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MAXELL TAKES
COMPACT DISC QUALITY
OUT OF
THE LIVING ROOM.
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Ah, the comforts of home. They’re tough to leave behind. Especially when it comes to things like your
compact disc player.
But even though you might not be able to take the player with you, you can take most of the brilliant
sound quality. If you record your compact discs on Maxell XL-S cassettes.
By producing smaller, more uniform magnetic particles, we can pack
more of those particles on the tape surface. Which makes it possible to record
more information on a given area of tape.
As a result, AC bias noise is greatly reduced. And maximum output lev-
els are significantly increased. In fact, the dynamic range of XL-S is expanded
so much, it can capture many of the sound nuances compact discs are known for.
So record your compact discs on Maxell XL-S.
Then you can enjoy their sound quality wherever you feel at home. SOPHISTICATED EQUIPMENT.

© 1983 Mazelt Corporation of America. 60 Oxford Dnve, Moonachie, N J. 07074
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- Making a compact disc player that’s portable

is one thing. Taking it beyond is Technics.

Introducing the fechnics fully programmable

portable compact disc player.

It’s such a big azh evement because it's such a small one.
The new portabie compact disc player from Technics is barely
wider than the ciscs it plays.

With its optional nechargeable battery pack, ycu can
experience the musical perfection of the compact disc from
your backyard to the back woods. To just about anywhere |
you want to.go.

But portability & just-one part of the Technics szory.

comeact Programmability is another. With the push of a

@ button, you can tell the Technics portadle compact
oemat avoio disc player what songs to play. What arder to play
them in. And whet songs to skip.

Our new programmable portable compact disc player.
Technics takes it beyond the ordinary. So you can take it
almost anywhere

Technics

The science of sound

Headphones not included




COMPACT DISC

806

EDITOR’S OVERVIEW Eugene Pitts IlI
FEATURES

A COMPACT INTRODUCTION Ivan Berger

TO THE COMPACT DISC and Hans Fantel 6
LIVING WITH CDs Leonard Feldman 10
BATTLE OF THE PORTABLES:

SONY D-5 and

TECHNICS SL-XP7 Leonard Feldman 14

PROFILES: COMPACT DISC PLAYERS

REVOX B225 20
PIONEER CLD-900

CD/LASERDISC PLAYER 26
THE CARVER 30
ADS CD3 38
NAKAMICHI OMS-7 42
SONY CDP-650ESD 48
MERIDIAN MCD 56
TECHNICS SL-P3 62
SONY CDP-620ES 72
AKAI CD-M88 78
PIONEER PD-9010X 84
ALPINE 53900 CAR PLAYER 91
BANG & OLUFSEN

BEOGRAM CD X 96
TOSHIBA XR-V22 100
YAMAHA CD-3 104
KENWOOD DP-1100II 108

PROFILES: DIGITAL PROCESSORS
SONY DAS-702ES 50
SONY PCM-501ES 68
DIRECTORIES

DIGITAL PROCESSORS 113
COMPACT DISC PLAYERS 114
COMPANY ADDRESSES 120

COMPACT DISC RECORDINGS 122

The Cover Photographer: Carl Zapp. The Cover Equipment: Bang & Olufsen Beogram CD X and Technics SL-XP7 Compact Disc players.
Audio Publishing, Editorial and Advertising Offices, 1515 Broadway, New York, N.Y. 10036.




-af®

[//c]] TAL
mComote PRI

DO

To hear why Stevie Wonder
records on Sony Digital equipment, play him back
on a Sony Compact Disc Player.

When it comes to capturing the experience of live
music, no audio equipment delivers the performance of
digital audio.

Thats why, for one musician, its played a critical part
in virtually every aspect of the creative process. Stevie
Wonder has insisted on this revolutionary digital master-
ing equipment since 1979. And the name this music
industry leader chooses, interestingly enough, is the
leader in digital audio. Sony.

Not only has Sony led the way in professional digital
recording equipment, we also invented the digital system
for playback—the compact disc player. Sony introduced
the first home, car and portable CD players. And Sony
sells more types of compact disc players than anyone
else in the world!

But whichever Sony Compact Disc Player you
choose, each allows you to hear everything the artist
originally intended.

Sony is a registere

d trademar k of Sony Corporation. The Leader in Digital Audi

Shown is the CDP-302, a full-featured,
¢ programmable home player that uses
Seny's third-generation digital technology.

So why not do what Stevie Wonder does? Play the
top-selling compact discs back the same way they were
mastered. On Sony Digital equipment.

Once you do, you'll

wonder why you listened S ONYD

to anything else. THE LEADER IN DIGITAL AUDIO™

is a trademark of Sony Corporation of America




OVERVIEW

Finding up-to-date, authoritative information on Compact Disc
players and recordings is difficult, even if you're the editor of an
audio magazine and can go straight to the horse's mouth.
However, if you're a consumer, it is almost impossible to find a
single source of good data, one that is accurate and unbiased
Because of this need by audiophiles, we decided to prepare just
such a publication; Audio Compact Disc ‘86 is the result. We
think you'll like it and know you'll find it very useful.

In these pages there are 18 test reports—complete and
in-depth—of current Compact Disc players. All of these players
are presently on the market or are just being introduced. In the
80 + pages of reviews, you'll find such technical milestones as
Pioneer's CLD-900, which plays both Compact Discs and
LaserVision videodiscs. Alpine's car CD player is covered. You'll
find a report on the latest portable CD player, the SL-XP7 from
Technics. Len Feldman, Audio magazine's Mr. Digital, tells all
about the features of each machine and presents the industry's
most complete set of measurements on each player. Feldman is
uniquely suited to being CD Test Editor since he has reviewed
more players than anyone else in the field.

Also included is “A Compact Introduction to the Compact Disc”
by Audio magazine's Technical Editor, lvan Berger, and Hans
Fantel, audio columnist for The New York Times. This feature
article gives the basics of this new program source. Also good for
the odd bit of information is another feature, “Living with CDs,
which is based on a series of 22 seminars Feldman gave all
across the country.

Disc reviews? Plenty! More than 50 pages worth. Lots of them are
brand-new reviews, published here for the first time, while many
of them are reprinted here from earlier issues of Audio. Even if
you've had a CD player for some time, these older reviews are, in
our opinion, important in finding one’s way through the
increasingly large number of CDs available now.

What else is in Audio Compact Disc ‘867 An excerpt from Audio's
Annual Equipment Directory, offering specifications and

features on all the current Compact Disc players and digital
processors, together with a listing of makers’ names and
addresses.

All in all, there are more than 150 pages of editorial material in
this package. If there is anything else you'd like to see, please let
us know—it would probably make a good item for a future issue

of Audio. %‘ Q
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“Frighteningly close to perfect”

The Atelier CD3 Compact Disc player is the newest
example of the ADS philosophy:
Never rush to market with a “me too” product.
Take the time and trouble to design an original

We did.

We used 16-bit digital to analog converters for each
channel and two-times oversampling to insure exceptional
accuracy, low distortion, and outstanding signal-to-noise
ratios.

We developed digital/analog filtering that not only
eliminates sampling and conversion noise but allows less
than 2 degrees of phase shift from 20-20kHz

We designed an advanced error correction system with a
unique variable correction window. This system focuses
only on the data in error and eliminates unnecessary large-
scale correction of the music signal.

The resulting sound of the CD3 is smooth and clear, free
from the shrillness often associated with less advanced
CD players. Frequency response, as Digital Audio described
it, is “frighteningly close ta perfect.”

Of course, the CD3 shares the rational, uncluttered
design of other Atelier components. Front panel controls
are simple and logical. More complex functions, such as
indexing, time and track display, toggling and 30 selection
programming are hidden on a push-to-release pivoting
panel.

An optional remote control unit, the RC1, is available for
the CD3. It has the capability to control all future Atelier
components.

The CD3 is now at your local ADS dealer. Listen to one,
touch one, see how close to perfect a CD player can be.

For more information or the location of your nearest ADS
dealer, call 800-824-7888 (in CA 800-852-7777) Operator
483.0r write to ADS,562 Progress Way, Wilmington, MA 01887,

The new ADS CD3.

OPTIONAL RC1
REMOTE CONTROL UNIT

© 1985 Analog & Digital Systems Inc



A COMPACT INTR(C

IVAN BERGER and HANS FANTEL

hile more and more new pho-

nograph records and cas-

settes are made from digitally
recorded master tapes, these records
and tapes are analog recordings—
which is why they're playable on ordi-
nary turntables and tape decks. The
one purely digital system commonly
available for home use is the Compact
Disc or “CD."

The CD itself is a rainbow-silvered
disc of plastic only 4.7 inches in diam-
eter—smaller than a 45-rpm "“single”
record. It's not played by dragging a
needle along a groove but by reading
its information with the pure light of a
laser beam. Because light beams
cause no friction, the disc won't wear
out or deteriorate no matter how often
you play it. It yields better sound than
even a brand-new LP or tape, and far,
far better sound than tapes and rec-
ords that have been played a lot. Be-
sides, the Compact Disc is the most
convenient and efficient sound-storage
medium ever devised.

It's also a most unusual medium.
Physically, the only things that CDs
and LPs have in common is their
shape. The information recorded on a
CD is not engraved on its surface, but
sandwiched between an upper layer of
lacquer, on which the label is printed,
and a layer of tough, transparent plas-
tic which forms the bottom of the disc,

and through which the player's laser
reads the information. The laser is not
guided by a physical groove, the way
a phonograph stylus is, but by a com-
puter-operated servo mechanism that
analyzes the data coming off the disc.
The servo senses when the laser is
beginning to mistrack, and adjusts the
laser's aim accordingly

While you can see an LP record's
grooves, the CD's signal path is too
fine to be directly visible, except under
very high magnification. A CD has
more than 15,000 information lines per
inch, about 60 times as fine as LP
grooves. Uncoiled, a CD's signal path
would stretch about three miles, versus
about a quarter of a mile for an LP's
groove. The LP turns at a constant
speed (33 rpm), which means its in-
formation density varies, spread out at
the longer, outside groves and densely
packed at the smaller, inside ones. The
CD’s rotational speed varies, from 500
rom at its innermost diameter to 200
rpm at its rim, to keep the information
density as uniformly high as possible.
(Incidentally, a CD track begins at the
center and spirals out to the rim, just
the opposite of LP practice.)

And since the CD is a true, digital
medium, the information it carries is not
the LP's continuously varying groove
but a stream of ones and zeroes, rep-
resented on the disc by tiny pits that

TO THE COMPACT |

cause minute variations in the reflec-
tions from the laser beam.

What's on the Discs

Thousands of CDs are now avail-
able, something for every imaginable
taste. This sounds like a lot, but it's
actually just a drop in the bucket com-
pared to the number of LP records
(more than 50,000) or prerecorded
cassettes available. A glance into any
record store will show you that—but
then, cassette has a head start of
some 20 years, and LPs have been
around even longer. Even so, the num-
ber of available CDs is growing fast,
and virtually every record company
you've ever heard of now offers at least
some.

The Compact Disc has become an
international standard. That's partially
because the audio industry was smart
enough, for once, to pile onto a single
bandwagon. But the CD's success is
due even more to its convenience, du-
rability, and sonic excellence.

CD’s Convenience

Convenience starts with the CD's
small size. This not only saves storage
space, but opens up new uses that
LPs couldn't touch, such as portable
players to hang over your shoulder or
in-dash players for the car. (The size of
a car's dashboard radio slot was one

Less than three years
ago, there were no
consumer CD players.
Now there are units for
the car, like this Sony,
as well as players for
home and portable use.
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of the factors considered when the
CD'’s size was set.) The disc is record-
ed only on one side, so you don't have
to flip it over halfway through.

A CD can hold nearly 75 minutes of
music, enough for long works such as
Beethoven's Ninth Symphony. For
longer works, such as operas, the con-

venience grows: Three CDs can hold -

as much music as five LPs, and those
three CDs require only two interrup-
tions to change discs, while ten LP
sides require nine interruptions.

Compact Discs still cost more than
LPs, though the price gap between
them is shrinking. Works which use the
CD's full capacity (such as Beetho-
ven's Ninth) already cost less than the
same music would on LP.

The CD system was designed for
automation, adding still more to its
convenience. All CD players are auto-
matic, to varying degrees—more like
cassette decks than phonographs in
how they work and look. That automa-
tion starts with disc loading and play.
You push a button to open the disc
compartment, place the disc inside,
and close the compartment again. De-
pending on which button you pushed
to close it, the player will either start
playing the disc at once or wait for you
to tell it which tracks on the disc you
want to hear or to skip. Many players
even let you program those tracks into
whatever sequence you please. (It's
not like programming a computer; you
just key in the numbers of the tracks
you want, and the player takes it from
there.)

This article is adapted from a chapter
of The New Sound of Stereo, a new
book by Audio’s Technical Editor,
Ivan Berger, and Hans Fantel,
syndicated audio columnist for

The New York Times. The book will
be published in February 1986 by
Plume, a division of New American
Library. ©1985, Ivan Berger and
Hans Fantel.
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If you want to listen to a track again,
just push a button—ditto if you want to
jump ahead to the start of the next
track or back to the beginning of the
previous one. Many Compact Disc
players have audible search, which
lets you zip ahead or back at a high
rate while still hearing the music—
speeded up (about three to ten times
normal) but at correct pitch. This fea-
ture helps locate specific passages
you want to hear. A growing number of
players can also be set to play the first
few seconds of each track, or of each
programmed track, so you can find the
one you want even if you don't recog-
nize its name.

There are repeat functions, too. De-
pending on the player, you can repeat
the entire disc, repeat the tracks
you've programmed, repeat any single
track, or repeat a section of a track that
you've marked jn the player's memory.

Many cassette recorders also do
these things. But tape players take
longer to do them because they have
to search all along the tape for the
selections you want. A CD player just
consults a computerized table of con-
tents at the start of the disc once,
memorizes it, and then zips across the
disc (a basic advantage of the disc
shape over tape) to any track you
want. Tape's audible cue and review
functions are slowed down still further,
to minimize the screech you hear when
listening to a speeded-up tape—
something that’s avoided with a
speeded-up CD.

Besides, tapes hold only audio infor-
mation; CDs hold that and a good deal

more. For example, since the tracks on
classical CDs tend to be fairly long,
some have index points coded where
significant passages start within a
track; an opera, for example, might
have one track per act, but index
marks for every scene or aria. Some
players let you go straight to any of
these indexed points, just as you can
to the beginning of a track, simply by
keying in its number and pushing a
“go"” button. Not all discs are indexed,
however.

There's also room on the disc for
other codes, as yet unused. Future
CDs (and we're only talking a year or
three into the future) may use the infor-
mation space for song titles, sing-
along lyrics, opera librettos, song
translations, or even a series of still
pictures, to be displayed by the player
itself or on your TV screen. Some CD
playeis already have output jacks for
this purpose. And, as yet another link
between CD and the TV screen, there
are already players which use one la-
ser to play both CDs and LaserVision
videodiscs.

CD players also have displays to tell
you what they're doing. The more ex-
pensive the player, by and large, the
more elaborate and informative the
display. Lower priced models may tell
you only which track is currently play-
ing. Others may tell you how many
tracks are on the disc, how long they
are, how long the entire disc is, how
much playing time has elapsed since
the beginning of the disc or the current
track, and how much remains—all
helpful when taping. The display may

7



also indicate what selections you've
programmed for play and how many
are left.

Some players show on their displays
how all their switches are set, so you
can read all operating information in
one place. Other players put little lights

on each switch, which makes that in-
formation easier to read from across
the room.

Players also differ in the number of
selections you can program them to
play automatically, ranging from none
to 99. On multi-disc, automatic CD
changers, which are still rare, you can
program in the disc as well as the track
number. With just a minute or so of
button-pushing, this allows you to set
up a whole evening's listening.

This hardly exhausts the list of CD
conveniences. Most of the more ex-
pensive players have remote control:
some even share a single remote-con-
trol unit with other audio or video com-
ponents from the same manufacturer.

A few players have pitch controls,
which raise or lower the recording's
pitch to match yours, if you want to
play or sing along with the disc. Unlike
the pitch controls on some turntables

8

and tape decks, the ones on CD play-
ers don't change the tempo when they
change the pitch.

Like most tape decks, some CD
players have timer start switches,
which start play as soon as power is
fed to the unit. With this and an exter-
nal timer, you can program a player as
a musical alarm clock—an expensive
substitute for a clock radio, but at least
you'll know exactly what music you'll
hear when it switches on.

If you tape CDs for use in a car or
portable cassette player, you
may find them among the best-
sounding tapes you own. Sev-
eral player features are de-
signed to make such taping
easier. Some have calibra-
tion-tone generators, which
put out a tone at the same
level as the strongest sig-
nal that could come from

a CD. This will help ycu

set your tape deck's level

controls. before recording.

A few also insert several
seconds of silence between
tracks so that a tape deck's
music-search function will be

able to sense the silent gap be-
tween musical selections and,
hence, to find the start of each
selection.

The auto-pause function found on
some CD players serves several pur-
poses. When you're taping individual
selections from different CDs, it saves
you from accidentally taping the track

that comes after the one you want.

(Players which automatically stop after
playing a single, programmed track
are of equal help when taping.) The
enforced pause also gives you a
chance to decide what to listen to next
if you don’'t want to program several
cuts at once. If the music is deeply
arresting, it also lets you stop and con-
template what you've just heard, ir-
stead of dashing merrily on to the next
selection.

At least one player now has a built-in
compressor, which can be used to nar-
row the dynamic range between the
loudest and softest signals on a CD.
This lets you record a CD with a wide
dynamic range onto tape, whose
range is narrower. It also keeps the
sound from becoming too dramatic for
quiet listening. This is especially useful

when making tapes for use in the car,
where road noise often drowns out qui-
et passages. Future CD players may
also have expander circuits, to make
the swings between loud and soft more
dramatic if you feel a performance is
too tame.

It recordings took full advantage of
the CD's capability to reproduce the
full dynamic range of a live perfor-
mance, there'd be no need for an ex-
pander. But few CDs do use the entire
range available, partly so they'll stay
listenable under home (as opposed to
concert-hall) conditions, but also be-
cause they're often made from the
same basic master tapes as LPs are,
to simplify life for the record compa-
nies. As CDs account for more of their
business, record companies are be-
ginning to produce separate, wider
range master tapes for the digital me-
dium. At that point we'll need compres-
sors, for times when our homes are
noisy or we're not listening with full
attention.

We've described these features in
general terms because different manu-
facturers give them different names.
The more features a CD player has, the
more convenient it becomes to use—
up to the point where the number of
buttons and display indicators over-
whelms you. Even then, careful design
can make the player's controls easier
to understand.

Your tastes and circumstances gov-
ern which features you'll want. For ex-
ample, programmability means more
to pop-music listeners, whose discs
contain many short songs of unequal
quality; classical-music listeners tend
to listen to a disc from beginning to
end. Remote control is helpful if your
system’'s components are far from your
listening chair, but not much use if you
can reach the front-panel controls from
where you sit. Players which load from
the front can be stacked under other
components, while top-loading players
may be more convenient if they're
placed on a low cabinet or table.

CD Durability

A CD is a lot less vulnerable to dam-
age than an LP. It's made of harder
plastic, and the recorded information is
not on the disc's surface, but inside,
where the transparent plastic shields it
from harm.
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As CD sales increase, record
companies are starting to make
separate, wider range master tapes
for the digital medium.

That's possible because nothing
touches the actual recording. The laser
merely looks at it. The beam focuses
on the recorded inner layer, and an
optical system reads the light reflec-
tion, which represents the binary code.
The plastic of the disc material is actu-
ally part of the optical system, narrow-
ing the laser spot as it passes from the
disc’s surface down to the recorded
layer. As a result, all but the worst dirt
and scratches are far enough out of
focus to be invisible to the player’s
optical system. And since the disc's
surface is glassy smooth, not grooved
like an LP's, most dirt is easily wiped
off with a clean, damp, soft cloth.

CDs aren't invulnerable, however.
Although dirt wipes off the playing sur-
face, scratches don't. Minor scratches
usually won't affect play, but bad ones
can cause distortion, add noise (usual-
ly a ticking sound) or make the laser
skip or lose its place. Dents and
scratches on the label side can be
even more serious, because the infor-
mation layer within the disc is protect-
ed only by a thin and fragile lacquer
coating on the label side, as compared
to the thick, tough plastic below the
information layer. CD players can com-
pensate for many problems caused by
dirt or damage, but not all of them. It
pays to pamper Compact Discs
They're becoming less expensive, but
they're still not cheap

Do CD Players Sound Alike?

There are differences between the
sound of different CD players. But
those differences are very subtle—so
much so, in fact, that even experts
have trouble hearing them. What difter-
ences there are stem mainly from the
players’ filtering method, their error-
correction circuitry, and their analog
output sections.

When a digital signal is turned from
a hail of numbers to a stream of sound,
ultrasonic frequencies creep in; they
are not audible but can cause audible
problems. These frequencies must be
filtered out. Filtering them from the ana-
log output signal takes complex filters
(sometimes called brick-wall filters, be-
cause of their sharp attenuation of the
undesired frequencies), which affect
the phase response of the sound. If
some of those frequencies are filtered
from the digital signal first, very mild
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analog filters can then finish the job.
Many expert listeners feel that this
technique, of using digital filters to-
gether with analog filters, improves the
sound

Where analog systems try vainly to
eliminate errors such as noise and dis-
tortion, and then hope for the best
digital systems acknowledge that er-
rors will occur and take steps to limit
their effect. Minor errors can be com-
pletely corrected, and those that are
too large to be corrected can be “con-
cealed,” with the player computing
and filling in approximately what the
correct signal should be. The better
the player, the less it errs in reading
data from the disc, the more errors it
can correct, and the fewer it has to
conceal. Unfortunately, there are no
specifications for this, so error-han-
dling ability must be inferred from test
reports which tell how well the player
can handle special “obstacle course
test discs, and from whatever differ-
ences you can hear when comparing
players to each other

After the digital data has been read,
error-corrected and converted into an-
alog form, the signal must go through
ordinary analog circuits in the player’s
output section. Some player manufac-
turers lavish attention on these circuits

while others throw in just enough
cheap parts to do the job. This, too,
can subtly affect sound quality.

CD Tomorrow—and Beyond

In a few years, you may even be
able to record CDs at home, as easily
as you now record tapes. The first re-
cordable CDs may be “write once"
discs that cannot be erased and re-
used, but discs that can be recorded
erased and reused should follow.

Recordable discs will probably en-
courage the use of the CD as a storage
medium for computer data and pro-
grams. That could begin before the
medium becomes recordable; a stan-
dard computer format, CD-ROM, al-
ready exists. Yet a CD-ROM holds so
much that there are few programs or
data bases (other than an encyclope-
dia or two) that can fill it without waste.

But you can already record digital
sound at home—though on tape, not
disc. Even before CD arrived, there
were PCM processors, which used vi-
deocassette recorders to record stu-
dio-quality digital sound, and a few
complete PCM recorders using video-
cassettz tapes. Coming soon will be
digital recorders using small tape cas-
settes, about two-thirds the size of to-
day's regular cassette tapes. A




LEONARD FELDMAN

LIVING WITH

CDs

(Originally published January 1985)

ome of us have owned Compact
s Disc players for nearly two years
now. Others have only recently
taken the plunge, while many more
readers of Audio are, no doubt, still
holding out for a variety of reasons. My
own reactions (almost entirely positive)
to laser-optical digital audio discs were
formed early on in the brief period that
players and discs have been on the
market. Those opinions haven't
changed much since | purchased the
first CD player | could get my hands on
(the one [ still own, incidentally). But it
has occurred to me that my opinions
might be colored by my access to
some of the best CDs around, as well
as by my opportunity to obtain some
discs for nothing or next-to-nothing, as
areviewer and tester of equipment and
as a member of the audio press. |
wondered what the serious audio en-
thusiast was thinking about CDs and
CD players—now that both have been
available to us for some while.
Lacking the financial resources to
conduct an official, meaningful poll, |
saw no easy way to get a sample of
opinion from audiophiles across the
country. Then, a fortunate thing hap-
pened. | was asked to deliver a talk in
some 22 cities around the U.S. as part
of a seminar about digital audio and
other advances in audio and audio-
related video technology. After work-
ing out an itinerary that called for visits
to three or four cities per trip over a
period of three months, | agreed. And
as a result | was able to communicate
on a one-to-one basis with hundreds
upon hundreds of interested audio en-
thusiasts, many of them with questions
about CDs they had been unable to
get answered satisfactorily. Many, too,
had been fed misinformation by a vari-
ety of sources, ranging from unin-
formed sales personnel intent on sell-
ing the new CD technology even if they
had to stretch the truth a bit, to quotes
from advertisements created by over-
enthusiastic ad agencies who obvious-

ly hadn't checked back with their cli-
ents’ technical people.

Because | came away from this peri-
od with a clear impression of what peo-
ple want to know about CDs, | thought
it might be a good idea to share some
of the questions raised during this ex-
tended tour around the U.S. Some of
the answers | gave are simply factual,
while others, clearly, are my own opin-
ion, formed after two years of familiarity
with a variety of CD players and a
good sampling of CDs. My purpose
here is to help others make up their
minds about the Compact Disc sys-
tem—whether to purchase a player
now, later, or even perhaps never. |l
present the material as a question-
and-answer session—much as ! did
during the actual seminars.

Q. When will the price of Compact
Discs come down—and by how much?
A. Don't expect CDs to ever cost as
little as mass-produced LPs. At pres-
ent, manufacturing costs run about five
times those of an LP. Remember,
though, that CDs can contain more
than an hour of music, as opposed to

30 to 45 minutes on an LP. Further- |

more, high-quality audiophile LPs sell
for prices comparable with CDs and
always have—and, of course, CDs
sound a lot better and last a lot longer
than even the finest audiophile LPs.

Q. I've heard that CDs are indestructi-
ble. Is it true that you can scratch them

or allow dust to land on them and that |

the laser will still read through these
defects?

A. The ability of the laser pickup in a
CD player to read around minor de-
fects in a disc is truly remarkable, a
result of the laser beam'’s focusing be-
neath the transparent surface of the
disc. Sophisticated error-correction
circuitry—an inherent part of the CD
standard—also help. Because of this
circuitry, the laser beam, in effect, has
more than one chance to read the digi-
tal information if a dropout is encoun-
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tered owing to an opaque scratch or
dirt spot on the disc

It should be emphasized, however,
that these factors only work up to a
point. If scratches are severe, or if dirt
and dust are allowed to accumulate on
the disc surface, any CD player will
mistrack. The result will either be a
momentary muting of the music or
skipping parts of the music, or even
repeating the same phrase of music
over and over again. The same care
should therefore be taken in handling
CDs as you would take in handling
your best LPs.
Q. When will the price of CD players
come down to $200 or even $1007?
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A. Prices for CD players have already
fallen dramatically, as manufacturers
introduce more economically fabricat-
ed second- and third-generation ma-
chines and as LSI chips are designed
to take the place of more and more
discrete circuitry. But you must be
careful when you shop. Ultra-low
prices for CD players may also resuit
from skimping in such important quali-
ties as error-correction capabilities
and laser-tracking stability, not to men-
tion omission of convenience features
found in the more expensive players.
Q. So, what are the major differences
between CD players? Does one model
sound different from another?

A. There seem to be some subtle son-
ic differences between different play-
ers, but these are relatively minor. Ma-
jor differences involve programmabili-
ty, the time it takes to access a given
track, tracking stability, and ability to
overlook minor defects in the disc
through elaborate use of an individual
unit's error-correction circuitry and
techniques built into the CD standard.
Resistance to mistracking caused by
extemal shock or vibration is another
facior that varies from one player to
another.

Q. Some CDs have come out that
were made using analog master tapes.
Isn't that something of a rip-off?

i

Shouldn't CDs be digital all the way
from master tape to finished product?
A. Many fine-sounding CDs are being
made from analog masters, and, frank-
ly, there's nothing wrong with this prac-
tice if the original performance was
worth preserving and the master tape
technically well recorded. A good ana-
log master tape can have more dy-
namic range than can be contained in
an LP, so CDs made from such tapes
do sound better and have more dy-
namic range than the LPs made from
the same masters

Q. Will we ever be able to record onto
CDs, as well as using them just for
playback?
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Two-sided, two-hour CDs
are possible but not
probable. Just the royalty
rates on so much music
would make the cost
prohibitively high.

A. I'm always puzzled by this ques-
tion. Why should we expect to be able
to record CDs at home when no one
ever asks about being able to record
LPs at home? At present, PCM proces-
sors enable anyone to make digital au-
dio recordings using a videocassette
recorder. Many large firms, including
3M, Sony, Philips, Sansui and Sanyo,
are investigating this, however.

Q. With all that extra dynamic range in
CDs, how much extra power will | need
in my amplifier to take full advantage of
CDs”?

A. There's no one answer for this
question. It depends upon how much
amplifier power you now have, how
efficient your speakers are, and at
what loudness levels you like to listen
to music. In general, though, some-
what higher amplifier power or a trade-
up to more efficient loudspeakers, or
both, is usually in order.

Speaking of dynamic range, it's
worth noting that when CDs are played
in cars, their dynamic range will be too
great for on-the-road enjoyment. Ambi-
ent noise in automobiles is so high
(often as high as 70 dB SPL, even with
the windows closed) that, in order to
hear the softest passages of music, the
volume will have to be turned up so
high that the loudest passages will ei-
ther overload the typical car stereo
system or be deafeningly loud. Many
manufacturers of car CD players are
expected to offer—either built into the
CD unit or as an optional add-on—
electronic compressors to reduce
these dynamics to a manageable
range. Philips has already showed
such a player in Europe. Of course, the
CDs will continue to deliver their full
dynamic range when played at home
or with the players’ compressor circuits
turned off.

Q. ['ve heard rumors that we're going
to see combination disc players that
will play both laser videodiscs and
CDs. When will such players be avail-
able?

A. The rumors have finally borne
fruit—the first quarter of 1985 should
see such players brought to market by
Pioneer (and by Sony and Technics,
selling units actually made by Pioneer).
Pioneer's dual-purpose machine, how-
ever, is not only more expensive than a
CD player alone, it's a good deal more
expensive than a CD player and a La-

serDisc player together, though the
combination unit takes up less space
than the two single units it replaces.
Q. Isn't it possible to produce CDs
with music on both sides? If so, why
aren't record companies making two-
sided CDs?

A. Yes, it is possible and provisions
for such discs were made when the
standards were set. Still, you're not
likely to see two-hour, two-sided discs
in the foreseeable future, for two rea-
sons. First, although the yield of discs
now exceeds 80% (eight out of 10 CDs
that come off the molding machines
pass quality-control tests), sandwich-
ing two discs together, back to back,
would automatically double the quality-
control problems, dropping the yield
rate to around 60%. Second, a double-
sided disc would have no space for a
label, and it might not be compatible
with existing players and pressing
equipment. Then, too, in the case of
popular-music recordings, the extra
royalties for the additional selection
needed to fill two sides of a CD would
raise the cost of such discs prohibitive-
ly, thus reducing sales.

Q. Why isn't there at least the hour of
playing time that can be put on a sin-
gle-sided CD? Most CDs seem to have
no more music on them than regular
albums.

A. Consumers have a valid complaint
here. Unfortunately, most record mak-
ers simply transfer the programs used
for making LPs (whether from digital or
analog master tapes) onto CDs. A few
(especially in the classical field) have
seen fit to append a short selection
after the main musical program, such
as an overture to a disc containing a
symphony or two by the same com-
poser. In the popular-music field, rec-
ord companies would run into the
same problem of additional royalties
for added songs that they would if they
made double-sided discs. But if you
want more music on your CDs, you
should make your voice heard at the
record companies, by requesting that
those companies fill out their CDs to
full length more often.

Q. There is a vast amount of unusec
storage space in CDs. What can this
extra data storage space be used for,
and when are we likely to see CDs that
include such additional data?

A. There are several areas of unusec

storage space in CDs as they're cur-
rently made. So called “subcodes”
bearing the identifying code letters R
through W are available for a variety of
data storage. Among the kinds of data
being considered are digitally generat-
ed graphics, not unlike those available
on home computers and teletext. A CD
has enough data storage space left,
after including stereo audio and track/
time display information, to generate
approximately 250 still-pictures during
the course of an hour's worth of re-
corded music. Such pictures, dis-
played on a TV screen with an add-on
“black box" connected to the CD play-
er, might show the lyrics of a song, the
libretto of an opera, or scenes appro-
priate to the music—in fact, almost
anything you can imagine.

Q. Some CD players apparently use a
higher digital sampling rate—does this
result in better sound? What's the story
on this?

A. Another source of confusion.
There's only one sampling rate for the
CD system: 44.1 kHz. For that matter,
there's only one "bit" count for CDs
too: It's a 16-bit standard. Talk of 88- or
176-kHz sampling rates has to do with
the way in which various CD players
decode or read the information con-
tained in the disc. Some, for example,
read the same sample two or four
times, in a technique called oversam-
pling. Others use a 14-bit D/A (digital-
to-analog) converter but end up
achieving the full dynamic range and
other characteristics inherent in the 16-
bit system. Each approach claims son-
ic superiority, and you are invited to
judge that for yourself. But the basic
world standard set for CDs employs
one, uniform sampling rate and a 16-
bit sampling system.

While these dozen questions may
not answer everything you want to
know about Compact Discs and CD
players, the important thing to remem-
ber is that CD technology is scarcely
two years old. By contrast, we've been
dealing with analog audio recording in
one form or another for more than 108
years. It will take a little more time till
we have all the answers for a technol-
ogy this new. |, for one, am willing to
wait while | enjoy the better sounds I'm
getting—even with my first-generation
CD player. 4
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SPECIAL INTRODUCTORY OFFER FROM RCA

Choose One Of These Top Compact Discs

FREE WhenYou JoinThe C

shipping & handling added
P e —

=

NO OBLIGATION TO BUY ANYTHING—EVER!
Yes, anv Compact Disc here is yours FREE—when
you become a member of the new Compact Disc Club.
You pay only shipping and handling. Best of all, you
buy what you want only when you want to!

THE WORLD’S GREATEST ARTISTS!

From Pavarotti’s magnificent tenor to Rubinstein’s lush
rendering of Rachmaninoff...James Galway’s golden
flute to James Levine conducting Schubert...the warm
pop ballads of Lionel Richie to the cool techno-rock of
the Eurythmics—the Compact Disc Club brings you
front row center to the world’s greatest artists and
orchestras performing today.

HOW THE CLUB OPERATES:

As a member, you'll be selecting from hundreds of
exciting Compact Discs described in CD Discovery, the
exclusive Club bulletin mailed to you 13 times a year.
Each issue highlights a Featured Selection in your pre-
ferred musical division plus an impressive array of
alternate selections. If you'd like the Featured Selec-
tion, you need not do a thing; it will be sent to you
automatically. If you'd prefer a different Compact Disc,
or none at all, just return the Notification Card
enclosed with each issue of CD Discovery by the date
specified on the card. You will have at least 10 days to
decide. And you may cancel your membership at any
time simply by writing to us.

HALF-PRICE BONUS PLAN!

As a member of the Compact Disc Club, you enjoy big
savings. With every Compact Disc you purchase at reg-
ular Club prices. you receive a bonus certificate. Col-
lect two bonus certificates and take a Compact Disc of
your choice for just half the regular member’s price,
plus shipping/handling.

DON’T MISS THIS OPPORTUNITY.

Simply complete the coupon and mail it today for your
FREE Compact Disc and membership in the Compact
Disc Club.

compact

CDCo613

OIGITAL AUOQIO

Mozart, Plano Concertos
Nos. 12 & 20 « Rudolf Serkin
piano; London Sym./Abbado.
DG 115062

Prince: Around The World In
A Day e Raspberry Beret, Pais-
ley Park, Temptation, titie song,
Pop Life, America, more.
Warner Bros. 124370

Pachelbel, Canon; Mozart,
Eine kleine Nachtmusik;
more e | Musici.

Philips 115447
Bach, Brandenburg Concer-
tos Nos. 1-3 ¢ The English

Concert/Pinnock.
Archiv 115541

Dire Straits: Brothers in Arms
Money For Nothing, Watk Cf
Life, So Far Away, Ride Across
The River, etc

Warner Bros. Digital 114734

Dave Grusin & Lee Ritenour:
Harlequin e Title song, Early

A M. Attitude, San Ysidro,
Before It's Too Late, Cats Of
Rio, etc
GRP Digital 154203
Pavarotti: Mamma e Title
song, Vien! sul mar, more
Henry Mancini conducts.
London 115310

== - NO OBLIGATION TO BUY...EVER!
Mail to: Compact Disc Club/P.O. Box 91412/indianapolis, IN 46291
YES, please enroll me as a member of the Compact Disc Club and send

me the Compact Disc | have indicated below free and without obligation to
buy any other selection, ever! (Shipping and handling charge added to

each shipment.)

Name
Address

City

Telephone  AreaCode
Limited to new memoers; continental U.S.A. Only-one membership per family. We reserve the
right to request additional information. Local taxe:

ompact Disc CI

_-M

America, The Dream Goes
On e Boston Pops/Williams.
Title song, Americs The
Beautful, more.

Philips 115134

James Galway: Vivaldi,

6 Flute Concertos, Op. 10
RCA 123925

Phil Collins: No Jacket
Required ¢ One Mcre Night, |
Don't Wanna Know. Sussudio,
Inside Out, more.

Atlantic 120771

Richard Strauss, An Alpine
Symphony e Berlin Philhar-
monic/Karajan.

DG 105528

Arista’s Pertect 10 o Air Sup-
ply: Making Love Gut Of Noth.
ing At Alf, Alan Parsons: Eye In
The Sky, Thompscn Twins: Hold
Me Now, etc.  Arista 143294

Saint-Saéns, Conc. No. 3;
Wieniawski, Cone. No. 2
Itzhak Periman, violin

DG 115268

Dvorak, Symphony No. 9
(From The New World) e Chi-
cago Symphony Orch./Solti
London 115168

WRITE THE NUMBER OF YOUR FREE MEMBERSHIP CO HERE: | D

| am most interested in the following type of music—but | am always free
to choose from both categories (check one only):

10 CLASSICAL

State

2 1 POP/SOFT ROCK

if any, will be added

4 A
=CLUB=

A Service of RCA

Eurythmics: Be Yourself
Tonight e Would | Lie To You?
There Must Be An Angel
Adnan, Conditioned Soul, more
RCA 153394

Rachmaninov, Symphonic
Dances; Vocalise; more » Ber-
lin Philharmonic/Maazel.

DG 115113

Pointer Sisters: Contact
Dare Me, Bodies And Soulis, Hey
You, Pound Pound Pound, Con-
tact. Bum Down The Night. etc.
RCA 124611

Barry Manilow: 2:00 AM—
Paradise Café e When October
Goes, Big City Blues, etc

Arista 161489

Brahms, Hungarian Dances
Vienna Philharmonic Orchestra
Abbado

DG 115408

Rick Springfield: Tao ¢ Cele-
brate Youth, State Of The Heart,
The Power Of Love, etc

RCA 124727

Sting: The Dream Of The
Blue Turtles e If You Love
Somebody Set Them Free, For-
tress Around Your Heart, Love
Is The Seventh Wave, etc.

ABM 150266

please print)

Apt

Zip

-----J
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BATTLE OF TH

Company Address: One Sony Dr.,
Park Ridge, N.J. 07656.

