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© ADCOM 1986 100 WA'ITS_
HIGH CURRENT.
GFA-555 TECHNOLOGY.

The new

ADCOM GFA-545.

This new power ampilifier from
Adcom offers the same circuit
topology as our GFA-555. And
that's the amplifier independent
test reports have found clearly
superior to others priced two

to three times higher.

The essential differences:
100 watts per channel for the
GFA-545 vs. 200 watts for the
GFA-555. And a correspondingly
lower price.

However, nothing at all is
sacrificed when it comes to
interfacing accurately and
easily with virtually any
speaker system available today.

Which one for you? If your
listening room and other
requirements don't really call
for the amount of power the
GFA-555 delivers, the GFA-545
is probably all the ampilifier
your speakers will ever need.

The only way to really
appreciate the superlative
quality of the new GFA-545 is
to compare its sonic perfor-
mance with any other amplifier,
regardiess of power or price.

You'll find there's just no
comparison.

Power ratings are continuous, both

channels driven into 8 ohms, 20 Hz-20 kHz,
with no more than 0.09% THD.

ADCOM

11 Elkins Road, East Brunswick, NJ 08816 USA 201-390-1130

Distributed in Canada by PRO ACOUSTICS INC.
Pointe Claire, Quebec HIR4X5
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BRYSTON POWER AMPLIFIERS
CONTINUE TO DEFINE THE STATE-OF-THE-ART
IN MUSICAL ACCURACY, LONG TERM RELIABILITY
AND PRODUCT INTEGRITY.

general concepts.

1. Musical accuracy
2. Long term reliability
3. Product integrity

ryston design philosophy
B incorporates three

MUSICAL ACCURACY

Musical accuracy is reflected
throughout all Bryston power
amplifiers and includes the
necessity for wide-band transient
accuracy, open loop linearity
ahead of closed loop specifications,
and power supply design as an
integral part of the averall sonic
and electrical performance of a
power amplifier.

We have found that a simple
carborn film resistor can contribute
more static distortion to a signal
than the entire remainder of the
amplifiers circuitry combined.

We discovered that some
parameters of transistors must be
controlled as much as 1000 times
more closely before their
contribution to audible distortion is
rendered negligible.

We discovered that under certain
actual conditions of speaker
loading amplifiers were incapable
of yielding high-power transients
without distortion.

Each of the various steps or stages
in every Bryston amplifier, from

In the United States:
(s OTIVERMONT
RFD #4, Berlin, Monpelier, Vermont 05602
(802) 223-6159

the input section to the output
section, without exception, are
designed to optimize the musical
experience.

STANDARDS OF RELIABILITY

e consider this criterion
to be exceedingly
important. We have

applied techniques
and materials in our everyday
construction of electronic
equipment more typically utilized
in the military and aerospace
industries.

All components used in Bryston
power amplifiers are specified for
continuous duty at maximum
power, with typical safety margins
of 250%.

The power transistors used in all
Bryston amplifiers are 100% tested
for safe operating area, both before
and after installation in the circuit.
They are then taken to a “burn-in”
table when they are given a
capacitor load, a square-wave
input signal, and set at slightly
under clipping for a period of 100
hours. During this time, the input
signal is cycled three hours on to
one hour off, to exert additional
thermal stress.

Following the burn-in period, the
amplifiers are monitored for DC
bias stability for approximately

Enter No. 7 on Reader Service Card

another full day. At this point,
they are returned to the test bench
for another complete checkout of
all operating parameters and
functions, at which time a test
sheet is made, and included in the
packing with the unit.

As may be seen, Bryston takes
very seriously the correct
functioning and long term
reliability of its products.

INTEGRITY

ryston contends that
the term ‘best’ should
apply to the honesty

pride and courage with
which we conduct our business, as
well as to the performance of our
products.

For this reason, you will not find
Bryston’s products being
cosmetically “updated” on a
regular basis merely in order to
keep the customer’s interest, in
something ‘new’. If we make a
change in the circuitry, it will be
because, and only because, it
yields a worthwhile performance
or reliability improvement.

We feel that regular sweeping
revisions to basic circuit design
(accompanied by revised jargon) to
be cynical marketing on the part
of the manufacturer and insulting
to the discerning customer.

In Canada:
R WS N

! MARKETING LTD.

57 Westmore Dr., Rexdale, Ontario, Canada MoV 3Y6
(416) 746-0300



SILENT

INTRODUCING THE ONLY AM/FM TUNER/
CASSETTE DECKS CAPABLE OF CUTTING
MULTIPATH INTERFERENCE UP T0 92.9%)!
FROM CARVER, NATURALLY.

The new TX-Seven and TX:Nine auto-
reverse AM/FM tuner/cassette a&jiophile
decks represent yet another example of
Carvers ability to solve previously insoluble
audio problems and deliver you more musj-
cal enjoyment.

CARVER TUNER TECHNOLOGY
TAKES TO THE ROAD.

Each deck employs the same Asym:-
metrical Charge-Coupled FM Detection
circuitry as Carver’s revolutionary TX-11a
home tuner, along with an ingenious auto-
matic computer Icgic-controlled antenna
switching system that further vanquishes
multipath distortion.

In point of fact, no other autosound
tuner/cassette decks in the world — regardless
of price — even begin to approach the TX-Seven
and TX-Nine's ability to maintain a hiss-free,

glitch-free, interference-free FM listening
environment in your car.

Both also possess a multitude of other
useful, state-of-the-art features which will rec-
ommend them to the most discriminating
autosound audiophile.



COLLIDING WITH MULTIPATH DISTORTION.

By its very definition as a moving
reception point, a car's FM tuner constantly
falls prey to signal reflections from hills, sky-
scrapers, bridges and even other vehicles.
These extra phase modulating signals trick
conventional tuners into producing audible
sounds we call multipath.

Startling outbursts of clicks, pops,
“picket fencing” and other rude and indescrib-
able sounds.

The trouble is, by its very nature, multi-
path distortion cannot be cured by conven-
tional circuit “improvements!” In fact, the better
an autosound tuner is, the more faithfully it is
deceived into corverting phase modulation
into ghastly-sounding interruptions in your
favorite station,

COMPUTER LOGIC-CONTROLLED DIVERSITY
ANTENNA SWITCHING DRIVES AROUND
MULTIPATH.

One way to get temporary refief from
interference at home is to move the antenna
around slightly. That is in effect what the
Carver TX-Seven and TX-Nine do with sophis-
ticated circuitry in your car. Instead of physi-
cally moving one antenna, they turn your rear
defroster into a second separate antenna, 180
degrees out of phase with the first. When
multipath occurs, a special smart circuit
automatically switches (at the speed of light)
to the other antenna, automatically correcting
phase and eliminating the multipath before
you ever hear it. In serious cases, the circuit
actually uses both antenna inputs at once,
deriving a signal through sum and difference
principles.

ASYMMETRICAL CHARGE-COUPLED
FM DETECTION CIRCUITRY BRINGS
IT ON HOME.

What little muttipath distortion gets
through the TX-Seven and TX-Nines unique
smart antenna system runs headlong into the
remarkable tuner innovation High Fidelity
Magazine described as “distinguished (by) its
ability to pull clean, noise-free sound out of
weak or multipath-ridden signals.”

It specially treats the critical, multipath-
prone left-minus-right (L-R) signal with a
Charge-Coupled circuit that detects “dirty mir-
rorimage” signals and cancels them before
they can reach your ears. Then the Leading
Edge Detector circuit processes the final 5%
of the L-R and interleaves it with the tuner’s
receiver matrix.

N Alone, without antenna diversity switch-
S i&, the TX-Seven and TX-Nine's Asymmetri-
‘cal Charge-Coupled FM Detection Circuit

delivers a net noise and distortion reduction
of 92 9%: Together, they set a new standard
for clear, clean FM autosound reproduction.

THE MULTIPATH MARATHON: REAL WORLD
CONFIRMATION IN THE MISTS OF THE
NORTHWEST.

Bob Carver is both a theorist and a
practical inventor. Circuits that work on paper
get exhaustively tested in the field before
release.

So he assigned a hapless engineer to
map out the ultimate multipath-ridden route
for confirmation of the TX-Seven and TX-
Nine's special circuitry. With mountains, hills,
huge evergreen trees, skyscrapers, large steel
bridges, good robust traftic jams and a few
assorted six-story-tall Boeing hangars, it didn't
take long to map out a 6-mile course that-
could regularly deliver at least 287 separate
multipath occurrences.

Engeging the Asymmetrical Charge-
Coupled FM Detection circuit and automatic
antenna switching reduced occurrences to an
average of two during the same 6-mile course
while listening to the same stations!

Although results may vary inyour locale,
the same 90+% reduction in multipath has
been confirmed in other widely diverse por-
tions of the U.S. The TX-Seven and TX-Nine
work, and work well.

OTHER REMARKABLE TUNING
FEATURES, T00.

First, the TX-Seven and TX-Nine also
receive Long Wave and Short Wave stations.
And of course, both tuner/cassette decks
have plenty of random presets...you can tune
any fitteen AM, FM, SW or LW stations quickly
for instant recall. Plus auto-scan and manual
tuning.

But they also have a system that makes
setting up all fifteen presets virtually instanta-
neous. Just press the button marked BEST
and the tuners logic circuitry will automatically
select the fifteen cleanest, strongest signals
and lock them in on the presets!

And that’s in addition to your fifteen indi-
vidual random presets.

As with all Carver products, the
TX-Seven and TX-Nine do not sacrifice ease
of use for useless, complicated frills. Instead,
they answer every possible need without
resorting to elf-sized buttons or glitzy flashing
light displays.

Their metal-compatible, Dolby® NR,
auto-reverse cassette sections rival any inthe
world. Both the TX-Seven and TX-Nine have
separate bass, treble, balance and loudness

(ARVER
. Corporation, PO Box 1237, Lynnwood, WA 98046

and four-way fader controls and a full-
function LCD display with night illumination.

All operations are signaled with a gentle
“beep” that keeps your eyes on the road, not
on the compact, ergonomically-styled deck.

Theres evena security code system that
renders the TX-Seven or TX-Nine inoperable
to anyone but you (and a window sticker to
impart this discouraging information to others).

Or, if you prefer, use the quick removal
systemn that slips out your TX-Seven or
TX-Nine in seconds for storage in trunk
or house.

THE BEGINNING OF THE PERFECT
AUTOSOUND LISTENING ENVIRONMENT.

Out of the hundreds of tuner/cassette
models currently available, only the TX-Seven
and TX-Nine deliver home-stereo quality FM
in your car. They achieve it with unique tech-
nology. And they are built to outlast your car,
no matter what kind of climate you live in.

Coupled with a clean amplifier, such as
The Carver M-240 Car Amplifier and state-of-
the-art speakers, your ability to transform your
car irto a concert hall is almost unlimited.

We urge you to audition the TX-Seven
and TX-Nine at your Carver dealer soon. They
can put you in the driver’s seat of a unique,
interference-free musical experience.

THE TX-SEVEN AND TX- NINE

TUNER: ¢ Asymmetrical Charge-Coupled FM Stereo Detector ¢
Automatic Computer-Controtled Diversity Antenna Switching © AM,
FM, Long Wave and Short Wave Bands ¢ 15 Random Presets ¢
BEST Circuit for Auto-Selection of 15 Strongest Stations (in addition

to 15individual presets) © Preset Frequency Auto-search ¢ Auto-
scan Tuning ¢ Manual Tuning O LCD Frequency Read-out.
CASSETTE: O Auto-reverse O Programmable Music Search (TX-Nine
only) ¢ Computer Logic Activated Controls ¢ Dolby B NR ¢ Dolby C
NR(TX Nine only) ¢ Metal Tape Bias Selector. GENERAL: O Secu-
rity Coce System ¢ Audible Confirmation of All Functions ¢ Sepa-
rate Baxs, Treble, Balance and Loudness Controls ¢ Full-function

L CD Read-out w/Night llumination ¢ CD Line Level Input (TX-Nine
only).0 Quick Release Removat System ¢ Year Warranty.
SPECIFICATIONS: ¢ Tuner S/N,-76dB ¢ 50dB Quieting Sensitivity,
0 S/N-65dBwith Dolby BNR-70dBwith Dolby C NR ¢ Tape Frequency
Resporse 20 Hz-15 kHz

2 Dimensions, 180mmW x5imm H x 160mm

D (DIN mount)

Dolby i< a registered trademark of Dolby Laboratories.

POWERFUL

MUSICAL

Enter No. 11 on Reader Service Card
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TAPE GUIDE

HERMAN BURSTEIN

e — — - - —

Print-Through and dbx

Q. ! have noticed print-through dur-
ing quiet passages of C-90 tapes that
were recorded about one year ago.
How can | reduce or eliminate this? |
have been recording at a level such
that the average VU readings are
about — 10 dB and the peaks are at 0
dB. | don't think | can record at any
lower level. | use a dbx Model 224 unit,
and at present there is no noticeable
tape noise.—Robert R. Maigatter,
Kewaunee, Wisc.

A. There isn't too much you can do
to get rid of the print-through on your
recorded tapes. It may help somewhat
to put such tapes through fast wind
and rewind once or twice before piay-
ing them, particularly after a long peri-
od of storage. In the future, you might
get better results with C-60 rather than
C-90 tapes if print-through is a serious
problem. The C-60 tape has a thicker
base and thus provides more protec-
tion against print-through.

It may also be helpful to record at
somewhat lower levels, say at least 3
dB lower. Once you have S/N of about
70 dB, you have very quiet tape repro-
duction. With dbx NR, you have S/N in
the region of 85 to 90 dB; therefore, it's
quite feasible to give away a few dB of
S/N without noticeably increasing
noise.

S/N Standard

Q. Does there exist a reference
standard for the signal-to-noise ratio of
cassette decks?—Robert Pepin, Vir-
ginia Beach, Va.

A. There is no standard reference
for the signal-to-noise ratio of cassette
decks (although there is a standard
way of measuring S/N).

In the old days when open-reel
decks reigned supreme, there were
NAB (now NARTB) standard S/N ratios
for various speeds and track formats.
In the case of decks intended for home
use, using the quarter-track format and
operating at 7%z and 3% ips, the stan-
dard S/N was 45 dB unweighted and
52 dB A-weighted. (A-weighting takes
into account the relative audibility of
different noise frequencies, counting
bass-frequency noise far less, and
high treble noise somewhat less, than
in unweighted measurements.)

De facto, it is pretty much accepted
that the minimum S/N for high fidelity is

about 55 dB, weighted. An S/N of at
least 60 dB does very well for most
people in most circumstances, and

Dolby B noise reduction achieves this |

in most decks. Dolby C gets into S/N
ratios of 70 dB or more, and leaves
very few people unsatisfied. With dbx
NR, one can get S/N of 80 dB or more,
and possibly over 90 dB, which leaves
no room for complaint.

NR and DNR

Q. !understand how Dolby and dbx
NR work, but understand less about
Dynamic Noise Reduction. A car deck
I have in mind has DNR instead of
Dolby NR. How will my Dolby C tapes
sound on it? Or should | not use Dolby
NR when recording tapes for this
deck?—John Stowers, Austin, Tex.

A. You couid probably get away
with using Dolby B NR on tapes made
for that car deck, but | would not rec-
ommend using Dolby C. Both Dolby
NR systems (and dbx NR) tailor the
signal in recording, then treat it again
in playback to remove both noise and
the effects of the prior alteration. A
tape made with Dolby B NR will usually
sound a bit bright when played back
without this NR system. DNR, which
applies selective treble cut at times
when there is little high-frequency sig-
nal energy to mask noise, may or may
not lessen this brightness somewhat,
depending on the program material. If
it does not, you could use the treble or
tone control of your car-stereo system
to reduce the brightness; if your sys-
tem’s highs are duli, you might even
find this brightness, or some of it, de-
sirable.

A tape made with Dolby C NR, how-
ever, is less likely to sound pleasing
when played back without Dolby C de-
coding circuits. The Dolby C NR af-
fects midrange as well as treble fre-
quencies, and boosts the treble far
more than Dolby B does. If your car-
stereo system had Dolby B as well as
DNR, you might be able to tame Dolby
C tapes into listenability by using both
at the same time. However, the results
would still be far less satisfactory than
if your car stereo had the proper cir-
cuits for Dolby C NR.

In theory, your best choice would be
to use neither Dolby NR system when
making tapes for the car. In practice,
however, you may find it best to record

with Dolby B NR; these tapes will have
less hiss when played with Dolby B
decoding, as they can be on your
home system (and, presumably, your
next car stereo), and yet can still be
made to sound satisfactory over the
system you're now thinking of getting
for your car.

Strange Exchange

Q. | have a Nakamichi 582-Z deck
and a newer deck, a Nakamichi ZX-7.
Each deck does fine in playing tapes
that it has recorded, and the ZX-7 does
fine in playing tapes recorded on the
582-Z. But sometimes when | use the
582-Z to play a tape recorded on the
ZX-7, there are strange “plinking”
noises, akin to a drop of water falling
into a metal bucket. The noises seem
to be associated with transient spikes,
such as those produced by record
scratches, but | am not certain of this.
They always occur at the same place
on the tape, and they are audible only
during quiet passages. On many
tapes, they are not audible at all. | took
some of my ZX-7 tapes to my dealer
and played them on several Nakamichi
decks. None of them produced the
noise in question. | have tried a num-
ber of remedies, such as changing
tape brands, but to no avail. | would
appreciate your comments.—James
G. Williams, Goodman, Miss.

