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Convey tional ka
has paper cone.

Blow into a
.

ázoo and what o
you hear? A buzzing noise you'd
expect from a toy that costs about
fifty cents. But just as the paper
cone in a conventional kazoo cre-
ates a buzzing noise, the paper cone
in most conventional speakers
creates distortion.

The reason'? Paper cones flex.
As they alter their shape, they alter

your music.
Pioneer's HP speakers have

cones made of Polymer Graphite
instead of paper. This amazing
material reduces speaker distor-
tion up to three -fold. Which
means instead of listening to your
speakers you can listen to a lot
more of your music.

What's more Polymer Graphite



Conventio
speaker has paper
cone.

is lightweight and non -resonant.
So it doesn't add any of its awn
sound to your music.

So why buy a conventional
paper speaker and limit your sys-
tem's high fidelity, when you can
buy a Pioneer IPM Polymer
Graphite speaker and improve it.
CD PIONEER"

We bring it back alive. Pioneer H PM Polymer Graphite.

Pioneer's
eaker has

polymer graphite
cone.
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The Right Touch
Is a Discwasher
SC -2 Stylus
Care System.

The SC -2 is a three -
function system which safely
removes microscopic stylus
contaminations that cause
record abrasion.

SC -2 Fluid enhances and
speeds cleaning and yet pro-
tects diamond adhesives,
cartridge mounting polymers
and fine -metal cantilevers
against the corrosive effects
of many other "cleaners".

The Discwasher SC -2
System. Stylus care with
which your cartridge and
records can live.

discwasher
PRODUCTS TO CARE FOR YOUR MUSIC

Discwasher, Inc.
1407 N. Providence Rd.
Columbia, MO 65201
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TIlE ONLY
CARTRIDGES WITH

fi BRAIN.

Micro -Acoustics System II phono cartridges. The only cartridges capable
of automatically matching themseiies to any high fidelity system. Their
built-in microcircuc bra ns are so fast and so accurate, they duplicate in
your home the performance measured in our laboratory.

But "brains" is only the begining why iliaSystem II is such an inbfigent investment.t. Because
it's more than a new carr-idge design-it's a
whole new technology? Hear the -cif erence Mikro-ficousticsfor yourself at your Micrc-Acoustics dealer.

Micro -Acoustics Carp., 8 Westchester System II
Plaza, Elmsford, NY 10523. The Stereo Cartridge. Reinvented.
©1981 Micro-Acoueics Cory.
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IMPOSSIBLE!
They said t co.uldn't be done. Create a "closed -ear"

headphone that compares wit- our legendary
Open -Airee models 'o` clarity, definition,
wide -range response and dy^amic range.

And :hey were right, un-il now.
Now, there's the HD 222. Its novel
8.8 -oz. design gives you maxi-
mum performance arri
privacy. with minimum
weight. Plus the kind of
forget -you're -wearing -it
comfort that's u-tiqual j
Sennheiser.

For professional
monitoring-or -otal
involvement-audition
our HD 222. And hear
the impossible lor
yourself.

SEIVIVHEISER
ELECTRONIC C3RPORATON

10 West 37th Street. Nev York 10018 (212) 239-019C
Manufactur ng Plant Busseldcrf/Hannover, Nest Germany
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Technics linear -tracking turntable.
Program it to play any cut. In any order. Even upside down.

Once aga n, Te= -nits makes n.rrtable history with the intro-
duction of the world's first programmable linear -tracking
turntable. The irect-d-ive SL -i5 does what no other turn-
table can: Autcrnatical'y plays the record selections you want
w.th zero tracking errcr, and skips the ones you don't.

The 9.-15's microcomputer lnd infrared optical sensor
let you play up to 10 cr.ts per s de, in any order. Just press
the program keys in the order of the selections you want to
hear. And with the repeat button, the SL -15 can repeat the
entire program or any selection.

The fact is. the SL -15 will pe -form virtually any turntable

function, automatically. It selects the record size and speed,
finds the lead-in groove and begins playback at the touch of
a button. And it does it more accurately than you can.

