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LINEAR TRACKI
THE TURNT

4

The lincar tracking tonearm is without question the 4 iy e
ideal way to recover informaticn froma disc. It can vir-
tually reduce horizontal trackirg error tc zero, eliminate
crossmodulation and significantly min:mize stylus and
record wear.

But until now there hasn’t been a linear tracking
turntable whose overal] perormance truly measured
up to the technology of lincar t-acking itsclf.

Pionecrs new PL-L&O) has changed all of that.

THE LINEAR INDUCTION MOTOR
ELIMINATES MECHANICAL CONTACT.

Unlike other linear trazkirg tonearms that
are driven by vibration-producing rollers, worm a
screws or pulleys, the PL-L800s toneam™ &
driven by Pioneer’s exclusive linzar induczion
motor. Through a process known as electro-
magnetic repulsion, a magnetic hidd s se- up
that gently propels the tonearm, allowing 't to
track perfectly with no mecaanical linkages
to degrade performance.

THE POLYMER GRAPHITE™
TONEARM DAMPENS VIERATIONS.

To minimize any tonezrm resonance
-caused by acoustic vibrations, the PL-
L80Os tonearm has been canstructed
with an exclusive dampeninz matenzl
called Polymer Graphite™ The only
thing we want you to hear through our
tonearm is music.
Our Coaxial Suspension System,
on the other hand, will abscrb vibra-
tions that occur when someone walks ar

dances too hard in a room, or acciden- THE PION
tally drops the dustcover. Becatse inside

the cabinet is a free-floating suspension lINm TRA
system which isolates the tonearm, platter T
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G FINALLY GETS
E IT DESERVES.

— s

I 3 and motor from the rest of the turntable: vibrations that
reach the cabinet are absored by the surzngc()uplcd in-
m- sulators before they can harm the reproduction process.

THE STABLE HANGING ROTOR DESIGN
REDUCES WOW AND FLUTTER.

The most advanced turntable platter motor
wasn’t advanced enough for the PL-LE0. So we
came up with a new direct Crive system called the

Stable Hanging Kotor. The problem w th the
s % design of conventional motors is 1hat the fulcrum
IS at the base of the motor. making it impossible
for the platter moto=s center of grevity to coinade
with the fulcrum. And that restlts in a wobblirig
of the platter, known as'wow anc flutter.
The Stable Fanging Roter systemn
reduces thz cause of this wow and flutter.
Because the fulc-um lies immediately below
the platter, it coincides with the p atters
center of gravity,
Anz as if all this weren’t erough, the
PL-L&0OC also s equipped with Pxonccrs
I exclusive moving-cail cartridge. It has such
unusua ly high output that even a receiver
or amp not equipred to hencle most
. |y W mov:ng-coll cartridges can bz used with
the P1-L8(X).
If you find it hard to balieve that a
turntable could be as rema-kable as the
P1-L800.we suggest vou visit your nzar-
es: Pioneer dealer ard sec and hear
th= PL-L800, along with our entire
lire of new tumtables, for yourself.

PL-L800O B e
3 Zserves vour attentior more.
G TURNTABLE. ) PIONEER

We bring it huck alive.

© 982 Pionest Ekeotronucs SA LIne., 17 » By, 1348, Ling Beach, CA 9080t
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FULL BLOWN
MANGIONE

These pop artists are now available
on dbx discs:
CHUCK MANGIONE: Feels So Good
(ABM). PS- 1059
ALLMAN BROTHERS: Live At The
Fillmore East (Nautius/Polygram). QS-4002
J. GEILS: Love Stinks
(Nautilus/EMI-America). PS-1049
SARAH VAUGHAN: Copacabana
(Pablo) GS-2049
RITA COOLIDGE: Anytime . ..
Anywhere (Nautiug/A8M). PS-1042
NEIL DIAMOND: His 12 Greatest
Hits (Direct Disk Labs/MCA). PS-1014
TIM WEISBERG: The Tip Of The
Weisberg (NautiugMCA). PS-1011
THE WHO: Who Are You (Direct Disk
LabsiMCA). PS-1015
JOAN ARMATRADING: Joan
Armatrading (A&M). PS-1056
JOE SAMPLE, RAY BROWN,
SHELLEY MANNE: The Three
(Inner City). GS-2035
LARRY CORYELL: The Eleventh
House (Vanguard). GS-2038
AL STEWART: 24 Carrots (Nautius/
Arista). PS-1052
WOODY HERMAN: Concord Jam,
Volume 1 (Concord Jazz). GS-2054
DIZZY GILLESPIE: Digital At
Montreux, 1980 (Pablo). GS-2046
JACK SHELDON: Playin’ It Straight
{RealTime). PS-1078
dbx discs give you the full
dynamic range of a live perform-
ance with none of the surface
noise of conventional records.
The result is clarity, im- 4
pact, and sonic realism
like you've never heard
before—even on digital
“audiophile” records.
dbx discs. Deman
them by name.
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Music can't live without us.

dbx, Incorporated, 71 Chapel Street,
Box 100C, Newton, Mass. 02195 U.S.A.
Tel. (617) 964-3210, Telex: 92-2522.
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SA-X. HIGH BIAS IS RICHER FORIT.

The greatest honor a cassette can receive is to be held in higher esteem than the one now setting
the high bias standard. SA-X has already gone beyond SA in frequency response, sensitivity,

and resolution. It was intended to. With its ultra refined dual layer of Super Avilyn and the
Laboratory Standard Mechanism, nothing less was possible. TDK
believes sound reproduction should have no set barrier. No limit.
For us, high bias was a limit to be surpassed. SA-X has won three
international audio awards to date. It will no doubt win others.
But we take awards philosophically. They represent our continu-

ing effort to create the machine
for your machine. In that, we @ I DK
could not be happier with SA-X. P

The Machine For Your Machine

© Copyright 1981 TDK Etectronics Corp.
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Paradox.

Quad products incorporate manufactured by a company

the same traditional values of which for 45 years has been
engineering and craftsmanship unremittingly devoted to the
which have made early Quad cause of excellence in music
products collectors items. reproduction, a company in

Quad products incorporate which respect for tradition
innovative ideas which put them and a quest for improvement

ahead of their time and set go hand in hand to produce

standards for the industry. products which represent an
Paradoxical? Not if you think  investment in musical

about it. Quad is designed and enjoyment.

Quad ESL 63 Electrostatic Loudspeaker -
successor to the legendary Quad Electrostatic,
uses concentric annular ei’ectrodes fed via

a sequential delay line to produce a sound
pressure pattern which
approximates to that of an
ideal point source.

Quad 405 Power
Amplifier - with current
dumping, an ingenious
circuit developed by
Quad using feed-
forward techniques,

the merit of which

is now widely
recognized

Quad FM4 Tuner -
superb ergonomics
and a level of
performance limited
only by the quality

of the incoming signal.

Quad 44 Preamplifier — uses a system of modular
inputs to permit the owner to tailor the system to
his own needs and tone controls which enable
more enjoyment to be obtained from more records.

Music systems for thinking people

For further information on Quad products and a list of
authorized dealers please write to:

QUAD In Canada:

425 Sherman Avenue May Audio Marketing Ltée, Ltd.
Palo Alto, California 94306 Longueuil, Quebec J4G 1P8

for the closest approach to the original sound
©1982 QUAD
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AUDIO ETC |

EDWARD TATNALL CANBY

o you want to know more about

the Stereophoner? (See this

space last month.) Maybe so,
maybe not; it's only a bit of audio histo-
ry. Either way, there will be a slight
delay. In all fairness, | feel, some basic
research should be done as to exactly
what the 1957 contents of that small
box might do to a mono signal fed
through it, emerging as two signals.
And so the whole mess of pottage
(after the Meltdown) is on its way to the
West Coast, where knowledgeable en-
gineer friends will play with it.

We are not exactly a historical-mind-
ed profession yet, we in audio and hi-
fi. Nor are our consumer-type allies
who absorb our current output as often
as they can afford it. Only a few of us,
who have been around since audio’s
beginnings—not so coincidentally at
about the time this magazine was
founded-—are finding ourselves more
and more interested in what happened
back then, in how we got where we are
now.

There was audio before, of course.
But institutionally and in engineering
terms it was attached to contiguous
areas, electrical engineering, radio,
motion pictures. It took the First World
War, radio, and then the astonishing
developments of electrical sound, to
bring the name audio towards some
identity. Still another war had to pass
before we actually set ourselves up as
a professional field, complete with the
Audio Engineering Society. All this
when things finally got going again on
a civilian basis, several years after
WWII was over. It took awhile.

You will note that the first "new”
automobiles after that war were dated
as 1947 and 1948 models (a very few
in 1946). These were basically prewar
models, after the factories had recon-
verted from military use. The earliest
audio, as such, took the same course;
all the innumerable military and left-
over civilian areas of electronics, sud-
denly shut down almost overnight in
August of 1945, coasted along month
after month with no power until the
same basic conversion back to civil
life could take place. It is not surpris-
ing, then, that our first issue as Audio
Engineering Magazine came out In
May of 1947. Precisely in tune with
history! That was when things were
getting started. Everywhere.

The LP record took a little longer—
not much. It was formally launched a
year after us, in June of 1948. Some-
how, | have always felt that the coming
of LP, an out-and-out modern updating
of technology, marked a symbolical
coming of age in the audio field and its
semi-sibling, hi-fi. Do you realize, do
you remember perhaps, to what level
of degradation our civilian audio de-
scended during the war years? Can
you believe, you younger readers, that
for every new record we bought, a 78-
rpom, 10- to 12-inch disc, we had to
turn in an old one as scrap? Records
were made of shellac and shellac
came from the Far East, which at the
time was not habited by Westerners
other than the military. There was no
substitute, for the simplest of rea-
sons—war. The record biz, like the rest
of “nonessential” audio, was allowed
to get along with whatever it had
around on Pearl Harbor Day, De-
cember 7, 1941. Period. Essentially,
that was what happened to all nones-
sential business, including cars. Yes,
we could drive our old buggies if we
wanted to, any old place (with the
proper shielded headlight slits on the
coasts) just so long as it wasn't military
and we didn't use up our “A" coupons
for gas, five gallons a week, rationed.

History! Too few of us know our own,
out of these last years. Few audio peo-
ple relish going back in time further

than their last big batch of hi-fi equip-
ment, which could be maybe six
months or a year or, in extreme cases,
five years. After almost 40 of those
years, audio as a whole still rates as
an upstart field with scarcely even the
beginnings of a history. Too new! We
are not yet legendary.

After all, our very earliest major ef-
forts are just beginning to turn classic
in a properly historical way, like classic
cars. And most of those efforts, still,
came before the Big War, long before
either audio or hi-fi had any formal
place in the larger world. Incredible—
45/45 stereo discs, wide range, back
in 1931! Now there’s an historical arti-
fact for you, out of Bell Labs. But the
historical urge that brought these
discs out of oblivion in Bell Labs’ files
did not grow strong for 50 years, until
the day before yesterday.

We are indeed now discovering our
historical roots, our prehistory, so to
speak. It seems, even today, to take a
half century for the historical sense to
emerge. We haven't given a thought,
collectively, in the large, to our real
youthful period, after 1947. Too soon?
Not for some of us!

But for most of us, old audio stuff is
just old audio. Out of date, unimpor-
tant, stupid, considering all the In-
credible things that are going on now.
Maybe 99% of us, all types, are
wrapped up totally in that now, month

Hlustration. Philip Anderson
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MAGCNIFICENT

OBSESSION.

In our zeal to build superb tape recording equipment in the extreme, we at
Teac are sometimes driven to steal. From ourselves.

The extraordinary X-I000R illustrates this very well. In it, we have incor-
porated professional features originally designed for our TASCAM recording
studio equipment.

These include a linear LED counter which measures tape in hours, min-
utes, and seconds. A Search To Cue (STC) and Search To Zero (STZ) capability.
In addition, there’s Auto Reverse in both directions, in play or record.

The X-I000R, as is current professional practice, employs DBX* noise
reduction. An exclusive in home reel-to-reel. And also, as in professional recording
equipment, full-tension servos guarantee high stability and accuracy. And low
wow and flutter specs of just .03% @ 7% IPS.

All of which add up to an impressive collection of features, we think
you'll agree. And if we happened to borrow a lot of them from our
professional designs, well that shouldn’t bother you one bit.

TEAC. MADEIN JAPAN BY FANATICS

COPYRIGHT 1982, TEAC CORPORATION OF AMERICA. 7733 TELEGRAPH ROAD, MONTEBELLO, CA 90640
% dbx® IS THE REGISTERED TRADEMARK OF dbx, INC., NEWTON, MA, Enter No. 34 on Reader Service Card




It is excursions into the
past which give us shape
and confidence for a
present and a future.

by month, sometimes, it seems, day by
day. It is indeed enough to keep us
bewilderingly busy, alas.

I say alas, not because of any lack
of appreciation—far from it—but sim-
ply because until we have history we
have no dimension. As in Einstein, his-
tory, even our own, is the dimension of
time without which the others are basi-
cally meaningless. Short-term. Myopic.
Wrong-headed. Yes, you can get in
and make your megabucks in audio
(or you could, awhile back) and get
out again, maybe safely. But as an
industry, as a field, as a multifaceted,
many-peopled endeavor, audio, hi-fi,
cannot know where it is going unless it
knows where it has come from. In the
round. Stereo.

it is the past, excursions into the
past, studies of the past, which give us
shape and confidence for a present
and a future. There is always a now.
Every moment of history was, at some
point, precisely as important as the in-
stant-present now today (for those who
were around). It was now in May 1947,
as | remember. It was the same, if |
remember correctly, in late 1931
when Bell Labs was recording in Phila-
delphia, somewhat clandestinely in the
basement, and | was gallivanting
around Boston, all unknowing. Never-
theless, | Was There, to misquote Ed-
ward R. Murrow. But for the accident
of a few miles (and a few other [Vl
factors), | could have been down in
that basement watching the 45/45
stereo grooves appear under the cut-
ting stylus.

Why all this? No, not to be merely
phifosophical! Or is it philosophic? I've
never much believed in abstract
thought not designed to get down to
the nitty gritty, and | see no reason at
all for us to fuss about our history
merely because it is elevating or cul-
tural or something similar. History is
useful simply because it is—or was.
That dimension again. How can one
work in the rigidly demanding medium
of time, which waits for no one, without
some perspective in that very direc-
tion? It's as though your right foot went
forward without your left foot lagging—
impossible. We must cultivate and un-
derstand our own budding history if we
are not to fall apart and collapse in a
heap. Which in these times Is quite
possible.

| can show you what | mean. To
change analogies a bit, history in any
area always seems to me to work In
loops, eflipses if you will, or wave
forms, highly symmetrical. A fad, any
old fad, in this sense is easily defined:
It is an uncontrolied oscillation. It goes
way up, senselessly, then as quickly
collapses in a heap. If not a zany
piece of ellipse, then at least we may
call it a peak. A more lasting develop-
ment, any old development you wish,
has a better and more consistent wave
form. Get the idea?

ut of far bigger importance are
Bthe long waves, the slow el-

lipses, that take years, dec-
ades, centuries, even millenia, to
achieve their shape. Far too often, we
miss them cold. We see only a straight
line, shortsighted as we are.

We miss them in terms of billions of
years: We are baffled by the time
curve of the Big Bang and cannot yet
see where it goes. (But Halley's comet
will be back in 1986.) We have missed
the curve of man’s short existence, as
witness those casually preserved foot-
prints (a hi-fi recording in volcanic ash)
of three little homo habilis (?) people
millions of years ago, wandering along
in a hitherto unimagined now which
was as real to them as ours is to us.
And we can easily miss our own “long”
shapes of continuity and change! A
mere 40 years of audio history is plen-
ty long, with its full prehistory, to tell us
a few things about shapes, now and
tomorrow.