(Originally published March 1985)

When | first encountered this small-
est of all CD players, | had to force my
way through a crowd of enthusiastic
audiophiles who were attending the
1984 Japan Audio Fair. Meanwhile,
back in the United States, Sony had
elected to introduce this amazing little
product at the same time as it was
being introduced in Japan. That in it-
self tells you how important Sony felt
this product was going to be.

There are several significant break-
throughs involved in the design of the
D-5. First and foremost, it is a very low-
cost unit, carrying a suggested retail
price of less than $300. Second, this
CD player can be plugged into a high-
fidelity system or used on the move
with an optional battery pack/carrying
case (costing $49.95) and optional ste-
reo headphones of your own choosing.
Finally, the D-5 is actually smaller in
width and depth than the plastic case
in which CDs are normally packaged; it
measures only 5 inches by 5% inches.
The height of the player is a mere 1%z
inches, and it weighs slightly more
than 1% pounds

Despite its low cost and small size,
the D-5 performs very much like its
heavier and costlier counterparts,
though it lacks the programming and
random-access features which have
constituted the major differences be-
tween one CD player and another.
Nonetheless, the most important dis-
play and access features have been
retained, and, of course, the superb
performance inherent in the CD format
has not been sacrificed in any way.
The D-5 incorporates a digital liquid-
crystal display which lets you know

what track is being played, how much
time has elapsed on a given track,
and, at the press of a button, the
amount of time remaining on the entire
disc and the number of tracks remain-
ing. In addition, there is a battery con-
dition indicator and two other LCD indi-
cations: One for "AMS" (Automatic Mu-
sic Sensor) and the other for music
“Search™ or audible fast-scanning of a
disc's contents.

After pressing the “"Open' button on
the D-5's top surface (in the corner), a
disc may be loaded directly onto the
turntable. A special safety switch auto-
matically disengages the D-5's mecha-
nism whenever the loading door is
open. All other controls and the display
are found on the player's front. These
include a time remaining button for the
display, a "Mode" button (which tog-
gles between the "AMS™ and "Search’
functions), a toggling play/pause but-
ton, a power switch, a stop button, a
continuously variable headphone vol-
ume control, and a mini stereo-head-
phone jack. A line-output jack (also a
stereo mini type) and a d.c. input ter-
minal are on the rear of the D-5. Ana.c.
power adaptor which delivers 9 V in
the correct polarity is supplied, but the
battery contained in the optional case

or an optionally available car-battery
cord, could also be connected at the
d.c. input terminal

When the battery case is used, it
must be loaded with six C-size alkaline
batteries whose life is approximately 5
hours at normal listening levels. Re-
chargeable nickel-cadmium batteries
may also be used with the optional
battery case. Charging time for these
would be around 15 hours, with fully
charged nickel-cadmium batteries
supplying around 2Y: hours of play

Much of the engineering that made
Sony's car CD players possible has
also been applied to the D-5. For ex-
ample, a single-chip, high-density
VLSI has been used for primary digital
functions and for simplified and stabi-
lized player functions. In addition, the
miniaturized laser-optical assembly
found in the Sony car CD players has
also been used.

Basic performance of the D-5, as
might be expected, is very much like
that of Sony's car CD units (one of
which, the CDX-R7, | measured and
reported on for the July 1984 issue)
Sony has, so far, continued to use
steep, analog, output filters which cut
off above 20 kHz, but response up to

Continued on page 16
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E PORTABLES

TECHNICS
SL-XP7
PORTABLE
COMPACT
DISC
PLAYER

Manufacturer’s Specifications

Frequency Response: 4 Hz to 20
kHz, +0.5, —1.0 dB.

THD: 0.006%.

Dynamic Range: 90 dB.

Number of Programmable Se-
lections: 15.

Channel Separation: 90 dB

Line Output Level: 20 V

Headphone Output Level: 15 mW
into 32 ohms.

Power Supply: Dc. +6to +72V,
via supplied adaptor

Power Consumption: A c. adaptor,
8 watts; optional carrying case, 3.2
watts.

Dimensions: 4-31/32 in. W x 1 in.
H x 4-31/32 in. D (126 cm x 3.19
cm x 12.6 cm)

Weight: 1.1 (bs. (0.52 kg)

Price: $299.95; optional carrying
case with nickel-cadmium battery
pack, Model SH-CDB7, $49.95

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

(First published this issue)

While neither company would readily
admit it, it's no secret that Matsushita
Electric (the parent company of Tech-
nics) ana Sony are forever trying to
outdo each other when it comes to
innovations in consumer-product tech-
nology. To Sony goes the credit for
coming up with the world's first porta-
ble CD player. That unit, the D-5, has
been around for about a year now, and
it has been very well received. Tech-
nics, however, takes Best-of-Class
honors for a portable CD player with
the most features in the smallest physi-
cal package. Consider its size
Scarcely wider and longer than the di-
ameter of a Compact Disc. That's a tad
smaller than the Sony D-5, but the dis-

parity in size is readily apparent when
you insert the Technics SL-XP7 into its
optional combination carrying case/
battery pack. In this configuration, the
Technics portable occupies about
40% less space than the Sony unit
similarly installed in its optional battery
pack/carrying case.

The single most importart feature
found on the Technics unit not avail-
able on the Sony, is random-access
programming. Up to 15 selections on a
disc can be programmed to be played
in any order. In addition, it has the kind
of convenience features found on most
home CD players, such as forward and
backward skipping of tracks, forward
and backward audible fast search,
and repeat play. There are two minia-
ture output jacks; one is for line-output
connection to a home stereo compo-
nent system, the other for connection
to a pair of headphones. The head-
phone output level is variable. An inter-
esting additional feature is a high-cut
filter which affects only the headphone
output. Some listeners find that when

listening to CDs through headphones,
high-frequency content can be a bit
too strong. Under these conditions,
turning on the high-cut switch provides
a gentle roll-off above about 3 kHz.

An LCD display on the unit's front
providas fully as much status informa-
tion as displays found on larger, home
CD players. The display will indicate
total number of tracks and total playing
time (when a CD is first inserted and
scanned), track number being played,
elapsed or remaining time, the pro-
grammed order of tracks, if the “Re-
peat” function has been activated, and
if battery voltage is low

The SL-XP7 comes with an a.c
adaptor that also serves as the re-
charger for the nickel-cadmium battery
pack in the optional case. Frankly, |
can't think of any reason why you
would buy the CD player and not buy
the carrying case/battery pack. it's this
option that makes the little CD player
portable. Mounted in its carrying case
and with a fully charged battery, the
player will operate for three full hours.

AUDIO CD '86
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The D-5 is not a Walkman;
it is not intended to be
carried on a belt loop.
Jogging wil] cause
mistracking.

Continued from page 14

that frequency is extremely flat. The
usual low distortion and high separa-
tion figures can be expected from this
player. Output via the line-level jack is
approximately 1.6 V, not unlike the volt-
age levels one expects from a larger
table-top or shelf-mounted CD player.
Use of 32-ohm headphones, such as
those recommended by the manufac-
turer, results in a maximum power out-
put from the phone jack of around 10
mW per channel—enough to drive
some of those new high-efficiency ste-
reo headphones.

In my hands-on tests, | found that
the D-5's controls operated reliably
and positively and that sound quality
was as good as that obtained from any
of the larger Sony CD players.

The D-5's optional carrying case

Because of Sony’s efforts at creating
small, portable music sources such as
the famous Walkman, it was inevitable
that the D-5 would be greeted in many
circles as the “Walkman CD." In fact,
Sony emphasizes that this product is
not in the Walkman category: It is not
intended as a product to be carried on
a belt loop by morning joggers. The
elaborate stabilizing techniques used
in Sony's car CD players have not
been incorporated in the D-5 (nor does
Sony claim they have been); therefore,
if you bounce the unit around too much
when a disc is being played, it will
mistrack. What Sony did intend for the
D-5 was that it be used on a fairly
stable surface—at home, walking (not
jogging), in the park, on the beach, or
wherever else you happen to be when
you crave noise-free music reproduc-
tion of wide dynamic range. That being
the case, Sony seems to have suc-
ceeded admirably with its D-5 CD
player. Leonard Feldman

Continued from page 15

Recharging takes seven hours if you
don't use the SL-XP7 while charging,
or 11 hours if you're recharging and
listening to CDs at the same time.
However, unlike Sony’s D-5, which can
be powered using readily available, re-
placeable C-cells, the SL-XP7 is re-
stricted to the nickel-cadmium batter-
ies built into its carrying case. So, for
instance, on a coast-to-coast plane trip
you would need two fully charged car-
rying cases to listen to CDs!

Control Layout

Press the pushbutton on the top-left
corner, and the top cover pops open,
exposing the turntable onto which the
Compact Disc is placed. If the unit's
power switch is on, closing the cover
sets the turntable spinning. The laser
pickup scans the contents of the disc,
and the number of tracks and playing
time are indicated on the front panel's
display. Pressing the play/pause but-
ton located on the right corner of the
top surface begins play from the start
of the CD.

Near the display area on the front
panel are a "“Memory/Recall” button
(used for storing programmed tracks
and reviewing selected program se-
qguences), a “Remain Time” button
(which switches the display during
play from track time elapsed to time
remaining), and a "Repeat” button.
The repeat function will cause either a
single track, all programmed tracks, or
the entire disc to be played repeatedly,
depending upon what mode of play
has been selected. Three larger push-
buttons, located near the right edge of
the front panel, are used for controlling
the SL-XP7's forward/skip functions
and to stop play or clear a previously
memorized program.

The power slide switch is located
along the left side panel of the tiny CD
player, while the line-out stereo mini-
jack and the d.c. input terminal are on
the rear panel. The right side panel
houses the headphone output jack, its
associated thumb-wheel level control,
and the on/off slide switch for the high-
cut filter.

The optional carrying case is not
much larger than the SL-XP7 itself,
which fits neatly into it, the player's d.c.
input terminal engaging a mating plug
from the carrying case. A cover comes
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Fig. 1—Frequency response, left (top)
and right channels, with high-cut filter
off (A) and on (B). Note change of
vertical scale, from 2 dB/div. (A) to

10 dB/div. (B).
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Fig. 2—Spectrum analysis, from 0 Hz
to 50 kHz, showing 20-kHz test signal
(large spike) and unwanted “beat”
outside the audio frequency range.
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Stereo separation for the
SL-XP7 was one of the few
parameters tested that
didn’t measure up to larger
CD players.

down and, together with a rear thumb-
screw, firmly locks the CD player in-
side the rubber-cushioned compart-
ment. For charging the nickel-cadmi-
um battery or for continued a.c. opera-
tion, the a.c. adaptor cable, instead of
being connected to the d.c. input ter-
minal at the rear of the player, is now
plugged into a similar terminal on the
rear of the carrying case. A switch on
the front of the case can now be set
either to “Batt” or “AC/Charge.” A
shoulder strap is supplied with the car-
rying case.

Measurements

Let me state at the outset that | was
perhaps a bit more critical and careful
than usual when conducting bench
tests of the Technics SL-XP7. It
seemed to me that this little wonder of
a CD player could not possibly perform
as well as its bigger brothers. But the
fact is that it did.

Frequency response was essentially
flat from 20 Hz to 20 kHz, with a slight
rise near the high end not greater than
about 0.3 dB and a roll-off beginning at
20 kHz. As you can see in Fig. 1A,
response was down 0.2 dB in the left
channel and 0.6 dB in the right chan-
nel at 20 kHz. The vertical scale in Fig.
1A is only 2 dB per division, but it is a
full 10 dB per division in Fig. 1B, which
plots the response of the player with its
high-cut filter turned on. Frequencies
above 2 or 3 kHz are attenuated at
what looks like a rate of 3 to 4 dB per
octave, resulting ina — 10 dB roll-off at
20 kHz.

As is true of so many CD players,
harmonic distortion readings above 10
kHz are deceptive (in fact, rather
meaningless). The machines create
'beats” between the desired high-fre-
guency signal found on the test disc
and the sampling frequency (in this
case, 44.1 kHz). This effect is clearly
illustrated in the spectrum analysis of
Fig. 2, in which the analyzer was linear-
ly swept from 0 Hz to 50 kHz. The tall
spike near the center is the desired 20-
kHz signal, while the shorter one to its
right is an unwanted beat outside the
audio frequency range. By introducing
a band-pass filter (with a cutoff of 20
kHz), | isolated real harmonic distortion
from the nonharmonically related com-
ponents. Under these conditions, THD
at 1 kHz was an unusually low 0.002%

at mid-frequencies for recorded output
of 0 dB. The three curves in Fig. 3
depict harmonic distortion at 0 dB
(maximum) recorded level and at —24
and —30 dB levels. Linearity was near-
ly perfect from O dB output level down
to —80 dB output level, with deviation
from perfect linearity never exceeding
0.3 dB over that range.

Unweighted signal-to-noise ratio
measured 88.7 dB, and the A-weight-
ed measurement was 91.7 dB (see
Figs. 4A and 4B). SMPTE-IM distortion
measured 0.01% at maximum record-
ed level, increasing to 0.035% at —20
dB recorded level. CCIF-IM distortion
(twin-tone, using 19- and 20-kHz tones
at the equivalent of highest recorded
level) was a low 0.0367% at maximum
recorded level and 0.0088% at —10
dB recorded level.

Stereo separation, plotted as a func-
tion of frequency in Fig. 5, ranged from
60.2 dB at the high-frequency extreme
to 88.4 dB at mid- and low frequen-
cies. The SL-XP7's separation was one
of the few parameters that did not
measure up to larger CD players. This
may well be because of the necessar-
ily close proximity between analog or
post-D/A components of the left- and
right-channel circuitry; | doubt if it has
anything to do with the player's digital
circuitry. In any event, even 60 dB of
separation between channels is about
35 to 40 dB better than what you can
expect from most phonograph car-
tridges at mid-frequencies, and about
45 to 50 dB greater than the separation
provided by phono pickups at high fre-
guencies.

Reproduction of a 1-kHz square
wave is shown in Fig. 6. The repro-
duced wave shape is typical of that
produced by CD players which employ
steep, multi-pole analog filters. Repro-
duction of the unit pulse in Fig. 7 fur-
ther confirms the use of a multi-pole or
"brick-wall” filter in this unit's post-D/A
output circuitry.

As is true of most CD players that
employ analog filters, the SL-XP7 ex-
hibited substantial phase shift or
phase error when reproducing high-
frequency signals. An attempt to illus-
trate this effect is shown in Fig. 8; the
time relationship between 2- and 20-
kHz signals is depicted in this dual-
trace oscilloscope photo. Had the two
signals been in correct time relation-
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All the many convenience
features worked perfectly,
and sound quality was
excellent. The SL-XP7 is
a clear winner in the
portable CD category.
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Fig. 5—Separation vs. frequency.

Fig. 6—Reproduction of a 1-kHz
square wave.

Fig. 7—Single-pulse test.

Fig. 8—Phase-error check, using
tones of 2 and 20 kHz.

ship, both would have crossed the
zero axis in a positive-going direction
at the same instant. As Fig. 8 illus-
trates, that is not the case here, indi-
cating at least a 180° phase shift of the
20-kHz signal component, if not more.

Since this CD player was designed
for portable as well as in-home use,
| felt certain its makers would give
special emphasis to good tracking as
well as good error-correction capabili-
ty. | was right. Not only was the player
able to play through the test disc's
simulated scratch, the 800-micron-di-
ameter simulated dust particles, and
the simulated fingerprint smudge, but
its resistance to vibration and shocks
applied to its top surface was incredi-
ble, to say the least. I'll have more on
this in a bit.

Use and Listening Tests

Like the portable Sony player | test-
ed some months ago, the Technics SL-
XP7 is not intended for use by jog-
gers—at least not while they're jog-
ging. | did, however, subject the unit to
a very practical test that should give
you an idea of just how incredibly sta-
ble its tracking system is. Using a pre-
production version of an adaptor that
enables a portable CD player to be
heard through a car-stereo system, |
road-tested the SL-XP7 over "speed
bumps" in a large parking lot and on
local streets. Essentially | duplicated a
test that lvan Berger, Technical Editor
of Audio, and | devised some months
back when we tested the first car CD
player.

The adaptor | used for my test was
designed for Recoton by Larry Schotz,
the Wisconsin inventor who has de-
signed circuits and products for sucn
firms as NAD, Proton, Nakamichi and
Crown International. Unlike another
adaptor, released by Sparkomatic,
which plugs into the outputs of a porta-
ble CD player and the antenna input of
a car radio, Schotz's device requires
no physical wiring or connection to the
car stereo. (The Sparkomatic adaptor
modulates the CD signals onto a FM
frequency, to which you then tune your
car FM radio. It's a neat idea, but of
course it's limited by the performance,
frequency response and dynamic
range of FM radio—and of your partic-
ular car radio.) Schotz's adaptor deliv-
ers the full, flat frequency response of

the CD you're playing and, if your car-
stereo amplifier can handle it, the full
dynamic range of the CD as well.

In any event, since | was fortunate
enough to have a handmade prototype
of this novel CD adaptor, | plopped it
and the Technics SL-XP7 alongside
me in the front seat of my car and went
for a bumpy drive. Even barreling over
the parking lot's speed bumps at
something more than the five miles per
hour for which they were intended, the
Technics CD player—simply resting on
my car seat—did not mistrack or skip
even once. The same performance
held true for more ordinary driving,
though my town's streets are anything
but smooth.

I suspect that players such as the
Technics SL-XP7 will prove to be the
ideal solution for those people who
want CD's quality sound in their cars
but aren't ready to mount a player in or
under the dash, for fear of theft or sim-
ply because of the high cost of car
units. The nice thing about using the
SL-XP7 in this manner is that, when |
was through with my drive, | simply
picked up the player in one hand and
the tiny Recoton adaptor in the other
and took them inside my house, where
they were safely secured for the night.

The various convenience features of
the Technics player worked perfectly,
at rest and on the move, including the
programming feature and all of the
handy display functions. Sound quali-
ty, which should still be the primary
concern for anyone investing in a CD
player, was excellent. As much as | am
a purist at heart, there were some CDs
(to which | listened at home through a
good pair of headphones) which bene-
fited greatly when | turned on the high-
cut filter. (As with all such signal-modi-
fying features, it's always nice, too, to
be able to turn it off when you don’t
think it's required.) Of course, one
shouldn’t look upon a new model solely
from the standpoint of its superiority
over what's come before, but as of this
moment, the Technics SL-XP7 is a
clear winner in the portable CD player
category. What, if anything, does it
lack? Well, a wireless remote control.
However, this entire CD player is not
much larger than some of the more
elaborate infrared remote-control mod-
ules I've seen lately, so why bother!

Leonard Feldman
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EQUIPMENT PROFILE 4

REVOX B225
COMPACT
DISC
PLAYER

Manufacturer’s Specifications

Frequency Response: 20 Hz to 20
kHz, +0.6 dB

Signal-to-Noise Ratio: Greater
than 96 dB, 20 Hz to 20 kHz, unwtd

Total Harmonic Distortion: Less
than 0.006%, 20 Hz to 20 kHz

Channel Separation: More than 90
dB, 20 Hz to 20 kHz

Output Level: 2.0 V, fixed; 0 to
2.0V, variable.

Headphone Level: 13 volts p-p, 35
mW into 600 ohms

Number of Programmable Se-
lections: 19

Search Time For Any Location:
Lessthan 4 S

Wow and Flutter: Below measur-
able limits

Power Consumption: 40 watts
maximum.

Dimensions: 17.75 in. (450 cm) W
X 425 in. (109 cm) H x 13.0 in
(33.2cm) D

Price: $1,150.00

Company Address: 1425 EIm Hill
Pike, Nashville, Tenn. 37210

(Originally published September 1984)
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Fig. 1—Frequency
response, left (top) and
right channels, at 0-dB
level.

It comes as no surprise to me that this first Compact Disc
player to be built by Studer-Revox is one of the most
sophisticated, rugged, yet easy-to-use units of its kind that |
have ever tested. After all, Studer and Revox tape equip-
ment is used in broadcast and recording studios throughout
the world, and Revox products (the brand name used on
Studer's consumer products) are regarded by many to have
the same attributes as the company's professional compo-
nents. What did surprise me was the suggested retail price
of the unit. | had fully expected the Revox CD player to be
among the world’'s most expensive as well as among the
world's best. While it certainly lived up to the latter expecta-
tion, its price was no higher than that on some of the first-
generation CD players which offered only a fraction of this
unit's versatility.

The B225's programming facitities are unusually elabo-
rate, and some are unique. Programs can be up to 19 steps
long. Notice | said “steps,” not “selections’—each step can
include any number of consecutive selections, in their origi-
nal order. Selections can be programmed by track number
or by time from the beginning of the disc—or you can
program the start of a selection one way and program its

end the other way. Program memory is nonvolatile, so it will
retain its contents even if you shut the B225 off or acciden-
tally unplug it.

The three functions which Revox calls “special program
steps” are even more unusual. Entering the “Loop" com-
mand as a program step makes the program repeat end-
lessly until stopped. (If pressed in normal play mode, the
“Loop” button repeats the entire CD.) The program can
pause automatically after any selection, until the pause key
is pressed—and can also output the 1-kHz calibration tone
to remind you that the program has paused. The player can
even be set to turn itself completely off at the program's
end! Even handier, perhaps, the program can be “paged’
through for checking and then modified without erasing it or
starting over

On the technical side, the B225 follows the Philips system
of four-time oversampling (at 176.4 kHz—see April, 1984
Audio), with both digital and analog filters, using digital filters
specially designed for Revox by Dr. Roger Lagadec.

Control Layout

The first thing | noticed was the panel’s logical layout
Often-used controls occupy the right third of the panel,
while programming controls are grouped to the left. In the
center is the disc drawer, with a multifunction display on its
front surface.

The controls at the right include the "Power” switch, and a
group of four keys: “Repeat,” "Play/Next” (to start play or, if
playing, move to the next track or next programmed step),
“Stop,” and "“Load” (to open and close the drawer). Below
are five more buttons: “Display™ (which switches the display
between time elapsed in the current selection and time
elapsed since the beginning of the disc), keys to skip back
or ahead and to pause or restart play, and an “Autostop’
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I had expected Revox’s CD
player to be among the

world’s most expensive as
well as among the world’s

best. But its price is not
that high.
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/ key (which makes the player pause at the end of each

et e ey o DO LEVEL e Ha -e0 selection or program step, resuming when the pause key is

i — tH H 7 H pressed). At the bottom of this section are the “Cal. Tone”

el T -:'4-..;;,':?"'" H S | button (which sends a 1-kHz tone to the output jacks, at the

T | maximum tevel possible from a CD, for adjusting tape-

= E recorder levels) and the up/down "Volume” buttons (which

2o s | control the adjacent headphone jack and the variable-level
S S = | outputs on the rear panel).

2 W 5| The B225's display offers a wealth of useful information. In

i @ [ normal (nonprogrammed) play, it shows track and index

number, time since the beginning of the current track (or
" on 20k since the start of the disc), and shows whether the "Pause,”
“Autostop” or "Loop” modes have been activated. If the

FREQUENCY - i . . . "
GESCHLEY = Ha player finds index signals on the disc, the word “Index

Fig. 2—THD vs. frequency comes on the display, with the current index number just
at levels of (from top to beneath it; there is no way of accessing selections by index
bottom) —30, —24 and number, though.

0 dB. In programmed play, the display shows the word “Step”

to indicate the programmed mode and shows the number of
the step being executed. The next field of the display shows
the track number or timing that started the selection, with
the following field showing the track number or timing (if
any) programmed as the selection’s end point.

One display function remains the same in both pro-
A grammed and normal play. When the disc is first loaded, a
NS FT L-98. GdB horizontal line of square bars appears along the bottom of

) the display, indicating how many selections (up to 30) are
on the disc. These bars disappear, one by one, as the
tracks they designate are played.

Several of the controls in the programming area at the left
can be used for normal play as well. The 10 numbered
buttons at the top of this section can be used for direct
access to any given track in normal play, as well as for
programming track number or selection time (from the be-
ginning of the disc). The “Loop™ button at the bottom left
repeats the entire CD in normal play, or the entire program
l i [ 100 during programmed play. The others are for programming
20 50100200500 Ik 2k 5k 10k 20k only. Pressing “Program” puts the B225 in program-entry

FREQUENCY — Hz mode, which can be done even while a disc is playing in
normal mode. The "“Store" button enters commands in mem-
B ory. The “Track/Time" button switches selection start or

NS WD L-182 end-point entry and display between track-number and

5 dB elapsed-time modes. Start and end points can also be

o ————— marked while the disc is playing, by pressing the “Mark”

button as the desired points come by. Two additional but-

tons allow you to “page” through a previously entered

program, forward or backward, to check or edit it. A "Cur-

sor" key is used to move from field to field of the display

when editing a program, or to switch, in elapsed-time pro-
gramming, from minutes to seconds.

A sensor at the lower left of the panel receives infrared
signals from Revox's optional B201 wireless remote-control

I . unit ($125); a light behind the sensor panel blinks to ac-
130,60 50 100 200500 1k 2% Sk iokzoR - ~'00 knowledge commands. The B201 commands the B225's
“Play/Next,” “Stop,” skip-ahead, skip-back, and pause
functions, plus direct numerical track entry. The B201 can
also be used with Revox's B251 ampilifier, B261 tuner, B710
Fig. 3—S/N analysis, both Mk Il cassette deck, and the B791 and B795 turntables. To
unweighted (A) and keep the button count down to a reasonable number (38!),
A-weighted (B). the remote does not provide separate buttons for the CD-
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player functions, but requires that a key be pressed
concurrently with each button when commanding the B225.
If the remote is to be used only with the CD player, it can be
modified so that the """ key need not be pressed.

The rear panel of the B225 is equipped with fixed- and
variable-level output-jack pairs, a power-cord receptacle
and a multi-pin remote socket for connecting a wired remote
control. Connecting such a remote automatically disables
the infrared receiver.

Reading about all the B225's controls may perhaps intimi-
date you a bit—when [ first read the owner's manual, before
actually using the deck, | figured I'd need several hours to
master everything. In fact, once | started dealing with this
magnificent product, | was able to use and program it
almost immediately—that's how well the panel is laid out,
and how succinctly and clearly the controls are labelled.

Measurements

After marvelling at the extraordinary fiexibility of this beau-
tifully crafted machine, | got down to measuring its actual
performance. As | have found again and again over the
years, Revox's published specifications were unusually con-
servative. Figure 1 shows a plot of frequency response for
both the left and right channels of the B225. The vertical
scale is 2 dB per division, and the sweep, from left to right,
extends from 20 Hz to 20 kHz. Frequency response was
extremely flat, deviating by no more than +0.2 dB. Harmon-
ic distortion for maximum output varied from 0.003% to
around 0.006%, depending upon the test frequency being
measured. A plot of THD versus frequency up to around 10
kHz, at various recorded levels, is shown in Fig. 2.

Unweighted S/N measured 98.6 dB (Fig. 3A) while, with
A-weighting, it increased to 102 dB (Fig. 3B). At maximum
recorded level, IM distortion measured 0.0055%, increasing
to 0.065% at —20 dB recorded level. Linearity was accurate
to within 0.2 dB down to —80 dB. Stereo separation (Fig. 4)
ranged from 80 dB at the low and high frequency extremes
to around 89 dB at mid-frequencies.

Reproduction of a 1-kHz, digitally generated square-wave
signal is shown in Fig. 5. The reproduced waveform is
typical of that obtained with CD players that use digital
filtering ahead of their D/A converters, as this one does.
(The filters used here are Revox’s own design.) Playback of
a digitally generated unit-pulse signal was also typical of
players using this type of filtering (Fig. 6). The 'scope photo
of Fig. 7 shows negligible phase shift between a lsft-chan-
nel, 200-Hz test signal and a right-channel, 2-kHz one. it
should be noted that the B225 has two independent D/A
conversion circuits, which eliminate one source of time
delay or phase differential between channels.

Use and Listening Tests

in their white paper on the technology of the B225, Revox
claims the unit "“doesn’'t mistrack, even in very stressful
situations,” thanks to its pivoting-arm laser assembly. As to
error-correction, the paper claims that “The B225 plays all
damaged records. It is the only CD player capable of this.
The only restriction cited is that "Discs in very bad shape
(broken, pierced, scratched all over the surface) will still be
perfectly reproduced, but cannot be programmed.

The B225’s nineteen
programming steps can
cover more than 19 tracks,
and each step can include
any number of consecutive
selections.
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Fig. 4—Separation vs.
frequency.

Fig. 5—
Square-wave
reproduction,
1 kHz.

Fig. 6—
Single-putse test.

Fig. 7—
Two-tone phase
test (200 Hz

left channel,

2 kHz right).
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Revox claims the B225 can
play even the most badly
damaged Compact Discs.
The only restriction is in
programming.

Well | wasn't about to break, pierce, or scratch all over
their surfaces any of my favorite musical CDs to prove the
point, and | suspect that even at Revox, copywriters can get
to be a bit over-enthusiastic. This much | can say, with
certainty, however. The Revox B225 had no trouble whatso-
ever playing through (and ignoring) all of the defects built
into my special Philips test disc. That means that it was able
to correct for dropouts extending to 900 microns in length,
simulated dust or dirt spots 900 microns in diameter, and a
long, semi-opaque simulated fingerprint smudge. | must
also confess that | was a bit more brutal than usual in my
“tapping tests” along the sides and top of this rugged unit
yet still | failed to cause any mistracking during these
‘shock tests

If you are looking for a CD player that doesn't occupy very
much space on your shelf or table top, this is probably not
the unit for you. There are CD players around that are much
smaller in size and lighter in weight. If, however, you are
looking for a CD player that is more versatile in its program-
ming capabilities than just about any other player available,
you would do well to consider the long-awaited Revox B225
very seriously. | have been an admirer of Revox and Studer
products for many years and have been privileged to visit
the Studer factories in Switzerland and Germany and to
meet and talk with the company's legendary founder, Dr
Willi Studer. Having had the pleasure of listening to Dr.

Studer explain his philosophy of product design and quality,
| expected nothing less than sonic and mechanical perfec-
tion from the company’s first CD player

| was not disappointed In the least. Sound quality was
beyond reproach. | know that in the past | have repeatedly
stressed that there is little audible difference between one
CD player and the next. Nevertheless, | felt that the Revox
B225 sounded cleaner; instruments seemed better defined
during ensemble playing and in orchestral works. Stereo
imaging was magnificent when | played some of my most
recent CD acquisitions. | wondered whether my positive
reaction to the sound of this player was purely psychologi-
cal (stemming from my admiration for the engineering and
layout of the instrument) or whether it was, in fact, the result
of an audible difference between this CD player and others |
have tested. | suppose | will never really know. The ease
with which complex programming could be accomplished
on this superbly engineered machine seemed a fitting ac-
companiment to the high technology involved in the actual
playing and tracking of CDs. All in all, the Revox B225 is a
superb instrument. | simply can't find anything to criticize
nor can | think of a single feature or control that | would have
arranged differently. As is usual with Revox where new
designs are concerned, it took the company quite a long
time to come up with their first CD player. But it was certainly
worth waiting for! Leonard Feldman
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The panel follows a logical layout, with programming controls
grouped to the left of the display and disc drawer, and more
often-used controls to the right.
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BEYOND CONVENTIONAL CD PERFORMANCE

Onkyo's Integra DX-200 Compact Disc Pley=r sets a new
standard of CD performance, both in sonic fidelity and user
convenience.

When comparing CD players, the digital-tc-analog (D/A)
conversion method is the key factor, for althcugh the sound
on the disc itself is digital, the CD player must convert it to
analog for output to the amplifier. If this is not cccomplished
perfectly, the chief benefit of digital—far gr=ate- dynamic
range with a total absence of noise—will not be realized.
That's why Onkyo utilizes a 16 bit D/A converter system that
exactly matches the 16 bit digital code used ir the recording
process, along with specialized double ove-sampling and
digital filtering techniques.

Four separate power supplies eliminate interaction
betweenistages, and exclusive Delta Power and Super Servo
circuitries mainta n noise & distortion free reproduction. A
precisior 3-beam kaser pickup assures precise tracking with
fast track access.

A full complement of covenience features includes 16
track random mzmory, wita complete digital display for
track, incex, elapsed/remairing time, and memory contents,
all of which can be contrclled by the DX-200’s wireless
remote unit.

The Integra DX-200 goes keyond conventional CD per-
formance to let you realize the promise of digital as it was
meant to be heard. Discover the audible difference today.

Artistry In Souna

ONKYO

200 Williams Drive, Ramsey, N J. 074456




FQUIPMENT PROFILE
—

Manufacturer’s Specifications

CD Player Section Only

Frequency Response: 5 Hz to 20
kHz, +0.5 dB.

S/N Ratio: 96 dB.

Dynamic Range: 96 dB.

Channel Separation: 94 dB.

THD: 0.003% at 1 kHz.

Output Level: 2.6 V at 0-dB level

Power Consumption: 42 watts.

Dimensions: 16'2 in. (42 cm) W X
6% in. (16.8 cm) H x 17-9/16 in.
(44.7 cm) D.

Weight: 35 |bs., 3 0z. (16 kq).

Price: $1,200.

Company Address: Pioneer Videc,
200 West Grand Ave., Montvale, N.J.
07645.

(Originally published February 1985)

PIONEER
CLD-900
COMPACT DISC/
LASERDISC
PLAYER

It was bound to happen sooner or later. Nearly two years
ago, | was speaking to Bart Locanthi, a leading technical
executive with Pioneer on the West Coast. Even then, he
hinted that the presence of a common element—the laser
pickup—in CD players and LaserVision videodisc players
suggested that a player could be built to handle both types
of program sources. At the recent Japan Audio Fair, held in
Tokyo in the fall of 1984, Pioneer demonstrated the first such
combination player. A month or so later, | was given a
production prototype of the machine as it will be marketed
in the United States early this year.

What Mr. Locanthi failed to tefl me during our discussion
was that it is possible to record the soundtracks on a
LaserVision videodisc using the digital-audio CD format,
and that such discs would become available when the
combination player became a reality. Indeed, that is just
what has happened. With this first combination CD/LV play-
er | was given a videodisc which contains not only the AFM
(audio frequency modulation) audio tracks which have been
the standard all along (it is similar to the AFM technique
used in Beta Hi-Fi and VHS Hi-Fi, and is therefore of excel-
lent quality), but also contains CD audio, totally digital.
Incorporating both kinds of audio is, of course, essential for
compatibility, but on a player such as the new Pioneer CLD-
900, the sound reproduction can be of the quality and
dynamic range of CDs.

Pioneer has taken advantage of the more obvious similar-
ities between videodisc and Compact Disc players, but they
have gone beyond that. | was as impressed by the clever
way in which they have assigned dual functions to the
buttons on the supplied wireless remote-control unit as |
was by the design of the actual player itself. The designers
of this incredible instrument assumed (rightly, | believe) that

when playing a Compact Disc you would still have the video
output of the unit connected to your TV set or video monitor.
This being the case, they arranged for that video screen to
display all the information sometimes found on CD players.
Therefore, the front panel of the CLD-900 remains relatively
uncluttered, considering the great number of operational
modes it supports.

As for the LaserVision features, they are just about the
same as those found in Pioneer’s dedicated videodisc play-
ers, such as their Model LD-700. The same wireless remote
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Fig. 1—Frequency
response, left (top) and
right channels, at

0-dB level.
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used when playing Compact Discs also controls such video
special effects as freeze-frame, single-frame advance, slow
motion, fast motion, and random access to individual frames
by number. These effects, however, are available only with
CAV (Constant Angular Velocity) discs, which play for 30
minutes per side, not with the more common, hour-per-side
CLV (Constant Linear Velocity) discs. Like the LD-700, the
CLD-900 is front-loading and handles either 12-inch or the
newer 8-inch discs in CAV or CLV formats. Molded ridges
inside the loading drawer help you to properly position both
sizes of LaserVision discs as well as the 12-cm (4.7-inch)
CDs before you push the drawer closed and begin play.

Control Layout

Most of the upper front panel is taken up by the disc
loading drawer, which is opened by pressing the “Eject"”
button near the right edge of the panel or on the battery-
operated, infrared remote control. Below the drawer, at the
left, are a power on/off button and a stereo headphone jack.
The TV video selector button is located near the center of
the panel, next to the CX noise-reduction on/off switch. This
form of dynamic noise-reduction circuitry, found on earlier
LaserVision players, is used only when playing CX-encoded
discs. The switch won't do anything if you play a future
LaserVision disc with CD digital audio tracks, since no
noise reduction would be needed with these already noise-
free discs. Whether you are playing CDs or LV discs, a
multi-function display lets you know what's happening: Nu-
merals tell what CD track you're hearing or which LV “chap-
ter” you are watching. llluminated words tell you whether
you are in the “Pause" or “Play" mode, whether soundtracks
are digital or analog, whether you have selected one of the
repeat-play features (and, if so, which one), and whether
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CD and LaserVision now
have more than just lasers
in common: LaserVision
discs with CD-format audio
tracks are coming soon.
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Fig. 4—S/N analysis, both
unweighted (A) and
A-weighted (B).

Fig. 5—IHF twin-tone IM
test (14 and 15 kHz)
showed 0.03%
distortion—more than
usual, but still minute.
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audio is left-channel, right-channel or stereo. Additional
small indicator lights tell the viewer whether the CX noise-
reduction mode has been selected and whether or not an
extended-play (CLV) videodisc is being viewed.

The more sophisticated special-effects and programming
features available on the CLD-900 are accessible only via
the hand-held remote control. It is this little module which
lets you quickly access a specifically numbered “frame" on
a videodisc (as many as 54,000 frames can fit on one side
of a standard-play LV disc), choose one of several slow-
motion or fast-motion viewing speeds, go into freeze-frame
or frame-by-frame viewing, access a given chapter of an LV
disc, quickly scan forward or backward to find the scene
you want to watch, or turn on disptays (superimposed on the
picture you are watching) that show the chapter as well as
the frame being viewed. When playing a CD (audio-only)
disc, most of the touch buttons used for videodisc special
effects and programming serve similar functions. You can
access tracks or index points (if the latter are encoded on
the disc you are playing). You can fast-scan the music (the
music remains audible and does not change pitch while you
scan), and of course, you can turn on the additional dis-
plays, visible on your video screen, that tell you the time into
the track you are playing, the remaining time of the entire
disc, and even the total time of the disc. Repeat-play, either
from one point to another or for an entire track or disc, is
possible both for LaserVision and Compact Discs.

Measurements

For the purpose of this report, | concentrated primarily on
the CLD-900's audio performance as a CD player. | was
unable to measure its audio performance with either the
analog or digital soundtracks of LaserVision discs, as | was
unable to obtain a suitable test disc.

As to the video performance, let me simply reiterate
something that's been said by many others, many times:
The LaserVision videodisc format gives you the very best
picture presently available on a home video screen. Picture
resolution surpasses what you can get with the best models
of videocassette recorders, even at their fastest tape
speeds. | would hope, personally, that now that the LaserVi-
sion's video virtues can be combined with the benefits and
fidelity of Compact Discs, perhaps more people will come to
recognize just how great the combination of crisp video
pictures on a good TV monitor plus digitally recorded and
reproduced sterec audio can be.

Having said that, let me go on to the CD player measure-
ment results. Figure 1 shows the playback frequency re-
sponse for the left and right channels. The vertical scale is 2
dB per division so as to highlight any small deviations from
ruler-flat response. There were none to speak of, and, with
the cursor of the graph set to read relative output at 20 kHz,
the readings were only off by 1.0 and 1.2 dB for the left and
right channels respectively.