More proof of the SL -15's accuracy is its quartz-lozked,
direct -drive motor and dynamically -balanced, linear -tracking
tonearm. In addition to tracking perfectly, the SL -15 plays a
record as accurately upside down as it does right side up.

Technics also offers other linear -tracking turntables, in-
cluding our famous SL -10 and our new SL -7. But which-
ever turntable you choose, all prove when it comes to linear -
tracking, Technics is a cut above the rest.

Technics
The science of sound

Enter No. 25 on Reader Service Card



AUDIO ETC
EDWARD TATNALL CANBY

Against a snag, no modern
cartridge is proof .... One
touch of knitted wool and the
snag would be complete.

I've had my fingers into my hi-fi sys-
tem again, to hook up and de -hook
still more LP disc playback equip-

ment - it's hard to keep up these days.
Some people have objected that I con-
demn the LP by touting the day when a
true all -digital disc, or several, will take
over the field. Wrong! Wrong if they read
me carefully. I have lived with LP for its
whole life and I respect it, past, present
and future - whatever this last may
bring. That future has certainly NOT
stopped unfolding, as anybody can
plainly see and hear. So now for Install-
ment Two, after a fashion, following my
account in January of Sony's PS -X75
"biotracer" turntable.

Yes, human fingers are a lot better
than remote control buttons when it
comes to landing an LP stylus precisely
on the quiet grooves between LP bands.
But in other respects our thankless digi-
tals are being asked to do a great deal in
a negative way by the competing inter-
national manufacturers. Namely, to keep
out of trouble. The damage that even a
slightly unwary finger, or thumb, or even
a human arm or sleeve can do today is
appalling. I should know. Are your fin-
gers bulkier and clumsier each year?
That's the way it feels. I get the shaking
palsy just looking at a new cartridge -
me, I'm supposed to install THAT? And I
can't even see the point, with 20-20 vi-
sion.

As far as I can tell, my professional
colleagues on this magazine, bless
them, seem never to make finger -faux -
pas the way I do. Not if you read them,
anyhow. I've figured out how they do it.
Specially designed mechanical fingers,
controlled by micro -circuits. What else?
You put them on like surgical gloves.
These fingers, I postulate, must be of
spring steel, delicately tuned to a mi-
crometer's breadth, tipped with iridium
curved to a Shibata, with fingernails of
nude diamond, the better to grasp. You
don't make ANY mistakes with that kind
of finger. Joints of sputtered silver, bab-
bitted and lubed with silicon, powered by
tendons of braided niobium sheathed in
Teflon for precision movement. Some
fingers! Maybe I'd do better if I had a

pair. As it is, if I ever wrote an Equipment
Profile, it might go like this, in.excerpt:

".. On the left, the bias is controlled
by a three -position toggle switch - oh -
oh, there it goes. Fell right off in my
hand. Must have tweaked it too hard."

Or: "The cartridge was lowered care-
fully to the record surface and EEEK -
a one -inch scratch was seen to appear
across the grooves at an angle of 93 de-
grees. This produced a peak reading of
+87 dB at a frequency of 33.33 occur-
rences per minute, +1 percent, -Y2 per-
cent."

Or even: "The phono stylus of
stressed nubidium alloy was examined
closely for tolerances. Oddly, two-thirds
of the stylus bar was unaccounted for.
However, the segment which proved vis-
ible easily exceeded manufacturer's
specs."

No, only the people whose ordinary
digits are no more precise than Neander-
thal's could expect to run into that sort of
testing trouble. Me.

So - to business, and all praise to
my colleagues who do not write as per
above. Today's account is of a quite fab-
ulous new cartridge, as maybe you
could begin to guess. I particularly had
asked to try it because it is different in
rather fundamental respects. The unit ar-
rived just as I came down with digitalis
(see February), followed, alas, by peri-
carditis, which is no fun at all. So I

tossed the little package quickly to my
intelligent neighbor along with another
brand-new table. I can't use more than
one table at a time, after all, and these
two would match, both of them state of
today's art. Within a day, this guy called
me back in distress. "Hey," said he,
"why does this new cartridge skip
grooves all over the place? My old one
didn't." "WHAT," said I, "impossible!
That thing should track anything, includ-
ing a quarter -inch vertical warp."