You see, we are in a terrible state of
panic now because in a strictly com-
petitive business way we are unable to
see where, in God's name, we are go-
ing. Audio is sinking, overwheimed by
pictures! Audio and TV have to com-
bine, which everybody believes will be
to audio’s cost! It really seems to look,
to business people and designers who
have so much at stake, as if the wave
of audio, the ellipse of a half century, is
in fibrillation or something. Television,
instant picture messages, discs,
tapes, digital everything, will simply
bury us in vast mountains of sound/
sight. We will be but the little tail of a
great big TV kite, a tail so minuscule
that we may not even be visible to
those on the ground, no matter how
hard they squint to took.

Well, am | not correct? Isn’t that our
prevailing mood? lIsn't everybody in
the biz trying frantically to get into
some smali corner of video, preferably
a bigger corner or even a hefty seg-
ment—because, after all, hi-fi, audio
for audio’'s sake, sound and sound
alone, is dead. Or will be dead in a
short while.

Bunk. I've said it before and now Il
have to begin yelling. Bunk! This is
strictly the fad psychology in reverse.
Suddenly, the smooth, useful curves of
audio progress in SO many areas go
into meaningless oscillation? Could
be, if pig-headed panic takes over in
place of rational thought.

Not, though, if we take a better look
at those shapes, for our antecedents,
including the art of music, go further
back and back into history and will go
onward, we trust, in their accustomed
symmetry of change—if we can only
see. Music too, and our demand for
music is most assuredly not going to
stop overnight.

It is clear that the major shaping of
reproduced sound with pictures, not
really our field in the past except as a
sideline, is indeed at a turn of its own,
the shape extending all the way back
to Edison. Note that his first experi-
mental movie was a talkie, via semi-
sync phonograph, and there were
sound movies around 1913, recently
exhumed; these are all part of the long
sound/sight ellipse, as are the still
shaky and undetermined videodiscs of
the present moment. A majestic curve!
And it will not move by wild oscilla-
tions. It will pay for all of us to see that
shape.

The curve of audio is related but
only parallel and overlapping. We are
different. Surely, the era of pure sound
entertainment is also at a turning
point—it would have to be so. But sud-
den extinction? Hardly. Just an intelli-
gent shaping (by those with good
sight) at the turn. We will go on, go
back if need be, to make new relation-
ships with the listening art of music,
with the seeing art of the moving pic-
ture. We will develop our fi where it is
needed, as it assuredly will be. So,
remember the Stereophoner (more la-
ter), which is but a piece of another
curve within audio itself, soundspace,
the sound field, the audio image.
Curves within curves—that's history. 4

12
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Truth...

Since their introduction in 1976, the Series 2 CARNIVAL, FESTIVAL
and PAGEANT loudspeaker systems from Mordaunt-Short Ltd. have
won acclaim and given pleasure not only in the United Kingdom but
also in some 40 other countries throughout the world. Now, this small,
specialist Company takes pride in presenting a new, successive
generation of advanced and outstanding products.

%‘%///// W/// As with their predecessors, the fundamental
/////// 77, _ design objective of these new speakers has been 10
gz / achieve sound reproduction of the highest quality
from enclosures attractively styled and craftsman-
finished — yet at costs that will enable these benefits
to be accessible to the widest possible audience of
music-lovers, high-fidelity enthusiasts and home-
entertainment seekers world-wide. Appropriately,
therefore, the new models are to be known as
CARNIVAL 3, FESTIVAL 3 and PAGEANT 3.
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In the present economic conditions, the actual
2 function and performance of any product are
increasingly important in relation to its cost and

_ presentation. Consequently, for the CARNIVAL 3,
FESTIVAL 3 and PAGEANT 3, Mordaunt-Short has
departed from the conventional veneered cabinet and
has evolved an elegant design, predominantly
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CARNIVAL 3 FESTIVAL 3 PAGEANT 3

AN

e el
- finished in fabric, yet which still retains in
attractive proportion the real wood veneers
traditionally associated with quality furniture. This
has permitted full and appropriate emphasis to be
e placed upon the essentials of advanced acoustic
- CARNIVAL 3 ™ design within a highly cost-effective format. The
\ - CARNIVAL 3, FESTIVAL 3 and PAGEANT 3 offer
7 " 5 in consequence exemplary sound reproduction,
FAGEANT pleasing, tasteful appearance and unrivalled value
for money. And that's the truth. .
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Mordaunt-Short Inc .
Importers and Distributors of ,,C\
Mordaunt-Short High-Fidelity Loudspeaker Systems ,\L\9
1919 Middle Country Road. Centereach. NY 11720 Pl
Telephone: (516) 981-0066 P
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HERMAN BURSTEIN

Save Tape and Time?

Q. Using a pickup, preamp, and
tape deck with very good high-fre-
quency response, and using a varl-
able speed turntable, how much deg-
radation would | get if | do the follow-
ing: (1) Adjust the turntable speed for
662> rpm, (2) record a high-quality
tape at 7'/-ips, and (3) play the tape at
3% ips? This would save half the dupli-
cating time and half the tape—T
Bainbridge, Milwaukee, Wisc.

A. Your procedure would Involve
doubling all frequencies on the phono
disc so that, for example, 15 kHz be-
comes 30 kHz. Therefore, one ques-
tion which arises is whether the record
electronics of the tape deck can han-
dle frequencies this high without sig-
nificant loss. Another problem is that of
record equalization, which would have
to cater to frequencies going out to,
say, 30 kHz instead of 15 kHz. Opti-
mum bias might also vary; so might
optimum bias frequency, because the
chance of the oscillator frequency
beating with audio frequencies would
be increased. The only real way to find
out how well (or poorly) your proposal
works is to try it. From a practical
standpoint, despite theoretical difficul-
ties, it might work satisfactorily, but
you would not save on tape. In record-
ing at 72 ips you are using twice as
much tape as you normaily would for a
playing speed of 3% ips. In playback
at 3% ips, you are using half as much
tape as you normally would for a re-
cording speed of 72 ips; hence you
break even.

Self-Service

Q. Having been interested in tape
recording for some time, I've become
increasingly accustomed to doing my
own servicing on my tape decks. Is
there a good complete manual or book
on how to do all of the necessary
alignments and adjustments of the
electronics of tape recorders? | would
like to know how to go about setting up
the correct bias, equalization, etc.
Also, please recommend open-reel
test tapes.—Bill Lewis, Bakersfield,
Cal.

A. | do not know of a single manual
or book that will adequately cover
service and alignment procedures for
all, or most, or many tape decks. The
way to acquire knowledge and com-

petence in this respect is to struggle
with the manuals and procedures for a
variety of decks until you discover
what procedures they have in common
and what procedures are unique to
particular decks. Some of them, such
as checking frequency response, will
tend to be much the same, while oth-
ers, such as adjusting bias and/or
equalization, will tend to vary consider-
ably. (Editor’s Note: Howard A. Rober-
son's article, “Tape Recorder Mainte-
nance,” Audio, April 1982, p. 32, may
help in this area.)

With respect to test tapes, | suggest
that you write to (1) Ampex, 2201 Lunt
Ave., Elk Grove Village, lll. 60007; (2)
Taber Manufacturing and Engineering,
2081 Edison Ave., San Leandro, Cal.
94577, (3) Magnetic Reference Labo-
ratory, 999 Commercial St., Palo Alto,
Cal. 94303; (4) Nortronics, 8101 West
10th Ave. North, Minneapolis, Minn.
55427, and (5) Audiotex, 400 South
Wyman, Rockford, {ll. 61101,

Once, 2, or Va Around the Track

Q. What is the difference between
full-track, half-track, and quarter-track
recording when using an open-reel
deck? Does full-track recording have
an advantage over the others?—R.
Watson, Dover, Del.

A. Half-track recording uses a little
less than half the tape width to record
each of two tracks, which are separat-
ed by a small space called an island.
Half-track permits recording either a
pair of stereo signals in one direction
of tape travel, or a mono signal in both
directions. Specifically, in mono you
record a signal on the upper portion of
the tape and then reverse the reels
and record on the lower portion (when
the reels are reversed and turned up-
side down, what was originally the low-
er portion becomes the upper portion
to be recorded).

Quarter-track recording uses a bit
less than one-quarter of the tape width
to record each of four tracks, separat-
ed by three islands. This permits (1)
recording a pair of stereo signals first
in one direction of tape travel and then
a pair in the opposite direction, (2)
recording a set of four quadraphonic
signals in one direction of tape travel,
or (3) recording four mono signals, en-
tailing three reversals of the tape reels.
If the four tracks are numbered 1

through 4, starting from the top, the
first pair of stereo signals is recorded
on tracks 1 and 3, and the second pair
on tracks 2 and 4. Track 1 and track 4
are the left-channel tracks. Most decks
offer only the first and third options
listed above, while some offer the first
option only.

Full-track recording occupies the
entire tape width and permits only the
recording of a mono signal in one di-
rection of tape operation. The wider
the track, the higher the signal-to-
noise ratio, if everything else remains
the same. Thus, full-track recording
provides about 6 to 8 dB better S/N
than quarter-track. On the other hand,
the narrower the track, the less the
reduction in treble response due to
azimuth misalignment.

Why Elcaset?

Q. | own an open-reel deck, a fine
cassette deck, and now [ plan to pur-
chase an Elcaset deck. It seems that
this format is equivalent to the open-
reel format but without the bother. |
would like to know why it did not do
well when it came out a few years ago,
and if it will come into production
again.—Michael Jamet, Bronx, N.Y.

A Although there is an occasional
rumor that the Elcaset format will be
resurrected, majority opinion is that El-
caset is dead, and, in my view, right-
fully so.

in light of continuing improvements
in cassette tapes, in the heads avail-
able for cassette decks, in deck elec-
tronics, etc., the advantage of Elcaset
became marginal. Further, Eicaset
presented one format too many to a
consumer already beset by: Open-
reel, cassette, and cartridge formats; a
variety of reel sizes and speeds in the
open-reel format; a variety of tapes,
with varying bias requirements, record
equalization, and playback equaliza-
tion; a variety of noise-reduction de-
vices, and probably other variants |
have forgotten to mention.

Returning to the basic explanation:
Today the state of the cassette art per-
mits essentially flat response from

If you have a problem or question on tape
recording, write to Mr. Herman Burstein at
AUDIO, 1515 Broadway, New York, N.Y. 10036.
All letters are answered. Please enclose a
stamped, self-addressed envelope.
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MAXELL IS PLEASED TO PRESENT AN
EVEN HIGHER PERFORMANCE TAPE.

P O L4 ! 43 b

If youre familiar with Maxell UD-XL tapes you probably find it hard to believe that any
tape could give you higher performance.

But hearing is believing. And while we can't play our newest tape for you right here on
this page, we can replay the comments of Audio Video Magazine.

“T’hose who thought it was impossible to improve on Maxells UD-XL I were mistaken.
The 1981 tape of the year award goesto Maxell XL II-S?”

How does high bias XL II-S and our normal bias equivalent XL I-S give you such high
performance? By engineering smaller and more uniformly shaped epitaxial oxide parti-
cleswe were able to pack more into a given area of tape. Resulting in a higher maximum
output level, improved signal-to-noise ratio and better frequency response.

To keep the particles from rubbing off on your recording heads Maxell XL-S also has
an im)groved binder system. And to eliminate tape deforma-
tion, XL-S comes with our unique Quin-Lok Clamp/Hub
Assembly to hold the leader firmlv in place.

Of course, Maxell XL II-Sand XLI-Scarry alittle higher
price tag than lesser cassettes.

We think you'll find it a small price to pay for higher ,
A, pricetopay forhigher \PSWORTH IT,

Enter No. 19 on Reader Service Card Maxell




Introducing
TDK AD-X.
The normal bias
tape with
Super Avilyn
technology.

New AD-X is the first normal
bias cassette with TDK's Avilyn
magnetic particle, inspired by
our widely acclaimed Super
Avilyn formulation.

This means you can now
record and play back—in the
normal bias/EQ position—over a
wider dynamic range, with
higher MOL, lower bias noise
and with far less distortion.
Even at higher recording levels,
AD-X's increased headroom
easily handles strong signal
input without over-saturation.

The higher sensitivity of the
new AD-X makes it ideal for
all-around home entertainment
and it’s also suitable for any
cassette player.

You're assured years of de-
pendable use with the Labora-
tory Standard Mechanism
which is backed by TDK’s life-
time warranty.

Make high quality recordings
in the normal bias/EQ position

. with new TDK AD-X. And

discover the Avilyn advantage:
superior overall performance.

= S TDIK

THE MACHINE FOR YOUR MACHINE

“The XSV/4o00
€merges a
clear winner®

This 16-page book of reviews from High Fidelity,
Stereo Review and Stereo is available at your
local audio dezaler...cr write to: Pickering & Co.,
101 Sunnyside Blvd., Plainview, NY 11803

TH “ @ PICKE 3
E SOURCE OF PERFECTION @ PlCKERlNG:

“for those who can hear| the dillsr;ncs ”

Enter No. 22 on Reader Service Card

about 20 Hz to 24 kHz with signal-to-
noise ratio of about 70 dB (using Dolby
C) and with low distortion and very low
wow and flutter. While only the finest
and most expensive cassette decks
achieve such performance today, the
pack is not all that far behind. And
there is no sign that continued im-
provements will fail to materialize, so
that the pack tomorrow will be where
the leaders are today. Therefore, why
Elcaset?

Clean But Soundless

Q. I recently purchased a combina-
tion head cleaner and demagnetizer
cassette. The instructions state that a
few drops of the fluid cleaner should
be inserted in the open part of the
cassette device. After following the
instructions and going through a re-
cord-play run with this cassette, |
heard no recorded sound during play-
back. When | try to play tapes that |
recorded prior to use of the cleaner-
demagnetizer cassette, the sound is
muffled and dull. Have | done perma-
nent damage to the tape heads? | rue
the day that | bought this cassette.
Donald McHugh, Brooklyn, N.Y.

A. It is not certain that the heads
have been ruined. Possibly the fluid, in
combination with tape oxide, has coat-
ed the heads and made them inoper-
ative because of excessive tape-to-
head separation. Perhaps a careful
cleaning in the conventional manner
will restore the heads to correct opera-
tion. Unless your instruction manual in-
dicates otherwise, apply isopropyl al-
cohol on a cotton swab to clean the
heads, capstan, and pressure rolier.
Allow at least five minutes for every-
thing to dry before checking your deck
with a new cassette.

It is possible that the heads are okay
but that the fluid leaked inside your
deck and did some kind of damage.
Another, but very small, possibility is
that by coincidence you used the cas-
sette device just at the time when a
totally unrelated problem developed in
your cassette deck.

Helpful Humidity

Q. My house is quite dry in winter,
with a troublesome accumulation of
dust. If I used a humidifier to cut down
on the dust, would the moisture have
any effect on my stereo equipment?

Michael Lemieux, Rouses Point, N.Y.

A. Assuming that you do not allow
the humidity to go much above normal
level, | doubt that use of the humidifier
will advervsely affect your audio sys-
tem. In fact, it may be beneficial with
respect to tape deck performance,
preventing the tape from becoming so
dry as to cause squeal.
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YOUR EARS
CAN'T
APPRECIATE MORE

Tandberg | The European
Alternative

It's unlikely there will ever be a better sound
producing and reproducing system than the new
Tandberg ‘Series 3000'.

The only possible alternative will be to re-design the
human ear to receive sounds it is incapable of
appreciating at present.

The sound quality of the ‘Series 3000’ is in fact so
astonishing it will without doubt become the reference
standard by which all others are judged.

Judge for yourself — by giving your own ears the
pleasure of appreciating this exceptional system at
your local Tandberg appointed dealer.