Harmonic distortion at mid-frequencies, for maximum re-
corded level, measured 0.004%, remaining essentially at
that low level over the entire audio spectrum. There was no
evidence of any superaudible “beats” such as those | have
found with so many other CD players. In fact, for a 20-kHz
test tone, the single THD reading (which normally rises as a
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Since this dual-purpose
player will normally be
hooked to your TV set or
video monitor, it displays
CD information (such as
elapsed time) on the screen.

Fig. 6——
Square-wave
reproduction,
1 kHz.

Fig. 7—
Single-pulse test.

Fig. 8—
Twin-tone phase-
test signals

(200 Hz and

2 kHz) showed
negligible

phase shift in
CD player
section.

The CLD-800
plays CDs plus
8- and 12-inch
LaserVision
videodiscs.

result of non-harmonically related beats) remained a low
0.0045% at 0-dB (maximum) signal level. Figure 2 shows
distortion versus frequency for maximum recorded level
(0 dB) as well as for levels of —24 and —30 dB. As usual,
the THD increases at lower output levels: At the —30 dB
recorded level, THD for a 1-kHz signal measured 0.09%.

Output linearity was accurate to within 0.3 dB down to 80
dB below maximum recotded level. Stereo separation or
crosstalk is shown in Fig. 3 and was extremely uniform over
the entire range of test frequencies used. As with many
other CD players, there was only a minimal decrease in
separation at the frequency extremes. This suggests that
the analog output stages cf the player have been designed
with good isolation between left and right channels.

Signal-to-noise ratio, measured without any weighting net-
work, was 90.7 dB, increasing to an even higher 95.6 dB
when an A-weighting network was introduced in the mea-
surement path. An analysis of the noise content as a func-
tion of frequency distribution is shown in Figs. 4A and 4B.

The SMPTE-IM distortion was a low 0.004% at maximum
recorded level, increasing to 0.012% at —20 dB recorded
level. The CCIF (twin-tonej IM, using signals at 19 and 20
kHz, measured only 0.002% at the equivalent of maximum
recorded level and 0.0028% at —10 dB.

I thought it more significant that | detected a small amount
of IHF-IM distortion. At 0.03%, it was still minute, but on most
CD players, IM is too low for my equipment even to mea-
sure. Figure 5 shows what happens when the player repro-
duces the IHF-IM test's twin tones. The two tall spikes
represent the 14- and 15-kHz test tones, while the small
spike just to their left is a spurious signal, 1 kHz lower. (The
sweep here is linear, at 2 k-z per division.) The amplitude of
this spike is approximately 70 dB lower than the composite
of the two test tones, or 0.03%.

Square-wave reproduction of a 1-kHz, digitally generated
square-wave signal (Fig. 6) was typical of that produced by
CD players that use multi-pole, analog output filters, as was
the reproduction of the unit pulse (Fig. 7). With a 200-Hz
signal reproduced from the left channel and a 2-kHz signal
coming from the right channel, there was little evidence of
phase shift between the nigher frequency and the lower
one. Perfect phase relationship would be indicated by both
sine waves in Fig. 8 crossing the zero axis in a positive-
going direction at the same time—a condition which occurs
near the right side of the 'scope photo of Fig. 8.

The CLD-900 was able to "read" through all of the built-in
defects in my special Philips error-correction and tracking
test disc. Specifically, it ignored 900-micron linear distances
of missing information as well as 800-micron diameter simu-
lated dust particles (actually black dots embedded beneath
the surface of the test disc) and semi-opaque, simulated
fingerprint smudges. This unit played the various musical
tracks encoded beneath the defects without any muting and
without skipping of any kind.

Use, Listening and Viewing Tests
Besides the usual assor'ment of favorite CDs that | use to
evaluate the sonic performance of CD players, | listened to
and watched, the single LaserVision disc | had borrowed
Continued on page 60
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FQUIPMENT PROFILE

THE CARVER
COMPACT DISC
PLAYER

Manufacturer's Specifications

Frequency Response: 5 Hz to 20
kHz, +0.5 dB.

S/N Ratio: 96 dB.

Dynamic Range: 96 dB

Channel Separation: 60 dB

THD: 0.05% at 1 kHz.

Output Level: 1.9V at 0 dB.

Number of Programmable Se-
lections: 99.

Power Consumption: 26 watts.

Dimensions: 19in. (48.3cm)W x 3
7/16in. (8.7 cm) H x 11% in. (28.6
cm) D

Weight: 13 Ibs. (5.9 kg)

Price: $650.

Company Address: P.0 Box 1237
Lynnwood, Wash. 98036.

(Criginally published March 1985)

:
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Fig. 1—Frequency
response, left (top) and
right channels, with
Digital Time Lens off.

Leave it to Bob Carver to come up with a CD player
designed to please both those who love CDs and those who
still have reservations about their sound quality. Carver, one
of the true innovators in the audio industry, has given us
such “magical” signal-processing circuits as the Autocorre-
lator (a single-ended noise-reduction circuit), Sonic Holog-
raphy (a space-expanding stereo system), Magnetic Field
Amplification, the Asymmetrical Charge-Coupled FM Stereo
Detector (for better FM stereo reception), and ncw, the
Carver Digital Time Lens, intended to satisfy those who
maintain that LPs sound better than CDs. The names of
these audio innovations don't tell you much about what the
circuits actually do. The fact is, though, that these circuits
do what Carver intends, and they do it very well indead. His
newest, the Digital Time Lens, is no exception. But before |
get into that unit in detail, let's have a look at the way Carver
has put together his first CD player, which, like his receiver,
carries no model number—only the appellation The Carver
CD Player (emphasis mine)

Control Layout

The player’s front panel conforms in size and color to
several other Carver products, featuring a 19-inch-wide
front panel equipped with handles and finished in a sub-
dued charcoal gray. Carver continues to insist upon using
what | call “black on black™ printed nomenclature on his
front panels. It's almost invisible unless light hits the panel at
just the right angle. For a reviewer such as myself, this can
be frustrating at times, as | strain to find the right buttons to
push. However, for an owner of the equipment, who be-
comes accustomed to the various controls’ positions, it
should pose no problem. In fact, it makes for a very sub-
dued-looking panel which fits in with home decor much
better than some of the garishly inscribed panels | have
seen.

Other than the two handles, there are no protrusions on
the front panel whatever. The CD drawer at the left is
opened by touching a square touch pad on the right of the
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Fig. 2—Same as Fig. 1 but treble dips are —2.1 to
with Time Lens on. Bass —2.3 dB at 3.1 kHz. Note

peaks shown measure also treble peak just
+23to +2.4dB at 145 Hz, below 20 kHz.

Fig. 3—Spectrum
analysis, 0 Hz to
50 kHz, showing
20-kHz tone (tall
spike) and
spurious beat
tone (small spike)
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at three signal levels.
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Carver is a true innovator.
His circuits have strange
names, but they do what
they’re supposed to, and
they do it very well.
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Fig. 5~S/N analysis with
Digital Time Lens adding
dither, both unweighted
(A) and A-weighted (B).
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Fig. 6—Unweighted S/N
analysis, without added
dither.

drawer; it's closed either by touching that button a second
time or by touching the drawer itself. The on-off button is
located below the disc drawer. A pushbutton below the
“Open/Close” button activates Carver's Digital Time Lens
(about which 1 will have much more to say in a few mo-
ments). When the “Digital Time Lens" button is depressed,
a light above it indicates that this circuit is in use. An LED
display near the panel's center alternately displays track
number or elapsed time within the track. When a disc is
loaded into the disc drawer, the display first shows the total
number of tracks on that disc and can then be switched to
show total time on the disc. When you're programming, the
display shows both the current track or index number and
the current program slot—i.e., “16P 3" indicates that you've
programmed track 16 as the third of the 99 possible pro-
gram selections.

Although the display is really a simple numeric one,
Carver has managed to program the eight-segment LEDs
so that they also provide useful “alpha”-type data. When
power is first turned on, the laser pickup does some search-
ing, while the display blinks with a few dashes ("----"). If no
disc is located, the word “dISC" begins to flash intermittent-
ty. When the door is opened, the word “OPEn" appears.
After your programmed selections have been played, or the
programming is completed, the word “End” appears. Below
the display are three small pushbuttons, labelled “Display”
(for switching between elapsed time and track number),
“Program” (for initiating program mode and storing each of
the track numbers to be played) and “Repeat” (for program-
ming repeat-play of a given disc or group of tracks that have
been selected).

Six more touch pads or buttons, to the right of the display,
initiate play, track-by-track reverse or advance, stop/pause,
fast-reverse and fast-forward (with muted but audible cue-
ing). The track-by-track and cueing buttons are clustered in
a square, for convenient shuttling between tracks and loca-
tions. These buttons have auto-repeat, so if you wish, for
example, to jump ahead by 40 tracks, just hold down the
track-advance (“+") button. The display will show track
numbers advancing faster and faster until you lift your fin-
ger—"warp drive," Carver calls it, though slewing is more
usual.

Loading a disc in the drawer and pressing "Play” will
close the drawer and start the player. If you press "Open/
Close" instead (or simply nudge the drawer itself), the
drawer will close and the player will scan the disc to locate
its tracks, but play will not begin until you press the “Play"
button.

You can begin programming a disc even before the
drawer has closed. Press the “Program™ button to get into
the mode, then press the "+ button to advance to the
desired track. If you overshoot, just press the " —" button.
(The forward and reverse buttons perform the same func-
tions, but for index points, not tracks.) Pressing the *Pro-
gram” button once again stores your selection, blanks the
left (track/index number) side of the display, and changes
the right side from “P 1" to “P 2" for your next selection.

There is no output-level control and no headphone jack.
The rear panel carries only the usual pair of output jacks
and the power ccrd.
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The Time Lens will add
depth and warmth to those
CDs that need it. But I
wish it could add each of
them separately.

1
Fig. 7—
Square-wave
reproduction,
1 kHz.

Measurements

Because of the Digital Time Lens in this CD player, some
of my usual measurements had to be taken twice. For
example. Fig. 1 shows the normal frequency response of the
player without the addition of the special circuit. It is flat to
better than +1.0 dB to 20 kHz. The vertical scale in this
graph and in Fig. 2 has been expanded to 2 dB per division,
to show even slight deviations from flat response. Figure 2
shows wnat happens to the response when the Digital Time
Lens is switched in. Note that the equalization circuit adds a
bit less than 2.5 dB of boost at 145 Hz and just over 2 dB of
treble cut at 3.1 kHz

Harmaonic distortion at mid-frequencies, for maximum re-
corded level, measured 0.0045%, rising insignificantly to
around 0.006% at the bass and treble frequency extremes.

THE DIGITAL TIME LENS—THEORY AND PRACTICE

Bob Carver, along with many oth-
ers, was displeased by the sound of
the earliest CDs and decided to find
out why some didn't sound the same
(or, some say, as good) as the LP
versions of the same recordings. Un-
like many who have complained
about poor stereo imaging, lack of
depth and strident, harsh treble—
and who have blamed the CD digital
system itself—Carver was enough of
a mathematician and engineering
theorist to know that the system itself
was inherently blameless

After extensive comparison tests
between LPs and their CD versions,
which included time-synchronized
playings of both types of record while
measurements and observations
were made, Bob Carver conciuded
that there were two major differences
between certain CDs and their LP
equivalents. The first had to do with
stereo depth or separation. In any
stereo program, the stereo effect is
transmitted by the difference be-
tween left and right signals (L — R),
while the sum of the two signals con-
veys the mono information. Bob dis-
covered that many CDs have less
relative L — R information (compared
with the quantity of L + R signal) than
do the LPs of the same programs, at
the same musical moment.

This difference is not great—often
no more than 1 dB or so. In fact, in
order to see it on an oscilloscope,
Carver had to devise a special test
circuit that would amplify the differ-

ence. A block diagram of that test
circuit is shown in Fig. B1, just in
case more ambitious readers want to
duplicate Carver's experiments. The
four-quadrant multipliers in Fig. B1
expand the output voltages ‘nstanta-
neously so that the Lissajous patterns
obtained by connecting the left and
right outputs to the vertical and hori-
zontal inputs to an oscilloscope will
be easier to interpret. The differences
in patterns obtained are, in effect,
raised to the second power and be-
come proportional to the output pow-
er (rather than voltage) or energy into
the listening room. (The matrix and
dematrix blocks in the diagram repre-
sent M-S encoding and decoding
matrices.)

The next two figures show the Lis-

sajous patterns obtained from the
same instant of musical program in
its LP (Fig. B2) and CD (Fig. B3)
versions. In this type of Lissajous dis-
play, a straight, thin, diagonal line
from the lower left to the upper right
would represent a purely monopho-
nic signal. The more stereo “differ-
ence” information there is, the more
the line spreads out into an ellipse.
Notice that there is significantly more
difference (L — R) signal in the LP
version of the music!

The second major difference be-
tween some CDs and their LP coun-
terparts noted by Carver during his
research was a difference in equal-
ization, or the overall frequency re-
sponse. Using a fine moving-coit car-
tridge to play the LP versions of cer-

Fig. B1—Block diagram of
circuit used to emphasize
and view changes in

(L — R)/(L + R) ratios.
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The difference in LP and
CD stereo separation isn’t
great,; it takes a special
circuit to make it visible
on a ’scope.

Fig. 8—
Single-pulse test.

When | didn’t use a band-pass filter for the harmonic distor-
tion measurements, the readings were much higher.

caused not by actual harmonic components but by the
usual out-of-band component generated by the combina-
tion of a high-frequency test signal on my test disc and the
44 1-kHz sampling frequency of the CD system itself. This
effectis seen in Fig. 3. The tall spike at left is the desired 20-
kHz output, while just to the right is another signal, at 24.1
kHz (the difference between 44.1 and 20 kHz), which is only
around 22 dB lower. | suspect that the high (though inaudi-
ble) amplitude of this spurious signal is caused by Carver's
use of gentle, analog, output filters which roll off slowly
above 20 kHz. He is able to use such gentle filtering be-
cause, like so many other makers of CD players these days,
he has elected to use oversampling and digital filtering

before D/A conversion.

Fig. B2—Lissajous
pattern showing

{L — R)/ (L + R) ratio
from an LP record.

/

Fig. B3—The same instant
of music as in Fig. B2 but
taken from the CD
version. Note the
decreased difference

(L — R) content, as
shown by the narrowed
trace.

tain programs, Carver noted thal
ther= was a slight boost in the mid-
bass region and a slight cut in the
mid-treble region compared with the
response obtained when playing the
CD version of the same program. The
average difference is shown in Fig.
B4, where the straight-line response
is arbitrarily taken as the response ol
the LP version, while the other curve
shows the response of the CD rela-
tive to that reference response
Carver's objective in designing the
Digtal Time Lens was to give the
user the ability to introduce the con-
verse of these two effects, at will
Tha:, essentially, is what he has
donz: If there is a deficiency of L — F

Fig. B4—
Relative frequency
response of a
recording in its
CD (lower trace)
and LP (upper
trace) versions,
using the LP

as a reference
arbitrarily
assumed as
“flat.”

signal in some CDs, the user can
interpose a form of matrix-dematrix
circuitry that will put back some extra
L — R signal. If there is overly bright
mid-treble and somewhat diminished
mid-bass in a CD, the user can add a
little mid-bass and attenuate some
mid-treble frequencies by means of a
switchable circuit. The important
thing about the Digital Time Lens, as
Carver points out, is that it is switch-
able. There are some CDs that will
not benefit from its use (says Carver)
since they are recorded well and are
musically pleasing. For those that do
require the kind of compensation that
the circuit provides, The Carver CD
Player lets you introduce it. A block
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Well-recorded CDs, Carver
says, won’t benefit from the
Digital Time Lens. That’s
why it’s switchable.

Fig. 9—
Two-tone phase-
test signal

(200 Hz and

2 kHz) with
Digital Time
Lens off.

Figure 4 is a graph of distortion versus frequency for
maximum recorded levels as well as for levels of —24 and

-30 dB. At the —30 dB level, turning on the Digital Time
Lens circuit resuited in higher distortion meter readings (not
shown in the graphs). It was clear from ‘scope observations,
however, that this was not an increase in actual harmonic
distortion, but rather the distortion meter's mistaking the
added dither noise (see Sidebar) for new distortion compo-
nents. The dither is about 82 dB below maximum recorded
level, but that's only 52 dB below a —30 dB recorded
signal. So, relative to such a lower level signal, the noise
represents a level that is 0.25% of the signal level. And, sure
enough, that's exactly the level of “distortion™ that my distor-
tion meter thought it was reading.

Output linearity was accurate down to —60 dB, within 1.0

Fig. B5—Block diagram of
the Carver Digital Time Lens.

| Fig. B6—Uitra-low-level
(4-bit), 1-kHz signal, as
reproduced by
conventional CD players.

diagram of the Digital Time Lens cir-
cuit is shown in Fig. BS.

There is one "block" in Fig. B5 that
| haven't talked about yet, the one
labelled "Random-Noise Dither Sig-
nal.” Cerver admitted to me that he is
not sure whether this feature of his
Digital Time Lens really provides an
audible benefit, but he could easily
demonstrate its theoretical desirabil-
ity. (See also “Digital Domain,” Au-
dio, November 1984.)

Withou- dither, very low-level sig-
nals are subject to very high distor-
tion. Take, for example, Fig. B6,
which shows the output of Tae Carver
CD Player reproducing a 1-kHz sig-
nal at 30 dB below maximum record-
ed level, close to the CD system's
noise flioor. This waveform is typical
of all CD players, and shows clearly
the step-like approximation that de-
fines the 1-kHz tone. The “steps” are
clearly visible because, in digital

Fig. B7—Same as Fig. B6,
with dither added before
D/A conversion.
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The Digital Time Lens
misleads meters, showing
more distortion where you
hear less, and less
separation where you
hear more.

dB. SMPTE-IM distortion measured 0.0025% at 0 dB (maxi-
mum) recorded level and 0.03% at —20 dB. The CCIR-IM
(twin-tone) distortion was only 0.0037%; | could not detect
any in-band distortion components during this measure-
ment other than the basic, 1-kHz beat which constitutes the
CCIR-IM component.

An analysis of signal-to-noise performance, both un-
weighted and weighted, is shown with the Digital Time Lens
engaged in Figs. 5A and 5B. An analysis of unweighted S/N
without the Digital Time Lens engaged is shown in Fig. 6. My
tester would not plot an A-weighted S/N analysis for this
condition, since the S/N was far over 100 dB.

Reproduction of a 1-kHz, digitally generated signal (Fig.
7) was about as close to a true square wave as | have ever
seen from a CD player that used digital filtering. The unit-

pulse test is shown in Fig. 8 Figure 9 shows a virtual
absence of any phase error between a 200-Hz signal on
one channel and a 2-kHz signal on the other. When there is
zero phase shift between these two signals, the waveforms
cross the zero axis in the same direction at the same time,
and that is exactly what is happening in Fig. 9.

Figure 10 shows separation between channels with the
Digital Time Lens deactivated. At midrange frequencies,
separation was around 80 dB, decreasing to just under 60
dB at the extreme high frequencies. If you were to repeat my
tests with the Digital Time Lens switched on, you would
measure no more than about 15 dB of apparent separation!
That's because when Carver increases L — R content with
this circuit he does so by adding out-of-phase right signal to
the left channel and out-of-phase left signal to the right

Fig. B8—Spectrum
analysis of waveform
shown in Fig. B6 shows
high level of harmonic
distortion components.

Fig. B9—With dither
added, overall noise level
increases, but distortion
components vanish below
the noise floor.

terms, there are only four bits left at
this low level with which to describe
the waveform.

By adding some random noise to
such a signal, it is actually possible to
reduce the high levels of distortion
that would otherwise be present, by
substituting fower levels of less-ob-
trusive, random (“white") noise. Fig-
ure B7 shows the same —90 dB, 1-
kHz tone, this time with the Digital
Time Lens circuit adding some dither
noise. The noise is greater, but the
step-like nature of the recovered sig-
nal has all but disappeared. In prac-
tice, the noise dither signal has been
set about 12 dB above the system'’s
noise floor.

That this really does represent de-

creased distortion is shown more
clearly by spectrum analyses of the
low-level (—90 dB) signals which
were shown in Figs. B6 and B7. With-
out dither (Fig. B8), the fundamental,
1-kHz spike at the far left is joined by
large spikes of harmonic distortion
products at the nght; the total har-
monic distortion calculated from this
display is 34%! With dither (Fig. B9),
the noise has increased significantly,
but the distortion (hardly visible,
since it is now buried in the noise)
has been reduced to a negligible 1%
or less!

Though he is not certain that this
final element of his three-part Digital
Time Lens circuit is essential, Carver
related the following story, which

dates back to his early days in audio,
to explain why he included the dither
signal. “A long time ago, when | got
my Revox A77 open-reel tape ma-
chine, | made a recording of Bruno
Walter's rendition of Beethoven's
Seventh Symphony. Of course, there
was tape hiss (no Dolby NR), and so
it sounded clean, but noisy. One eve-
ning | had a damp log burning in my
fireplace and it was venting steam,
making a hissing sound just like the
tape recorder. Also, from time to time
it would make a faint crackling sound.

“I happened to turn on my A77 and
was utterly flabbergasted. Beethoven
emerged from a silky, pure silence!
I've never heard a tape sound better;
the music was so clean, so pure, so
uncontaminated by tape noise or re-
cord-surface ticks and pops. | won-
der what would have happened if |
had put an opaqgue screen in front of
my fireplace so no one could see the
fire.

"The powerful memory of that ex-
perience is why |'ve put the dither
signal in my CD player. It makes me
feel safer—and better.”

Carver also told me that, while add-
ing the dither may not do much at
such low signal levels (the change in
octave-to-octave balance and the
adjustment of L + R/L — R ratio is
much more significant), the dither
signal does trade distortion for noise.
But it's not an even trade—a little
dither noise takes away a lot of distor-
tion! L.F.
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The Time Lens also adds
dither, trading a small
increase in noise for a
large decrease in audible
distortion.

channel. Of course, a simple voltmeter can't tell that the
opposite-channel content is out of phase, so you get a poor
separation reading. In fact, when you listen to music with the
Digital Time Lens on, separation and depth of imaging
actually increase—which is one of the objects of this circuit.

Figure 11 (using the phase-check test signals used in Fig.
10) is an interesting 'scope photo in that it shows exactly
what | have just described: The left signal with some right
mixed into it and the right signal with some left mixed in.
Again, the waveforms appear to have a fair amount of
crosstalk and, hence, poor separation. But careful study of
the photo shows, in fact, that the “high-frequency” ripple on
the low-frequency waveform is exactly 180° out of phase
with the high-frequency signal on the opposite channel,
while the low-frequency ripple seen “modulating the enve-
lope of the high-frequency signal is also 180° out ¢f phase
with the low-frequency signal of the alternate channel

The Carver CD Player was able to track all but the last and
widest section of the opague wedge on my special defects
disc. That is, it was able to overlook dropouts as wide as
800 microns. No problems were encountered in tracking the
simulated dust spots, the greatest diameter of which was
also 800 microns. Neither were there any mutes or skips
when the laser pickup traversed the area of the disc that
bore simulated fingerprint smudges. So, while The Carver
did not do quite as well as some recent players that handled
all of the defects on this test disc, it is not likely to give you
any tracking problems uniess you really mishandle your
discs and cover them with scratches too wide for the player
to correct. The player's resistance to external shock is very
good, too.

Use and Listening Tests

In recent months | have tended to favor the sound of CD
players that employ digital filtering, and The Carver CD
Player is in this category. It almost goes without saying that
the sound quality produced by this player was superb—
without the Digital Time Lens. So, what did the Time Lens
contribute? | look upon this circuit as an option, one that can
and should be used with certain CDs which seem to lack the
depth that | feel belongs in a musical performance. You
might argue that the equalization afforded by the Time Lens
(to provide what some have described as a warmer sound)
could just as easily be accomplished by judicious use of
bass and treble controls, but that is not true. Look at Fig. 2
and you will agree that no simple bass and treble controls
can create this kind of a response curve. A graphic equaliz-
er might, but not everyone has a graphic equalizer or the
ability to set it to this empirically derived curve.

As for myself, 1 almost wish that Carver had chosen to
separate the equalization function of the Digital Time Lens
from the (L + R)/(L — R) ratio manipulation, since some of
my discs seemed to profit from the latter effect but suffer
from the change in overall response. | would hasten to add,
however, that many of my earliest CDs benefited from both
effects (and probably from the dither noise, too, though—
like Carver—I can't swear that | could hear improvement
from that particular addition).

The important thing about Carver's Digital Time Lens is
that you have control over it. You can turn it off if you don't

need it, and you can turn it on for those discs that seem to
sound better with it. | don't think anyone can fault Carver for
giving us this option, and in fact | commend him for the
extensive research which must have gone into the develop-
ment of his latest audio innovation.

Whatever else you do wnen you audition The Carver CD
Player, be sure to listen carefully to the Digital Time Lens for
several minutes before you turn it off. Try such a slow A/B
test several times; it takes a bit of concentration to really
appreciate what's happening. If, after all that, you don't like
the feature, just turn it off. But | suspect that many owners of
this CD player will use it selectively, putting little coded
marks on their CDs that indicate whether they should be
played with the Time Lens or not. | find nothing wrong with
such an arrangemert.

In emphasizing the Digital Time Lens feature, | don't want
to overlook the basic CD player itself. It has a well-executed
design which fits in nicely with Carver's growing list of fine
products, and it is priced at a level that should make it
affordable to a great many people who are ready for a good
CD player. Leonard Feldman

SEPARATION, Lo R

SEPARATION,Rto L

Fig. 10—Separation vs.
frequency.

Fig. 11—
Two-tone phase-
test signal with
Digital Time
Lens on.
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EQUIPMENT PROFILE

Manufacturer's Specifications

Frequency Response: 20 Hz to 20
kHz, +0.25 dB.

S/N Ratio: Greater than 100 dBA re:
0 dB.

THD: Less than 0.01%, 20 Hz to 20
kHz, at 0 dB; less than 0.1%, 20 Hz
to 20 kHz, at —20 dB.

Channel Separation: Greater than
86 dB, 20 Hz to 20 kHz.

Phase Shift: Less than 5°, 20 Hz to
20 kHz, between or within channels

Output Level: Fixed, 20V rms at 0
dB, 0.5 dB; variable, 0 to 2.0 V
rms; headphone, 0 to 3.0 V rms into
30 ohms.

Dimensions: 17.5in. (44.5cm) W x
28in. (7cm)H x 14.8in. (37.7 cm)
D

Weight: 17 Ibs. (7.9 kg).

Price: $895; optional RC1 remote-
control unit, $99.

Company Address: One Progress
Way, Wilmington, Mass. 01887.

(Originally published June 1985)

indes progrem repeost

ADS obviously intends this, their first Compact Disc play-
er, to be part of their highly regarded Atelier series of audio
components. Not only is the styling of the CD3 consistent
with that of the other components in that series, but its
performance and features clearly identify it as a top-of-the-
line product. As was pointed out to me by Richard Moore of
ADS, the CD3 is the company's second fully digital product.
Some of you may remember the ADS10 Acoustic Dimension
Synthesizer, a digital time-delay unit which used A/D and
D/A adaptive delta-modulation conversion techniques de-
veloped by DeltaLab. The CD3 is an international product,
in the best sense of the phrase, with the developmental
engineering work done on a cooperative basis by engineers
from ADS and its sister firm, Braun Electronic GmbH, of
West Germany, while a highly regarded Japanese company
does the actual assembly work in that country.

The CD3 can handle and play discs with up to 99 tracks,
and as many as 30 selections can be programmed in
random sequence. Using the optional remote control, any
30 of the 99 tracks can be programmed, with any selection
accessible immediately; using the front panel controls, only
the first 30 tracks are programmable.

The controls have been grouped in a most logical fashion,
with the more often-used basic controls placed together on
the front panel in full view. The more specialized and less
often-used controls are on a push-to-release, pivoting panel
below the disc drawer. These controls allow the more so-
phisticated user to perform such functions as toggling be-
tween display of elapsed and remaining time, toggling be-
tween track and index numbers, programming selections,
and choosing any portion of the disc for repeat play

| have often been asked what differentiates a really supe-
rior CD player from an "adequate” one. The ADS CD3 may
help to answer the question, for it is definitely in the superior

class, as evidenced by some of its mechanical innovations
as well as by its electronic and sonic performance. The
smoothly operating, motor-driven loading drawer, for exam-
ple, cradles the CD on soft cushions to prevent any damage
to the disc itself. The slider responds quickly, smoothly, and
noiselessly. Like other ADS Atelier components, the CD3
uses steel top and bottom covers for mechanical strength
and shielding. The spindle motor is an extremely quiet, d.c
brushless type

| found the laser tracking-servo system to be quite resis-
tant to external shock and vibration applied to the sides of

Fig. 1—Frequency
response, left (top) and
right channels.
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return

the unit. The sample | tested showed some sensitivity to
mechanical shock applied vertically, but | am told by ADS
that a cure 1s being worked out by shock-mounting the
transport. In any case, vertical shock is the least likely type
of mechanical vibration to occur in actual use

Circuit Highlights

The CD3 employs two-times oversampling (88.2 kHz) with
digital filtering. Separate digital-to-analog converters are
used in each channel, with full 16-bit linear conversion.
Hypersonic, multiple-pole, analog filters with cutoffs above
35 kHz are used for improved spurious-response rejection
These filters exhibit extremely flat frequency and phase
response in the audio band and, according to ADS, have
less than 5° of phase shift at 20 kHz. | found that the
extremely quiet and low-distortion analog stages placed no

dynamic-range limitations on this player

Fig. 2—THD vs. frequency
at three signal levels.

The CD3 employs advanced digital circuitry for tracking
and control functions and for signal processing. This VLSI
circuitry is under the control of two internal, eight-bit micro-
computers which operate together for rapid control of track-
ing and error-correction circuits, and for rapid response to
front-panel or remote-control command inputs

Control Layout

The controls on the CD3 are, above all, designed to
perform complex functions while remaining extremely sim-
ple to use. For example, pushing the power button, with a
disc in place, will place the mechanism in the pause mode
and give a readout of the iotal number of tracks on the disc
and the total playing time. Loading of the disc drawer can
be done by pressing the “Start” button or touching the
“Slider” button. A “Pause” button functions as its name
suggesis, while the “Skip” button moves the pickup to the

| beginning of the next track if play is in progress. If “Skip” is

depressed for longer than 0.5 S, the track or index number
increases by one every half-second. Releasing the button
advances the pickup to the track or index number shown at
the time of release. Fast-forward and fast-reverse operate at
three times normal speed when these buttons are first
pressed, and at 20 times normal speed if the buttons are
held down for more than 5 S. The return button sends the
pickup back to its rest position and switches the disc-drive
motor off

The display area above the slider drawer incorporates a
four-digit, seven-segment display for indicating elapsed or
remaining time, and a two-digit, seven-segment display for
showing the selected track or index number

The only other features visible on the front panel are a
headphone jack and pop-out headphone level control, both
at the far right, and an indication of where to push on the
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The CD3 is definitely in
the superior class, as
evidenced by some of its
mechanical innovations as
well as its electronic and
sonic performance.

swing-down slider drawer to expose the programming and
display controls. These handle elapsed- or remaining-time
display, track or index selection and display, memory clear,
and A-B play (automatic repeat between any user-selected
start and end point). The CD3's rear panel has fixed and
variable output jacks, with a level control for the latter.

The optional RC1 wireless remote control is designed to
operate all ADS Atelier remote-controllable components, not
just the CD3. It operates like a flip-up telephone/address
selector, with seven overlays which show key designations
for each of the components it can control. | did not have the
remote-control unit on hand when | tested the CD3, but am
told that the CD player will be the first ADS component
controlled by this hand-held remote unit, with other compo-
nents to follow

Measurements

Frequency response, measured for both the left and right
channels, was flat to within 0.2 dB from 20 Hz to 20 kHz (see
Fig. 1). Output was extremely linear at all recorded levels,
deviating from perfect linearity by no more than 0.2 dB over
the range from maximum recorded level (0-dB reference
level) to —80 dB.

Harmonic distortion at 0-dB recorded level was about as
low as | have measured for any CD player: 0.003% at mid-
frequencies and no more than 0.18% at 19 and 20 kHz,
where many earlier generation CD players exhibited much
higher distortion. SMPTE-IM distortion measurements were
also extremely low, with readings no higher than 0.002% at
maximum recorded levels. Twin-tone IM measurements re-
sulted in readings of 0.0025% at 0-dB level and 0.008% at
—10 dB. Figure 2 shows harmonic distortion as a function of
frequency for test signals at three recorded levels. As with
all digital audio systems, harmonic distortion increased lin-
early as signal level decreased, reaching about 0.075% at
—30 dB. As for undesired "beats” within or without the
audio spectrum, they were practically nonexistent in this
unit—a direct result of the oversampling, digital filtering and
full 16-bit linear D/A conversion techniques used in the CD3.

Signal-to-noise ratios for the CD3 were outstandingly
high, measuring more than 98 dB, unweighted, and be-
tween 102 and 104 dB, A-weighted. The spectral distribu-
tion of residual noise is shown in the S/N analysis graphs of
Figs. 3A and 3B.

At low and mid-frequencies, separation (Fig. 4) ranged
from just over 83 to 84 dB. At higher frequencies, separation
decreased slightly—more so in Rto L than L to R. At 20 kHz,
separation in both channels was still 74 dB, far more than is
required for a very satisfactory stereo presentation. Output
from the fixed-level jacks measured 2.04 V, while maximum
level from the variable outputs was 3.24 V.

Figure 5 shows the CD3's reproduction of a 1-kHz,
square-wave signal. The shape of the square wave confirms
the fact that this player employs the now-preferred digital-
filter approach. The very low level of ripple observed on the
top and bottom of the waveform is not so much the result of
phase shift (virtually none in this unit) as it is the absence of
higher order odd harmonics (above 20 kHz) which are not
present in the reproduced square wave. The digitally gener-
ated unit-pulse signal on my Philips test disc was repro-
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Fig. 3—S/N analysis, both
unweighted (A) and
A-weighted (B).
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Fig. 4—Separation vs.
frequency.
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More and more CD players,
including this one, zip
right through my defects
disc without missing a
beat. I'll have to find a
more severe test!

duced with the waveshape shown in Fig. 6; again, a result
that is typical of CD players which employ this advanced
type of digital filtering and oversampling

While | lack the means to check out ADS's claim of
minimal phase shift between channels or within a channel,
the 'scope photo of Fig. 7 does show that there was no
measurable phase shift between a 200-Hz signal recorded
on the left channel and a 2-kHz signal output from the right.
The simultaneous zero-axis crossing in the positive direction
of both signals confirms this

More than two years ago, when | subjected the earliest
CD players to my special "defects’ test disc (a disc with an
] increasingly wide opaque wedge, a series of black dots
Fig. 5—Square-wave meant to simulate dust particles, and a simulated fingerprint
reproduction, 1 kHz. smudge), it was a rare event when a player's optical track-
ing system and error-correction system could play through
these imperfections without mistracking or muting. Now,
more and more current-generation players, including the
ADS CDg3, zip right through this problem disc without miss-
ing a beat. The maximum width of the opagque wedge on the
test disc is 900 microns. ADS tells me that their CD3 could
easily handle a width as great as 1.5 mm (1,500 microns). It
looks as though | am going to have to come up with a more
severe tracking test for CD players! Lateral vibration and
shock of more than mild severity also resulted in no mis-
tracking. but, as mentioned earlier, downward (vertical) ex-
ternal shock on the top surface of the unit did result in
momentary muting and, in extreme cases, mistracking.

Use and Listening Tests

The ADS CD3 ranks among the best-sounding CD play-
ers | have tested thus far; it reproduces well-engineered
CDs with smoothness and clarity. | was particularly im-
Fig. 6—Single-pulse test. pressed with its sound quality during very soft musical
passages, where earlier CD players have sometimes been
less than outstanding.

Ergonomically, the ADS CD3 is a gem. At the time | tested
the unit, the owner's manual was not yet available, yet | had
no trouble figuring out what the controls did and how they
were to be used. If you do most of your listening to CDs from
start to finish, or want to select tracks of a disc as you listen
(skipping those you don't want to hear all the way through),
you may not even have to refer to the owner's manual. The
display area includes a transparent window which, with its
rear illumination and mirror optics, allows you to watch a CD
spin while it plays. | find this not only desirable but comfort-
ing, since it assures me that all is well inside the drawer and
that my favorite CDs have not been swallowed up.

If there is one aspect of the ADS CD3 that bothered me
just a little, it was the fact that the remote control is not
included as part of the standard package. | understand that
this pariicular remote is intended to be used with several
ADS Atelier components, and therefore it is probably a
costlier item to produce. Still, adding an extra $100 to what
is already a fairly expensive CD player may discourage
some people from considering this particular CD player. On
the other hand, given an opportunity to audition this player

Fig. 7—Phase-error check and operate its elegant controls, others may well feel that
using tones of 200 Hz and price is of secondary impcrtance when such a magnificently
2 kHz. crafted instrument is involved. Leonard Feldman
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EQUPMENTPROFILE

Manufacturer’'s Specifications Company Address: 19701 South
Frequency Response: 5 Hz to 20 Vermont Ave., Torrance, Cal. 90502
kHz, +0.5 dB (Originally published August 1985) l
THD: 0.003% at 1 kHz
S$/N Ratio: Greater than 92 dB (IHF [
A-weighted)
Channel Separation: Greater than
92 dB
Number of Programmable Se-
| lections: 24
Output Level: 20V
— ~ | Phone Output Level: 20 mW into 8
|

'NAKAMICHI ohms.

Power Consumption: 33 watts

\ OMS-7 Dimensions: 17 in. W x 3-15/16 |

n.H x 12%in. D (43.5¢cm * 10cm '

COMPACT DISC | x0scn |
PLAYER Price: 311005 0

DM5'7 Compact Disc Player
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Nakamichi takes a cautious stand when it comes to new
technology and new products. Best known for its pioneering
work in cassette deck design and manufacture, the compa-
ny now is entering broader fields of electronic endeavor,
including such high-tech ventures as the production of a
research instrument that can, among other things, record
and play back music in CD format, on appropriate discs.
This first optical memory system, capable of recording and
reproducing a wide variety of optical recording media, is
being made available strictly for laboratory research pur-
poses—at a cost of $85,000!

I mention this research instrument simply to point out that
Nakamichi does not introduce a new product category ca-
sually. They waited a long time to introduce their first CD
player, hoping to benefit from the lessons learned by others
whose first- and even second-generation CD players left
something to be desired in terms of sonic and mechanical
performance. As the Nakamichi people explain it in one of
their well-written “white papers,” they saw three major prob-

lems with most first-generation players. The first of these
was the players' steep analog brick-wall filters and their
attendant phase shift. The second flaw Nakamichi per-
ceived was the use of time-sharing D/A conversion circuitry
which introduces a small, but measurable, interchannel
phase error. The third problem in early players, says Naka-
michi, was poorly conceived drive systems, which had ser-
vos that were shock-sensitive and created an excessive
error rate or even actual mistracking

Nakamichi claims to have overcome all of these problems
in their OMS-7 and in the less-expensive OMS-5. Digital
fitering prior to D/A conversion, plus oversampling at a
176.4-kHz rate (four times the basic sampling rate of 44.1
kHz), allows them to use analog output filters which have a
much gentler slope and which provide linear-phase filtration
and constant group delay

The OMS-7 also separates the channels prior to conver-
sion—while they are in digital form—and then uses indepen-
dent left and right O/A converters to overcome the inter-
channel phase-angle discrepancy noted earlier. Finally, the
OMS-7 drive mechanism is mounted on a zinc-alloy diecast-
ing suspended on coil springs, which floats free of the disc-

Fig. 1—Frequency
response, left (top) and
right channels.

loading mechanism and main chassis. A tapered, aluminum
spindle centers the disc to reduce track eccentricity and
error rate.