"Well," he said, "I put it right into my
old table and -." "YOUR table! You
mean that thing you've had for 22 years
already?"

"It works," he said. "So why not?
Your new cartridge is just lousy, that's
all. It won't track. Even at 21/2 grams."

"Good Lord, man," I shouted, as my
fever went up two degrees. "Please," I

said, "the NEW table. And two and a
half grams - get that thing out of there
and put it in the new table or I'm ruined!
Repeat, the NEW table. And let's hope
there's no damage. New cartridge, new
table. They match. Get it? You CANNOT
use a new high -quality cartridge in a
table as old as that one, with its big, fat
heavyweight arm and semi -rigid bear-
ings. This thing is delicate, man! You've
set up hideous strains on it, you've got
horrible resonances. That is, as the car-
tridge sees them. If you want a cartridge
for that table, I've got a batch of them in

6 Illustration: Kurt Vargo AUDIO/MARCH 1981



MORE MUSIC.
LESS NOISE.

MORE MACHINE.
SANSUI.

Noise is a thief. It robs you of the quality of music you are e
tit ea to hear f-om c -ine cassette deck, On the right is a picture
of a tilde o- dynamic diskirtion krown as modulation noise. It
make; music sound g-ittl, whether the sound is loud or soft What-he.se spec um d lye
traces show, a^d ya_r own ears will confirm, is that Sansurs new D-55CM cassette deck, vii n

_x F. M

111I.

,,,t,out SDSF with SDSF

D-550 M

E1( LE 'EL

t_ non

its exclusive (pat. pe -)d rg)
Dyna- Scraae Filter, r=du.Des modulation noise ay as much as
1CcB! That rep-esentr, a sartling audible difference and a profo.. reduction
in this most pervasive of tape noises. Until now, scrape filters were found only in professional
reel to reel tape decks. Now Sansui has ingeniously engineered this valuable technology
into a truly affordable cassette deck.

The D -550M is a 3 -head machine with full IC logic control. It has a frequency response
from 25-21,000Hz (± 3dB, metal tape); user adjustable bias cent -al; 2 -motor drive that
reduces wow and f'!After to a miniscule 0.035% (WRMS); plus slate -of -the -art heads and
electronics that improves s gnat to noise ratio to 70dB (with Dolby-BTM').

And if it is logical for cur top -of -the -line D -550M to have fu I IC logic, then it is logical fo
our more modestly priced D -300M to have it as wel;. In fact, much of Sansui's advanced
technolagv that's :n our most costly models is also found across
the entire Sansui .ine. Indeed, our lowest priced cassette deck,
the D -95M, like the D -550M, D -350M and D -300M, has metal
tape capability,

More music, less noise. More machine. Better value. That's
D -95M what Sansui cassette

decks are all about.
Come see the full

line now at your local
Sansui dealer.

D
I

TAPL y1 F['lí7P. ) X rY MPX MU\41t M'
stfi IIll1R

MI n

M SCl

) 9®

SANSUI
CASSETTE DEC

D -550M
Metal -Tape Compct
D -350M
Metal -Tape Compc
D -300M
Metal -Tape Compatible
D -95M
Metal -Tape Compatible

'D -95M available in
silver only. All other
models in silver or Plop

SANSUI ELECTRONICS CORP.
Lyndrtunit New Jersey 07071  Gardena, as 90247
SANSUI ELECTRIC CO., LTD., Tokyo, Japan
In Canaba: Electronic Distributors

Enter No. 20 on Reader Service Card



Realism.
ALLISON:ONE® loud-
speakers were used by
Diversified Science
Labs in reviewing nine
"audiophile discs."
The reviews were
published in a special
section of the Winter,
1980 issue of Stereo
magazine. Here are
some excerpts:

