
the PORTADECK™ VCR
features 5 heads, Hitachi's
exclusive four corner access
control, “customized” tuner and a
myriad of specizl effects. It's the
video system only a leader like
Hitachi can offer.

One Federal Court has hed that recording of copy-
righted television programs for in-home non-

commercial use is wrongful. copyrighted programs
should not be recorded.

crzooow Exclusive :
SIGNAL TRACKER™
COMPONENT TV

Hitachi’'s new 20" diagonal

flat screen receiver/monitor
integrates all your home
entertainment functions. VCR,
VideoDisc Player, Stereo
System, games, computer and
total TV reception. The flat
screen picture tube gives you
more on-screen picture, less
distortion and minimal reflection
of room light. And only Hitachi
has SIGNAL TRACKER™
control, the most advanced color
control system ever.

The Year of
the Champion

Hitachi Sales Corporation of America, 401 W. Artesia Blvd., Compton, CA 90220
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Analog was always a
mistake, because the
medium’s limitations were
inherently indistinguishable
from the signal.

never be eclipsed—perhaps future
players will merely interpolate that data
to provide new information from its
content, for with digital such things are
possible. Analog music recording was
time spent in waiting

Now the wait is over. That is why |
can at last write this column: Because
digital music exists, because at last |
can listen to music playback and hear
so much information that | begin to feel
as if | am there—right there—-at the
performance. High fidelity will have to
be redefined as higher fidelity

It 1s a new beginning for the art and
science of audio. Just as the wax cylin-
der gave way to the 78-rpm record
and the 78 rpm gave way to the LP, the
LP will give way to the CD. Even if I'm
wrong, even if the CD fails. digital will
not. It's the first step in a new evolution
Sure, mistakes will be made, and, sure,
a complete rethinking of recording
technique is required. Our sweeping
conversion to digital audio will necessi
tate this. But the underlying impetus is
clear: Because of digital technology,
the amount of information is so much
more vast and our methods of analyz-
INg and processing it so much more
efficient, and because the power of the
available music information is much
greater, we have begun a new era in
the re-creation of acoustic events

Today's equipment is just the begin-
ning. Eventually the CD will be an an-
tigue. That's right-—it's not too early to
say "CD" and “antique” in the same
breath. Sure, the CD has tremendous
firepower-—a channel bit rate of over 4
million bits per second, and its silvery
face might pack 13 billion bits of infor-
mation—but engineering teams are al
ready working to perfect erasable and
recordable CDs. Perhaps in the future,
consumer storage formats will disap
pear entirely, to be supplanted by a
commercial library of digital record-
ings residing in memory-—accessed
and auditioned at home through your
personal computer. Imagine: Any re-
cording ever made, available any time,
with a few keystrokes (for a small
monthly charge. of course). But even
as we attempt to comprehend that, we
must try to imagine successive meth-
ods of music storage, methods which
may someday render digital storage
obsolete

Well, maybe |I've said too much. Per-

haps I've insulted the readers of this
magazine who have actively support:
ed the slow evolution of analog audio
technology and thus implicitly pre-
pared the way for digital audio. Per-
haps ['ve confused people with some
of my highly speculative arguments.
Well, iIn my opinion, provocation and

confusion are the early stages of un-
derstanding. And our goal now is to
achieve an understanding of digital au-
dio, in terms both of bits and bytes and
of the philosophical nature of this im-
portant technological development. It's
an exciting time. | think we're lucky to
share in the makings of a revolution. 4
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Pollke Voted #1
In 1983 Hi Fi Grand Prix

Monitor 5jrd

SDA-2: $600

Monitor 4A:

ke MM IV:

$110
MM V: $140

-

Monitor 10B: $325

For state-of-the-art technology, performance and value

3 Polk Winners in 3 Years

The Hi Fi Grand Prix is a prestigious annual competi-

tion for products that best exemplify the state-of-the-art in audio, combined with
benefits and value for you the consumer. Polk speakers have won the Grand Prix for
the last three years and this year Polk was voted as the number one loudspeaker
manufacturer overall. Dedication to the quality approach in each and every Polk
product is what makes the difference. Hear for yourself why Polk is #1.

Write or use the reader’s service card for
information on all our loudspeakers and the

name of your nearest Polk dealer.
Polk Audio, Inc. 1915 Annapolis Rd.,
Baltimore, MD 21230. In Canada,
Evolution Audio.

Digital Disc Ready '

polkiaudiol

The Speaker Specialists®

Enter No. 16 on Reader Service Card




KRROR

CORRECTION
IN THIE
OMPACTT DISC

SYSTEM

Dr. Toshi T. Doi

rror correction is one of the key
Etechnologies in the field of digi-

tal audio, and | believe that the
basis for error correction can be plainly
explained by use of a "supermarket
shopping" model, which | will develop.
There are various criteria for any error-
correction code which is to be incorpo-
rated in a digital audio system, and |
will give some details on the various
code systems and pay special atten-
tion to the Electronic Industries Associ-
ation of Japan (EIAJ) format for the
Compact Disc. This format is called
cross interleaving and it is a unique

24

method of combining two codes by
interleaving delay. In practice, it has

Dr. Toshi T. Doi is Deputy General
Manager of Sony Corporation’s Digital
Audio Division, Communications
Products Group, in Tokyo, Japan.
This article is excerpted from a paper
presented to the 73rd Convention of
the Audio Engineering Society, held
March 15-18, 1983, in Eindhoven, The
Netherlands. Copies of the preprint,
No. 1991 (B4), may be obtained from
the AES, 60 East 42nd St., New York,
N.Y. 10165.

llustrations: Philip Anderson
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Fig. 1—Bit error rate vs. S/N for peak-
to-peak signal and rms noise values.
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ERROR BURST LENGTH— BLOCKS

Fig. 2—Typical block-error statistics
for an optical disc when clean (3.3 x
107 ). with fingerprints (5.6, x 107 ),
and scratched (4.5 x 10 7). Figures
shown are for a disc with a linear
speed of 1.2 meters per second, bit
rate of 2.352 Mb/S. and block length
of 160 bits.

proven very efficient in performance as
well as highly economical in hardware
design. Because of these two qualities,
the method has been applied to many
other systems beyond the Compact
Disc system.

One good way to understand the
history of digital audio is to look at the
progress of error-correction technol-
ogy. The error-correction codes them-
selves have been well studied by the
coding theorists, but their application
to digital audio recording is not so
straightforward. So far, great effort has
been paid to the study of the criteria
necessary for truly reliable systems in
studio or home, the investigation of the.
causes and the statistics of errors on
magnetic tapes and discs, the practi-
cal and the theoretical approaches to
the design of error-correction codes,
achieving a better trade-off between
performance and hardware cost, and
good, easily implemented hardware
designs as well.

Basically, error-correction codes
can be categorized as linear versus
nonlinear, block versus convolutional,
and word-oriented versus bit-oriented.

In digital audio recording, a combi-
nation of linear, block, and word-orient-
ed coding methods has generally
been adopted. The cross-interleave
method, however, is an exception
since it uses a block code in a convo-
lutional structure in its application to
the Compact Disc. In this way, the
higher performance of a convolutional
structure can be enjoyed while still
keeping within the simple structure of
block coding. There are three basic
reasons why a word-oriented code is
used. First, it has better correction ca-
pabilities for burst errors. Second,
memory handling is simpler when RAM
is used. Last, the digital audio system
handles code words of 16 bits per
sample, and it is simpler to design er-
ror-correction hardware for 8- or 16-bit
words.

Causes of Digital Coding Errors
There is a large variety of ways in

which coding errors can occur, but
they can be grouped according to
where they occur. Code errors occur
during digital recording because of:

1. Defects in the tapes or discs
which occur during production;

2. Dust, scratches, and finger-

prints which occur while the media is in
use;

3. Fluctuations or irregularities in
the recording or reproducing mecha-
nisms;

4. Fluctuation of the level of the
reproduced signal;

5. Jitter, wow, and flutter;

6. Noise, and

7. Intersymbol interference.

There are several defects which oc-
cur with magnetic tape, and these are:

8. Dust and scratches occurring
during production;

9. Defects of scraping of magnetic
materials, including traces of dust;

10. Irregularity of tape edge or
width, and

11. Trace of a step at the junction
between magnetic tape and the tape
leader.

Other causes of error are found with
the optical disc, and these are:

12. Defects in the photo-resist;

13. Dust and scratches which occur
during cutting, developing, plating or
pressing;

14. Inappropriate strength of the
writing beam or length of the develop-
ment time, either of which will result in
asymmetry of the pits;

15. Error in forming the pits in either
plating or pressing of the discs;

16. Bubbles, irregular refraction or
other defects in the transparent disc
body;

17. Defects in the relative metal
coating, and

18. lrregularity of the back surface
of the stamper or of the mother.

It should be noted that item 2 also
includes damage to the edge of a
tape, while item 3 refers to mistracking
or misfocusing (in the case of optical
discs), an unlocked servo or to fluctua-
tions in the contact between the tape
and the head. Iltems 4 and 5 are mainly
caused by item 3, and it should be
noted that a small vibration of tape or
head causes a great problem because
the recorded wavelength is so short.
The relationship between error rate
and noise, item 6, is shown in Fig. 1.
Item 7, the intersymbol interference, is
caused by the bandwidth limitation
and by the nonlinearity of the recording
media.

If a bit error does not have any corre-
lation with other bit errors, it is called a
random-bit error. When errors occur in

26
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There exists a trade-off between data redundancy and the safety margin, where
the latter depends on the error-correction strategy after detection.

a group of bits, itis called a burst error.
Errors can also occur in words or in
blocks, and random (word or block)
errors and burst (word or block) errors
can be defined in a similar way.
Among the causes of error described,
items 1, 2, 3 and 4 correspond to a
long burst error, and 5, 6, and 7 to a
random or short burst error. In actual
digital audio recordings, all kinds of
error are mixed together, and the code
should be designed to cope with any
combination of random, short burst, or
long burst errors.

Error Measurement

Measuring the meaningful error
characteristics of digital audio record-
ing media is not an easy task. In the
early days, word errors were directly
measured, and optimization of an er-
ror-correcting scheme was carried out
based on the obtained statistical data.
The approach was theoretically rea-
sonable, but a real working system
may not always represent the proto-
type system. Moreover, the complete
system may not be available during the
process of system design.

Here, the most important point is to
be able to recover from such accidents
as tape damage, fingerprints,
scratches and so on. The system
should be designed to obtain a block-

error rate better than, for instance,
10 “, so as to guarantee that the error
rate is sufficiently low after the correc-
tion in the normal condition.

Defining the tolerable level of acci-
dents is the most important point in
designing error-correction schemes,
and this greatly depends on the struc-
ture of the recording media. Cassette
tapes, open-reel tapes, and optical
discs must be handled completely dif-
ferently in this sense. Figure 2 shows
one of the typical examples of optical
discs measured under the following
three conditions:

1. A clean disc, in its normal condi-
tion, with a block-error rate of 3.3 x
105

2. A fingerprinted disc, where fin-
gerprints are located all over the disc,
with a block-error rate 0f 5.6 x 10 ° or

3. A scratched disc, where the disc
has been rubbed on a wooden table
for approximately one minute, with a
block-error rate of 45 x 10

In the case of these accidents, long
burst errors are observed, and there-
fore it is recommended that errors be
measured by block, rather than by bit.

Error Detection

Use of a parity check bit is well
known as a simple error-detection
scheme, and it detects 100% of even-

numbered errors. This ability is not suf-
ficient for most digital audio record-
ings. and therefore Cyclic Redundan-
cy Check Code (CRCC) is commonly
used for error correction. The basis on
which to decide the length of the block
always poses a question, and the larg-
er block seems better because it
keeps the same detection capability
with less redundancy. But if the system
tends to encounter random or short
burst errors frequently enough, as with
optical discs, then the resulting error
rate with longer block length may wors-
en considerably. Moreover, even one
bit error in a long block deteriorates
the whole block. There also exists a
trade-off between redundancy and the
safety margin, where the latter de-
pends on the error-correction strategy
after detection. CRCC is often used as
an “error pointer” in error-correction
codes, and the detectability of errors
should be analyzed before designing
the whole correcting scheme.