A. It seems plausible that sharp
transients, such as those caused by
record ticks, are distressing the 582-Z.
The ZX-7 may have better playback
protection against such transients than
does the 582-Z. Also, the ZX-7 may be
better in recording such transients;
perhaps it even generates them. This
problem may be similar to the effect of
phono record warp on the record elec-
tronics of some cassette decks. Al-
though the warp frequency is inaudi-
ble, it can drive the record amplifiers of
some decks into great distortion. Per-
haps a low-pass filter which cuts off
sharply above 20 kHz or so would be
helpful. It would be placed between
the tape out jacks of your audio system
and the input jacks of the 582-Z. A4

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

@
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THE CBS COMPACT DISC CLUB HAS THE MUSIC YOU WANT

TAKE ANY 2 FOR *1.::.....

339200. Stevie 344408. Neil Diomond—

Wonder—In Square Heoded For The Future.
Circle. #1 album. (Tomlo)  Title cut; more
(Columbia)

339044. Mozort

Symphonies 40 & 41 337519. Heort. Top 10
{Jupiter). Kubelik, Album. Whot About Love;
Bavarian Symphony Never; etc. (Copitol)

[Digital-CBS Moster works)

337402. The Manhottan
Transfer—Vocalese. Top
10 olbum. {Atlantic}
341677, Schubert:
Symphonies Nos. 2 & 8.
Barenboim, Berlin Phil
{Digital-CBS Masterworks|
342592. Motown R&B
Grammy Performances

336669. Sting—The
Dream Of The Blue
Turtles. #1 Compact Disc,
Top 10 Album. (A&M)
342121. The Outfield-
Play Deep. Soy it lsnt So
Your Love; more
{Calumbia

319541. EHion John—
Greotest Hits. Daniel;

Of The 605 ond 705 Crocodile Rock; more.
(Motown} {MCA)

324822.Rovel: Bolero; ~ 343335. Julian
Rhopsodie Espagnole; Lennon—The Secret

etc. Moazel, Orch. de Valve Of Doydreaming.
France (Digital—CBS Atlantic}

Masterworks}

[ TONY BENNETT __ROLLING STONES |

y 39

THE ART OF EXCELLENCE
343947

DIRTY WORK _
343293

The age of CD sound is here —and
you have a practical new way fo find the
CDs you want. As your infroduction to the
CBS Compact Disc Club, you can choose
any 2 CDs listed in this ad for just $1.00
Fillin and mail the application—well send
your CDs and bill you for $1. You simply
agree to buy 2 more CDs [at regular
Club prices) in the next year—and you
may then cancel your membership anytime
after doing so.

How the Club works. About every
four weeks {13 times a year] youll receive
the Club's music magazine, which
describes the Selection of the Month for
your musical interest...plus many exciting
alternates.

If you wish to receive the Selection of
the Month, you need do nothing—it will
be shipped automatically. if you prefer an
alternate selection, or none at all, fillin the
response card always provided and mail
it by the date specified. You wilt always

5
3343

#) Smash. {Portrait)

263293, Bolling: Suite
For Flute & Jazz
Piano—Rampol, Bolling
{Columbia)

339226. Gershwin:
Rhopsody In Blue;
Second Rhapsody; etc
M. Tilson Thomos, Los
Angeles Phil. {Digital—
CB Mos!erworgs,

338616. Miomi Vice—
Music From The
Television Series. G. Frey:
# You Belong To The City;
many more. [MCA}

341297, Prokofiev:
Symphony No. 1
{Clossical); Love For
Three Oranges
Suite-—Lorin Maazel
cond. Digitol—CBS
Masterworks)

BRUCE
SPRINGSTEEN

| BORNINTHEUSA. |
326629

’
|

340323. Sade—Promise.

323261. Lionel Richie—
Can't Slow Down.

All Night Long; Stuck On
You; Hello; efc. (Motown)
335547, Berlioz:
Symphonie Fontastique.
Borenboim, Berlin Phil.
(Digitol-CBS Mosterworks)
331264. Bryon Adoms—
Reckless. # hit: Heaven;
Run To You; etc. [A&M]
339903. The Cars—
Greatest Hits. Tonight She
Comes; more. |Elektro)
341263. Enoch Light &
The Light Brigode—Big
Bands Of The Thirties.
Begin The Beguine; more.
{Project 3)

322008. Linda Ronstadt
& The Nelson Riddle
Orch— What's New.
{Asylum)

PHIL COLLINS

L]

NO
JACKET
REQUIRED

333286

have atleast 10 days in which to make

341073. Sieely Don—

A Decode of Steely Dan.
Reeling In The Years; Hey
WNineteen; more. [MCA}
320499. The Police—
Synchronicity. Winner of
3 Grommy Awords! [A&M)
343160. Beethover:
Symphony No. 9
Chorall. Bruno Wolter,
Columbio Sym. ([CBS
Masterworks)

337279. Placido
Domingo— Save Your
Nights For Me. love
songs. {CBS)

318089. Michael Jackson
—Thriller. Billy Jeon; The
Girl Is Mine; etc. (Epic)
342105. Bangles
Different Light. Morc
Monday; more
Columbio

[wrvion MARSALIS
TOMASI / JOUVET
TRUMPET CONCER

o>

R ST
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322024. Huey Lewis &
The News—Sports. Bad Is
Eod: etc. (Chrysalis)
314443, Neil Diamond's
12 Greatest Hits, Vol. 2.
You Don't Bring Me Flowers
fwith Borbro Streisand);
etc. (Columbio}
343624, Wynton
Barsalis Plays Trumpet
Concertos. Hoydn,
Hummel, L. Mozart. {Digital
~CBS Mosterworks)
308049-398040.
Creedence Clearwater
Revival Featuring John
fogerty/Chronicle.
Greolest hits. (Counts
as 2—Fontasy)
219477, Simon &
Garfunkel's Greatest
Hits. £ Condor Paso;
Bridge Over Troubled
woters; etc. (Columbio}

BILLY JOEL

336396-396390{2 CDs)

333112 Andreas
Vollenweider —White
Winds. The nventive
horpist's latest [Digitol CBS)
331645. Madonna—Like
A Virgin. #1 olbum & hits
Moaterial Girl; Angel. (Sice)
328435. Prince And The
Revolution—Purple Roin.
#| hit: When Doves Cry.
(Worner Bros.|

316604. khaikovsky:
1812 Overture; Morche
Slave; Beethaven:
Wellington's Victory. Lorin
Maazel, Vienno Phi
(Digital-CBS Masterworks)
342097 Borbro
Streisand—The
Broadway Album.
Somewtere; Something's
Coming; more. (Columbiol
343715, Vivaldi—Four
Seasons. Maazel,
members Orch. National
de France (Digitol-CBS
Masterworks}

343251. Bach: Goldberg
Variations—Glenn Gould
(Digital-CBS Masterworks|
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your decision. If you ever receive any
Selection withouthaving 10 days to
decide, you may return it at our expense.
The CDs you order during your
membership will be billed at regular Club
prices, which currently are $14.98 to
$1598—plus shipping and handling.
{Multiple-unit sets may be somewhat
higher) After completing your enrollment
agreement you may cancel membership
atany time; if you decide to continue as o
member, youll be eligible for our money
sovm? bonus plan. itlets you buy one CD
at halt price for each CD you buy at
regular Club prices.
10-Day Free Trial: We'll send details
of the Club’s operation with your
introductory shipment. If you are not
satisfied for any reason whatsoever, just
return everything within 10 days and you
will have no further obligation. So why
not choose 2 CDs for $1 right now.

Selections with two numbers contain 2 CDs and count as 2—so write in both numbers.

PO. Box 1129, Terre Haute, Indiana 47811-1129

Please occept my membership application under the terms outlined
in this odvertisemertt. Send me the 2 Compact Discs Iisted here ond
bill me only $1.00 for both. | agree to buy two more selections ot
regular Club prices in the coming year—and may cancel my
membership at any time after doing so.

Send me
these 2
CDs

My main musical interest is {check one):
[But i may always choose from either category
O ROCK/POP O CLASSICAL
Mr.
Mrs.
Miss _— _
Por F . NG

Address _ Apt

City R

Stote. - Zp
Do you have a VCR? (Check one.) CYes [ONo
Do you have a credit card? (Check one.}O Yes ONo
This offer is nol avarlable in APG FPQ Alaska, Hawon, Puerlo Rico please write for
delails of alfernative offer

Note: All applications are subject to review. The CBS Compact

' 762/¥86



AUDIO ETC

EDWARD TATNALL CANBY

REACHING FOR THE BRASS RING

reat eras in technology do tend
G to overlap, and for our good.

But we don't like to think that
way. We want things sharp and clear.
The horse yesterday, the gas buggy
today. Trolley cars one evening, the
bus the next morning. Analog, digital,
is it any different? The new versus the
old, as always, and the new is better,
isn't it? Not necessarily; not on the in-
stant, anyhow. !t might even be worse,
for a while.

How many of us really appreciate
the shape of the digital future? | won-
der. Our noses are still too close to the
technology; we are still much too wor-
ried about whether it sounds better—
or, as some say, not as good And
everybody knows, unfortunately, that
digital is new. New! Whereas that other
word, analog, means old-fashioned.
You can't expect big-time publicity
campaigns to tone down on that selling
point, after all.

We could so easily point out—if we
wanted to—that analog recording, like
photography, is all-natural, a genuine
facsimile of the information available
“live.” Whereas digital, like the moving
picture, is a cut-up sampling of bits,
static moments frozen into a code to
deceive the ears and the eyes alike.

We can argue—we do argue—forev-
er on such points, all on an either/or
basis. Is digital audio “better,” or is
analog? It gets us nowhere! Even if we
could add it ail up for an overall judg-
ment, we'd merely begin again in 10
minutes—things keep changing. What
we have to do is look at the overlap.
What are the really useful differences,
immediate and for the long future; what
are the characteristics, the features,
the exploitable aspects?

Yes, there's a digital revolution.
There are always revolutions—that is,
we are always talking about them. The
Plate Tectonic Revolution (that one is
strictly in our thinking). The French
Revolution, the American Revolution,
the Industrial Revolution, maybe even
the New Coke Revolution. Bang! Big
explosion. Actually, even with an ex-
plosion there is plenty of overlap, every
time. Revolutions, like volcanoes or
earthquakes, take a long time to devel-
op full pressure, and there are long
periods of aftershock too. Opera, for
instance, was not suddenly invented
out of nothing in the year 1600, as we

music students used to be told: nor did
the Romantic movement begin with the
clarinet solo in Weber's “Der Frei-
schitz" overture along about 182Q.
That's what | once heard. By golly, if
we don't find a revolution at hand, we
feel that we have to make one.

We seem to have a terrible distaste
for the gradual and continuous
change—with certain explosive high
points—that is actual history. All we
want is the Big Bang. BOOM! What
was that? The Dawn of Digital, coming
up like thunder.

Just to show you I'm still on the audio
track, more or less, let me mention two
items of recent audio news that fit into
the pattern. On the one hand, London
Records has been promoting an ad-
vanced digital system, ADRM (London
prefers four-letter trademarks, like ffrr,
for the restoration, editing, and preser-
vation of older analog recordings and
their reissue on CD. There are aiready
nearly 100 of these in the London cata-
log. Of course, London is not the only
label doing digital restoration of its old-
er tapes, much as ADRM publicity
would like us to believe. But London’s
account of this system is very well pre-
sented and sums up the nature and

advantages of digital recording as well
as I've ever seen it done. It is easy to
read between the lines; in London's
view, the digital revolution is over and
we must now settle into the digital age.

ADRM'’s publicity throws light where
fight should be thrown, on the two real-
ly important (and least publicized) digi-
tal advantages: Permanence and pro-
cessing. Permanence, for a signal al-
ways ready and untarnished; process-
ing, for safe and easy preparation. In
the long run—in the long overlap—
these surely will be the vital digital ele-
ments, rather than mere sonic quality,
which no doubt will change and im-
prove as we move forward.

The digital message is permanent
just because it is a code, which may
be extracted from its carrier and cop-
ied with minimum or no loss, any num-
ber of times, through any number of
generations. By the same token, the
marvelous new subtleties of digital
editing (however expensive at the mo-
ment) are nondestructive, as well as
much more easily and accurately re-
sponsive to the dictates of the sound
editor's ear than is the old cut-and-
patch editing. All this London makes

admirably clear in its account of
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This one works 1n the studio.

YAMAHA noarumac

POWER

nemon
canTRn

YAMAHA tonn winn omimo oo

Yamaha's newest high-end CD
player has a split personality. In its
CD-2000M version, with rack-mount
adaptors and balanced line outputs
with XLR connectors, it fits right
into recording studios and broadcast
applications.

In the CD-2000 version, we've
taken away the adaptors and studio
outputs. But none of the performance.

And performance 1s what the
CD-2000M and CD-2000 are all about.

Both have unique vibration-
damping feet and special Vibration
Damping Circuit Assembly to elimin-
ate vibration-induced modulation
which can degrade the audio signal.
3-beam laser pickup with Auto
Laser Power Control circuit for
precise tracking accuracy. And high-
grade double-resolution digital
output filters for reference standard
reproduction purity.

Suggested Retail Price

In addition to all the expected
features, both have some unexpected
ones. Like variable output level to
correctly match the output level with
other system components, and act
as a remote volume control. Gold-
plated connectors. And full-control
wireless remotes.

But the most unexpected feature
is one found only in Yamaha CD
players. And that is our century of
experience in making the finest acous-
tic and electronic musical instruments.
It 1s our musical ears as well as our
technological mind that give Yamaha
audio equipment a musicality that
goes beyond specs. It's a commitment
you can hear.

Audition our entire new CD player
lineup from as low as $259* to $899:*

Yamaha Electronics Corporation, USA, PO. Box 6660, Buena Park, CA 90622

€ YAMAHA



The new comes along and,
by sheer competition,
stimulates the old to move
further upward. Thus we
get improvements in LPs,
in TV sound, and in FM.

“

ADRM, which you should be able to
find at any record shop.

On the other hand, and also saying
much concerning the useful overlap of
analog and digital recording technol-
ogy, is that familiar name, Dolby. An-
nouncing still another Dolby system,
perhaps the ultimate and most remark-
able of all: Dolby SR for professional
analog recording. No—not digital re-
cording. It works on any professional
analog tape recorder that makes use
of the original Dolby A, still the most
enduring and universally used NR sys-
tem after more than 20 years.

Dolby SR is, in effect, an extension
of the traditional two-stage Dolby sys-
tem of selective companding (com-
pressing, expanding). It goes into fur-
ther and subtler regions, not only the
signal at various levels (Dolby A began
with four separate bands operating in-
dependently) but now also in what the
consumer might best think of as tone
color. The system responds in incredi-
ble detail to the entire sense of the
sound, tailoring each aspect for opti-
mum recorded accuracy as well as
minimum noise. All this, as you may
guess, is in the traditional Dolby man-
ner—that is, the signal is untouched in
areas where processing isn't useful,
and the whole shebang, the entire pro-
cessed signal, is "decoded” for play-
back precisely in reverse, restoring the
original as in the other Dolby systems.
We're left with the mirror image, more
polished than ever.

No more should be said, lest | get
into technical hot water. But the signifi-
cance is plain enough. Dolby SR, used
with existing analog recorders, can
match or in some areas even exceed
the parameters of digital sound—the
‘characteristics that we still find so awe-
some! So again the old catches up
with the new, in its own way. Enough,
surely, to give professional analog re-
cording a further burst of life, for longer
than you may think. A very useful over-
lap, especially since, in its usual fash-
ion, Dolby has shaped its SR equip-
ment with a maximum of compatibility
to match older Dolby systems (of
which it is indeed an extension), even
to the rack size and the familiar con-
trols. Conversion is thus uncomplicat-
ed, both for record and for playback.

So this is the way things go. Comes
the revolution! The new is always sen-

sational but often for a fot of wrong
reasons. Meanwhile, the old reaches
its elegant apogee of maturity—and 1s
stimulated to move even further on-
ward and upward by sheer competi-
tion. So it has also been with the LP,
which has never sounded better than
now, as | keep on saying. Indeed, it
has moved far beyond what we might
have imagined possible maybe 10
years ago. So also with TV, which drift-
ed along for a whole generation with its
amiably dreadful audio until digital and
home video and the rest stuck sharp
pins into its complacency. Suddenly,
video sound is superb (the newly
made part of it) and you'll need the
best hi-fi equipment to reproduce it for
what it has.

And FM. That once-miracle of radio
silence was in many ways comparable
to today’'s digital; it bypassed sonic
interference via special coding. FM
also coasted along for a generation,
after the disastrous stereo compro-
mises of the 1960s, without, shall | say,
more than incremental improvements,
including Bob Carver's. Now, sudden-
ly, comes a more dramatic attempt, not
unrelated to Dolby SR in the use of
sophisticated and selective two-stage
companding—both in the FM station
and, inversely, in the FM receiver. The
FMX system, recently announced by
CBS and on trial in Connecticut (see
feature article in Audio, May 1986),
would much reduce the hiss in FM ste-
reo with relatively little effect on the
stereo itself, thereby increasing the
practical stereo listening area to an
extent that ought to impress the station
owners (who'd get increased busi-
ness) even more than us listeners. That
being the case, | suspect that FMX
may move along nicely and give us, at
last, some quiet reception in stereo, to
match Dolby, digital, and all the rest of
our gear. It's in the cards.

The only technical objection to FMX
that | have heard comes from that per-
sistent surround-sound gadfly, Larry
Clinton in Virginia, who points out that
FMX would preclude any further moves
into multi-channel surround-sound FM.
No room; FMX uses up the possible
extra channels. To which | can only
say, at this point, 'tis better to have a
widened useful coverage for two-chan-
nel FM stereo, minus hiss, than any
type of surround sound. First things

first, you might say. Besides, you can
always create your own surround, and
very effectively, by any one of numer-
ous types of surround synthesis from
SQ alt the way to Dolby Surround. Not
to mention the fancy digital chip-based
hall-reproducers on the way.