Control Layout

The OMS-7's power switch, phone level control, and
phone jack are located near the left edge of the front panel
To their right is the aisc drawer with its "Eject/Load" buiton
A display area to the right of the drawer provides detailed
status information including track number being played
elapsed time (for each track), remaining time, tracks to be
played, and index number. Additional indicators light up to
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Sonically and mechanically,
I can’t fault the OMS-7 in
any way, though its
measured specs were not
quite as good as those of
others I have tested.

show that tracks or index numbers have been stored in the
programming memory, that a disc has been loaded into the
player, that the player is in standby mode (during track
search or while the laser pickup is searching for the begin-
ning of the first track), and when repeat playback has been
selected.

Operating controls to the right of the display area have
been very logically arranged. A large "Play” bar is at the
top; below it are two smaller pushbuttons for “Stop” and
“Pause.” Below these are four still smaller buttons, two of
which are used to skip forward or backward track by track,
and two of which permit fast-forward or fast-reverse with
audible cueing.

S - ] Ten numbered keys near the right end of the panel select
:,'3"“20 :zptte:tggn;:znalyas track and/or index numbers. Below these are “Memory" and
shows 10-kHz test signal “Clear” buttons, plus four more pushbuttons to call up
(large spike) and memory contents on the display, to control index sga(ch
inaudibie beat tanie al operatnons. to .m.mate repeat play, and to ch_eck remaining
approximately 24.1 kHz time and remaining number of tracks on a disc. .
(small spike) A wireless, hand-held remote-control module duplicates

’ the main control tunctions of the player but does not have
facilities for remote-controlled random-access program-
ming; this can only be done via the front-panel numeric
keys. In addition to the usual left- and right-channel outputs
on the rear panel of the OMS-7, there is a multiple-pin
socket which is identified as a “System Remote Terminal.’
This extra terminal, the owner's manual tells us, will serve for
total system remote control when using the OMS-7 CD
player with audio components to be introduced by Nakami-
chi in the future.

Measurements

Test-instrument measurements don't always correlate
with listening tests, and the Nakamichi OMS-7 is a case in
point if ever there was one. Not that the bench measure-
ments were particularly bad—as with almost all CD players,

Fig. 3—Spectrum analysis my measured results were exemplary compared to those |
from 10 to 100 kHz shows get for analog components such as amplifiers and tuners.
spurious products at the it's just that they were not quite as superb as the measure-
fundamental sampling ments | have gotten recently from other CD players. Yet,
frequency and at multiples sonically as well as mechanically, | could not fault the
of that frequency. Nakamichi in any way. In fact, its sound quality and resis-

tance to shock were as good as any | have tested. The only
quality which was marginally poorer than that of some top-

————T ) ¢ of-the-line players | have tested was its tracking/error-cor-
3048 LEVEL H } rection capability, which I'll discuss a bit later.

— - Frequency response, shown in Fig. 1, was flat to within
~aee LaveL [ | I the claimed *0.5 dB over the entire audio range. A small
amount of ripple in the response curve can be seen, how-
ever, at the upper frequencies; it amounts to no more than
about 0.3 dB. (Bear in mind that the vertical scale in Fig. 1 is
2 dB per maijor division.)

My first problem during the test-measurement phase of

this evaluation had to do with harmonic distortion. When |
0.001 ~ o PR oo 2% | tried to measure this parameter using a single-reading dis-
tortion analyzer, | was taken aback by the readings | ob-
tained. When | introduced a low-pass filter (with a cutoff at
around 20 kHz), 1 quickly realized that the supposed “distor-
tion" wasn't harmonic at all, but consisted of ultrasonic
"beats" well outside the audio range. These are shown in

0.0t ¢ : a5 80

DISTORTION
RELATIVE LEVEL —dB

|17 oel LEVEL |

FREQUENCY — Hz
Fig. 4—THD vs.

frequency, using low-pass

filter, at three signal levels.
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The player had trouble
with the widest portion of
my test disc’s opaque
wedge, but not with its
simulated dust spot or
fingerprint.

= —— - ————— — ————— — —— — "
the spectrum analysis photos of Figs. 2 and 3. In Fig. 2, the
sweep extends from 0 Hz to 50 kHz. The large spike is the NS T L"95 7dB
desired 20-kHz output, while the lower amplitude spike is a C y |
beat occurring at around 24.1 kHz. Using an even wider ) |
frequency sweep (from 10 to 100 kHz) in Fig. 3 reveals e
additional beats at the fundamental sampling frequency = |
and at multiples of that frequency. | would have thought : i {
that, with the digital filtering and oversampling techniques - -9 . t |l

!

I

I 20

oS GRSV S S—

used in this player, such beats would not be present. They | £
did not introduce any intermodulation or spurious products
within the audio range; it just seems odd that they are there. z
| am wondering if they are the result of the presence of }
multiple “timing clocks™ which govern the oversampling rate |
in various integrated circuits within the player's D/A circuitry

When | introduced a low-pass filter into the THD measure-
ment chain, the actual THD readings within the audio band | A
were, of course, more like the value claimed by Nakamichi,
as shown in Fig. 4. Unweighted signal-to-noise ratio mea- | g
sured a very good 95.7 dB, and the A-weighted measure- = .
ment was an even better 100.0 dB (see Figs. 5A and 5B) NS U L-idd ¢
SMPTE-IM distortion measured 0.01% at maximum record- 6 .
ed level, increasing to 0.1% at —20 dB recorded level. [
CCIR IM (twin-tone, using 19- and 20-kHz tones at the |
equivalent of highest recorded level) measured a very low
0.0037%. Stereo separation, plotted as a function of fre- 1
qguency in Fig. 6, ranged from 76.2 dB at the high frequency
extremes to 87.2 dB at mid-frequencies.

Reproduction of a 1-kHz square wave by this player is
shown in Fig. 7. As has been true of other CD players :
employing digital filters and oversampling, the waveform | ] i )
exhibits no ringing, only a slight ripple along its top and l | i
bottom edges. This denotes the absence of higher order
harmonics above the 20-kHz audio bandwidth. The appear-
ance of the unit pulse in Fig. 8, as reproduced from my
Philips test disc, further confirms the use of digital filtering | Fig. 5—S/N analysis, both
and oversampling in this player's D/A circuitry. unweighted (A) and

The OMS-7 fell just short of being able to play through the | A-weighted (B).
widest section of the opague wedge on my special “de-
fects” test disc. During play | heard occasional ticks, indi-
cating that the player was unable to correct or conceal over
that 900-micron width of missing data. On the other hand,
the player had no trouble playing through the widest simu-
lated dust particle on the test disc, a black dot 800 microns
in diameter. Neither did it misbehave at any time while
playing through the test disc's simulated, semi-opaque fin-
gerprint smudge.

I
I
[0
o
OVERALL NOISE LEVEL — dB

lm

dB

D-OCTAVE
NOISE LEVEL — dE
o

T

Use and Listening Tests
The Nakamichi OMS-7 exhibits the kind of smooth, natural | _ S Y
sound | have come to expect from CD players employing -

the advanced digital filtering and oversampling techniques | - ®° :

which now are gaining favor with most CD hardware manu- | 2 SEPARATION, L TOR
facturers. Gone is the unstable stereo imaging of some of
the earlier players, as well as what some astute listeners | «
sensed as a somewhat grainy high end. | want to stress that
the kinds of audible differences | am talking about here are
certainly not great. The casual listener will hear little if any
difference between first-, second- and third-generation CD | _ .
players. They all sound much better, overall, than other | Fig. 6—Separation vs.
program sources. But to an experienced and critical listen- | frequency.
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To an experienced and
critical listener, the
improvement in sound of
this and other recent
players will be apparent
and very worthwhile.

er, the sonic improvement of this and other recently intro-
duced players is apparent and very worthwhile.

From a purely scientific point of view, | am somewhat
troubled by those ultrasonic signal components | detected
during the bench tests—but as a listener, | must report that
these out-of-band components in no way degraded the
musicality of reproduced sound from my favorite CDs. In
that connection, if you are a lover of classical recordings, try
any of the six discs from Denon which make up a complete
set of Beethoven's nine symphonies, performed by the
Staatskapelle Berlin Orchestra under the direction of Otmar
Suitner. Or, for some real dynamics and musical fun, listen
. to Telarc's Ein Straussfest—a collection of waltzes, polkas
Fig. 7—Square-wave and marches of the prolific Strauss family, replete with
reproduction, 1 kHz. popping champagne corks, pisfol shots, aerial bombs and
thunderciaps. If you play this Telarc disc when checking out
the OMS-7 or any other CD player, be sure to observe the
warning in the album notes about starting out at lower levels
for initial playback until a safe level can be determined for
the rest of your audio equipment!

Programming the OMS-7 was easy to do and was almost
self-explanatory from looking at the front panel. Being able
to move the pickup to a specified index point was also a
welcome feature, particularly since more and more classical
discs are being divided into indexed portions as well as
track numbers. In terms of convenience features, it might
have been nice if the remote-control unit supplied with the
OMS-7 had been able to program selections into memory,
considering the player's relatively high price. However, the
functions that can be performed remotely all worked per-
fectly, even at distances greater than those specified in the
owner's manual

Nakamichi did not rush into the CD marketplace with just
any series of players. The OMS-7 clearly demonstrates the
Fig. 8—Single-pulse test. wisdom of the company in waiting until they could do it right.
Leonard Feldman

Repeat Remaining

Control Sensor d - 1

<<
R.Skip F.Skip FFwd

Controls are conveniently arranged, from the large
“Play” bar to the small pushbuttons that operate memory
and display functions.
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ST

Stop blowing it. Your stereo has earned a
promotion, and Cerwin-Vega Digital
Series loudspeakers are what it deserves.
Powerful yet accurate—capable of «<nock-
ing your socks off or soothing your senses.

Cerwin-Vega’s Digital Series loud-
speakers accurately reproduce any kind
of rock, jazz, or classical in analog or digi-
tal efficiently and accurately with no
distortion.

Our Digital Series loudspeakers are
famous for wide frequency response with
an extra octave of deep rolling bass that
other speakers can’t reproduce. They are
also 10 times more efficient than the aver-
age loudspeaker (with 10 times the criver
power). This means that besides having
the extra dynamic range needed to
reproduce digital, they can also be effi-
ciently used with the smallest power
sources (5 watts), yet will reliably handle
up to 350 watts.”

Cerwin-Vega has been providing top
quality loudspeakers for high perfor-
mance P.A. systems, concerts, theaters

BLOWING IT.

W 6V i
: . (L 5 R . ’

and auditoriums for years. We know what
live music should sound like. If you're
ready to listen to music the way it really
sounds, you're ready for Cerwin-Vega.

We re sure the only thing they’ll blow away
is the competition.

“Check power handling for specific model.

< Cerwin-Vega! &
12250 Montague St. &
Arleta, CA 91331 | W]

(818) 896-0777, Telex #662250




EQUIPMENT PROFILE

1

Manufacturer’s Specifications Price: $1,300.
Frequency Response: 2 Hz to 20 | Company Address: Sony Dr., Park

kHz, 0.3 dB Ridge, N.J. 07656.
Harmonic Distortion: 0.0025% at 1 | (Originally published July 1985)
kHz
Dynamic Range: Greater than 96
dB.
Channel Separation: Greater than
95 dB.

Number of Programmable Se-
lections: 20.
Output Level: 2.0 V, fixed and vari-

able.

Phone Output Level: 28 "W into
32 ohms.

Power Consumption: 16 watts.

Dimensions: 16-15/16 in. W x 3%
in.H x 13-3/16in. D (43¢cm x 8cm
x 33.5 cm).

Weight: 19 Ibs., 6 0z. (8.8 kg).
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Digital Compact Disc technology is moving along at a
rapid clip. Sony, one of the "“founding fathers™ of CD, mea-
sures its progress by, among other things, the generation
number of its players. The CDP-650ESD is Sony's third-
generation, top-of-the-line player; as such, it incorporates a
host of technical advances, both internally and externally,
which are worth mentioning at the outset

Most important, perhaps, is the fact that Sony has, at long
last, swung over to digital filtering and oversampling—a
technique first espoused by Philips, their partner in the
development of the CD system. Moreover, Sony's use of
oversampling and digital filtering goes a step further than
anyone else’s in that it employs a single master clock to
synchronize all decoding and digital-to-analog conversion
operations. The very significant benefits of this technology
became apparent to me when | tested the unit and listened
to it, but more about that later

Much of the advanced circuit integration developed by
Sony for their miniaturized car CD players and their ac-
claimed Model D-5 portable CD player is also found in the
CDP-650ESD, including the incredibly dense VLSI chip that
replaces the function of three ICs used in earlier-generation
players. The tracking, servo and laser pickup mechanism is
the same lightweight, lower-mass assembly used in the
aforementioned D-5 and car players; the motor which
guides the laser pickup and keeps it on track is a brand-
new, linear unit which replaces the bulky, worm-gear motor
used on earlier models. This new motor enables the player
to access any pointona CD in 1 S or less—even track 99 of
a 99-track disc, if any such were ever produced (besides
test discs)!

Random-access programmability has been increased to
20 selections, including programmed access 0 index
points on those discs which are index-configured. (More
and more such discs are appearing lately.) In addition to
specific, programmed play, Sony has incorporated a new
playing mode which they call "Shuffle Play." In this mode,
the selected tracks or index segments are played back in
random order. | wondered what possible use this might be
to consumers; when | inquired, | was told that it might be
handy to have when playing a multi-track disc for back-
ground music or for dancing. The disc could be repeated
over anc over, but the order of selections would be different
each time so that listeners wouldn't become bored. | rather
think that this function won't be used by too many people,
but if nothing else, it does display the power of the micro-
processor used in this machine. Another novel convenience
is the "Auto Delay"” function, which allows you to delay the
playback of each chosen selection by 2 S. Repeat play and
AMS (Automatic Music Sensor, for rapid selection of a given
track) are pretty much the same as they were on earlier
Sony players.

Control Layout

The front panel of the CDP-650ESD has a completely new
look, especially in the display area. The disc-compartment
drawer remains basically as it was on earlier machines. The
compartment drawer is opened by touching an “Open/
Close” key just to its right, and is closed by touching the
front of the drawer itself, by touching the “"Open/Close” key

or by initiating "Play"” of a disc. Numbered keys from 0
through 20, plus a key labelled "+ 10," are located near the
panel's center and are used to call up desired tracks either
for immediate play or for programming. With the aid of the
"+10" key, it becomes easy to call up or program track
numbers higher than 20; for example, to call up track 44
(assuming there were that many tracks on a disc) you would
punch the *+ 10" button four times and then touch the "4
button. The “Play,” “Pause,” "AMS" (automatic track ad-
vance and track retard), and play-mode keys (“Continue,
"Single," and “Program”} are to the right of the numeric
keyboard, while "Check™ and "Clear" keys (for verifying
programmed instructions or clearing them from memory)
are just below the numeric keys. The "Stop” key and a pair
of manual-search keys are near the lower right corner of the
panel; the latter allow fast search in either direction while
listening to a disc.

At the lower left corner are the switches to turn the player
on and off, either manually or by an optional external timer.
Five more buttons are beneath the display: “"Repeat” (which
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Sony has, at last, gone to
digital filtering and
oversampling, using a
single master clock to
synchronize all D/A
conversion operations.

Fig. 3—
Spectrum
analysis done
on early CD
player, showing
desired tone
(tall spike) and
spurious beat
tones.

repeats a selection program or the passage between two
user-selected points), “A—B" (which sets those points in
memory), “Time" (to select elapsed- or remaining-time dis-
play), "Auto Delay,” and "“Shuffle Play.” At the lower right
corner are an output-level control (which varies both head-
phone output level and the level at the rear-panel variable
output jacks) and a stereo phone jack.

The display area on the front panel provides a variety of
useful data concerning the status of the player and the disc
being played. A "Disc" indicator lights up when a disc has
been inserted properly. When a disc is first inserted, a

Track” indicator shows the total number of tracks con-
tained on the disc for a few seconds, then displays the

AL LILY?

Along with the remarkable Sony
CDP-650ESD Compact Disc player
tested for the accompanying report, |
also evaluated another new product
from Sony, the DAS-702ES external
D/A converter. In essence, this unit
duplicates functions which must be
incorporated into any CD player, the
translation of the digital code extract-
ed from a digital program source
(such as a Compact Disc) into the
closest possible replica of the ori-
ginal analog audio signal. In fact,
it's only usable with signal sources
having digital outputs, like the
CDP-650ESD, but no other CD play-
ers that | know of so far. Thus, my first

reaction to this additional component
was to ask why anyone would want or
need it, since full decoding is per-
formed by the D/A circuitry already
contained in every CD player (includ-
ing the Sony CDP-650ESD, which is
intended to serve as a companion
piece for the DAS-702ES).

The people at Sony suggested that
this separate D/A decoder (or con-
verter) is a state-of-the-art device
which, if connected to the CDP-
650ESD, would yield sound superior
even to that of the top-of-the-line CD
player itself. Furthermore, | learned
that the DAS-702ES offers greater
digital-to-analog decoding flexibility

and might well be needed in the fu-
ture for certain other D/A decoding
chores. For example, the digital input
applied to this decoder need not be
confined to a sampling rate of 44.1
kHz (the standard CD sampling fre-
quency). The unit can aliso handle a
sampling rate of 32 kHz (the standard
sampling rate for digital-audio broad-
casting in Europe and elsewhere)
and the 48 kHz used in professional
digital recording with equal ease.

| was curious to learn whether |
would be able to measure or hear
any difference between the sounds
produced by the superb CDP-
650ESD operating on its own, and the
sounds produced by hooking up that
player (via its digital-output jack) to
the DAS-702ES. To satisfy my curios-
ity, | repeated virtually every mea-
surement that | had made on the
CDP-650ESD alone, on the combina-
tion of the CD player plus the sepa-
rate D/A unit. | resolved to do a blind
listening test between the two setups
as well, using my associate to set up
the test in a random switching se-
guence and instructing him not to tell
me when he was switching setups
from one to the other. But I'm getting
a bit ahead of myself.

On the DAS-702ES, the digital in-
put jacks are paralleled by a pair of
jacks identified as "Digital Outputs.”
These provide a convenient feed-
through to pass the undecoded digi-
tal program material to other devices
which might require data in digital
format (such as, for example, some
future type of dedicated, digital tape-
recording mechanism, or even the
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The brand-new, linear
pickup motor enables the
player to access any point
onaCDin 1S or less.

L-; | sl QuEkcY nQn

Fig. 4—

Same test as in
Fig. 3, done on
the Sony
CDP-650ESD.
Note absence
of unwanted beat
frequencies
above the
residual noise
floor.

number of the track actually being played. A time counter
displays the total amount of playing time on a disc when the
disc is first inserted, after which it reverts to displaying the
elapsed time of the track being played or the total time
remaining on the disc. A “PGM" (ProGraM) indicator illumi-
nates when the player is in the standby mode for program-
ming. An “Index” indicator shows the index number of the
selection being played (or, during the “check" sequence, of
index numbers programmed for future play). Lightsona 1 to
20 numeric grid show how many selections you've pro-
grammed. If you program more than 20, the word "Over"
lights up, along with the grid

The rear panel of the CDP-650ESD is equipped with fixed-

black box that will someday be used
to generate the video graphics sig-
nals encoded in certain CDs).

The only front-panel controls on the
DAS-702ES are a power "On/Off"
switch, a "Digital Input” switch (for
selecting between the two sets of
digital input signals which may be
connected to the unit), a headphone
jack for monitoring decoded output
using stereo phones, and an output-
level control which regulates both
headphone and variable line-output
levels. The rear panel is equipped
with the aforementioned pairs of digi-
tal input and output jacks, as well as
pairs of fixed- and variable-level ana-
log (decoded) output jacks.

Measurements

Many of the published specifica-
tions supplied for the DAS-702ES,
though excellent in their own right,
are actually somewhat poorer than
the specs supplied by Sony for the
CDP-650ESD operating by itself! For
example, frequency response
claimed for the separate decoder/
converter, though extending from 5
Hz to 20 kHz, carries a tolerance of
+0.5 dB, as opposed to *0.3 dB
and a range of 2 Hz to 20 kHz for the
player. Rated distortion for a 1-kHz
signal at maximum recorded level
(using a 44.1-kHz sampling rate) is
listed as 0.004%, as opposed to
0.0025% for the CDP-650ESD. Dy-
namic range is marginally lower than
that of the player alone, as well. And
SO on.

Sony maintains that when you get
down to the published specs that are

involved in the digital domain, such
minute differences are not what de-
termine which unit will sound better. |
certainly couldn't take issue with that,
but | did want to make some mea-
surement comparisons for my own
satisfaction.

In Fig. B1 you will find a graph of
frequency response plotted in the

same way as Fig. 1 of the CDP-
650ESD report. Note that at 18.5 kHz
there is already some attenuation of
response. Figure B2, plotting distor-
tion versus frequency, confirms what
Sony admits: The separate D/A con-
verter actually has slightly higher dis-
tortion at the three output levels | use
to measure THD. Signal-to-noise ratio
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The CDP-650ESD
exhibited the flattest
frequency response of any
player I've ever tested.

Deviation from absolutely
flat never exceeded 0.1 dB.

and variable-level output jacks. There is also a multiple-pin
accessory connector which, the owner's manual cryptically
tells us, is to be used "'to connect optional equipment which
will be available in the future.” By this time, | suspect, many
of us know that the "optional equipment” will be a black-box
accessory which will allow access to the video graphics that
will soon be available on Compact Discs. The addition of
this accessory will allow such digitally generated graphics

to be displayed on your TV screen while you listen to the I
audio content of the same CD

The rear panel also has a “Play Mode" initializing switch.
This switch sets the turn-on play mode, determining whether
the CDP-650ESD will set itself for continuous, single-selec-
tion, or programmed play when first turned on. The rear-
panel switch would therefore be set to the mode you want
most often, while the front-panel mode keys are used to '

(unweighted, at least) was also a bit
poorer on the DAS-702ES, 94.9 dB as
against 97 dB for the CDP-650ESD
(see Fig. B3). About the only parame-
ter that measured better with this de-
coder than with the CDP-650ESD
alone was separation, which, at mid-
frequencies, reached levels as high
as 86 dB and remained higher than
82 dB at 20 kHz.

Using the same test disc, | photo-
graphed the usual square-wave, unit-
pulse and phase-shift signals as they
appear on an oscilloscope in order to
compare them with the photos ob-
tained for the CDP-650ESD unit. Try
as | might, | couldn’t see the slightest
bit of difference between Figs. BS,
B6, and B7 and the corresponding
photos taken for the CD player alone.
Can you?

Listening Tests

Next, | was ready for the “moment
of truth."” Dutifully blindfolded, | asked
my assistant to play some of my fa-
vorite CD tracks through both setups:
The CDP-650ESD outputs feeding
my reference system directly, and the
player's digital output hooked up to
the DAS-702ES, whose analog out-
puts were, in turn, hooked up to an-
other pair of inputs on the reference
amplification system. Happily, there
was no problem adjusting for pre-
cisely equal outputs; when you deal
with Compact Disc players, output
levels are easily controlled and refer-
enced to maximum recorded level. In
this case, maximum recorded level
provided an output of exactly 2.0 V
rms for both setups.

After extensive listening, | have to
tell you that | could not, at any time,
distinguish between the sound of the
two systems. They were both marvel-
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ous, of course, but until | have a need
for a decoder that will handle digital
information using a sampling rate of
either 32 or 48 kHz, | myself see no
reascn to invest in this separate de-
coder, however more sophisticated
its circuitry may be.

Dealing in this rather controversial
area of esoterica (which is not my
usual habitat, | might add), | don't
want to let the matter stand there. |
have a feeling that | am going to be
deluged by a sack of mail from read-
ers who will tell me that of course they

can hear an obvious improvement
when the separate (and costly) D/A
converter box is used to do the digi-
tal-to-analog decoding. In order to
forestall such a deluge of mail, I'm
going to strongly urge Editor Eugene
Pitts to allow other ears to conduct
similar testing. If those ears disagree
with my conclusion, | will not be upset
or the least bit insulted. 1 will, in fact,
conclude that perhaps Sony had very
good reasons after all for introducing,
as a consumer product, a component
part of a Compact Disc player which
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This feature-laden player
has just about every
convenience I would want.
They’re easy to use and are
augmented by the wireless
remote control.

change from that play mode. Finally, the rear panel houses | output lets you connect an external digital converter compo-
a special digital-output jack—a first for any CD player, as far | nent, such as Sony's DAS-702ES (see sidebar)

as | have been able to determine. At this jack, you can The 41-button remote control duplicates virtually every
access the full digital code picked up from a CD by the laser | control on the front panel, right down to the volume control
pickup, before it is converted to an analog signai by the
player's own D/A conversion circuitry. Aside from the obvi-
ous ability to dub CDs onto a digital recorder while the
musical information is in the digital domain, this special

Measurements
To begin with, let me state that the CDP-650ESD exhibited
the flattest frequency response of any CD player | have yet

casual, nonaudiophile listeners made
the same sort of comments when |
was independently demonstrating
the unit's disc handling to them. They
were not prompted to give any sort of
comment on the sound; they volun-
teered the remarks. My conclusion is
that | like to listen to the new Sony in
preference to the old player, whether
or nat there is any hard data from a
blind A/B test backing up statements
on its sonic superiority.

The sound of the CDP-650ESD
wher: combined with the DAS-702ES
was, however, a different story—
probably because | had troubles with
the converter right from the start. |
sent the unit home, via UPS, since |
do my most serious listening there.
The switch controlling the digital out-
put arrived broken, because of its
being located as the most vulnerable
component during boxed carrying
and because Sony uses the very
wors: sort of packaging—crushable,
coftee-cup foam. | fixed the switch
once, and Sony fixed it (very quickly,
thank you) after two more trips. Nei-
ther fix would have been needed had
that switch not been placed at the
furthest possible point from the han-
dle for the carry home and if not for

Fig. B5—Square-wave
reproduction, 1 kHz,
DAS-702ES.

Fig. B6—Single-pulse
test, DAS-702ES.

Fig. B7—Two-tone phase-
test signal (200 Hz and
2 kHz), DAS-702ES.

sells {(at $1,500) for more than the
best complete player they now have
available. | ook forward eagerly to
further tests by others, since without
them | will remain rather puzzied by
this D/A converter—feeling all the
while that perhaps I'm missing the
point somewhere. . . . L.F.

| have done some fairly extensive
A/B tests, with very close mid-band
level adjustment, as well as many,
many hours of open subjective fisten-
ing to the CDP-650ESD in compari-
son with the first-generation player

that had perhaps the most highly re-
spected sonics. In the open listening,
there was a smoother, less-shrill
character to the Sony that sounded
as if all frequencies from about 4 kHz
and up had been shelved down
about a quarter or a hailf dB. There
was an edge to the sound of the other
machine, as if a bit of interstation FM
noise had been added, noise which
was whistley, whiny, and scrapey in
character. These differences tended
to go away for me when | was doing
the A/B tests. However, three other

that awful foam. Neither is worthy of a
top-of-the-line product.

Anyway, | thought that the sound of
the combined Sonys was less good
than the sound of the 650 alone, but
still better than the first-generation
player. | do not have sufficient switch-
ing facilities to be able to check this
sort of a three-way comparison, and |
think that my difficulties in getting the
702 working probably influenced my
judgment about its character. I'd buy
a 650, but in the absence of another
use, 1'd pass up the 702. E.P.
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Sound quality of the
CDP-650ESD is absolutely
magnificent, far better
than Sony’s first
generation of players.
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~80 T ! | o | see very much because the plot of output, for the most part,
70 l ] | | fell smack on the 0-dB line of the graph. Maximum deviation
Wl | R @ | from absolutely flat response was never more than 0.1 dB,
)l -s0 i 4 : i | and, as you can see from the notations on the graph, at the
ow ———— 40 [ | highest test frequency (20 kHz), deviation from flat response

P& -90 1 1 2 | was 0 dB.
9_:5; | -60 = Harmonic distortion at mid-frequencies for a maximum
£o 100 T ' 2’ recorded level signal measured under 0.003%. | have test-
= o+ i | e | |—————— -80 x| ed other players with such low distortion, but | have never
} } 4 I 3 | run across a player that exhibited such a low distortion
-120 =X ; — ~100 | figure at high frequencies (0.01% at 20 kHz). Part of the

20 50 100200500 Ik 2k Sk IOk 20k

explanation lies in the fact that Sony has swung over to a

FREQUENCY=H: combination of oversampling and digital filtering—but that's

A not the whole answer, since many other manufacturers have

B employed these circuit techniques before. Another factor is

the use of a single master clock (as opposed to several

NG WD L-122 dB nonsynchronized clocks) to synchronize the decoding oper-

60 + ) 0 ations to the 44.1-kHz sampling rate of Compact Discs.

Figure 2 shows how harmonic distortion varied with frequen-
-70- - ! l ’ - cy for recorded levels of 0, —24, and —30 dB.

o - Figures 3 and 4 are perhaps of even greater interest.

801—1— - I i ‘ Figure 3 shows what happens when a test signal is recov-

l ered by an earlier generation CD player. The tall spike

- ] represents the desired output signal, while shorter, spurious

100 { components to the right represent undesired output result-

| | ing from nonlinearities in the system and from the use of

-110 I» g -80 multiple digital clocks in the decoding system. The same

l l | ﬂ IT l signal, reproduced by the Sony CDP-650ESD, was scanned

=g T S —— 190 | by a spectrum analyzer in the same way, and the output

FREQUENCY — Hz over a wide spectrum of frequgnmes is shown in Fig. 4. All

that you can see now is the desired output at the left and the

random, residual noise floor. There are no unwanted “beat”

frequencies at any other point in the display!

Unweighted signal-to-noise ratio measured a very high
97.0 dB, increasing to 102 dB when an A-weighting network
was used (see Figs. 5A and 5B). SMPTE IM measured only
0.002% at maximum recorded level and 0.015% at —20 dB
recorded level. IHF IM (twin-tone) measured only 0.0021%
at 0-dB level and 0.0021% at — 10 dB level. Stereo sepa-
ration, plotted as a function of frequency in Fig. 6, ranged
from 82 dB at mid-frequencies to around 76 dB at high
frequencies.

This player's reproduction of a 1-kHz square wave is
- shown in Fig. 7. Notice how much closer this waveform is to
P a true square wave than were the waveforms other players
reproduced from this signal in earlier tests. It's not just that
the "“ringing” on the leading edge of the square wave,
8 et = associated with the use of steep, multi-pole analog filters, is

absent. There's also much less of the low-level ripple nor-
mally seen on the horizontal portions of the square wave
with players using digital filtering and oversampling. This
suggests very minimal phase shift for the square wave's
higher order (high-frequency) components. The virtual ab-
sence of any phase shift indicated by the comparison of
FREQUENCY — Hz 200-Hz and 2-kHz signals on opposite channels in Fig. 9
confirms this. In Fig. 9, both the low-frequency (200-Hz) and
higher frequency (2-kHz) sine waves cross the zero axis in
the same direction, at precisely the same time.

w9() s . &=/
l — -60

THIRD - OCTAVE

NOISE LEVEL— dB
OVERALL NOISE LEVEL — d8

Fig. 5—S/N analysis,
unweighted (A) and
A-weighted (B).

RELATIVE LEVEL —
I
I

Fig. 6—Separation vs.
frequency.
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This player is likely to
convert those few diehards
who are not yet convinced
that the CD is the best
thing to happen to home
audio in many a decade.

Use and Listening Tests

This feature-laden player has just about every conve-
nience | would want in a CD player. Furthermore, the fea-
tures are easy to use and are all augmented by the multi-
function, wireless remote-control unit which is supplied with
the CDP-650ESD. About the only possible feature that Sony
has left out is access to a given point on a disc according to
time (minutes and seconds into a given track). Sony says
that their own opinion surveys of CD-player owners indicat-
ed that this feature is rarely used (and seldom requested),
while accessing by index (which this player does offer) is
increasingly desired.

When | first read that the CDP-650ESD could access any
Fig. 7—Square-wave point on a disc within 1 S or less, | presumed that this was a
reproduction, 1 kHz. bit of promotional exaggeration, but | felt that no one would
really quibble if, in fact, the laser pickup took 2 oreven 3 S
to reach its destination. Much to my amazement, the claim is
no idle exaggeration. | have a special test disc with 99
tracks on it designed to check accuracy of access and
other qualities relating to a player's tracking ability. This unit
found track 98 in no more than 1 S! | realize that this feat, in
and of itself, doesn't really mean that much. But to my mind,
it tells me a great deal about the lightweight laser pickup
and about the accuracy, speed, and reliability of the new
linear motor used in this player. These assemblies and this
kind of pickup travel suggest that there will not be much
mistracking with this machine: All of its built-in, error-correc-
tion circuitry will be available for correcting or concealing
errors in discs, with none of it “spent” to compensate for
disc-reading errors caused by the player's poor tracking.

|
Sound quality of the CDP-650ESD is absolutely magnifi-
cent. It is far better than the sound quality of Sony's first-
generation players, and, with really good software in place,
it is also distinctly better sounding than their excellent sec-

ond-generation players—about which | had nothing but
Fig. 8—Single-pulse test. praise last year. | realize that | have used superlatives to
describe earlier CD players from Sony, as well as from other
manufacturers. It's important to point out that | am talking
about relatively minor sonic differences here. Of course, the
first players offered great sound—given decent CDs to use
with them—and | still maintain that the sound produced by
those first- and second-generation players, when playing
properly produced CDs, was better, by far, than anything |
had heard from LPs or analog tapes. What | am saying now
is that the slight problems that | (and others) attributed to
some of those early players seem to have been eliminated
in this third-generation unit from Sony. | can't tell you if it's
their new VLSI chip that's doing the trick or if it's the single
master clock, the lighter laser pickup, or the new linear
motor. Possibly it's all these things added together, plus the
experience gained by Sony's design engineers after nearly
three years of intense activity in Compact Disc design. All |
know is that the CDP-650ESD is a magnificent-sounding
machine that, when hearc playing well-made CDs, is likely
to convert those few remaining diehards (yes, there are still
a few) who aren't yet convinced that the Compact Disc is
the best thing that's happened to audio and home sound

Fig. 9‘—Two-tone phase- reproduction in many a decade. Until | can be shown that a
test signal (200 Hz and better sounding CD player exists, I'm going to consider this
2 kHz). model my new standard of reference. Leonard Feldman
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EQUIPMENT PROFILE
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kHz, +0.3 dB
[ to 20 kHz).
dB.

MERIDIAN MCD

COMPACT DISC
PLAYER

(17.8 cm)

Manufacturer’'s Specifications
Frequency Response: 20 Hz to 20

$/N Ratio: Greater than 90 d3 (20 Hz
Dynamic Range: Greater than 90

Channel Separation: Greater than
86 dB (20 Hz to 20 kHz).

THD: Less than 0.005%
noise, at 0-dB recording level.

Output Level: 20 V.

Power Consumption: 35 watts

Dimensions: 122 in. W x 3in. H x
10%2 in. D (318 cm x 76 cm X
26.7 cm); with cover open, 7 in. H

Weight: 11 Ibs. (5 kg).

Price: $699.

Company Address: c/o Madrigal
Ltd., P.O. Box 781, Middletown,
Conn. 06457

{Originally published June 1985)
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First, let me clear up the questions which have probably
already been raised by the photo of the Meridian MCD
(which looks remarkably like one of Magnavox's early CD
players) and the Madrigal company address. To begin with,
Madrigal is the U.S. company that is now distributing prod-
ucts made by those innovators from Great Britain, Messrs
Boothroyd and Stuart, whose Meridian-brand electronics
and transducer products have won worldwide acclaim. As
for the similarity in appearance between the MCD player

and the Magnavox FD1010 (actually, the lowest cost CD
player made by Philips in The Netherlands), Madrigal and
Meridian make nc secret of the fact that they have taken the
Philips player and modified it with improved analog elec-
tronics and other refinements. In fact, the owner's manual
that accompanied my sample is the Magnavox pamphlet
normally supplied with their FD1010; only a single, addition-
al sheet of paper, inserted in the printed manual, tells us
about the modifications installed by Boothroyd-Stuart to
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create the MCD. | hope all of this intercorporate complexity
iIs now clear, so that we can get on with an examination of
what Magnavox, Philips, Meridian, Boothroyd-Stuart, and
Madrigal have wrought!

Control Layout

The MCD player is one of the few currently available units 1
that do not employ a slide-out drawer for inserting CDs
Instead, CDs are placed onto a top-loading turntable which
is normally covered by a hinged, transparent-plastic door
Boothroyd-Stuart suggest that, while microphonics are not
as big a problem in CD players as they are in conventional
analog turntables, the added stability of such a turntable
mount is one of the reasons why they chose to modify this
particular player. | can't easily verify whether this erihances
performance, but certainly the fixed turntable (as opposed
to one on a slide-out drawer) can't be doing any harm to the | Fig. 1—Frequency
quality of reproduction response, left (top) and

Controls and indicators are all located on a forward- | right channels.
sloping panel, angled for easy viewing and handling. A
power on/off button is at the extreme left; to its right are a
bank of 15 LEDs which indicate both the number of tracks
on a disc and the track that is currently being played or
selected. "Pause,"” “Error,” and “"Repeat" indicator lights are
positioned just to the right of the track LEDs.

To the right of center-panel are three buttons, labelled | Fig. 2—
“Play/Next," “Pause,” and "Stop." The “Play/Next" button is | Spectrum
used both for initiating disc play and for advancing the laser | analysis shows
pickup to the next track during play. Further to the right are | 20-kHz test
a "Repeat"” button (for replaying either the entire disc or the | signal (large
programmed track selections) and the “Select,” “Cancel,” | spike) and
and “Store" buttons used for programming. Each press of | inaudible beat
“Select” or “Cancel" advances the track indicator to its next | tone at
LED. To program selections sequentially, advance to each |approximately
desired track with the “Select” button, then press "“Store.” |24 kHz
To program out unwanted tracks, follow the same proce- |(small spike).
dure, but use “Cancel" instead of “Select.” Nonseqguential
programming is harder: To go back to prior tracks, you must
press (or hold down) the “Select” button until the track
indicator passes the 15th LED and cycles back from the
beginning to your next desired track.

Since there are only 15 LEDs in the display, you cannot
program track numbers beyond 15, though the "Play/Next"
button will allow you to skip ahead to higher numbered
tracks providing you keep a mental note of where vou are.

Two pushbuttons with directional arrows, at the extreme

a A — = ——
right of the control panel, are used to search silently forward i SRR A

or backward to a particular musical passage. Connection ""*-—-i’f.ff -
from the MCD to your amplifier is made by means of the i 759"

usual left and right output jacks that are found on the
player's rear panel ______::3—':"—-“"-/
Measurements

Figure 1 shows the frequency response for both channels
of the Meridian MCD. Once again, | have expanded the
vertical scale to 2 dB per vertical division in order to accen-
tuate any slight deviations from perfectly flat response. The
maximum deviation was only —0.2 dB at 20 kHz for the left
channel and —0.4 dB for the right Fig. 3—THD vs. frequency

Harmonic distortion at mid-frequencies was 0.007% for a |at three output levels.
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Unlike other players, the
MCD’s harmonic distortion
was uniformly low over the
entire frequency range,
showing no rise at higher
frequencies.
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Fig. 4—Separation vs.
frequency.