The ‘Series 3000’ comprises: a cassette deck with
Tandberg's patented ‘Actilinear’ and ‘Dyneq’ recording
systems; the world's finest tuners; a pre-amp that has
less than 0.004% THD; a 150W power amp with
immeasurable transient overload recovery time; and
also a brand new cassette deck TCD 3034 part of the
3000 series for a suggested retail of 499%.

TANDBERG OF AMERICA, INC.
Labriola Court
Armonk, N.Y. 10504

TANDBERG

Enter No. 31 on Reader Service Card



THE COLUMIN

MICHAEL TEARSON
JON & SALLY TIVEN

Eric Clapten,
Sting of The Police, and
Jeff Beck

The Secret Policeman’s Other Ball:
Various Artists
Istand ILPS 9698, stereo, $8.98.

Sound: B+

Performance: A—

The last album in this series had
Pete Townshend performing solo ren-
ditions of fave tunes, but otherwise, it
was somewhat of a throwaway. This
sequel is a far more substantial record.
Not only are the performances them-
selves more consistent, but the album
closes out with an ensemble playing
Bob Dylan’s "l Shall Be Released” in
which all the featured artists combine
forces, making it an entertaining mo-
ment.

in reverse order of appearance, the
aging Donovan sings “The Universal
Soldier” and “Catch the Wind," ac-
knowledging his recent lack of pro-
ductivity by reaching into his '60s rep-
ertoire. Phil Collins and Bob Geldof do
acoustically the songs they ordinarily
perform with their bands (Genesis and
The Boomtown Rats, respectively),
and fans of these groups shouid well
enjoy this particular portion of the re-
cord. But for us, the meat of the record
is to be found in the first seven cuts—
Sting playing and singing “Roxanne”
and “Message in a Bottle,” and the
long-awaited duets of Jeff Beck and
Eric Ciapton. Finally, the post-success
guitar heroes of the '60s and '70s are
stacked up side by side, trading chor-
uses on “Farther on up the Road.” Al-
though Eric does a nice job of singing,
when it comes to playing guitar the
fluid Jeff Beck blows him away hands
down. Eric dishes out clean, phase-
shifting notes, but Beck is doing chro-
matic descensions, pull-offs, and play-
ing his entire catalog of “things to do
to impress girls.” A magic moment.

Jon & Sally Tiven

Graham Parker

Another Grey Area: Graham Parker
Arista AL 9589, stereo, $8.98.

Sound: B

For his first album without The Ru-
mour, Graham Parker has enlisted a
crew of primarily American musicians
and producer Jack Douglas in an at-
tempt to get closer to the sound he
hears in his head. If this is all he can
come up with, these external moves

Performance: B

were entirely gratuitous. The backing
band sounds like they're trying to emu-
late the sound of previous Parker al-
bums, and the production differs only
in favoring some of the midrange fre-
quencies rather than the high-end pre-
dominance of The Up Escalator and
Squeezing Out Sparks. Aside from a
little bit more precision in playing, An-
other Grey Area sounds almost exactly
like every Graham Parker & The Ru-
mour album.

In other words, there's one token
reggae track per side, a strong open-
ing track (with a melody lifted straight
out of Squeeze's “Up the Junction"),
and a smattering of basic Graham
Parker compositions tinged with your
liberal dose of bitterness. What does
he have to be bitter about, aside from
the generally lousy state of the world,
aesthetic stagnation, and his inability
to dent the American charts? He's got
a nice flat in Chelsea, a decent record
company advance, and at least other
artists are doing decent renditions of
his material.

But where is the brilliance promised
on his first two records, what hap-
pened to the little guy with the big
voice who was going to give both Bob
Dylan and Stax/Volt a run for their
money? Sure this is nice stuff, but he's
kidding himself if he thinks it's great
art. At this particular point in time he's
interchangeable with Elvis Costello,
just another guy writing songs to his
enemies and himself with little aspira-
tion to improve, or to make a coherent
statement. Getting a new Graham
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~ Here's how
Kiss the hiss goodbye.

B ASF Chrome And like all BASFtapes, PRO Il comes

. encased in our new ultra-precision cassette
The world’s quietest tape. el thai provides pertect

alignment, smooth,

With BASF Chrome, you hear only what you
want to hear—because we “Kissed the hiss
goodbye.”

In fact, among all high bias tapes on the
market today, only PRO Il combines the : a8
world's lowest background noise with out- \ - 3N
standing sensitivity in the critical high fre- ; ‘

quency range for superior dynamic range

(signal-to-noise ratio).

PRO Il is unlike any other
A tape because it’s

made like no
other tape.

While ordi-
nary high

BASF designed
and developed the
world’s only Measure-
& ment Reterence Tape Cas-

sotte. And our new ultra-precision
cassette shellisthe logical culmi-
nation of that development.

tape movement, and consistent high fidelity
reproduction.

So when you want to hear all of the music
and none of the tape, turn on to BASF Chrome.
It'sthe one
tape that
kissed the
hiss good-
bye.

Magnitied
15,000 X

formly sized
particles of pure
chromium dioxide
provide a magnetic
medium like no other
tape in the world.

made from ]
modified particles of ferric oxide, only o
PRO Il is made of pure chromium dioxide.
These pertectly shaped and uniformiy sized
particles provide a magnetic medium that's
truly superior —so superior that PRO Il was
chosen by Mobile Fidelity Sound Lab for their
Criginal Master Recording ™ High Fidelity
Cassettes—the finest prerecorded cassettes

inthe world. .
PROII—atape so superior, a cassette so .

reliable, that it wasthe one chosenby %

Mobile Fidelity Sound Lab for their Original

Master Recording™High Fidelity Cassettes.

For the best recordings you’ll ever make.

BASF

Audio/Video Tapes

Enter No. 4 on Reader Service Card



Parker album used to be something to
look forward to; now it's loaded with no
surprises. It isn't outright junk, as is
much of the vinyl chucked out in this
industry where every pretty face is an
artist, but by the standard set by How-
lin” Wind and Heat Treatment the new
Graham Parker album is nothing spe-
cial. John & Sally Tiven

Success Hasn’t Spoiled Me Yet: Rick

Springfield
RCA AFL1-4125, stereo, $8.98.
Sound: B— Performance: B

Making records is a whole different
ballgame when you've got three hit

singles and a Grammy behind you, but
despite the disclaimer in the album ti-
tle Rick's previous album was infinitely
superior. What you can get away with
when you're reaching for success can
easily become cliché after your music
has been exposed to (and accepted
by) the masses, and the self-plagia-
rism that pervades much of this album
doesn't really pass for “Jessie's Girl,
Part Il." The worst thing about this not-
bad-but-not-great album is that Rick
seems to be aiming for the hit single
on practically every track, and Keith
Olsen (who produced parts of the last
album and all of this one) has softened
up the sound considerably. What once
was rock is now pop, and the guy your

Introducing . . .

VVI A 6 Vl M m ‘Power Sleuth’

Tunable FM Antenna Amplifier

With fully controllable gain, the
MAGNUM 95FM ‘Sleuth’ provides
up to 30db of clean, crisp gain
{(boost) to your antenna’s FM signal.
Also, it will attenuate to -10db to
relieve that annoying front end over-
load from strong, local stations.
Continuously variable tuning pro-

For all FM Antenna Systems

SLEuTH

vides a tight 600khz bandwidth, adding significantly to your tuner’s selec-
tivity and sensitivity. The Sleuth installs in minutes at the tuner end of

your antenna lead-in.

Technical: 3 if stages, varactor tuned using noise-free. Gold CERMET control: Gain, varia-

ble +30 to -10db; Noise figure 4db; Tuning range 88 -

110vac op'n @ 10 watts

108mhz; Input/output 300 chms;

TWO GREAT NEW FM ANTENNAS from GAM Electronics
The Stereo One is a revolutionary new vertical FM anten-

na that is fully omnidirectional and provides up to double
{3db) gain over your present dipole (‘T" or turnstile) anten-
na. Its unique vertical design is less susceptible to annoying
multipath and it may be mast or windowsill mounted and

even used indoors.

Technical: Gain 3db (approx.) @ 98mhz/300 ohms: Range 88
108mhz. Construction 2-section (S.S. whip & PVC transformer hous-
Qutput 300 ohms; Mounting brkt.

ing); Height 76”; Weight 12 oz.;
for mast or windowsill.

Introducing the GAM Stereo Two. Designed specifically for
cramped mounting situations, such as balconies, windows,
etc., the Stereo Two has already proven itself a high-gain
alternative to ‘rabbits ears’ and wire dipoles. It has sub-
stantially* the same great characteristics as its big brother,
the Stereo One, yet it mounts neatly and unobtrusively on
balcony rail or by a window. lts slender whip ‘blends’ nice-

ly with hardly a hint that it's even there.

Technical: Gain 3db (approx.) @ 100mhz/75 ohms; Range 88
108mhz; Construction stainless steel whip with shielded base loading
coil; Height 54”; Weight 12 oz.: Output 75 ohms: S.S. 'L’ mtg. brkt. . \i

& 25 ft. cable ass’y. included.
*Gain taken with lead-in cable 25 ft. maximum.

ﬂ’

l,.,,....«_g_-..

[T

NOTE: MAGNUM and GAM products also available in automotive versions.

Introductory Offer (limited offer)

Send check or money order to

MAGNUM 95FM Amplifier. . (reg. $159.95) $139.95 HIC\:/\aaSrtII(eetln
GAM Stereo One or Two. . . . (reg. $ 69.95) $ 59.95 SAEUNS
MAGNUM Amp Holland Street

GAM Antenna. . ... ... .. (reg. $229.90) $189.95 P.O. Box 219

(N.Y. residents add 7% State Tax} Alexandria Bay, N.Y.
Please add $3.50 shipping for one—$2. ea. add'l. item 13607

VISA & MASTER CARD buyers are welcome to call for FAST service (315) 482-2589.
Enter No. 7 on Reader Service Card

Rick Springfield

little sister used to play who wasn't half
bad has become a lightweight.

This is not only unfortunate but un-
necessary, as Rick at least used to be
a big hard-rock fan and is capable of
playing stinging leads. After writing
songs for so many years with the sole
purpose of getting a record deal and
getting over to an audience, now that
he’'s gotten over he doesn't know how
to follow his more aesthetic and purist
instincts. The motivation behind re-
cording "Black Is Black” is question-
able, nicking song titles from poor Hilly
Michaels is unnecessary ("Calling All
Girls"), and the choices of cover mate-
rial are extremely weak.

Altin all, this is a big disappointment
even though it's passable stuff. “Kris-
tina"” and “April 24, 1981" provide the
only moments where any kind of artis-
tic progression is evident, and that's
rather shameful. With opportunity at
his fingertips and talent in his every
bone, Rick Springfield has blown it.
Sort of. Stay tuned for further develop-
ments of Rick Springfield, a.k.a. Noah
Drake, because this guy ain't about to
disappear overnight—Success Hasn't
Spoiled Me Yet will most likely sell
more copies than Working Class Dog,
and he'll be back for another try in a
year or less. Perhaps by then he'll be
surrounded by people who can en-
hance his artistry rather than obscure
it. Jon & Sally Tiven
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- Fundamentally New.
Amazingly Powerful. -
Revolutionary by Design.

Theres never been an amplifier like Acoustat’s
new Trans Nova™ Twin 200. Every aspect of
anplifier technology has been re-engineered or
ccmpletely redeveloped to utilize the new MOS-FET
devices to treir full potential.

We begen with 100 percent MOS-FET
ci~cuitry “or the sonic performance of a tube
armplifier with the cost effectiveness and practicality
of a solid-state amplifier.

Then we edded a new error correction
system, known as Complement Feedback:* which
relieves the output stage of virtually all distortion
and impedence, without any of the problems
associated with negative feedback. In addition, the
THNT-2005 Anisotropic Output* is a revolutionary

Acoustat overcomes the limits of ?uipzué Sta/ge.conﬁgura:cjio[n which yie.l&s an incrfegibly
e - g el m -se te, with none
blpolar t_ranS|St0r Cl rcu;try Wlth . = t;pr;élaclrgt;bﬁi)tr;/ psrg\tl)vlerrans a\g/sociafc)ed v?/ith guch
the first fundamentally new single- high-speed operation. Interchannel

interaction is eliminated by four

path amplifier design since the intro- ™ compietely separate bilaterai
duction of solid-state technology. power suppiies. utilizing an

unusual U-I construction
transformer and ample power supply storage.

The amplifier’s circuitry is conveniently
mounted on a small** non-magnetic, non-corrosive
stainless steel frame, which also preserves an
attractive appearance. And the TNT-200 operates so
efficiently, there’s no need for a cooling fan and its
accompanying noise.

Two hundred watts per channel never
sounded so pure and clean, yet so tight and well
defined at high output levels. Extraordinary fullness
at low frequencies—no phase shift at high
frequencies. The TNT-200 is the first truly neutral
amplifier, lending no sonic signature of its own to
your music system.

Hear the new TNT-200 soon. Call us toll free
for the name of your nearest Acoustat dealer.

23 Cen " ! N e T SET= dl
ACOUSTAT
* *Dimensions—18"x4"x 14"
BRINGING MUSIC TO LIFE Enter No. 1 on Reader Service Card
3101 S.W. First Terrace, Ft. Lauderdale, FL 33315 - Telephone 305/462-6700 - Toll Free 800/327-3136
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Orbitrac...
Always in the groove!

Orbitrac circles your album with hundreds of microscopic fibers in each
groove for a clean no other record care system offers. Just align with the
center notch and the hand-held pad swirls each and every groove free of
abrasive grit. It's simple and fast and, because it uses a wet solution,
damaging particles are lifted free without grinding or scraping across
groove ridges. No other record cleaner can g touch it for complete
cleaning ability. Get an Orbitrac 2 and really get in the
groove.
/.II.LSOI;S}SM

ALLSOP, INC.

PO Box 23 Bellingham, WA 98227 U.S.A. (206) 734-9090/Telex 15-2101/Allsop BLH

World Leaders In Fidelitv Cleaning

Enter No. 37 on Reader Service Card

English Settiement: XTC
Virgin/Epic ARE 37943, stereo, $8.98.

Sound: B Performance: B

XTC is an English progressive/pop/
New Wave band that has been re-
sponsible for some excellent singles
and interesting albums, a cult favorite
ready to explode into a major impact
act at any moment. Unfortunately, their
self-produced English Settlement
(which is receiving the "big push
here) is simply not up to snuff for them.
Andy Partridge comes up with one
winner tune, “Senses Working Over-
time,”" but the rest of the album is sim-
ply too self-indulgent, lacking in struc-
ture, and melodically forced to stand
up to their previous work. Strangely
enough, the British version of the al
bum is a two-record set, and these
songs are the most accessible from
that package. Their record company
would best be advised to compile an
album of XTC's innumberable singles
rather than these ill-fated sonic experi-
ments. This is a good band gone
wrong, which is a darned shame

Jon & Sally Tiven

Speak & Spell: Depeche Mode
Sire SRK 3642, stereo, $8.98.
Non-Stop Erotic Cabaret: Soft Cell
Sire SRK 3647, stereo, $8.98.

Sound: B Performance: B

This stuff is the latest rage in Eng-
land, and if it should catch on in the
U.S.A. it would be a record company's
dream: Two-man synthesizer/vocal
drum machine groups that make re-
cords for next to nothing (and aren't
exactly expensive to keep on the
road). Part of the attraction is the sex-
ual content of the lyrics, which is to say
that these groups aren't exactly AM
fodder with titles like “Sex Dwarf" and
“Tainted Love.” But the latter is a sur-
prisingly infectious pop tune, and the
music presented on these albums is
far better than you'd expect. In a post-
Gary Numan vein, these songs are
tuneful and hook-laden despite their
avant-garde trappings.