"Stereo imaging has
excellent width and
depth and is rock
stable.... What we

heard was as real a piano as we have ever heard
on a recording.... percussion is crisp and clean
and even the triangle stands out clearly in the
presence of the full orchestra. Brass is excellent
in all registers: cellos and basses are clearly
defined.... Undoubtedly, this is one of the
most sonically thrilling recordings we've ever
heard.... super -solid kick drum, magnificent
transients, scintillating cymbals.... contains
a truly perfect transcription of the sound of a
bass drum.... The imaging, dynamics, and
accuracy are so perfect that the three musicians
seem to be performing in your living room."

These words are from record reviews. But the
sounds described were not created by the rec-
ords alone: they had to be reproduced by loud-
speakers before the reviewers could hear them
and judge their realism.

The loudspeakers were Allison One systems,
with the Electronic Subwoofer" to extend re-
sponse flat to 20 Hz.

One reason why Allison® systems reproduce
original sounds so accurately is that they have
flat bass power response in real rooms. Conven-
tional loudspeaker systems are affected by
reflections from room surfaces; Allison Room -
Matched® design avoids these effects. A series
of technical papers on the room -boundary
problem and its solution is available, along with
our catalog and other literature, free on request.

THE ELECTRONIC SUBWOOFER: $290.

($50 CASH REBATE on The Elec-
tronic Subwoofer until May 1, 1981)

ALLISON
ACOUSTICS
Seven Tech Circle/ Natick, MA 01760, U.S.A.

For literature and information call (800) 225-4791
In MA (617) 237-2670, or send coupon.

Name

Address

City State

my museum and any one will do a fine
job, an optimum job. But lube things up
a bit, first, will ya? That arm of yours
sticks."

For once, this man was meek. Brains,
yes, but no experience, like entirely too
many of our consumers today. He'll
learn. So the new cartridge and the new
table were returned to me, each re-
packed circumspectly in its own box. No
apparent damage, and I breathed the
well-known sigh of relief. I tend to be
reckless on that score.

When I got back home from a rest
cure, my friend came right over, all apo-
logies.

Could he help me install the new car-
tridge? COULD he! I gave what passed
for a faint whoop of joy. His fingers are
big but he has patience. I just get ex-
asperated. In short order, I was listening
to the finest cartridge sound I have yet
experienced. I was quite sure the sound
was, indeed, in the cartridge, because
with some foresight I had put away that
other new table (later, later) and inserted
the thing into my Sony, the PS -X75, al-
ready familiar to me. One variable at a
time, please. No change in my entire set-
up except the change of cartridge.

My state of bliss lasted several days,
and you have been reading this for any
number of pages. So I will now name
names. The Micro -Acoustics System II is

the cartridge and it is remarkable, per-
haps unique, on a number of scores -
most immediately, that it is not a mag-
netic. Neither moving coil, moving iron,
variable R, or any other. It works by di-
rect -coupled electrets, and it includes in-
side the ultra -light body of the cartridge a
tiny micro -circuit adapter - no more ex-
tra black boxes, transformers, etc. -
which automatically matches the unit to
any combination of cable capacitance
and preamp phono input, within one-half
a percent. Moreover, it claims to be "the
lightest, fastest cartridge ever," with the
smallest stylus ever seen and a jewel
point that is virtually invisible.

I went to the early press introduction
for this cartridge last summer and was
immediately impressed by these and a
wealth of other quite astonishing innova-
tions, even though at that point there
wasn't much of anything in the way of
sound. Some knowing readers will al-
ready surmise that this is the latest prod-
uct of one of our most inventive minds,
Arnold Schwartz, whose Micro -Point cut-
ting styli are used everywhere in the
business. "Arnie," as he is informally
known, was once at CBS Labs, where I

met him way back. I still have a quadru-
ple array of his loudspeakers, one of the
earliest units to cope with the problems
of forward -beaming highs and the cavity
resonances set up by drivers mounted
inside cutout boards, as the old ones
mostly were. We have many innovators
in our business but only a few, like Ar-
nold Schwartz (like Edgar Villchur, like
Ray Dolby, like S. Marantz), are the sort
whose products work, reliably, predict-
ably, uneccentridally, practically, for all
their differences. My strong feeling was
that any new cartridge from A. Schwartz
should be worth a try, no matter how
zany.