Fig. 5—S/N analysis, both
unweighted (A) and
A-weighted (B).

test signal at maximum recorded level, and it remained
practically constant over the measured frequency range,
never rising above 0.008%. In this, the MCD is unlike most
other CD players, which usually exhibit rising distortion
characteristics at higher frequencies. It may well be that
Meridian's improved analog-output amplifier circuitry is in
part responsible for this uniformly low distortion level

Figure 2 shows the usual "beat” frequency component
which occurs above 20 kHz when | try to measure THD for
high frequencies (in this case, 20 kHz). The extra “blip,”
seen to the right of the desired 20-kHz signal, is at approxi-
mately 24 kHz (the sweep is linear from 0 Hz to 50 kHz in 5-
kHz steps), and results from the interaction of the 20-kHz
signal with the 44.1-kHz sampling rate of the CD format. The
spurious component is, of course, not audible, nor should it
be characterized as harmonic distortion.

Figure 3 plots harmonic distortion versus frequency for
maximum recorded level as well as for —24 and —30 dB
levels. As usual, THD increased at lower recorded levels
but remained an insignificantly low 0.06% even at —30 dB.
Output linearity was extremely accurate—to within 0.1 dB—
from 0-dB recorded level down to —60 dB. At —80 dB
linearity was off by only 0.3 dB.

Figure 4 shows stereo separation or crosstalk for each
channel over the range of frequencies tested. Separation
ranged from 79 to 89 dB for the left-to-right channel mea-
surements and from 88 to 92 dB for the right-to-left channel
measurements. Obviously, Boothroyd-Stuart’'s analog out-
put stages were designed to provide good isolation be-
tween channels and to achieve the lowest possible distor-
tion and good signal-to-noise ratios.

As for signal-to-noise ratios, they were superb. | mea-
sured 100 dB, unweighted, in the absence of a signal,
referenced to maximum recorded level. This result, together
with a third-octave plot of noise distribution, is shown in Fig.
5A. When | tried to measure the noise level through an A-
weighting network, my Sound Technology test instrument
objected by displaying the message “SIGNAL TOO LOW"
(see Fig. 5B).

SMPTE-IM distortion measured 0.005% at maximum re-
corded level and increased to a still insignificant 0.03% at
—20 dB. Using twin-tone test signals of 19 and 20 kHz,
whose sum was equivalent to 0-dB (maximum) recorded
level, | measured a CCIF distortion of only 0.0035%. This
twin-tone IM distortion increased only slightly, to 0.0063%,
at —10 dB recorded level.

Figure 6 shows how a 1-kHz, digitally generated square
wave on my test disc was reproduced by the MCD. If you
have read my previous CD reports, you will recognize imme-
diately that this player uses digital filtering combined with an
oversampling technique. But look more closely at the photo,
and see if you don't agree that the reproduced square wave
seems to have less "ripple” in it than those produced by
other players using the same kind of filtering and D/A
conversion. Could it be that some of the imperfections in a
reproduced square wave come from the less-than-perfect
analog output stages of some CD players—those output
stages that have been reconfigured by Boothroyd-Stuart in
this MCD?

As for the reproduced unit-impulse signal (Fig. 7), here |
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It was no surprise that the
MCD could handle all the
defects on my test record,
or that it showed excellent
resistance to mistracking
when tapped.

Fig. 6—
Square-wave
reproduction,
1 kHz.

Fig. 7—
Single-pulse test.

Fig. 8—
Phase-error
check using
200-Hz and
2-kHz tones.

didn't see any difference between it and the usual 'scope
display | get when testing other players that employ this
basic type of circuitry. As you might expect, too, there was
no evidence of phase error when comparing the 200-Hz
output of one channel with the simultaneous, 2-kHz output of
the other channel, as seen in Fig. 8. Both sine waves are
supposed to cross the zero axis at the same time and in the
same direction, and so they do.

It came as no surprise to me that the MCD player was
able to play through all the defects in my special error-
correction test disc. After all, the original Magnavox

FD1000, whose successor was modified to create the MCD
version, was also able to play through 900 microns of
opaque wedge, simulated dust spots 800 microns in diame-
ter, and a simulated fingerprint smudge. Nor was | surprised
to find that the player exhibited excellent resistance to
mistracking when it was tapped lightly on its top surface
and side panels. | can't necessarily attribute this excellent
resistance to outside vibration and shock to the disc-loading
method, since | have tested drawer-mount CD players
which did as well. | can say that the MCD player did as well
as the very best units that | have tested in this respect.

Use and Listening Tests

I wish | still had the early Magnavox CD player | tested
more than two years ago. | would have loved to be able to
conduct a blind or even a double-blind A/B test of the MCD
player against that Philips-built unit. (Editor’'s Note: Audio
reviewer Laurence L. Greenhill did conduct a similar test
comparing the MCD to a Philips CD101 player; his evalua-
tion appears below.) As | recall, the early Magnavox players
earned rave reviews from me and from others as far as their
sound quality was concerned. But you must remember that
two years ago my collection of CDs used in listening tests
was much smaller—and there were fewer discs that | could
truly call well-recorded, in terms of CD technology and
recording technique. Furthermore, hearing memory is, as
we all know, extremely short. For all that, it still seems to me
that while the MCD player does produce superb sound from
every standpoint, | just can't say with complete confidence
whether its sound quality really exceeds that of the earlier
Magnavox model

| do have one criticism of the MCD player—or, more
precisely, of Boothroyd-Stuart's selection of this particular
model as the one to modify. Why did they have to choose
the least easily programmable of Magnavox's line of CD
players—and the one which accesses desired tracks so
slowly? (Meridian does say, though, that later units will have
a new control chip for faster access; my sample came from
the first production run.) | know that, to many people, this
won't seem a problem, especially if they listen to discs
straight through. But to listeners who favor poputar music,
and who play discs that may well contain more than 15
selections, the rather primitive search and programming
capabilities of the MCD may well prove to be an irritant.

My best suggestion for anyone considering the purchase
of this player would most definitely be to do some serious
listening to it—and to competing models. If your ears are
keen enough to convince you that the sounds you hear from
the MCD are audibly better than those you hear from other
CD players, then you must make a couple of other deci-
sions. Are you willing to forgo the fancy programming and
random-access frills in return for that better sound quality? If
so, are you willing to spend a couple of hundred extra
dollars for the sound improvement you hear?

Leonard Feldman

Controlied Listening Test

Do Meridian's modifications produce a different-sounding
CD player than the original Philips unit? To answer this
question, | invited an auciophile friend, Arnis Balgalvis, to
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The Meridian and Philips
had distinct, subjective
personalities, but these
impressions couldn’t be
statistically confirmed during
controlled tests.

join me for an unbiased comparison of the Meridian MCD
unit with a stock Philips CD101. Both machines were audi-
tioned for 20-minute periods to identify their sonic charac-
teristics. Then they were plugged into the ABX Co.'s CS-5
comparator system with RM-2 relay module, a device which
allows rapid changeover between components with as
much time between changeovers as the listener requires.
This instrument randomtly selects either CD player for a blind
test when the listener pushes a randomizing button; the
identity of each test trial selection is stored in the compara-
tor's memory for later retrieval. The listener's task is to
correctly identify the player chosen by the relay module.
Tests were run using a Levinson ML-7 preamp and ML-9
amplifier connected to Snell Type A/lll loudspeakers by
Hitachi oxygen-free copper, single-crystal speaker wire.
Two identical samples of each Compact Disc, one for each
player, were used for evaluation, with the two machines
synchronized to the same musical note on the paired discs.
Output levels of the two machines were quite close, match-
ing to within 0.05 V (approximately +0.5 dB), as shown by
VTVM measurements at the amplifier outputs using the
Philips Audio Frequency Test Sample NR.3 (CD 410 055-2).
The two players had distinct sonic personalities when
connected directly to the Levinson preamp’s high-level in-
puts. The early Philips player had substantially more bass,
but sounded zippier, with more etched highs and an overall

sonic hardness when compared to the Meridian. The latter
seemed subdued and muted by comparison, with softer
transients and less midrange harshness; it had better depth
of imaging but an airier, less solid bass.

These subjective impressions could not be confirmed by
the five controlled listening tests which followed. Each test
consisted of 16 trals; 12 correct answers were required for
the listener to be considered statistically accurate in identi-
fying a player. One of the listeners scored 10 and 11 correct
on two separate trials, doing little better than if he had been
guessing. The other listener, who claimed he was listening
for the Philips player's bass emphasis, scored in the signifi-
cant range, getting 14 and 15 correct out of 16 attempts.
But his score on a third test fell to 10 out of 16 correct after
he synchronized the two players’ musical outputs more
exactly. The signals from the two players were temporarily
mixed with a Y-connector while making cueing adjustments.
This suggests he may have been detecting synchronization
errors to identify the Compact Disc players, not their sonic
attributes.

The sonic differences evident on direct, open listening
were not statistically confirmed during the double-blind,
controlled tests using the equipment listed above. This
suggests that the Meridian player's electronic improve-
ments yield only a subtle sonic upgrade.

Laurence L. Greenhill

PIONEER CLD-900
Continued from page 29

which contained digital (CD format) audio tracks and the
AFM tracks normally found on LaserVision videodiscs. Un-
fortunately, the musical material on this videodisc did not
provide sufficient opportunity to compare the two types of
soundtracks, even though a switch on the front panel of the
unit does let you select "Analog Only” sound. There were
few silent passages in this particular disc, so | found it
difficult to judge how much quieter the background was
when | switched to the digital format.

Of course, when | played my regular CDs on the player, it
performed handsomely, offering just about the same high
quality of sound | have been getting from most CD players
I've been measuring of late, as well as very fast access to a
given point in a disc when | used the remote control for
programming. As far as | could tell (I had only a Japanese
owner's manual), there are no programming features on this
machine. That is, you can't store a set of track or index
playing instructions in any sort of memory. On the other
hand, you can access a given point in a disc both by track
and by index points (if the disc has been encoded with
them). Audible scanning is also possible, as is scanning of
videodiscs at a variety of fast- and slow-motion speeds.

| found the hand-held remote control easy to use. Color
coding helps you push the right buttons for the right func-
tions. Blue buttons are exclusively used for videodisc func-
tions, while green buttons are used exclusively in CD opera-
tions. Buttons lacking either of these colors perform equiva-
lent functions for both program sources.

As for the displays which are visible on your TV screen
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GRATING (SPUTTER)
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A typical LaserVision videodisc optical system, such as
this, is similar in principle to a CD player's.

while you use the player for CD reproduction, you don't
have to keep your TV set on for that display. Remember, the
player itself tells you the track you're playing, and that's
really the most important display you need when listening to
a CD. Stilt, | found the video display to be a delightful
addition, and | must confess | couldn't help gazing at it as |
listened to my CDs. No doubt | would have grown tired of
this feature in time, and so, probably, will you. But you're not
likely to tire of the excellent video reproduction and, now,
the excellent sound quality you can get from this combina-
tion player. It's been a long time since Bart Locanthi hinted
that such a unit would someday be available, but the CLD-
900 has been worth the long anticipation and the long wait.

Leonard Feldman
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FQUIPMENT PROFILE
“

Manufacturer’s Specifications

Frequency Response: 4 Hz {0 20
kHz, +0.5 dB.

Dynamic Range: Greater than 96
dB

S/N Ratio: Greater than 96 dB.

THD: Less than 0.003% at 1 kHz, O-
dB recorded level.

Channel Separation: Greater than
90 dB

Number of Programmable Se-
lections: 15.

Output Level: 2.0 V for 0-dB record-

ed level.
Headphone Output Level: 830 mW
into 32-ohm load, adjustable.
Power Consumption: 33 watts
Dimensions: 16-15/16 in. W 3V.
in.H x 183%in. D (43 cm X 8.2 cm
x 33.4 cm)
Weight: 11.7 Ibs. (5.3 kg).
Price: $600.
Company Address: One Panasonic |
Way, Secaucus, N.J. 07094
(Originally published August 1985)
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More and more companies are now offering third-genera-
tion CD players. One of the more recent introductions is
Technics’ SL-P3, the top model in a group of three totally
redesigned units from that company. From the looks of it,
the designers sought to incorporate just about every conve-
nience feature imaginable, having now had three years in
which to survey the needs of consumers and the features
that were available in first- and second-generation Compact
Disc players.

Besides a 15-step, random-access programming capa-
bility, the SL-P3 offers a multi-function wireless remote con-
trol, expanded repeat functions, automatic pause, automat-
ic cueing and an output level control with an associated
LED level indicator. The wireless remote-control unit is able
to perform the random-access programming functions, and
even to adjust volume.

Another new and unusual feature on the SL-P3 is the
"Disc Prism.” Found on the motor-driven loading drawer,
this prism arrangement reflects the image of the spinning
CD forward. You can therefore see that a disc has been
loaded into the player while you view the front panel, even
though the disc is actually oriented horizontally. | suspect
that this novel arrangement (including illumination of the
prism for easier viewing) was developed to counter the
uneasiness of some consumers over the fact that their discs
"disappear” inside their CD players, and their doubts about
whether the disc will ever be recovered. (Of course, these
nightmares are unlikely to happen in reality.)

Control Layout

Maijor operating controls of the SL-P3 are larger and more
easily accessed than the less often-used switches. The
lower part of the player's front panel is slanted toward the
user, so all control keys can be seen and operated easily.
Ten numbered keys and a memory key, positioned on this
section of the panel, are used to perform the 15-selection,
random-access programming. You can choose which
tracks you want to hear in whatever order you prefer; direct
access by track numbers can also be performed using
these keys, as can programming and direct access by
index numbers. (Index numbers are now found on an in-
creasing number of CDs; they subdivide longer tracks, such
as movements of a symphony, into recognizable parts—
musical themes, for example. For those who want to quickly
access a specific theme within a movement, index numbers
provide the means.)

The "Repeat” button lets you listen to the entire disc, or
programmed shorter sections of the disc, over and over
again. The "A-B Repeat” button permits instant replay of
any specified section selected during the playing of a disc.
Automatic "Music Scan” lets you preview the first few sec-
onds of each track in a disc; the number of seconds can be
adjusted by using the numbered front-panel keys, from 1 to
99 S. Sliding a switch, at the lower left of the front panel, to
the "Auto Pause” position causes the laser pickup to pause
at the beginning of each track. Moving this switch to "Auto
Cue" makes the SL-P3 stand by at the beginning of each
selection for instant starts at the touch of a button. With auto
cueing engaged, the system seeks out the first note on each
track and activates a “Cue Standby” indicator when ready.
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Fig. 1—Frequency
response, left (top) and
right channels.
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Fig. 2—THD vs. frequency
at three output levels.

Fig. 3—Spectrum analysis
of 20-kHz signal (large
spike) shows inaudible
beat tone at 24.1 kHz,
about 45 dB lower than
the desired output.
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A “Disc Prism” on the
loading drawer makes the
spinning CD easily visible,
which eliminates any
uneasiness caused by
“disappearing” discs.

“

The auto cueing function differs from "Auto Pause.” since
there may be a few seconds of time between the start of a
given track and the actual start of music on that track. The
auto-cue feature will be especially welcomed by disc jock-
eys who use this machine for broadcast, since it will permit
more accurate cueing than is possible by simply specifying
a track number

Up/down output level buttons that control volume elec-
tronically are also provided on the front panel, while a "Rem
Time" key displays the total time remaining on a disc during
play whenever it is pressed. The larger, more basic keys
include “Play,” “Stop,” “Search’ (bidirectional) and
“Pause.” The “Search” keys operate at high and low
speeds, and let you hear sounds at normal pitch. "Skip”
keys move the laser pickup forward or backward over any
number of tracks, depending upon the number of times the
B8 key is pushed

The large, fluorescent display includes a 15-bar horizon-

tal graph which indicates which track is playing by blinking
the bar corresponding to that track. The display also shows
track number and index number, as well as total playing
time and remaining play time in minutes and seconds.
Indicators are also provided for the repeat function, A-B
repeat, music scan, 15-track overrun (in the event that a
given disc contains more than 15 tracks), and disc compart-
ment status.

The Technics SL-P3 is also equipped with a headphone
Jack with its own separate volume control, and an automatic-
timer play mode.

Measurements
Frequency response for this CD player, plotted in Fig. 1
for both the left and right channels, was flat within 0.2 dB

Fig. 4—S/N analysis, both over the entire audio range, from 20 Hz to 20 kHz. Harmonic
unweighted (A) and distortion at maximum recorded level varied from 0.0035%
A-weighted (B). to 0.007%, depending upon the test frequency used. Figure

2 shows how THD varies with both frequency and reference
recorded level. Notice that | did not plot THD above 10 kHz.
At high frequencies, my distortion analyzer began to read
unusually high numbers which | suspected were not really
harmonic distortion. Spectrum analysis revealed that these
higher readings were, in fact, super-audible “beats" outside
the audio spectrum, and Fig. 3 illustrates this. The range of
sweep in this photo is from 0 Hz to 50 kHz, in linear
increments of 5 kHz per horizontal division. The tall spike in
the display represents a desired 20-kHz signal, while the
shorter spike, immediately to its right, is a signal at a
SEPARATION, R 1oL frequency of approximately 24.1 kHz. It is only about 45 to

7/ 46 dB lower than the desired signal, which explains why the
distortion analyzer read nearly 0.5%. Despite the high meter
reading of my distortion analyzer, the presence of this ultra-
sonic beat frequency did not interfere with the sound quality
of the player.

Unweighted signal-to-noise ratio measured just over 96
dB; residual noise of the player is analyzed in the graph of
Fig. 4A. When an A-weighting network was added to the
measurement setup, the signal-to-noise ratio was even
higher—100.0 dB exactly, as shown in Fig. 4B. IM distortion
Fig. 5—Separation vs. at maximum recorded level was only 0.0075%, increasing to
frequency. a still inaudible 0.017% at —20 dB recorded level. Output

SEPARATIOM, L 10 R
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Fulfilling the Promise of Digital,
Monster Cable Introduces

INTERLINK CD—

Super High Resolution Compact Disc Inter-
connect Cables. Conventional cables run
out of breath when trying to cope with to-
day’s sound. The incredible sonic capabil-
ities of the compact disc player push all
your components to their limit ... includ-
ing your connecting cables. The cetailed
resolution, awesome dynamic range, and
powerful bottom end available from your
compact disc player are not fully re-
produced when you use ordinary inter-
connect cables.

Why a Special Cable for Compact Disc? In-
terlink CD is specially designed 10 com-
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pensate for the transient and phase distor-
tions of the digital process as well as mini-
mizing some of the “harshness” found in
some CD program material. Using our rev-
olutionary “Bandwidth Balanced™” tech-
nology, we can control high frequency
phase shift to produce a more enjoyable,
musical sound; the bass is tighter, tran-
sients are quicker, and there’s a greater 3-
dimensional depth to the music.

If you listen to compact discs, let
them sound their Monsterous best with
Interlink CD. Please write for our free
brochure.

“MONSTER.CASLE"

Monster Cable Products, Inc.
101 Townsend Street

San Francisco, CA 94107
415-777-1355




One way to judge a player

is to check its tracking and
error-correction ability. In

those areas, the SL-P3 won
high marks.

-l

Fig. 6—Reproduction of
1-kHz square wave.

Fig. 7—Single-pulse test.

Fig. 3—Phase-error test
using tones of 200 Hz (left
channel) and 2 kHz (right
channel).

linearity was accurate to within 0.5 dB down to —80 dB.
Maximum output level was exactly 2.0 V, but, of course, if
the player's variable output level control is used, this can be
adjusted to suit the needs of any amplifier and to conform
with other program sources which the user’s audio system
may include

Stereo separation was about what | have come to expect
from CD players. ranging from over 75 dB at the high-
frequency extremes to nearly 90 dB. A plot of separation
versus frequency for both left-to-right and right-to-left chan-
nel crosstalk is shown in Fig. 5.

Figures 6 and 7 clearly demonstrate that Technics has
chosen to stay with multi-pole, analog output filters. The 1-
kHz square wave shown in Fig. 6 exhibits the type of ringing
normally associated with such output filters, as does the
overhang or ringing seen in the reproduced unit-pulse test
signal shown in Fig. 7.

Despite the use of a steep filter, however, the relationship
between the 200--z signal on the left channel and the 2-kHz
signal on the right, reproduced in the ‘scope photo of Fig. 8,
shows no evidence of any phase shift or phase delay at the
higher of the two frequencies.

Since most CD players offer superlative sound quality,
assessment of tracking and error-correction ability is one of
the important ways to judge differences between models.
One of the more noteworthy improvements |'ve been finding
on second- and third-generation players is their ability to
handle severe dropouts and other disc defects. In these

"areas, the SL-P3 won high marks, playing through my “ob-

stacle course” disc—the one with the built-in defects and
opaque sections—as if the disc were perfect. The player
also resisted mistracking when subjected to moderate ex-
ternal vibration or shock.

Use and Listening Tests

| found the Technics SL-P3 extremely easy to use and
easy to program. despite its rather elaborate programming
functions. Contrgls are logically arranged, and logically and
intelligently identified. The lightweight, hand-held wireless
remote control performs just about every function you would
want to direct from across a room, short of opening the disc
drawer itself.

Sound quality was as good as | have come to expect from
a well-engineered player. Evidently there's more to making
a CD player sound good than simply going to oversampling
or to digital fittering (both of which Technics chose not to do
in this model). Depth and breadth of stereo imaging was
very good, and only some of my older discs exhibited the
high-frequency graininess that has been attributed to CDs
and CD players in general. Some more recently acquired
CDs sounded just fine, and | found that the speed of
access, charactzristic of the third-generation players, was
about 1 S between any two points on the disc.

Perhaps the thing that impressed me most about this new
Technics model was not so much its excellent sound quality
(I've come to expect that from all late-model players) but
rather the number of useful features available. Barely two
years ago, a player having all these features, if available at
all, would have easily cost twice as much as this one does.

Leonard Feldman

66

AUDIO CD '86




Digital Precision

The precision of digital electronics has ~evolutionized the
art of music reproduction. A sigral-1d-noise ratio of
90 dB. Perfectly flat frequency response throughout the
audible spectrum. Wow and flut:cr ¢o low it defies
measurement. And over 90dB of dvnamic range

to widen your music horizcms. Akai has
made the dream of mus cal purity
a reality with Compawt [disc
plavers that everyone
will enjoy. »




EQUIPMENT PROFILE

80 dB.

to-peak.

SONY

PCM-501ES

DIGITAL AUDIO
PROCESSOR

60 Hz, 33 watts.

Manufacturer’s Specifications

Frequency Response: 10 Hz to
20 kHz, =05 dB.

Harmonic Distortion:
mat, less than 0.007%; 16-bit format
less than 0.005%.

Dynamic Range: 14-bit format,
greater than 86 dB; 16-bit format,
greater than 90 dB

Channel Separation: Greater than

Input Levels: Line, 0.24 V for —10
dB reference level; video, 1 V peak-

Output Levels: Line, 024 V for —10
dB reference level; monitor, video
and copy outputs, 1V peak-to-peak;
headphones, 0.003 to 0.9 mW into
32 ohms, continuously adjustable.

Power Requirements: 120 V ac

Dimensions: 17 in W x 3% in. H x
147 1n. D (43cm x 8cm x 35¢cm).

Weight: 13 Ibs., 3 0z (6 kg)

Price: $750

Company Address: Sony Drive,
Park Ridge, N.J. 07656.

(Originally published September 1985)

14-bit for-

The first PCM digital audio processor intended for home
use that | ever tested weighed about 50 pounds and cost
more than $5,000. That was back in 1978, when Sony
introduced their PCM-1—a massive-looking unit that could
be hooked up to a VCR for PCM (digital) audio recording
and playback. Back then, a multi-national committee was
still at work at setting standards for this kind of product.
About a year later the PCM-10 was introduced. It was still
just about as heavy and just about as bulky as its predeces-

sor, but it conformed to the newly agreed-to standards for
PCM processors

More recently, other PCM processors have appeared—all
at considerably lower cost—including the renowned PCM-
F1 from Sony, a portable, battery-operated unit that became
popular with audio professionals and with audio hobbyists.
Used with any portable VCR, the PCM-F1 made it possible
to record musical events in the field with hitherto unheard-of
fidelity and accuracy. Remote recording events, which for-
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FR L" ) 4dB R- g SdB 2@ @kHZ merly required hundreds of pounds of reel-to-reel record-
’ ers, mixers, amplifiers and mixing consoles, could now be
i l

I handled with a small VCR plus the tiny PCM-F1 processor

1 and a couple of well-placed microphones. No wonder the
PCM-F1 found favor more with the pro audio folks than with

1 the home users for whom it had originally been intended.

I Not content with that accomplishment, Sony went on to

— e e

introduce, a couple of years ago, the PCM-701, a processor
which sold for only $1,200 and which occupied no more
space than a typical amplifier. Now, further integration of
1 B T circuitry plus the experience gained in other digital-audio
' areas (such as CD and pratessional digital recording equip-
' ment) has enabled Sony to produce the lowest-priced PCM
20 50 100200 500 Ik 2k Sk 10k 20k processor ever, the PCM-501ES.
FREQUENCY — Hz Besides being considerably less expensive than any pre-
) vious PCM processor, the new PCM-501ES incorporates a
Fig. 1—Frequency host of features that serious recording enthusiasts will find
response, left (top) and useful. For one thing, the unit offers both 14-bit and 16-bit
right channels. recording and playback configurations. Both formats con-
form to the technical specifications of the EIAJ; thus, any
tape recorded using another digital processor that con-
forms to either EIAJ format can be played back using this
FT L-B4.0dB unit. Furthermore, the PCM-501ES allows you to copy tapes
— BB digitally without having to decode them first from digital to
analog. If a tape recorded in the 16-bit format is duplicated
using this digital tape-copy function, the copy can automati-
cally be converted to the more common 14-bit format.
Sony incorporated both formats because the 16-bit mode
offers somewhat wider dynamic range and lower distortion,
while the 14-bit mode has somewhat better error-correction
capability. Specifically, burst errors of up to 32 horizontal
video-format lines can be corrected in the 14-bit mode
while the 16-bit mode only allows correction of burst errors
] l N up to 16 lines long. As is true of other digital systems, the
N e 4 PCM-501ES can compensate for burst errors too large for it
to correct so that the errors are not perceptible. Interleaving
disperses dropout errors by changing the sequence of
A information blocks or “words™ in the recording. When re-
stored 10 the original order during playback, the words
\ FT L'88 1C|B containing errors are therefore placed between error-free
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words, so linear interpolation can mask the errors.
I I . Ancther new feature found on the PCM-501ES is called
| | - Optimum Video Condition (OVC) control. This is used In
| | 20 . | conjunction with the associated VCR's tracking control and
i ] a series of indicator lights on the PCM-501ES, to obtain the
A ! | — optimum relationship between the VCR and the processor
I

regardless of tape speed set on the VCR. Furthermore,
when adjusting the VCR's tracking control, one of the pro-
| cessor's level meters can serve the added function of show-
| i _ 80 ing when optimum VCR tracking has been attained. Finally,

l J | an Auto Playback Mute circuit, when activated, will cause
i | { Nl - 100 2 | the system to mute in the presence of frequent dropouts or
0 S00 Ik 2k 5k IC ) dusty tape.

RALL NOISE |

Control Layout

B A “Power"” switch and headphone jack are found at the
left end of the all-black front panel of the PCM-501ES. A
Fig. 2—Unweighted S/N rotary headphone-output ‘evel control is next to the phone
analysis in 14-bit mode jack; to its right is the "OVC" control described earlier. Two
(A) and 16-bit mode (B). pushbuttons are used lo select either 14-bit or 16-bit digital
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You have to get used to the
fact that 0 dB is truly the
maximum recording level
reasonable. Go above it and
you’ll be in trouble.

resolution; to their right are three pushbuttons arranged in a
vertical row and labelled “Copy,” "Auto PB Mute" and
"Tracking.” The "Copy" button is pushed when you want to
make a digital copy of a digital tape using two VCRs. The
“Tracking” button converts the peak program LED meter
into a tracking meter, as described above; the function of
the "Auto PB Mute" button has also already been de-
scribed.

The large, easy-to-read display to the right of these three
buttons serves primarily as a dual-channel record-level me-
tering system (or as a tracking-control indicator). To the left
and right of the LED banks are indicator lights which denote
14-bit or 16-bit resolution; activation of the built-in emphasis/
de-emphasis circuits, playback muting, and the "Copy"
feature, as well as activation of a "Rec Mute" button located
just to the right of the display area. This button allows you to
interject a signal recording level of zero to create blank
spaces or pauses between musical selections. Dual-con-
centric, calibrated control knobs at the right end of the
panel serve as master recording level controls.

The rear panel of the PCM processor has stereo pairs of
line-in and line-out jacks, video in and out jacks, the "Copy
Out” jack used for copying a tape from one VCR to another,
and a monitor-out jack. The latter allows you to monitor an
ordinary video signal connected to a TV monitor without
having to change connections when you want to use your
VCR for its primary purpose, watching recorded television
programs.

Measurements

In order to determine the difference, if any, between 14-bit
and 16-bit operation of this PCM processor | decided to
measure all characteristics of the machine in both operating
modes. The first thing | discovered is that there was no
measurable difference in frequency response when switch-
ing from 14-bit to 16-bit operation. Overall record/playback
frequency response for both channels, shown in Fig. 1, was
well within the = 0.5 dB tolerance specified by Sony.

Figures 2A and 2B show unweighted signal-to-noise ra-
tios obtained for each digital resolution format. For the 14-bit
mode | measured 84.0 dB of S/N, while in the 16-bit mode
S/Nincreased to 88.1 dB. Adding an A-weighting network, the
S/N figures improved still further, to 86.9 dB for the 14-bit
mode and 90.7 dB for 16-bit operation (see Figs. 3A and
3B). A very slight improvement in harmonic-distortion levels
was measured, too, when | switched digital resolution from
14 to 16 bits. For the former mode, | measured a THD of only
0.006%, which decreased to an even lower 0.004% when |
switched to 16-bit.

One of the things you have to get used to when using a
digital processor for audio recording is the fact that "0 dB’
is truly the maximum recording level reasonable. Go above
it and you will be in trouble immediately. To illustrate the
point, | used the distortion plotting feature of my Sound
Technology 1500A tester to see what would happen at
higher recording levels. The results for both 14-bit and 16-
bit operation are shown in Figs. 4A and 4B: At +2 dB
recording level, THD had already jumped up to about 2.7%.
Yet, at 0 dB recording level, distortion had been so low that
this instrument was incapable of registering a reading. | had
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Fig. 3—A-weighted S/N

analysis in 14-bit mode
(A) and 16-bit mode (B).

to use my dedicated distortion analyzer to read the 0.004%
and 0.006% numbers mentioned above.

Channel separation is plotted in Fig. 5. Even at 16 kHz,
separation slill ranged between 69.4 and 73.7 dB (depend-
ing upon which channel was being measured). At mid-
frequencies, separation was between 90.6 dB and 92.0 dB,
again deperiding upon whether | measured left-to-right or
right-to-left separation.

Use and Listening Tests

One of the problems | have run into with earlier PCM
processors is their inability to record signals faithfully when
the associated VCR was operated at its slowest tape speed
(either Beta Il or VHS EP). The first unit to overcome this
problem was Sansui's TriCode PCM processor (see Audio,
January 1984.) The Sony PCM-501ES is the second unit to
successfully use the slower VCR tape speeds for digital
audio recording. This means that with a Beta VCR you can
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Because the PCM-501ES
gets good results with the
slower VCR tape speeds,
you can record from 5 to 8
hours of superb digital
audio on a single cassette.
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Fig. 4—Third-order
distortion vs. level in
14-bit mode (A) and 16-bit
mode (B). As is typical of
digital systems, distortion

is negligible below 0 dB,
but begins rising swiftly
as soon as that limit is
passed.
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get up to 5 hours of superb digital audio on a single
cassette tape and 8 hours' worth with a VHS recorder.
Furthermore, the OVC control really lets you optimize perfor-
mance in these slow-speed modes so that as little interpola-
tion as possible is necessary to fill in for missing data. The
tracking indicator is alsoc a great help in optimizing the
performance of the VCR in relation to the processor.

The “Copy Out" feature will appeal to audio enthusiasts
who want to make copies of their homemade, digitally re-
corded musical periormances. Since there doesn't seem to
be a great deal of prerecorded software available for use
with PCM processor/VCR combinations, | don't yet see the
present need for this feature.

In my own experiments, | transcribed sample selections
from some of my favorite CDs, both in the 14-bit and 16-bit
formats. During certain soft passages, | was able to detect a
slight difference in residual noise levels, but only when |
turned up listening levels to unrealistically loud settings. As
for tonal quality, in A-B tests between the original CD and its
digitally recorded equivalent on VCR tape, | confess that |
could not tell the difference. The only time | thought | heard
a difference was when | deliberately experimented with
some off-brand, “bargain” videotape | had lying around the
lab from an earlier experiment. Some of this tape was so
bad that, with the layback Mute Control activated, | did
hear moments of muting when error rates exceeded the
error-correction capabilities of the system. With playback
muting off, under the same conditions, there was no audible
muting, but | did detect oecasional changes in timbre when
making direct comparisons with the CD source material. |
can only attribute these changes to a relatively large num-
ber of interpolations which the system was being called
upon to perform.

After becoming accustomed to using high-quality, three-
head reel-to-reel and even cassette tape decks, it's a bit
frustrating to have to wait for playback to find out how well a
recording came out, but that's the way all PCM processor/
VCR combinations work. Just as you can’'t monitor a video
recording using any home VCR, so too is it impossible to
monitor a PCM audio recording made on VCR tape. Under
these conditions, it's especially important to stay below that
0-dB indication on the level meters of the PCM-501ES.
Exceed that point and you are going to hear horrendous
levels of distortion during playback, since you will have
come up against the insurmountable level limit imposed by
any digital audio recording system—the point where you run
out of “numbers” to describe the loudest sample of the
music you are recording. That's the point when the sample
you record consists entirely of ones—14 of them in the 14-
bit mode or 16 of them if you use the higher resolution
format.

Perhaps some day, when standards are agreed upon for
a dedicated Digital Audio Tape (DAT) recording system,
provision may be made for the kind of as-you-record moni-
toring system that many of us enjoy with our analog record-
ers. Until that day comes, if you have a need or desire to
record music and speech digitally, the least expensive way
is with a VCR, and a PCM processor such as Sony’s beauti-
fully engineered and produced PCM-501ES.

Leonard Feldman
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Manufacturer’s Specfications Company Address: Sony Drive
Frequency Response: 2 Hz to 20 Park Ridge, N.J. 07656
kHz, +0.3 dB (Originally published September 1985)

Harmonic Distortion: Less than

| 0.0025% at 1 kHz
Dynamic Range: Greater than 96
dB

Channel Separation: Greater than
95 dB

Number of Programmable Se-
lections: 20

| | Output Levels: 2.0 V, fixed. up to
2.0 V. maximum, variable

Power Requirements: 120 V, 60
Hz, 16 watts

Dimensions: 17 in. W x 3V4in. H x
14% in. D (43 cm x 8 cm x 36.5
cm

Weight: 19 Ibs., 14 0z. (9 kg)

Price: $950
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It's been only a short time since | tested and wrote about
Sony’s top-of-the-line Model CDP-650ESD Compact Disc
player (see Audio, July 1985). While other CD-player prices
were plummeting, Sony maintained that there would always
be a market for a state-of-the-art unit that employed the very
latest technology and offered all the features a serious user
could possibly ever want. My review of the CDP-650ESD
was nothing short of ecstatic. | still regard that player as the
definitive model, one that can serve as a reference for
judging other CD players both in terms of sound quality and
in terms of features. That unit, however, has a suggested
price of $1,300-rather steep in view of the fact that perfect-
ly adequate (if basic) CD players can be had for around
$300 or even a bit less, even from the very same Sony
Corporation

Sony must have realized that these days a $1,300 player
is not something throngs of people will wait in line to pur-
chase. Accordingly, they have now come up with the COP-
620ES—a very slightly downgraded version of the CDP-
650ESD that incorporates pretty much all of the new tech-

' Control Layout

nology found in the more expensive player, but which sells
for a full $350 less. Whai has Sony omitted in order to
accomplish this cost savings? According to them, the main
visible difference between the 650 and the 620 is the omis-
sion of the 650's unique digital-code output port on the rear
panel of the lower cost unit. I'm not referring to the special
accessory connector that will be needed for attaching a
video-graphics interface box when those become available;
both the 650 and the 620 have that connector. I'm talking
about the additional connector that gives the user access to
the audio bit strearr itself and therefore allows digital-to-
digital audio data transfer. Also, the CDP-650ESD's chassis
is of anodized copper (which probably contributes substan-
tially to the price difference, and which Sony says has better
resonant and thermal properties). In addition, the more
expensive model has more massive feet

| found a couple of other differences—minor ones—be-
tween the two players, that the people at Sony didn't men-
tion. The first of these has to do with the grid-like track-
number display on the front panel. The CDP-650ESD's grid
shows a total of 20 numbers, while the 620 displays only 18,
though 20 programmable playing steps can still be memo-
rized by the lower-priced unit. The final difference | discov-
ered between the two units is a feature found on the 620 that
1s actually not present on ihe higher priced 650. That's the
headphone output jack. According to the people at Sony
introducing a headphone amplifier in the circuitry of a
‘pure” CD player such as the 650 can actually affect sound
quality a trifle, so it was not done. The lower priced 620, |
guess, is not regarded as a CD player in which total perfec-
tion is the goal, so its designers compromised enough to
incorporate a headphone amplifier and its associated out-
put jack with level control

As for myself, | welcome the addition of the jack on the
lower cost unit; and if it introduced any sound degradation, |
confess that | failed to hear it!

The front panel of the CDP-620ES is almost identical to
that of the CDP-650ESD. The disc-loading drawer remains
pretty much as it has been on earlier Sony home players: It
is opened by touching an “"Open/Close" button to its right,
and is closed by touching the drawer front, the "Open/
Close" key again, or the “Play" button. Numbered keys from
0 to 20, plus a key labelled “+10,” are found near panel
center and are usea to call up desired tracks for play or to
perform random-access programming. The “+ 10" button
speeds up the process if you want to call up a track number
above 20. Track 44, for example (if one existed on the disc
you've inserted), would be called up by touching the "+ 10’
button four times, and then touching the “4" button. "Play,
"Pause,” "AMS" (automatic track advance and track retard)
and "Play Mode" keys ('Continue,” “Single” and "Pro
gram”) are found to the right of the numeric keyboard;
“Check” and "Clear" keys used for verifying programmed
instructions or for ¢ earing them from memory are located
below the numeric keys. A "Stop" key and two manual
search keys are near the front panel's lower right corner.
The search keys are used for fast access, in either direction,
to a given point on a disc while you are listening to it
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I welcome the addition of a
headphone jack to the new
Sony player. If it degrades
the sound, I confess that I

failed to hear it.

e === S

- ~ T n MmN

Fig. 1—Frequency
response, left (top) and
right channels.
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Fig. 2—THD vs. frequency
at three signal levels.