The only obstacle to this stuff catch-
ing on here is that the arrangements
are fairly foreign to American ears, and
by the standards of most radio stations
both groups are unformattable. These
guys are, for all intents and purposes,
writing real pop tunes that are no more
“out there” than Olivia Newton-John,
but by the nature of their lyrical bent
and choice of instruments they'll prob-
ably end up being treated like they're
Miles Davis or John Coltrane.

Jon & Sally Tiven
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Loran™ is the cassette cf tte future. . .
but it's here right no=. The o-ig 12l and
only heat resistant cassette shed and tape
that withstands the aven tempasztures of
a car dashboard in tie sun. Tes® ng proves
that even. TDK or Ma<ell cannot zake this
kind of punishment.

With Loran, you Il captu-e = “ulf range

©of sound as you've n2ver hea-d :before.

Tape that delivers magnificent s2oroduc-
tion of highs and lows, along wi® an excep-
tionally low backgrcund nois2 level. Super
sensitive with an ext-emely Figh maximum
recording level capadility. That neans you
can record Loran at high input kevels for
greater clarity. As a matter o- fac:, we rec-
ommend it.

Because of our cassette swll, Loran

o~

1ape Zan stend Lp to being accidental y left
nezr a seurce of excessive h23t in ycur

. hoeme orinvour =ar. Itis inde=d the finest

quality tape ava lable today.

-9ran &lso has exclusive features not
a.ailablz or zny other casset e, Safety
Teks™ (oatent pending) prevent accidantal
erasures. B it urlike other cassettes, you
czr: restore its e"as2 and recard capab lities
simply by turning the Tab scraw a 2 turn.
04~ Fub Lock (gatent pending) secures
i=etape to -he Fubin such a aay that zhe
Fand2r iz is Dulled the tighterit's hekd.

Wi-h a | these feetures, t's no wander
Loan was selectad as “one cf the most in-
ndvéet ve cansurmer electronies products. ..’
by the Consumer Electronics Show Design
an1 Engineering Exhibition.

Ernter M¢ 1€ o>n Reader Sewice Cad
Leran™ ismamufactured exciusively by Lzranger Entertainment, 10-48 Ckark Street Wzrren, Pa. 16335

-

Every Loan tape comes with a full li‘e-
time wa-ranzy. Listen to Loran. The new
generazion cf cassettes sFere right now.

LORAN 90

CHROME
H3nBias T0usEQ
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ICH TRAC

A pivoled or aradd
Tonearm?

PETER W. MITCHELL

Fans of straight-line tracking
tonearms say that their favorite
tracks better because its motion
mimics the cutters head's
movement, but a close analysis
suggests that the chief virtue of
radial-tracking tonearms is their
low mass, not their straight-

line tracking.

t used to be that the radial-
tracking tonearm—which rides on
a straight rail instead of pivoting
in an arc from a base at one
corner of the turntable—was a
complex and delicate mechanical
arrangement of bearings, cams. motors.
and leaf switches sensing any deviation
of the arm from the perpendicular. it
was costly, unreliable, and suitable only
for the most devoted and finicky
audiophiles. But lately the resources of
contemporary electronics have been
focused on the concept, and the result
is a new generation of radials which are
; relatively inexpensive to manufacture
+and not at all fussy to operate. No
*longer an exotic luxury, the radial arm
| is now a fully practical alternative to the
conventional pivoted tonearm.

Photograph: Robert Lewis
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When few radial arms were being
made and sold, it didn't matter much
whether claims for the inherent superi-
ority of radial-tracking designs were
really valid. But now, with radial arms
competing vigorously for the turntable
buyer’s dollar, these claims are of in-
terest to a great many audiophiles.
Consider, for example, the following
language in a typical recent advertise-
ment: “Foremost is the linear tracking
mechanism itself. Much superior to or-
dinary pivoted tonearms in that it plays
your records in the same straight line
across the disc as the cutting head
which made the original master re-
cording. Tracking errors and unbal-
anced side forces are virtually non-
existent. The result is a dramatic de-
crease in distortion and false color-
ation. And a strikingly audible
improvement in stereo definition and
real-life presence.”

Putting aside the ad writer's custom-
ary exaggerations, is there really a sol-
id physical basis for such claims? Do
radial arms have a natural superiority
arising from their unique mode of op-
eration? Or are they just another gim-
mick?

Neither. Radials are not just a gim-
mick. But they are not automatically
better than pivoted tonearms. To put
them in a realistic perspective and
help you decide what tonearm is best
for you, I'm going to analyze the differ-
ences between radial and pivoted
arms, and we'll play detective—trying
to identify why some tonearms really
do sound better than others.

The claims for radial-arm superiority
can be boiled down to three basic vir-
tues: Perfect tangency, no skating
force, and low arm mass. We will ex-
amine each of these in turn.

Tangential Tracking

The original motive for developing
the radial arm was the idea that it
could mimic the motion of the cutting
lathe, holding the cartridge precisely
tangent to the groove while moving it
along the radius from the edge of the
record toward its center. Logically, this
seems like it would be the ideal way,
the only really “right” way, for a tone-
arm to operate. But the real world is
not quite that simple.

If records were cut with constant
pitch (i.e. with a constant spacing be-
tween successive spirals of the
groove), then it would be easy to drive
the tonearm inward at exactly the right
speed to maintain the cartridge tan-

ne goal of the

radial arm is

to mimic the
tangential motion of
the cutting head.

gent to the groove. But in fact modern
records are cut with variable pitch; the
groove spacing increases to accom-
modate loud passages, especially
those with a lot of low-frequency en-
ergy, and decreases when the music
is soft. Thus, the massive arm on the
record cutting lathe is continually
speeding up and slowing down, con-
trolled by an "“advance” signal from a
preview head which samples the sig-
nal level on the master tape two sec-
onds (one full revolution of the disc)
before the music gets to the cutting
head.

When the record is played, the tone-
arm must also track inward toward the
center at a continually varying rate. To
facilitate this, pivoted arms are made
with extremely low bearing friction so
that the stylus, as it tracks the spiral
groove, can easily carry the arm in-
ward with it. A small handful of radial
arms (particularly those which float on
air-pressure bearings) also have low
enough friction to follow the groove
without aid. But most radial arms have
far too much bearing friction to be
moved by the slight sidethrust pro-
vided by the compliance of the stylus
assembly, and so they must be driven
inward by motors. Lacking a preview
mechanism to measure the varying
groove pitch, most radial arms depend
on a servo system to detect a devi-
ation of the arm from its desired tan-
gency and generate motor drive sig-
nals which move the arm inward until
tangency is restored.

Thus, the traditional goal of the radi-
al arm-—to mimic the cutting head in its
perfect and constant tangency—is
only a theoretical ideal. In reality most
radial ("linear-tracking” or “straight-
line tracking”) arms have a designed-
in tangency error: The arm must devi-
ate from perfect tangency in order for
the servo to operate. Therefore, the
tangency error is continually changing,
departing from zero and being recor-
rected when it becomes large enough
to trigger the servo. The size of the
error depends on the servo’s response
window: *0.5° is typical. So, when we

compare a radial design versus a pi-
voted arm, we are not matching an
error-free system against one with an-
gular errors; rather, each type of arm
has its own characteristic pattern of
tangency error.

This is illustrated in Fig. 1, which
shows the tangency error of a radial
arm with a 0.5° servo window versus
that of a pivoted arm having an effec-
tive length of 9 inches, an offset angle
of 24°, and an overhang of 18 mm. The
vertical scale is actually the “tracking
error index” in degrees/cm, obtained
by dividing the tangency error (in de-
grees) by the disc radius (the distance
of the stylus from the center spindle, in
cm). The equations for computing this
tracking index are given in References
1 and 2. The innermost grooves on a
typical 12-inch LP record are at a radi-
us of 6 cm, while the outermost
grooves are 14.5 cm from the center.

The distortion produced by lateral
tracking error is proportional to this
tracking index rather than to the actual
tangency error in degrees. As Fig. 1
shows, the tracking index for a correct-
ly designed 9-inch arm is only 0.13
deg/cm at worst and under 0.1 deg/
cm over most of the record surface. A
radial arm with a servo window of 0.5°
has a tracking index which varies from
0.04 deg/cm in the outer grooves to
0.08 deg/cm in the inner grooves.

But this discussion is still theoretical.
In the real world, in order to have a
tracking error index as low as that in
Fig. 1 with either a pivoted or radial
arm, you would have to be very lucky
or very skillful, because in real tone-
arms these theoretical differences in
tracking error are usually swamped by
the inevitable small imperfections in
the installation of the phono cartridge
in the headshell. ideally, the cartridge
body should be exactly parallel to the
headshell axis, but slight twists of one
or two degrees of arc are fairly com-
mon—especially since many car-
tridges and headshells still are made
with curved contours instead of the
straight edges which would make it
easier to judge parallelism by eye. Er-
rors of a couple of millimeters in the
longitudinal position of the stylus in the
headshell are also fairly common, par-
ticularly in view of the lack of precision
in the procedures supplied for setting
overhang in many arms.

Even if you are an experienced and
careful installer of cartridges in head-
shells, you probably can't be certain of
achieving an accuracy better than 0.5°
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in alignment and about 1 mm in longi-
tudinal position. (It may seem easy to
set the longitudinal position in a radial
arm, since the stylus should pass di-
rectly over the center of the spindle,
but the spindle is 7.2 mm in diameter,
so an error of only 14% of the spindle
diameter still amounts to a full millime-
ter!) Figure 2 illustrates the tracking
error index which these small errors
will produce in a radial arm, individual-
ly and in combination; the dashed line
shows the total tracking error when a
servo wobble of 0.5° is added to car-
tridge alignment errors of 0.5° in angle
and 1 mm in position.

For comparison, Fig. 3 shows how
the tracking error index of the pivoted
arm is affected by the same slight
alignment errors. Unlike the radial arm,
where positive and negative errors
produce the same tracking distortion,
the pivoted arm produces a more
complex family of curves depending
on the direction as well as the amount
of the error. But it is clear that a track-
ing index of 0.2 deg/cm or greater can
easily occur with both types of tone-
arm. As expected, the worst-case
combinations of angular and linear
shift in the pivoted arm yieid larger
amounts of tracking error in the pivot-
ed arm than in the radial. But, remark-
ably, other combinations actually lead
to lower tracking distortion in the pivot-
ed arm than in the radial! In two of the
curves in Fig. 3, the tracking error of
the pivoted arm remains under 0.15
deg/cm over most of the disc surface.

At any rate, it seems clear that, un-
der real-world operating conditions,
radial arms can claim only a generai
tendency toward lower tangency error,
not a clear-cut superiority. In fact, it
can be argued that the design of the
headshell is a more important contrib-
utor to accurate tangency than is the
choice of radial or pivoted arm. A
headshell that provides unambiguous
seating of the cartridge without any
possibility of twist, and is equipped
with a precision jig for setting the sty-
lus overhang, substantially improves
the odds that the theoretically low
tracking error of either type of arm will
actually be realized in practice.

Ot course, this doesn't mean that the
question of tangency error in pivoted
arms can simply be ignored. As Fig. 3
shows, the tracking error of a pivoted
arm can be degraded by quite small
geometrical errors, and many pivoted
arms exhibit substantial amounts of
tracking error because of incorrect

geometric design—even though the
equations for minimizing tracking error
in pivoted arms have been available to
engineers for 40 years. Therefore,
when installing a cartridge in a pivoted
arm, you can't guarantee minimum
tracking error just by being careful. As
a precaution you also should use an
alignment protractor such as the DB
Systems DBP-10 or the Dennesen
Soundtrackor to check and correct
any errors in the arm’s geometric de-
sign. With such an aid, the real-world
performance of a pivoted arm can
come close to achieving the theoreti-
cal minimum tracking error shown in
Fig. 1.

Skating Force

If radial arms don’t guarantee dra-
matically lower tangency error than pi-
voted arms, surely there is one area
where their superiority is unques-
tioned: Perfect freedom from skating
force. In radial arms the friction of the
stylus in the groove produces a drag
force which is directed along the
length of the arm and so has no effect,
but in pivoted arms the offset angie of

the headshell transforms part of that
drag force into a sidethrust which pulls
the cartridge toward the center of the
record. Modern tonearms are
equipped with anti-skating devices
which cancel this thrust by providing
an outward force of approximately
equal strength.

The catch is that the drag, and thus
the sidethrust, is not constant. It varies
with groove modulation, increasing
during loud passages and decreasing
during soft ones. At best, the anti-skat-
ing device can only compensate for
the average (or highest) value of the
sidethrust. With a pivoted arm the
varying sidethrust will cause continual
slight variations in the effective track-
ing force on the two groove walls.
Freedom from this, it is speculated,
may be a significant area of superiority
for the radial arm.

Such speculations, however, tend to
ignore the actual values of the forces
involved. The maximum level of the
sidethrust, in a loud passage, is about
15% of the vertical tracking force. The
minimum level in a soft passage is at
least haif of that value, i.e. 7% of the
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Fig. 1—Tracking error
index of a radial arm,
light fine, with a 0.5°
servo window and ;
that of a pivoted arm,
heavy line, with a 9-

inch effective length, ¢ /"—\_\
24° offset angle, and i ~—

18-mm overhang.

Fig. 2—Tracking error
index of a radial arm,

showing how various

settings influence the
index.

057+ imm
+05° SERVO
WINDOW

Fig. 3—Tracking error
index of a pivoted
arm, showing how
various settings
influence the index.
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VTF. Thus, if we were to set the anti-
skating force to a median value (11%
of the VTF), the uncompensated side-
thrust would only vary by =4% of the
VTF, i.e. 0.04 gram for a 1-gram VTF.
Does anyone seriously believe that a
0.04-gram difference in the effective
tracking force on the left and right
groove walls could make any audible
or measurable difference?

If we adopt the common approach
of setting the anti-skating for optimum
tracking of the loudest passages, we
are effectively compensating for the
maximum sidethrust, and the forces on
the left and right groove walls will be-
come unbalanced by 7% or 8% of the
VTF at low modulation levels. (That is,
the force on the left-channel wall will
decrease by 8% and the force on the
right wall will increase by 8% for a total
difference of 16%.) Could this have a
detectable effect on stereo imaging or
on the resolution of subtle details dur-
ing low-level passages?

Fortunately, this question can easily
be answered by direct experiment, so
you can decide it for yourself. Select a
turntable whose anti-skating can easily
be varied during play without disturb-
ing the tonearm. Adjust the VTF and

cause variations of a few percent in
the effective tracking force on each
groove wall, it would be interesting to
measure the dynamic forces on the
stylus while actually playing a record
and see if these sidethrust variations
show up under real-world playing con-
ditions. This experiment can be done,
using a strain-gauge cartridge. The
varying d.c. and infrasonic output from
this type of cartridge is directly propor-
tional to the deflection of the cantilever
and thus to the instantaneous force
bearing on the stylus.

Such a measurement was made a
few years ago by Poul Ladegaard at
Bruel & Kjaer, and Fig. 4 shows the
result (reproduced from Ref. 3). The
initial tracking force was set to 10 mN
(1.0 gram), and portions of two re-
cords were played with the same car-
tridge mounted in three different tone-
arms. Each oscillogram in Fig. 4 shows
the variation in effective tracking force
during four seconds of music (two rev-
olutions of the record).

This result is shocking. Instead of
the variations of a few percent which
might be caused by skating forces, we
see the tracking force varying by 20%,
50%, and even more. What, you might

TRACKING FORCE (VTF)— GRAMS

Record |

Fig. 4—Changes in
vertical tracking force
with changes in
tonearm mass and
with warped and flat

records, see text.