Principles of Error Correction

Figure 3 shows a typical supermar-
ket shopping receipt (Slip A), listing
the prices of four items (W,, W,, W;and
W,) and their total (P). The “syndrome”
(S) i1s calculated for checking; when
there is no error, S = 0

In Stip B, the price of W, is missing

Two of the best books on
digital technology now
available are The Sony Book
of Digital Audio Technology,
No. 1451B, Tab Books, Blue
Ridge Summit, Pa. 17214,
$11.95, and Digital Audio
from the Audio Engineering
Society, 60 East 42nd St.,
New York, N.Y. 10165,
$75.00.
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Fig. 3—"Supermarket receipts” as (W,* = 0). The missing data word is
examples of single-erasure correction. called an erasure, and the correction is
very simple, as shown. Slip C contains
SLIP A SLIPC a one-word error in W,; the values of all
(Original Slip) (One-Word Error) the words (W,, W,, W, and W,) and the
W, $ 10000 Wy $ 10000 | total P are now uncertain, and they are
W, $ 20000 W, $ 300.00 | marked with an accent. As the value of
W $ 30000 Wy $ 30000 | the Syndrome S is not zero, it is known
Wa $ 40000 W, $ 400.00 | that an error occurred, but that error
P (Total) $1,000.00 P’ (Total) $1,000.00 | cannot be corrected with just the infor-
mation available.
Syndrome (without error) Syndrome In Slip D, we have the same error in
S=W; + W, + Wy + W, -P=0 S =W+ W, + Wy + W, — P =100 W,, but the erronecus word is now
pointed out by an error pointer. The
SLIP B SLIP D correction in this case, yvhich is called
(One-Word Erasure) (One-Word Error with Pointer) pointer-erasure correction, is exactly
W, $ 10000 W, $ 100.00 | the same as for erasure.
Wy seaite Wy —> $ 300.00 The code in Fig. 3 is a block code
W $ 30000 W3 Error § 300.00 | with four data words and one check
W, $ 40000 W, Pointer § 400.00 | word. The code is capable of one
P (Total) $1,000.00 P’ (Total) $1,000.00 | word-error correction and one erasure
correction, but error correction is im-
Syndrome (with one erasure) Syndrome S = 100 possible.
S =W, +Wy" + Wy + W, - P=-200 . In the actual codes used in digital
. Correction audio recordings, a parity word of
Erasure Correction Wp = W," — S = 200 modulo-two (exclusive-or) is normally

W, = W' = 5 = 200 used for erasure correction, instead of

the total value P in Fig. 3, and CRCC is
used for the error pointer.

Convolutional Code

Fig. 4—Encoder for convolutional The examples shown in the previous
code. section are all classified as block
(INPUT) (ouTPuT) | codes, where the encoding is complet-

Wa Wgo ——--—- e e+ o eaeo Wy Weg ed within the block. Figure 4 shows an
example of an encoder of convolu-

W Wy o e B - C Wi,Woa | tional code, where D means a delay of
I one word. (Editor's Note: D can also

WO . - W2.W-2 | mean the distance between any two
W W o - S words, though this is not discussed
FEM EIMET here.)} The check words are generated
% o Po.P-a once after every four words of data,

and each check word is affected by
the previous eight input words. The
decoder is shown in Fig. 5.

The redundancy for this code is the
same as that of the code in Fig. 3, but
the error-correction capability is supe-
rior. This is because the number of

DELAY OF ONE SAMPLING PERIOD

Fig. 5—Decoder for convolutional

code. related syndromes for each error is
UNPUTY Wiz Wg Wa W (OuUTPUT) | bigger in the case of convolutional
Wie, o - L g e .@ — -ﬁ_)._o code due to the convolutional struc-
ture.
iy o ——— — = & e N . o et (DY |y
. 1 | ~CHUH LD ? On the other hand, once an uncor-

Wg o —— e : CH H I et -» rectable error occurs, it would affect
Wig 0 -—g- ) [ N S M?T == | the syndromes long after the error
%@@4@ passes away, and the number of re-
[ DECODING LoGIC ]
S

sulting errors in the decoded se-
guence becomes longer. This is called
error propagation.

e >
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Convolutional codes correet errors better than block codes of equal redundancy,
but they handle uncorrectable errors less well.

Interleaving

Interleaving is a way to disperse the
original sequence of bits or words into
a different sequence; the reverse is
called de-interleaving. Figure 6 shows
a simple delay interleave. A burst error
which might occur during playback is
converted into random errors by de-
interleaving. Such interleaving is often
used with a block code to increase
burst-error correctability. If all the
words related to the original code
block are dispersed to every sixth
word, a burst error of up to six words
can be corrected if an appropriate er-
ror pointer is provided. A combination
of double-erasure correction code, in-
terleave, and CRCC for an error pointer
was adopted for the Electronic Indus-
tries Association of Japan (EIAJ) for-
mat for home-use digital tape record-
ers. (Editor's Note: The EIAJ has also
just announced agreement on a video
format for use on CD).

Cross-Interleave Method

When two block codes are arranged
two-dimensionally so that their rows
and columns form a big block, the re-
sulting code is called a “product
code.” The cross-interleave method
falls into the class of product codes,
but it is distinguished from the conven-
tional one by its interleaved structure.
The cross-interleave method is a com-
bination of two or more block codes
which are separated from each other
by delay for interleaving. In this case,
the final correctability is sometimes
better than that of conventional prod-
uct codes, owing to the convolutional
structure. Figure 7 shows the general
form of the cross-interleave method. At
the decoder, the syndromes of one
code can be used as the error pointer
for another code, and CRCC for error
detection can be omitted in erasure
correction. It is also possible to ar-
range the third block code after anoth-
er delay interleave.

In Compact Disc format, the two
block codes selected are Reed-Solo-
mon codes and are named CIRC
(Cross Interleave Reed-Solomon
Code). When both codes selected are
single-erasure correction codes, the
code is called cross-interleave code
(CIC). (Editor's Note: Reed and Solo-
mon are the inventors of a powerful
and widely used class of codes.)

Fig. 6—Interleaving and de-
interleaving. Note dispersion of burst
error in decoded word sequence.

weee [Weglwglr . o s[W.afw.s [w.o[w. Two  wi [wa W wa [ws [we [ w1 [we [wo [wiolw uW o]l Wislwigl]- -~

ORIGINAL WORD SEQUENCE
@ (INPUT) A:r [ oNE-wORD DELAY ] \ {oUTPUT)
—0

TWO- WORD DELAY @

_— o
e e e e e e o s e e Wolw. [wig]ws | We wswiel----

(INTERLEAVER)
DISPERSED WORD SEQUENCE TO BE RECORDED

THREE -WORD DELAY
(INPUT) h [ TWO-WORD DELAY | ﬁox __louteum)
/c\ ONE - WORD DELAY /;« \H/

{DE - INTERLEAVER]
X X X X X
— = |Weg|Wag W~7{W-slw-5iw-4lw-3|W—zIW-zh”o[W| ]WZ IWJWJVJWJM [Wa |W9 lwlolwa | ]ﬂnzhﬂlslwmlwlslwlsl"“

DECODED WORD SEQUENCE

Fig. 7—Encoder for cross-interleave
method; original data words = k;
check words for C; and C, =

R, and Ry, total check words =

R, + R, redundancy =

(R, + R,)/ (k + R, + R,).

13 k¥rp
BLOCK CODE (C:) = pELAY “\—>{ BLOCK CODE (G}
(INPUT) o~ ] ENCODER {k+ 2, k) 171 INTERLEAVE 1y ENCODER (:~ rz)'n. (OUTPUT)
‘ T : on a
0

) J
k ~ b e ]
] ] L
- J
re ker2

=

Fig. 8—Encoder for CIC method.

DELAY (D=1 WORD)

(INPUT) o oL Wdn.1-4D

Wo, Wy Wp o o = W4m2-80\=
N 20 ~ | (toutPum)
= Wane3-120,
(30}—

L(% . Pan-is0, "/

ADDER (P) @Z Qan  /

(EXCLUSIVE - OR)
ADDER (Q)

(EXCLUSIVE - OR)

RELATED WORDS FOR Qo

IR

WORD SEQUENCE TO BE RECORDED
V;o WBIWSIWSIPIEEOIWI»IWT [¥ofefa o[ [ . |lPsl°a|W'z|W9]WsIV;3]”4l°'zlwuslwlalw'olwvlpg [o]---

RELATED WORDS FOR Po

AUDIO/APRIL 1984

29




Figure 8 shows a simple example of
a CIC encoder where a single-erasure
correcting code is added after the de-
lay for interleaving, generating the
check words P and Q. The correctabil-
ity of CIC depends on the number of
decoding steps, and one-step decod-
ing is as good as single-erasure cor-
rection; thus, the correction capability
increases as the number of steps in-
creases. Figure 9 shows the correction
capability plotted versus the number of
decoding steps.

Error Concealment

‘When error exceeds the ability of the
code to correct, the uncorrected words
should be concealed. Figure 10 shows
the noise power induced by various
interpolation methods when they are
applied to a pure tone signal with un-
correctable errors. The methods of
concealment shown here are as fol-
lows:

1. Muting is where the value of the
erroneous word is always set to zero;

2. Zero-order interpolation is where
the previous value is held over;

3. First-order interpolation is where
the erroneous word is replaced with
the mean value of the previous and the
next word, and

4. Nth-order interpolation is where a
polynomial is used to generate a re-
placement for the erroneous word, in-
stead of the first order.

In most systems now in use, a com-
bination of 2 and 3 is used. If all the
erroneous words have errorless words
as neighbors, then 3 is applied. For
consecutive word errors, method 2
would be applied, with the final errone-
ous word interpolated by method 3. It

is also well known that a better interpo-
lation is possible by use of an appro-
priate digital filter. Subjective tests
show that the length of error does not
greatly affect the perception as long as
all interpolated words are neighbored
by words without error.

Evaluation of Error-Correcting
Schemes

In the application to actual error-cor-
rection systems, the above methods
are mixed, and the scheme is opti-
mized to suit the particular system ei-
ther by computer simulation or by trial
and error. The most important point in
designing the coding scheme is, there-
fore, to set the criteria for the perform-
ance of the code. Some of the criteria
are as follows:

1. Probability of misdetection;

2. Maximum burst error to be cor-
rected;

3. Maximum burst error to be con-
cealed;

4. Correctability of random error;

5. Correctability for the mixture of

random, short burst and long burst er-
ror;

Guard space;

Error propagation;

Block size or constraint length;
. Redundancy;

10. Ability for editing;

11. Delay for encoding and decod-
ing, and

12. Cost and complexity of the en-
coder and decoder.

For most digital audio systems, er-
rors exceeding the correctability of the
code are designed to be concealed.
Therefore, the most important item is
the probability of misdetection (1). The
misdetected error cannot be con-
cealed and results in an unpleasant
click noise from the speakers. This
should not occur even in worst-case
accidents. Items 2 and 3 taken togeth-
er represent the strength of the system
against burst errors.

Table | gives some examples of the
burst-error correction and conceal-
ment for CD and other formats. In each
case, the length of concealment is de-
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Fig. 10—Noise power for various
interpolation methods applied to a
pure-tone signal with uncorrectable
errors (see text).

Fig. 9—How the number of decoding
steps affects random word-error
correctability, using CIC. (One block
= 6 data words + 2 check words;
word error rate [PW] = 107°)
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1070

LOCK ERROE RATE AFTER CORRECTON

10 9

1078

0

0?2 RS nd

BLOCK ERROR RATE BEFORE CORRECTION
Fig. 11—Random block-error
correctability for various codes
(1 block = 288 bits).
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Interleaving disperses the original data into a different sequence. It is often
used with block codes to increase burst-error correctability.

signed considerably longer than that of
the correction. CD is strong against
fingerprints because the thick trans-
parent layer (1.2 mm) between signal
pits and the surface nullifies their ef-
fect.

The burst-error correcting capability
is mainly determined by delays if inter-
leaving is used with the correcting
code. The correction or concealment
length should be evaluated as a func-
tion of the memory size required.

Figure 11 shows the correctability of
various codes against random block
error, where one block consists of 288
bits. The block length is supposed to
be long enough for even a short burst
error to be treated as a random block
error. Initially, the evaluation shown in
Fig. 11 was considered appropriate,
but it was found not to coincide with
experience in studio environments.
Machines installed in studios showed
much more frequent miscorrection
than indicated by these values. The
reasons were that the tapes were not
always new, that dust and fingerprints

were more severe in the studio envi-
ronment, and that the machines were
not always tuned properly. Therefore,
evaluations made using a mixture of
random, short burst and long burst er-
rors proves to be much more realistic.

Error Correction on the CD

Among the causes of error on optical
discs, the effects of fingerprints,
scratches or dust are not so different
from those in magnetic tapes. There-
fore, it is sufficient if the error-correc-
tion scheme enables correction of a
long burst error with reasonably small
guard space.

On the other hand, causes 12
through 18, described at the beginning
of this article, have the tendency to
produce random or short burst errors.
In addition, there is a possibility of pro-
ducing random or short burst errors by
misfocusing and tracking offset, which
may deteriorate the frequency charac-
teristics and signal-to-noise ratio.

The study started from the compari-
son between the ICIC (Fig. 12) and a

Table I—Burst-error correction and concealment.