Fig. 3—Spectrum analysis
of 20-kHz test signal
(large spike) shows
inaudible component at
40 kHz, more than 60 dB
below reference level.
Horizontal scale: Linear,
from 0 Hz to 50 kHz.

At the lower left corner of the panel are switches which
turn the player on and off manually or by an optional exter-
nal timer. Additional buttons beneath the display area are
labelled “Repeat” (for playing, over and over again, a single
track, the entire disc, or a segment of a disc between two
preselected points), “A < B (for setting those start and
end points), “Time" (for toggling between an elapsed-time
and a remaining-time display), "Auto Delay,” and “Shuffle
Play." When the “Auto Delay” button is pressed, two sec-
onds of silence are inserted before the first selection begins
This function is tcggled off by pressing the same button a
second time. The “Shuffle Play” feature is an interesting
one. When this button is pressed, all of a disc's selections
are “shuffled” and played in random order. When all of the
selections on the disc have been played once, the shuifle-
play function is automatically cancelled. There would seem
to be no end to what you can do with a Compact Disc player
once a microprocessor is incorporated in it!

The front panel's display section presents a wide variety
of useful data. Whan a disc has been inserted in the drawer
a "Disc” indicater illuminates. Next, a “Track” indicator
briefly displays the total number of tracks on the disc, after
which the actual track number being played is shown
Another display indicates elapsed time of track play after
first indicating total time on the disc. (Remaining time can
be toggled alternately with elapsed time, as described
above). A "PGM" (ProGraM) indicator lights up when the
player is in standby mode for programmed play, and an
“Index’’ indicator shows the index number of the selection
being played. (If the disc is not divided into index segments,
‘Index’’ will illuminate with the numeral “1" at all times.) The
previously described numeric grid shows how many selec-
tions are programmed and which one is currently being
played. If you program more than 18 selections, the word
"Qver" lights up.

A headphone jack at the lower left and a variable output
level control at the lower right complete the CDP-620ES’s
front-panel layout.

A full-function wireless “"Remote Commander” control
module duplicates just about every function on the front
panel, including random-access programming, all the re-
peat-play features, shuffle play, and even remote adjust-
ment of output level for the variable-output jacks. Interest-
ingly, when you perform the latter adjustment remotely, you
can see the control knob on the panel revolve in response to
your commands!

The player’s rear panel has both fixed- and variable-level
output jacks, plus the multiple-pin connector intended for
future link-up to that video-graphics interface module re-
ferred to earlier. The rear panel also has an initializing
switch which allows you to choose which play mode (contin-
uous, single-selection or programmed) the unit will be in
when first turned on.

Measurements

Sony claims that the circuitry of the COP-620ES is virtually
identical to that found in the more expensive CDP-850ESD.
My own measurements suggest that if that is indeed the
case. then some variations of measured performance occur
even when "uniform” sophisticated LS| chips are used to do
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Time after time, the unit
found and began to play
requested tracks almost
before I could look up from
the remote control I was
using to instruct it.

8

Fig. 4—S/N analysis,
unweighted (A) and
A-weighted (B).

Fig. 5—Separation vs.
frequency.
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most of the signal processing and amplification. While the
CDP-620ES's frequency response was every bit as flat as
that of the more expensive Sony model (see Fig. 1), and in
fact vared by no more than 0.1 dB over the entire range
of measurement from 20 Hz to 20 kHz, total harmonic
distortion was ever so slightly greater. At 0 dB it measured
0.0038% at mid-frequencies. I'd say that's nothing to get
upset aoout, but it is, nevertheless, higher than the 0.003% |
measured for the COP-650ESD. Total harmonic distortion at
mid-frequencies and other frequencies, at three playback
levels, is shown In Fig. 2.

| noted no out-of-band “beats"” at around 24 kHz when |
used a spectrum analyzer to sweep from 0 Hz to 50 kHz
(linearly) while a 20-kHz signal was being reproduced by
the player. This is due in part to Sony's new digital filter and
oversampling approach, introduced in several of their third-
generation players, and afso in part to their use of a single
master digital clock (the timing circuit that synchronizes
everything to the 44.1-kHz sampling rate of the standard
Compact Disc)

What did show up, however, was a second-order distor-
tion component way out &t 40 kHz; such a component was
not visible or detectable when | measured the COP-650ESD.
Of course, since this component is at 40 kHz and its ampli-
tude is down more than 60 dB compared with the funda-
mental (see Fig. 3), | couidn't get too upset about it. | only
mention it—and show it—to point out that the performance
of this CD player, though very close indeed to that of the
higher priced 650, is not identical to it

Unweighted signal-to-noise ratio measured exactly 96 dB
as claimed, while A-weighting increased the S/N reading to
exactly 100 dB (see Figs. 4A and 4B). SMPTE-IM distortion
measured 0.0044% at full output level, increasing to 0.025%
at a —20 dB recorded level. Twin-tone IM (using 19-kHz
and 20-kHz test tories of equal level, supplied from one of
my digitally produced CD test discs) measured no more
than 0.003%, both at maximum recorded level and at a level
of =10 dB

Stereo separation, plotted as a function of frequency in
Fig. 5. ranged from about 88 dB at mid-frequencies to
around 83 dB for the left channel and 77 dB for the rnight
channe! at high frequencies. The minor difference between
left-to-right and right-to-left separation is undoubtedly due
to wiring layout in the chassis and differences in capacitive
coupling at high frequencies

A 1-kHz square wave reproduced by this new CD player
is shown in Fig. 6. As far as | could tell, the waveshape was
identical to that obtained from the CDP-650ESD. Specifical
ly, the shape was indicative of digital filtering and two-times
oversampling, which are the methods used by a majority of
late-model CD players. Reproduction of the unit-pulse sig-
nal, shown in the photo of Fig. 7 was also identical to that
obtained from the Sony CDP-650ESD and other late-model
CD players.

In Fig. 8, the usual dispRy of a 200-Hz signal from the left
channel output and a 2-kHz signal from the opposite chan-
nel output shows no detectable phase shift: As you can see,
the low-frequency and higher frequency sine waves cross
the zero axis in a positive-going direction at the same time
as they should
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Except for access to the
digital audio code, the
CDP-620ES offers the same
quality sound and almost
all the features of its
higher priced sister.

Fig. 6—
Square-wave
reproduction,
1 kHz.

Fig. 7—
Single-pulse test.

Fig. 8—
Two-tone
phase-test
signal (200 Hz
and 20 kHz).

Use and Listening Tests

| was just as amazed by this player's speed of access as |
had been by that of the CDP-650ESD. When Sony tells you
that these machines can access any given point on a CD
within 1 S, that is no exaggeration. Time after time, using
test discs that have many more tracks than are likely to be
found on musical CDs, | called upon the machine to search
for double-digit-numbered tracks; almost before | could look
up from the hand-held remote control | had used to enter
those instructions, music of the requested track began to
play. The lower mass pickup and the linear-motor pickup
drive designed for the third-generation Sony CD players
have been used in this latest model too, with superb results:
not only in terms of search speed but in terms of tracking
stability and lack of susceptibility to external shock and
vibration. it almost goes without saying that the "defects’
disc | use to evaluate error correction and tracking ability
posed no real challenge for the CDP-620ES

Of course, the really important thing about this or any
other CD player is the sound quality that it delivers. | have
maintained that the best sound | ever heard from any CD
player came from the CDP-650ESD. | can't say that the
sound of the CDP-620ES surpasses that of the CDP-
650ESD, but | can tell you that after many hours of listening
and comparing | could not, in all honesty, detect any differ-
ence in sound quality between the two. Since | tested the
CDP-650ESD a while ago, my library of CDs has grown
some more and | now have additional CDs that | think are
able to separate the "very good" players from those that are
plainly “superb.” The CDP-620ES clearly belongs in the
second category, but in so classifying it | wonder whether
Sony has inadvertently outsmarted itself. Unless you have a
really good reason for wanting the digital audio code avail-
able from the CDP-650ESD's external port, why on earth
would you want to spend an extra $350 for the top-of-the-
line model when you can get the same high-quality sound
and just about all of the convenience features (not to men-
ion that headphone output jack) in the newly introduced
CDP-620ES? Leonard Feldman
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THE PERFECT BALANCE BETWEEN \
ARTISTIC INTERPRETATION AND
TECHNICAL ACCURACY

-_ \ ,

The gymnast, poised on the balance beam,
knows that in order to achieve a perfect score,
there has to be total attention given to detail in
artistic interpretation as well as the mastering of
technical accuracy.

While all gymnasts aspire to perform the most
intricate of routines, not all have the ability. The
same is true of compact disc players. The digital
sections of most CD players are similar to com-
pulsory exercises: They're all basically the same
and all basically adequate. The analog sections
are where the quality of the performance and the
differences between competitors are detemined.
The analog section of the Harman Kardon
HDS500 compact disc player has been designed
with attention to subtle details, using only the
most sophisticated circuitry and highest quality
discrete components. The result is breathtaking
dynamic range, startling realism and a world
class performance every time.

Visit your local Harman Kardon dealer and judge ’
for yourself... The HD500 receives a perfect score.

arman kardon

240 Crossways Park West, Woodbury, New York 11797 Call Toll-Free 1-800-633-2252 Ext. 250
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AKAI

DIBTAL

Manufacturer’s Specifications

Frequency Response: 5 Hz to 20
kHz, +0.5 dB.

THD: 0.005%.

Dynamic Range: 90 dB.

S/N Ratio: 90 dB.

Number of Programming Com-
mands: 16 (see text).

Channel Separation: 85 dB.

Line Output Level: 20 V.

Access Time: 26 S.

Power Requirements: 120 V, 60
Hz.

Dimensions: 138 in. W x 28 in. H
x 10in.D(35cm x 7.1 cm x 25.4
cm)

Weight: 14.3 Ibs. (6.5 kg).

Price: $499.

Company Address: 800 West Arte-
sia Blvd., Compton, Cal. 90220.
(First published this issue)
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has become difficuit for a company to come up with a player

With all of the “me too" CD players currently available, it FR L+ B “HB R'I‘ a SdB 12 BkHZ
offering something different from the rest. Akai, however, +2 ] r
has managed to do just that with a new, extremely easy and [
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logical way to program via the “Unique Program Order -
Selector,” a main feature of their CD-M88.

The front panel of this mid-sized CD player is equipped
with the usual numeric keypads for designating desired
tracks and even index points within a given CD selection (if
such index points have been encoded onto the disc). But, in
addition, there are keys labelled “To,” “And" and "Without.”
The addition of these extra buttons on the front panel makes
for a simpler layout while adding versatility to the way in
which programming can be done. Suppose you were play-
ing a CD that had 20 tracks and wanted to hear tracks 1
through 5 as well as tracks 10 through 20 but omitting track
17. With most programmable players, you'd have to key in
at least 15 individual numbers—assuming the deck was | Fig. 1—Frequency
able to accept that many individual instructions. With the | response, left (top) and
Akai CD-M88, you would press the following keys in the | right channels.
following order: “1,” “To,” “5,” "And,” “10,” “To,” "“20,"
“Without,” "17." Reading that back as a complete sentence,
it makes perfect sense, doesn't it?

Other features of the Akai player include direct access to
any given track, full-function wireless remote control, repeat
play of a specified portion of a track or tracks, and repeat
play of an entire disc. It is possible to have a disc repeat-
play up to 99 times!
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Fig. 2—
Frequency sweep
from 0 Hz to

50 kHz shows
“beat” output at
24.1 kHz to the
right of 20-kHz

Control Layout k
signal.

At the extreme left end of the front panel is the usual slide-
out disc drawer. Just below are a phone jack and an
unusual output-level control. Instead of being adjusted by a
protruding rotary knob, this control is configured as a flush-
mounted disc which has two tiny bumps on its flush surface.
As your finger tip touches it, there's enough friction between
your finger and the flat, flush-mounted knob to enable you to
twist the disc and thereby adjust for more or less output
level. ———— LT OF "BEA PONENTS I

An elaborate and informative fluorescent display, also = e !
situated below the disc drawer, shows track and index N
numbers, time elapsed for the current track and total 3046 LEVEL !

A
|
1
’
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elapsed time from the beginning of a disc. In addition, all
programming instructions are displayed as they are en- L2448 LEVEL 1 -
tered, including the novel “To,” “And” and “Without" desig- | = '_—-‘*'—'_\,-
nations as well as “Repeat” notations when applicable. A
“Display Select” button adjacent to the display area is used
to choose the various track or time displays in sequence.
The “"Power” on/off and the disc drawer “Open/Close”
switches are near the center of the front panel, while further
to the right are the disc operating controls: “Play,” fast
forward and reverse, and “Pause/Reset” (stop). Bridging
the first three controls is an unusual acronym—°IPLS"—
which took a fairly careful search in the owner’'s manual to
locate. On page 12 | finally discovered that it stands for
“Instant Program Location System,” by which Akai means | Fig. 3—THD vs. frequency
that the beginning of the previous, the current or the next | at three signal levels.
selection on the disc being played can quickly be selected | (High-frequency dashed
by pressing the play button simultaneously with either re- | lines indicate super-
verse or fast forward. This method of advancing or reversing | audible beats; see text.)

FREQUENCY — H2
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Akai’s CD-M88 uses an
analog filter at the output
of its D/A converter, rather
than the digital filter used
by most of the second- and
third-generation units.
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Fig. 4—S/N analysis, both
unweighted (A) and
A-weighted (B).
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Fig. 5—Separation vs.
frequency.
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the laser pickup, though unusual, reduces the number of
front-panel controls, an important consideration for a CD
player in the mid-sized category.

All of the remaining touch controls at the right end of the
panel are involved with programming for specific play rou-
tines. Here are found the numeric keys as well as the repeat
key, the index key, and those special "To,” "And" and
"Without” keys. The routine needed to get to a specific track
at the beginning of play is a little unusual. Instead of just
keying in the track number and then (perhaps) pushing the
play button, you treat this request as if it were part of the
Akai's programming routine, first keying in the desired track
and then pressing the separate "Program Start” button.
Having become accustomed to the other approach, which
is used on most machines, this took a little getting used to.
On the other hand, when doing multiple-programming of
tracks, the more-logical routine of the Akai's special word
keys more than made up for the differences in the CD-M88's
single-track access procedure.

Measurements

Frequency response of the Akai CD-M88, shown in Fig. 1,
was flat to within the claimed +0.5 dB over the entire audio
range. A slight rise in response near the high end suggests
that the steep analog filters employed after D/A conversion
may not have been precisely optimized for the impedance
into which they were terminated. Still, the rise amounted to
no more than 0.5 dB in one channel and 0.4 dB in the other.
Bear in mind that the vertical scale in Fig. 1 is only 2 dB per
division.

As with so many other players, the apparent "high” har-
monic distortion readings observed when checking THD of
high-frequency signals (16, 19, and 20 kHz) on my test disc
are not really the result of harmonic-distortion components.
This is obvious if you look at the spectrum-analysis photo of
Fig. 2, in which the sweep extends from 0 Hz to 50 kHz. The
large spike near the left is the desired 20-kHz test-signal
output, while the lower amplitude spike is a “beat” occurring
at around 24.1 kHz. Figure 3 shows harmonic distortion
versus frequency for three different recorded levels, but the
measurement is valid only to around 10 kHz. That's why |
used dashed lines above this frequency, to show that the
sudden rise in apparent THD is really caused by the ap-
pearance of those out-of-band "beats.’

Unweighted signal-to-noise ratio measured 92.7 dB
{greater than Akai's claimed 90 dB), while the A-weighted
measurement was an even higher 99.0 dB (see Figs. 4A
and 4B). SMPTE-IM distortion measured 0.005% at maxi-
mum recorded level, increasing to 0.055% at —20 dB re-
corded level. CCIF-IM distortion (twin-tone, using 19- and
20-kHz tones at the equivalent of highest recorded level)
measured a very low 0.0028% at maximum recorded level
and 0.003% at — 10 dB recorded level. Stereo separation,
plotted as a function of frequency in Fig. 5, ranged from
81.4 dB at the high-frequency extreme to 85.4 dB at mid-
frequencies.

Reproduction of a 1-kHz square wave by this player is
shown in the 'scope photo of Fig. 6. | was surprised to
discover that Akai is still using so-called analog (or sharp-
cutoff, "brick-wall”) filters at the output of the player's D/A
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The chief attractions of this
player are its great
programming flexibility
and that a user doesn’t
have to take a course to
learn how to operate it.

Fig. 6—Reproduction of a
1-kHz square wave.

converters, whereas most other second- and third-genera-
tion CD players have gone over to digital filtering and
oversampling. As I've stated on several occasions, many
listeners will probably be unable to tell the difference be-
tween these two approaches, but there are those who do
prefer the digital filtering approach and can hear a slight
improvement in sound quality when it is used. The appear-
ance of the unit pulse in Fig. 7, as reproduced from the
Philips test disc, further confirms the use of analog filtering
in this player's D/A circuitry

As is true of most recent CD players, the Akai unit had no
trouble tracking through the simulated-defects disc. The
CD-M88 totally ignored the widest portion of the opaque
wedge inscribed on that disc as well as the increasingly
wide "dust” specks and the simulated fingerprint smudge.
Resistance to mild vibration and external shock was even
more gratifying, for the unit continued to play without miss-
ing a beat every time it was tapped on its top or sides. The
smaller size of this player seems to make for a sturdier and
more shock-resistant housing.

Use and Listening Tests

The Akai CD-M88 is a pleasure to use. Programming is
easy and logical, whether performed at the front panel or by
means of the wireless remote control (which duplicates all of
the programming and disc-transport controls). As for sound
quality, if it didn't quite measure up to the level of more
expensive CD players or those that use digital filtering and
oversampling, it was certainly acceptable.

The chief attractions of this model, to my mind, are its
great programming flexibility and the fact that a user doesn't
have to take a long course to learn how to operate it. At a
suggested retail price of just under $500, this Akai CD
player should find favor with many music lovers who aren't
as interested in technical circuit details as they are in func-
tional integrity and good human engineering.

Leonarcd Feldman

Fig. 7—Single-pulse test.

LTI

Fig. 8—With a 200-Hz
signal on left channel and
a 2-kHz signal on right
(A), little or no phase shift
is observed. Using

2- and 20-kHz signals,
considerable time delay is
noted (B).
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EQUIPMENT PROFILE

PIONEER
PD-9010X
COMPACT
DISC
PLAYER

]

Manufacturer’s Specifications

Frequency Response: 2 Hz to 20
kHz, +£0.3 dB.

THD: 0.001% at 1 kHz.

THD + Noise: 0.0022% at 1 kHz.

Dynamic Range: 96 dB

S/N Ratio: 98 dB, A-weighted.

Number of Program Selections:
32, for tracks numbered up tc 99

Channel Separation: 95 dB at 1
kHz

Line Output Level: 20V

Power Consumption: 120V, 60 Hz,
18 watts.

Dimensions: 18in. W x 3.7in. H x
122iIn. D(456cm x 95cm x 31
cm)

Weight: 12 Ibs., 8 0z. (5.7 kg)

Price: $539.95.

Company Address: P.O. Box 1760,
Long Beach, Cal. 90801

(First published this issue)

|
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Pioneer’'s top CD player is also its most versatile and
feature-laden. Supplied with a wireless, 13-function remote
control, the PD-9010X can be programmed from the comfort
of your armchair for up to 32 randomly accessed tracks on a
disc—and the track numbers programmed can extend up to
99! In addition to the usual line output, this player is
equipped with a stereo headphone jack and a headphone
level control, both conveniently located on the front panel.
To keep the panel simple and uncluttered, Pioneer has
elected to place the programming number keys on the
remote control only. In other words, you cannot program the
unit from the front panel. You can, however, play discs in the
normal fashion using front-panel buttons and controls. Fast
search and fast advance or reverse of the pickup from track
to track is possible, and you can access a given point on a
disc by its index number—if the disc is so coded—from
both the front panel and the remote-control unit. Index
numbers cannot be included in any random programming,
however

Control Layout

The “Power” on/off switch, headphone level control, and
stereo phone jack are located at the left of the front panel.
The slide-out disc tray to their right can be opened and
closed using the "Open/Close” pushbutton just to its right;
the compartment can also be closed by gently pushing the
front of the tray when a disc is in place. Two small indicator
lights below the drawer show when a disc has been loaded
and when a remote-control command has been received by
the remote sensor on the front panel.

The elaborate fluorescent display area is immediately to
the right of the disc tray and its “"Open/Close’ switch; it
provides no fewer than 11 separate status indications.
These include track and index numbers; minutes and sec-
onds of total time, time remaining or elapsed time; play,
pause, and repeat-play modes; indication of whether a disc
has been properly loaded, and acknowledgment of com-
mands from the remote control.

In addition to the targe numerals that display the current
track being played, there are 15 small numerals arranged in
a row below the main display. These illuminate to show total
number of tracks on the disc. If a disc contains more than 15
tracks, an arrow pointing to the right illuminates to indicate
that fact.

Near the right-hand end of the panel are “Play” and
“Pause” buttons. Along the panel’s lower edge are a "Time"
key (which toggles the time display), a “Repeat” key, for-
ward and reverse “Index Search” keys, forward and reverse
“Manual Seach” keys, a pair of track-advance and track-
reverse keys, and a "“Stop/Clear" key to discontinue play as
well as to clear the memory of programmed instructions.

The hand-held remote-control unit supplied with the PD-
9010X duplicates most of the function keys described
above. It is also equipped with the 0" to "9" number keys
and the “Program” key needed for random-access pro-
grammimg

Measurements
Frequency response of the PD-9010X is shown in Fig. 1.
Response was very slightly attenuated at 20 kHz, measuring
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Fig. 1—Frequency
response, left (top) and
right channels.
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Fig. 2—THD vs. frequency
at three signal levels.

Fig. 3—Spectrum analysis
of 20-kHz test signal;

output was 20 kHz,
and nothing else!

AUDIO CD '86

85



The harmonic distortion
produced by this unit was
truly negligible, and its
output at 20 kHz was
totally clean.

[ —0.3 dB for the left channel and —0.4 dB for the right
NS FT L-96. 1dB channel. As usual, in order to plot frequency response

I
|

I | ] 2 | deviations in greater detail, the vertical scale in Fig. 1 is only
70 | X - 1 - 4 2 dB per division.
= l o The harmonic distortion produced by this well-designed
w —————— > . L o
> 1| -80 1 0 3 unit was truly negligible. Unlike almost every other CD
So | 0 o player | have tested in the past two years, this one did not
o > =90 1 @ R B i " i
P l I 0 2 produce any significant “beats” at ogt-of-band frequencies.
2L -100 1 - ~ | As aresult, it was not necessary to introduce a band-pass
T 2 ' \ = = | filter when making the measurements. The values plotted in
2 -0 —+—1— ‘ & | Fig. 2 are the actual values read by my distortion analyzer in
1- i v 'y 3 | its wide-band mode, and the three curves are valid all the
20 20 50100 200 500 Ix 2k Sk 10K 20k 10 way up to 20 kHz. Cutoff of the analyzer, when used in the
FREQUENCY — Hz wide-band mode, is at 80 kHz, so if there were any out-of-
band components of significance, they would have contrib-
uted to and increased the readings. Under these test condi-
B tions, THD at 1 kHz was an incredibly low 0.0015%, well
NS WD L-182 dB below Pioneer's claimed 0.0022% for THD + noise.
= e - ) Figure 3 confirms the fact that no out-of-band beats were
] ] | S | present when the PD-9010X reproduced high frequencies.
-70 | . 1 ] = _" The tall spike in this spectrum analysis represents a 20-kHz
. 2 W | test signal; as you can see, there are no other components
> 1 -80 . 1 ] g 4 | visible. The only other CD player | ever tested that exhibited
5 § ) T - il w | such totally clean output at 20 kHz was Sony's top-of-the-
T o = 2 | line CDP-650ESD, which has a suggested price more than
€ w -100 ——4++ 1 [ _ | twice that of the Pioneer PD-9010X.
I3 - 5 Unweighted signal-to-noise ratio measured 98.1 dB; the
-1 1t 11 1 w | A-weighted measurement was a very high 102 dB, 4.0 dB
0 | ] | 1 100 2 | higher than claimed by Pioneer (see Figs. 4A and 4B).
20 50100200500 Ik 2k Sk 10k 20k SMPTE IM measured 0.003% at maximum recorded level,
FREQUENCY — Hz increasing to 0.025% at —20 dB recorded level. CCIF IM
(twin-tone, using 19- and 20-kHz tones at the equivalent of
Fig. 4—S/N analysis, highest recorded level) was an extremely low 0.0037% at
unweighted (A) and maximum recorded level and an even lower 0.0028% at
A-weighted (B). —10 dB recorded level.

Stereo separaticn, plotted in Fig. 5 as a function of fre-
quency, ranged frcm 73.0 dB at the high-frequency extreme
to 90.0 dB at mid-tfrequencies.

Reproduction of a 1-kHz square wave is shown in Fig. 6.
The reproduced wave shape is typical of that produced by
CD players which employ oversampling and digital filtering.
The unit pulse in Fig. 7, as reproduced from a Philips test
disc, is also consistent with what | have obtained with other
players that employ this type of filtering and oversampling.
The apparent inversion of the waveform is not our photo
editor's mistake. Evidently, phase inversion occurs some-
o where in this player's signal chain, as it has in a few other
units | have tested. So long as this inversion is the same in
both left and right channels, there is no problem.

in checking for phase error, | detected no difference in

. /', the positioning of a pair of low- and mid-frequency test
2 SEPARATION, R 1oL 11—, tones (200 Hz and 2 kHz) on opposite channels compared
< e e with the positioning of a pair of mid- and high-frequency

SEPARATION, L to R signals (2 and 20 kHz). | concluded, therefore, that in

addition to its many other sonic virtues, the Pioneer PD-
9010X is virtually free of any phase or time-delay errors
commonly associaled with analog output filters.

As | expected, the Philips defects disc was unable to trip
Fig. 5—Separation vs. up the excellent tracking and error-correction capabilities of
frequency. this CD player. As has been true of nearly all of the third-
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NEC_'s digitai,
experience here...

~_brings j‘you_ abetter
“digital experience here.

; AEe -

/
- PR ,
-/

P —

* When you put a satellite in orbit, you want every possible assurance that it will perform. That's why

corporations and governments all over the world ask NEC to build their satellites.

Even if you don't launch objects into outer space, it's comforting to know that NEC puts much of our
satellite PCM digital technology into our Compact Dise players for the home.

While most high fidelity companies have only two or three years of experience with PCM digital audio,
NEC has been at it since 1965. So it ©mes as no surprise that other manufacturers are now imitating the
digital filtration and high-speed switching our CD plavers have had from the beginning. And it's no surprise
that independent critics in America, Eurape and Japan have awarded NEC's players top ratings.

You see, building satellites is noz enaugh for NEC. We feel obligated to >
take the world's most advanced technalogy one step further. Into your home. NE ‘

NEC Home Electronics (U.S.A.), inc., 1401 Estes Avenue, Elk Grove Jilage IL 60007 We brlng h|gh teChnO'ogy hOme




I can’t think of any
programming or display
features that have not
been included on this
superb-sounding player.

Fig. 6—
Reproduction of
a 1-kHz square
wave.

Fig. 7—
Unit-pulse test.

S S—

generation units | have been evaluating lately, this one had
no trouble playing right through the simulated scratch (up to
900 microns In width), the simulated dust circles (up to 800
microns in diameter) and the simulated fingerprint smudge
which extends over two complete musical tracks of the test
disc. Resistance to mild vibration and external shock was
especially good. The PD-9010X continued to play with no
audible interruptions, skipping, or disc rejection while |
repeatedly subjected it to less-than-gentle tapping along its
top and sides. The folks at Pioneer have advised me that
part of this stability comes from the player’'s unique internal
suspension system. Pioneer has apparently gone to great
pains to make certain that the PD-9010X will play through
discs under a variety of difficult conditions.

Another example of the care Pioneer has taken is the
special disc-retaining surface which engages CDs when the
machine is in the play mode. Most disc-retaining surfaces
simply grab the disc near its center hole. In the PD-9010X,
nearly three-quarters of the surface of a disc is supported
while being played. You can imagine how much this will
help when trying to track moderately warped CDs!

Use and Listening Tests

My initial reaction to the PD-9010X was to object to the
fact that | could not program the player at its front panel but
had to use the remote control. | felt this way even though |

The elaborate display of the PD-9010X has eleven status
indications, but Pioneer kept the unit’'s front panel simple
by placing all programming controls on the remote transmitter.

oren/cLoBe

F
WIS

CTAL AIDIO

realized that Pioneer achieved two worthwhile objectives
with this approach: Lower cost (since they didn't have to
duplicate the number keypad and its associated circuitry on
the panel) and a less cluttered appearance. After using the
player for a few days, my initial objections simply disap-
peared. More often than not, | found myself loading a disc
and then, with the remote in hand, sitting down across the
room to program what | wanted to hear—with the disc's
"lewel box" package and album booklet alongside my
chair. | realized, toc, that if | desired to program the machine
at its front panel, there would be nothing to stop me from
simply keeping the full-function remote control alongside or
on top of the player.

Such minor considerations aside, let me get to the impor-
tant things. In a word, the Pioneer PD-9010X is one of the
most value-laden CD players it has been my pleasure to
evaluate so far. | can't think of any programming or display
features which have been omitted that a user might require.
All of those convenience features wouldn't be worth much,
however, if the player lacked good sound-reproduction ca-
pability. Not only is this player a superb-sounding instru-
ment, but Pioneer has somehow managed to put all of these
desirable qualities together in a unit that sells for a price that
more music lovers than ever will be able to afford. I'll bet the
competition is tearing apart several PD-9010Xs right now
trying to find out hcw Pioneer did it! Leonard Feldman
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TITLE NUMBER
HOLST/HANDEL /BACH e Fennell / Cleveland Symphonic Winds CD-80038
STRAVINSKY: Firebird Suite ® BORODIN: Polovisian Dances ® Shaw / Atlanta .. CD-80039
Malcolm Frager plays CHOPIN ¢ Bésendorfer Imperial Grand CD-80040
TCHAIKOVSKY: 1812 Overture / Capriccio Italien ® Kunzel/Cincinnati . CD-80041
MDUSSORGSKY-RAVEL: Pictures at an Exhibition/ Night ® Maazel/ Cleveland CD-80042
TCHAIKOVSKY: Symphony No. 4 in f, Op. 36 ¢ Maazel/Cleveland CD-80047
BIZET: Carmen Suite / GRIEG: Peer Gynt Sultes e Slatkin/ Saint Louis CD-80048
BACH: Organ Works e Murray/The Great Organ at Methuen CD-80049
SAINT-SAENS: Symphony No. 3 **Organ’' e Murray/Ormandy / Philadelphia . CD-80051
RAVEL: Bolero/ Daphnis & Chioé e Siatkin/Saint Louis .. CD-80052
STRAVINSKY: The Rite of Spring ¢ Maazel / Cleveland CD-80054
RIMSKY-KORSAKOV: Capriccio Espagnol / OEBUSSY: tbéria  Mata/Dallas CD-80055
ORFF: Carmina Burana e Shaw / Atlanta Symphony & Chorus / Soloists CD-80056
GERSHWIN: Rhapsody in Blue/An American In Paris ¢ List/Kunzel / Cincinnati . CD-80058
VAUGHAN WILLIAMS: Tallis Fantasia /BARBER: Adagio e Slatkin/Saint Louls . CD-80059
BEETHOVEN: Symphony No. 5 in ¢, Op. 67/ Egmont Overture * Ozawa / Boston CD-80060
BEETHOVEN: The Five Piano Concertos ® Serkin/QOzawa/Boston (3 CD) . CD-80061-5
BEETHOVEN: Piano Concerto No. 3/‘'Choral’* Fantasy * Serkin/Ozawa/Boston CD-80063
BEETHOVEN: Piano Concertos No. 2 & 4 * Serkin/0zawa/ Boston. CD-80064
BEETHOVEN: Piano Concerto No. 5 '‘Emperor'' ¢ Serkin/Ozawa /Boston CD-80065
SHOSTAKOVICH: Symphony No. 5, Op. 47 * Maazel / Cleveland CD-80067
TCHAIKOVSKY: Romeo & Juliet/ Nutcracker Suite ® Maazel/Cleveland CD-80068
VIVALD!: Four Seasons  Silverstein/Ozawa/ Boston. CD-80070
DEBUSSY: La Mer/Afternoon of a Faun  Slatkin/ Saint Louis CD-80071
Marche Slav and Other Russian Favorites * Slatkin/Saint Louis . . . CD-80072
SCHUMANN: Fantasia/ LISZT: Rhapsodie Espagnole ¢ Nina Lelchuk, Piano CD-80075
BERLI0Z: Symphonie fantastique, Op. 14 ¢ Maazel /Cleveland CD-80076
COPLAND: Fanfare/Rodeo / Appalachian Spring e Lane/Atlanta CD-80078
BEETHOVEN: Wellington's Victory / LISZT: Huns ¢ Kunzel/ Cincinnati CD-80079
PACHELBEL: Kanon/TCHAIKOVSKY: Serenade in C * Slatkin/ Saint Louls CD-80080
MAHLER: Symphony No. 2  Battle/ Forrester / Slatkin / Saint Louis (2 CD) CD-80081/2
Music of WAGNER ¢ Marriner / Minnesota CD-80083
BERLIOZ: Nuits d'été ® Ameling/ Shaw / Atlanta CD-80084
RESPIGHI: Pines of Rome / The Birds /Fountains of Rome Lane /Atlanta CD-80085
Many Moods of Christmas e Shaw / Atlanta Symphony Orchestra & Chorus . . CD-80087
BACH in Los Angeles (Toccata & Fugue In d)  Murray/ First Congregational Church. . ... CD-80088
PROKOFIEV: Romeo and Juliet Suites  Levi/ Cleveland CD-80089
BEETHOVEN: Symphony No. 3 in Eb *'Eroica’’ * Dohndnyi/Cleveland CD-80090
SCHUBERT: **Unfinished'' / BEETHOVEN: Symphony No. 8 ¢ Dohnényl/CIeveIand CD-80091
BRAHMS: Ein Deutsches Requiem ® Augér /Stilwell / Shaw / Atlanta / Chorus . . CD-80092
HANDEL: Messiah e Shaw / Atlanta/ Chamber Chorus/ Soloists (2 CD) CD-80093-2
Star Tracks: Star Wars, Superman, Star Trek & more e Kunzel/ Cincinnati CD-80094
SIBELIUS: Symphony No. 2/Finiandia e Levi/Cleveland CD-80095
JONGEN: Symphonie Concertante ® Murray / de Waart/San Francisco CD-80096
BACH/WIDOR / DUPRE / FRANCK: Premiere Recital ® Murray/Ruffatti Organ . CD-80097
Ein Straussfest: Music of the Strauss family e Kunzel/ Cincinnati CD-80098
Stars & Stripes: Fanfares, Marches & more e Fennell /Cleveland Winds CD-80099
Telarc Compact Disc Sampler, Wl. | CD-80101
Telarc Compact Disc Sampler, Wl. 1l CD-80102
HANDEL: Messiah — Excerpts ® Shaw / Atlanta / Chamber Chorus / Soloists CD-80103
Encorss 2 Ia frangaise / POULENC: Organ Concerto ® Murray /Shaw / Atlanta CD-80104
STRAVINSKY: Symphony of Psaims / POULENC: Gloria ® Shaw / Atlanta CD-80105
Time Warp: Intro to Also Sprach Zarathustra and more ¢ Kunzel / Cincinnati CD-80106
TCHAIKOVSKY: Symphony No. 5 e Previn/Royal Philharmonic .CD-80107
MOZART: Eine kleine Nachtmusik / Serenade ¢ Mackerras / Prague Chamber CD-80108
BERLIOZ: Requiem/BOITO: Prologue to Mefistofele » Aler / Cheek / Shaw / Atlanta (2 CD) CD-80108-2
SCHUBERT: Symphony No. 9, ' The Great'’ ¢ Dohndnyi/ Cleveland CD-80110
RACHMANINOFF: Symphony No. 2 ® Previn/Royal Philharmonic CD-80113
MOZART/BEETHOVEN: Piano & Wind Quintets ¢ Previn/ Vienna Winds CD-80114
Orchestral Spectaculars * Kunzel / Cincinnati . . CD-80115
California Project (Surfin' Music) ® Papa Doo Run Run CD-70501
compAacT
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ALPINE 5900
CAR STEREO
COMPACT DISC
PLAYER

Manufacturer’s Specifications
Frequency Response: 5 Hz to 20

THD: 0.005% at 1 kHz

Dynamic Range: 90 dB.

S$/N Ratio: 90 dB, A-weighted
Channel Separation: 85 dB at 1

Tone Control Range: Bass, +10
dB at 100 Hz; treble, +10 dB at 10

Line Output Level: 500 mV at vol-
ume-control center.

Power Requirements: 14.0 V d.c.
(11 to 16 V allowable)

Dimensions: Chassis, 7in. W X 2in.
H X 5%in.D(17.8 x 5 x 14 cm);
nose piece, 6% in. W x 17%in. H X
9/16 in. D (171 X 48 x 1.5 cm).

Weight: 3 [bs., 150z (1.8 k@)

Price: $600.

Company Address: 19145 Gramer-
cy P, Torrance, Cal. 90501

(First published this issue)

g
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-

The Alpine 5900 CD player is designed to connect be-
tween a car's radio/tape player (“head unit”) and an amplifi-
er. It can also be used without a head unit, if CD is all you
want to hear in your car. The 5900 will probably be used
most often with external amplifiers, though it can also be
used with the amplifiers built into some Alpine head units.

When the 5900 is not playing, the head unit's signal
passes through it and appears at the player's outputs. When
it i1s in play mode, the signal from the CD appears at its
outputs, and the player’'s volume, bass and treble controls
take effect. When the player is used with some Alpine head
units (such as the 7273 and 7374), the head unit's display

shows when a CD is playing, and if a tape had been
running, the unit goes into tape pause mode. If the 5900 is
used with head units that lack this pause feature, Alpine
recommends ejecting any tape that might be playing before
switching over to CD play, so the tape will not keep running

As | soon discovered during my tests of this trim little unit,
it is easiest to connect to Alpine head units and ampilifiers,
which have matching DIN connectors that latch securely.
Alpine makes DIN-to-RCA adaptors available for connec-
tions to other brands of head units (part number 4308) and
amplifiers (4853). For connection to components which do
not have RCA connections, you may have to cut off the DIN
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Considering its small size,
the Alpine 5900’s features
come close to matching

those on home CD players.

plugs supplied on the 5900 and figure out which wires in the
cable end go where.

Considering its small size, the Alpine 5900's features
come pretty close to matching those found on home CcD
players. There's no random direct access, but it's easy
enough to push one of the music sensor buttons (marked
with upward- and downward-pointing arrows) several times
in succession to move ahead or back by several tracks. You
can move ahead or backward on individual tracks, and also
have the unit repeat a single selection or an entire disc.
"Power Loading” gently takes a disc from your hand as you
insert it in the narrow slot on the front of the player, complet-
ing the disc-loading operation smoothly and correctly so
you can concentrate on driving. To further aid you in keep-
ing your eyes on the road, the 5300 responds to all com-
mands or buttons pressed by sounding a beep. If this
becomes annoying, there are easy ways to turn the ac-
knowledgment beep off—and back on, if you decide you
want it after all.