This System II from Micro -Acous-
tics (there are three in the line,
from fancy to ultra -fancy) is no

less than bewildering in the extent of its
innovations. It has no business working
at all, with so many "departures" from
the delicately tuned experience of years
in this touchy design art! And yet -. For
instance, a lightweight body made of
carbon - yes, carbon. Carbon fibre, to
be exact. An entirely new coupling sys-
tem, direct from stylus bar to the pair of
electrets via a twin -pivot dual -bearing
"resolver" - new word to me - and a
whole galaxy of new dampers, iridium -
platinum axial, dynamic feedback, and
more. Not like anything you've seen,
even if you know cartridges. And that
'stylus bar, made of rigid beryllium and
said to be 60 percent lower in mass than
"conventional aluminum stylus bars" -
take your choice. I believe that. As I say,
I have seen that stylus bar, though bare-
ly. You have to catch it with the light just
right.

I'll stop with the quoted technicalities
since this is not an engineering report.
Frankly, I was a bit unsure whether I

could plunge right back into my record
reviewing with this unusual cartridge, just
playing music as I had been doing with
its worthy predecessors. Thanks, I do
not want trouble. No eccentricities. I

have work enough to do, just listening. I

forget the cartridge - it's the sonic
product that matters.

Unless you are an inveterate testing -
testing type, whose life moves from one
comparison to another, you would even-
tually feel the same way. Let's go! Let's
play music.

And so I did. Not only was I instantly
impressed by a kind of liquid, velvety
smoothness of sound but it happened (it
usually does with me) that the first record
I put on the Sony table was warped. An

8 AUDIO/MARCH 1981



How to get 50% more sound
without turning up the volume.

A dbx Dynamic Range
Expander restores the music
dynamics that were lost in
the recording process -
giving you up to 50% more
sound. The technology is
based on a technique orig-
inally developed by dbx
for professional recording
studios.

There's a whole range of sound in a live
performance that you never hear from your
stereo system. And it's not a question of turn-
ing up the volume.

The problem is in the records you play.
When recording engineers master a rec-

ord, they electronically eliminate up to half
the music. They literally compress the sound
to make it "fit" on the vinyl record.

Fortunately, there's one solution to the
problem: dbx Dynamic Range Expanders.

A dbx Dynamic Range Expander in your
system restores most of the lost music. And it
reduces annoying record surface noise by as
much as 20 dB. So instead of a compressed
50 or 60 dB of dynamic range, you get a full
75 to 90 dB. The loud passages begin to thun-
der. The softs are truly subtle. All your music
comes to life.

And you can use a dbx Dynamic Range
Expander not only with your records, but also
with tapes and FM broadcasts.

Visit your authorized dbx retailer for a
demonstration of the 1BX, 2BX and 3BX
Dynamic Range Expanders. Then select the
model that's best for your system.

Because there's a lot more to music than
has been reaching your ears.

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

dbx
Making good sound better

3 WAND DYNAMIC RANO/ EXOANOER
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up -bulge on one side, maybe a quarter
inch off the rubber mat. At one-half gram
the new cartridge, even so, played most
of the music, skipping lightly into the air
(the Sony is a good arm, definitely) for
part of each turn. At one gram all but the
outer inch of the record played without
blemish. At 11/4 grams even the outer
edge tracked, without distortion or skip-
ping.

Now that is impressive! And a hasty
trial of some other warped monstrosities
(I have a few) only proved the point. The
tiny beryllium stylus just gracefully bends
up and down, the ultra -light cartridge
body easily displaces itself and, you
might say, the ultra -modern Sony arm

(you do need that) is happily surprised
and cooperates perfectly.