Correction, Concealment, bits
Format Type bits Good Marginal
EIAJ Tape, Rotary Head 4,096 _ 8,192
DASH Tape, Stationary Head 8,640 33,982 83,232
CD Disc, Optical 3,874 13,282 15,495
25
CONVOLUTIONAL  ICIC ICIC (CONCEALMENT)
» X CODE e} A
)]
=
|
CIRC {k=24)
l»<‘-:2.o— ®
o k=16
— CBAC
® /24
k=32
1.5 I 1 } 1 1 1 1 1 1
O O 02 03 04 05 06 07 08 09 10

EFFICIENCY OF BURST —ERROR CORRECTION

MEMORY SIZE

Fig. 13—Burst-error correction vs. bit
rate for several codes.
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Fig. 172—An ICIC encoder. (“W"
codes are data words; “P” and "Q"
codes are error-correction words.)

newly developed convolutional code.
The ICIC has the ability to correct an
arbitrary five-word error, while the con-
volutional code can correct up to two
symbols (words). Both codes are de-
signed with the same redundancy to
obtain a bit rate of 2.35 Mb/S. Both
performed very well for normal discs
with average fingerprints and
scratches. It was found that the burst-
error correction was better with the
ICIC because the correctable length is
three times longer than with the convo-
lutional code, and if concealment is
considered the goal, it becomes more
than seven times (see Fig. 13).

Conclusion

The fundamentals of error correction
and its application to digital audio re-
cording systems have been de-
scribed, with the stress of the explana-
tion laid on the practical side, omitting
overly detailed theoretical consider-
ations. The cross-interleaving method
discussed here is now widely used in
the field of digital audio because of its
simplicity and efficiency.

Looking back to the short history of
error-correction code applied to digital
audio recording, remarkable progress
has been made with high enough per-
formance and relatively low redundan-
cy. Further progress will be necessary
when the packing density increases
and high error-rate recording systems
are introduced.

One of these applications will be the
domestic digital cassette recorder,
which is expected to become competi-
tive to the conventional analog cas-
sette in size and playing time, while
attaining high performance equivalent
to that of the Compact Disc. 4
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The sampling process which
converts a digital audio signal from

binary numbers back to its original

analog form generates spurious fre-

quencies, which must be filtered out

of the final

wave form.

Most brands

of Compact

Disc players

use analog filters for this, usually in a

system consisting of a 16-bit D/A con-

verter, a sample-and-hold circuit, and
an analog low-pass filter (Fig. 1).

This, however, can be difficult to do

accurately. First, the

D/A converter must

be linear to within

. one-half the value

: of the least signifi-

cant bit (LSB). How-
ever, V»-LSB accuracy of the dividing
steps becomes more and more difficult
to achieve as the number of such
steps, or bits, increases. For 16-bit

Wayne Schott is Staff Electrical
Engineer at N.A.P. Consumer
Electronics in Knoxville, Tenn.
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D/A converters, low yield and high cost
can easily be obstacles to practical
manufacture.

A second problem is caused by ana-
log filtering. A filter steep enough to
adequately remove residual compo-
nents above the audio band must inev-
itably be a complex one, degrading
the signal accuracy and introducing
phase distortion. Even an active low-
pass filter has a large amount of phase
shift near its cutoff frequency. Such a
filter also generates noise and requires
high-speed operational amplifiers,
which have high power dissipation and
require tight component tolerances to
maintain low ripple in their pass-band.
Temperature changes and component
aging of such filters also affect perform-
ance adversely.

Philips engineers have found a way
to carry out most of the essential filter-
ing process digitally. This approach is
used in the players sold by Philips un-
der its own name and under its U.S.
brand names of Magnavox and Syl-
vania. It has also been adopted, in
whole or in part, by some other manu-
facturers.
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By oversampling at four

times the original sampling
frequency, the original noise
energy is now spread over a
band four times as wide.

16 BITS 16-BIT
—> oma
44 kHz CONVERTER

SAMPLE ANALOG ouT
AND [—P— Low- [—»O
HOLD PASS

Fig. 1—Analog output section of a
CD player using only analog filtration.
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Fig. 2—DIA converter outlines the

desired waveform as a series of
signal spikes (A), which are then
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B

extended by the sample-and-hold
circuit to produce a staircase
waveform (B).

_ Photograph: Robert Lewis
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Fig. 3—Spikes of Fig. 2A produce an  (shaded portions) but still leaves
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centered on muitiples of the sampling 44.1 kHz and reduces audio high-
frequency (shown in outline). Sample-  frequency response (solid portion).
and-hold reduces out-of-band output
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Fig. 4—Analog output section of

CD player using Philips system of
oversampling, digital filtering, and
noise shaping. Some analog filtration
is still required.
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44.1 kHz

INPUT

Fig. 5—Theoretical 96-elerment
transversal filter. C, through Cgs are
12-bit multiplication coefficients; T/4 is
time delay of one-fourth sampling
period (0.0000056 S).
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Fig. 6—Digital transversal filter
suppresses output between audio
band (solid portion) and the band
Surrounding the oversampling
frequency (176.4 kHz).
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The spurious frequencies to be re-
moved are functions of the sampling
frequency used in the digital process.
If the quantized samples of the original
audio frequencies are simply convert-
ed to analog values, a series of spikes
is produced (Fig. 2A). The envelope of
this series resembles the audio wave-
form, but the spikes, in reality, produce
an infinite series of frequency bands at
multiples of the sampling frequency (in
this case, 44.1 kHz), as shown in the
unshaded portions of Fig. 3.

In practice, a sample-and-hold cir-
cuit holds the output voltage steady
after each sampling spike until the next
sample is decoded by the D/A convert-
er. This converts the waveform from a
series of spikes into a “staircase,” as
shown in Fig. 2B. This also has the
effect of substantially reducing the fre-

»quency bands above 20 kHz. How-
ever, significant components still re-
main, particularly in the region be-
tween 25 and 44.1 kHz, as shown by
the shaded portions of Fig. 3.

Note, too, the cut at the top of the
audio band in Fig. 3. This cut occurs
because the sample-and-hold process
can be represented by a Sin X/X func-
tion, with the first zero point occurring
at the sampling frequency, 44.1 kHz.
Response compensation could be em-
ployed at the analog stage, but only at
the expense of additional phase distor-
tion and noise.

Philips uses a different circuit config-
uration for D/A conversion (Fig. 4), in-
corporating oversampling, digital filter-
ing and noise shaping. Each plays a
vital role in the filtering and conversion
process.

Oversampling is accomplished by
increasing the sampling frequency
four times, to 176.4 kHz. This results in
a frequency spectrum containing mul-
tiples of the original 44.1-kHz sampling
frequency, at 88.2, 132.3, 176.4 kHz
and so on. By oversampling four times,
the noise power originally restricted to
a band from 0 Hz to 22 kHz is now
distributed over a band four times as
wide, or 0 Hz to 88 kHz. Only one-
quarter of the noise remains within the
audio band, and the rest will be elimi-
nated by filtering, giving a 6-dB im-
provement in performance.

Both the oversampling and much of
the filtering take place in a digital
transversal filter. The signal enters this
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The full 16-bit information capability of the
Compact Disc is retained in this Philips system by
transferring information to the 14-bit level.

filter as 16-bit data at the 44.1-kHz
sampling rate, and leaves as 28-bit
data at a rate of 176.4 kHz.

A transversal filter can be consid-
ered as a series of delay lines and
multipliers  whose outputs are
summed. A theoretical transversal filter
for CD would have 96 elements, as
shown in Fig. 5. In this model, each 16-
bit sample is delayed for one-fourth the
sampling period, and the output of
each delay is multiplied by a 12-bit-
accurate coefficient; the product of
each multiplication therefore has 28
(16 + 12) bits. After these multiplica-
tions and a subsequent addition, the
weighted average of a large number of
samples is obtained.

However, since new data arrives at
the filter input only once per sampling
period, three out of four of the numbers
multiplied in our theoretical filter would
be zero. In practice, therefore, the filter
is simplified to include only 24 ele-
ments, each with a delay equal to the
entire sampling period. Each 16-bit
data word is then multiplied four times,
with different coefficients for each mul-
tiplication, before being passed on to
the next delay.

An immediate effect of the digital
transversal filter is to suppress all the
lower frequency bands, centered at
44.1, 88.2 and 132.3 kHz, as shown in
Fig. 6. For the coefficients chosen, the
filter has a transition region between 20
and 24.3 kHz (the sloping area in the
solid block of Fig. 6) and, due to over-
sampling, leaves the 20-kHz side-
bands on either side of 176.4 kHz.

A further improvement in signal-to-
noise ratio is obtained in the noise-
shaping circuitry (Fig. 7). This rounds
off the 28-bit data from the transversal
filter into 14-bit data. The 14 least sig-
nificant bits, which contain mostly
quantization noise and round-off error,
are then delayed by one sampling pe-
riod, reversed in sign and summed
with the next sample. This reduces the
average quantization error and noise
for low-frequency signals (audio) by 7
dB. At high frequencies approaching
half the sampling frequency, or 88.2
kHz, the feedback becomes in phase
with the input, and its noise increases.
But since this out-of-band noise is fil-
tered away, it is no longer relevant. The
resulting noise spectrum is shown in
Fig. 8.

Much of this filtering is accom-
plished by the sample-and-hold cir-
cuits, which modify the frequency
spectrum with the Sin X/X response
mentioned earlier (Fig. 10), such that a
null occurs at 176.4 kHz and the side-
bands on either side of that frequency
are attenuated by more than 18 dB.
(The hold effect causes no phase dis-
tortion in the audio band.)

This attenuation, however, is still not
sufficient to attain the desired 50-dB or
greater overall reduction of spectral
components outside the audio band. A
low-pass, third-order Bessel filter is
used to remove the remainder of these
ultrasonic frequencies. This filter has
its —3 dB point at 30 kHz and was
chosen because it has a linear phase
characteristic. The Bessel filter and
the hold function cause a slight atten-
uation at the high audio frequencies;
this is compensated for in the design
of the transversal filter, which has a
slightly rising characteristic just be-
low cutoff.

The 14-bit output from the noise-
shaper circuit allows the use of 14-bit
D/A converters. These, unlike current
16-bit converters, can be made very
stable, linear to within one-half the val-
ue of the least-significant bit, over a
wide temperature range of —20° to
+70° C.

The full 16-bit information capability
of the Compact Disc is retained in this
Philips system because the information
is transferred into the 14-bit level. This
phenomenon is possible because the
signal and residual noise of the system
combine to produce duty-cycle modu-
lation of the 14th bit. If we look at the
average value of four guarter-length
14th-bit samples, three of which are
actually null, we find that this average
is just as accurate as the full-length,
16th-bit sample for the same period
(Fig. 10).

We can thus summarize the advan-
tages of the Philips digital-to-analog
conversion system as follows: True 16-
bit performance for both signal and
noise, linear amplitude response
(£0.3 dB, 20 Hz to 20 kHz), linear
phase response (x0.5°, 20 Hz to 20
kHz), signal-to-noise ratio greater than
90 dB, total harmonic distortion less
than 0.005% at 0-dB level, and excel-
lent temperature and component-toler-
ance sensitivity characteristics. 4
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Fig. 7—Noise-shaping circuit
(see text).
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Fig. 8—Noise spectrum after
noise shaping.
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Fig. 9—OQutput spectrum of
oversampling D/A converter before
analog tiftration.
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HOLD) »
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(EQUALS I6th-BIT OUTPUT)

Fig. 10—How average of one 14-bit
sample and three null samples match
accuracy of a single 16-bit sample
over the same period.
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What makes a

CD Player

Professional?

Leonard Feldman

hen Denon America, Inc. an-
nounced that they were pro-
ducing a “professional” Com-

pact Disc player, those of us who had
some experience testing and using CD
players wondered what Denon could
possibly incorporate into their CD play-
er that would make it “"professional”
and particularly suited for use in
broadcast and recording studios. After
all, the 90-dB or more dynamic range
offered by any CD player was a good
deal more than even the best FM ste-
reo radio stations could transmit using
their existing transmitter and studio
console equipment. The typical distor-
tion figures of 0.005% or better were
far lower than even the finest home FM
tuner could boast. And, as for pro-
grammability and easy access (a must
for the radio DJ in the future CD era),
many of the consumer-type CD players
I had tested already exhibited sophisti-
cated systems for such convenience
features. What, then, would constitute
a "professional” CD player?