° 1

Record 2
[ 1
0 s

04

06
Arm 1| Arm 2

Arm3

anti-skating for optimum tracking of
loud passages, and then play an ex-
tended low-level passage of music.
While listening, reduce the anti-skating
force to about half of its preset value
(producing balanced forces on the two
channels), and then raise it to normal
(creating the unbalanced condition for
low-level groove modulations). If you
hear a clear difference in sound, you
may be a candidate for a radial arm.
Most people, with most playback sys-
tems, hear little or no difference in this
test.

While theory indicates that the vary-
ing sidethrust in a pivoted arm will

ask, is going on to produce these re-
sults?

Tonearm Mass and Resonance

The answer is that the three tone-
arms had differing values of effective
mass, arm 1 being the lightest. Record
1 (the upper row of three oscillograms)
had a medium-sized warp, while re-
cord 2 appeared flat to the eye. What
Fig. 4 shows is that under real-world
operating conditions, with arms of typi-
cal mass and records of typical warp
content, the effective tracking force is
continually varying—and by much
more than a few hundredths of a gram

attributable to sidethrust variation.
Note that with arm 3 (the heaviest of
the three), tracking force variations of
+20% were found even when playing
a record which looked perfectly flat.
With arm 2, a typical medium-mass
design, the force still varies by +=10%
on a flat disc.

By itself, the tracking force is not
important; as long as the net tracking
force is high enough to keep the stylus
in contact with the groove wall, it will
continue to trace the groove. The real
problem here is the varying deflection
of the stylus cantilever, which is what
is actually being measured in these
graphs. With any operating cartridge
the arm’s tracking force bears down
against the resilient compliance of the
stylus assembly, and so any variation
in force immediately produces a corre-
sponding deflection of the cantilever
(and vice versa). This has several del-
eterious effects:

1. As the height of the cartridge
above the disc surface varies, the ver-
tical tracking angle (VTA) and stylus
rake angle (SRA) also vary, producing
harmonic and IM distortion.

2. Up-and-down motion of the car-
tridge relative to the record surface
produces a back-and-forth motion of
the stylus along the groove, causing
the music to be frequency-modulated.
This is a form of flutter, and it tends to
occur at rates of a few Hertz—precise-
ly the rates at which the ear is most
sensitive to flutter. Experiments have
demonstrated that, under typical oper-
ating conditions, turntables often ex-
hibit higher amounts of wow and flutter
than their specifications indicate, and
this flutter is closely correlated with the
frequency and severity of the arm/car-
tridge resonance. Taming the reso-
nance reduces the flutter.

3. As the cartridge shakes, its track-
ing force is modulated up and down—
the stylus alternately digging in with
too much force (creating the possibility
of accelerated record wear) and near-
ly floating free with insufficient force for
undistorted tracking of the groove.
This is clearly seen in the upper row of
Fig. 4; there are moments when the
effective tracking force falls to zero,
meaning that the stylus has completely
lost contact with the groove. Of
course, when the stylus is tracing
heavily modulated grooves, a reduc-
tion of even 20% in effective tracking
force may be enough to cause in-
creased distortion and mistracking.

4. If the varying cantilever deflec- J
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tion is not purely up and down but
involves any rotary or side-to-side mo-
tion, the stereo imaging will vary as
well.

If you look closely at the oscillogram
for arm 3, you will see that the wiggles
are not random but regularly spaced,
and analysis shows that the cantilever
deflection is occurring at a rate of 7
Hz. This, of course, is no accident: The
frequency of the arm/cartridge reso-
nance (due to the arm’s effective mass
reacting with the pickup’s compliance)
is 7 Hz. If this frequency is substantial-
ly lower than about 9 or 10 Hz, the
resonant system will continually be
stimulated into oscillation by motor
rumble and by record warps—not just
the obvious ripples but also the small-
er surface irregularities which infest
virtually every disc. Moreover, in the
real world the shelf on which the turn-
table sits is not motionless; it has its
own resonances, stimulated by the in-
frasonic vibrations of street traffic, foot-
falls, refrigerator compressors, furnace
blowers, etc. And since most turntable
suspension systems become progres-
sively less effective with decreasing
frequency, these perturbations are
readily transmitted to the record and
the stylus.

There are two practical ways to sta-
bilize the cantilever deflection. One is
to use a damping mechanism such as
the brush supplied with Shure and
Stanton/Pickering cartridges, a Disc-
Traker or Zerostat Z-track device, the
silicone damping supplied with some
tonearms, or the resonance-cancelling
rubber decoupler built into the coun-
terweight of some arms. (The most am-
bitious of the decouplers is perhaps
that in the Dual arms, where the device
is “tunable” to the mass and compli-
ance of the cartridge used.)

The other approach is to keep the
frequency of the arm/cartridge reso-
nance above 8 Hz or so, where there
will be fewer perturbations to stimulate
it. In principle, this could be accom-
plished by lowering the cartridge's
compliance, but the low-frequency
tracking ability of any cartridge is pro-
portional to its compliance, so a rela-
tively high compliance is mandatory.
Therefore, the only way to raise the
resonant frequency is to reduce the
effective mass of the cartridge and
arm. Figure 4 testifies to the effective-
ness of this approach: The oscillo-
grams for arm 1, the low-mass arm,
show virtually no variation in cantilever
deflection on the flat record (lower

eing shorter

and simpler,

the radial arm
is typically lighter
than a pivoted arm.

curve) and almost instantaneous re-
covery from perturbations on a warped
disc tupper curve).

It may seem that | have wandered
away from the subject of this article,
which is a comparison of pivoted and
radial tonearms, but | really haven't.
What | want to suggest is that the most
important advantage of radial arms is
simply that they are lighter than most
pivoted arms. Being lighter, they are
typically freer of the many problems
described in the preceding para-
graphs—resonance-induced flutter,
varying VTA and SRA, blurred stereo
imaging, and mistracking due to vari-
ations in effective tracking force. Being
lighter, they approach closer to the
tonearm ideal: Providing a stable plat-
form for the cartridge and holding it at
a fixed distance above the record for
stable cantilever deflection and con-
stant tracking force.

Radial arms are typically lighter than
pivoted arms because they are shorter
and simpler. As S. K. Pramanik ex-
plained in Ref. 2, the effective mass of
the tonearm is mainly due to the car-
tridge and plug-in headshell—the
items farthest from the tonearm’s piv-
ots. And their effective mass varies
with the square of their distance from
the pivots. A typical pivoted arm is
about 9 inches long, while a typical
radial arm is only 6.5 inches long;
squaring these numbers, we get 81
and 42.25, indicating that when all else
is equal, the effective mass of the radi-
al arm is only half that of its pivoted
counterpart.

Of course, the same reduction in ef-
fective mass can also be achieved in a
pivoted arm—as Dual, SME, and Orto-
fon have successfully demonstrated—
by redesigning the headshell, plug-in
socket, and cartridge itself, halving the
weight of each. The collaboration be-
tween Ortofon and Dual, for instance,
has resulted in a tonearm/cartridge
system whose total effective mass is
only 8 grams.

Thus, when audiophiles graduate
from older pivoted arms to radial arms
and discover that they sound better,

what they are hearing is probably not
the presumed superiority of straight-
line tracking, nor a reduction in tan-
gency error or skating force. They are
simply hearing the benefits of a low-
mass tonearm and cartridge combina-
tion in practice.

If this conclusion is correct, then the
main virtue of radial arms is just a
lucky accident which may well have
had nothing to do with the designer’'s
original goal! It is intriguing to note that
when audiophiles discuss the ob-
served advantages of radial arms,
they tend to describe the very same
benefits that other listeners have ob-
served when switching to a low-mass
arm (and the same benefits which. oth-
er audiophiles have reported when
damping was added to control the res-
onance of a tonearm): Better tracking,
lower distortion, less flutter, improved
stereo imaging, better resolution of in-
ner detail, etc.

Conclusion

The average radial arm probably
does sound better than the average
pivoted tonearm because the radial
arm, being shorter, has lower inertia
and thus provides stable cantilever
deflection and constant tracking force.
But those pivoted arms which have
been designed for radically lowered
mass also exhibit these same virtues—
and are fully the equal of radials in
sonic performance. Since the weight
of the cartridge body is a major contri-
bution to the effective mass of a tone-
arm, it is fortunate that a growing vari-
ety of low-mass cartridges are becom-
ing available.

The influences of arm mass and res-
onance on the quality of reproduced
sound are well established and easily
demonstrated. The advantages of
straight-line tracking appear to be
more theoretical than real.
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t's almost a truism that 78-rpm re-

cords are becoming very “coilect-

ible.” There is scarcely a flea mar-
ket or garage sale which does not
have its quota of dusty old discs and
early phonographs. Even old cylinders
turn up. | recently rescued a pile of
almost mint Edison Diamond discs
from a decorator who was intent on
nailing them to a steakhouse wall. If
you consider that in 1927, just before
the record industry started to decline,
over 100 million records and nearly
one million phonographs were sold in
the United States alone, and that in
1946, 400 million records and nearly
3. million radio-phonograph combi-
nations were sold, you will understand
why there are so many survivors.

There are still sufficient early records
and phonographs to keep a reason-
ably representative collection afforda-
ble, although if your interests run to the
quality machines, a good cylinder
model, with an external horn made
from oak, can cost you $2,000.

Many audiophiles will be surprised
to find that the restoration and collec-
tion of machines and records from ear-
lier days almost amounts to a “sub-
culture” which seems to have very
littte in common with mainstream hi-fi.
There are several flourishing antique
phonograph societies, whose ranks in-
clude mechanically minded tinkerers
who delight in restoring very early pho-
nographs, serious minded collectors
who are intent on preserving part of

our technical history, and those who
simply want to enjoy the music of an
earlier era. Each aspect attracts its
specialists; collectors of old cylinder
machines, for instance, are not par-
ticularly interested in the art of restor-
ing the sound from discs.

You might have, as | do, a collection
of 78s kept from the pre-microgroove
days, which were too important to dis-
card but which were never reissued in
the new format. Perhaps you have
bought a pile of old discs and are
curious to know how they sound. Qur
present technology makes it possible
to reclaim most of the sound recorded
in the old grooves with a degree of
fidelity which would astound their origi-
nal owners. Often the biggest problem
is finding a turntable with the 78-rpm
option.

There are purists who say that these
discs sound best on the original ma-
chines. However, the masters always
contained more information than the
reproducers could extract, and there
is little point in subjecting the grooves
to stylus pressures of a half pound and
more.

Looking back from our digital re-
cording vantage point, it is tempting to
say that the old records were noisy,
distorted and, for all practical pur-
poses, alike. There are obvious differ-
ences between cylinders and discs,
but even among the latter there were
wide variations. The most common
sizes were 10- and 12-in. diameters,
but many early discs were issued Iin
sizes ranging from 5% in. upwards.
Even 20-in. diameter discs can some-
times be found.

The speeds also varied wildly. The
predominant speed by 1925 was 78
rom, used by Victor, which happened
to be making the most records at the
time. Edison used 80 rpm, as did Co-
lumbia and Okeh, and some Pathe
discs were even recorded as high as
90 rpm. You might even come across
some 1931 Victor records recorded at
33 rpm.

When electrical recording started in
1925, 78 rpm was adopted for com-
patibility with as many discs as possi-
ble. In truth, the record speed was
relatively unimportant since most pho-
nographs had a speed contro} and the
pitch was adjusted to the listener's
taste.
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Duke Ellington and The
Andrews Sisters (CBS
Photo).

which gives 92 dots for 78.26, 216 for
334 and 160 for 45 rpm.

Before electrical recording made it
necessary to standardize the speed,
variations existed not only between
companies but even between discs
from the same studio. By replaying
early discs to give the known pitch of
early artists, variations of as much as
10 rpm can be found between record-
ings made on the same lathe. For this
reason, a variable speed player is es-
sential for old records.

There are also some old changers
which can be picked up fairly cheaply.
You should realize that the center hole
was not standardized completely and
present-day automatic changers can
jam on early discs. If you happen to
have a record which piays from the
inside out, the trip mechanism will be
very frustrating to say the least.

It's probably best to modify the deck
radically to make, in effect, a standard
manual turntable. Disconnect the trip
mechanism and remove any side
posts so that oversize records can be
played. Before the early '60s, the tone-
arms were usually heavy clunkers
with large amounts of bearing
friction and no anti-skating
adjustments. '"The An-
cients” recognized the

problem of the in-

wards force due to
the offset angle

it turned out that in order to use a
simple worm gear with a 60-Hz syn-
chronous motor, the actual speed was
78.26 rpm. If you wish to make a
strobe for 78.26 rpm, using a 60-Hz

line, the formula for the
number of dots, N, is:
N= 7200+ rpm

and overhang of the stylus and called
it “side-thrust” in those days. To quote
the Radiotron Designer's Handbook
(F. Langford Smith, Editor) published
as late as 1953, “A moderate amount
of side-thrust is not detrimental, be-
cause it helps to overcome pivot bear-
ing friction. . ..

A lightweight pickup with a miniature
needle played at about % ounce of
tracking force as compared with the
half pound plus of the soundboxes
and early electrical phonographs, so
the bearings did not need to be as
good as present cartridges demand.

It makes sense to use a modern low-
distortion, wide-range cartridge for the
old 78s. The earlier pickups had nee-
dle tip resonances well within the
audio range, with a 12- to 15-dB spike
at 15 or 20 kHz not uncommon for a
lightweight pickup. Also, intermodula-
tion products increased the noise in
the lower part of the audio spectrum.

A modern cartridge is smooth right
through the audio range, and 78 tips
are available for most cartridges.
Shure has a dozen in their range, from
the N44-1 for the M44, at $12.25, to
the VN478E at $64. If you intend to get
into the 78 side of things seriously,
Stanton will be able to help consider-
ably since they produce a full line of
cartridges for studio use. The 500 car-
tridge with the D5217 is very robust
and can cope with playing weights of
up to 7 grams.

A modern cartridge needs a good
arm if it is to function well, though it is




outside the scope of this article to sur-
vey a wide range of arms. | have used
an SME arm in its various forms since
they were first introduced and al-
though the knife-edge arrangement
has been a little balky at times, | have
found that this arm has stood up to
long periods of laboratory use. My cur-
rent choice in arms would be the SME
3009 R. The headshell in this model is
removable, which helps considerably
if you use several different cartridges.

The increased interest in 78s has
also been noted by several turntable
manutfacturers, and Thorens offers the
TD-126 11IB, an excellent choice. If you
are fortunate, you may be able to find
a Lenco variable-speed turntabie,
which can, if need be, wind at speeds
up to 90 rpm. Collectors know the val-
ue of the Lencos and they are becom-
ing rare. Dual's CS-608 is a three-
speed automatic turntable which | had
a chance to check for a review last
year. It is a moderately priced ma-
chine, sporting a lightweight arm with
the Dual anti-resonance filter. The con-
trols are placed conveniently outside
the dust cover, and its styling allows it
to blend unobtrusively with other hi-fi
components. Depressing either of the
two speed buttons gives a choice of
normal 33"z or 45 rpm; depressing
both buttons selects the 78-rpm
speed. A cartridge is supplied with the
turntable, and a stylus for 78-rpm re-
cordings, using a 2.6-mil tip, is avail-
able. The Dual machine is unique be-
cause it is the first hi-fi turntable in
several years to have the 78-rpm op-
tion and a moderate price.

A turntable rotating at the correct
speed and a cartridge with a 2.6-mil
stylus are the very minimum require-
ments for playing old 78 records. We
live in a world which has the luxury of
international standards, and because
an item is of a standard size today, we
tend to think that it was always so. In
the latter days of 78s, the groove was
standardized so that today’'s “stand-
ard"” styli could trace a new 78 groove
without touching bottom. At the same
time, the radius was small enough to
allow the stylus to ride in the groove
without jumping. This is a great idea,
provided that the disc is in perfect
shape and has been cut to the stand-
ard shape.