Control Layout

At the extreme left of the player's front panel are concen-
trically mounted, detented volume and balance controls.
Just beneath them are smaller, detented bass and treble
controls. The incorporation of these four controls makes it
possible to use the CD player as a “stand-alone,” with its
output signals fed directly to a power amplifier it you choose
to do so. Once set, both of the tone controls can be pushed
in so that the knobs are flush with the panel, and their
settings will not accidentally be changed. Pushing them a
second time causes the knobs to protrude again when you
need to reset them.

The rest of the front panel contains the narrow CD slot
and, below it, the digital display and the remaining pushbut-
tons. These include a “Repeat” button (push it once to
repeat the current track, twice to repeat the entire disc), the
two “M. Sensor” (Music Sensor) buttons, the fast-forward
("Fwd") and fast-backward (“Bwd") butfons, a disc "Eject”
button, a “Play/Pause"” button that is toggled between these
two modes by successive pressing, and a "Display” button
which changes the numeric display from track number to
elapsed time of the currently playing track. A button labelled
“ADI" (for Auto Disc Initializer) performs the function that |
normally associate with the word “reset”; it returns the
pickup to the beginning of the disc and either re-initiates
play (if you are in that mode) or remains in the pause mode.
“Play,” "Pause,” and "Repeat" appear as illuminated words
in the display area.

Measurements

My tests of the Alpine CD player were conducted entirely
on the test bench, where | powered the unit with a constant,
regulated d.c. supply voltage of 14.0 V, as specified. (Tech-
nical Editor Ivan Berger, who has operated an identical unit
in his car, will follow with some comments concerning this
unit's actual performance on the road.) When | concluded
my tests, | did vary the supply voltage to see what would
happen: During stationary listening tests, the player per-
formed perfectly so long as the supply voltage did not go
below 11.5 V.
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Fig. 1—Frequency
response, left (top) and
right channels.

Frequency response of the 5900, shown in Fig. 1, was
flatterthan claimed, with a maximum deviation of only 0.3
dB over the entire audio range. A slight rise in response
near the high end was typical of the response | have found
in CD players that employ steep analog filters after D/A
conversion. The rise amounted to no more than 0.5 dB in
one channel and 0.4 dB in the other. Bear in mind that the
vertical scale in Fig. 1 is only 2 dB per division.

As with many a.c.-operated home players, the apparent
“high™ harmonic distortion readings observed when check-
ing THD of high-frequency signals (19 and 20 kHz) on my
test disc are not really the result of harmonic distortion
components. Rather, these high readings are the result of
out-of-band “beats” which, though inaudible, cause the
distortion analyzer to yield the figures which | recorded.
Figure 2 shows harmonic distortion versus frequency for
three different recorded levels, but the curves are valid only
to around 16 kHz. The short-dash lines above this frequency
show the sudden rise in THD caused by the out-of-band
beats.

Unweighted signal-to-noise ratio, shown in Fig. 3A, mea-
sured 88.2 dB. With an A-weighting network, S/N measured
92.7 dB (see Fig. 3B), greater than Alpine’s claimed 90 dB.
SMPTE IM was 0.003% at maximum recorded level, increas-
ing to 0.02% at — 20 dB recorded level. CCIF IM {twin-tone,
using 19- and 20-kHz tones at the equivalent of highest
recorded level) measured a very low 0.0042% at maximum
recorded level and 0.003% at —10 dB recorded level.
Stereo separation, plotted in Fig. 4 as a function of frequen-
cy. ranged from 70.1 dB at the high-frequency extreme to
81.4 dB at mid-frequencies. | detected that some crosstalk
was being caused by the proximity of the left and right
conductors of the cutput cable, but certainly the separation
figures obtained are far more than anyone would need—
especially in the environment of an automobile!

Reproduction of a 1-kHz square wave by this player is
shown in Fig. 5. It is obvious from this photo that Alpine is
still using sharp-cutoff, "brick-wall" analog filters at the out-
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HARVEY; WHERE THE MUSIC
GOES ROUND AND ROUND AND ROUND.
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$14.99.

NAKAMICHI OMS7-The laboratory BANG & OLUFSEN CD50—Exquisice YAMAHA CDX2-Programmable CD

standard—fully programmable with styling with programmability. The player with random access playback
remote, excellent design, construc- psrfect mat:zh for the 5000 Systen. system, 3-way music search and

tion and sound quality. $1295. $999, index search function. $299.

Y

LD Plo ot or s oms st e

CARVER CD—-Programmale with McINTOSH MZD7000—"State of the Art" YAMAHA CD3—Remote control

digital time lens circuitry to enhance reamcte contro. CD player with complete CD player with advanced signal

sound reproduction. $599. prog-amming “unctions from the remote. processing circuitry. $399.
SK3do.

$14.99. : $14.99.

HARVEY

Manhattan:

It's the compact disc player revo- lent CD players which are worth the friendly advice of the Harvey
lution—and as you read the adver-  your consideration. But to really sound experts, you can buy the
tisements and articles in this apprediate what they haveto offer,  one that best suits your ears, wal-

spedal CD issue of Audio Maga- you have to hear them for your- let and your existing audio (221‘; ‘;ﬁ:m
zine, it's enough to make your self at Harvey. And also listen to  system. White Plains:
head spin. all the other CD players we have In fact, bring all your questions 236 E Post Rd
Harvey Electronics, always the in stock, ready for you to test to Harvey's people—whether it's (e [l
experts in audio and video equip-  drive about CDs, TV’ or old-fashioned (:::a;:;r;w
ment, would like to introduce a In fact, Harvey Electronics has turntables.

Or outside N.Y. call to
order merchandise
800-223-2642

calm voice of reason into the cho-  one of New York's largest selec- When its about making beau-
rus of claims and counterclaims. tions of CD players, with all kinds  tiful music, its time you started
Featured above are six excel- of options and prices. And with  going round with Harvey. ELEC TR ONIC S



Nice touches abound, from
an obvious one, audible
fast search, to having a
place where you can store
the transit screw.

- - _ ___ |
put of the player's D/A converters, whereas most other
second- and third-generation CD players have gone over to
digital filtering and oversampling. The appearance of the

AESULT OF "B, ONPOHENT

$ unit pulse in Fig. 6 further confirms the fact that analog

! filtering is being used.
e T T The balance, bass and treble controls, though not really
et o g LA key to the CD player's basic functions, behaved pretty much

reepae

the way you would expect them to work on any car-stereo
head end. Maximum bass and treble cut and boost amount-
ed to approximately +10 dB, as specified by Alpine. With
the balance control set at its detented midpoint, output
levels from opposite channels were within 0.2 dB of each
other. Tracking of the volume control was accurate to within
1 dB, down to a —50 dB level.

The 5900 had no trouble tracking through my simulated-
defects disc, totally ignoring all three specially implanted

Fig. 2—THD vs.
defects. It was able to track through 900-micron-wide por-

frequency, at three output

levels. Dashed portions of
curves (beyond about
16 kHz) are ‘‘beat”

tions of a simulated opaque scratch, through 800-micron-
diameter dust patrticles, and through a defined area of semi-
opagque fingerprint smudge inscribed on the test disc. | also

subjected the unit to mild tapping and vibration, but | would
not equate my tests with the kind of vibration and bumping
to which such a unit will be subjected when it is installed in
an automobile.

components rather than
distortion (see text).

Listening Tests

Such additional tests as | performed were not very rele-

i vant to use in a car. | hooked up the outputs of the CD

] player to the high-level inputs of my reference system—

including my reference home speakers, which are obviously
superior to any car speaker in their ability to reproduce
bass. | did notice that, with the volume control turned up
! i fully, maximum output at the left and right terminals was
| | considerably higher than the usual 2.0 V I've been measur-
. ing for most CD players—it was nearly 3.5 V for a test signal
| recorded at maximum level on a CD. However, the player's

] o volume control is so tapered that at its mid-setting, output is

] ! amore reasonable 0.5 V, as specified. This level is undoubt-
edly consistent with the levels obtained from Alpine's AM/
FM cassette units.

Alpine has done a nice job in designing their first car CD
B player to match their other car units, aesthetically and in
terms of compatibility and operating features. While the
sound of the player was quite good in my home reference
| system, | was able to distinguish between the characteristic

]- steep filtering used in this player and the digital filtering
| used in my reference home player, when comparing the
| | sounds of some of my more recently acquired discs. |

>

suspect this subtle difference will all but vanish in an auto-
mobile, but I'll let Ivan Berger be the judge of that.
Leonard Feldman

Behind the Wheel

About the only main control feature Len missed is the
5900's night illumination. You can't see it by day, but soft
glows outline the loading slot and main controls, and even
the volume-control setting. If you're using the player with an
Alpine head unit, these lights go on as soon as you turn the
head unit on; otherwise, only the loading-slot light (the
most important light) glows, until a new disc is inserted.

Fig. 3—S/N analysis, both
unweighted (A) and
A-weighted (B).
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The player sailed without
a glitch over a range of
roads, from heat-swollen
concrete expansion joints to
Belgian block and ragged
blacktop.

The small, thin legends on the eight identically shaped
controls at the panel's lower right are almost impossible to
read when the buttons are illuminated, but they're also too
small to read while you're driving in daylight.

Both fast-forward and fast-backward searches are audi-
ble, so you can find the passage you want without taking
your eyes off the road (save for a moment, perhaps, to find
the proper button). If you can look, you'll find that the display
shows elapsed time within the track while the search func-
tions are operating, even if it was in the track-number mode
beforehand—a useful touch. Another nice touch is the provi-
sion of a threaded hole to hold the transit screw when the
unit is in use, keeping it handy in case the player must be
shipped somewhere at a later date.

One control, the reset button, is unmarked and all but
invisible. (It's just to the right of the disc loading slot.) If the
player fails to work, pressing this button with a ballpoint pen
or similarly pointed object will usually correct the problem. |
only needed to press it once, when the player was just
installed—and that wasn't the player's fault so much as the
photographer’s. (He had left a disc inside the player when
he disconnected its power.) Still, it would have been good to
have this button prominently mentioned in the instructions,
rather than buried in a list of controls on page 14 of the 24-
page manual.

Once working, the 5900 worked well. It slurped each disc
in, played it, then diffidently ejected it halfway, pulling it
back into the transport for safekeeping if you didn't take it
out within 15 S. Play begins as soon as you insert a disc, a
great convenience; but it goes into pause mode when it's
only re-ingesting a previously ejected disc.

All controls worked as they should. | did find the beep
tone annoying after a while, and shut it off. It's not needed,
as the effect of each control becomes audible soon enough.
It would be great, though, if each of the eight buttons
sounded a different tone so that you could tell by tone which
one you'd pushed.

Len’'s guess about the 0.5-V output level is correct. In my
system {currently set up for a reference Alpine 7347 head
unit), | found the volume control's mid-setting just about
right, most of the time.

| couldn't check Len's conjecture about the importance or
unimportance of digital filtering in the car, as my first-
generation home player also uses analog filtration, and
because my car's system is currently in transition to some-
thing new and therefore doesn't sound exactly like what I'm
used to. My installer thought the player lacked highs, and he
turned the treble control up to the 3 o'clock position. | felt it
was slightly shrill, and backed the treble off to 11 o'clock or
so. My wife felt it sounded flat and undynamic. Nonetheless,
we all agreed that it sounded better than tape or FM—by a
long sight.

A critical question, for a mobile CD player, is how well it
handles bumps. | did not have time to seek out speed
bumps and other thank-you-ma'ams, but | did play the 5900
while driving over a reasonable range of roads, including
concrete with heat-swollen expansion joints, Belgian-block
paving (with occasional blocks missing) and slightly ragged
blacktop. The Alpine 5900 handled them all, without a glitch.

Ivan Berger

SEPARATION, L 1

Fig. 4—Separation vs.
frequency.

Fig. 5~—Reproduction of a
1-kHz square wave.

Fig. 6—Single-pulse test.
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EQUIPMENT PROFILE

|

Manufacturer’s Specifications

Frequency Response: 3 Hz to 20
kHz, +0.3 dB.

Harmonic Distortion: 0.005% at 0
dB, 0.03% at —20 dB

S/N Ratio: Greater than 96 dB.

Dynamic Range: Greater than 96
dB.

Channel Separation: Greatsr than
94 dB, 20 Hz to 20 kHz

Channel Difference: Less than 0.5
dB.

Converter System: 14 bit; 176.4-

Low-Pass Filter: Digital plus ana-

Number of Programmable Se-

BANG & OLUFSEN kHz oversampling.
BEOGRAMCD X

COMPACT DISC =
PLAYER lections: 40.

Output Level: 2V rms at 0 dB.

Power Requirements: 120 V, 50/
60 Hz, 25 watts.

Dimensions: 16%2in. W x 3in. H X
12V in. D (42 cm x 7.6 cm X 31.1
cm)

Weight: 12.4 |bs. (5.6 kQ).

Price: $699

Company Address: 1150 Feehan-
ville Dr., Mt. Prospect, Ill. 60056.

(First published this issue)

cLean ST

Leave it to Bang & Olufsen to come up with a CD player
distinctly different from the morass of look-alike models
appearing recently. B & O’'s Beogram CD X is elegantly
styled to match other components made by this Danish firm,
whose products grace the permanent design exhibit at New
York's Museum of Modern Art. But the B & O styling goes far
beyond aesthetics. Of course, the CD X is beautiful to look

at and is sure to be a conversation piece in any tastefully
furnished home. However, it is also one of the easiest
players to use, its gently sloping, black-tinted-glass control
surface inscribed with words and numerals that need only to
be lightly ‘ouched to perform various operations. There are
no switches, knobs, or other protrusions on the top surface
of the unit. As elegant as this arrangement is, | did find that
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with continued use, my fingers left marks on the polished
glass surface, requiring rather frequent cleaning with a dry
cloth. One gets the feeling, after a while, that this player
should be approached only when wearing those white
gloves that waiters sometimes wear in French restaurants.

Although the CD X has no provision for remote control,
you are not likely to miss this feature, given random access
to specific tracks and the amount of programmability avail-
able. You can program up to 40 commands for a given disc;
since few discs contain this many actual tracks, you can ask
for several tracks to be repeated.

Control Layout

“Control" is actually a misnomer here, for, as I've men-
tioned, the CD X has no operating controls in the traditional
sense, other than an "Eject” button at the left of the narrow
front surface and a “Play” button at the far right. There is
also a "Play” on the control surface, with the difference that
the button doubles as the on/off switch. If a disc is in place,
touching either “Play” makes the CD X scan the disc,
display the total number of tracks (up to 20) by a series of
green numerals lighting up on the control surface, and
begin play. At this point, you can program the CD X (either
while the disc is playing or after pressing “Stop” on the
panel) to play up to 40 tracks, in any order. Programming is
begun by light touches on the control surface, just above
the series of white numerals (O through 9) which, in turn,
appear just below the green numbers. Each selection is
then completed by a light touch on the word “Store," just to
the numerals’ right. If you want to hear most, but not all, of
the tracks, B & O makes this easy too: After first touching
the number corresponding to the undesired track, simply
touch the word “Clear” to eliminate that track from the
playing sequence. With a disc containing many tracks,
clearing or omitting one track is much easier and faster than
having to store, say, 19 tracks.

If there is no disc in place when you press the "Play"
button, a red question mark appears in the main display
area to the right of the green or white track and program-
ming numerals. To insert a disc, you press the “Eject”
button. Three-quarters of the unit's top surface then gently
lifts up, providing access to the CD turntable surface. At the
same time, the turntable surface itself tilts up, almost “invit-
ing"” you to place a CD on it. Once a disc is in place, gently
touching the open lid will cause it to close as quietly and as
smoothly as it opened. Alternatively, touching the word
“Play” on what B & O calls their “Sensi-touch” panel causes
the lid to close and play to begin from the beginning of the
disc.

To the right of panel center, the red LED display serves
four purposes. Initially, it shows the elapsed time of the track
currently playing. Touching the word "Display” replaces this
with a readout of total elapsed time from the disc's begin-
ning. Touched again, the display will show the track and
index number currently being played. Finally, a question
mark appearing in the display indicates that you have done
something wrong and the CD X cannot follow your com-
mand. For instance, loading a disc upside down or asking
for tracks that don't exist result in the question mark being
displayed.

Fig. 1—Frequency
response, left (top) and
right channels.
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Fig. 2—Distortion vs.
frequency at three
recorded levels.

Fig. 3—

Spectrum analysis
of 20-kHz test
signal (large
spike) shows
accompanying

out-of-band
components at

approximately

24 and 44 kHz.
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A conversation piece,

B & O’s CD X is one of the
easiest players to use, with
its touch controls and high
level of programmability.
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Fast-forward and fast-reverse search are accomplished
by touching appropriate nomenclature on the "“Sensi-touch”
surface, but there is no audible sound while using these
modes. The label “Return,” touched once or repeatedly,
allows you to move backwards, track by track, should you
want to hear an earlier selection. Touching the word “Ad-
vance" skips tracks in the forward direction. Touching “Re-
peat” allows you to play a disc up to four times in succes-
sion. If you touch the word “Stop" briefly, disc play pauses
and can be resumed from the same spot by touching
“Play.” However, if you hold your finger on the word “Stop”
for more than 2 S, play is suspended completely and the
disc stops spinning.

Instead of equipping the CD X with conventional female
output jacks, Bang & Olufsen has supplied this unit with just
over four feet of output cable, terminated in color-coded,
male phono-tip plugs. Certainly the length of this cable is
adequate for most installations. Even if more distance is
needed between player and amplifier or preampilifier, you
could always use an audio cable extension. But for the
purist who insists upon using special audio cables (such as
those equipped with gold-plated plugs), the arbitrary length
and grade of the cable permanently affixed to the CD X may
prove undesirable.

Measurements

Frequency response of the CD X was flat within 0.2 dB
from 20 Hz to 20 kHz (see Fig. 1). | did notice a bit of ripple
in the response, just before high-frequency cutoff above 20

" kHz, which | can only attribute to the analog filters at the

output of the D/A converters. These filters, by the way, are
not of the steep, multi-pole type found in some CD players.
Since B & O uses the same D/A conversion technique em-
ployed by Philips (i.e., four-times oversampling and 14-bit
linear conversion), "brick-wall" filters are not required and
an analog filter of gentle slope can be used to minimize
phase shift.

Output voltage at 0 dB (maximum recorded level) mea-
sured almost precisely 2 V, as claimed. Actual harmonic
distortion at mid-frequencies measured 0.003%, as
claimed, for 0-dB level. However, when | used a distortion
analyzer instead of a spectrum analyzer, readings were
somewhat higher because of the presence of minute quanti-
ties of out-of-band components and, in some cases, negligi-
ble quantities of “beats{ appearing within the audible spec-
trum. Figure 2, which shows distortion at various levels over
a range of frequencies, includes these nonharmonically
related components, which are reflected in the somewhat
higher readings. In Fig. 3, a 20-kHz test signal is represent-
ed by a tall spike, while the shorter spike to its right is an
unwanted component outside the audio range, at about
24 1 kHz. The additional small spike, near the extreme right,
seems to be a component at the sampling frequency of the
test disc, 44.1 kHz. The sweep in this display was linear,
from 0 Hz to just over 50 kHz.

Unweighted signal-to-noise ratio for the CD X measured a
very high 98.9 dB; with A-weighting inserted in the signal
path, the S/N reading increased to 104.0 dB. Analyses of
noise distribution within the audio range are shown for both
types of measurements in Figs. 4A and 4B. Channel separa-
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The only audible “glitch”
heard was when I played
the widest “scratch” track
on the test disc; other
players got by this without
any problem.

R e ===

tion, plotted in Fig. 5, measured a full 90 dB at mid-frequen-
cies and at the bass end of the audio spectrum. Separation
decreased to between 80 and 86 dB at the high-frequency
extreme, depending upon which channel was measured

Reproduction of a 1-kHz square wave by the Bang &
Olufsen CD X, shown in Fig. 6, corresponds exactly to the
results obtained for other players which employ the same
type of oversampling and digital filtering. Reproduction of a
unit pulse, as seen in Fig. 7, was also typical of the results
obtained with other players employing this same kind of D/A
conversion. The coincident positive crossing of the horizon-
tal axis of both the 200-Hz signal on the left channe! of the
test disc and the 2-kHz signal on the right channel, depicted
in Fig. 8, shows that there is no measurable phase shift
occurring in this player, at least up to 2 kHz.

Tracking of this particular sample didn't quite measure up
to some other third-generation CD players | have tested.
Specifically, the error-correction circuitry plus the servo-
tracking arrangement was unable to get through my obsta-
cle-course defects disc. There was an audible “glitch” while
playing the "scratch” track covered with a 900-micron-wide
opaque area. Admittedly, that's the widest obstacle on this
disc, but several recent players have been able to get by it
without any audible problems. | hasten to add that the
player had no trouble working its way through the simulated
dust particles or the simulated fingerprint smudge on the
same disc.

Use and Listening Tests

From the logical, brief, and easy-to-understand owner's
manual to the unit's ease of operation, the CD X is a typical
Bang & Olufsen masterpiece. | don't know just how much of
the internal workings of the machine are built by B & O itself
and how much of it is purchased from other sources. |
suspect that the D/A conversion circuitry and related parts
(or at least the D/A chips) come from Philips, while the
transport mechanism, with its unique lift-up disc platter,
must have originated with the designers at B & O.

As for sound quality, | had no quarrel whatever with the
designers of this unit. In all respects, the sound reproduc-
tion was reminiscent of that of the various Philips (Magna-
vox) players | have tested over the past couple of years, all
of which use the same basic D/A conversion approach. In
other words, there was none of the harshness sometimes
attributed to those machines that use a 44.1-kHz sampling
rate and employ steep, multi-pole analog filters at their
outputs. Among the newer CDs that | enjoyed while putting
the CD X through its paces was a three-disc set of Richard
Strauss' opera Der Rosenkavalier recorded at the Dresden
Semper Opera House (Denon 100C37-7482-84). The natu-
rainess and live quality of this recording were, in my opinion,
faithfully reproduced by the CD X.

Another recent acquisition for my CD collection is West
Side Story, a two-disc set with the composer himself, Leon-
ard Bernstein, conducting and which features an operatic
cast. Included is Kiri Te Kanawa, whose lovely, clear voice
benefits from the CD technique. (This recording, Deutsche
Grammophon's 415253-2, bears the designation “DDD,"
indicating that it was digitally mastered, digitally mixed and
digitally recorded. When, by the way, are other record

Fig. 6—
Reproduction
of a 1-kHz
square wave.

Fig. 7—
Single-pulse test.

Fig. 8—
Two-tone
phase-test
signal (200 Hz
and 20 kHz)
shows no
phase delay
or error.

companies besides the Polygram group going to start using
this sensible coding system to let us know how a given CD
was produced?)

Getting back to the Bang & Olufsen CD X, its price, in my
opinion, is quite reasonable considering its many operating
features, the ease with which they're executed and—of
course—that magnificent human engineering which has be-
come almost synonymous with B & O designs.

Leonard Feldman
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EQUIPMENT PROFILE

Manufacturer’'s Specifications

Frequency Response: 5 Hz to 20
kHz, +0.5 dB.

THD: 0.003%.

Dynamic Range: 96 dB

Number of Programmable Se-
lections: 30 (15 per tray).

Channel Separation: 90 dB

Line Output Level: 2.0 V

Power Requirements: 120 V, 60
Hz, 22 watts.

Dimensions: 134 in. W x 43in. H

TOSHIBA :—;\6.124£n5).in. D (34 cm x 109 cm X
Weight: 13.64 Ibs. (6.2 kg)
i ot 154 s 621

COM PACT Dlsc Company Address: 82 Totowa Rd.
Wayne, N.J. 07470.
PLAYER (First published this issue)
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| did a double take when | unpacked Toshiba's Model I
XR-V22. Perhaps taking a cue from the recent proliferation
of double-well cassette decks, Toshiba has fashioned a
double-tray CD player, one that can successively play two
Compact Discs, or selected tracks from one CD followed by % !
selected tracks from a second. But if you amateur disc
jockeys (or even you professionals) out there are getting the
idea that this novel arrangement will enable you to do with
CDs what dual turntables allow you to do with LPs, forget it. 1

The Toshiba XR-V22 does not allow you to intermix cuts |
from the two discs mounted in its two trays—at least not in a
preprogrammed way. Of course, you can play a single track
from one disc, then a selected track from the other, but you
have to do this manually if you want to continue to switch
back and forth. You can program up to 15 selections in
random order for each disc, but all 15 from one disc have to
be played through before the machine will switch over to the
alternate disc. So, in a sense, the Toshiba player is really a | Fig. 1—Frequency
record changer of sorts, one with a capacity of two discs. | response, left (top) and
Furthermore, since the machine houses only one set of | right channels.
playback electronics (D/A conversion circuitry and stereo
analog output circuitry), another popular DJ trick is not
available to XR-V22 owners—fading from a cut on one disc
to a cut on the second disc.

Some other convenience features now found on many !
similarly priced CD players are absent here. For example, it ' " poM J
is not possible to program by index number. There is no
audible fast search, and no remote control is provided. wt

Nevertheless, the XR-V22 is an interesting machine that | 1H
thoroughly enjoyed using and testing. If it is combined with
Toshiba's SL-V11 stereo sound system (which includes their T T T —— )
Model SK-V11 cassette deck/receiver), pressing the "Play” P, o S2 B LEVEL T
button on the CD player automatically switches the receiv- '/
er's program selector to the CD/AUX mode. Synchronous QdELEveL
recording from disc to tape is also possible when the player
is used with the SL-V11 system.

Control Layout

The XR-V22's “Power’ pushbutton is at the lower left of its
front panel. Separate “Open/Close™ buttons along the top of
the panel activate the "A"” and “B" disc drawers that slide
out in the usual fashion. The drawers, positioned side by
side, occupy most of the width of the panel; above each are Fig. 2—THD vs. frequency
15 numbered LEDs. When a track is playing, a correspond- at three signal levels;
ing LED flashes on and off. During programming, the LEDs | gee text.
corresponding to the selected tracks illuminate continuous-
ly. When the machine is in the pause mode, an LED corre-
sponding to the current track flashes rapidly. “A-Play" and Fig. 3—

ALY L

“B-Play” pushbuttons that control the similarly identified Spectrum ; gl
trays are at the right end of the panel. A “Pause/Stop” ar?alysis of a ! Lol "
button below these interrupts play if pressed once and 1-kHz signal (tall -H e £ & 1

3

discontinues play or programming if pressed a second time. spike) shows
“Up/FF" and “"Down/Rev" buttons, just below “Pause/Stop,” | gmall amounts
perform dual functions. If either is pressed, the pickup of distortion at } bt
advances or retreats one track at a time. If either is pressed | 2 and 3 kHz. ; gt ‘
while the “Play" button is heid down, fast-forward or fast- | i
reverse playing of the disc occurs.

A digital display near the top right of the front panel shows
the number of the track being played, elapsed time within
that track, or total elapsed time; display modes are changed
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To me, the advantage of
the XR-V22 lies primarily
in allowing the user to play
two-disc CD sets without
interrupting the music’s

continuity.

e e P e [ = = — — R

>

Fig. 4—S/N analysis,
unweighted (A) and
A-weighted (B).
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Fig. 5—Separation vs.
frequency.

with the "Display” button at the lower right of the panel. Ten
numbered keys at the lower left are used in programming,
with nearby “Memory A" and “Memory B" buttons determin-
ing whether the programming is intended for disc A or B.
The “Clear” button, just to the right of the memory controls,
cancels any programming. A “Repeat" button just below the
“Display"” button tcggles the repeat function on and off and
can be used to repeat a single track, an entire disc, or even
the two discs (or their selected program tracks).

In addition to the usual left- and right-channel output jacks
on the rear panel, there is a multi-pin connector for a special
supplied cable which links the player and Toshiba's cas-
sette deck/receiver. It is this cable connection that allows
the one-touch program selection and the synchronized re-
cording functions mentioned earlier.

Measurements

Frequency response of the XR-vV22, shown in Fig. 1, was
flat to within the claimed +0.5 dB over the entire audio
range. Actually, it would be more accurate to say that the
response was flat from 20 Hz to 20 kHz, +0, — 0.8 dB. Note
that the vertical scale in Fig. 1 is only 2 dB per division.

One surprising result of my tests was the relatively large
amount of harmonic distortion observed for test frequencies
at maximum recorded level. Normally, levels of THD below
0.01% are observed for such test tones, with harmonic
distortion rising almost linearly as lower level signals are
analyzed. Although certainly low by analog standards, the
THD levels at 0-dB recorded level, plotted in Fig. 2, were
higher than Toshiba's claimed 0.003%. Further investigation
showed that these figures (typically 0.015%) were caused
by familiar “analog” distortion. Apparently, the player's ana-
log output stages couldn't quite handle the high output
voltage corresponding to maximum recorded level. They
missed by no more than about 1 dB, for, when | lowered the
test-signal level by that amount (I have a test track that
offers signals at —1.0 and —6.0 dB relative to maximum
output), THD dropped right down to about 0.005%. This
figure is still not quite the 0.003% claimed, but it is certainly
of the order | have come to expect from CD players.

The seemingly high harmonic distortion readings ob-
served when checking THD of high-frequency test signals
(16, 19, and 20 kHz) are not really the result of harmonic
distortion components. Rather, these higher readings
(shown by the steeply ascending dashed lines beyond 10
kHz in Fig. 2) are caused by “beats” between the sampling
frequency and the high-frequency test signal. Figure 3 con-
firms that this player produces some measurable harmonic
distortion for a 1-kHz test signal. Just to the right of the tall
spike (the desired 1-kHz test signal at maximum recorded
level), you can see a small component of distortion at
around 2 kHz and another, smaller component at 3 kHz.

Unweighted signal-to-noise ratio measured 93.4 dB: the
A-weighted measurement was 95.7 dB, very close to Toshi-
ba's claim of 96 dB for dynamic range. (See Figs. 4A and
4B.) SMPTE IM measured 0.013% at maximum recorded
level, increasing to 0.027% at — 20 dB recorded level. CCIF
IM (twin-tone, using 19- and 20-kHz tones at the equivalent
of highest recorded level) was a low 0.0057% at maximum
recorded level and 0.0038% at —10 dB recorded level.
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Considering the price of
this Toshiba CD player,
even the moderate amount
of flexibility afforded by
the double disc drawers
comes as a bonus.

Stereo separation, plotted as a function of frequency in Fig.
5, ranged from 70.0 dB at the high-frequency extreme to
85.4 dB at mid-frequencies.

Reproduction of a 1-kHz square wave is shown in Fig. 6.
The wave shape indicates that Toshiba is using sharp-
cutoff, "brick-wall" analog filters at the output of the player's
D/A converters. The appearance of the unit pulse in Fig. 7,
as reproduced from a Philips test disc, provides further
evidence of steep analog filters at the player's output follow-
ing D/A conversion. The phase error at high frequencies
usually introduced by such brick-wall filtering is evident in
Fig. 8, where 2- and 20-kHz signals are reproduced from
the left and right channels of a special test disc. If no phase
error were present, both signals would cross the zero axis in
a positive-going direction at the same time. Figure 8 shows
that when the low-frequency signal is crossing the axis in a
positive direction, the higher frequency signal is crossing
the zero axis in a negative-going direction. It is not possible
to translate these results into an actual number of degrees
of phase error or time delay, but it is clear that the error is at
least 180° of the 20-kHz signal or a minimum of 25 uS. Of
course, the error could be higher—75 uS (540° of a 20-kHz
signal) or even 900°.

Like a number of other CD players, the Toshiba unit had
no trouble tracking through my simulated-defects disc, to-
tally ignoring the widest portion of the opague wedge in-
scribed on that disc as well as the increasingly wide “dust”
specks and the simulated fingerprint. Resistance to mild
vibration and external shock was also excellent.

Use and Listening Tests

From my point of view, the advantage of the XR-V22 lies
primarily in my being able to play a two-disc CD set without
having to interrupt the music. | recently purchased the
Deutsche Grammophon recording of Leonard Bernstein
conducting his West Side Story—a most notable perfor-
mance in which he uses operatic stars rather than Broad-
way singers. The drama of West Side Story is just about
reaching its climax at the end of disc one, and it was nice to
have disc two start playing without any interruption that
would have broken the continuity and the dramatic intensity
of the music.

As for sound quality, the reproduction achieved by the
XR-V22 was acceptable, though | am becoming increasing-
ly conscious of the sonic difference between CD players
that utilize digital filtering and those that don't. Again, |
would caution would-be DJs that this player, while cleverly
designed and interesting in its own right, will not allow you to
perform the tricks you have come to expect as standard
with dual analog turntable arrangements. It will play two
discs end-to-end (and repeatedly, if you wish) or selected
tracks of one disc followed by selected tracks of another.
You can start with a disc in either drawer, but you can't flip
back and forth from one to another, track by track, unless
you program only one track per disc per drawer. Consider-
ing the price of the XR-V22, however, even the moderate
amount of additional flexibility afforded by the two disc
drawers certainly is a bonus over and above the more
commonly found features on CD players in this price range.

Leonard Feldman

Fig. 6—Reproduction of a
1-kHz square wave.

Fig. 7—Unit-pulse test.

Fig. 8—Phase-error check
using 2- and 20-kHz
tones; see text.
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EQUIPMENT PROFILE

Manufacturer's Specifications

Frequency Response: 3 Hz to 20
kHz, +0.5, —1.0 dB.

THD + Noise: 0.004%.

Dynamic Range: 96 dB.

S/N Ratio: 100 dB, A-weighted.

Number of Programmable Se-
lections: 9.

Channel Separation: 90 dB.

Line Output Level: 20V

Headphone Output Level: 0.16 V

at —20 dB (8 ohms).

AR \ LB Power Requirements: 120 V, 60
Hz, 20 watts.

Dimensions: 17 in. W x 3-11/16
in.H x 11-7/16in. D (43.5cm x 9.4

Ly cm x 29.1 cm).

Weight: 9 Ibs., 11 0z. (4.4 kg)

- Price: $499.
! Company Address: P.O. Box 6600,
Buena Park, Cal. 90620.

(First published this issue)
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Yamaha has consistently been at the forefront of Compact -~ L i
Disc technology and product development. | recall how FR L lSdB R 1 BdB ZB ngL
‘ I l
+ B I

impressed | was with their first CD player, the CD-1. It was 2

practically hand-built and so costly to produce that, despite

its steep selling price, the company insists to this day that

they actually lost money on each sale. If so, the investment l
certainly paid off, for Yamaha's second- and third-genera-
tion players continue to represent state-of-the-art design
and performance. The current entry, the Model CD-3, em-
ploys a set of large-scale integrated circuits developed and
produced by Yamaha. The circuitry employs digital filtering
and 88.2-kHz oversampling, as did earlier Yamaha players.
Access to specific tracks or index points is now faster than I |

before, and you can program up to nine items for playback | | ] |
in true random order. Admittedly, this number of program- 50 100 200 500 1k 2 Sk 10k 204
mable items falls short of the number found on some com-
petitive units, but | suspect Yamaha has limited the pro-
grammability to a practical and economical number (how | Fig. 1—Frequency
often will you really need to program more than nine items | response, left (top) and
on any one disc?) and applied the money it saved to such | fight channels.

things as faster access, excellent tracking stability, and,
most important of all, superb sound reproduction.

The CD-3 is equipped with a wireless remote control that
duplicates just about every function of the main unit, includ-
ing random-access programming. The remote control even
includes buttons for opening and closing the disc compart-
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ment (presumably to speed disc installation in the tray) and N o e ©
for sequentially altering the information illuminatec on the it 2esLeve '

CD-3's front-panel display. Because the remote module T o e ot e e T
does not have a number keypad (the main panel doesn't
have one, either), you may at first doubt that it could be |
used for programming. But it is possible, thanks to the | S

clever and simple way in which programming is accom- | 2 ﬁ_/

plished on the CD-3. More on that in a moment.

Control Layout

The slide-out disc tray and “Power” pushbutton of the CD-
3 are located at the left of the front panel. Just to the tray's
right is an elaborate, multi-function display. It shows track
number, elapsed time, total disc time (in stop moce only),
index number, activation of the repeat-play function (includ-
ing activation of the A-to-B musical-phrase-repeat feature,
which plays and replays the music between any two user-
defined points on the disc), and even confirmation (by a
light) that remote-control commands have been received
and registered. An “Open/Close" key for operating the disc
tray and a key which alters the display mode are further to
the right; below these keys, and also to their right, are the Fig. 3—
controls used for play and programming. Spectrum analysis

The controls used for play include large “Play" and |from 0 Hz to
“Pause/Stop” buttons as well as smaller, paired buttons | 100 kHz shows
which shift the laser ahead or back to desired locations on | 20.kHz test tone
the disc: "+ " and “— " buttons step the laser between track | and out-of-band
beginnings, while the buttons marked with forward and components at
reverse double arrows move it to any point on the disc. The | 8.1 and
double-arrow search functions are silent if undertaken from | gg.1 kHz.
pause mode, but audible (at about one-fourth normal vol-
ume) if undertaken from play mode. The search function
begins at a moderate speed, then speeds up if the button is
held down more than 3 S.

Fig. 2—Distortion vs.
frequency, at three signal
levels, using low-pass
filter (see text).
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The “space play” feature
inserts a 4-S delay between
selections, aiding tape
recording for users who
also have programmable
tape decks.
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The double-arrow keys are also used for access to in-
dexed portions of long disc tracks. After the track number is
set with the “ + " or " — " key, the forward double-arrow key is
pressed one or more times to get the desired index num-
ber—e.g., three times for index number 3. The display then
shows the selection and index numbers, and an “index”
light beneath the numerical display illuminates. Index ac-
cess is available only in nonprogrammed play.

Four keys are only involved in programming and repeat
play: “Set/Check" and “Clear” for programming, “On/Off"
and A-to-B for repeat functions. To program selections, you
merely press the “Set/Check” program button, advance or
retreat the displayed track number via the “+" or “—"
button, and then press “Set/Check” again, to memorize the
desired track number. (“Clear” erases the program, as does
opening the disc drawer.) The display shows which pro-
gram number you are setting and which track you are
setting it to. During programmed playback, the display
repeats this information unless you have set it to its elapsed-
time mode.

Pressing the "On/Off" repeat button sets the CD-3 to
repeat the entire disc or,_during programmed play, the
entire program. The A-to-B button is used for repeat play of
user-designated phrases. Press the button once when you
reach the point on the disc at which you wish repeat play to
begin, and press it again when you reach the point where
you wish repeat play to end. (You can even program the
end point first, and then the start point, if desired.) Indicator
lights in the display area show the status of both repeat
modes.

At the panel's extreme right are the headphone jack and
the headphone output-level control. Output jacks on the rear
panel provide a fixed output of approximately 2 V at 0 dB
(maximum) recorded level.

Measurements

Frequency response of the Yamaha CD-3, shown in Fig.
1, was slightly attenuated at 20 kHz, measuring — 1.5 dB for
the left channel and —1.8 dB for the right. A slight rise in
response near the high end—not greater than about 0.2 dB
at about 14 kHz—suggested to me that even though Ya-
maha used gentle analog filters following D/A conversion,
these filters may not have been precisely optimized for the
impedance into which they were terminated.