Here again, you see, the new has
stimulated the old in a time of coexis-
tence. When you come down to it, this
isn't really more than the old capitalist
principle of competition that keeps ev-
erybody on his or her toes. Some as-
pects of competition really do work,
even if we tend to slide into evil at the
flip of a $50 bill. That's merely human
nature, which we all can control if we
really want to. | think | /ike the way
competition works in audio, generally
speaking—with a few exceptions.

After all this, then, you can see how
the digital revolution is shaping up, not
with a boom but slowly and systemati-
cally. This will go on. You can under-
stand, too, why | find the various dis-
cussions of “digital sound” pretty vac-
uous. in the long run they are unimpor-
tant—we'll fix things up. | do not
believe that there is an inherent un-
pleasantness in the digitalization of the
musical signal, at least for listening to
recorded content. Not at the fine-
combed rate at which we are now do-
ing the sampling.

Please note in this connection that
the entire body of moving-picture art
since the turn of the century, along with
all TV entertainment from the begin-
ning, has depended on a coarser “dig-
italization” of the stream of visible, live
motion into discrete, nonmoving bits,
one picture after another with blanks
between. A series of jerks. Tiring for
the eyes? Definitely, even now, and
more so with the original, slower, 16-
frame movies when they are projected
at correct speed. (We speed them up
and think it's funny; | think it is a dese-
cration.) Since we have never had ana-
log movies—continuous motion minus
breaks—there is no argument. But the
parallel to digital sound is strong, just
the same. Indeed, the ears are very
choosy in the wee small frequencies,
and there may be small disturbances
going on there as we listen to
chopped-up music via digital. But
they're not really vital. Not enough to
stop the digital revolution and the age
to follow. 4
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The concert

Announcing another Ford first:
The long awaited Compact Disc
for the Lincoln Town Car.

Start with the very best high fidelity music systems we
offer: Ford JBL Audio Systems.

e 12 JBL speakers including 2-6" X 9" woofers, 2-3%2"
midrange speakers and 2-78" tweeters located in the
rear deck; 2-5V4"” woofers mounted in the doars;
and 2 tweeters and 2 midrange speakers in the
instrument panel. Selective frequency fading so all
woofers remain in operation at controlled levels
when faded front/rear.

e 140 watts of total system power—4 amplifiers, 35
watts per channel into 4 ohms at 1000 Hz with
.07% THD. 105 dB SPL maximum acoustic output.
Excursion control computer with continuously
variable loudness compensation and automatic
overload protection.

Then add the pure, unparalleled performance of the

¢ AMS ppt

continues to get better
with Ford JBL Audio Systems.

p- PLAY/PAUSE

new Compact Disc player to digitally deliver
frequency response spanning the entire audio
spectrum without distractions of noise or hiss.

The Compact Disc not only lets you experience the
total capacity of a Ford JBL Audio System, it
establishes all new standards for clarity, realism and
dynamic range in automotive sound.

e Performance features of the Compact Disc player
include frequency response at 5 to 20,000 Hz with
less than .05% THD, dynamic range greater than
90 dB, signal-to-noise ratio greater than 90 dB and
channel separation greater than 85 dB.

e Convenience features of the Compact Dist: player
include direct loading, automatic reload, automatic
and manual music search, dual repeat modes,
instant return/replay with digital LED display and
fully illuminated control symbols.

Hear for yourself just how much better an audio
system can really be, exclusively at your Lincoln-
Mercury dealer today.

EMS



Matthew Polk's Awesome Sounding SDA-SRS & SDA-SRS 2

SDA SRS
$1395 ea.

SDA SRS 2 -

$995 ea St et gl S e BT Digita/ic eady

Matthew Polk, the loudspeaker genius, with his Audio Video Grand Prix winning SDA-SRS and latest technological triumph
the extraordinary SDA-SRS 2, honored with the 1986 CES Design & Engineering Award.




“The Genius of Matthew Polk
Creates The Second Awesome Sounding
Signature Edition SDA!”

Polk Audio’s Extraordinary New SDA-SRS 2 is Here!

ow the genius of Matthew Polk brings

you the awesome sonic performance of

the SDA-SRS in a smaller, more mod-
erately priced, but no less extraordinary

loudspeaker, the SDA-SRS 2.
“Spectacular...it is quite an
We’ ce i Stereo Review

Matthew Polk’s ultimate dream loudspeaker,
the SDA-SRS, won the prestigious Audio Video
Grand Prix Speaker of the Year award last year.
Stereo Review said “Spectacular...it is quite an
experience” and also stated that the SRS was
probably the most impressive new speaker at
the 1985 Consumer Electronics Show. Thou-
sands of man hours and hundreds of thousands
of dollars were spent to produce this ultimate
loudspeaker for discerning listeners who seek
the absolute state-of-the-art in musical and
sonic reproduction.

Matthew Polk has, during the last year,
continued to push his creative genius to the
limit in order to develop a smaller, more
moderately priced Signature Edition SDA incor-
porating virtually all of the innovations and
design features of the SRS without significantly
compromising its awesome sonic performance.
The extraordinary new SRS 2 is the successful
result. Music lovers who are privileged to own a
pair of either model will share Matthew Polk’s
pride every time they sit down and enjoy the
unparalleled experience of listening to their
favorite music through these extraordinary loud-
speakers, or when they demonstrate them to
their admiring friends.

“Exceptional performance no
maiter bow you look at it”
Stereo Review

Listening to any Polk True Stereo SDA™ is a
remarkable experience. Listening to either of
the Signature Edition SDAs is an awesome
revelation. Their extraordinarily lifelike three-

*U.S. Patent No. 4,489, 432 and 4,497, 084, Other patents pending.

dimensional imaging surrounds the listener in
3060° panorama of sonic splendor. The awe
inspiring bass performance and dynamic range
will astound you. Their high definition clarity
allows you to hear every detail of the original
musical performance; while their exceptionally
smooth, natural, low distortion reproduction
encourages you to totally indulge and immerse
yourself in your favorite recordings for hours
on end.

Julian Hirsch of Stereo Review summed it up
well in his rave review of the SDA-SRS: “The
composite frequency response was exceptional
...The SDA system works...The effect can be
quite spectacular... We heard the sound to our
sides, a full 90° away from the speakers...As
good as the SDA feature is, we were even more
impressed by the overall quality of the Polk
SDA-SRS....The sound is superbly balanced and
totally effortless. .. Exceptional low bass. We
have never measured a low bass distortion level
as low as that of the SDA-SRS...It is quite an
experience! Furthermore, it is not necessary to
play the music 'oud to enjoy the tactile qualities
of deep bass...Exceptional performance no
matter how you look at it.”

The awe-inspiring sonic performance of the
SDA-SRS 2 is remarkably similar to that of the
SRS. Words alone can not express the experi-
ence of listening to these ultimate loudspeaker
systems. You simply must hear them for yourself!

“Literally a new dimension in
sou'ld” Stereo Review
Both the SDA-SRS and the SDA-SRS 2 are high
efficiency systems of awesome dynamic range
and bass capabilities. They both incorporate
Polk's patented SDA True Stereo technology
which reproduces music with a precise, life-
like three dimensional soundstage which is
unequalled and gives you, as Julian Hirsch of
Stereo Review said, “literally a new dimension
in sound”. Each beautifully styled and finished
cabinet contains 4 Polk 62" trilaminate polymer
drivers, a planar 15" sub-bass radiator, 2 Polk 1"

Where to buy Polk Speakers? For your nearest dealer, see page 18.

Enter No 23 on Reader Service Card

silver-coil polyamide dome tweeters and a com-
plex, sophisticated isophase crossover system.
Like the SDA-SRS, the SRS 2 incorporates:
L) time compensated, phase-coherent multiple
driver vertical line-source topology for greater
clarity, increased coherency, lower distortion,
higher power handling, increased dynamic
range and more accurate imaging. 2.) a2 mono-
coque cabinet with elaborate bracing and MDF
baffle for lower cabinet read-out and lower
coloration. 3.) progressive variation of the high
frequency high-pass circuitry for point-source
operation and wide vertical dispersion. 4.) the
use of small active drivers in a full complement
sub-bass drive configuration coupled to a large
15" sub-bass radiator for extraordinarily tight,
quick and three-dimensional mid and upper
bass detail combined with low and sub-bass
capabilities which are exceptional. The speakers
are beautifully finished in oiled oak and walnut.

Otber superb sounding Polk
speakers from $85. ea.

No matter what your budget is, there is a
superb sounding Polk speaker perfect for you.
Polk’ incredible sounding/affordably priced
Monitor Series loudspeakers start as low as $85
ea. The breathtaking sonic benefits of Polk’s
revolutionary True Stereo SDA technology are
available in all Polk's SDA loudspeakers which
begin as low as $395. each.

“Our advice is not to buy
speakers until you've beard
ﬂ.)e POlks = Musician Magazine

The experts agree: Polk speakers sound better!
Hear them for yourself Use the reader service
card for more information and visit your nearest
Polk dealer today. Your ears will thank you.

polkiaudio

The Speaker Specialists ®

1915 Annapalis Road, Baltimore, MD 21230



BEHIND THE SCENES

BERT WHYTE

FINGERING PRINTS

hen Compact Discs were in-

troduced, a lot of tales were

told about how impervious
they were to scratches, dirt, and other
artifacts which have always been very
destructive to vinyl records. There
even was a story that peanut butter
could be spread con a CD, and after it
was cleaned off, the disc could be
played without difficulty. Unfortunately,
the CD is a victim of its own propagan-
da, which, coupled with the “no wear”
factor, has lulled people into thinking
that it is nearly indestructible. Even
though consumers have been general-
ly admonished to hold a CD by its
edges and treat it with the same re-
spect accorded vinyl discs, the small
size of the CD, its ease of handling,
and the early fanciful tales about its
total immunity to contamination have
made people careless. As a conse-
quence, myriad fingerprints, dust, and
assorted detritus must be dealt with.

Last issue, in my discussion of CD
error correction, | pointed out that a
minor interruption of the music, or a
momentary or cyclic noise, may some-
times be amenable to simple cleaning.
The most basic form of CD cleaning is
to breathe on the disc and then use a
tissue or soft cloth to wipe the conden-
sate from center to edge, as if follow-
ing the spokes of a wheel. A more
thorough job of cleaning can be ac-
complished by wiping the CD—always
with radial strokes—with ethy! alcohol.
The most readily available household
source of this is from a bottle of 100-
proof vodka, which is equivalent to
50% ethyl alcohol.

There are various commercial CD
cleaning fluids which one hopes will do
their job without leaving an invisible
and potentially bothersome residue.
There are also a number of CD clean-
ing devices which rotate the disc, but
most of them use a circular cleaning
motion and not the preferred radial
strokes.

One device which works properly is
the Discwasher Compact Disc Clean-
er. A plastic case contains a circular
CD platform with gear teeth around its
circumference. A cleaning wheel, also
with gear teeth, is mounted in the plas-
tic cover of the case and is fitted with a
soft, absorbent cleaning pad. An inter-
mediate drive gear is between the CD
platform and the cleaning wheel. The

cleaning wheel is mounted eccentri-
cally, and, when it is rotated by a small
crank handle, a radial motion is impart-
ed to the pad. The cleaning procedure
involves spraying the CD with the sup-
plied cleaning fluid, placing the treated
CD on the platform, closing the plastic
cover, and rotating the cleaning pad in
either direction for about 20 revolu-
tions. The action is a bit stiff from the
gearing and 20 turns are a little te-
dious, but the Discwasher system
does clean CDs effectively. The clean-
ing kit with case, fluid, and replace-
ment cleaning pad is $19.95. Of
course, refills of the CD-1 fluid and
cleaning pads are available.

Of all the contaminants a CD can be
subject to, the most common—and the
most bothersome—are fingerprints.
Now, there are different kinds of finger-
prints, and perhaps they should be rat-
ed on a "gloppiness index." For exam-
ple, there is the common, garden-vari-
ety fingerprint from normal, clean fin-
gers; the error-correction capabilities
of most CD players can cope with
these quite nicely. If your fingers are a
bit moist or clammy, correction be-
comes a bit more difficult. if you have
an oily complexion and rub your nose
or forehead with your fingers and sub-

sequently put a print on a CD, this can
stop the error-correction systems of a
fair number of CD players dead in their
tracks.

The worst-case scenario for finger-
prints, those with the highest rating in
the “gloppiness index,” would involve
food. Say you're at a picnic, where
your fingers can be loaded with grease
from that cold fried chicken or similar
foods, and you happen to have a por-
table CD player to entertain you in your
sylvan glade. Or you are at a drive-in
burger palace, and after your double-
decker cheeseburger and fries, you
play some CDs on your car CD player.
Picnic or burger stop, you are unlikely
to do more than wipe your fingers with
a paper napkin or towel. This virtually
guarantees your fingers will have a
heavy film of cil. If you happen to put
some prints on your CD, all but the
most sophisticated error-correction
systems of the top players will be over-
whelmed, and the machine will simply
not play the CD.

| did some experiments in which |
put fingerprints of various degrees of
"gloppiness” on some CD surfaces. To
simulate the picnic/burger-stop situa-
tion, | dipped a finger into bacon fat,

then wiped it with a paper napkin. |
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ELITE COMPONENTS.
AT LAST AUDIOPHILE QUALITY

AT AN AFFORDOPHILE PRICE.

Elite Components are incredibly The PD-9010X(BK) Compact
rich. Rich with sound, quality, and Disc Player: “The Pioneer PD-9010X
value. So rich we could easily charge is one of the most value-laden CD
a whole lot more. But we'll leave players it has been my pleasure to
that job to the competition. evaluate so far. I'll bet the competition

Pioneer’s never had a sound is tearing apart several PD-9010X’s
this good. Designed by Pioneer’s right now, trying to figure out how
Professicnal Products Division, these Pioneer did it” Leonard Feldman,
components can hold their own Audio Magazine
against anyone. The CT-A9X(BK) cassette deck:

The sound from Elite Components ~ “To say that we were impressed with
is so nearly perfect, there’s no need for the Pioneer CT-A9X would be an

complicated controls. Their achieved understatement. Outstanding as its
design goal: ultimate sound quality measured performance was, it did
made simple, at a very affordable just as well in actual use.’ Julian
price. Hirsch, Stereo Review Magazine
The A-88X(BK) amplifier: ..t The F-99X(BK) FM/AM tuner:

can hold its own sonically against just ~ “The 1986 Grand Prix Award Winner,
about any competitor, including audio-  Pioneer’s F-99X(BK) is one of the
phile specialist models that can boast high-performance components in
much greater mystique-and cost”’ the company’s Elite series, a system
High Fidelity Magazine of ambitious scope.’ AudioVideo
International

Elite speakers are equally im-
pressive. Designed and developed
to maximize the superior sound
Elite Components deliver, these
speakers guarantee optimum
sound reproduction for demanding
digital applications.

The Pioneer Elite series clearly
illustrates just how far Pioneer has
gone to make audiophile components
truly affordable. For more informa-
tion regarding your nearest
Elite dealer, call Pioneer’s
Customer Service Division
at 1-(800)-421-1404.
©1986 Pioneer Electronics (USA] Inc.

Pioneer Electronics (USA) Inc., Long Beach, CA
Pioneer Electronics of Canada, Inc., Ontario, Canada

A) PIONEER
CATCH THE SPIRIT OFATRUE PIONEER.