The answers soon became apparent
when a representative of Denon drove
up to the lab, hauled out a huge car-
ton, mounted it on a hand truck and
wheeled it into my testing room. When
the outer trappings were removed, |
saw a 100-pound console measuring
about 32 inches high, 16% inches
wide and 22 inches deep. Taken
aback by the size and weight of this
"Compact” Disc player, | posed the
big question to the Denon representa-
tive, "How does this CD player differ
from all other CD players?" He ex-
plained that, ideally, such functions as
slip-cueing, level metering, fade up,
internal monitoring, balanced line out-
put, as well as protection features
(which insure against inadvertent line
feeds when they are not desired)
should all be incorporated in a pro
player. In other words, it should have
the same access and cueing capabili-
ties as a pro reel-to-reel deck. Denon's

The Denon DN-3000F Professional CD Player

DN-3000F 1s just such a pro unit and,
in fact, it incorporates several addition-
al features which arise from the CD
disc format itself. They will be much
appreciated by the studio engineer
who, sooner or later, will have to start
using CDs for background music in
more complex productions, and for
mix-downs as well as for dubbing.

The DN-3000F is, as | already men-
tioned, supplied as a stand-alone con-
sole, with controls and disc compart-
ment located at convenient desk
height. Discs are inserted into the play-
er near its rear, via a top-loading
mechanism whose door pops open
when an eject button is depressed on
the console.
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A professional CD player
should have the same
access and cueing
capabilities as a pro reel-
to-reel deck, and the
DN-3000F is such a unit.

S o O A S S T s

Control Layout

“Running Address” and “Time" LED
displays on a sloped section of the
console are located near a pair of stan-
dard VU meters. Track number of the
disc, index number (if encoded on a
given disc to divide longer selections
into smaller sections), and time (in min-
utes, seconds, and frames) are all dis-
played here. Three difterent time dis-
plays can be accessed, using a “Time
Mode" button nearby. These are
elapsed time of the track being played,
amount of time remaining on the track
being played, or absolute time from the
beginning of the disc to the current
position of the laser pickup. A second
display, called "Order Address,” is
used in conjunction with a 10-key pad
to provide elaborate random-access
capabilities, including almost instant
location of a given point in a disc,
down to the very second and frame.
After punching in the desired track
number, minute, second and frame,
touching the “Locate" button brings
the pickup to the desired location.
Touching the “Play” button then starts
disc play, providing that the “Line Out”
lever is in its "On" position.

Two more touch buttons near the
numeric keypads are labelled “Slow-
Fast” and “TOC." The “Slow-Fast” but-
ton is used in conjunction with a rotat-
ing “Search” dial, which is very much
analogous to “slip-cueing’ as done on
a conventional turntable. The "Search”
dial, which works very much like a cue-
ing dial on a video console, allows you
to move the pickup in frame-by-frame
increments, quickly or slowly (depend-
ing upon which end of the "Slow-Fast"
switch is touched). The pickup plays a
single “frame” over and over again,
allowing the operator to zero in on the
precise cue location desired. The last
button in this area of the panel, la-
belled “TOC," is a “Table of Contents”
button which, when pressed several
times in succession, causes the “Or-
der Address” dispiay to show first and
last track numbers, total elapsed time,
and starting time for each track.

Close to the front of the console
desk, and handy to the operator’s fin-
gers, are a master output attenuator
control, “Play” and “Pause” buttons, a
“Monitor” on-off switch (which lights up
when on), a separate level attenuator
for the small built-in monitor speaker

(which plays a “sum” program of
L+ R), and a button labelled “Att(enua-
tor) Start.” This last-named pushbutton
enables the operator to introduce start
delays of from 0.1 to 0.3 seconds, or
no delay at all. The operation of this
function is somewhat similar to that
found on professional turntables. The
amount of delay for this function, as
well as the length of play for the slip-
cue function using the “Search” mode,
is an internal adjustment normally per-
formed once during installation of the
console player. “Standby” and “Line
QOut” lights above the VU meters tell
the operator the status of the line out-
put signal. A cue light, just above the
left-hand VU meter, lights when an ex-
ternal remote control is used with the
player. Protection against possible op-
erator error is built into the unit. For
example, when the “Line Out" key is
“On,” the “Eject,” “Locate,” and
“Search” controls have no effect if they
are depressed or rotated.

XLR 3-pin connectors are located at
the rear of the pedestal or stand which
supports the player console. Cables
connect to these connectors for bal-
anced line outputs (separate left and
right) and for a “Mix" input, which can
be a signal from other equipment that
can then be mixed with the CD signals
and fed to the line output.

Measurements

Though the purpose of this investi-
gation was not to treat the Denon DN-
3000F as the subject of a full-length
test report, | could not resist measuring
the basic performance of this pro unit.
In terms of lab measurements, the unit
performed about as well as a consum-
er or home-type CD player, which was
no great surprise. Frequency response
was virtually flat from 20 Hz to 20 kHz,
with a slight rise of around 0.7 dB
showing up at the high end before re-
sponse dropped off sharply above 20
kHz.

Harmonic distortion at maximum re-
cording level (0 dB in terms of the
digital recording, +4 dBm on the out-
put meters of the unit) was 0.004% at 1
kHz, rising to around 0.018% at the
treble end of the spectrum, and
0.006% at bass frequencies. As is true
of all digital disc players, at lower lev-
els, distortion rises. At —24 dB levels,
it measured 0.04% at mid-frequencies

and around 0.06% at the ends of the
spectrum. Linearity was accurate to
within 0.5 dB from 0 dB down to below
—80 dB, while unweighted signal-to-
noise ratio (band-limited to 20 kHz)
was 93 dB below maximum output lev-
els. SMPTE-IM distortion measured a
low 0.01% at maximum output, in-
creasing to 0.08% relative toa —20 dB
IM test signal.

Square waves and unit pulses, con-
tained in the special Philips test disc
that | now use to test all CD players,
looked just about the same as they did
when | tested all the home players that
utilize sharp “brick-wall" analog low-
pass filters following D/A conversion.
There was the usual ringing at a super-
audible frequency apparent in the re-
produced 1-kHz square wave, as well
as the usual overshoot in both polarity
directions for the unit-pulse waveform.
As for phase error, | calculated a time
delay of about 25 u.S introduced by the
low-pass filters, or about one-half cycle
of a 20-kHz signal.

As for the Denon DN-3000F's ability
in the area of error correction, | used
another test disc supplied by Philips
which contains the defects likely to ex-
ist on a typical, improperly cared for
disc. The defects consist of a wedge,
which widens from track to track of the
musical selections contained beneath
it, a series of opaque black dots of
increasing diameter, and, near the out-
er rim of the test disc, a semi-opaque
smudge. The wedge is meant to repre-
sent a severe scratch on the surface of
a disc, the dots to simulate dust
specks (of varying size), while the
“smudge” approximates a fingerprint
on the surface of a disc.

The Denon DN-3000F was able to
“track” the wedge until its width had
increased to 600 microns. This is not
particularly outstanding, since | have
tested consumer-type players which
can successfully play through that
wedge at its widest point of 900 mi-
crons. The player did much better with
the simulated dust particles, coasting
right through the largest of them with-
out so much as a millisecond’s worth of
sound muting or mistracking. It wasn't
at all bothered by the fingerprint simu-
lation either. This suggests that profes-
sional users of this type of player
should exercise the same care with
respect to the surfaces of Compact
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An important aspect of a
player’s performance is its
ability to withstand shock.
Although I pounded on the
console’s top, this unit did
not mistrack.

Discs as they do (or should) with con-
ventional LPs. They should be handled
by therr outer edges, and care should
be taken not to allow their surfaces to
become scratched. Given such care,
the life of a Compact Disc will be as
long as its promoters are claiming for
it. Without this care, discs can mistrack

just as surely as poorly treated LP
records can.

Use and Listening Tests

What makes the Denon DN-3000F
unigue is its superb solutions to prob-
lems that will face the professional stu-
dio engineer when he or she begins to

WHY BUY “BUDGET” LOUDSPEAKERS,
WHEN FOR THE SAME PRICE YOU CAN OWN KEF?

Today many speaker companies are offering budget loudspeakers, but which of
them has ever produced products of the calibre of KEF's world-accla.med

Reference Series?

Which of them can draw from this Reference technology to produce affordable
products that do not compromise sound quality?
Only KEE manufacturers of the world’s most thoroughly KEF

engineered lnudspeakers

The new KEF “Standard Series.” For people with

higher standarcs.
Intratee, PO. Box 17414, Dulles Int’l. Awpore, Washingron, D.C 20041

The Speaxer Engineers

Enter No. 17 on Reader Service Card

use CDs in the course of normal
broadcasting and mixing activities.
The very unit | tested, incidentally, was
shipped from my lab to FM radio sta-
tion WNCN, where it replaces an earli-
er consumer-oriented player made by
Denon as well. In my own auditioning
of the DN-3000F, | was especially de-
lighted by one feature of the unit which
wasn't even described in the tempo-
rary owner's manual. When you insert a
disc into the player's turntable area
and close the door, the disc is auto-
matically scanned so that track count,
time counts, etc. all are stored in its
computer memory. So far, that's not
uniike some consumer players I've
worked with. But the DN-3000F, in-
stead of coming to rest at the 00:00
starting point of the first track, actually
cues up at the instant the music starts.
Thus, if the music on track 1 starts 1
second and 3 frames past the actual
start of track 1, that's where the laser
pickup will focus. Then, when you shift
the “Line Out” lever to "On" music
starts instantly—with absolutely no
waiting. That, and the other remarkable
cueing and random access features of
this player, make it worthy of the desig-
nation “professional’—a term that
Denon never uses lightly.

Another important aspect of the
player's performance, which is difficult
to measure in quantitative terms, is its
ability to withstand physical shock and
vibration. Unlike some consumer CD
players which I've tested, that mistrack
even if their cabinets are tapped lightly
with a finger tip, the Denon DN-3000F
continued to track flawlessly even
when | pounded my fist on the con-
sole's surface, rnght near the “turnta-
ble” itself. Such refined and stable
tracking capabilities must involve me-
chanics and servo mechanisms that
are far costlier than those used in
home CD players. The special random
access and display features also add
to the final cost of the unit, as do the
real VU meters (not found on any home
players), balanced line outputs, and all
the other features which distinguish
this player from consumer versions.
Clearly, radio station WNCN in New
York must have thought that the differ-
ence in features and performance was
worth the extra $7,500 or so, or they
wouldn't have traded their consumer
player for this expensive model. 4
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Disc Pl

(Generation

No wow. No flutter. Dynamic range over
90dB. Plus complete freedom from dust, dirt,
surface noise, rumble and speaker feedback.

The truth is, the basic technology of the
digital audio disc is so vastly superior to analog
sound, that deciding on a player becomes very

tricky indeed.
That is, until you check the record.

YOU DON'T BECOME A DIGITAL
AUDIO EXPERT OVERNIGHT.

Most companies now introducing digital
audio players were just recently introduced
to digital audio themselves.

Mitsubishi has been at the leading edge
of digital audio research since the beginning.
Moreover, much of the second generation
technology found in the Mitsubishi DP-103
compact disc player you see here is a direct
result of that experience.

For example, the DP-103 employs a three-
beam optical pickup in place of the conven-
tional single beam. These two insurance
beams constantly correct for imperfections in
the disc, ensuring stable, error-free tracking.

WhyYour First Compact
aver Should Be A Second

Mitsubishi
tsupisni.

The retaining springs for the laser optics
pickup, which are susceptible to vibration,
have been replaced by Mitsubishis exclusive
linear-sliding cylinder—in effect eliminating
a problem before youve had one.

These second-generation refinements also
allow simplified servo circuitry which results
in fewer parts, less to go wrong.

The play, fast forward, fast reverse, skip,
and repeat functions are yours all at the touch
of a button. With track number and elapsed
time visually displayed. And when youve
experienced the music that emerges in its full
power and range, every nuance etched in
magnificent relief, you'll know youve heard
the future.

Like stereo componentry that preceded
it, the compact disc player of the future will
offer improved technology at a lower price.

Just like the Mitsubishi DP-103 does. Today.

2 MITSUBISHI

Even If You Cant Have The Best Of Everything,
You Can Have The Best Of Something.

Mitsubishi Electric Sales America, Inc.. 3030 E Viciomia St. Rancho Dominguez. CA 9022!

Enter No. 18 on Reader Service Card




EQUIPMENT PROFILE

LIRPA Si-O,
COMPACT DISH
PLAYER

Manufacturer’s Specifications

Frequency of Response: As often
as you like.

Dynamite Range: Percussive
sounds, 2 to 3 miles, on-axis; fluid
noise, somewhat less.

S/N (Suds/Noise) Ratio: 30 Lux.

Channel Separation: Two-sided
dishes, 3/32 in. (0.238 cm). single-
sided dishes, unmeasurable.

Wow and Flutter: Dependent upon
detergent used; little or none with
liquid, somewhat more with pow-
ders.

Audio Output Level: During rinse
cycle, 80 dB; during spin cycle, 95
dB.

Number of Programmable Se-
lections: 41 (permits programming
the "top 40" with one program left
over for music you like).

Power Consumption: 2,000 Brit-
ish Thermal Units.