Not only good sound but, to my grow-
ing surprise, a sort of background si-
lence that had me baffled. The "surface
noise" seemed lower, disc for disc, than
I would ever have expected, knowing
these records pretty well. In fact, after
awhile, I put aside my usual surface -
noise ratings until I could probe this wel-
come change. I really didn't know how
to rate. When I later phoned Arnold
Schwartz I mentioned this; silence from
him. He may also have been surprised
but more likely he meant, whaddya ex-
pect? Of course! Being modest, he let
silence tell its own story.

-
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Real -Time Spectrum Bar- Graph Auto-Scan-Alyzer, $449.
Your stereo component system can sound
even better when you add-on a performance -
engineered Equalizer, Analyzer, Preamplifier
or Amplifier from Soundcraftsmen. Separate
add-on components, made in the U.S., and
designed specifically to improve and enhance
your already fine stereo component system.
Our slogan has always been, and remains,
"guaranteed to improve and enhance any
fine stereo component system"

You can dramatically improve your system
through fast, accurate and continuous analy-
sis with this new State -of -the -Art Real -Time
Frequency Analyzer. The Auto -Scan -Ana-
lyzer also provides 0.1dB Read -Out patent -
pending circuitry, a Bar -Graph of each indi-
vidual octave or Full Bar -Graph Display, plus
Variable -Rate octave -by -octave Automatic
Sweep Scanning, both visually and aurally.
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3 STATE-OF-THE-ART
PREAMPS, $399 to $699

 VARIABLE CARTRIDGE LOADING 50 to 800 PF. 
Variable 47k/100 ohm Phono Impedance  INPUTS for
MOST MOVING COIL Cartridges  Four Mono Phono
Preamplifiers  ±20 dB phono Level Adjustment 
Two External Processing Loops  Three-way Tape Dub-
bing  Two Amplified Headphone Outputs  Front
Panel Tape Inputs & Outputs  PHONO S/N: -97dB 
THD 0.01%  SP 4002 Preamp-Equalizer $699.

7 CLASS H AMPS, 125w TO
750w, from $549 to $1099

The new CLASS "H" ANALOG logic Vari-Portional®
circuit  AUTO -CROWBAR protection circuit  Input
level controls  Adjustable range meters  Main and
remote speaker selection  Clipping indicators 250
watts RMS minimum p/c 20-20KHz @ 8 ohms  Less
than 0.1% THD  T.I.M. BETTER THAN 0.02% 
NON -LIMITED output assures crisp clean peaks 
S/N-105dB  7 Amplifier models, from $549.

The Equalizer you buy should have all 10 of these features:
 Real -Time Frequency Analyzer Test 
Record  Computone-Chart Memory
System  Two Zero- Gain controls
 EQ Tape Record  Tape Monitor
 EQ defeat  ± 16/12dB octave gain
 S/N- 105dB  THD 0.010/o
 Cabinet included $24900

AIM =\yHrs S EQUAL

b river

FREE! 16 -page Full -Color Brochure
Includes TEST REPORTS, complete specifications. Class "H" amplifier
REPORT, EQ COMPARISON CHART, and the "WHYS & HOWS" of equaliza-
tion-an easy -to -understand explanation of the relationship of acoustics to
your environment. Also contains many unique IDEAS on "How the Sound -
craftsmen Equalizer can measurably enhance your listening pleasures."
"How typical room problems can be eliminated by Equalization:' And a
10 -POINT "DO-IT-YOURSELF" EQ evaluation checklist so you can FIND OUT
FOR YOURSELF WHAT ED CAN DO FOR YOU!

SEND $6.00 FOR EQUALIZER -EVALUATION KIT: 1-12" LP TEST RECORD.
1 SET OF COMPUTONE CHARTS, 1 COMPARISON CONNECTOR CABLE, AND
1 INSTRUCTION FOLDER.