Enter No. 24 on Reader Service Card
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The Speaker Specialists ®

Where to buy Polk Speakers

AUTHORIZED DEALER LIST
ALABAMA Auburn: Audio Warehouse «
Blrminghsm (Homewgod): Audition +
Huntsvltle: Campbells Audic Video -
mlh Fidler Hi Fi - Montgomery: The

d
ALASKA Anchorage: Shimekss « Falrbanks:
Hoitts Music
ARIZONA Flagstaff: Sound Pro - Mesa:
HiFi Salss ‘TWuscon: Audio Emponum,
real

Sou
AHKMSAS Lllm Rock: Leisure Electronics »

Boaru Campbcll Sound Guods
By Dave « Davls: World
Ele:tmmcs Fll lletd: C 3 M Slereo
Unlimited  Fresno: Valiey Siereo
Angeles: Beverly Sterec » Mlll\llllq World
ol Sound - Napa: Futurvision » Orange:
Absolute Audio - Penngrove: Calilornia Stereo
« Sacramento: World Electronics » San 01
@go: Sound Cmnpanr « San Francisco:
Slereo Store, World of Sound » San Gabriel:
Augdio Corcepl + Santa Barbara: Creative
Slefeo « Santa Cruz: Stereo Solulion » Santa
Maria: Crealive Stereo - Santa Monica:

Meiro Slereo ut Creek: High Fmehry
Shuoxe Wnnﬂlanl His: Shelley's Stereo

A Call Evolition Technology. Toronto
for nearest dealer 1-800-263-6395
COLORADO Arvada: Soundirack « Aurora:
Soundtrack - Boulder: Soundtrack, Wave.
mm Stereo  Colorado Spdnf; Sunsmne

ia » Imnm Soundtrack
ck + Pueblo: Sunshine Audm

CDIIIECTICUT Avon: Hi Fi Stereo House «

Brooktield: Sounds Incredible « Falrfield:
Audio Design « Greanwich: Al Franklins
Musical Worid « Graton: Roberts The Musical
World - Hartford: Al Franklin's Musical World
» New Haven: Audio Den - Newington: Hi Fi
Stereo House « New London: Robert's The
Music Paple Norwalk: Audiolonics
DISTRICT OF COLUMBIA Myer Emco
FLORIDA Altsmonte Springs: Audio Spec-
trum - Boca Raton: Capt Video » Daytona
Beach: Stereotypes « Ft. Lauderdales: Capt
Video » R Myers: Stereo Garage « Fi.
Pierce: Sound Shack » Ft. Walton Beach:
Audio International « Jacksonville: Audio
Tech » Lakeworth: Sound Shack « Merritt
Isiand: Southern Audio  Mlami: Audio By
Caruso, Capt. Video, Sgnoamehc Ear - Na-
Fln Stereo Garage « Orange Park: Audio

Orisndo: Audio Spectrum  Pen-
sacola; Fidler Hi Fi - Tallshassee: Stereo
Stose - Tlmpl Audio Vlslnn W. Paim
Beach: Electonic Connect
GEORGIA Amm Slereo Vlllage Augusta:
Stereo City « Duluth: Stereo Village « Morrow:
Sereo Village - Savannah: Audio Warehouse «
31'nvm Stereo Village « Tucker: Stereo
il

All Honoluiu: Sigreo Stallon

IDAHO Boise: Stereo Moscow:
Audiovision - Poeatefio: okzs Brothers «
Sandpolnt: Eleciracralt - Twin Falls: Audio
Warehouse

ILLINOIS Aurora: Stereo Systems » Bioom-
ingdale: Alans Crealive Stereo - Buffalo
Grove: Columbia Audio Video » Champaign:
Glenn Pnor‘s DeKalb: Audio Plus - Hottman
Estates: Simply Stereo « quhlanﬂ Park:

Columbia Audio Vide - Lansing: Audio

Climic « M1, Prospect: Simply Stereo »

Normal: Gtenn Poor's - Northbrook: Alans

Creative Stereo - Peoria: Team Electronics «

Riverdale: Simply Stereo « Stereo Designs «

Rocldord: Columbia Audio Video « Shaum-
? ‘Alars Crealwe Stereo, Hi F1 Huich +

Springfield: Sundown One » Sterling: Mid-

wesl Hi Fi « ¥ernon Hills: Alan's Creative

Stereo « Villa Park: Hi F1 Hutch « Waukegan:

Alan's Creatve Stereo

INDIANA Bloomington: Hoosier Electronics »

Bluffton: Eley TV & Stereo - Gresnwood:

Hi Fi Buys « Indianapolis: Hy Fi Buys « Llla
ette: Hi Fi Buys - Marion: Classic Slereo «
uncll Hi F1 Buys - South Bend: Classic

reg « Terre Haute: Hoosier Electronics

IDNA Des Moines: Audio Labs « Fairfleld:

Golden Ear Audso Video + Mason Clty: Sound

Waild « Sioux City: Audic Emporium

KANSAS Emporia: Nelson's « Junction

City: Audio Junction  Overland Park: Audic

Electronics » WI:M!I Audio Visions »

KJITUGKV Lexington: Stereo Shoppe »

Louisville: Hi Fi Buys - Owensboro: FM

High Fidelity

u)q ISIANA Baton Rouge: Stereo Vnnaqe

Gretna: Stereo anlﬁ)e Latayette: Sound
e:

Orleans: Stereo Village - Opelousas: Sound
Elewonlcs Shreveport: Audio Fidelity «

3t Monroe: Audio Wesl
MAINE Bangor: Sound Source - Camden:
Harbor Audlo Vlden Westbrook: Hawk's TV-
The Sound Cella
HARVLAND Avmlpoll: Spaoewad ys Sound «

vergreen Audio - Rockille: Myer Emco

MASSACHUSETTS Fuhhury Fllchburu

lusic  Gloucaster: Ias

Dartmouth: Creative Soun Syslens Vhl

tham {Boston}: Waltham Camera & Stereo

Worcester: 0'Cons

MICHIGAN Ann Amnr Apsolute Sound
D rborn:

Farmington Hills: ‘Almas Hi
Rapids: Sound Room « Jron nonmaln
Sound Nortr » Lansing: Stereo Shoppe »
Poriage: Sound Room « Royat Oak: Absolule
Sound  Saginaw; Audio Shoppe, Court Street
Listening Room « Traverse City: Stereo

mmsm Braoklyn Center: Audio King «

Bumsvllle: Audio Kmlg Duluth: Meis TV &
Audio - EdIna: Audio King « Mankota: Sound
World « Minneapolls: Augio King «

Minnetonka: Audio King » Rachester:

Sound World « Rosevllle: Audio King « .St
Paul: Audio Klrg

MISSISSIPPI Gultport: Emoress Jackson:
ters Audio - Pascagoula: Empress
MISSOURI Blpl Glrardeau: Stereo One

0 & M Sound « Lnblnon Slth
Sound « St. Lowis: Sound C:

ONTANA Bozeman: Thurs\y Ear Gru(
Falls: Rocky Mountain Hi Fi

NEBRAS Lln:nln Slerec West « Nnmlll
Mid City Stereo - Omaha: Stereq Wes|

llEVADA Ln \lnnn Upocv Eare Hlm: The
Autho Authon

NEW HAMPSHIHE Concord: Audio of New
England + Laconla: Audio of New England «
Mew London: North Star Electronics

Salem: Cuomos

NEW JERSEY East Brunswick: Allantic
Stereo - Frankiln Lakes: Frankiin Lakes
Stereo - Maple Shade: Bryn Mawr Sterec +
Montclalr: Perdue Radio « Raritan: AC Audio
& Video « Ridgewood: Sounding Board *
Shrewsbury. Monmouth Stereo « Toms
River: Rands Camera - West Caldwell:

Perdue
NEW IIEXI(:O Albnqnomnl Reat Time
Audio « Carlsbad: Beason
NEW YORK Alba Clark Musm Batavia:
Unicorn Audio » Buftalo: Speaker Shop «
Corming: Chemung Emmmm Elmlrl
Chemung Electronics + Fredonla: Studio One »
Glens Falls: Audio Genesis « Huntington:
Audig Breakihroughs « Ithaca: Chemung
Electronics « Jamestown: Studio One »
Manhasset: Audio Breakthroughs «
Newburgh: Randzin's Electronics » New York
City: Audio Breakthroughs, Electronic Work-
shop « Rechester: JB Sound + Scarsdale:
Listening Room » Syracuse: Clark Music
Vestal: Hart Electmmcs « Wappingers Falls:
FRandzin's Electr
NORTH CAROLINA Asheville: Mt Toads
Stereo Video » Chapet HilI: Stereo Sound
Charlafte: Stereo Video - Graensboro:
Sterso Sound + Jacksonylile: Suulheaslem
Electronics » Plnevlile: Stereo Vi
Rdzlrh Audio Buys, Stereo Sound
Wilmington: Allantic Audio » Southeastem
Electronics « Winston-Salem: Stereo Sound
NORTH DAKOTA Bismarck: Paciic Sound «
Minot: Midwes! Audio
OHIO Cleveland: Audio Cratt - Cinclnnati:
Stereo Lab - Columbus: Stereo Lab « Dayton:
Micro Compuler Center « Falrigwn: Audio
Craft  Findlay: Audio Craft - Lima: Classic
Stereo » Mayfl e1d Heights: Audo Crafl «
Toleda: Audio Craft « Westlake: Audio Crafi
OKLAHOMA Lawlon: Hi Fi SMD Stin-
water: Cartunes - Tulsa: Audio Acvice
OREGON Baaverton: Slerea Supevsl ores
Euﬁnu Bradiords High Fidelity - Klamath
¢ Chamber + Pendleton: Royal
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Most CD players can cope
with fingerprints from
normal, clean fingers,
but oily prints can stop
some machines dead in
their tracks.

e = = = e

placed some prints very close to the
center hole, on the midsection, and on
the periphery of a CD. | tried playing
this heavily fingerprinted disc on a vari-
ety of players, including some of the
most highly regarded and expensive
units on the market. None of the sever-
al players | tried could cope with this
kind of heavy, oily fingerprint. In some
cases it was almost comical: When the
CD was placed in the motorized draw-
er and the machine was started, the
disc would be pulled into the machine
and then promptly rejected, and the
drawer would open to the loading posi-
tion. This was generally the case when
a fingerprint was placed close to the
center hole. With a CD on which |
placed prints only at the middle and
outer sections, the best players would
start properly; then, as the lasers en-
countered the first outer whorls and
ridges of the fingerprints, they would
struggle valiantly to correct the errors,
making noises and exhibiting increas-
ingly bad mistracking, and then stop
completely.

Mobiie Sound Porlll d: Steseo

PENNSYLA : Bryn Mawr
Stereg Anoonl Sound Concey ts o lhlaly
Hart Electronics « Bryn Mawr: Z

Stereo » Camp Hill: Bryn Mawr Stereo « Erle:
Studio One « Frazer: Bryn Mawr Slereu
Indlana: Sound Concepts « Jenkint

Bryn Mawr Stereo - Kingston: Hart Elecm)nux
«Lancaster: G'n'T Sterec - Montgome:
ile: Bryn Mawr Stereo + Natrona Heipi
lereo Land - Phlladelphia; Bryn Mawr
tereo » Plttshurgh: Audio Junction «
Quakertown: Bryn Mawr Stereo - Reading:
'n'T Stereo « $alinsgrova: Stereo Shop «
Willlamsport: RobenM Sides » Windber:

Audio
PUERTU RICO Rlo Pledras: Precision Audic
mODE 1SLAND N. Providence: Eastern

SOUTH CAROLINA Cnlrlmnn Audio
Warehouse « Columbla: Stereo Shop «
Gmmnood Stereo Shop « Splmmbnm

10 Sho

SOUTH D:Km‘l Ragid City: Team

Electronics « Sioux Falls: Sound World
TENMESSEE Chattanooga: College Hi Fi
Cookeville: Network Entertainment »
Johnson City: Mr. Toad's Stereo Video »
Kingspart: Ms Toads Sterec Video +
Knoxville: Lindsey Ward - McMinnvlile:
Network Entertainment » Mamphis: Opus Il
Nashville: Hi Fi Buy
TEXAS Austin: Audio Video - Beaumont:
Brock Audio - Collegs Station: Audio Video »
Dallas: Amold & Morgan « E) Paso: Sound-
quest » Galveston: Island Audio » Garland:
Amold & Morgan « Houston: Sheftield Audio «
Longylew: Audic Techniques « Lubbock:
Uttra Electronics - Odessa: Harold's Elec-
tronics » San Angela: Walker Audio « Sher-
man: Worldwide Stereo - Temple: Audio Tech

« Texarkana: Sound Towne - Waco: Audio
Tech  Wichita Falls: Hamilton Brga
UTAH Logan store only: Stokes Brothers «
glall Laks CI(':" Broadway Music « Vernal:

irk Labr
VERMOIIT uﬂlnqmn Autio Den
/IRGINIA Bristol: Mr Toads Stereg Video «
Charlottesvlile: Sound Machine « Falls
hurch: Myer Emco » Franklin: Audio
Showroom « Leesbury: Evergreen Aumu
Richmond: Gary’s Stereo « Roarokm: Au-
dhotronics « \llwlnla Beach: Digitat Saund
WASHINGTON Bellevue: Northwest Audio
Vigeo - Bellingham: OC Stereo « Lynnwood:
Norttwest Audio Video - Qak Nmov ac
Stereo Center - Richland: Tin Ear Stereo «
Seattie: Definilive Audio, Northwest Audio

Videg + Spokane: Electracrait (Hal's)
Tukwlla: Northwest Audio Videg
WEST VIRGINIA Barboursville: Pied Piper «
Beckley: Pred Piper » Huntington: Pied Piper
« Morgantown: Sound Post - Pledmont:

Il

Sound Gallery

wuscouslu Appleton: Sound World »
Green Bay: Sound World - Lacrosse: Sound
World - Madison: Hap% Medium « Ma-
rinstte: Sound Seller - Milwaukee: Audia
Emporium » Rhinelander: Audic Broker »
Wausau: Sound World

WYOMING chqonne Team Etectronics «
Riverton: Sound Roo

Discwasher Compact Disc Cleaner

Nitty Gritty CD-1

The Nitty Gritty Company, which
makes excellent cleaning machines for
vinyl records, has come up with a CD-
cleaning machine that is, in my opin-
ion, unguestionably the easiest to use
as well as the most efficient and effec-
tive method of ensuring pristine CD
playing surfaces. The Nitty Gritty CD-1
Compact Disc cleaner measures 12%
in. X 7in. x 5% in.; its base is cov-
ered in wood-grained vinyl, and its
hinged top is plastic. The lid's under-
side has a circular, stationary, foam-
rubber platform with a soft and re-
placeable cleaning pad made of cloth-
like material. A motorized CD turntable
is mounted eccentrically so that it ro-
tates about two different centers simul-
taneously. This causes the cleaning
path to be almost perpendicular to the
CD's signal track. Next to the turntable
is a storage well for the Pure CD clean-
ing fluid, and the on/off switch.

The Pure fluid, which is really more
like an emulsion, is spread in a thin line
across the diameter of the CD by using
the cloth applicator tip of its squeeze
bottle. The treated CD is placed on the
turntable, the lid with the cleaning pad
lowered onto the disc, and the motor
switched on for 30 to 60 seconds. The
eccentric scrubbing action completely
cleans the CD, buffing it to a brilliant,
highly reflective shine, and renders the
CD free of static. The Pure CD cleaner
is also said to leave a protective layer
that resists scratches. | had no way of
verifying this claim, but | can say that
the Nitty Gritty CD cleaner most effec-
tively removed my worst bacon-grease
fingerprints " from test CDs; they all
played flawlessly.

The amount of Pure CD cleaner used
per disc is very little, and the two-
ounce bottle should clean about 100
discs. The Nitty Gritty Compact Disc
cleaning machine retails at $159, in-
cluding fluid and several cleaning
pads. Refills of the Pure CD fluid are
$5.95, and replacement cleaning pads
are also available.

It doesn't take long to build up quite
an investment in a collection of CDs.
For many people, maintaining them in
top playing condition will justify the
price of this Nitty Gritty cleaner. Of
course, you can obviate all the bother
and expense by simply keeping your
cotton-pickin’ fingers off your CD sur-
faces! 4
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e the; mtln105h® has the best sound yet of any
- COMPACT DISC PLAYER .. .”

Mcintosh has earned world renown for its
technological contributions for improved
sound. When you buy a Mcintosh you buy not
only HIGH TECHNOLOGY that leads to
superior sound reproduction, you buy
technological integrity proven by time. The
Mcintosh Compact Disc Player is the newest
evidence of McIntosh technological integrity.
For more information on the Mcintosh MCD 3000

Compact Disc Player and other industry-leading
Mcintosh products wrile:

McINTOSH LABORATORY INC.
P.O. Box 96 EAST SIDE STATION, A105
BINGHAMTON, NY 13904-0096
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Ford Aerostar...
the new shape of

versatility.

The all-new Ford Aerostar has the most aerodynamic design
of all the mini-vans. It does so many things so well—
and looks good doing them.

The Age of Aerostar.

It’s a new age of versatility.
From acrodynamic shape to
built-in storage bins, Aerostar
is designed to give maxi-
mum flexibility to your life-
style. It's the wagon for all
reasons, all seasons!

Aerostar is fun to drive,
easy to maneuver, a pleasure
to park. It fits in virtually
any garage. And its new
technology offers features
most mini-vans simply
don’t have.

America’s most
aerodynamic mini-van.
Aerostar’s shape does

more for you than look
good. The unique wedge
design gives it unmatched
aerodynamics. These
aerodynamics minimize
interior wind noise and
also contribute to better
handling on the road.

Powerful new V-6.
For peak performance,
Ford introduces an
advanced 3.0L V-6 with
electronic fuel injection.
This new option turns out
145 horsepower*—39%

more than the best effort
of Chrysler mini-vans!

The standard Aerostar
engine is a modern 2.3L
Four. Like the 3.0L V-6, it has
electronic fuel injection for
ready response.

Tows almost 2% tons.

With optional V-6, the
high-strength Aerostar can
be equipped to tow up to
4,900 Ibs.™ That'’s nearly 2%
times more than Chrysler
mini-vans.

People plus payload.

Aerostar offers a choice
of seats for up to 7 adults**
Rear seats slide out casily to
create up to 139 cu. ft. of
cargo space. A new optional
roof rack adds still more
capacity—and versatility.

Ford Aerostar vs. Chrysler Mini-vans

AEROSTAR CHRYSLER
Aerodynamic for lower air drag .37Cd. .43Cd.
Standard 4-cylinder engines - 23L 220
V-6 engine power option 3.0L ~_None
Bigger cargo space (cu. ft)1T 139 125
Extra driver legroom 414in.  383in.
Max. opt. trailer towing capacityt 4900 Ibs. 2000 Ibs.
Longer wheelbase, smooth ride 119in. 112 in.

TReduced by passenger and cargo weight in tow vehicle.

ttBased on SAE Standard J-1100 Code V-6.

The driver’s mini-van.

The Acrostar driver has
a commanding view of the
road ahead-and rides sur-
rounded by luxury and
comfort.

Depending on model and
options, you can have: Cap-
tain’s Chairs with power

1

e —
2 o
A

lumbar support. A sun roof.
Leather-wrapped sports
wheel. An electronic instru-
ment panel that reports
information from engine
rpm to a door ajar.

The passengers’

mini-van.

In addition to luxurious
room, rear
riders enjoy the
open feel and
ventilation of
sliding side win-
dows. Optional

controls—plus plug-in jacks
for headphone listening.

Aircraft-type heater/air
option has rear ducting for
all-passenger comfort that
most mini-vans lack.

The ride of quality.

Aerostar’s luxury-car
wheelbase, the longest of
any mini-van, contributes to
a smooth ride. Yet its overall
length of 175" is shorter than
other mini-vans for tighter
turning ratios, convenient
parking and garageability.

Aerostar is built to Ford’s
high quality standards, and
is designed to fit into your
versatile lifestyle...
beautifully.

Lifetime Service
Guarantee.
Participating Ford Dealers
stand behind their work,
in writing, with a free Life-
time Service Guarantee for
as long as you own your
Ford car or light truck. Ask
to see this Guarantee when
you visit your participating
Ford Dealer.

Buckle up-together
we can save lives.