Dimensions: 3 ft (9144 cm) W X
351 (10668 cm)H x 251t (76.2
cm) D.

Weight: 180 Ibs. (81.81818182 kg),
loaded.

Price: $300.00.

Options: Electronics, $2,500.00; in-
terconnecting cable, $250.00 per
foot; necessary plumbing, $500.00;
Compact Dishes, five-piece set,
$150.00 (special order) or $39.95
each (open stock).

Company Address: 102054 Nori-
take Dr., Silicon Valley, Cal. 99999-
8765. (Distribution and showroom
office in Bone, China.)
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It has been, alas, only a full year since 1 last checked out a

product designed and produced by the world-famous Lirpa
Laboratories. During that time, Professor I. Lirpa, the com-
pany's peripatetic founder and chief executive officer, has
once again moved his entire operation to a new location. |
found the professor on the beach in a remote town in
Southern California, sifting through the sand in search of just
the right kind of silicon. Refusing to comment concerning his
‘ sudden departure from Moscow, where his last factory had
T ..., been established, Prof. Lirpa did explain that he needed just

, the right sand to mix the concrete needed as a stable base
on which to mount his latest creation, the Lirpa Si-O, Com-
pact Dish player.

| wondered why Lirpa had decided to complicate matters
by introducing a different digital music storage format. After
all, the rest of the world has settled for the laser CD (Com-
pact Disc), which has been well accepted in most audio
circles. "Simple!" replied the good doctor in his usual forth-
right manner, “1 was concerned with some of the negative
opinions about CDs and CD players expressed in that
respected publication, Positive Noise, and | decided to do
something about it. Since | didn't want to confuse the audio
fraternity unduly, | kept the same acronym for my player—
CD—Compact Dish." Needless to say, | was eager to get a
prototype of the new player for an evaluation. After deter-
mining that my lab was equipped with hot and cold running
water (needed for installing the Si-O,), Dr. Lirpa agreed to
ship me one of the first models to come off his assembly
lines. It arrived a few weeks ago and was installed in a
matter of no more than three days.

The Lirpa Si-O, comes in two large crates. One contains
the player mechanism itself, which stands some some 3 feet
wide x 3% feet tall x 2 feet deep. Lirpa has chosen to
make this player in a top-loading configuration, with a
hinged lid that opens to the left. {Left-handed listeners may
obtain a lid-switching kit which allows opening from the
right.) Since it is well known that serious listeners are in-
trigued not only by the sounds of their program sources but
by watching the program source revolve, Lirpa wisely incor-
porated a fully transparent front window on the player sec-
tion so that you can, at all times, see what's happening
inside. We'll get to what's inside the player presently, but
first let's discuss the contents of the other crate.

Inside | found a rack, divided into five sections. The upper
section stores as many as 200 digital Compact Dishes. The
second section contains several illuminated pushbuttons. In
addition to the "“Play” button, which starts things moving in
the companion player itself, there are buttons labelled “Re-
peat,” "Scrub” (a term used in space exploration meaning
to abandon the current project; used here, | assume, when
you've changed your mind about listening to a given dish),
“Skip," “Wash,” "Rinse" and "“Dry." Also emanating from
this second shelf on the rack is a gloved robot hand which
reaches up into the dish storage compartment to select the
particular dish you want played. Here is true instant access!
Imagine being able to choose the desired dish in less than
three seconds—but only after you've looked up what it is
you want to play, using a short computer data-base pro-
gram which takes only two minutes to sort through 100
dishes and tells you lots of things about each one of them

AUDIO/LIRPA 1984 49

Illustration. Roger Metcalf



The Lirpa CD player is the
world’s first trinary digital
system, translating “yes,”
“no,” and “maybe” symbols
into acoustical output.

Fig. 1—Frequency
response, Lirpa Si-O,
Compact Dish player.

Fig. 2—Dishtorted
separation vs. separated
frequencies and
frequency dishtortions.

that you probably would never have asked had you not had
the accompanying computer program. But | digress.

Getting back to the rack layout, the third level (from the
top) features a “Mixture” control. This knob determines the
intensity of the "beams” which are directed at the dish
being played. The functions of the six pushbuttons adjacent
to this control are self-explanatory: "Hot,” “Warm,” “Cool,”
“Tepid,” "AUX" and “AUX." The first four buttons are non-
interactive; you can push one or more of them at once,
depending upon the kind of music you like. | asked Prof.
Lirpa why there are two AUX settings, and he explained
that, in the audio business, you've always got to be ready for
another outboard device or two, and his player was not
about to be caught short.

As you can see by examining the next shelf of the elec-
tronics rack, Dr. Lirpa, like so many audiophiles, prefers

tubes to transistors, transistors to ICs, and ICs to LSIs. Since
the Si-O, was designed from scratch, Lirpa decided it was
time to go back to the warm sound of tubes, especially for a
digital unit. Another suitable acronym for the active devices
used in the electronics section is "DDT" (Digital Dish Tube).
Not all of the tubes built into the system can be readily
viewed. There are actually the equivalent of 4,294 967,296
of them, since each acts as a simple binary switch and this
is a 32-bit system. Lirpa, as well as the experts at Positive
Noise and other subterranean publications, long ago con-
cluded that 16 bits just aren’t enough to fully describe the
nuances of musical sounds. So, by doubling the number of
bits per digital dish sample, Lirpa was able to effectively
reduce the distortion levels from 0.00152% to
0.0000000002328%. As for sampling rate, Lirpa and other
researchers also concluded that a sampling rate of 88.2 kHz
is needed, and that's the sampling rate used here. Asked
what he would do about the complete absence of any
software for use with the player, Lirpa responded, “Now that
my machine is here, the rest of the industry can switch over
to making records in dish form.” For the moment, Lirpa
intends to supply both hardware and ceramicware (Lirpa’s
name for what was formerly called software but was not
really all that soft to begin with). But | digress again.

We have now reached the lowest level—of the rack, that
is. Here we find a 5-horsepower biower motor which drives
a gust of air up into the tube compartment. Ice cubes
(crystallized [H»0)°) are fed through an inlet to the blower
motor when the unit is first turned on (or “powered up,” as
they say in the Compact Dish Player Group), and a servo
system turns on adjacent heater coils in the event that the
air surrounding the tubes gets too cold. Such frigid air, after
all, might crack the glass from which the tubes and other
parts are made.

We turn now to the more important section of the Lirpa Si-
0., the player itself. At the beginning of this report, we can
see that the top-loading lid is in the open position. After the
dishes are loaded into the dish racks within the unit, the lid
is gently lowered and bricks are used to create a brick-wall
filter. This filter insures against any possibility of leakage of
the super-audible 82.2-kHz spikes (or water, or detergent)
from leaking out of the system.

Individual nozzles, located at the bottom of the player
compartment, spray proper amounts of water lubricant and
detergent to keep the sounds clean and to prevent dish
breakage or “smeared” sound. After turning on the hot and
cold valves and touching the "Play” button on the nearby
rack, 32 individually calibrated digital hammers strike the
dish or dishes being played (up to three dishes can play at
once, creating a sort of three-part harmony which is both
cacophonous and atonal). The digital hammers are ar-
ranged so that the first hammer has one striking element,
the next two, the one after that four, then eight, etc. Accord-
ing to Dr. Lirpa, this is the first direct-to-sound trinary digital
system in the world. It translates digital “yes,” “no" and
“maybe” symbols directly into acoustical output, via a dia-
phragm which picks up the hammer blows directly and
feeds them to the listener via the built-in horn. An output jack
on the right side panel allows you to feed the sound to your
existing stereo system, if you insist, although Prof. Lirpa
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Nakzamichi Sound Research Center Concert Hall

Nakamichi—Commitment to Innovation

fnnovation—not a word to use lightly! Innova-
tion demands a fresh look—a break with the
past-——a new solution to an existing problem.
Innovation begins with an idea born of free
thought, unfettered by tradition, unshackled by
preconceived notions of what is possible. Tech-
nological innovation is akin to artistic inspiration.
An idea originates in the creative soul of one per-
son; the R&D lab—technology's “orchestra”™—
converts that idea into reality.

Consider the Nakamichi Dragon-—an innova-
tive cassette deck in the true sense of the word!
Why? Not because Dragon plays both sides of a
cassette automatically, but because it is the first
to do it perfectly—the first to solve the "bi-direc-
tional playback problem” that has plagued every
auto-reverse cassette deck ever made!

The “bi-directional playback problem” is
caused by cassette tolerances which allow tape
to follow a different path when played in reverse
than it did when recorded. This produces “azi-
muth error” which results in lost overtones. Instru-
ments no longer sound true to
life and the music is dead!

This is not acceptable to
Nakamichi! A decade ago, we
solved the "azimuth-alignment
problem” of conventional re-

corders by using special test tones on each cas-
sette. This technique cannot be used when play-
ing tapes that were recorded without the tones.
A practical playback azimuth-alignment system
must utilize music itself as a test signal, but how
can an electronic circuit know what music should
sound like?

Can music be used to check itself? Yes! We've
invented a way to measure phase error between
signals on a single track. To the non-technical
music lover, this sounds like gobbledygook, but
your ears will tell you that it works' It won't make
good music out of bad, but it does reproduce ab-
solutely everything that was recorded without loss
of overtones, clarity, or life. And, it works on every
tape—recorded commercially or at home—and
in both playback directions!

The system is NAAC—Nakamichi Auto Azi
muth Correction. Dragon is the first deck to have
it—which makes Dragon the worid’s first "per-
fect” auto-reverse cassette deck! Nakamichi
where commitment to innovation creates the
products of the future—today!

For a 22"x30" fuil-color poster of the
Nakamichi Concert Hail, send $2.00 check or
money order payable to Nakamichi U.S. A
Dept. M-1 1101 Colorado Ave., Santa Monica
CA 90401 Allow 4-6 weeks Offer expires
March 31, 1984. Void where prohibited

DRAGON Auto Reverse Cassette Deck

7 B Nakamichi
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A unique filtering system
permits sounds to reach the
listener not only from left
and right, but from behind,
in front, above and below.

T P T S S PO S aostags W ol W e

maintains that the direct-to-horn approach will yield far bet-
ter results. Alternatively, provision has been made for
mounting a microphone on the concrete base, just in front of
the output horn. The output from this microphone may then
be fed to a low-level input on your existing system, should
you prefer that arrangement. In case you are wondering
about stereo, it should be pointed out that a special holo-
graphic time-division filtering system, located within the
horn itself, permits sounds to reach the listener not only from
the left and right, but from behind, in front, above and
below. This is only true, however, if you listen via the horn.
Should you insist on using your existing system, you will
need to purchase a second player section which can be
readily interfaced with the first one and with the rack for
stereo applications.

The unit | tested was equipped with an extra option. At the
upper left of the player you may be able to just make out a
tiny turntable system, complete with a tonearm, a high-
quality quartz crystal pickup, a cactus stylus, and a 45-rpm
record (sometimes referred to as a hard disc). The entire
assembly, available for only an additional $99.95, is en-
closed in a vacuum-sealed box and is called a surface-
noise simulator. As its name suggests, its purpose is to
introduce controlled amounts of surface noise for those who.
miss this artifact while listening to CDs. In the Si-Op, Lirpa
uses a record with a closed groove which is repeatedly
tracked by the stylus. This seemingly crude version has the.
advantage of becoming more and more effective the more
you use it. Nevertheless, Lirpa intends to synthesize the
surface noise digitally in second-generation models.

Measurements

Contrary to popular opinion, the gently waving shape of
the response curve (Fig. 1) is not to be thought of as a
defect in the Lirpa unit. This type of response has been
known to have a calming effect upon listeners, especially
those who become very tense (and whose arms stiffen
noticeably) when listening to conventional CDs on ordinary
CD players employing those dangerous microwatt lasers as
pickups!

Harmonic dishtortion at maximum recorded level was
noted, but Dr. Lirpa (who was present during my tests)
absconded with the figures. Still, subsequent listening tests
suggested that THD as well as IM dishtortion were both
about equal—to each other.

Output linearity seemed to vary with water temperature
and diameter of the dish being played. Twelve-inch platters
did best here, with dessert plates and coffee cup saucers
not faring quite as well. | suspect that this variation has to do
with the non-flat nature of the latter dishes. The hammers
probably slide down while striking the surface, thereby
upsetting the delicate balance between the digits and the
lubricant (in this case, water). Plots of dishtortion versus
frequency (recovered at a later date) are superimposed
upon plots of channel separation (to conserve graph paper)
in Fig. 2.

Figure 3 is a 'scope photo of square waves reproduced
from a special test dish supplied by Prof. Lirpa. Note, for the
first time ever, that | was able to obtain a complete square
wave series—not your usual three-sided squares which

conventional CD players deliver from conventional CDs. Eat
your hearts out, Philips and Sony!