SOUNDCRAFTSMEN INC., 2200 So. Ritchey, Santa Ana, CA 92705  CANADA E.S. Gould Marketing, Montreal H4T 1E5

The denouement was simple enough.
I've set the background and you may
guess what happened. On the third day,
I finished up one last record review, play-
ing the music as I wrote about it (my usu-
al procedure) and then allowed the Sony
to put the stylus to bed via its automatic
shut off. Arm goes up, linear motor
moves arm over to rest. Arm sinks to
rest.

Next day I had other business, now
being on the road to recovery, and on
the fifth day got back to my typewriter,
turned on my system and put another
record under the plastic cover and onto
the Sony table. After a few seconds a
skittery noise came forth, shreds of faint
music as the arm skated over the sur-
face. Zero point pressure? Remember,
this is adjustable in the new tables by an
outside knob, even while the record is
playing. I checked - it was set at one
gram. With foreboding, I took the arm's
headshell off and looked. Then just to be
sure, I pulled out the removable stylus
assembly.

Yes, a segment of beryllium bar was
left, about one-half. It had snapped
cleanly, right in the middle. The half with
the diamond had, of course, vanished.

Now that stylus system had been test-
ed by a drop of several inches without
damage. It simply bows, bends compli-
antly into the housing - as it had with
the warped record. Did this one break
off, then, of its own accord due to some
internal defect or stress? Possible. Im-
probable.

MUCH more likely is what Arnold
Schwartz calls a snag. Against a snag,
no modern stylus is proof and especially
this ultra -tiny one. Snag? Well, the Sony
armrest is near its turntable and the arm
sits on it like a feather. True, the Sony's
mechanism ingeniously prevents the
stylus from ever touching the rubber mat
or the "floor" below. But what about a
human arm, with a wool sweater and
cuff, inserted under the dust cover to
place a record on the table? One .tiny
touch of that knitted wool and the snag
would be complete. I would never even
feel it. That's my theory, anyhow, and I
cannot blame Micro -Acoustics or Sony.

So it goes today. We must live with
our new and perhaps delicate technolo-
gy, not only fingers but human arms and
even sleeves. One wrong move and dis-
aster. And don't think your cartridge is
immune, whatever the brand.

They're sending me a new stylus as-
sembly and I have every intention of us-
ing the Micro -Acoustics System II once
more, with absolutely enormous caution.
Meanwhile, if you run into an equipment
report on this cartridge, look to see
whether the testing engineer ran into any
snags. He might have, at that. Though
he should know better. A
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Will you still respect your speakers
in the morning?

Sure, they sounded great last night.

But the real test of a speaker system is
the morning after.

Will your speakers sweeten your morn-
ing coffee with Vivaldi, or will they make
you wish you'd never turned your stereo
on?

Do your speakers make you glad
you're alive, or do they only serve to re-
mind you of last night's excesses?

Some speakers are impressive when
played loudly. But a truly great speaker is
equally, if not more, impressive at low lis-
tening levels. "Loud" is desirable at times,
but a speaker to be lived with must do
much more.

For years, and without fanfare, ADS has
been building monitor speaker systems
for some of the most demanding sound
engineers in the music industry. ADS
technology is uniquely able to accommo-
date their diverse and challenging re-

quirements. This same technology, not
surprisingly, produces some of the finest
speaker systems available for home use.

The new ADS L730, for example, is a
direct outgrowth of ADS' continuing in-
volvement in digital recording technology.
An unusual combination of extended fre-

quency range, uncanny sonic accuracy,
razor-sharp stereo imaging and true-
to-life dynamic range, the L730 delivers
untiring musical performance. Although
the system is capable of shaking walls
with clean, undistorted sound, you'll
appreciate it most on those mornings
when quality counts more than quantity.

The L730 is only one of many ADS
speakers, all meticulously engineered
and superbly crafted. Your ADS dealer
will be happy to help you select the model
which best suits your purposes. For more
information and the name of the ADS
dealer nearest you, please write ADS,
Dept. AU24, or call 1-800-824-7888
(California 1-800-852-7777) toll free and
ask for Operator 483.