*Horsepower based on SAE
standard J1349.
**With optional rear bench seat.

stereo systems ,’—". E .qm E T F“. f:‘!

include rear




DIGITAL DOMAIN

KEN POHLMANN

GLOBAL MASTERS

aybe they're not quite masters
Mof the universe, but Philips

and Sony are at least masters
of the Compact Disc's population ex-
plosion. Not only are they the license-
holders of the format—collecting 3¢ on
every CD made—and major manufac-
turers of discs; they also make the mil-
lion-dollar machines to which most
CDs owe their birth.

After Philips and Sony cleverly in-
vented the CD, the next clever thing
they did was invent the technology
needed to manufacture the damn
things. Although much of the manufac-
turing chain could be assembled from
existing technology, such as injection
molding, metalization, and label print-
ing, the first link in the chain required a
wholly new system. Philips and Sony
thus independently developed CD
master recording systems; then they
installed them in their disc-manufactur-
ing facilities, and sold them to subsid-
iaries or other companies. Most of the
billions of pits in your CD collection
were originally etched by a Philips
LHH-0400 or Sony DMC-1200 master
recorder. Let's take a look at mastering
technology and why its mastery puts
these companies in the driver's seat.

CD mastering begins with a video-
cassette and a piece of glass. The
PCM audio data contained on a master
tape will be transferred to the glass
master, where it will be represented as
pits. All CDs are ultimately derived
from that master disc.

The master tape, a ¥s-inch videocas-
sette, carries all of the audio, subcode,
and time-code information to be con-
verted to a channel bit stream and fed
to the master disc recorder. The audio
data is contained in the video fields as
PCM data, while the subcode and
time-code information is stored on the
longitudinal (formerly audio) tracks.
The subcode includes control data
such as table of contents, track num-
bers and indices, track lengths, text
information, pre-emphasis (on/off), dig-
ital copy (prohibited or permitted),
number of audio channels (two or
four), and catalog number.

The glass master disc, about 240
mm in diameter and 5 mm thick, is
washed, lapped, and polished. An ad-
hesive is applied, followed by a coat of
photoresist applied by a spinning de-
veloper machine. After inspection and
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cleaning, the plate is tested with a la-
ser for optical dropouts; any burst
dropouts in reflected intensity will be
cause for rejection of the plate. The
plate is cured in an oven and is then
ready for master cutting; if stored, it
has a shelf life of several weeks.

Disc mastering itself is accom-
plished with a laser mastering machine
which exposes the photoresist on the
master glass disc. The mastering ma-
chine is composed of two units, a con-
trol rack and a lathe. The control rack
consists of a minicomputer with video
terminal and floppy-disk drive, U-matic
video transport, PCM audio processor,
and diagnostic equipment. The master
tape is loaded in the video transport,
and the CD encoder uses the tape's
subcode, time-code, and digital audio
data to carry out multiplexing and
CIRC encoding. The encoder gener-
ates the channel bit-stream signal; in
addition, it outputs signals used for
automatic quality control.

A controller provides for automatic
system operation, and recording oper-
ations are stored on floppy disk. Re-
cording parameters such as linear ve-
locity, master identification number,
and program length are entered via
controller keyboard. A video display
shows indication of process status

The master glass plate, coated with
photoresist, is placed on the lathe. The
channel bit stream is input to the mas-
ter recorder; it is used to intensity-mod-
ulate a laser which creates a cutting
signal corrresponding to the data on
the original audio master tape. It is this
“cutting” laser which creates the spiral
track, in real time, as the master tape is
played through the PCM processor.
Another laser, which does not affect
the photoresist, is used for focus and
tracking. In making the spiral data
track which extends outward across
the disc, the disc’'s rotational speed
and the linear motion of the sled that
carries the focusing optics must be
very precisely controlled. To obtain
frictionless motion, air bearings are
used for both mechanisms. Although
the optics are similar to those found
inside consumer CD players, the
mechanisms are built to even more ex-
acting specifications, especially in
terms of isolation from vibration. The
entire cutting process is accomplished
automatically, under computer control.

After exposure in the master cutter,
the glass master is developed by an
automatic developing machine; a laser
monitors pit depth and stops develop-
ment when proper engraving depth
has been reached (that is, when the
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WE'VE JUST EXTENDED
OUR DYNAMIC RANGE,

and the distance between us and everybody else.

Introducing the new Sony UX series of tapes.
At last, tapes now in a class with today's improved
+4 i cassette recording
" UX-PRC | technology ana
! I music sources. Now,
o) (nput Lever: ~2008) whether you record
(@820 50 100 K tkeok on Sony UX or the
incomparable Sony UX-PRO, you'll be using tapes
with finer and more evenly dispersed magnetic
particles, along with improved coercive force to
hold those particles even better than befor=.

Frequency Respcnse

For an example of what that =
means to you, take UX-S: it =
priced equivalently to é_z,r
comparable cassettes, AR A
yetdeliverssound &< O > 4

comparable to their

high-end Type II tapes.
And when you take

UX-ES, you enter a realm that belongs entirely

to Sony. With a gauss measurement of 2,000,
UX-ES comes in with dramatically higher specs
than any music tape. -

But our new UX-PRO | UX-PRD
goes UX-ES one better o e AlZ
by including enhance- 1apa guide Z f; ®
ments even in the cassette | E P NT Mg
housing. We developed a e A
3-plate, high-precision o | =
shell. And we created a A
unique ceramic tape guide | % ¢ T L7 Lowersnel
with an amazing ability .= 2 =,

to absorb vibrations. It (

) virtually eliminates modulation noise. The

result gives you the finest magnetic medium in
the quietest cassette housing Sony has ever made.

New you have four new Sony UX Type [I
tapes to choose from. And four ways to
experience the thrill of leaving the competition
far behind.

SONY

THE ONE AND ONLY=

© 1986 Sony Corporation of America
Sony and The One and Cnly are trademarks of Sony.
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Each of our separate Amplifiers, Preamp-EQ’s, end Analyzers is U.S. made and expressly designed
to perfectly match your present system...add ftc, or replace, any one or more of your components
with the full assurance that each Soundcraftsmen S-E-P-A-R-A-T-E will immediately improve
and enhance your system’s sound to your complete satisfaction...
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MOPET FOMIR

S

: Meet Paul Rolfes, Chief Engmeer and inventor
Soundcraftsmen’s many “FIRSTS” in amplifier techn

His inventions in electronic power clrcuitry have resulted in mone than a dozen ongmah p
plus all of the following Audio industry “FIRSTS™: .

FIRST—wit signal-tracking muliiple-rail power supglies.
FIRST—wik fully electronic automatic resetting crowbar circuitry.
FIRST—witr Phase-Control-Regulation power suppliss.
FIRST—with automatic low-impedance power supply selection.

2

4

Ry ¢

The Audio Industry’s h;ost Complete line of Power Amplifiers—16 Models of Power M
Class H Amplifiers, from 125 Watts p/c to 375 Watts p/c @ 8 chms, 20-20kHz, <0.(

and now his NEW PRO-POWER FOUR amplifier has MORE power, Rk
MORE features, MORE pure performance per dollas... '
PLUS the superb relrablhty and the tube-like sonic perfecuon of MEE,_SI :____

Ente’ No. 30-on Reader Service Catd
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BASS THATS CLEAN,
POWERFUL,
PHYSICAL.

Announcing Velodyne™ ULD-15
and ULD-18 Subwoofer Systems:
technological breakthroughs in
bass reproduction!

To fuily experience the extended dy-
namic range of today’s analog and
digital recordings, you need a sub-
woofer system capable of deep, power-
ful, and most importantly, accurate
bass. Conventional woofer technology
is simply unable to deliver this kind of
performance.

The solution: Velodyne ULD Series
Subwoofer Systems.

Both the Velodyne ULD-15 and
ULD-18 Subwoofer Systems come
complete with 350 watt mated ampli-
fiers. Their frequency response extends
below 20 Hz. And their patented High
Gain Servo™ technology provides for
uncanny speed, as well as distortion
measurements an order of magnitude
lower than conventional technology
allows.

This means that ULD Series Sub-
woofers will never become boomy or
muddy, and will never color mid-bass
or mid-range frequencies with bassy
overtones. Allyou hear is pure, power-
ful, and perfectly accurate bass. And
both systems include an 85 Hz. elec-
tronic crossover to remove the bass
load from your satellite amp and
speakers.

Velodyne ULD Series Subwoofer
Systems merit your attention. Call 1-
800-VELODYNE (408-748-1077 in
Cailifornia} for the Velodyne dealer
nearest you.

Velodyne

2565 Scott Bivd.
Santa Clara, CA 95050
(800} 835-6396 (408} 748-1077

Enter No. 36 on Reader Service Card

CD pits are among the
smallest manufactured
formations. Clean air is
therefore critical, and one
stogie could put a factory
out of business.

e =

etching reaches the glass substrate).
The pit depth thus depends on the
thickness of the photoresist layer. The
optimum data signal would result when
there is maximum difference between
the light reflected from the pits (seen
as bumps, from the laser side) and the
surrounding land. This is achieved
when (a) the pit depth is one-quarter of
the laser pickup's apparent wave-
length, and (b} when the pit width is
such that the intensity of the light re-
flected from the pit's bottom equals the
intensity of the light reflected from the
land between the pits. These two con-
ditions cause interference between the
incoming and outgoing light for maxi-
mum contrast. In practice, pit depth
and width specs must be modified a
bit for a more robust tracking signal.
The developed master plate is trans-
ferred to an electroplating room: there,
a silver coating is imparted onto the
glass master to result in a meta
“stamper.” This CD master disc can be
played on a system for masters to as-
sess aural and measured quality; it
also serves as a reference to evaluate
the quality of the final production discs
A negative “father” of nickel is then
made from the master disc, and posi-
tive "mothers” are made from that;
each mother can then generate a num-
ber of negative nickel molds from
which the actual discs are made.
Injection molding is typically used to
produce the finished commercial
discs. A polycarbonate material is
melted, then injected in the disc mold.
After molding, a layer of metal (usually
aluminumy) is placed on the disc sur-
face to provide reflectivity; this is ac-
complished by sputtering or by evapo-
ration in a vacuum chamber. The meta-
lization layer is then covered by a
photo-polymerized plastic layer ap-
plied by a spin-coating machine. This
protects the metalization from
scratches and oxidation. The label is
printed upon this plastic layer. Follow-
ing inspection, the disc is finished.
Even though the entire production
chain is long, at least the mastering
process sounds fairly straightforward.
However, most CD mastering facilities
will probably testify to the difficulties
involved. The equipment for a master-
ing system requires a modest-sized
book for specification. The main items
include a resist master preparation

system, a master recording system, a
developer system, a master disc play-
er system, and disc master electroplat-
ing equipment. Other items (from a
long list) include microscopes, ovens,
chemical-preparation equipment, di-
agnostic and test equipment, glass-
ware, cleaning and protective materi-
als, desks and hoods, audio monitor-
ing equipment, and dust-free paper.

Site requirements are carefully spec-
ified too. Clean air is critical. CD pits
are among the smallest manufactured
formations—about the size of a smoke
particle. One stogie could put your fac-
tory out of business. Therefore, the en-
tire mastering process must be carried
out in a clean-room environment, with
the size and number of particles in the
air strictly regulated. Temperature and
humidity, as well as ambient air-pollu-
tion levels, must also be specified. In
the Philips system, the glass disc
moves from one process stage to the
next in a sealed cartridge. In each pro-
cess step, the disc is automatically re-
moved from the cartridge and then re-
turned to it. This minimizes manual
contact and air exposure, thereby re-
ducing the risk of disc contamination.

Vibration would be disastrous to the
cutting process. The laser-beam re-
corder is mounted on a massive base-
plate (Sony uses cast iron, Philips uses
granite) with a pneumatic vibration-iso-
lation system. Other considerations in-
clude a clean electrical system, demin-
eralized and hot water, compressed
air, filtered air, nitrogen, and exhaust of
contaminated air.

The facility could be housed in a
clean room of 200 square meters.
However, many disc manufacturers
are specifying substantially larger
rooms, with an eye toward additional
mastering equipment to accommodate
production of audio discs, CD-ROM
discs, and future formats.

The total cost for the highly special-
ized CD-mastering equipment is in ex-
cess of $2 million, plus clean-room
construction costs. (The rest of the pro-
duction chain costs a lot more.) Even
8o, there's a long line of customers
eager to purchase mastering equip-
ment. Philips is happily accepting or-
ders for its turnkey system, but a sys-
tem ordered today will not be delivered
until 1988. That's what | mean about
being in the driver's seat. A
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BECAUSE TOO MUCH
PERFORMANCE
IS NEVER ENOUGH

Harman Kardon's drive for sonic excellence has
elevated the standards of high fidelity for over
30 years. Our striving for the ideal is offen con-
sidered "too much” by our com-

petitors. Now the pleasure of “too T -
much performance” Is brought to = =58 =
the automotive environment. =

Our competitors must feel that
20-20,000Hz *3cB is “too
much performarce” to
expect from an in-dash
cassette/tuner, or they
would offer it. We be-
lieve it the minimum
necessary fcr true

high fidelity repro-
duction. Even our

least expensive model offers this and other
‘over desigr” distinctions: Dolby* dual gate
MOSFET front ends, superior tuning sections,
hand selected tape heads and heavy duty
transports.

*Dolby is the registered trademark of Dolby Laboratories, Ina.

Snown: The new CH161 DIN-mount in-dash
cassefteftuner. and CA260 automative omplifier.

Our competitors must feel that High instantan-
eous Current Capability, Low Negative Feed-
back and discrete componentry constitute
‘too much performance” in
automotive amplifiers. All of our
mobile amps, from the 3.5 V/att/
channel CA205 to the 60 V/att/
channel CA260, are ‘bver
designed” to include these

- superior design
criteria.

Automotive high
fidelity perform-
ance tfrom
Harman Kardon.
it's too much.

For more information and your nearest dealer call toll free
1-800-633-2252 Ext. 250 or wrlte 240 Crossways Park Mest,
Woodbury, New York #1797

harman/kardon

A Harman international Company

High Performance Necessities for the Mobile Audiophile.
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A centaur's horn cries hauntingly. A siren’s song whisper:
untold promises. For listeners with discerning ears, those rare

and magical sounds can be a reality. A reality evoked by a

speaker possessing a higher fidelity. Altec Lansing

How did Altec Lansing bring this world to life? By creating

the ideal materials to more perfectly recreate the timbre

S OME
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texture and power of every musical composition. Ca

Wor soft sages t €0

loud passages. A Polyimide Mid Range and Tweeter for rict
uncolored sound. And to coordinate these components for
remarkably true-to-life sound, we delivered the “art of balance!

Even our hand-crafted cabinets have been specially designed for
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optimum musicality. The result? Speakers so pure, so uncom
promising, they capture the very soul of sound

If you have an uncompromising ear, measure it against our
new line of loudspeakers. And hear what others only imagine.

Altec Lansing is sold only by leading high fidelity retailers

For information and the name of your nearest Altec Lansing dealer,
Enter No. 5 on Reader Service Card

E C A N HEAR.

call 1-800-ALTEC 88. {In PA, 7(7-296-HIF|). e
In Canada call, Sparkematic Canada, Inc —————
(416)-474-0260. 265 Hood Road,

Markham, Ontario, Canada L3R 4N3

© 1986 Altec Lansing Consumer

Products, Milford, PA 18337




DEGK-T0-DECK
MATGHING

AND NR:

STRAIGHTENING
THE MIRROR

and every cassette deck used by a serious recordist

includes some form of noise reduction. Substantially all
decks have Dolby B NR, and many of the current models have
Dolby C NR as well. About 10% of the models listed in Audio's
Annual Equipment Directory (October 1985) include dbx NR.
The probability is thus very high that an original recording and
any edited copy made of it will have some form of noise
reduction.

Because the frequency responses of the mastering, the
rerecording and the final pfayback deck all contribute to the
end result, it is important that response deviations be kept as
small as possible, when they can be controlled. This is espe-
cially true when noise reduction is used. The material that
follows provides guidelines on how to pinpoint what errors
actually exist, determine their effects, and correct or compen-
sate for them.

E very person who has a tape recorder does some editing,

Real Frequency Response

For a long time, the only way to measure frequency re-
sponse (more correctly, amplitude response versus frequency)
was to set an oscillator to a number of separate frequencies,
one by one, reading the output amplitudes on some sort of
meter. The development of the VCO-based function generator
led to the availability of sources that could be swept electroni-
cally from 20 Hz to 20 kHz. Because the better units had very
stable amplitude over the entire frequency range, they were
popular for evaluating all types of products. Relatively recent
test instruments have introduced a noncontinuous type of

Howard A. Roberson
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sweeping: A stepping through many
frequencies under the control of a
MICIOProcessor.

Unfortunately, for all the appeal and
popularity of the current sweeping/
stepping sine-wave sources, they
should not be used for evaluating the
responses of tape recorders, especial-
ly if any form of noise reduction is
used. The interrelationships among
bias, spectral content of the signal,
and self-demagnetization effects are
such that the response at 10 kHz, for
example, will vary with the amount of
energy at lower frequencies.

Without noise reduction, these
changes are not large, and the re-
sponse errors are quite small. With
noise reduction, however, other factors
are introduced which cause much
larger response deviations to appear
in the process of evaluating single
decks or an editing system. In past
articles and “Equipment Profiles,” |
have commented that the dbx NR sys-
tem must be tested with a broad-band
signal, such as pink noise, so the dbx
broad-band detector(s) can sense re-
cording and playback levels properly
and set the complementary encoder/
decoder gains correctly. Use of a
sweeping or stepping signal would
generate level variations related to the
deck’s frequency response errors.
These variations would be doubled by
the decoder expansion, but the devi-
ations resulting would not demonstrate
atracking error in the NR system—they
would show the results of using the
wrong test stimulus for the device un-
der test. As the computer freaks say,
GIGO (garbage in, garbage out).