Unfortunately, today’s standard sty-

Stephane Grappelli and
Django Reinhardt

lus tends to float in the bottom of the
wide, shallow Pathé record grooves
and ride on the top of the narrow-
groove Edison high-speed discs. One
remecy is to use a truncated tip, which
allows contact with the groove walls
but does not reach the noisy groove
bottom. In addition, even if the groove
was cut to present-day standards, a
steel needle soon chops out its own
path, leaving a crop of filings embed-
ded in the walls for good measure. The
truncated tip and a selection of styli of
differing radii should be part of the
toolkit of a serious audio historian. Per-
fect tracing is the key to good sound
from old records just as in the very
latest digital types. The GIGO rule still
holds: no amount of subsequent treat-
ment can remove the distortion
caused by poor groove tracing.

The steel needle was not the only
groove-tracing device in use. Both dia-
mond and sapphire were frequently
employed and in fact, Edison em-
ployed a 0.75-mil diamond tip for his
Blue Amberol cylinders. It is fairly safe
to assume that all the discs you are
liable to meet will be either hill-and-
dale or lateral types. Victor Emerson,
at the turn of the century, did introduce
a cutter which produced 45-degree
modulation in an attempt to produce a
compatible record for both types of
soundbox (and getting round Edison’s
strong patents on the vertical pro-
cess), but the issue was very short-
lived. It is fairly obvious that a standard
stereo cartridge will reproduce both
types, but there are two very practical
objections. The first is that surface
noise is a product of contact with the
roughness of the groove wall and pro-
duces random motion in both the verti-
cal and the lateral planes. A stereo
cartridge responds to noise from all
directions but produces the signal
from only one. Consequently, the sig-
nal-to-noise ratio is unnecessarily de-
gradad. The second objection is par-
ticularly important for laterally cut
grooves.

The groove has always been cut by
a chisel-shaped cutter, operating at a
constant groove depth. Therefore, al-
though the groove is always the same
width aiong the radius of the disc, the
effective groove width (in terms of
what the stylus tip sees and must ne-
gotiate) varies, being widest at the

crest of the wave and narrowest at the
zero crossings. This causes the stylus
to ride up and down in the groove
twice per cycle. The narrowing of the
groove gives the name “pinch effect”
to the consequent distortion, which is
primarily second harmonic in nature.

Many solutions were found for this
problem, all centered on eliminating
the output in the vertical plane, and
ranged from cartridges which were
completely rigid vertically, and car-
tridges with a fairly rigid stylus bar on
a pivot permitting only lateral move-
ment, to long flat cantilevers which
rode over the vertical movement with-
out transmitting its effect, like a good
set of shocks.

The easiest solution, since we are
now blessed with a stereo cartridge, is
to link the two positives and negatives
together for lateral recordings and to
paraliel the two channels but with one
side reversed for vertical discs. A
switch can be installed at the base of
the tonearm, or if you have two car-
tridges, the wiring change can be
made in the headshell.

It is possible to use the stereo/mono
switch and a phase reversal switch if
one exists on the preamplifier, but not
advisable. The unavoidable phase
changes in the input section of the
preamplifier tend to prevent complete
canceliation between channels; the re-
sult usually sounds much cleaner if the
connections can be made close to the
cartridge.

The noise coming from the early
discs is primarily caused by the mate-
rial used for the pressing. The plastics
industry was in its infancy at the begin-
ning of the century, and the most ur-
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gent need was for a hard material
which would stand up to the pounding
of the heavy soundboxes. Many mate-
rials were tried, from celluloid and hard
rubber to Bakelite.

Shellac, a product of an insect na-
tive to India and the Far East, pro-
duces relatively quiet, smooth sur-
faces but is easily destroyed during
the first few playings. Shellac in 78s
was reinforced with indiana limestone
and Pennsylvania slate, materials cal-
culated to resist wear and grind the
stylus down to the shape of the
groove. Bits of the needle, left behind
in the groove, add to the overall noise,
and the method of harvesting the shel-
tac left a lot to be desired. The insects
(Carteria Lacca) were scraped off
twigs and were shipped, along with
bits of bark, sand and other tropical
rubble, to be ground up for the basic
record material. In addition, when
shellac became more difficult to ob-
tain, up to 25% reclaimed material, in-
cluding the record labels and any bot-
tles that happened to be thrown in with
the day's garbage, was mixed in. The
quality of the record material was vari-
ble, to say the least.

The whole pressing and reproduc-
ing process naturally left a consider-
able amount of debris in the groove.
Not all of it will be steel filings. Careful
music lovers used to use fiber or thorn
needles to protect the grooves, and
custom-made jewel needles were
available.

| once asked a record dealer for the
best way to clean and restore old 78s.
His reply was that the needle would
push the dirt aside as it travelled the
groove, so there was little need for
cleaning. | did not have that reply in
mind, since a modern cariridge, play-
ing at one gram, would skate over the
particles and so produce more noise.

Franklin D. Roosevelt
(CBS Photo)

The standard method is to scrub the
records lightly with a mild detergent,
followed by thorough rinsing. If re-
cords need sprucing up and have a lot
of fingerprints, they might be cleaned
with a window cleaning spray such as
Windex. The important thing is not to
do more damage to the records than
has already been done.

| have a spare Watts Manual Para-
stat and have found that the nylon
brush at the center does a fine job of
dislodging debris. A mild detergent
works very well, but if you wish to be
really scientific, Discwasher's Special
Sheilac Formula, which has been de-
veloped specially for 78s, gives excel-
lent results. f you use a brush or a felt
pad for your 78s, label it clearly and
keep it just for that purpose. If you
accidentally use it on your vinyl discs,
there is a risk of particles embedded in
the fibers damaging the grooves.

Shellac discs are very fragile and
broken records can be a problem. Edi-
son made his Diamond discs a quarter
inch thick, which helped to preserve
them, but the thinner 12-in. Victors
break easily. | asked my dealer friend
how to mend a broken disc. Like a true
salesman, he suggested that since his
network of associates could probably
locate a replacement within a few
days, it would be a lot less trouble to

throw the pieces away. There is a solu-
tion for clean breaks, however. Two
pairs of hands are needed for the re-
pair, which only works if the grooves
are intact.

Place the pieces on a flat surface
and fit them together carefully. In most
cases it can be done so that the crack
is nearly invisible. Holding the parts
together with a slight pressure, apply a
spot of instant cement, Krazy Glue for
instance, to the outer guard band and
to the center near the label, being
careful to avoid the grooves.

Capiltary action will draw the glue
down into the crack, where it will set.
Do not be tempted to put the glue on
the broken edges before fitting them
together because the glue's extremely
rapid setting makes it aimost impossi-
ble to make any fine adjustments.
When the first side has been glued,
turn the record over and apply the
glue to the other. With a bit of care and
a lot of luck, the crack will be largely
inaudible.

Once the purely mechanical as-
pects of providing the correct turnta-
ble speed and stylus type have been
settled, the more interesting part of ad-
justing the sound quality can begin.

The early presses were not sophisti-
cated and the temperature of the ma-
chine, the pressure, heating and cool-
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The Dixie Duo, Eubie
Blake and Noble
Sissle; below, Les Paul
atage 11

ing cycles were completely under the
control of the individual operator. Con-
ditions could change during the
course of the day; the ambient tem-
perature could change, and operator
fatigue could alter the cycle time. Be-
cause of these factors, the tone quality
of the records used to vary, even when
taken from the same batch. To add
further to the confusion, the recording
characteristics were not formalized un-
til very late in the history of 78s—al-
most with their dying gasp, in fact. This
requires either a very forgiving ear or a
preampilifier capable of six or seven
different equalization curves.

Every 78-rom record will require its
own tone control settings and special
treatment. You might even find that two
different styli are needed to extract the
best sound from the groove. The easi-
est course is to tape your results once
you are satisfiled with them. Be sure to
connect the deck to an EQed output of
the preamplifier, since the normal con-
nection bypasses the tone control In
many preamps. The correct frequency
equalization is just as essential for 78s
as it is for vinyl discs. The difference is
that there was no general agreement
on which curve should be adopted.
Today we have the luxury of being
able to press the button marked

—_

“phono” and know that any record
made during the last 25 years will be
equzlized to within a dB or so of the
nominally flat frequency response re-
quired by the rest of the system.

In their classic paper on electrical
recording in 1926, Maxfield and Harri-
son oointed out the need to record at
constant velocity at low frequencies to
conserve space, and to pre-empha-
size the highs to improve the signal-to-
noise ratio. The recording system they
described had a flat frequency re-
sporse extending out to 6 kHz and a 6
dB/octave roll-off starting at approxi-
mately 250 Hz. Most companies
adopted this, particularly in Europe, al-
though the turnover frequency was
varied between 200 and 300 Hz.

| raised the question of turnover fre-
quency with a fellow member of the
AES whose recording experience ex-
tended well into the days of the 78s.
His comment confirmed my suspicions
but did not help my search for useful

standards.

L —-:R_/ “We adopted 250 to 300 Hz as a
rule,” he said, "but our recording

characteristic depended on what we
were trying to do. Sometimes we
raised the turnover to 500 Hz or more if
we wanted a quieter recording.

The hill-and-dale records went be-
yond 6 kHz in 1926, as did some of the
later acoustical lateral-cut discs, but
this can be taken as the starting point
for the early Victors. The standard
curve, published by HMV in Europe,
had a 250 Hz roll-off and was —3 dB

at 13 kHz, with the special recordings
extending to 20 kHz.

When these records are played
back using equalization intended for
stereo discs, the high frequencies re-
quire a considerable amount of boost
to compensate for the RIAA roll-off,
and the difference in the bass turnover
frequencies causes a rise in output of
about 6 dB between 100 and 200 Hz.
The Decca Record Company adopted
the treble pre-emphasis suggestion
and boosted the highs by 6 dB at
about 12 kHz and used a turnover fre-
quency of just under 200 Hz.

In the United States, the high fre-
quency pre-emphasis was adopted
wholeheartedly, and a characteristic
very similar to the RIAA was used
above 1 kHz. Columbia used a turn-
over frequency of 300 Hz, but Victor
used about 600 Hz.

Figure 1 shows the recording char-
acteristics plotted in the normal way
for the most common European and
American records, and for the sake of
comparison | have included the RIAA
curve. Figure 2 is a more useful adap-
tation of Fig. 1. | assumed that the
regular RIAA equalization would be
applied to the record and, by showing
the difference between the RIAA and
the nominal 78 curves, obtained the
control settings required to bring the
78 discs back to a flat output. For in-
stance, the 250 Hz turnover frequency
used by HMV produces +5 dB with
respect to the RIAA curve when re-
ferred to 1 kHz, and so requires a re-
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duction of 5 dB at this frequency. The
high frequency lift is quite beyond a
current preamplifier, although the full
lift, without a steep cut filter to remove
the worst of the surface noise, would
be intolerable.

The serious audio archaeologist will
find that a separate equalizer is essen-
tial to the restoration of old discs. A
single octave equalizer is only of limit-
ed use, since in addition to compen-
sating for the different record charac-
teristics, a sharp band-stop filter is ex-
tremely useful for removing the reso-
nances and blasting effects which
seemed to abound. A Vs-octave
graphic equalizer is much more useful
since the visual display will allow you
to set the equalization to the curves of
Fig. 2 very easily and the bandwidth of
the system can be adjusted to suit the
frequencies actually recorded. There
is no point in following the theoretical
curve out to 10 kHz if there is only
needle scratch. My most useful piece
of equipment for the restoration of the
sound is Technics’ SH-9010 Stereo
Universal Equalizer. There are five
bands on this unit, each band capable
of being shifted from 5 to 3 times the
nominal frequency. The bandwidth
can be altered so that the Q factor
ranges from 0.7 to 7.0, and the boost
or cut is variable over a range of 12
dB. If five overlapping

bands are insufficient, then the channels
can be cascaded to give 10! One side
can be used for accurate equalization,
and the other can be used to chase out
resonances. The disadvantage of this
machine is that | found it so much fun to
use that | spent more time setting it up
than listening to the records!

Expanders have their uses, and of
the currently available units | would
suggest the dbx 3BX. Expansion
should be used with caution to avoid
unnatural effects, but when used dis-
creetly in the highs, a lot of the hiss
can be tamed. You might find the com-
pression feature an advantage. In the
early days of acoustical recording,
some of the singers used to lean to-
wards the horn when they were belting
out the high notes. If these coincided
with the resonances in the horn, an
unnatural blasting effect occurred.
This can be tamed to some degree by
compression. It seems that the record-
ing engineers of those days had to
resort to manual compression. If the
soprano would not allow for the limita-
tions of the machine, the engineer
would sometimes rush out just before
a crescendo and haul her away from
the horn!

| have also found Phase Linear's
Model 1000 Series Il noise-reduction
system very useful for removing the
hiss. The auto correlator system exam-

The original Benny
Goodman Four at a
recent Newport Jazz
Festival (Photo: George
Gilmore); below, The
Mills Brothers (CBS
Photo).

ines the frequency content of the sig-
nal as it passes through the preampli-
fier and reduces the bandwidth for
low-level notes, so that the hiss is re-
moved. At higher levels, where the
hiss would be effectively masked, the
bandwidth remains untouched. The
threshold of operation can be ad-
justed, which makes the unit a very
useful tool for restoration. | found that |
had to approach the expansion feature
with some caution, since it operates
over the entire band and can bring out
the clicks and pops. But then you can
always add a click and pop remover.

| have been secretly disappointed
recently. Hi-fi has approached perfec-
tion so closely that tinkering at home
seems pointless. It was a thrill to be
the first person on the block with a
home-made electrostatic speaker and
a Williamson amplifier, and this era is
certainly long since passed. | am fa-
miliar with digital techniques and am
looking forward to living with a DAD
player and a digital cassette machine.
| admire the perfection in audio which
they promise and look forward to be-
ing freed from the need to worry about
the quality of my signal source. But,
you know, tinkering with those cranky
old discs has brought a whole new
dimension to audio. It is spelled F U N.
And that, to me, is what a hobby
should be about. A

ol %W, |
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dio Disc Players...

ITH LASER TECHNOLOGY

Another technological breakthrough in the Kyocera Series

Recently there has been a lot
of stimulating conversation
about the newest breakthrough
in audio technology...the Digital
Audio Disc player (DAD). An
innovative concept which utilizes
a miniature 4%’ diameter en-
capsulated metallized disc cap-
able of being programmed with
over sixty minutes of stereo
recordings.

Until now, the talk has been
more speculative than factual
and production has been limited
to laboratory prototypes and
demonstrator models. Yet spec-
ulations and promises are not
the areas that have enabled
Cybernet to become a leader in
bringing new concepts of high
technology to the audio market...
and the DAD player is no excep-
tion.

o

Cybernet

CYBERNET INTERNATIONAL, INC.
Seven Powder Horn Drive, Warren, N.J. 07060 U.S . A.

Our new Model DA-01 Digital
Audio Disc Player utilizes the
proven principles of laser/
optical scanning found in quality
video disc systems, in which
there is no contact between the
disc and the playback head. By
eliminating needle or head drag,
wear and the inherent distortion
are virtually eliminated. The
DA-01 player provides all the
superb quality for which digital
audio is becoming known, with a
full 99dB dynamic range; fre-
quency response of 20-20,000Hz;
90dB S/N ratio and an impres-
sive 90dB channel separation.
Harm onic distortion at less than
0.05% is beyond the limits of
auditility.

Telephone: (201) 560- 0060 Telex: 642529 CYBERNET WARE.

Enter No. 6 on Reader Service Card

The convenience features are
remarkable. Encoded program-
ming information combined with
feather touch electronic controls
enables program repeat; scan-
ning; pause; skip; rewind and
programmable electronic mem-
ory ingex. A functional LED
digital panel displays program,
running time and head location.