Lirpa's engineers were good enough to supply me with a
full complement of Compact Dishes for my tests. Included
were a few paper plates, which contain digital music that
most people would not want to listen to more than a few
times. On one of the test dishes, Dr. Lirpa incorporated 72
pulses, rather than illustrate a single unit-pulse waveform.
His reasoning here was that 72 pulses are much closer to
the human pulse rate. He also figured such a test signal
might be looked upon more favorably by audio critics, who
would empathize with the higher pulse rate which is so
much closer to their own. The reproduced results are shown
in Fig. 4: Count 'em, 72 complete pulses—one exactly like
the next. How about that?

As for S/N (suds-to-noise) ratio, | found that this, too, was
highly dish-dependent. Lead-weighted glass dishes offered
far less noise than earthenware dishes, and noise from both
types was also dependent upon the condition of the sur-
face-noise simulator. After some experimenting, | found the
ideal setting for the noise simulator when playing most
musical dishes was at that level which was just loud enough
to mask the inferior mixing job and microphone placement
errors of the engineers who recorded the original perfor-
mance. An analysis of suds-to-noise ratio is shown in Fig. 5.
Both “fiat” (abbreviated "FT" in Fig. 5A) and “wide” (abbre-
viated “WD" in Fig. 5B) test dishes were used for this
measurement.

When | broached the subject of error correction to Dr.
Lirpa, he quickly informed me that he didn't make any
errors. | explained | was referring to the Compact Dish
player, at which point he extracted from a locked desk
drawer a special recording of the original cast of A Chorus
Line. "Play this dish,” he shouted, “and observe the pattern

Fig. 3—

The first truly
square waves
ever seen

in a 'scope
photo were
produced by
the Lirpa player.

Fig. 4—

The more human
pulse rate of 72,
as reproduced
by the Si-O,.
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The Compact Dish is not
indestructible; it should be
handled with rubber gloves
to keep it from falling on
the player’s concrete base.
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Fig. 5—To counter the
high noise level of “FT”
(flat) and “WD"’ (wide)

Compact Dishes, Prof.
Lirpa suggests listening
in another room.

Fig. 6—
Oscilloscope
pattern produced
by Lirpa unit
during play of
special test dish
containing
music from

A Chorus Line.

you get on the 'scope. If you use your imagination a bit, and
if the dish player is doing its thing without any errors, you will
be able to fantasize a complete chorus line, in lock-stepped
formation, arm-in-arm, prancing across the stage.” | was
skeptical, but, sure enough, when | played this dish, a
 pattern appeared on my 'scope, accompanying the music
(see Fig. 6). You have to squint and use your imagination a
bit, but, by Heavens, Lirpa was right—again!

| performed further error-correction tests by using a spe-
cial test dish containing artificially induced problems intend-
ed to determine how well the player could handle them.

Around the dish perimeter are stains which seemed to be
caused by the remains of some cooked eggs. The Si-O,
could not handle them well at all; the digital signals sounded
“scrambled,” possibly relating to the method of the prepara-
tion of the eggs themselves. After further scrutiny, | noted
that the test dish also included some baked-on pasta, which
increased in width from the center of the dish outward. This
player negotiated the thinner spaghetti strands quite admi-
rably, particularly those coated in an olive-oil-based pesto
sauce, but it utterly failed with the wider fettuccine noodles.

Use and Listening Tests

The Lirpa Si-O, Compact Dish player was easy to use,
once | hooked up its plumbing and cables. A far greater
problem was finding available dishes themselves. There
isn't much open stock, though the plants at Noritake and
CBS/Imari should be up to full steam by the time you read
this. | am told that there will be many recordings having sets
of service for 12 available by mid-1985. At the present time,
there are no plans for production of digital dishes in the
U.S., though rumors have it that Dr. Lirpa has been negotiat-
ing with several manufacturers of glassware, such as Ow-
ens-Corning. The fear in involving these firms is that their
products may produce the annoying, glassy sound so often
criticized by Positive Noise and other subsurface, astrologi-
cally oriented publications. Coating of glass dishes with
buttermilk or Pepto Bismol is a potential remedy.

With the help of Dr. Lirpa himself, | was able to acquire a
sufficient collection of Compact Dishes to fulfill my listening
requirements. My favorite was a performance of Raoul
Dukes' "The Saucer’'s Apprentice,” which offered a veritable
feast of sounds. | found white dishes were best; others
tended to color the sound. | even tried a few silver platters,
only to find that these definitely yielded a highly metallic
sound. | have yet to play a golden platter, but I'm sure as
this new medium gains in popularity we will see them.

As for the dishes themselves, don't let anyone tell you
they are indestructible. You are advised to handle them
(especially when unloading the player) with rubber gloves to
prevent their slipping out of your hands and falling onto the
player's concrete base. Frankly, | think the concrete base
was a needless addition—put there to make sure a dish will
break if you drop it. Let's face it: Hardware and ceramic-
ware makers tend to stick together, don't they?

Without a doubt, Dr. Lirpa has come up with a real first
with the introduction of his Si-O, player. Already, however,
the industry is buzzing with rumors that Kitchen Aid, Maytag
and Sears are not far behind. Until the competition catches
up, though, Dr. Lirpa has the Compact Dish player field all
to himself. I'l be watching the progress of this remarkable
music system, as I'm sure you will, too. How long will it take
for the Compact Dish player to render the Compact Disc
player obsolete? That depends upon how willing you, the
listening public, are to start eating on plastic plates so that
production facilities of the glass and china makers of the
world can be diverted to producing enough Compact Dish-
es for all to enjoy. My own estimate is that not all music
listeners are as dedicated to audio as you and |, so we may
have to suffer for a few years more with the already antiquat-
ed Compact Discs we know today. Nel Namdlef
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THE ONLY WAY YOU WILL BUILD A BETTER DIGITAL AUDIO PLAYER
IS IF YOU KNOW MORE ABOUT DIGITAL AUDIO.

While other manufacturers talk of “second generation” CD Players, converters in the DN-3000FC Professional CO Player and Direct
Denon has already produced 5th generation PCM Digital Recorders Digital-to-Analog Circuitry (DDAC) in the new DCD-1800.

(naving first developed te process of digital recording in 1972). The DCD-1800 also adopts the DN-300GFC's single-pivot

While CD software ma«ers are just now experimenting with transport system for greater shock resistance, and fastest access
ricrophone placement to improve digital sound, Denon has time. This speed makes possible unpreced=nted CD operational
zl-eady recorded over 650 digital titles and pressed many of the convenience (ex., 10-key Direct Program Access, Block Repeat,
finest-sounding CD's. Program Sampling and Index Location Cu€ing).

In the process Denon discovered that the key to musicality in a While other manufacturers are trying to build cheap CD players
CD player is the reducticn of distortion in the digital-to-analog that sound like a good deal, Denon builds ene that sounds a good
(O/A) conversion process. Therefore, Denon uses two D/A deal better.
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Denon America, Inc., 27 Law Drive, Fairfield, N.J.07006 (201) 575-7810

Enter No. 20 on Reader Service Card




EQUIPMENT PROFILE

TECHNICS
SL-P8 |
COMPACT |
DISC

PLAYER

Manufacturer’s Specifications

Frequency Response: 4 Hz to 20
kHz, +05 dB.

S/N Ratio: Greater than 96 dB.

Dynamic Range: Greater than 96
dB.

Channel Separation: Greater than
90 dB

Harmonic Distortion: Less than
0.003% at 1 kHz, 0 dB.

Output Level: 2.0 V for 0 dB.

Number of Programmable Se-
lections: 32.

Power Consumption: 35 watlts.

Dimensions: 16-9/16 in. (43 cm) W
x 3% in. (8.8 cm)H x 12-13/16 in.
(32.5cm) D.

Weight: 13.4 Ibs. (6.1 kg).

Price: $700.00.

Company Address: One Panasonic
Way, Secaucus, N.J. 07094.

For literature, circle No. 90

e
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Compact Disc Player SL-P8

The new Technics SL-P8 is, without a doubt, the most
feature-laden Compact Disc player | have tested to date. It
is also one of the best in terms of error-correction capabili-
ties, control layout, and styling. Though Technics continues
to offer its “first-generation” model SL-P10 for a suggested
retail price that 1s $300 higher than the SL-P8's, | frankly
cannot see any reason {0 select the costlier unit, since the
SL-P8 offers superior performance and a great many more
operating features, not the least of which is a fuli-function
wireless remote control. Technics also introduced an even
less expensive ($600) CD player, the SL-P7, at the same
time that they announced availability of the SL-P8 | have

had an opportunity to check out both models, and, although
the lower priced unit's basic performance is essentially
equal to that of the SL-P8, it lacks many of the latter's
features (see accompanying sidebar).

Even a quick summary of the SL-P8's outstanding fea-
tures is enough to impress the most seasoned user of other
late-model CD players. It offers a search function at two
speeds, with audible cueing (you hear samplings of audio
content even at the faster search speed). You can program
up to 32 different selections by track or index point within a
track, and play them in any order you choose. You can skip
(advance) to the next track or to the next index point pro-
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grammed, or, if no program is in memory, to the next
sequential track or index. You can program the system to
begin play at any point on a CD, either by track, by index, or
by time (minutes and seconds). You can program the end-
point of play in the same ways. There's even a “Music Scan”
feature that will send the laser pickup to the beginning of
each track, at which point it plays the first few seconds of
that track. If you do nothing, it proceeds to the next track
and plays its opening few seconds. If you like what you hear
at any given point, pressing the “Play” button stops the
scanning function and allows you to continue playing the
track just auditioned.

Many of these features have been found in other CD
players, but | can't remember a single unit that incorporated
all of them at a price this low. There are also at least two
features in the Technics SL-P8 that | have not seen on any
CD player before. The first of these is a pitch control. Yes,
you can actually change the pitch of music contained on
any CD by as much as +=6%—much as you would on
conventional turntables equipped with this feature. How is it
possible to change the pitch of a digital recording which,
after all, consists of sampled "number values” taken at a
fixed rate of 44.1 kHz? Well, if you think about it, it's really
not that difficult in principle. The samples read by the laser
pickup are first stored in solid-state memory before being
fed out at a uniform rate (controlled by a quartz clock) to the
D/A converter. If you change the clock rate to something
other than the standard 44.1-kHz sampling rate, you change
the musical pitch of the recovered analog audio signals. In
order to insure perfect pitch when the feature is not wanted,
Technics tied the pitch control slider to an on/off pushbut-
ton. When you want perfect pitch, this button is released
and the slider control is completely bypassed.

The second unique feature is “"Synchro Record,” which
synchronizes certain Technics tape decks to start recording
when the SL-P8 starts to play, a feature I'd previously only
seen on automatic turntables.

Control Layout

A power on/off pushbutton is at the extreme upper left of
the control panel. Just below it are a stereo headphone jack
and a headphone output-level control. Disc loading is via a
slide-out drawer, to the right of the power switch. Further to
the right is an “Open/Close"” touch button to operate the
drawer motor. A large display area to the right of this control
button offers a variety of visual indications. These include a
ruler-like scale, calibrated from 1 to 20, showing the total
number of tracks on a disc after it has been inserted in the
drawer. During play, a flashing fluorescent bar along the
length of this scale shows which track is being played, and,
in addition, other bars show which programmed tracks
remain to be played. To the right are LED numeric displays
which show total playing time (when the disc is first insert-
ed), elapsed track time, track playing time, remaining play-
ing time, track number or index number. Controls to the right
of the display area include a “Pause/Stop” button (touch it
for “Pause,” hold it down for a couple of seconds for
“Stop"), a “Play” button, forward and reverse search touch
bars, and forward and reverse "Skip" buttons for advancing
to the beginning or next track or programmed selection.

All of the remaining front-panel controls are found logical-
ly arranged below the large display area. They include the
“Music Scan’ button, 10 numeric buttons for entering de-
sired track and index numbers for programming, the pitch-
change on/off button, the slider control for altering pitch, a
“Memory” button (for entering programming data). and “In-
dex," "“Time," “Clear” and “Repeat” buttons. All of these
controls are also found on the wireless remote control, so
the user can program the player from across a room in
addition to simply starting, stopping and pausing the ma-
chine's turntable and pickup system. A three-position switch
on the main panel selects the “Auto Pause” feature (which

AUDIO/APRIL 1984

49



w TDK AUDIO

Sonic Toni

What comes out of
your audio cassette deck is
only as good as what goes
in. And if you want un-
matched dynamic perform-
ance, you need the highest
performance audio cassette
you can get. You need a
TDK Pro Reference Series
cassette. Each is designed
to maximize the untapped
potential of your cassette
deck by generating clear, crisp, full-
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sound clarity, quality and
fidelity virtually unmatched
by any other cassette on the
market. Its exclusive dual
coating of Super Avilyn
particles provides optimum
performance for all fre-
quency ranges. And SA-X's
super-wide dynamic range
and higher MOL handle
high signal levels without
distortion or saturation.
You also get high-powered per-

bodied sound.
Take our SA-X high-bias
cassette. It offers you a degree of

formance from TDK'’s famous
MA-R metal and AD-X Avilyn-based
normal-bias cassettes. And to make

1983 TDK Electronics Corp.

Enter No. 12 on Reader Service Card

sure the energy never fluctuates,
each TDK cassette is protected by
our specially engineered cassette
mechanisms for reliable, trouble-
free performance. Plus a Full
Lifetime Warranty.