Because the error that appeared
with swept-sine testing of Dolby B NR
was small, this system seemed to be
immune to any similar sort of false re-
sponse indication. With the introduc-
tion of Dolby C NR, there was—all of a
sudden, it seemed—evidence of se-
vere response and mistracking errors
with the use of a swept/stepped sine-
wave source. The new NR system
seemed further damned when it evi-
denced mistracking at 10 to 15 dB
below Dolby reference level (200
nWb/m), even though the response
was quite good at —20 dB.

A review of the basic characteristics
of both the Dolby B and C NR systems
convinced me that a broad-band test

method is used.

signal was a must for accurate re-
sponse testing of both versions. How-
ever, a serious question remained on
the large deviations that appeared
when Dolby C NR was tested with pink
noise. Figure 1 shows playback re-
sponses of three decks, each playing
a tape it didn’'t record. None of the
results would be considered accept-
able. Was there some sort of measure-
ment error?

After rereading Ray Dolby's paper
on the Dolby C NR system, | conclud-
ed that | should take a better look at
the spectral characteristics of music.
Or. Dolby’'s paper clearly stated that
filtering was included to eliminate the
problem of differences in high-fre-
quency responses, but normal pink
noise is not that close to music, spec-
trally. Figure 2 shows the range of
maximum levels measured over a peri-
od of time in the 10 standard octave
bands during a portion of an audio-
phile recording of “Night on Bald
Mountain” by Mussorgsky. In this
'scope photo, take particular note of
the fact that the highest levels in the
upper frequencies roll off at about 5
dB/octave, from the 1-kHz band on up.
The pattern shown is matched closely
by most types of music, whether re-
corded or live.

It might not seem logical to

decode NR and then re-encode it

on retaping, but my tests showed
the best results when this

There does exist, therefore, a very
valid reason for shaping the pink-noise
signal to make it more music-like. This
will yield a more accurate indication of
the actual mistracking between the
Dolby sliding-band compressing en-
coder and expanding decoder in the
real world of music and tape record-
ers. The first version of what | call
“PN/Music" has a spectrum as shown
in the bottom trace of Fig. 3. The roll-off
was obtained with the combination of a
1z-octave filter having a 14-dB cut
centered on 19 kHz, and a low-pass
cutoff filter at 20 kHz. For convenient
display analysis, the playback from the
deck was given a complementary
boost (top trace) by trimming the filter's
shape and position to get the flat total
response shown in the center. The roll-
off frequency chosen is somewhat
higher than that of the music sampled
in Fig. 2, which makes the test stimulus
a bit more challenging than the music
sample and closer to what some syn-
thesizers might do. The energy in the
20-kHz band, however, is 15 dB below
what it would be without the roll-off—
much closer to the actual relative lev-
els in music.

Figure 4 shows the results of four
test conditions with a high-quality,
three-head deck. The top trace is the
measured output with the monitor
switch on “Source.” The second trace
is the record/playback response with
Dolby C NR at —20 dB, with the pink
noise extending to 50 kHz. it would be
a mistake to regard what is shown as
severe tracking error, for, as seen in
the third trace, cutting the noise off at
25 kHz improved the response dramat-
ically. There were relatively minor devi-
ations in response over a range of lev-
els from —25 dB to Dolby level. The
bottom trace was secured using
PN/Music. Its shape stayed exactly the
same from the bottom-level noise limit
to almost "+ 10” on the deck's meters,
showing that the tracking was actually
outstanding—something that would
have been obscured if a non-music-
like test signalhad been used.

Record on One Deck,
Play on Another

For the following investigation, a total
of seven cassette decks were used.
For convenient reference, | assigned
numbers to each: Nakamichi BX-300,
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#1; Revox B215, #2; Akai GXR99, #3:
Technics RS-B48R, #4; TEAC V-500X,
#5; Aiwa AD-M700, #6; and Nakami-
chi 582, #7. This collection represent-
ed a wide range of price and perfor-
mance. All of the decks have Dolby B
NR, decks #1 to #5 have Dolby C NR
as well, and decks #4 and #5 also
have dbx NR. To designate recording
on one deck with playback on another,
I will use abbreviations; recording on
deck #2 with playback on deck #4, for
example, will be shown as "R2/P4."

In general, tests were run using the
NR systems built into the decks. To pin
down the cause of some of the effects
observed, | used two outboard proces-
sors, a Nakamichi NR-200 for Dolby
NR tests and a dbx 224 for dbx
checks.

The first task was to ascertain the
record/playback responses without
NR. Figure 5 shows the results with
decks #1 to #5: The responses are all
quite flat, but some differences exist.
Figure 6 shows what happens when
recordings made on deck #1 are sub-
sequently played on decks #1 to #5
(R1/P1 to R1/P5). Similar checks were
made of R2/P1 to R2/P5, R3/P1 to
R3/P5, and R4/P1 to R4/P5. Collective-
ly, they told this story: Deck #1
showed a high-end boost when play-
ing back tapes from other decks, par-
ticularly #2 and #3. Deck #2 played
the tape from #1 quite flat, but showed
a similar boost with the tape from #3
and a general high-end rise with the
tape from #4. Deck #3 played tapes
from #2 and #3 very flat, but had a
slight droop with the tape from #1 and
a roll-off with the tape from #4. Deck
#4 showed a sharp roll-off at the high
end with all tapes, and had a notice-
able droop with the tape from #1.

The differences described here are
primarily from the various versions of
playback equalization as actually used
in the decks. The boosts and roll-offs
are not from the very small discrepan-
cies in azimuth alignment that existed
during the tests. This is the first area of
concern to be introduced: Even with-
out NR, the flatness of the playback
can be affected by differences in play-
back equalization, and perhaps azi-
muth alignment, from one deck to an-
other. With NR, these response devi-
ations can be expanded by action of
the decoder. To minimize such effects

Fig. 1—Record/playback responses
using pink noise with Dolby C NR.
Deck #1 playback of tape made on
deck #4 shows large high-end boost
(top trace). Deck #3 playback of a
tape from deck #2 has large droop at
high end (middle trace). Deck #4
playback of a tape from deck #5 has
even mare droop, plus roll-off (bottom
trace). (Vertical scale for this and all
other figures: 5 dBl/div.)

Fig. 2—Range of octave-band
maximum levels during a portion of a
recording of Mussorgsky's "Night on
Bald Mcuntain."”

Fig. 3—Shaped pink-noise spectrum
to make "PN/Music” (bottom trace),
equalizetion added after tape
recorder’'s playback to make flat RTA
display with flat record/playback
responses (top trace), and result
without recorder in loop (middle trace).

Fig. 4—Four test conditions using a
high-quality, three-head deck. From
top to bottorm: Monitor switch on
“Source,” recordiplayback response
at — 20 dB with pink noise from
generator extending tc 50 kHz,
recordiplayback with 25-kHz low-pass
filter on noise generator's output, and
record/playback with PNiMusic. All
record/playback responses were
made with Dolby C NR.

Fig. 5—Recordiplayback responses
without NR for decks #1 through #5
(top to bottom), see text.

Fig. 6—Responses of tape recorded
on deck #1 played back on decks
#1 through #5 (top to bottom).
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Fig. 7—Record/playback responses
with decks #6 and #7. From top to
bottorn: R6/P6 without NR, R7/P7
without NR, R6/PE with Dolby B NR,
R7/P7 with Dolby B NR, R6/P7 with
Dolby B NR showirig a rising high
end, and R7/P6 with Dolby B NR
showing a high-end droop.

Fig. 8—Responses, from top to bottom,
of R4/P3, P5, P6, and P7; R5/P3, P4,
P6, and P7; R3/P4 to P7. See text

Fig. 9—Effects of multiplex filter on
Dolby NR mistracking. Each trace
shows overlaid responses of tapes
recorded on deck #7, with and
without MPX filter, played back on
decks #6, #4, #5, and #3 (top to
bottom).

Fig. 10—Dolby B NR responses using
Nakamichi NR-200 processor. From
top to bottom: R3/P3 to R6/P6,
overlaid; R3/P4 to P6; R4/P3, P5, and
P6, R5/P3, P4, and P6.

Fig. 11—R7/P6 with Dolby B NR,
using Nakamichi NR-200, from
—25t +5dB.

Fig. 12—R7/P6 with Dolby B NR,
using Nakamichi NR-200, from about
-20to +5dB with +4 dB play
calibration offset.

Fig. 13—Effects of decoding and re-
encoding using Dolby B NR. Traces
are of R7/IP7 feeding R6/P6 at levels
from —25to +5 dB. See text.

when editing tapes, careful deck se-
lection can well be in order.

What Happens with Dolby B NR

Figure 7 shows the results of inter-
changing tapes between decks #6
and #7. Both decks’ record/play re-
sponses (R6/P6 and R7/P7) are very
good, with or without Dolby B NR, but
the R6/P7 and R7/P6 responses (with
NR) are very poor. | should point out
that all responses were measured with
PN/Music, which would ensure the
best test results. With deck #7, it was
possible to adjust record sensitivity to
match Dolby level, but that was not
possible to do with deck #6. The latter
also has a drooping playback re-
sponse compared to deck #7. This
does appear to be a bad combination
for Dolby B NR recording on one deck
and later playback on the other.

Figure 8 shows the results for sever-
al deck-to-deck crosses: A tape re-
corded on deck #4 played back on
decks #3, #5, #6, and #7, a tape
from deck #5 played back on decks
#3, #4, #6, and #7; and a tape from
deck #3 played back on deck #4
through deck #7. The tape from #4
worked well in decks #5 and #7, and
the tape from #3 had just a slight sad-
dle in the mid-highs when played on
decks #4 and #6. The rest would be
considered marginal or worse.

The tape from deck #7 was then
played back on decks #3 to #6 (Fig.
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9), after recording with and without the
multiplex filter. The very minor differ-
ences demonstrate that use of the filter
will not solve the problem.

The next tests used the Nakamichi
NR-200 as the Dolby B NR processor
for decks #3 to #6. This permitted
setting up each deck to match the
same NR unit, thus removing the ques-
tion of Dolby NR differences from deck
to deck. | must emphasize that this
procedure does not eliminate all possi-
ble errors in making play- and record
level calibrations. They are minimized,
but the two-head decks (#4 and #5)
and the 1-dB meter steps of the NR-
200 made exact level matching among
decks close to impossible.

The topmost trace of Fig. 10 shows
the overlaid record/playback respons-
es of decks #3 to #6. There is some
spreading at the low end and differ-
ences at the high end, but they are
quite close in general. The other
traces, from top to bottom, show re-
sults for R3/P4 to P6; R4/P3, P5, and
P6; and R5/P3, P4, and P6. These re-
sults are better than those in Fig. 8,
where the individual decks' NR sys-
tems were used, but the responses are
disappointing in showing that effects
remained from level and/or response
differences

I mentioned earlier that | could not
be certain how well | had matched
calibration levels, even when using the
NR-200 as the common NR system.
Figure 11 shows the Dolby B NR re-
sponses for R7/P6 over a range of lev-
els from about —25 to +5 dB. Mis-
tracking is certainly in evidence, and
there is a general roll-off across a good
part of the band at all levels. | then
adjusted “Play Cal" on the NR-200 to
make the —20 dB response of R7/P6
look the flattest, and reran the range-
of-levels test. Figure 12 demonstrates
the great improvement in responses
over the entire level range with the
“Play Cal” offset. A separate check
showed that | had increased the play
level by +4 dB. | had not expected
that this adjustment would be so effec-
tive. In addition, | was surprised at the
large adjustment needed to compen-
sate for both calibration errors and re-
sponse effects on overall level to make
deck #6 track properly when playing
tapes made on deck #7

All of the above has been predicated

deck to another.

Fig. 14—Overall record/playback
responses using each deck’s Dolby C
NR circuits. From top to bottom.
R1/P2 to P5; R2/P1, P3, P4, and P5;
R3/P1, P2, P4, and P5.

Fig. 15—Record/playback responses
with Dolby C NR using Nakamichi
NR-200 processor. From top to
bottom. R3/P3 to R6/P6, overlaid;
R3/P4 to P6; R4/P3, P5, and P6;
R5/P3, P4, and P6.

on the condition that the ultimate play-
back deck is not availabte for the edit-
ing and on the assumption that there is
no advantage in decoding a Dolby B
NR tape just to encode it again in mak-
ing a copy. In other words, we should
copy the Dolby B NR tape with NR
out—or should we? It seems to make
sense to avoid decoding and re-en-
coding, but the previous tests have
shown many poor results from doing
just that. Figure 13 shows the result of
R7/P7 as the source for R6/P6, all with
Dolby B NR. With this combination, P7
was decoded and R6 was re-encoded;
final decoding was done with P6. The
range in levels is from —25to +5 dB
with excellent tracking in all respects.
A comparison with Fig. 7 demonstrates

Even without NR, playback flatness

can be affected by differences in
playback equalization, and perhaps
azimuth alignment, from one

[

Fig. 16—R5/P6 with Dolby C MR,
using Nakamichi NR-200, from
—30to +5dB.

Fig. 17—Same as Fig. 16 but with
play calibration offset +5 dJB.

Fig. 18—R4/P4 with that playback
feedmg R3/P3, with both decks using
Dolby C NR, over a range from
—-25t0 +5dB

AUDIO/AUGUST 1986

35



Fig. 19—R6/P6 with dbx NR,
using dbx 224 processor, from
-25to +5dB.

Fig. 20—Same as Fig. 19 but for
R5/P6.

Fig. 21—From top to bottom: R6/PE
using dbx 224, R6/P€& with non-flat
equalization before the dbx encader,
R7/P7 with P6 as the input, P7 back
to R6/P6, P6 back to R7/P7, and then
P7 back to R6/P6 again, making a
fifth-generation copy.

Fig. 22—Buildup of recorder
response errors. From top to bottom:
Test signal with same equalization as
in Fig. 21, R6/P6 with this equalization
inserted after the dbx 224 encoder
and before the deck’s input to
simulate recorder response errors,
R7/P7 without further equalization and
using P6 as the source, and R6/P6
with additional equalization between
encoder output and deck input using
P7 as the source.

the great improvement gained by do-
ing what seemed unnecessary.

If at all possible, you should make
your edited copy on the ultimate play-
back deck with NR switched in for both
decks. Even if the final-play deck is not
available to you, follow the same plan,
using NR on both decks involved in
making the copy. If you are using a
double-well editing deck, make certain
you know what you can and can't do
as far as NR is concerned. The proba-
bility is that you will not be able to
decode the tape you're playing and re-
encode the copy being made, which
would be preferable. You may have no
choice but to copy the tape in its en-
coded form, in which case you can try
different tape formulations to see
which gives the best final result. It
would probably also help to match re-
cording tevels so that copies of Dolby-
level tones would also be at Dolby lev-
el; this may take some experimenting.

To summarize what has been
shown: Because of differences in cali-
bration levels and recorder responses,
both playback and record/playback,
there is likely to be some Dolby B NR
mistracking when a tape made on one
recorder is played back on another.
The best plan when making an edited
copy is to decode the original on the

playing deck and re-encode it on the
recording deck. It is possible to make
considerable improvements in the
playback of a Dolby B NR tape record-
ed on another deck by using an out-
board processor and adjusting the
play calibration level. An increase in
this level will bring up the drooping
mids and highs; a decrease will pull
down a high-end exaggeration or re-
duce extra presence. This will be dis-
cussed further, after a look at Dolby C
and dbx NR.

And Then Came Dolby C NR

Considering some of the poor results
I've obtained from testing in months
past, | was really interested to see how
Dolby C NR would perform using
PN/Music. Figure 14 shows R1/P2 to
P5; R2/P1, P3, P4, and P5; and R3/P1,
P2, P4, and P5. The majority of these
responses are really quite good, with
the exceptions of R1/P4, which had a
sharp roll-off, and R2/P1 and P5, which
showed elevated mids and highs.
Next, the NR-200 was inserted, with
Dolby C NR selected, to replace the
NR systems for decks #3 to #6. The
record/play responses of each deck
were quite good (Fig. 15, top trace),
but the playbacks on other decks were
not to be applauded.

To get a better feel for what was
happening, | used a range of levels
from —30 to +5 dB for R5/P6 using
the NR-200. Figure 16 displays obvi-
ous mistracking and also a severe roll-
off at the high end. | went back to “Play
Cal” and increased the play level by 5
dB. There was still a general roll-off
with increasing frequency (Fig. 17), but
the response shape was very consis-
tent over the range of levels. Fairly sim-
ple equalization, even a little treble
from a tone control, would bring the
response to within =1 or =2 dB over
most of the audio band. Further com-
ments on level calibration, responses,
and tracking will be made later.

Figure 18 demonstrates the im-
provement possible with Dolby C NR if
there is decoding with the play deck
and re-encoding with the editing deck.
The combination used was R4/P4 with
that playback feeding R3/P3, over a
range from —25to +5 dB. Compare
the flatness of these results with the
third set of traces in Fig. 15, where the
same combination of recorders had a
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boost at 5 kHz and a severe roll-off
above that when there was no decod-
ing and subsequent re-encoding be-
tween recorders.

The above results illustrate that with
Dolby C NR, as with Dolby B NR, the
final playback will most likely have the
best response if the copy is made on
the ultimate play deck. Level calibra-
tion adjustments with Dolby C NR also
showed beneficial corrections of re-
sponse deviations from mistracking.

Editing with dbx NR

Although most decks do not have
dbx NR, a fair percentage of audio-
philes who have more than one deck
probably have that capability, and
some prefer to use it when editing.
Also, among people who have small
studios or who are involved in multi-
tracking for other reasons, dbx is the
NR system in widest use, especially if
TEAC equipment is employed.