In all, the DA-01 player fulfills
what DAD promises, with a
quantum leap in digital audio
technology. Look for it soon at
leading audio retailers.

©1982 CYBERNET



SYS EMS

6600

In an effort to cover more equipmeni
in our relatively limited space, with
specific attention to areas where there
is increasing consumer interest, we in-
augurate Audio Mini Reviews of One-
Brand Systems. In these reviews we
will focus on the relative worth of fea-
tures, with an eye on the cost/value
ratio; discussion of specs will be kept
to a minimum, but we will always keep
in mind the engineer's axiom—tc

measure is to improve. We invite your
comments —E P.

Sansui, as with many other makers
of audio equipment, gained its reputa-
tion by turning out scores of fine tun-
ers, amplifiers, cassette decks, speak-
ers, and turntables over the many
years of its existence. Now, however,
Sansui has turned its attention to those
music lovers who would rather not
have to pick and choose among

scores of products, those who simply
want a well-matched, compatible set
of ccmponents, preferanly already
housed in an appropriate equipment
cabinet. Perhaps most basic of al,
these folks want a system that can be
assembled and interconnected easily.

Such a system is Sansui's Super
Compo Model 6600. It ccensists of an
integrated amplifier (Model A-7). a
separate tuner (Model T-5); an auto-
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matic-arm-return, belt-driven, single-
play turntable (Model FR-D25), already
eqguipped with an induced-magnet
phono cartridge (Model SC-37); a cas-
sette deck (Model D-150M); a pair of
simulated walnut-grain, three-way
speaker systems (Model S-47), and a
simulated walnut-grain cabinet on
casters (Model GX-75A) for housing
everything except the speakers.
Speakers and, to a lesser extent,
phono cartridges are areas which
strongly influence the system's overall

musical balance, and here the experi-
enced audiophite will spend more of
his available dollars because pay-
back, in terms of sound quatity, is so
large. Purchasers of this system can
buy it minus the speakers if they pre-
fer, and since so much depends on
this choice, we strongly suggest some
comparison listening to other speak-
ers. While Sansui has eliminated a
troublesome task by factory-installa-
tion of the phono cartridge, this is an-
other area where the buyer may wish

ONE-BRAND SYSTEM RATINGS

Manufacturer: Sansui Model: Super Compo 6600

Overall Rating: Worth the asking price.

Dimensions: Cabinet, 18-15/16 in W x 377 in. H x 14% in. D.

Price: $1,300.00

Component & Specification Claimed Measured Rating

Power Amp Section (A-7) W
Power/Channel, watts 45 48.5 oo
Rated THD, % 0.05 0.03 M

Preamp Section (A-7)

Freq Resp.. Phono, dB RIAA =05 RIAA =0 75t i)
Phono S/N, dB 80 81 B

FM Tuner Section (T-5) »
50-dB Quieting, Stereo, dBf 37 41
SIN, Stereo, dB 72 63 (78 mono)t o)
THD, Stereo, 1 kHz, % 015 0.20 M
Separation, 1 kHz, dB 40 40 I
Alt. Chan. Selectivity, dB 60 60 M

24

Turntable/Cartridge Section (FR-D25 & SC-37) N
Freq. Resp. (Hz-kHz), ~dB 20-20 20-20, +3.2, -0 "
Separation, 1 kHz, dB 20 252 oo
Rumble, DIN B, dB 65 67 M
Wow & Fiutter, % w rms 0.03 Unmeasurable DU

Cassette Recorder Section (D-150M)

Freq. Resp., =3 dB, Hz-kHz N
Normal Tape 30-14 29-13.5 Wy
Chrome Tape 30-15 29-15 M
Metal Tape 30-15 26-15 M

S/N, with NR, dB 68 67.2 DI

Wow & Flutter. % w rms 0.05 0.043 IS

1See Text.

Rating System

S = Poor. M = Good, M= Very Good, MM = Excellent. MM = Superb

General Comments

Power Amplifier: Sound quality beyond reproach, could have better circuit protection.

Preamp: Slight bass emphasis (see text), superb loudness control arrangement Turnta-

ble & Cartridge: Slight treble peak (see text), simple but reliable construction. Tuner:

FM very good, AM acceptable; easy-to-use tuning indicators. Cassette Recorder:

Suggest using premium tapes, tape selection system a bit confusing

Overall Rating: M

to exercise an option since the car
tridge included will sound rather bright
due to its increased treble output. This
brightness will, however, be a good
thing if the listening room has fots of
drapery, a plush rug, or overstuffed
furniture: Such furnishings soak up tre-
ble notes and can easily destroy musi-
cal balance.

While the integrated amplifier has
most controls common to such a unit
(a program selector, bass and treble
tone controls, master volume control
balance control, and a pair of tape
monitor switches), there are two con-
trols normally found only on much
higher priced equipment. The first is a
record selector switch, which enabies
recording one program source, such
as a tuner, while listening to a different
program source, such as a record.
The other useful but rarely found con-
trol is a continuously variable loudness
control. Unlike fixed-position loudness
switches, this control permits correct
compensation when listening at lower
levels, which yield audibly “thin” bass
and muffled treble. The control ets you
correctly adjust these tones so that
they are balanced with mid-frequen-
cies. The flashing power-level indica-
tor lights are also worthwhile in that
they let you know instantly if you are
listening at levels that tax the amplifi-
er's capabilities and lead to distortion.

As the rating chart shows, the ampli-
fier section more than met its power
and distortion ratings, while preampli-
fier hum and noise (signal-to-noise ra-
tio) was also a bit better than claimed.
Frequency response of the phono sec-
tion was off by a bit more than
claimed, but this was actually due to
the loudness control feature praised a
moment ago. Even set to the “Flat”
position, it still adds a bit of bass boost
(about 1 dB, which is barely audible)
and therefore affects overall response
of all program sources fed through the
amp-preamp combination.

| liked the simplicity of the tuner's
front panei. Signal strength is indicat-
ed by a series of tiny lights at the left of
the well-calibrated dial scale, while
center-of-channel tuning, so critical to
proper FM reception, is indicated by a
pair of tiny arrows which move with the
illuminated pointer. As you get close to
a station, an arrow tells which way to
tune to complete the process perfect-
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By purchasing separate
components, it would be
hard to duplicate the 6600
Super Compo’s performance
and features at a
comparable price.
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ly. There are few other controls: AM
and FM selector buttons, a muting
stereo switch, the large tuning knob,
and a power on/off switch. As do so
many tuner makers, Sansui supplies a
simple wire dipole antenna; if you are
really serious about wanting superior
FM reception, | strongly recommend

substitution of a good outdoor FM an-
tenna.

You'll note that the signal-to-noise
ratio shown in the rating chart (63 dB)
fell short of the 72 dB claimed, but |
hasten to explain that most of the ex-
traneous signal read on my test instru-
ments was not audible noise in the

THE VIRGIN SOUND.

The Jensen System Series Speakers are
unique. With uniform power response
and ultra-precise crossovers, they are
designed to reproduce sound without
compromise, without manipulation. At
Jensen, our commitment is to bring
you exactly the sound that is record-
ed. Hear the pure, uncensored, virgin
sound at better audio shops. For more
information and dealer locations, call

800-323-0707.

JENSEN

Enter No. 15 on Reader Service Card

usual sense, but 19,000-Hz signal
which is part of the stereo pilot signal
used in FM broadcasting. Normally, |
would criticize such a high level of re-
sidual 19 kHz, because it can affect
tape recordings made from FM pro-
grams. It can also upset operation of
noise-reduction systems, such as
Dolby, found in most tape decks. For-
tunately, in this case, Sansui has built
a filter into the recorder, so the high
level of 19 kHz coming from the stereo
FM tuner does not harm recordings
made from FM programs.

The D-150M cassette deck is able to
handle the three most popular tape
types properly, but even with metal
tape, overall frequency response can-
not go beyond 15,000 Hz because of
the 19,000-Hz filter which is always in
use. For most ears, that's adequate,
and the excelient signal-to-noise ratio
obtained when the Dolby NR system is
in use, as well as the very steady tape
motion (note the extremely low wow
and flutter of 0.043%—even better
than the 0 05% claimed), make this an
ideal deck in its price class. Somewhat
simpler tape selection switching (it's
too easy to hit the wrong combination
of buttons) would have made things a
bit easier for the user, but that's rela-
tively minor.

The FR-D25 turntable is dependable
and easy to operate with its automatic
arm return but is otherwise devoid of
the frills which tend to raise prices. |
was not fully satisfied with the car-
tridge included in the package. Even
connected to the phono inputs of the
A-7 (where presumably optimum inter-
face should exist), the cartridge exhib-
ited a high-end peak (excessive treble
brilliance). Secondly, the cartridge re-
quires a tracking force of 2.5 grams-
more than | like to apply to records
these days. | felt that the tonearm of
the turntable itself was capable of han-
dling better cartridges with lower
tracking forces and, in fact, | substitut-
ed a medium-priced pickup for the
one supplied. The resuits were good.

Purchasing separately, it would be
hard to duplicate the performance and
features of the Sansui 6600 Super
Compo system at its price-—even if
you discard the supplied cartridge. Hi-
fi experience counts—and Sansui
has it! Leonard Feldman

Enter No. 98 on Reader Service Card
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EQUPMENT PROFILE i

Manufacturer’s Specifications

Signal Mode: NTSC TV format.

Binary Encoding Format: EIAJ
Standard (EIAJ STC-007).

Number of Audio Channels: Two.

Sampling Frequency: 44.056 kHz.

Quantizing: 14-bit linear quantization.

Error Detection and Correction: 16-
bit CRCC and P & Q correction
words.

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

Dynamic Range: More than 85 dB.

Harmonic Distortion: Less than
0.01% (1 kHz).

Wow and Flutter: Below measurable
range.

Record/Playback Time: 120 minutes
with T-120 (VHS) tape cassette.

Line Input Level: 300 mV rms.

Line Output Level: 1.0 V rms.

Digital Dubbing Output: 1.0 volt, p-p.

Headphone Output Impedance: 8
ohms.

Power Requirements: 120 V, 60 Hz.

Dimensions: 17 in. (43.49 cm) W X
10% in. (26.98 cm)} H x 12-1/16 in.
(30.63 cm) D.

Weight: 41.8 Ibs. (18.81 kg).

Price: Approximately $3,200.00.
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Fig. 1 —Record/play
frequency response of
Hitachi’s PCM-V300 digital
recorder at 0 dB and

—20 dB levels.

| was so anxious to get my hands on this latest PCM
digital recorder from Hitachi that | agreed to test the unit
before any owner's manual was available. Much to Hitachi's
credit, | was able to wend my way successfully through its
many front pane!f features. Only a few minor buttons, not
totally essential to the basic operation, remained obscure
even after | operated the machine for several hours. Hitachi
it will be remembered, was one of the first major companies
to offer a consumer PCM processor nearly three years ago
That unit required the user to connect it to a videocassette
recorder. But with the PCM-V300, a complete VHS tape
transport has been incorporated so that nothing else is
needed for creating your own two-channel digital audio
recordings except the performers and a good pair of micro-
phones (or as many mikes as you choose and a good
mixing consofe that won't limit the dynamic range of the
system). Hitachi might just as well have incorporated all of
the functions of a VTR together with those of an audio
recorder in this rather remarkable unit. In fact, upon first
examination | almost suspected that's what they had done,
but perhaps that will have to wait for another day. As the
unit tested now stands, it is designed strictly for PCM audio
recording, using the now well-accepted EIAJ PCM format
for use with NTSC video signals on a VTR helical scanning
system.

A VHS cassette compartment is located at the upper left
of the front panel of the PCM-V300. Further to the left are
two three-position slide switches. The first of these is an
auto-rewind selector, with "Off,” “Stop,” and "“Rewind/Play’
settings; the second switch is for use with an external timer
and has positions labelled "Off," “Record,” and "Play.
Directly below the cassette compartment are the usual, and
some not so usual, transport controls. Inctuded are fast-
forward, play, rewind, and stop in one cluster of light-touch,
solenoid-logic buttons, while just below, in a row of smaller
buttons, are a red record button, the pause button, and a
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To make the job of editing

a digital audio tape

somewhat easier and more
exact, Hitachi has devised
an “Address Search” system.
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button identified as “After Rec,” the purpose of which | was
unable to determine. The main power on/off button is locat-
ed to the left of these controls, and to their right is a mute
button (for momentary muting while recording).

Further to the right is an “Address Search” button which
works in conjunction with an “Address Counter” display, the
regular four-digit tape counter display, and three “Address
Search” setup touch buttons at the upper right of the front
panel. As anyone who has operated a VHS-type VTR
knows, trying to find an exact spot on a tape is not the
easiest task in the world. To make the job of editing or
electronically “splicing” a digital audio tape somewhat easi-
er and more exact, Hitachi has come up with this clever
address search system. Adjacent to the four-digit counter
display is another four-digit display called “Address
Counter.” By means of three associated buttons, the user
can set up this latter counter to show any four-digit number
desired. When the “Address Search” button below the cas-
sette compartment is touched, the tape will fast-wind in
either direction until the main counter reaches the same
number as the address counter. This feature is provided
over and above the usual memory rewind, which, as with
any VTR or audio recorder, only stops the tape transport at
“0000" on the main counter. For added convenience, a
button called “Shift” allows you to enter the setting shown
on the main counter into the address counter's display
without having to crank up to the desired number the hard
way, one digit at a time. A counter reset button, buttons for
choosing peak-hotd or normal level meter indications, mem-
ory on/off and “Function” (NORmal or Digital-Dubbing) are
arranged in the same row as the address and counter
buttons; appropriate indicator lights within the display and
meter area above tell the user at a glance just what func-
tions and buttons have been depressed. Two rows of 16
LED indicator bars each serve as the record-level metering
system for this unit and, as has been true of all PCM
processors or recorders tested to date, an additional indi-
cator flashes when 0-dB levels are exceeded, illuminating
the word “Over.” Useful range of the metering scales ex-
tends from an arbitrary 0 dB, or maximum safe record level,
down to —40 dB.

A few additional controls and indicator lights are behind a
small swing-door at the lower right of the front panel, near
the stereo headphone jack. These include a rotary tracking
control, a pre-emphasis on/off switch, a rotary control iden-
tified by the letters “DSLC" (which, | am told, stand for Data
Slice Level Control and have something to do with improv-
ing the machine's ability to detect digital data from a variety
of tapes, even if they are recorded on other machines), and
three indicator lights which flash when digital dropouts oc-
cur. Additional indicator lights at the very top of the unit tell
when “P" and “Q" error correction is taking place, when
pre-emphasis is being employed (for even greater signal-
to-noise ratios than are otherwise obtained), when the out-
put has been muted (because no tape or an improperly
recorded tape is being played back), and when the dub-
bing function has been selected. A cassette eject button,
dual-concentric record level controls, and a small output-
level control complete the rather elaborate front panel lay-
out of this unit.
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The clarity and purity of
scund using reference
headphones with the
PCM-V300 is difficult to
describe properly.

The version of the PCM-V300 recorder | tested was
equipped with pairs of line-in and line-out jacks on the rear
panel, dubbing in/out jacks, and another pair of jacks la-
belled “Audio In/Out” whose function remained a mystery to
me in the absence of an owner’'s manuai.

Measurements

Just about all the measurements for the PCM-V300 were
made using the Sound Technology Model 1500A tape test-
er. Figure 1 shows that record/play frequency response at 0
dB and —20 dB is almost perfectly flat from 20 Hz to 20
kHz. Note that the vertical scale has been expanded to 2
dB per division, as against the usual 10 dB per division.
Had | not resorted to this expanded scale, the two response
curves would have simply appeared as straight lines super-
imposed on the fixed scale lines of the graphs.