Before you waste energy on any
other brand, put more life back into
your cassette deck with TDK'’s Pro
Reference Series cassettes. They're
pure Sonic Tonic.

STDIK.

THE MACHINE FOR YOUR MACHINE




I can’t remember a single

CD player incorporating so

many features at so low a
price—including two
features I haven’t seen on
any CD player before.

press “Play”), as well as "Timer Play" (if the player is
powered through an optional clock-timer).

The rear panel of the SL-P8 is equipped with the usual left
and right output jacks, the "Synchro Record"” terminal, and
an accessory terminal for easy connection to external com-
ponents that Technics plans to make available some time in
the future.

Measurements

Figure 1 shows a plot of frequency response for both left
and right channels of this CD player. As in previous reports,
the vertical scale has been expanded to 2 dB per division,
and the plot is from 20 Hz to 20 kHz. At 18.5 kHz, response
was up by 0.1 dB for the left channel and down by 0.1 dB for
the right. You could hardly ask for flatter response from any
audio component

Harmonic distortion at mid-frequencies, for maximum re-
corded level, measured only 0.003%, rising to 0.0065% at
16 kHz. Above that frequency, | did note what appeared to
be a rapid rise in THD-—reaching nearly 0.1% at 20 kHz.
While such a level of distortion is clearly not an audible
problem, | was curious about the sudden rise in the reading.
A spectral analysis of the situation disclosed that the sup-
posed "harmonic distortion” was not harmonic, but rather a
“beat” frequency at 24.1 kHz, outside the range of human
hearing. In Fig. 2, a linear sweep from 0 Hz to 50 kHz was
used (5 kHz per division). The tall spike is the desired 20-
kHz output signal; just to its right, about 4 kHz higher in
frequency, is the spurious beat component which was re-
sponsible for the higher distortion reading.

Figure 3 presents plots of distortion versus frequency for
0-dB record level as well as for a —24 dB level, and the
expected relationship (higher distortion at the lower output
level) holds true here, as in previously tested CD players.

Output linearity was accurate to within =0.2 dB from 0-dB
output down to — 60 dB, and within 0.4 dB from — 60 to —80

Fig. 1—Frequency
response, left (top) and
right channels, at 0-dB
level.

Fig. 2—Spectrum
analysis of
reproduced
20-kHz test signal
revealed presence
of beat tone at
inaudible
frequency of

24.1 kHz (small
spike at right of
the desired,

tall spike).

stops play at the end of each track, resuming when you 0o v

Laboratory measurements made on a sample of Tech-
nics’ SL-P7 CD player revealed that its basic perform-
ance was virtually identical to that of the more expensive
SL-P8. If you don't require any of the refined program-
ming features and the wireless remote control offered by
the SL-P8, you may very well want to consider this more
basic player.

The SL-P7 measures nearly 42 inches less in width
and weighs nearly 32 pounds less than its more expen-
sive “big brother.” The smaller unit's display area has
been compressed so that it displays track, index and
time. Like the SL-P8, however, it does display total time
and total number of tracks when a disc is first inserted
into the disc drawer and that drawer is closed. The major
controls, such as "Pause/Stop,” "Play,” forward and
backward "Search/Index" and forward and backward
“Skip" buttons all perform the same functions as they do
on the SL-P8. Although all controls and buttons relating
to programming (such as the number keys, the "Memo-

ry”’ key, and "Index,” "Time" and "Clear" keys) found on
the SL-P8 have been omitted on the SL-P7, it does offer
repeat-play capabilities of either the track in progress or
the entire disc. The pitch control is omitted, as are the
auto-pause feature and the headphone jack. The syn-
chro-record terminal and the accessory connection
socket are, however, retained on the SL-P7

Equal Basic Performance

What differences | noted in the measured performance
characteristics of the SL-P7 compared with those of the
SL-P8 are. more than likely, the minor differences that
one might find between any two samples employing the
same circuitry. Specifically, the SL-P7 had mid-frequen-
cy harmonic distortion readings of 0.004% and exhibited
the same sort of super-audible “beat” phenomenon that |
observed in the SL-P8. Signal-to-noise ratios on the SL-
P7 were actually a shade better than the SL-P8's: 95.3
dB unweighted and an even 100 dB, A-weighted. Linear

WHAT THE TECHNICS SL-P7 OMITS
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At 18.5 kHz, response was
up by 0.1 dB for the left
channel and down by 0.1 dB
for the right one. You could
hardly ask for flatter
response than that.

FREQUENCY — Hz

Fig. 3—THD vs.
frequency, at levels of
—24 (top) and 0 dB.
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Fig. 4—Separation vs.
frequency.

dB. Stereo channel separation is plotted for left and right
channels in the graph of Fig. 4. | measured separations of
approximately 85 dB at mid-frequencies and between 75
and 78 dB at the high end of the spectrum. Left-to-right
separation at the treble end was somewhat better than right-
to-left separation.

SMPTE-IM distortion measured 0.0037% at 0-dB record-
ing level, increasing to 0.036% at a —20 dB signal level.
Signal-to-noise analysis was conducted with and without an
A-weighting network. Unweighted S/N measured 93.6 dB
(as displayed in Fig. 5A), while weighted S/N was 99.1 dB
(as shown in Fig. 5B).

Reproduction of a 1-kHz, digitally generated square-wave
test signal, shown in Fig. 6, was typical of that encountered
with CD players which utilize multi-pole, steep-analog post-
D/A filters. The same held true for reproduction of the
digitally generated unit-pulse test signal, shown in the
'scope photo of Fig. 7. The usual slight phase displacement
between a left-channel, 2-kHz test signal and a right-chan-
nel, 20-kHz test signal is evident in the 'scope photo of Fig.
8. Had phase linearity been perfect, positive crossing of the
zero axis would occur at the same time for both signal
frequencies. Though phase displacement at 20 kHz looks to
be 25° or 30°, actual displacement might be higher by a
multiple of 360°. (See Sears review, this issue.)

| repeated the usual tracking and error-correction tests
using the specially prepared Philips test disc, which con-
tains a wedge of opaque material, several black dots of
specified diameters and a semi-transparent, simulated fin-
gerprint smudge. The Technics SL-P8 is one of a very few
CD players | have tested that successfully completed this
“obstacle course” without missing a beat of music encoded
beneath the deliberate defects. In other words, the laser
tracking system, in combination with the built-in error-cor-
rection circuitry, was able to overlook disc “scratches” hav-
ing a linear thickness of 900 microns, “dust” particles of
800-micron diameter, -and a rather nasty “smudge” that

ity, stereo separation, and IM distortion readings were
identical for both units and, best of all, the SL-P7 per-
formed very nearly as well as the more expensive model
in tracking my test “defects” disc. It almost played
through the 900-micron-width wedge without any audible
problems. | heard just one tiny pop, towards the end of
the band, which wouldn't even qualify as a real mute
aithough the player did exhibit one or two moments of
muting when playing through the test disc’'s 800-micron
simulated dust speck. As for square-wave and unit-pulse
reproduction, these appeared to be identical, when
viewed on a 'scope, with the resuits obtained for the
Technics SL-P8.

While the SL-P7 has no multiple-selection program-
ming capability, | should stress the fact that access to
any point on the disc (including index points, if they are
present on any CD) is as rapid as in the SL-P8. Only
access by time has been omitted.

To summarize, if you are the type of listener who needs

the programming versatility and the remote-control facili-
ties of the SL-P8, by all means audition this model, and, if
you're as pleased with it as | was, select it. If, on the other
hand, you are looking for superior basic playback
performance in an up-to-date CD player design and are
willing to expend a little more effort in accessing desired
programs on a disc, the SL-P7 could well be what you're
looking for—and it will save you enough money for at
least five or six extra Compact Discs. LF

Technics SL-P7 CD player
TR T TN TR
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MOZ/

It took a touch of O N HALS

genius to fill this
house with music.

As you might expect, the curators of
Mozart's residence in Salzburg, Aus-
tria, attach considerable importance
tothe quality of music reproduction
in the museum. Their overriding con-
cern is the faithful re-creation of
Mozart's works.

They chose JBL loudspeakers.

JBL engineers share the concerns of
the curators. JBL loudspeakers
deliver not only the notes but the spirit
of great musical performances. From
wax cylinders to the latest digital and
advanced analog recordings, JBL
loudspeakers will help you appreci-
ate musical genius.

For a demonstration, visit the audio
specialists at your nearest JBL
dealer. Orthe Mozart museum in
Salzburg.

JBL

JBL incorporated, 8500 Balboa Boulevard,
P.O.Box 2200, Northridge, California 91329 U.S.A.

YBL/harman international



With players this good, I'll
need a “defects” disc that

makes even greater

demands on their tracking

and error-correction
systems.
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occupies nearly an inch of linear distance near the outer
diameter of the test disc. | can't tell you what it would take to
make the SL-P8 mute or fail in its tracking ability, simply
because these were the worst defects available on my test
disc. With players such as this, I'm going to need a test disc
that makes even greater demands upon a unit's tracking
and error-correction system.

As for mechanical stability and shock resistance, | was
half tempted to mount the SL-P8 in an automobile, so resis-
tant was it to the thumps and whacks that | gave its top
surface and side while playing CDs. It really took a rather
violent pounding on the surface to cause mistracking, and
that, to me, is an important characteristic of any machine.

Use and Listening Tests

The Technics SL-P8 is, quite simply, a pleasure to use. |
have maintained right along that the biggest differences
between CD players are not so much the quality of sound
they produce (though, in recent tests, | have heard some
differences) but in the features they offer and in their ease of
use. It is in this latter area that the Technics SL-P8 truly
excels.

As for sound quality, | now have some excellent Telarc
discs which confirm what I've been saying: There's nothing
wrong with the standardized CD system itself; we've simply
got to learn how to make discs that take best advantage of
the system. Telarc seems to have mastered the technique
well ahead of others, though in all fairness, | must say that |
own several other CDs that are beyond reproach musically
and technically. In any case, playing the Telarc version of
the Berlioz Symphonie Fantastique or their recording of
Rudolf Serkin as soloist in the Beethoven Third Piano Con-
certo, or their recording of Stravinsky's Firebird Suite, one
begins to appreciate the true potential of the CD format.
These and other discs were played during my evaluation of
the Technics SL-P8, and while | did not compare sounds
heard with the same material played on other CD players, |
can tell you that | truly liked the sounds delivered via the
Technics unit. | hope Technics is nearly out of stock of the
older SL-P10; if they aren't, they're likely to have a hard time
selling it when it's compared with this newer, finer and less
expensive player. Leonard Feldman
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Fig. 5—Unweighted (A)
and A-weighted (B) S/N.

Fig. 6—
Response to
1-kHz
square wave.

Fig. 7—
Single-pulse
reproduction.

Fig. 8—
Two-tone phase
check (2 kHz
left-channel,

20 kHz
right-channel).
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FQUIPMENT PROFILE |

SEARS
564.97500350
CD PLAYER

This Sears Compact Disc player had, when | tested it, the
dubious distinction of being the lowest priced CD player to
be marketed in the United States. Indeed, Sears even re-
duced the already low price by $100.00 for a month in their
pre-Christmas catalog. | use the word "dubious” simply
because my tests reveal that attempting to come in with a
lower priced product than anyone else's doesn't always
result in instant success for the product; neither does it

Manufacturer’s Specifications

Frequency Response: 5 Hz to 20
kHz.

Dynamic Range: Greater than 90
dB.

Channel Separation: 90 dB at 1
kHz.

Harmonic Distortion: 0.003% at 1
kHz.

Output Levels: Line, 2.0 V; phones,
7.8 mW at 8 ohms.

Number of Programmable Se-
lections: 16

Power Consumption: 35 watts.

Dimensions: 13-3/16 in. (33.5cm) W
x 3% in. (8.8 cm) H x 10% in. (27
cm) D.

Weight: 132 Ibs. (6 kg).

necessarily enhance the image of the manufacturer. | fully
expected the Sears unit to be missing certain sophisticated
programming features, and indeed | was correct in that
regard. | did not, however, expect the tracking capability or
error-correction capability of the machine to be as poor as
they turned out to be, but more about that presently.