Figure 19 shows R6/P6 using the
dbx 224 processor over a range of
levels from —25to +5 dB. Itis obvious
that the response droops somewhat at
the high end, but there is no change in
response shape over the entire range.
A slight reduction in bias or a small
boost with external equalization would
make all of these responses very flat.
Figure 20 covers the same range of
levels but for R5/P6, also using the dbx
224 processor. The response shapes
are very consistent, but the roll-off from
the low to the high end is too large to
be acceptable. It is true, however, that
external equalization would gain a flat
response at all levels.

Other checks showed that the dbx
system of deck #5 tracked the 224
within =1 dB across the band over the
entire range of levels—in fact, it was
usually within =0.5 dB. The dbx cir-
cuits of deck #4, a less expensive unit,
did not match the 224 as closely, but
all points at all levels stayed within
+1.5 dB. The fundamental cause of
the falling responses in Fig. 20 was the
lower playback equalization of deck
#6 compared to deck #5. This demon-
strates the importance of flat recorder
responses with the same playback
equalization for best results when mov-
ing tapes from one deck to another.

| would like to emphasize that the
dbx system does not multiply frequen-
cy response deviations in what is be-

If at all possible, make an edited
copy on the deck whnich you
ultimately will be using for playback,
with noise reduction switched in for
both decks involved.

ing recorded. Figure 21 provides proof
of this assertion. At the top is R6/P6
using the 224 processor. Next is R6/P6
with equalization inserted before the
encoder; in other words, a non-flat re-
sponse was recorded. The third trace
shows R7/”7 with the playback output
from deck #6 as the input. In the fourth
trace, deck #7's playback is the input
for R6/P& again, which goes to R7/P7
again (fif:h trace), and finally to R6/P6
(bottom trace). The external equalizer,
of course, was used only for the initial
recording. There are some slight
changes ir: the responses, but the fifth-
generation playback using dbx NR
was very close to the first playback,
and careful examination is required to
find any differences.

Deviations in the response of the re-
corder, however, do cause errors. The
deviations are multiplied in rerecord-
ing, such as when bouncirg tracks.
but they are not multiplied by dbx NR.
This is shown in Fig. 22. The topmost
trace is of the test signal, with the same
equalizaticn as used in Fig. 21. The
second trace is of R6/P6; the equaliza-
tion was applied after the dbx 224 en-
coder—that is, within the encode/de-
code loop. Note that this signal is, nev-
ertheless, still very similar to the top-
most response. The third trace is

R7/P7, with the second trace (decoded
output of P6) as the input signal; no NR
or equalization was inserted. Up to this
point, the playback looks like the origi-
nal input, with the addition of the
decks' response variations.

In the bottom trace, deck #7’s out-
put (the third trace) was rerecorded on
deck #6 with dbx NR, and the equal-
ization was inserted once again be-
tween the encoder and the input of the
deck. As the trace shows, the devi-
ations are double those in the re-
sponse itself—but this is due to the
double use of the equalization. The
purpose of the equalization was to sim-
ulate a recorder having poor response;
the dbx NR has added nothing further
to the deviation. When Dolby NR is
used, however, response discrepan-
cies could cause some mistracking
due to overall level shifts.

The point here is that flat recorder
resporise is even more important in
multi-tracking with repeated playbacks
and rerecording, where response er-
rors will build up. This is true with or
without NR.

Guidelines for Good Editing

Considering the chamber of horrors
presented above, the recordist could
be quite convinced that avoiding any
form of NR is the best course. In fact, if
a high signal/noise ratio is not needed,
such as with a fair amount of rock mu-
sic that exhibits considerable com-
pression, editing without NR (except
as needed to decode an encoded
original) will ensure that there cannot
be any response-error multiplication in
playback. | suggest marking any tapes
recorded without NR to make it clear
that NR should not be used in play-
back.

In your general approach to making
recordings, especially originals, make
certain that all heads are aligned accu-
rately. Select recording tape that gives
the flattest response at —15 to —20
dB both with and without NR, and trim
bias, If possible, for the best overall
flatness. If you do not have test equip-
ment, rely on listening tests. Checking
the “before” and “after” sound quality
using £M interstation noise is a good
method if you don't have a pink-noise
generator. Very few decks these days
have record-sensitivity adjustments;
consicer yourself fortunate if your deck
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has that facility, either manual or auto-
matic. Matching record sensitivity is
essential for getting good Dolby NR
responses, but the matching is not im-
portant with dbx NR.

Some manufacturers state which
specific tape formulation was used to
set up a particular deck, and that is
usually a reliable choice for making an
original recording. If a long list of tapes
is given in the manual, the information
is virtually worthless unless the deck
has automatic calibration. One way to
select a tape for correct record sensi-
tivity is to record a tone of 400 Hz or so
at zero level on the meters, rewind the
tape, and check the meter levels in
playback. Many decks are set up quite
well, and there is a good chance that
the tape which shows the same level in
record and in playback is the one with
the correct sensitivity. This test cannot
be run with a noise source at a high
level because saturation effects at the
high frequencies will cause level dis-
crepancies to appear in playback.

The requirements for the editing
deck are the same as for the original/
playback deck: Aligned heads, adjust-
ment of bias for the best response, and
record sensitivity to match the tape
used. Tape selection, of course, can
secure excellent bias and sensitivity
matching in quite a few cases. If your
source is not another tape, then the
deck you are recording on is the origi-
nal as far as taping is concerned. In
any event, the recordist is faced with
the challenge of making a tape that will
perform well on another deck, without
that deck being available for checking
such things as head alignment or
Dolby play-level calibration. And this
says nothing about the playback re-
sponse of that deck.

If the deck that will ultimately be
used for playback /s available, record
your final, edited tape on it. If your
source is another tape deck, it should
be set for whatever NR decoding is
appropriate to the original tape. The
signal should be re-encoded by the
deck you are recording on, even if the
same NR system is used. As the tests
described above have emphasized,
flat responses are a must for all en-
code/decode NR systems, and level
calibration is a further requirement for
the two Dolby NR systems. If the deck
used for final playback is not available

and editing decks.

and it is a premium deck of recent
vintage, the editing deck should be
similar, primarily to match the playback
equalization. If the final-use deck is of
medium quality, it is less significant
what the editing deck is. If the quality
of the final-play deck is unknown, or
you will be editing for decks with differ-
ent requirements, consider acquiring a
deck of recent vintage and of medium
to medium-high cost.

If you must make copies of tapes
that are already NR-encoded, | recom-
mend that you get a separate proces-
sor (or two) with record and playback
level adjustments—useful with dbx
and close to essential with Dolby NR
for the best results. Purchasing a
Dolby-level calibration tape will be
necessary to get the most out of the
processor, and that's a good thing to
do even if you just want to check the
play/meter calibration of your decks.

If the tapes to be edited have Dolby
NR, consider the possibility that you
may improve the overall sound by
changing play calibration to get better
flatness and tracking. If possible, have
the person who supplied the original
tape put a bit of pink noise on one end
of it. The noise should be limited to 20
kHz and recorded at —20 dB, using
the same NR as the rest of the tape. By

Accurate head alignment, proper

bias adjustment, and matching
the tape’s record sensitivity are
required for original, playback,

ear or—even better—with an RTA, you
will be able to use the processor's play
calibration to flatten the response and
then equalize it to make it really flat.
Verify your choices by listening to the
recorded material: Raise the play cali-
bration level to get rid of dullness and
to fill in the middle, and reduce the
play calibration level to bring down ex-
aggerated highs and excessive pres-
ence. f everything sounds fine, don't
change anything.

It may be helpful to remember this
fact: With a single recording and sub-
sequent playback on any other deck,
none of the NR systems discussed
here will generate uncorrectable re-
sponse errors—at least if level (for
Dolby NR) and equalization adjust-
ments can be made between the pro-
cessor and the deck(s). For example, if
record sensitivity is too high with Dolby
NR on the recording deck, it can be
compensated for by lowering the play
calibration level of the processor fed
by the playback deck.

Nakamichi and Tandberg decks in-
clude sharp cut-off filters above 25 kHz
to help remove the possibility that
above-band energy will cause Dolby
NR tracking problems. With other
decks, the user might want to add a
low-pass filter if there's any doubt,
such as when recording a synthesizer.
Because the multiplex filter's response
rises between 19 and 38 kHz, it might
not prove to be effective enough for
this purpose.

Summary

With all of the decks under your con-
trol, try to have record and playback
heads accurately aligned. Accurate
tape-to-deck matching is essential to
make the responses as flat as possible
for both Dolby and dbx NR and to get
the right record sensitivity for good
Dolby NR tracking. When copying a
tape with NR, decode it on the playing
deck and then re-encode it on the edit-
ing deck for the best overall results.
Remember that differences in play-
back equalization can have a notice-
able effect on the response in final
playback. Flat record/playback re-
sponses are especially important when
rerecording a number of times. Be
wary of possible measurement errors if
you make your own tests. And finally,
good luck and good listening! A4
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BEYOND CONVENTIONAL AUDIO

THE ONKYO INTEGRA DX-320 WITH OPTO-COUPLING
THE SOUND IS NO ILLUSION |

|
The Integra DX-320 Compuct Disc player is the firs”of ONKYO's new generation of CD players to incorporate

sur unique Opte-Coupling digital signal processing system. Conventional CD players fransmit digital data
nternally via printed circuit board wiring, which interacts with analog audio signals to produce Digital Signal
nterference (DSI), resulting in an audible “harshness” in the music.

Specially designed high speed Opto-Coupling modules in the DX-320 transfer the digital audio and other
Jata signals to the analog output stage via fiber optics, preventing DSI. The result is noise-free, life-like
-eproduction with none of the harsh sound character stics often attributed to other CD players; This remarkable
1ew tzchnology can only be found in the ONKYO DX-320.

Doble oversampling and digital filtering greatly improve phase and harmonic accuracy. A fully
srogrammable wireless remote control includes memory selection, phrase capability, and indexing for
Maximum convenience.

Our unique transport design incorporates ONKYds exclusive Poly-Sorb, a rubber-like compound that

w mprcves isolation by absorbing extraneous vibratiors, eliminating sklppmg and mistracking.

The Integra DX-329D Compact Disc player fulfills the promise of digital audio, Artistry In Sound

i with sound quality that's as close to the original as anwthing you've ever heard.
! Audit on the DX-320 at your authorized ONKYO dealer today. NK )

200 Willioms Drive, Ramsey, N._. 07446




IVIATCHING
A MIKE

HOWARD A. ROBERSON

n most cases with non-studio re-
corders, significant improvements
% in the quality of live recording can
be gained by using professional micro-
phones. With a small number of excep-
tions, these microphones are low-im-
pedance sources with the signal fed
via a shielded cable with two inner
conductors. This signal pair is actually
floating electrically and is not connect-
ed to the microphone case, which /s
connected to the shield. Because of
the low source impedance, the signal
can be fed long distances with very
little high-frequency roll-off. As most
noise is picked up equally in the two
signal conductors, it can be reduced
greatly by the use of a transformer or a
well-balanced electronic input at the
end of the cable run.

Because high-fidelity and semi-pro
recording equipment does not, in gen-
eral, have the three-pin inputs and
configuration for proper termination of
such cable runs, it is common practice
to use transformers that are designed
to match the low-impedance source
(microphone) with the recorder's input
impedance. This sounds pretty simple
and direct, and it is. But there’'s a
catch: The input/terminating imped-
ances vary among equipment types.

Most professiona! equipment will
have an input impedance of 20 to 50
kilohms on each high-impedance in-
put. (For example, the Ramsa WR-
S208 mixer has 20 kilohms, and the
TOA MX-106R mixer-amplifier has 50
kilohms.) Matching transformers such
as the Shure A95 Series are designed
to match a typical microphone source

of 150 ohms to such input imped-
ances. Nevertheless, many cassette
and open-reel recorders have medi-
um-impedance terminations, on the or-
der of 3 to 10 kilohms. If a nonprofes-
sional microphone that matches this
impedance is used, there is no delete-
rious effect from the load. However,
with a professional microphone and
the typical matching transformer, the
input impedance of the deck presents
a load that is too low in value.

In recognition of this factor, Shure
also offers the A97 Series transformers
that are made for medium-impedance
loads, and they should be more widely
used than they are.

Fig. 1—Effects of input impedance
mismatch on frequency response
(see text). From top to bottom
Overlaic responses for low/high
impedance and low/medium
impedance transformers feeding line
nput; response for low/medium
impedance transformer feeding
typical medium-impedance
microphone input; response for
low/high impedance transformer
feeding medium-impedance mike
input. (Vertical scale: 5 dB/div.)

Figure 1 illustrates the problem and
the solution. At the top are two overlaid
traces of pink noise at low impedance
fed into the line input of a high-quality
deck. In one case, the noise went
through a low-to-high impedance
transformer; in the second case, a low-
to-medium impedance transformer
was used. The responses are flat, with
just minor differences at 20 kHz. The
response in the middle trace was se-
cured with connection made to the re-
corder’s microphone input using the
low-impedance/medium-impedance
transformer. The bottom trace reveals
what can happen with a low-imped-
ance/high-impedance transformer
connected to this medium-impedance
input. The roll-off is obviously quite se-
vere, and it is not a cable-run effect.

The general guidelines to ensure
against such losses are: (1) Check the
specifications of your recorder in its
owner’s manual, or contact the manu-
facturer. Do not accept verbal state-
ments from sales personnel; ask to see
the number in published form. (2) If the
input impedance is less than 20 kil-
ohms, plan to use low-impedance/me-
dium-impedance transformers such as
the Shure A97 Series. Do not accept
transformers that “will match any in-
put,” or which have no technical data
sheet (such as comes with the Shure
unit). (3) In case of doubt or lack of
information, assume that the input on
the recorder is medium impedance,
and use that transformer. (4) If you do
have to guess, and then find that you
cannot get a high enough recording
level with the medium-impedance
transformer, try the low-to-high imped-
ance transformer. There will be a high-
er voltage output, and there might not
be too much roll-off with your particular
recorder.

The probability is that low-to-medi-
um impedance transformers will give
you better responses—and | expect
that's one of the reasons why you
bought professional microphones in
the first place. 4

40

AUDIO/AUGUST 1986




THE COLOR OF

Friends

©
22

o
P
>
4

73
E:
=

KODACOLOR AND VR-5 ARE TRADFMARK S & EASTMAN KODAK

ANNOUNCING THE MOST ACCURATE, REALISTIC COLOR IN PRINT FILM.

Kodacolor VRG

FILM

NEW KODACOLOR VR-G FILM
THE COLOR OF LIFE



EQUIPMENT PROFILE

NAKAMICHI
CR-7A
CASSETTE

Manufacturer’s Specifications

Frequency Response: 18 Hz to 21
kHz, +3 dB.

Harmonic Distortion: 0.8%.

Signal/Noise Ratio: 66 dBA with
Dolby B NR, 72 dBA with Dolby C
NR.

Separation: 37 dB.

Crosstalk: —60 dB.

Erasure: 60 dB at 100 Hz.

Input Sensitivity: 50 mV.

Output Level: Line, 1.0 V; head
phone, 12 mW into 8 ohms.

Flutter: 0.027% wtd. rms, +=0.048%
wtd. p2ak.

Fast-Wind Time: 80 S for C-60 cas-
sette.

Dimensions: 17 in. W X 554sin. H
< 12in. D (435 mm x 135 mm x
306 mm).

Weight: 198 ibs. (9 kg).

Price: $1,350.

Company Address: 19701 South
Vermont Ave., Torrance, Cal. 90502.

For literature, circie No. 90
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The CR-7A cassette deck introduces Nakamichi's latest
automatic calibration system and offers other Nakamichi
firsts as well. The microprocessor-controlled autc-calibra-
tion process includes the expected record-sensitivity and
bias adjustments, but adds an important element ta achieve
superior results: The playback-head azimuth is first auto-
matically aligned to the record head to eliminate misalign-
ment as a source of drooping high-end response. Then, the
bias adjustments can correct for true response deviations.
In conjunction with accurate sensitivity adjustments, the
best possible Dolby NR tracking is secured.

The azimuth correction is based upon the detected phase
(time) difference between the left and right playback chan-
nels with a 400-Hz test tone. Time differences between
tracks are the same whatever the frequency, and with
squaring circuits, the interchannel time error (ICTE}) is easily
measured. The ICTE is, of course, directly related to the
misalignment, and the system's servo drives to reduce the
error to zero (in steps of about a minute of arc). | liked the
approach and looked forward to seeing how it would fare in
the tests. Nakamichi states that their response corrections
have a criterion of +0.3 dB, and that sounded very good to
me, even considering the numerous checks anc rechecks
of sensitivity and bias during the calibration process. At the
conclusion of the procedure, bias and sensitivity data are
automatically stored in the CR-7A's memory for that particu-
lar tape type, the test oscillator is turned off, user-preferred
settings are restored, and the deck rewinds to "0000" and
enters record/pause mode, ready to record.

The CR-7A uses Nakamichi's asymmetrical, dual-cap-
stan, diffused-resonance, direct-drive transport for lower
audibility of flutter and greater clarity of sound. To gain
“smoother tape travel” and “more transparent sound,” the
capstan drive shafts have a special matte finish and the
head assembly includes a pressure-pad lifter. Nakamichi
was one of the first manufacturers to use a motor-driven
cam to control a number of transport functions, and the
three switch cams of the CR-7A inform the microprocessor
of system status and tell it how to respond to operator
instructions. Automatic slack take-up helps to minimize the
chance of damage to tapes.

Quality electronics include direct-coupled recording, line,
and headphone amplifiers; a fully discrete playback amplifi-
er with direct coupling from the head; independent power
supplies to each circuit, and matched Dolby NR ICs to keep
tracking error within =0.25 dB.