Figures 2A and 2B illustrate once again the nature of
“overrecording” in a PCM or digital recording system. So
long as recording leve! remained at 0 dB or lower, | ob-
tained a third-order distortion reading of 0.01% (Fig. 2A). (If
ultra-low recording levels are used, distortion tends to rise
again, as can be seen by the increasing ievel of the “blips”
at the lower left of the graph, which are visible beginning at
around —15 dB record level and below.) However, if | went
over the maximum record level even by 1 dB (Fig. 2B),
third-order distortion jumps right up to 1.4%: by pushing
even higherto +2 or +3 dB above the normal 0-dB record
level, distortion would approach 10%, as can be seen by
the appearance of the two “blips” near the tog of the graph
at the right.

While | normally don't measure second-order distortion
on analog tape recorders (since third-order products domi-
nate), | decided to measure that parameter for the Hitachi
PCM recorder simply to gain some insight as to the nature
of an overload recorded waveform. | was not surprised to
find that even at a +3 dB record level, second-order distor-
tion measured only 0.5% (Fig. 3), indicating the overload in
a digital recorder tends to produce very much the same
sort of “"square-wave" clipping which is common in an
amplifier when it runs out of power supply voltage. In this
case, the digital system has simply run out of “words" with
which to represent signal amplitudes higher than 0 dB. The
waveform becomes "flat-topped,” tending towards a
square wave which, of course, is made up primarily of odd-
order harmonics (3rd, 5th, 7th, etc)) with very little even-
order harmonic content.

Overall signal-to-noise ratio, measured without any
weighting curve, was 81.5 dB (Fig. 4). | should note, how-
ever, that what noise there was that contributed to this
reading was primarily in the high-frequency region above
15 kHz. Even at 16 kHz, the actual spectral noise level for
the third octave about that frequency measured 85.3 dB.
Had | elected to use “A” or CCIR/ARM weighting for this
measurement, S/N results would have been beyond the
capability of the test instrument, in excess of 90 dB below
reference (maximum) recording level.

Channel separation for the PCM-V300 was also far be-
yond anything attainable with an analog tape deck. In Fig. 5
| have plotted separation versus frequency; at 1 kHz, sepa-
ration measured 71.5 dB between channels! Even at the 20-
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TELEVISION’S
COMPONENT VIDEQ.

INTRODUCING A LEVEL OF
PICTURE, SOUND AND FLEXIBILITY
LIGHT-YEARS
BEYOND ORDINARY TELEVISION.

Sony has just created a concept so
innovative, so farreaching that we feel
compelled to use the often overused
word "Revolutionary” to describe it.

It's called Profeel Trinitron Compo-
nent Television® It's a system that offers
astonishingly crisp, clear television pic-
tures—near concert-hall sound-and lit-
erally anticipates the whole future of
video and audio.

But perhaps its greatest innovation
is that its technology is applicable

today.
THE SYSTEM VS. THE SET.

Television has changed the world.
And we at Sony have played a major
role in it. But as advanced as the televi-
sion set is, it simply isn't equipped
to handle standard broadcasts, video
games, multi-channel sound, direct-
broadcast satellites—the demands of the
accelerating video revolution. Primar-
ily because the picture tube, tuner and
speaker are all relegated to the same
box. Thus compromising each part.

Sony's new Profeel Component se-
ries is without compromise.

At the heart of the system is a sep-
arate television monitor (19- or 25-inch)
with Sony's Emmy Award-winning
one-gun/one-lens Trinitron picture tube.
Sony's exclusive Colorpure Filter, Dy-
namic Picture and Dynamic Color Cir-
cuitry*automatically adjust color balance,
facial tones and contrast levels and
eliminate the color spill and color noise
so prevalent in conventional sets.

So for the first time ever you get
ghost-free, glitch-free, snow-free
pictures whose clarity and
sharpness are matched only
by professional broadcast

P Ll i Ao

2

SONY.

WHAT YOU'VE BEEN MISSING IN TV
VIEWING: TV LISTENING.

Profeel is not only the best televi-
sion you've ever seen, but ever heard.
Instead of squeezing sound out of a tiny
three-inch speaker, Profeel features
two highly efficient, two-way, magneti-
cally shielded speakers. Each distin-
guished by rich, resonant bass response
and crystal-clear highs. And when
stereo broadcasting becomes a reality,
it's easily adaptable.

Then there's the control center—the
separate Profeel Access Tuner. It does
more than hook you up to your favorite
TV show. It connects you to 5 program
sources at once: videodiscs, home
security systems, cablecasts, videocas-
sette recorders, UHF/VHF, video
games, or home computers. And in the
future— direct-broadcast satellites, tele-
text, multi-channel sound, interactive
communication systems—there's an en-
tire universe of possibilities for Profeel.

A SYSTEM AS EASY TO USE AS

THE TV YOU ALREADY USE.

With as many electronic wonders
as there are in the Profeel system, you
may perceive the need for an elec-
tronics degree to fathom it. Well, per-
ceive again. With Sony's computerized
10-key, multi-function Remote Com-
mander® you're in control of the system
adjustments, program sources—the
entire home-entertainment center—all
at the gentlest touch of a button. And all
from your easy chair.

Recently a noted critic said: "As
sure as radio evolved into component
stereo systems, the all-in-one television
is ready to grow into a multi-talented
system.”

Ithas.

It's Profeel. And it's here today
from Sony.

PROFEEL

monitors. 5
\ /
SONY.
THE ONE AND ONLY.
© 1982 Sony Corp. of America, 9 West 57th St., New York, NY 10019. Each component sold separately. Profeel Trinitron and Remote Commander are regisiered ttademarks of the

Sony Corp. *Colorpure Filter, Dynamic Picture and Dynamic Color Circuitry are trademar ks of Sony Corp. of America
Enter No 29 on Reader Service Cuaid




If there are deficiencies in
the playback of digitally
recorded music, they
remain in the amplifiers
and speakers we must use.

kHz frequency extreme, separation was still around 65 dB,
and | suspect this reading may have been the result of
capacitive coupling between the two output cables con-
nected between the unit and the test instrument rather than
actual crosstalk, which theoretically should not exist in any
digital recording system.

Finally, in what is fast becoming a familiar “non-graph” in
these tests of digital tape recording equipment, Fig. 6
shows that there was not enough wow and flutter in the
system for my sensitive test instrument to detect. Note that
the instrument would have been able to detect wow and
flutter values as low as 0.01% if they had existed, but as in
previous tests, the instrument simply responded by telling
us “SIGNAL TOO LOW." | expect one of these days it's
going to tell me to stop bothering with such unmeasurable
inputs!

Use and Listening Tests

Hitachi was kind enough to send a tape containing a few
selections of digitally recorded music. | listened to these
through a top-grade set of reference headphones first, so
as to eliminate all other analog reproducing equipment from
the signal path except the necessary final transducers (the
phones) and the phone amplifier stages that Hitachi elected
to incorporate into their PCM-V300. The clarity and purity of
sound obtained is so extraordinary that it is difficult to

describe properiy. Suffice to say, it is excellent!

A reader recently wrote to me, criticizing my enthusiasm
for digitally recorded and reproduced sound. This reader
suggested that | sounded as though | had discovered a
new plaything and was being chiidish in my exuberance for
digital audio. Well, perhaps | am, but | would suggest that
the first time you hear digital sound, reproduced over a fine
audio component system, you may not be able to restrain
your enthusiasm either. The musical selections, which
ranged from classical, to electronic organ, to pop, were
played again, this time over my reference speaker system,
and | was equally impressed.

There are those who will argue that the steep filter re-
quirements of the EIAJ Standard format (which cuts off all
audio above 20 kHz at a very sharp rate) is a detrimental
aspect of this type of recording, one that prevents absolute-
ly “faithful” musical reproduction. If true, | must confess |
can't detect any problems caused by this limitation. In fact,
all things considered, digitally recorded music comes as
close to the "real thing” as anything | have heard to date,
and 1 suspect that if there are deficiencies, they remain in
the amplifiers and loudspeaker systems which we must use
to reproduce this new kind of program source—amplifiers
and speakers which, for the foreseeable future, remain
wholly analog. Leonard Feldman

Enter No. 90 on Reader Service Card

1. Tapered /laser-hollowed Ruby cantilever

2. Laser-drilled rectangular stylus mounting hole

3. Nude rectangular-shank Straight Line Contact stylus
4. Toroidal coils hand wound of pure Silver wire

5. One-piece “Omega shaped” coil core/pole pieces

6. Three year warranty
7.%1,200

And if that doesn’t

convince you...listen!
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Listening to music is best with a com-
ponant system. But while listening may be
a pleasure, choosing the components can

be f-ustrating and downright intimidating. -

Now Sansui makes.choosing your system
a pleasure, too. By taking away the
guésswork:
Designed entirely’by Sansui, whose

history.spans the history of hi fi, Super
Compo components are matched for spec-
ifications, features and functions by audio
experts who care as much about music as
you do.

I Whether yol prafer records or tapes,

! your faverite FM or AM station, oreven
‘making your own tape recordings; Sansui

i -

b LT
"!'_llm

Su er Compo.
eautﬂ‘ully matched by Sansui.
- Unmatched by anyone else. ™

Enter'No. 25 on Reader Service Carg
»

has a Supnr Compo system that's perfect
for you. All components come ready to
haok up and install in their attractive rack-
style furniture.
So if you want the ultimate in a matched

music system without the hard choices, * i i
lcok to Sansui’s six Super Compo systems
with optional remote control — shown above.* =%

They're matched for vou. Unmatched by =~ %"
anyone efse. At your local Sansui dealer.

SANSLII ELECTRONICS CORPR
<3 1 Lyndhurst, New Jersey 07071

) ! Gardena, CA 90248

WO Sansui Electric Co,, Ltd:, Tokyo, Jagon’

*The RS-7 Remote Control is gvailable for most Super Compo systems.

-

#



FQUIPMENT PROFILE

McINTOSH

MX-117
TUNER-PREAMP

Manufacturer’s Specifications

FM Tuner Section

Usable Sensitivity: 11.2 dBf (2.0 pV/
300 ohms)

Fifty-dB Quieting Sensitivity: Mono,
19.1 dBf; stereo, 39.5 dBf

Signal-to-Noise Ratio: 70 dB mini-
mum, both mono and stereo.

Harmonic Distortion: Mono, 0.18%;
stereo, 0.38%, maximum.

Alternate Channel Selectivity: 78 dB
minimum.

Image Rejection: 100 dB minimum.

Stereo Separation: 45 dB minimum at
1 kHz.

AM Tuner Section

Sensitivity: 75 pV (external antenna).

Signal-to-Noise Ratio: 45 dB min. IHF
or 55 dB @ 100% modulation.

Adjacent Channel Sensitivity: 30 dB
minimum.

Image Rejection: 65 dB minimum
from 540 kHz to 1600 kHz.

Frequency Response: +0, —6 dB
from 20 Hz to 3.5 kHz.

Preamplifier Section

Frequency Response: +0, —05 dB
20 Hz to 20 kHz.

Rated Outputs: Main, 25V, line, 1.25
V:headphone, 750 mV; tape, 250 mV

Distortion: 0.02% max. @ 2.5 V out-
put from 20 Hz to 20 kHz

Input Sensitivity for 2.5 V at Main
Out: Phono, 2.2 mV; high level, 250
mV.

Signal-to-Noise Ratio: Phono re: 10
mV in, 90 dB A wtd., 80 dB un-
weighted; high level re: 250 mV in,
100 dB wtd., 90 dB unweighted.

Input Impedance: Phono 1 and 2, 47
kilohms and 50 pF; high level, 47
kilohms.

Output Impedance: Main, less than
100 ohms; line, 600 ohms; phono, 8
ohms; tape, less than 200 chms.

Equalizer Control Response: +12
dB at 30 Hz, 750 Hz, and 10 kHz.

General Specifications

Dimensions: Panel, 16 in. (40.64 cm)
W x 5-7/16in. (13.81 cm) H; chassis,
13 im (33.02 cm) D; knob clearance
in front of panel, 1% in. (3.17 cm)

Weight: 24 Ibs. (10.8 kg)

Retailer Reported Price: $1,399.00.
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Fig. 1—Mono and stereo
quieting and distortion
characteristics, FM tuner
section.
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Fig. 2—Harmonic
distortion vs. frequency,
FM tuner section.

Mclintosh Laboratory Inc. remains one of the few compa-
nies that continues to offer a high-fidelity component which
incorporates both FM/AM tuner circuitry and preamplifier-
control circuits. For those audio enthusiasts who do want to
include radio (and particularly high-fidelity stereo FM radio)
as a program source in their audio systems, this combina-
tion, on a single chassis, makes a great deal of sense; so
much so, in fact, that | have always wondered why most
other manufacturers have not offered this type of compo-
nent. After all, it permits the user to choose any power
amplifier he or she requires, allows for the incorporation of
two turntables as well as two tape decks, and offers the
versatility of a separate preamp-control unit while at the
same time incorporating a top performing stereo FM/AM
tuner.

Front Panel Layout

The MX-117 has the unmistakable Mclintosh front panel
look, with its anodized gold and black finish, gold/teal illumi-
nated nomenclature, and exclusive PANLOC mounting sys-
tem which has become a tradition on Mac equipment. A
large, well illuminated cutout area of the panel contains the
calibrated AM and FM dial scales, an evenly spaced “log-
ging scale” (calibrated linearly in 0.1 increments from O to
10), seven small indicator lights (which denote program
source selected as well as selection of interstation muting
during FM listening), and a 14-LED solid-state tuning indi-
cator system, consisting of 10 small dots arranged in a
vertical row, a small bar which illuminates to denote stereo
signal reception, and three bars which tell if you are tuned
below, above or exactly to center frequency when listening
to an FM station.

A conventional flywheel-coupled tuning knob is posi-
tioned to the right of the dial area. All remaining front panel
controls are neatly arranged along the lower section of the
panel. These include a six-position program source selector
switch at the lower left (AUX, AM, FM, FM mute, phono 1,
and phono 2), three tone controls to the right of center

(Mclintosh prefers to call them equalizer controls, since they
do divide the audio spectrum into three parts, as opposed
to simple bass and treble tone controls which usually con-
trol wider swaths of frequencies), a dual-concentric balance
and loudness control, and a master volume control at the
lower right. Six pushbutton switches, plus a stereo head-
phone jack, are located to the left of center of the panel. A
red button serves as the power on/off switch, while the
contrasting black buttons handle such functions as tape 1
or tape 2 monitoring, tape copying from either connected
tape deck to ancther, and stereo/mono selection. The loud-
ness control arrangement found on the MX-117 is different
from any | have previously encountered, and | shall have
more to say about its action presently.

Rear Panel Controls

Stereo pairs of input jacks and a chassis ground terminal
are located at the extreme right of the rear panel of the MX-
117. Inboard of these are two pairs of “Main” output jacks,
line-out jacks (designed to operate into 600-ohm loads), the
tape-out jacks (for connection to up to two tape decks), and
vertical and horizontal oscilloscope output jacks which may
be connected to Mclntosh's Maximum Performance Indica-
tor or to any oscilloscope for observation of muitipath phe-
nomena during orientation and optimization of an FM anten-
na. A pivotable AM loopstick ferrite antenna is located at
mid-panel, and next to it is an FM preselector switch which
introduces additional tuned-circuit filtering for additional r.f.
selectivity in the event of strong-signal overload conditions.
Normally, this switch is left in the “out” position.

External AM, ground, and 300-ohm FM antenna connec-
tion terminals of the “push to insert wire" spring-loaded type
are at the upper right of the rear panel, and alongside is a
standard coaxial connector for use with 75-ohm transmis-
sion lines. Three switched and two unswitched convenience
a.c. outlets complete the rear panel layout. Up to 600 watts
of power can be drawn from all of these a.c. receptacles,
combined.
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