The Sears CD piayer is a front-loading unit which has the
now-familiar slide-out drawer for disc loading. It features

Price: $599.00.

Company Address: Sears, Roe-
buck & Co., Sears Tower, Chicago,
III. 60684.

For literature, circle No. 91
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© HK 1983

READ THIS AD AND YOU'LL
UY A HARMAN KARDON CASSETTE DECK

R i‘
L
[

That's a bold statement, but

Harman Kardon has been making

bold audia statements for ‘over thirty

years,. introducing: the world's first high

fidelity receiver, the first- stereo receiver and

ultrawideband frequency response. Harman Kardon

was also the first company to use Dolby' in a cas-
sette deck.

Today, Harman Kardon products continue to be so
technologically advanced that “state-of-the-art” falls
short of describing them. They have become “state-
of-the-mind, the highest level at which the mind can
create.

The CD491 is Harman Kardon's most sophisticated
state-of-the-mind cassette deck and one of the few in
the world that can equal the full range of human hearing.
The CD491 has a remarkable 20Hz to 24kHz frequency
response using any tape formulation, not just expensive
metal tape. An audiophiie would settle for nothing less.
Even more remarkable is that in a national challenge?
Harman Kardon measured frequency response and
beat 98% of the competition, including units costing
twice as much.

The CD491 incorporates a dual capstan transport with
twin flywheels to insure perfect movement of the taps
across its 3 high performance heads. The dual capstan
serves to isolate the tape from the cassette skell while
the dynamically balanced flywheels help generate a

consistently accurate 'tape

speed. Together they enable the

CD491 to reduce wow-and-flutter to an
inaudible .025%. The only “wow” yau'll ever
hear is the reaction of people listening to your
Harman Kardon cassette deck.

The CDA491 incorporates Dolby HX Pro' for extended
frequency response, plus Dolby B and C' for maximum
noise reduction. Three precision h2ads offer improved
performance and the convenience of monitoring while
recording. Included js a Sendust head to withstand high
record levels without overload and a ferrite playback
head for extended high frequency r2sponse.

The combined benefits of the CD491's performance
features allow for the accurate recording of more dy-
namic audio signals than previous!y possible. In fact, the
large signal response (frequency “esponse at 0Vu) of
the CD491 is a virtually unrivaled 20Hz-20kHz + 3dB.
This is especially significant as mare demanding forms
of software, such as digital audio, tecome available.

So, while other manufacturers continue to pile on
unnecessary features and gimmicks, Harman Kardon
continues to develop only fundamentally advanced
audio equipment.

(1) Dolby is the registered trademark of Dolbv Laboratories Inc.

{2) In 1982, Harman Kardon challenged irdividuals to bring in their
cassette decks to a local HK dealer. All units were cleaned and

demagnetized in order to insure fair test results. The Harman Kardon
unit was factory packed.




THD was low at middle
and low frequencies. At the
high end, I ran into an
inaudible beat frequency
masquerading as THD.

I A adt D A i random programming for up to 16 selections (tracks only,
L Jdb R 0.6dB 18 SkHZ no Index recognition), track-by-track forward and reversye
searching, and repeat-play of either the entire disc or of any
specific tracks that have been programmed into memory.
Numbered LED indicators show the track being played as
well as tracks that have been memorized during program-
ming. If there are more than 16 selections on a disc, the last
i k I LED remains illuminated as play progresses to higher num-
bered tracks. The player does not incorporate any sort of
time display.

The Sears unit is extremely compact, standing only 32
1 inches tall and measuring less than 13V inches wide. It
appears to be extremely shallow from front to back as well,
but this is in part illusory, since the power transformer
projects out the back for weli over 2 additional inches. Both
the front pane! and the metal wrap are light silver colored,
and nomenclature is highly legible.

e
- A LA A BA T

Fig. 1—Frequency
response, left (top) and
right channels, at 0-dB

Control Layout
level.

The power on/off pushbutton and stereo phone jack are
tocated to the left of the disc-tray slot. That siot is normally
dust-protected by a metal flap which swings out of the way
when the tray comes forward to accept a disc. Tray motion
is initiated by touching an "Open/Close” button to the right
e T 6 of the disc compartment. "Repeat” and “Play” buttons are

T L dossleve LA located just below the "Open/Close” button. “Pause,”

& ~% 7 “Stop” and “"Search” touch pads are to the right of the

T e “Play” button, along the lower edge of the player. The

ReylR e “Search” button takes the form of a rocker pad; touching

one side of it moves the pickup forward (to the next track of

a disc), while touching its other end moves the laser pickup

backwards, to the start of the current selection or to previ-
ous tracks, if touched repeatedly.

The upper right corner is devoted to the LED track display

I N 20K (16 numbered LEDs) and four separate status indicator
—— lights. These are labelled "Disc In,” “"Repeat,” “Play” and
"Pause.” Three more touch buttons, below the bank of track
Fig. 2—THD vs. frequency LEDs, are used for programming operations. These are
at levels of (from top to labelled “Program,” "Memory" and “Clear.”
bottom) - 30, —24,and 0dB, The rear panel is equipped with the usual pair of output
from 41 Hz to 16 kHz (see jacks, the aforementioned protruding power transformer,
text). some metal heat-sink fins, and a rather mysterious switch
called a “Pickup Fixing Switch” which must be set to the off
position in addition to removing a shipping screw before you
can use the player. No doubt the “Pickup Fixing Switch”
activates some sort of eiectromechanical device which
focks the laser pickup in place to avoid damage during
transport.

3

0 d8 LEVEL 1

RELATIVE LEVEL —d8B

Fig. 3—Spectrum

analysis, 0 Hz 10 | Measurements

50 kHz, showing The player exhibited a roll-off of approximately 1 dB at 20
19-kHz tone (tall | «Hz for both channels, as seen in Fig. 1. (Note that vertical
spike) and sensitivity in this plot is 2 dB per division.) The cursor was
spurious beat deliberately set at 18.5 kHz, rather than at 20 kHz, so that it
tone at 25.1 kHz | \ould not be obscured by the solid vertical 20-kHz line on
(small spike). the graph.

Harmonic distortion at mid-frequencies, for maximum
("0") recorded level, measured 0.004%, rising slightly to
0.0055% at 41 Hz (the lowest test frequency on my Philips
test disc). At the high end of the spectrum, | ran into a

R aants S
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ORAGON-CT

Definition Of Perfection!

You've watched tonearms weave while tracking a
disc; you've heard pitch vary; you've closed your
eyes and listened to instruments wander in space.
Perhaps you thought it was your imagination! Some
days the problem seems worse than on others.

It's not your imagination. It's groove eccentricity.
Records aren't perfect. Disc center holes may be too
large, off center, or both. Unless you mount a disc
perfectly, the groove won't be concentric with the
axis of rotation, and, if the spindle hole is off center,
the groove will be eccentric no matter what you do.

As the stylus tracks an eccentric groove,
it weaves back and forth changing
relative speed and generating
wow. And, as the stylus g
deflects from side to
side, interchannel phase
and separation vary (so
does distortion!), and in-
struments wander about.

Even if the disc and turn-

table meet international stan-

dards, groove eccentricity can
produce peak wow of as much as

2% at the inner groove—-far more than
youd expect from a turntable!

DRAGON-CT solves these problems. Its Absolute
Center Search System measures actual groove ec-
centricity and relocates the disc so that the groove
is concentric within 20 microns! The procedure is
automatic and takes only a few seconds. Once
DRAGON-CT has relocated the disc, eccentricity
wow vanishes, pitch stabilizes, and instruments re-
main fixed in space.

DRAGON-CT is an integrated disc-playing sys-
tem designed for today’s finest cartridges. It's high-

rigidity, low-mass, semi-automatic tonearm has
extraordinary warp-tracking ability thanks
to its precision bearings and vis-
cous damping system. A
unigue double-cabinet,
dual-suspension con-
struction isolates the disc
from external vibration
and acoustic feedback
and ensures remarkable
sonic clarity.
You'llfind DRAGON-CT atselectNakamichi
dealers. You owe it to yourself to find out how
good your records can sound!

For more information, write Nakamichi U.S.A Corporation
1101 Colorado Avenue, Santa Monica, CA 90401

I B2 Nakamichi

Enter No. 23 on Reader Service Card




This unit exhibits the
poorest tracking and error-
correction capability I have
encountered in any CD
player tested to date.

e R e
situation which has come up with a couple of CD players SEPARATION. L TO
previously tested. A high-level “beat” frequency showed up, ‘ | | — —— SEPARATION, R TO
causing the distortion meter to read 0.5% or so. Since this
“beat” component is not, strictly speaking, harmonic distor-
tion, | have stopped the plot of distortion versus frequency
(Fig. 2) at 16 kHz. Figure 3 is a spectrum analyzer sweep ,
from 0 Hz to 50 kHz (linearly swept, with each horizontal e B
division equal to 5 kHz). The desired signal was at 19 kHz
(the tall spike near center-screen), while the supersonic
beat is seen around 6 kHz above the desired output. If you
take the difference between 44.1 kHz (the sampling fre-
quency) and 19 kHz, sure enough you come up with a
difference of 25.1 kHz—the frequency of the beat observed
in Fig. 3. Needless to say, this beat is not audible, but it is
present on some CD players and not on others. Fig. 4 —Separation vs.

Output linearity was accurate to within 0.2 dB from 0-dB | frequency.
record level down to — 60 dB. Stereo separation is plotted
for the left and right channels in Fig. 4. | measured between
82.5 and 85 dB of separation at mid-frequencies. Separa-
tion decreased very slightly to between 77 and 78 dB at the
high end of the spectrum.

SMPTE-IM distortion measured 0.007% at 0-dB record
level, increasing to 0.03% at a —20 dB output level of the
test disc. Signal-to-noise analysis, without and with A-
weighting, is shown in the plots of Fig. 5. Unweighted S/N
measured 95.4 dB, while weighted S/N was exactly 100 dB
below reference (0 dB) output level.

Reproduction of a 1-kHz, digitally generated square-wave i !
signal, shown in the 'scope photo of Fig. 6, is typical of the R
shape encountered with those CD players using multi-pole,
steep-analog filters. The same also applies to the digitally ‘
generated unit-pulse test signal shown in the oscilloscope |
photo of Fig. 7. ;

| have received at least three letters from readers of Audio
in recent weeks, all of them pointing out an error which |
have been making in some of my reports on CD players.
The readers point out that my analyses of phase linearity,
using the test signals available on my Philips test disc, have
been wrong. As one of these readers points out, an 11-pole
filter, such as that used in many CD players, will introduce a
phase shift at 20 kHz which is well in excess of 360° of error.
Thus, my reporting of angular errors amounting to 25° or 30°
or 60° in the past should more than likely have been 385°
(360° + 25°), 390°, or 420°. In truth, once the error exceeds
360°, it is impossible to accurately pinpoint the angular error |
using the particular pair of signals provided on the Philips
test disc. With those CD players using digital filters ahead of
D/A converison, plus gentle one- or two-pole filters with | :
higher frequency cutoffs, the test signals remain valid, and | .
shall continue to use them and to show the resulting 'scope ] i
photo. in the case of this Sears player, however, | have t }
elected to use another pair of test signals available on the it
same test disc, 200 Hz and 2 kHz (see Fig. 8). ) .

At least at these lower frequencies, we can see that both
signals have their positive-going crossings of the zero axis
at the same point, indicating little or no phase error. What |B
happens at 20 kHz with respect to actual phase error is
anyone's guess—at least until someone comes up with a |Fig. 5—S/N analysis, both
test signal that is valid for accurately determining such |unweighted (A) and
phase errors. | thank the readers who wrote for setting me | A-weighted (B).

R
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Minor surface scratches
that don’t affect playback
on my reference CD player
immediately presented
difficulties to this one.

straight on this point, though in all honesty, | doubt whether
it would have made much difference in terms of my subjec-
tive evaluations of the various CD players in question.

Up to this point, { had been mentally equating the Sears
CD player's limited programming features and random-
access features with its very low retail price. | was certainly
willing to accept the former in return for the latter—until |
used my special tracking and error-correction test disc.
Readers of earlier reports will recall that this disc contains a
radial wedge of increasing width (to simulate opaque
scratches on the surface of a disc), several black dots of
increasing diameter (to simulate dust particles on the sur-
. face of a disc), and a simulated fingerprint smudge. Most of
Fig. 6—Response to the CD players | have tested were able to play right through
1-kHz square wave. wedge thicknesses of 800 microns and through dust specks
having maximum diameters of 600 microns. A very few
machines were even able to play right through all of the
defects (up to 900 microns on the wedge and 800 microns
for the black dust dots). The Sears CD player was unable
to track the wedge when it was only 500-microns wide,
and it failed to play through a dust speck 500 microns in
diameter. This is the poorest error-correction or tr