The CR-7A is the first Nakamichi deck to include a real-
time counter, which I'm really glad to see—I had almost
given up waiting. | think that every deck directed at the
serious recordist should include at least one real-time
counter mode. The CR-7A offers the desirable nicety of both
elapsed- and remaining-time display modes. The counter is
not a true clock, because it calculates tape time from tape
motion rather than measuring time directly. As a result,
however, it has the more important attribute of staying cali-
brated even during fast winding. Time calibration takes
about 8 S, which is quite speedy, and recalibratior: will take
place if needed after a fast wind. Calibration s lost if a
cassette is removed, but since recalibration is fast. this is of
little import. The remaining-time calibration is purposely set

Fig. 1—Record/playback
responses for “PN/Music”
signal, recorded at

—20 dB with Dolby C NR,
showing overlaid results
from 14 Type | tapes
(top), 13 Type Il tapes

(middle), and 13 Type IV
tapes (bottom). See text.
(Vertical scale: 5 dB/div.)

so that it reaches "00:00" 5 to 30 S before getting to the
actual end of the tape. This helps to avoid the very end of
the tape, where faint tape wrinkles caused by the hub
clamps reduce recarding guality. Also, the zero reading is a
reference point for “"Auto Fade.” With this switched on, a
recording will be automatically faded out at the tape end
(*00:00") regardless of the actual counter mode. This is a
handy feature, especially for those who can't stand the
abruptress of a tape run-out.

Control Layout

A look at the front panel reveals other features of interest.
The “Power” button is flush with the panel at the upper left; it
would be difficult to turn off inadvertently, and that's good.
The eject button, some distance below, initiates a smooth
opening of the cassette-compartment door. The "Timer"
(“Play/Off/Rec”) slide switch is below the eject button and
above the headphone jack. The compartment door is just to
the right of these controls. With the door removed access to
the head and drive assemblies is excellent. Some cleaning
tasks are aided by the fact that the unit can be put in play
mode without a tape in place, but caution is needed.

Dominating the top micdle and right of the front panel is
the multi-function display. At the left is the four-digit, three-
mode counter display that indicates tape motion, elapsed
time, and remaining time. For automatic time calibration, the
correct tape length (C-46. C-60, or C-90) must be selected.
Little “M” and “S" annunciators under the counter’s figures
remind the user of the minute/second nature of the readout;
there are annunciators for tape length as well, showing the
choice that has been made.

To the right of the counter are horizontal, two-channel,
peak-responding bar-graph meters, each with 24 seg-
ments. All of the segments and some of the scale markings
are light tan; "0" up to "+ 10" are red. The large number of
segments and the 5-inch length of the bars make for easy
interpretation of levels. Below the meter scales is "Auto
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TO FIND OUT WHAT NORMAL HANDLING
COULD DO TO YOUR CDs,

SCRATCH HERE:

You may not see anything wrong, but
you'’ll quickly hear it. Even ordinary
handling can result in scratches on
the “print” surface of your compact
discs, producing dropouts which
cause skipping—rendering them
unplayable. But there’s a way out of
this scrape.

No other cleaner in the world beats
Recoton’s CD-11 Compact Disc Radial
Cleaner—winner of the 1985 Audia/
Video International Grand Prix
Award for Design and Engineering.

It cleans your compact discs the way
manufacturers recommend: in a
straight line—across the radius—
from the center of the disc to the
outer edge.

By removing dirt, dust and film
across the surface with an ultrasoft
chamois pad, Recoton’s true radial
cleaning action significantly reduces
the causes of distortion and drop-
outs. The results are pure sound
and error-free reading of digitally
encoded music information.

And to ensure longer lasting
pleasure from your compact discs,
ask your dealer about the complete
line of Recoton accessories. Like cur
superb non-corrosive cleaning solu-
tion and unigque surface restoring
scratch filler solution. Plus protective
shields for permanent safeguard-

ing of your compact discs.
Before you get into a real
scrape with ordinary com-
pact disc cleaners, get the
award winning perfor-
., Mmance of Recoton.

3% o
SR
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<

RECOTAN®
46-23 CRANE STREET, LONG ISLAND CITY, NY 11101.
Enter No. 28 on Reader Service Cad



The CR-7A is the first
Nakamichi deck to offer a
real-time counter, for both
time elapsed and time
remaining, and I'm very
glad to see it.

Calibration,"” which is always illuminated. When that process
takes place, “Azimuth,” “Level,” “Bias,” and “Ready" illumi-
nate in order, just below, showing the status of the calibra-
tion procedure. “Ready" stays illuminated at the end of the
process, and remains so unless the cassette is ejected or
the deck’s power is turned off.

Next to these indicators, below the middle part of the
meters, is "Tape" with "EX,"” "SX," or “ZX" illuminated to
show the tape type (I, I, or IV) selected manualy or in
automatic calibration. To the right of these is the EQ read-
out, indicating 120 or 70 nS. Normally, EQ would be select-
ed automatically along with the tape type, but the CR-7A
allows one to switch EQ for particular high-frequency re-
cording needs: 120 wS for more headroom, 70 wS for lower
noise.

The NR system choices are shown with “B" or “C” indica-
tors, as well as “MPX Filter.” “"Subsonic Filter” lights up to
show if that is being used. Further to the right are the
“Source” and “Tape” annunciators, turned on in accor-
dance with the monitor choice made.

Below the display panel, at the left, are the “Counter
Reset" button (which does not affect time modes), the three-
position memory switch (“Memory Stop/Off/Auto Repeat”),
and the "“Counter Mode" button. “Memory Stop” obtains a
stop at “0000" with a fast wind in either direction. (Holding in
the wind button will get a wind through zero, a desirable
configuration.) “Auto Repeat” will get a repeated playing of
the entire side of a tape.

Below are nine angled transport-control buttons, each
with its own status light, arrayed in three rows. The top three
buttons, from left to right, control rewind, play, and fast
forward; all have light-green indicators. The second three
control pause, stop, and record. The first two have light-
green indicators, and record has a red one. The bottom row
consists of “Fader” (with a down-pointing arrcw), “Rec
Mute,” and “Fader” (with an up-pointing arrow). All of these
have red indicators.

When the record button is pushed, the deck gees into
record/pause mode ("Rec Mute” also lights up), and a push
of the play button initiates recording. A push of tre down
fader reduces the record level to zero, and "Rec Mute”
turns on again when this is complete. Pushing the up fader
returns the record level to where it was. During fading, the
intensities of the two fader indicators show the status of the
fading. Holding in a fader button gets a faster fade than a
single tap. "Rec Mute” mutes the signal while held in, but it
does not get an automatic stop, as is obtained on some
decks.

Below the middle and right side of the display are small
buttons for selecting “EX(I),” “SX(I1)," and “ZX{IV)" tape
types, as well as "EQ," "Dolby NR," and "Peak Hold.” As
mentioned earlier, the tape-type and EQ switches are used
only when manual choices are desired. The “Peak Hold"
circuit gives a 2-S display of peaks at any signal level—
even very low levels. This low-level capability is more impor-
tant than it might seem, for it helps the user to judge all
levels similarly. When it is on, "Hold" illuminates just below
“Peak” at the left end of the meters.

Below the manual tape switches are the “Tape Length”
selector button and the manual “Playback Azimuth” control.

Fig. 2—Record/playback
responses to high-level
signals with Dolby C NR.
Top three traces show
response for wide-band
pink-noise test signal at
“410” on the CR-7A’s
meter for Nakamichi EXIHl.
SX and ZX tapes,
respectively. Bottom three
traces are for record/play
of “PN/Music” signal at
“+8” on the meter for the
same three tapes. See
text. (Vertical scale:

5 dB/div.)

Fig. 3—Action of
automatic fader circuits,
showing fade-outs (traces
descending from left to
right) and fade-ins (traces
rising from left to right).
Left-hand trace of each
pair shows action in slow
mode; tast-mode fades
are to the right. Se2 text,
(Scales: Vertical,

10 dB/div.; horizontal,

2 S/div.)

AUDIO/AUGUST 1986

45



I was struck at once by the
outstanding flatness of the
record/playback responses,
particularly with Dolby C
noise reduction.

When recording on the CR-7A, auto-calibration would be
the normal route, and azimuth calibration would be part of
that process. In playing back a tape recorded on another
deck or a prerecorded tape, the front-panel azimuth control
allows adjusting the playback head's azimuth to match the
actual flux on the tape, setting it for maximum high-frequen-
cy output. This control is duplicated on the supplied infrared
remote control so that the head alignment can be peaked
from the listening position. As soon as the control (front-
panel or remote) is turned or pushed to get a change, the
meter scales blank out and the topmost meter becomes an
azimuth-position indicator with a center arrow. Each step
made in adjustment is about 2.5 minutes of arc—acceptably
accurate in theory and a great convenience in practice.

To the right are the “Auto Calibration” push bar and its
"Reset” button, for use in case of error, and the "Monitor"”
selector bar for source or tape. Along the bottom right of the
front panel are four on/off buttons for “Manual Tape/EQ,”
“Auto Fade,” "Subsonic Filter,” and "MPX Filter.” The
“Tape/EQ" switch has an adjacent red indicator; all of the
others have annunciators in the display area.

Along the right-hand end of the front panel, from top to
bottom, are level-control knobs: “Master,” “Left,” “Right,”
and "Output.” The “Master” knob is of medium size, and the
other three are small. None have knurling, and the friction is
slightly too high for easy turning of the small knobs.

The stereo in/out line jacks on the rear panrel are gold
plated, which is a nice touch. Two "System Remote” jacks—
a DIN socket for transport functions and a mini-jack for the
azimuth control—can be used to tie this deck into Nakami-
chi's CA-7 control amplifier.

| removed the top and side cover to examine the internal
construction. After some hours of use, the shielded power
transformer was noticeably warm to the touch, but still not
hot. There are three soldered-in fuses on the power-supply
p.c. board, which also contains the bias oscillator. The large
logic p.c. board covers almost two-thirds of the chassis
area. Below it is a medium-size p.c. board, and at the
bottom is another large card which is close to half-chassis
size. The soldering is excellent, but there was some flux
noted at hand-wired spots. The logic card is well supported,
in general, but there was some springiness noted. The
overall chassis construction is rugged and very rigid, with
large center and side rails from front to back. The transport
was quiet in operation, especially in play.

Measurements

Playback responses with TDK and BASF test tapes were
within 1 dB at most points, but there was a greater rise (1.6
to 3.0 dB) at the four highest frequencies of the 70-uS tape.
A number of premium decks have shown a rise in this
region, although this deck’s rise is about 1 dB greater than
most others. This comes from Nakamichi's use of playback
heads which correspond more closely to the ideal defined in
the IEC Standards than to the IEC calibration heads most
tape manufacturers use.

Record/playback responses of the CR-7A were checked
using "PN/Music” (pink noise rolled off 6 dB/octave at 2
kHz) and a a-octave RTA. | was struck immediately by the
outstanding flatness of the responses, particularly with

Table I—Record/playback responses (—3 dB limits).

With Dolby C NR Without NR
Dolby Lvl -20dB Dolby Lvi -20 dB

Tape Hz kHz Hz kHz Hz kHz Hz kHz

Nakamichi EXIl 10.6 20.0 10.6 218 10.6 13.0 10.6 223

Nakamichi SX  10.7 13.0 107 211 10.7 10.2 10.7 22.0

Nakamichi ZX  10.6 21.0 10.6 22.0 10.6 15.0 10.6 224
Table Il—Miscellaneous record/playback
characteristics.

10-kHz A/B

Erasure Sep. Cr Ik Phase MPX Filter

At 100 Hz At 1 kHz At 1 kHz Error Jitter At 19.00 kHz

67 dB 60 dB —100 dB 10° 15° 31.9dB

Table 111—400-Hz HDL; (%) vs. output level
(0 dB = 200 nWb/m).

Output Level

HDL; =
Tape NR -10 -8 -4 0 +4 +8 3%
Nakamichi EX!l DolbyC  0.12 0.7 028 047 13 +6.0 dB
Nakamichi SX DolbyC 0.07 012 026 0.76 2.2 +5.1 dB
Nakamichi ZX DolbyC  0.04 0.07 0.3 033 081 20 +9.2dB

Dolby C NR. Figure 1 shows the —20 dB responses for
Type |, 11, and IV tapes (top to bottom). Each trace is actually
the stored collection of responses for many tapes having a
wide range of performance. The Type | tapes included BASF
LH-MI, Denon DX1, Fuji GT-I, Konica GM-I, Magnex Studio 1,
Maxell XLI-S, Memorex dB, Nakamichi EXIl, PDMagnetics
FERRO, Scotch XSI, Sony HF-S, TDK D and AD-X, and
Yamaha NR—a total of 14 widely different formulations. The
Type Il tapes included BASF CR-MII, Denon HD6 and HD8,
Loran High Bias, Maxell UDS-II and XLII-S, Memorex CDXIi,
Nakamichi SX, Realistic Supertape Hi-Bias, Sony UCX, TDK SA
and HX-S, and Yamaha CR-X—a total of 13 “noncompati-
ble” tapes. The Type IV tapes were BASF Metal |V, Denon
DXM, Fuji FR Metal, JVC ME-P, Konica Metal, Maxell MX,
Nakamichi ZX, PDMagnetics 1100 Metal HG, Scotch XSMIV,
Sony Metal-ES, TDK MA and MA-R, and Yamaha MR—a
total of 13 tapes that are not as similar as some have been
led to believe.

| find the results truly marvelous for flatness and consis-
tency, and outstanding for record-sensitivity matching. The
vertical spreading of the traces includes statistical effects of
the pink noise, any differences in Dolby record-level calibra-
tion, any response deviations, and any Dolby C NR mis-
tracking. All of the 13 to 14 responses for each tape type
were completely acceptable, but the Nakamichi tapes sup-
plied with the CR-7A (EXII, SX, and ZX) were used for the
tests that followed.

I checked the record/playback responses with PN/Music
at an rms level equivalent to Dolby level (" + 8" meter). They
looked so flat (Fig. 2, bottom three traces) that | next fed in,
at maximum meter level (" +10"), pink noise that was not
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The peak-responding
meters are just that,
except the decay time was
short, making “Peak Hold”

essential for good metering.

Table IV—HDL; (%) vs. frequency using Dolby C NR.

Frequency (Hz)

Tape Level 50 100 400 1k 2k 4k 6k
Nakamichi ZX -10 006 0.13 0.04 0.05 0.05 0.06 0.08
0 0.36 0.47 0.40 0.42 0.40 1.0 1.8
Table V—Signal/noise ratios with IEC A and
CCIR/ARM weightings.
1EC A Wtd. (dBA) CCIR/ARM (dB)
W/Dolby C NR Without NR W/Dolby C NR Without NR
Tape @DL HD=3% @ DL HD=3% (@ DL HD=3% @ DL HD=3%
Nakamichi EXII  68.2 74.2 51.3 57.3 68.2 74.2 48.7 54.7
Nakamichi SX 713 76.4 54.8 59.9 719 77.0 52.7 57.8
Nakamichi ZX 70.3 795 53.6 62.8 71.2 80.4 515 60.7
Table VI—Input and output characteristics
at 1 kHz.
input _____l_-_e__\{_e_l_____ Imp.,  Output Level imp., Clip (Re:
Sens. Overload Kilohms Open Ckt. Loaded Ohms Meter 0)
Line 43mV =31V 38 Line 923mV 770mV 24k +17.3dB

Hdphn. 842mV 618 mV 18

rolled off. The results, the top three traces of Fig. 2, show
how little roll-off there is even at this very high level. This
characteristic is reflected in the excellent figures contained
in Table |, showing the —3 dB limits with a sine-wave test
tone. The low-frequency response is well extended and very
consistent, at both levels and for all three tapes.

Dolby play level indication was high, about 1 dB above
the meter-zero level. A number of checks were run to see
how well auto calibration aligned the playback head to the
recorded flux. Using a 10-kHz test tone for the recheck,
there was a consistent 10° phase error between tracks with
one tape, which translates to a misalignment error of only
0.3 minute of arc. | used the manual control to try to zero the
error with the 10-kHz tone and found that the steps were
about 50° of phase in this mode. Nonetheless, | got to within
5° of phase, about 0.15 minute of arc—excellent alignment.
The total auto-calibration time was always 15 S or less, with
azimuth alignment followed by multiple checking and re-
checking of 400-Hz level (for Dolby calibration) versus 15-
kHz level (for bias and response). The only time | got an
error (indicated by a flashing readout) was when | mistaken-
ly tried to calibrate the Type | tape with manual inputs for
Type IV and "70 pS."

The subsonic filter response was 3 dB down at 20 Hz, 20
dB down at 11 Hz, and 30 dB down at 9.8 Hz. The response
came back up below this point but was 13 dB down at 7 Hz.
The bias in the output during recording was very low. Table
Il lists a number of other record/playback characteristics.
Worthy of note are the excellent 67-dB erasure at 100 Hz
and the high separation and crosstalk figures—to say noth-
ing of the low phase error and jitter after auto calibration.

The third-harmonic distortion figures were excellent for all
three tapes, and, as Table Il shows, those for ZX tape were
outstanding. The scan with the spectrum analyzer also
showed that distortion was primarily HDLs, with little evi-
dence of other harmonics. The low level of the distortion
made it difficult to measure HDL; across the band, and
Table IV lists the superior results. Even at Dolby level,
distortion was well controlled up to 4 kHz, where tape-
saturation effects caused a sharp increase in nonlinearity.
Table V provides evidence of how the high maximum output
levels of Table Il lead to outstanding signal/noise ratios.

Miscellaneous input/output characteristics are shown in
Table VI. The line input impedance given is actually a
minimum, obtained with all input pots at maximum rotation.
With the three pots at a more normal setting, the measured
impedance was 83 kilohms—good for minimum loading of
other equipment. On the other hand, the line output imped-
ance of 2.4 kilohms is on the high side, particularly if the
load is 10 kilohms. A 20-kilohm load would not be a prob-
lem. The headphone output drove all phones | tried to very
high levels; the output att<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>