When | first measured harmonic distortion as a function of
frequency, | was dismayed by the high readings | obtained.
Careful observation of the results clarified the situation.
There were high orders of out-of-band components caused
by “beats” between the 88.2-kHz sampling frequency and
the desired audio frequency. Since the highest possible
recorded frequency on a CD is 20 kHz, the frequency
closest to the audio band would be 68.2 kHz (88.2 kHz
minus 20 kHz). Yamaha obviously felt this frequency was far
enough removed from the end of the audio band that it
didn't need to be totally filtered out. Until | introduced a
band-pass filter, the spurious high frequencies showed up
clearly on an oscilloscope. Once the band-pass filter was
introduced, | recorded the distortion values plotted in Fig. 2.
THD at 1 kHz was the lowest | have measured yet: 0.0025%,
a bit lower than Yamaha's claimed 0.004%. The three plots
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Yamaha’s early investment
in LSIs for its D/A
conversion is paying off
now. The consumer benefit
comes in terms of a high
price/performance ratio.

of Fig. 2 extend only to 10 kHz because of the presence of
the band-pass filter in the measurement chain. Since this
filtter starts cutting at 20 kHz, the second harmonic of 10
kHz, readings of THD above 10 kHz would have been
meaningless. To document what was happening when | did
not use the band-pass filter, | used a spectrum analyzer to
sweep linearly from 0 Hz to 100 kHz while a 20-kHz tone
was being reproduced by the CD-3. The resuits of this
sweep are shown in Fig. 3.

Unweighted signal-to-noise ratio measured 89.5 dB, and
the A-weighted measurement was a very high 102.0 dB, 2
dB higher than claimed by Yamaha. (See Figs. 4A and 4B.)
SMPTE-IM distortion measured 0.003% at maximum record-
ed level, increasing to 0.03% at —20 dB recorded level.
CCIF-IM distortion (twin-tone, using 19- and 20-kHz tones at
the equivalent of highest recorded level) was an extremely
low 0.0016% at maximum recorded level and 0.0037% at
—10 dB recorded level. Stereo separation, plotted as a
function of frequency in Fig. 5, ranged from 80.0 dB at the
high-frequency extreme to 88.0 dB at mid-frequencies.

Reproduction of a 1-kHz square wave by this player is
shown in Fig. 6. The reproduced wave shape is typical for
CD players which employ double-rate oversampling and
digital filtering. The unit puise in Fig. 7, as reproduced from
a Philips test disc, further confirms the use of digital filtering
and oversampling in this player's D/A circuitry.

It's becoming almost pointless to check out error correc-
tion and tracking stability using my admittedly antiquated
“special defects” disc from Philips, which was created
when CD ptayers and CD technology were in their infancy.
Almost every player | have tested in the past six months or
s0 has had no trouble zipping right through the simulated
scratch (up to 900 microns in width), the simulated dust
specks (up to 800 microns in diameter), and the simulated
fingerprint smudge, which extends over two complete musi-
cal tracks of the test disc.

The Yamaha CD-3 ranks with the best of them as far as
tracking stability and error correction are concerned. it
played right through all of the simulated defects on the test
disc as if they weren't there. Resistance to mild vibration
and external shock was also very good; the CD-3 continued
playing with no audible interruptions, skipping or disc rejec-
tion while | repeatedly tapped its top and sides.

Use and Listening Tests

After having studied the earlier CD-1, CD-X1 and CD-2
from Yamaha, working with the CD-3 made me realize just
how far Compact Disc players have come in only two years.
The CD-3 sounds as good as, if not better than, the CD-1
that expensive first model. If there were any rough edges to
the sound of those earlier players, they've been smoothed to
complete inaudibility. In my opinion, Yamaha followed the
right course from the beginning in their choice of methods
for D/A conversion. Many companies that once insisted
steep, analog filters were just as good as oversampling and
digital filtering are coming around to the technique that
Yamaha has used from the start. In addition, having devel-
oped its own dedicated LS! circuits for decoding, Yamaha is
now benefiting from their early investment—as are consum-
ers—in terms of a high price/performance ratio for the CD-3.

During my listening tests, | discovered a nice touch that's
described in Yamaha's promotional literature but over-
looked in the CD-3's instruction manual, called “space
play.” During play, the CD-3 inserts a 4-S pause between
tracks, so that tapes made from CDs will include the pauses
that tell programmable cassette decks where each track
starts. Another feature | found—one that is prominently
mentioned in the owner’'s manual—is the capability of the
CD-3 to turnitself on and tegin playing when its power cord
Is connected to an external timer. Using this arrangement,
you can actually wake up to music reproduced from your
favorite CDs. Take it from one who is not enraptured with
early morning blarings from a clock radio, waking up to
clean music from a CD sure beats hearing a raucous-voiced
DJ tell you about all the terrible world events that occurred
while you were asleep. Leonard Feldman

Fig. 6—
Reproduction of a
1-kHz square
wave.

i

Fig. 7—
Single-pulse test.

Fig. 8—
Phase-error
check using
tones of 2 and
20 kHz reveals
minimal phase
shift at high
frequencies.
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FQUIPMENT PROFILE

Manufacturer’s Specifications

Frequency Response: 2 Hz to 20
kHz, +0.5 dB.

THD: 0.0015% at 1 kHz.

Dynamic Range: 95 dB.

Number of Programmable Se-
lections: 16 (tracks and index
points).

Channel Separation: 90 dB at 1
kHz.

Line Qutput Level: 20 V.

Power Consumption: 120V, 60 Hz,
23 watts.

Dimensions: 17-5/16in. W X 3% in.

KENWOOD
DP-1100I1
COMPACT DISC
PLAYER

H x 12-3/16in. D (44 cm X 8.8 cm
x 31 cm).

Weight: 15 Ibs. (6.8 kg)

Price: $725.

Company Address: 1315 East Wat-
soncenter Rd., Carson, Cal. 90745.

(First published this issue)
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Of the three Compact Disc players offered by Kenwood
Electronics, the DP-1100ll is by far the most feature-laden. It
is also the only one to offer remote control. In fact, the full-
function wireless module offers one extra feature not found
on the front panel itself. By pressing a key labelled “M-
Scan” (for music scan), you can, from the comfort of your
listening position, cause the unit to play back the first 10°S of
each track on a disc.

Programming of up to 16 selections, including track and
index numbers, may be performed at the front panel or via
the hand-held remote module. Repeat play of a track, a
complete disc, or a memorized program of random tracks is
possible. Fast-forward and fast-reverse auditioning, as well
as music search, are also easy to accomplish, in the same
straightforward way as that offered by most current CD
players. ‘

The only thing that | found unusual about operating the
DP-1100ll was the procedure needed to play a memorized
program. Entry of the selections is conventional enough.
You simply press the desired track (or track and index)
numbers in the order you want to hear them and follow each
selection by pressing a “Memory” button. So far, that's like
most other players. To play the program, however, instead
of simply pressing the “Play” button, it is necessary to call
up the first memorized selection number you want to hear,
using a pushbutton labeiled “M-Read” (memory read). Then
you press the “Play” button. if you simply press “Play” after
entering and storing a program, the pickup will start playing
the disc from track number one, as if you had not entered
any selections in memory. Of course, once you know how to
get the programmed selections started, everything works
fine. It's just that | found the method a bit complicated,
compared to other programmable CD players.

Control Layout

A large “Power” on/off switch and stereo headphone jack
are at the left end of the front panel. A slider-type head-
phone levei control is near the headphone jack, below the
left edge of the disc tray. The disc tray is opened and
closed by means of a pushbutton on its front surface; it can
also be closed by pushing the “Play' button once a disc has
been loaded. If you push “Play"” when there is no disc in the
tray, the tray will open (if it was closed), as if to remind you
that you have forgotten to ioad a disc.

Ten small, numerically labelled pushbuttons and the
“Memory" button are arranged in a single row below the
disc tray. To the right of the tray are the sensor for the
remote control and a large fluorescent display area where a
wide variety of useful information appears. When a disc is
loaded, the words “Data” and "Disc” light up to show that
the disc's table of contents has been read by the laser
pickup and that the disc is, in fact, properly installed in the
tray. Track, index, and time indications are prominently
displayed. Time may be shown in elapsed minutes and
seconds of the current selection, total time from start of the
disc, or remaining time of the entire disc. When the “Memo-
ry” button is pressed, a tiny “Memory" light blinks to show
the next program slot in which track and index storage is
possibie. During memory play, this indicator shows the
program number being played. As many as 16 numbered

Fig. 1—Frequency
response, left (top) and
right channels.

Fig. 2—
Spectrum
analysis of
20-kHz test
signal (large
spike) shows
unwanted
component
(shorter spike)
outside the
audio frequency
range.

Fig. 3—THD vs. frequency
at three signal levels.
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Once you know how to get
the programmed selections
started, everything works
fine. It’s just that the
method is a bit unusual.

music-channel indicators light when track numbers are
stored in memory. An “M-Scan” indicator lights when the
music-scan key on the remote control is pressed, and a
“Repeat" indicator lights in the display area when the "Re-
¢ peat” switch has been toggled on
: ) 4 A large “Play” button and an associated "Play Indicator”
: light are to the right of the display area; below these are
' “Pause” and “Stop’ pushbuttons. To their left, along the
| bottom of the unit, are the remaining controls. These include
the forward and backward “Music Search™ buttons (which
move the pickup one track at a time when pushed), the fast-
forward and fast-reverse pushbuttons, the “Repeat” button,
a pushbutton for scrolling through the time-display modes,
and “"Clear” and “M-Read" buttons. The fast-forward and
fast-reverse buttons will move the pickup rapidly in either
direction. If either is pressed during play, audible cueing
B results. If pressed during “Pause,” no sound will be heard
but pickup movement will be even faster. In order to cancel
a memorized program, it is necessary to press the "M-
| i Read” button and the “Clear” button simultaneously. (That
! requirement had me stumped for a while, until | resorted to
@ the owner's manual.)
: 1 The rear panel is equipped with the usual pair of line
T i output jacks. There is no output level control. Output level is
i | fixed at the usual 2.0 V rms for maximum recorded level.
i

Measurements

Frequency response of the DP-1100ll, shown in Fig. 1,
was essentially flat from 20 Hz to 20 kHz, with a slight rise
near the high end amounting to no more than about 0.4 dB
and a roll-off beginning at 20 kHz. As you can see in Fig. 1,
response at 20 kHz was up 0.2 dB in the left channel and
0.3 dB in the right. As usual, | have expanded the vertical
scale in Fig. 1 to 2 dB per division so that minor variations
from flat response will show up more clearly.

As is true of so many players, harmonic distortion read-
ings above 10 kHz are deceptive (and, in fact, rather mean-
ingless), since many CD units tend to create "beats” be-
tween the desired high-frequency signal found on the test
disc and the sampling frequency (in this case, 44.1 kHz).
This effect is clearly illustrated in the spectrum analysis of
Fig. 2, in which the analyzer was linearly swept from 0 Hz to
50 kHz. The tall spike near the center is the desired 20-kHz
signal, while the shorter one to the right is an unwanted beat
outside the audio frequency range.

By introducing a band-pass filter (with a cutoff of 20 kHz),
| was able to isolate the “real” harmonic distortion from the
nonharmonically related components. Under these test con-
ditions, THD at 1 kHz was a very low 0.003% at mid-
frequencies for 0-dB recorded output. The three curves of
Fig. 3 depict harmonic distortion at 0-dB (maximum) record-
ed level and at —24 and —30 dB levels. The curves above
10 kHz, indicated as small dashes, represent the increasing
amplitudes of the nonharmonically related beats appearing
outside the audio band. Linearity was nearly perfect from O
dB down to — 60 dB output level, with deviation from perfect
linearity never exceeding 0.2 dB over that range.

Unweighted signal-to-noise ratio measured 93.8 dB, and
Fig. 5—Separation vs. the A-weighted measurement was 98.2 dB (see Figs. 4A
frequency. and 4B). SMPTE IM measured 0.0045% at maximum re-

Fig. 4—S/N analysis,
unweighted (A) and
A-weighted (B).
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I wish Kenwood had put as
much emphasis on this
player’s internal circuitry
as on making sure its
convenience features were
up to snuff.

Fig. 6—Reproduction of a
1-kHz square wave.

corded level, increasing to 0.03% at —20 dB recorded
level. CCIF IM (twin-tone, using 19- and 20-kHz tones at the
equivalent of highest recorded level) was a low 0.0015% at
maximum recorded level and 0.0020% at — 10 dB recorded
level. Stereo separation, plotted as a function of frequency
in Fig. 5, ranged from 68.0 dB at the high-frequency ex-
treme to 86.1 dB at middle and low frequencies.

Reproduction of a 1-kHz square wave is shown in the
‘'scope photo of Fig. 6. The reproduced wave shape is
typical of that produced by CD players which employ steep,
multi-pole analog filtering following D/A conversion. The unit
pulse in Fig. 7 further confirms the use of such “brick-wall”
filtering in this player's post-D/A output circuitry.

As is true of most CD players that employ analog filters,
the DP-11001l exhibited substantial phase shift or phase
error when reproducing high-frequency signals. This phase
error, though not precisely calculable, is shown in Fig. 8, in
which the time relationship between 2- and 20-kHz signals
Is depicted in the dual-trace oscilloscope photo. If the two
signals were in correct time relationship, they would cross
the zero axis in a positive-going direction at the same
instant. As you can see in Fig. 8, that is not the case. As the
low-frequency (left-channel) signal crosses the axis in a
positive-going direction, the high-frequency signal is cross-
ing the axis in the opposite direction, indicating at least a
180° phase delay between the two (25uS). It is possible that
the delay is considerably more, since a 540° delay (75u.S) or
even a 900° defay would produce the same pattern on the
oscilloscope.

My persistence in checking error correction and tracking
with the somewhat antiquated defects disc paid off here.
The DP-1100Il mistracked almost from the beginning of the
wedge designed to simulate a scratch. it was able to cor-
rect only for opaque sections 400 microns wide—the mini-
mum specified by the Philips/Sony standard for CD players.
The player did not do much better in playing through simu-
lated dust particles. It was able to ignore simulated particles
300 microns in diameter but was tripped up by the next
larger particle, one with a 500-micron diameter. About the
only defect that the Kenwood player had no trouble getting
through was the simulated fingerprint smudge

L e o e

Fig. 7—Unit-pulse test.

Fig. 8—Two-tone phase
test using 2- and 20-kHz
signals indicates that they
are not reproduced with
the proper time
relationship.

Use and Listening Tests

| have already described the unusual programming se-
quences reqguired by this unit. One can learn them in short
order and get used to the player's somewhat unorthodox
control arrangement. What bothered me most about the DP-
1100l was its poor error-correction capability and its ten-
dency to mistrack when attempting to play discs having
even the slightest defects. | have to admit that when it
played some of my regular CDs, there was no evidence of
any mistracking, but then again, | try to keep my discs in
good, clean, scratch-free condition. | don't think the aver-
age owner of a CD player is as careful.

The continued use of steep analog filtering, especially in a
unit priced as high as this one, disturbed me somewhat as
well. The audible difference between players employing
multi-pole analog filters and those using digital filtration is
subtle, and may not make much difference to the average
listener. On the other hand, anyone spending the kind of
money required to purchase the DP-1100ll is not an aver-
age listener. In short, | rather wish that Kenwood had placed
as much emphasis on internal circuitry design as they did in
making sure that the convenience features were up to cur-
rent standards. Leonard Feldman
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Play the hits.
With no errors.

By now, you're probably familiar with
the virtues of compact discs. The wide
dynamic range and absence of background
noise and distortion. And the playback
convenience.

Yet as advanced as the mediumiis, it’s
still not perfect.

Which is why you need a compact
disc player as perfected as Yamaha's new

The CD-3 uses a Yamaha-developed
tracking servo control LSI to monitor its
sophisticated 3-beam laser pickup. This
LSImakes sure that horizontal and vertical
tracking accuracy is consistently main-

tained. And that even small surface imper-

fections like fingerprints or dust will not
cause tracking error and loss of signal.

Even more rigorous servo tracking
control 1s provided by a unique Auto
Laser Power Control circuit. Working with
the tracking LSI, this circuit constantly
monitors the signal and compensates for
any manufacturing inconsistencies in the
disc itself.

Then we use another Yamaha-devel-
oped signal processing LSI that doubles
the standard 44.1 kHz sampling frequency
to 88.2 kHz. This over-sampling allows

us to use a low-pass analog filter with a
gentle cutoff slope. So accurate imaging,
especially in the high frequency range,
is maintained.

We also use a special dual error cor-
rection circuit which detects and corrects
multiple data errors in the initial stage of
signal reconstruction.

So you hear your music recreated
with all the uncolored, natural and accurate
sound compact discs have to offer.

Another way the CD-3 makes playing
the hits error-free is user-friendliness.

All multi-step operations like random
playback programming, index search, and
phrase repeat are performed with ease.
And visually confirmed in the multi-func-
tion display indicator.

And the wireless remote control that
comes with the CD-3 allows you to execute
all playback and programming commands
with the greatest of ease.

But enough talk. It’s time to visit your
Yamaha audio dealer and tell him youwant
to play your favorite music on a CD-3. You
can’t go wrong.

Yamaha Electronics Corporation, USA, PO.Box 6660, Buena Park, CA 90622

© YAMAHA
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DIGITAL PROCESSORS

VCR SPEED CDDE
A—Beta Il & VHS SP
B-—Beta IIl & VHS LP or EP
/ <
/ X
"y < o
A & 0% > 4 < 0 AR >
/ SIS S V7 @\5 & & NS N EEA & N\ e LY
& QI A ETLD & & SO 3 re J
manveacturer S SRE S ST E ¢ S S/ & &/ &
AlwWa PCM-800 P ElAJ | 14L 2-20 86 | 0.007 | MLY HLV [ 13x 125 x 2% 77 650.00 | PCM adaptor.
+0.5, -0.7
DBX 700 P dbx |t A 10-20 £0.5 110/ 0.05 | MLD | HLV |19 x 5% x 112 35 +1 | tCompanded Predictive
CPOM Delta Modulation;
1154600.00 without mike
preamps, $4970.00 with
pro levels and connections.
LIRPA LABS DAWG RP [t KGB [2F (6 |C [5&10 1 MCLX 99.95 | tAvco Cartrivision.
NAKAMICHI DMP-100 P EIAJ | 14L, A 10-20 = 0.5 t tt MLY HLVD | 8%2 x 3% x 12% 874 | 1800.00 | 188 dB for 14-bit, 92 dB for
| 16L 16-bit; 110.007% for 14-bit,
0.005% for 16-bit; power
sur;lz measures 474 x 3%
x 1214 inches and weighs
7% pounds.
| SANSUI F 1 P EiAJ |14 B 5-20 86 | 0.007 | MLDV | HLV | 10%2x 2% x 11% 5% | 1000.00 | Battery operated; a.c.
adaptor available.
P P EIAJ |14 B 5-20 86 | 0.007 LOV HLV | 17x2% x 12% 1 899.00
SDNY PCM-501ES | P EIAY 1&. 480 [AB [5-20 +0.5 96 | 0.005( L HLY |17 x3% x 14%A 16 | 750.00
1
PCM-F1 P ElAJ }:'l: 120 |A 5-20 =0.5 86 | 0.005| ML HLV [ 8% x 3%ax 12 8% | 1700.00
TECHNICS Sv-110 P BIAJ [ 14L AB |2-20 =05 86 | 0.01 | MLDY | HLV 1713 x14% 13 800.00
SV-100 P VHS 'E‘I‘A;c 14L 120 |A 2-20 =0.5 86 | 0.01 | MLDY | HLV 9% x 354 x 9% 6.4 900.00 | Separate power pack.
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COMPACT DISC PLAYERS

PANASONIC SL-P3610

ADS CD3

KYOCERA DA-910

°§§\
MANUFACTURER <«
: YA VAR I
ADC CD-100X 10-20 =0.8| 96 95 90 | 0.004 | 2F W S 13%Bx3%x1% | 8 299.95 | Three-beam laser.
ADCDM GCD-300 5-20 0.5 | 96 98 90 | 0.004 | 2.5F 17x10% x 3% 12 499.95 | Sound window linear-phase
correcting circuit.
GCD-200 5-20 +0.5 | 96 98 90 | 0.004 | 25F S 17 x 10% x 3% 12 399.95 { As above.
ADS cD3 20b2|zls 96 102 ( 8 | 0.01 oF HL S 1Mex2%x14%: | 20 895.00
=0.
AMAL CD-m88T §-20 £0.5 | 90 90 85 | 0.005 | 02 4 HL S 13.8x2.8x10 14.3 499.00
CD-ATT 5-20 £0.5 | 90 ] 85 | 0.005 | 02 47 HL S 17.3x3x10 12.8 499.00
AUDIO-TECHNICA AT-CD10 5-%05 1 95 100 (| 9 | 0005 | F HL S 1Hx3%xne | 8 399.95
+0.5, -
BANG & OLUFSEN CD-50 4-20 +03 | 95 95 94 | 0.003 | 2F None| S 16% x 3x 12% 17.8 999.00
CD-X 3-20 =03 | 96 96 94 | 0003 | 2F None| T 16%x3x 12V 13.4 699.00
CAMBRIDGE AUDIO | CD1 10-20 = 0.5| 100 100 | 100 | 0.005 | 0.1-12 | 47 S 16x11 x5 2010 | 1985.00 | Mechanism on lead; three
16x11x3 separate power supplies. |
CARVER Carver 50-20 =0.5| 96 96 86 | 0.05 1.9F S 19x3%x11% 13 650.00 | Digital ;m—e Le—ns;!c
Compac! Disc
DBX DX3 10;)2151 . 96 90 | 0.002 | 2F 5 None | § Max3%x112 | 10 599.00
+0.5, -
DENON DCD-1000 520 =1 95 95 90 | 0.004 F HL S 13% x12x 3% 360.00
0CD-1100 5-20 =1 95 95 90 | 0.004 F HL S 17% x 14 x 3% 430.00
DCD-1500 §5-20 £0.3 | 96 96 95 | 0.0025 | F HL S 17% x 14 x 3% 580.00
DCD-1800R §-20 =0.5 | 96 9% 94 | 0.003 F HL S 19 x 15 x 4% 950.00 | Without remote, Mode!
DCD-1800, $800.00.
DISCRETE LSt 2-20 =0.3 | 96 9% 98 | 0.0001 | 2.0F, 10 None | § B2 x3%x 117 | 16% | 1195.00
TECHNOLDGY 0-2.0
4
FISHER AD-3238 20-20 90 90 90 17.3x3.4x113 399.95
HARMAN/KARDON HD500 4-20 0.5 | 94 100 | 83 | 0.01 0-2.4 10 HL S 1% x4x13% 124 600.00
HITACHI DA5000 5-20 95 95 92 | 0.003 | 2.5F 40 S 12 x12%x3% | 9 300.00
DA500 5-20 95 95 92 | 0.003 | 2.5F 40 S 17%x10%x3% | 10 350.00
- DAS01 5-20 95 95 92 | 0.003 | 2.5F 40 H S 17THx10%x3% | 10 | 450.00
114
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COMPACT DISC PLAYERS

DENON DCD-1800R

SONY CDP-650ESD

NAD 5900

ZDISPLAY FUNCTIONS/ ACCESS FUNCTIONS
> 3
» O)
MANUFACTURER & Y
ADC CD-100X B B Yes | No Yes | 16R A
R 4 —| S - = -
ADCOM GCD-300 B B Yes | Yes 99R DTPE Yes | [ D
GCD-200 B B Yes | Yes DTPE Yes | C D
ADS cD3 B B Yes { Yes | Yes | 30R D/1/P/E No | Yes| 3 Yes [ No | Opt., | Ml [ Yes | C B
AKA| CD-M88T B Yes | Yes | Yos | 16R 0/T/P/E No |Yes| 286 | No | No | I 21 |Yes | A A
CO-A7T B Yes | Yes | Yes | 16R DA/PE | No |[Yes| 28 | No | No | § 27 [Yes | A A
AUDID-TECHNICA AT-C010 1] Yes | Yes | Yes | 9R o No | Yes Yes | No Yes | C B
BANG & OLUFSEN €0-50 B Yes | Yes |Yes | 34R DTE No | Yes Ne | Yes || 13 | Ne C B Remote controllable via
Beomaster 5000 control
anel.
CD-X B Yes | Yes | Yes | 40R 0OTE Ne | No No | No | None No B 8 ual D/A converter.
CAMBRIOGE AUDID | CD1 T Yes | Yes 99 DTE Ne |Yes| 2 No None Yes | C A Three decoders per
channel, separate D/A
chassis, six selectabie
filters.
! — - A
CARVER Carver B D Yes | Yes |Yes | 9R DTE Yes | Yes Yes | Yes Ne T c 8
Compact Disc
08X 1} &} B Yes Yes | 9R DAE No |Yes| 2 Yes | No | None No c B Over Easy compression,
Ambjence control, and
Digitai Audio Impact
Restoratian circuits.
DENON 0CD-1000 B Yes | Yos |Yes | 9R 0E Yes | 2 Yes [ No | t A A fne.mote with C7V
system.
0CD-1100 B Yes | Yos |Yes | 9A 01E Yes | 2 Yes | No | i 12 A A
0CD-1500 B 8 Yes | Yos | Yes | 20R 0/PE Yes | 2 Yes | No | I 12 t B $88.2 kHz, 2 x
oversampling.
0C0-1800R 8 Yes | Yes | Yes | 15R DT/PE Yes | 2 Yes | Yes | § 12 A B
DISCRETE LS1 B T Yos | Yes |Yes | 20R o No | No No | Yes Yes |8 B
TECHNOLOGY
FISHER AD-8238 Yes | Yes Yes A
HARMAN/KARDON HO500 T Yes | No No 15 DP No | No Yes | No 10 Yes |C 8
L S N . _— S (S S | —
| HITACHI DA5000 T Yes | Yes | No 158 DTPE Yes Yes | No No A A ‘
DA500 T Yes | Yes | No 15R 0OTPE Yes Yes | No No A A
0A501 T Yes | Yes | No 15R 0TPE Yes Yes | No || 18 Yes | A A
_— A — . 1 - B = | —
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COMPACT DISC PLAYERS

g Q\é
MANUFACTURER *® *
Ve XL-¥5008 5-1{’]05 : 95 96 90 0.003 2 HL S 1Max3sx 113 | 13
+0.5,
XL-v4008 5-1(’)05 3 95 95 90 0.003 2 HL S Mac3%ax11 | 89
+0.5, -
XL-V2008 5-2005 i 95 93 90 0.004 2 HL S 1Mt 3%x % | 8.4
+0.5, -
XL-v38 5-20 95 96 90 0.0035| 2 S 1BB1x i | 97 450.00
+0.5, -1
KENWO000 DP-11001 2-20 £0.5 | 95 80 | 0.0015] 2.0F HL S 1T%He12%x 3% | 15 725.00
DP-900 4-20 =051 95 90 0.002 2.0F HL S 17w 12%x 3% | 13.2 510.00
DP-840 5-20 =05 | 96 90 | 0.003 2.0F HL S 16% x12%x3% | 105 395.00
KINERGETICS KCD-1 2-20 100 100 | 94 0.003 0-2.0 5 S 19x3Wax15 25 850.00 | Separate power supply.
KYOCERA DA-910 5-20 £0.5 | 90 95 90 0.005 Sel. 1 H S 17x15% x13 22 1600.00
DA-810 5-20 +0.5 [ 90 95 90 0.005 Sel. 1 H S 18% x4 x12% 18% 950.00 ]
DA-610 §-20 +0.5 | 90 90 90 0.005 2.0F 1 HL S 18%x3%x12%s | 18 §50.00
DA-0t 20-20 =0.5| 90 90 90 0.005 | 0-2.0 0.5 0 18%ax 5% x12% | 18% | 1050.00
LIRPA LABS LSD 4-37 223 25 k] No | 1.8 0-90F TS 36 x42x 30 180 300.00 | With electronics, $4300.00.
LUXMAN D404 5-20 =05 | 96 96 90 0.003 2F N 17 x 3 x12% | 13.2 500.00
D405 5-20 =0.5| 96 96 90 0.003 2F S 17%x3%x 12% | 13.2 600.00
D408 5-20 =0.5| 96 96 90 0.003 2F HL S 16% x 6% x 179 | 34.7 1300.00 | CD/LaserVision player.
D03 5-20 =05 | 97 97 93 0.003 2F S 177 x 3% x 13 13.3 1500.00 |
MAGNAVOX FD1040 20620 105 96 94 0.003 2F 10 S 12%x NY%x3 | 20 289.99 |
+0.1
FD2040SL 20;]2(]5 105 96 94 0.003 2F 10 H S 6% x1M%x3% | 25 299.99
=0.1
FD3040SL 20;]2(]5 105 96 94 0.003 2F, 0-2| 10 H S 1Bex11%x3l%e | 35 449.00
+0.1
FD1041BK 2(];)2(1]5 105 96 94 0.003 2F 10 S 1% x My x 3% 289.99
FD10518K 2_()650 105 96 94 0.003 2F 10 S 12%x N x 3% 349.99
+0.15
FD2041SL 20-20 105 96 94 0.003 2F 10 H N 16% x 1% x 3% 299.99
=0.15
|
MARANTZ €D150 5-20 96 90 0.005 | 2 S 4x16%2x 1% 95 399.95
co74 4-20 96 90 0.004 2 H S I x16¥x 11’ | 179 599.95
McINTOSH MCD7000 20-20 =0.3| 96 96 94 0.003 2F, 02| 5 HL S 16x3%x13 22 1399.00
MELOS AUDIO co-1 20-20 =0.3| 90 90 90 0.004 2.0F 10 N 16% x 12 x 3% 17 850.00
MERIDIAN MCD 20620“ 5 90 90 90 0.004 2F 1 T 12.8x3x10.7 " 699.00
+0, -0.
MISSION DAD7000R 20-20 =0.3] 95 95 95 0.004 2.0F 10 S 126x3.4x11.4 15% 749.00
ELECTRONICS
MITSUBISH! DP107 5-20 =05 [ 95 90 0.003 2F HL N 16 11%x3% | 93 280.00
NAD 5900 5-20 0.5 | 96 96 94 .003 0.6 [ HL S 6% x17% x6% | Ak CD/LaserVision player.
5355 20-20 £1 97 97 84 0.0058 | 1.8F 2.5 None| S 16%x 2% x 3% | 10% 498.00
NAKAMICH! OMS-7 5-20 =05 | 9 92 92 0.003 2.0F HL £ 1% x 3% x12% | 16% | 1295.00
0MS-5 5-20 =0.5 | 92 92 92 0.003 2.0F N 17T 3% x12% | 16% 995.00
NEC €D-509E 5-20 =0.5 | 90 95 86 0.005 2F 1 HL S 167%x3%x12% | 1 449.00 |
CD-607E 5-20 =05 | 90 95 90 0.005 2.5F 1 HL S 16 13%x12% | N 599.00
CD-705E §-20 =05 | 90 95 90 0.005 2.5F 1 HL S 17 x 4% x 14V 227 749.00 |
NIKKO NCD-100 §-20 =05 | 96 92 90 | 0.003 2F 50 HL S 17.3x3.6x12.2 12.3 399.00 |
NCD-200 10-18 =0.5| 96 92 90 | 0.003 2F 50 HL S 17.323.7111.4 10 599.00
NCD-600 10-20 =0.5| 96 85 90 0.007 Var. 50 H t 18.6 ¢ 14.6x13.7 | 60 1799.00 | Programmable, automatic
Changer changer; ttray holds 60 discs.
ONKYO DX-200 2-20 £0.5 | 9 96 93 0.003 520F HL S 17 13% x4 13% §99.95
DX-150 10-20 =2 93 93 87 0.005 2.0F S 1M 13%x3n | 1 364.95
PANASONIC SL-P3610 4-20 =05 | 96 96 100 | 0.002 2.0F None| S 167 x3%x12% | 11.2 374.95
PARASOUND CDP-900 20-20 =0.2| 102 102 | 95 0.003 0-2.0 10 H H 17% 10 x4 14 349.95 | Less than 10° phase shift at
20 kHz.
PIONEER PD-7010BK 2-20 =05 | 95 96 93 0.0015 | 2F HL S 16% 1 3% x12% | 10.6 459.95
ELECTRONICS PD-6010BK 2-20 =0.5 | 95 96 93 0.002 | 2F H N 16% x 3 x 12% | 10.6 349.95
PD-SO}gBK 2-20 =05 | 95 96 93 0.002 2F H S 16% x 3% x 12% | 10.6 299.95
PD-50
P-DX700 5-20 93 95 93 0.0045 | 2F N 12% 3 x10% | 102 539.95
PD-9010XBK | 2-20 =0.3 | 96 98 95 0.001 2F HL S 18 x 3 x12% 1.8 539.95
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COMPACT DISC PLAYERS

_/ DISPLAY FUNCTIONS /~ ACCESS FUNCTIONS /
&
&
S
o8 9y Q
S //\ : \"Q\ D \\Q\ ©
< S S 2 7
& IO N N
Oy (\\‘- &, A
ERNGPZEI & St/ ¢
¥ VLR & S/ /&
MANUFACTURER <«® REASs) &/ & &8
JVC XL-v5008 8 B Yes DA/P/E 8
XL-v4008 8 8 Yes DAA/PE 8
XL-V2008 8 8 Yes o 8
XL-v38 8 8 Yes o 8
KENWDOD DP-11001 8 0 Yes| Yes | Yes| 16R 0/E Yes| 4 Yes| Yes| | 24 | Yes | A B
- 8 0 Yes| Yes | Yes| 16R D/E 4 Yes Yes | A B
DP-840 8 0 Yes| No | Yes| 8R 173 4 No Yes | A B
KINERGETICS XCD-1 ) No Yos | No | Yes| 20R E No | No | 3 Yes| No { | 9 Yes ( C D
KYOCERA DA-910 T 0 Yes | Yes | Yes| 24R D/E No | Yes| 35| Yes| No | | 8 Yes | C B
DA-810 T 0 Yes | Yes | Yes| 24R 0/E No | Yes| 3.5| Yes| No Yes | C B
DA-610 T 0 Yes| No | Yes| 16 D/E No | No | 4 Yes| No | I/B 8 No | A A
DA-01 B 8 Yes | Yes | Yes| 24R TPE Yes | Yes No | No Yes | C B
LIRPA LABS LSD t t 41 E No | Yes| 99 ] 2 tFrom 1 AD; ttcard-file,
LUXMAN D404 0 8 Yes| Yes | Yes] B8R DTE No | No Yes| No | 1t 4 No A A tAemote with Luxman
R406.
0405 8 Yes | Yes | No 15 oP No | Yes Yes| No | None No A A
0408 0 Yes | No Yes| 1R DTP Yes | No Yes| No | | 22 No A A
003 8 8 Yes | Yes | Yes| 20R DTE No | Yes No | Yes 7 No A
L =
MAGNAVOX FD1040 7 Yes | No | Yes| 20R 0/E No | No | b No | No No 8 8
FD2040SL T Yes | No | Yes| 20R O/T/E No [ No | 6 No | No No 8 8
FO3040SL T 8 Yes | Yes | 2R 0/T/PRE Yes | Yes| 10 | No | Yes| | 9 Yes | B 8
FD10418K T Yes | Yes | Yes| 20R No | No | 3 Yes | No | Opt., | 8 No 8 8
FD10518K T Yes | Yes | Yes| 20R No [ No | 3 Yes| No | | 8 No 8 8
FD2401SL T Yes | Yes | Yes| 20R 071 No | No | 3 Yes | No | Opt., | 8 No 8 8
L . _ ==
l MARANTZ C0150 T Yes | No No 16R 0TPE No | No Yes | No No A 0
co74 T 0 Yes | Yes | Yes| 24R 0TPE No | Yes No | Yes Yes | B 0
| McINTOSH MCD7000 8 Yes | Yes | Yes| 21R DTE No | Yes |1 13 [Yes | C 8
MELOS AUDIO CD-1 8 T Yes | Yes | Yes| 20R 0TE No | No No | No | None No c 8
MERIDIAN MCcD No No Yes | No | Yes| 15R DE No [No | 8 No | No | Nome No 8 B
MISSIDN DAD7000R T No Yes | Mo | Yes| 20R D/TE No (Mo | 25 | No | No | I 9 No c B
ELECTRDNICS
MITSUBISHI oP107 T Yes | Yos | Yes || 9R DE Yes | No A
NAD 5900 B B Yes | Yes | Yes 0T Yes 4 No | No | I 28 | No 4 A
5355 B B Yes | Mo | Yes! 8R ] No | Yes| 2 Yes | No | ! ] Mo A B
NAKAMICH! 0oms-7 7 8 Yes | Yes | Yes | 24R O/E Yes Yes | No || | 7 8t 8 t4 x oversampling.
OMS-5 T 8 No | No | No | No 0 No Yes | No Bt 8
NEC CD-509E T Yes | Yes | Yes | 15R 0/T/P/E No | No | 3 Yes [ No | None No c Bt | tHigh-speed C-MOS
D/A switching, five-pole
active low-pass filter.
CD-607E 8 8 Yes | Yes | Yes| 15R DAE No | No | 3 Yes [ No § | 10 No C Bt
CD-705E B B Yes | Yes | Yes| 15R 0/TE Yes | No | 3 Yes | No | | 12 No C 8t
| NIKKD NCD-100 8 0 Yes | Yes [Yes| S 0P No | Yes| 2 No A 8
| NCD-200 8 B Yes | Yes | Yes| 15R 0P Yes | Yes| 2 | 9 No [ B
| NCD-600 ] B Yes | Yes | Yes | 50R oP Yes | Yes Opt.. | Yes | C
Changer
DNKYD 0X-200 T B Yes | Yes | Yes | 16R D/I/P/E No | Yes{ 2 Yes | Mo | I 13 |Yes [ C 8 Three-beam iaser.
DX-150 T T Yes | No | Yes | 15R DE No | No | 3 No | No No [ 8 Single-beam laser.
PANASONIC SL-P3610 T No Yes | Yes | No | 15R D/VE No | Yes Yes | No | None No A A
PARASDUND CDP-900 B 1] Yes | Yes |Yes| S D 2 Yes Yes | A B
PIONEER PD-7010BK T 0 Yes | Yes | Yes | 32R DE Yes Yes | Yes | | 13 A
ELECTRONICS PD-6010BK Yes 27R D/VE Yes | Yes ]| 9 A
PD-50108K/ Yes 2R DTE Yes | Yes 9 A
P0-5010
P-0X700 | T 0 Yes | Yes | Yes | 10R 0/T/P/E Yes | Yes A
PD-9010X8K | T 0 Yes | Yes | Yes | 32R 0/TE Yes Yes | Yes | | 13 1]
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COMPACT DISC PLAYERS

2
& &
MANUFACTURER <* &
4 =—_ — e
PIONEER VIDED CLD-900 5-20 £0.5 | 9 96 94 0.003 | 0.2F HL H] 16‘/‘2 x17% 1 6% | 34'2 | 1200.00 | CDAaserVision player.
PS AUDIO CD- 20-20 0.3 | 90 90 90 | 0.004 F 10 None | S 19x12x3 18 690.00
QUASAR CD8975YE 4-20 0.5 | 9% 96 90 0003 | F S Yhx1t¥ax12% | 11 399.95
CD8975YW 4-20 £05 | 9 96 90 0.003 F S Aax18vax12% | 17 434.95
REALISTIC C0-1200 5-20 90 92 90 | 0.004 | 2F 10 S 1Ux10%x2% 10 299.95
42-5002) +0.5, -1
0-2000 5-20 90 88 90 | 0.004 | 1.8F 47 N 12% x 12 x 3% 8% 259.95
(42-5001) +058, -1
REVOX B225 2<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>