ADS
Audio for the
critically demanding

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



SERIES III
+ COMPATIBILITY
Series Ill and I IIS precision pick-up
arms are suitable for all cartridges
having 1" fixing centres, weighing not
more than 12 grams and requiring a
tracking force not higher than 2.5
grams. They are adaptable to suit the
mass and compliance of the
cartridge, which may employ a
moving coil, moving iron, moving
magnet or any other generating
principle.

Series Ill arms are true low mass
designs with headroom to increase
effective mass as desired whereas
with high mass arms reduction is
generally impracticable.

We shall be pleased to send you
information sheet No. 24 which tells
you how to adjust effective mass to
suit your cartridge. It could make all
the difference to your listening.

B

r

The best pick-up arm
in the world

Write to Dept 1461 , SME Limited,
Steyning, Sussex, BN4 3GY, England

Exclusive distributors for the U.S:
Shure Brothers Incorporated,
222 Hartrey Avenue, Evanston,
Illinois 60204

and in Canada:
A. C. Simmonds and Sons Ltd,
975 Dillingham Road, Pickering,
Ontario, L1W 3B2

TAPE GUIDE
HERMAN BURSTEIN

Speed Traps
Q. I do a considerable amount of dub-

bing, using two Dolby -equipped tape re-
corders. I am concerned about convert-
ing a prerecorded tape from 33/4 ips to
7 Y ips. When transferring at different
speeds, am I losing quality, and if so is
there any way to compensate? - Dan
Karsch, New York, N.Y.

A. If you are going upward in speed,
there should be very little, if any, loss in
quality when dubbing with good equip-
ment and proper procedures. For play-
back of the tape to be dubbed, use the
quieter of the two machines, because
playback noise is usually more of a prob-
lem than recording noise.

If the tape to be dubbed is not Dolby-
ized, the input signal to the recording
machine should go through the Dolby re-
cording process but the playback signal
should not. If the tape to be dubbed is
Dolbyized, the Dolby mode should be
used both for playback and recording.

Not -Talking Heads
Q. In the record mode, my deck inter-

mittently ceases recording so that only
previous material is played back. Are the
erase and record heads at fault? - Jer-
ry Farrar, Long Beach, Cal.

A. I doubt this. Rather, it seems that
the oscillator may be intermittently cut-
ting or shorting out. A component in the
oscillator circuit may be responsible, or
there may be a break or short in the
leads from the oscillator to the record
head. You probably need the help of a
competent service technician to locate
and cure the trouble.

What's Your EQ?
Q. Why do most cassette recorder

manufacturers use record equalization
and bias, while a few use playback
equalization, and some use both record
and playback equalization and bias? -
Mel Muracka, Honolulu, Hawaii

A. All tape machines use record
equalization and bias in recording, and
playback equalization in playback. In

playback they use the same equaliza-
tion, conforming to an industry standard.
However, machines may differ in their
amount of recording equalization and
bias, depending on the tape for which
the machine is intended and the manu-
facturer's ideas on the optimum combi-
nation of low distortion, low noise, and
extended treble response. Most cassette
machines provide a switch which allows

the user to employ basically different
kinds of tapes (such as ferric oxide
versus chromium dioxide); this switch
may change not only the bias but also
the record equalization and even the
amount of audio signal fed to the record
head.

Roast Deck
Q. On a warm day the cassette well of

my deck may heat up to 105 degrees. Is
this harmful? William Madlener, Chica-
go, Ill.

A. Electronic equipment is usually
rated to work properly up to a tempera-
ture of about 140 degrees, so I don't
think that 105 degrees is anything to
worry about.

As Above, So Below
Q. I am going to buy an open -reel

tape deck. The problem is that some
decks have the drive capstan above the
pinch roller, while others have the cap-
stan below the roller. Which way is bet-
ter? - Jerry Ubels, New Westminster,
B.C., Canada

A. I doubt that it makes any significant
difference whether the drive capstan is
above or below the pinch roller. Ability of
the deck to drive the tape with minimum
wow and flutter and at steady speed de-
pends on other factors, such as the
guide system, use of a flywheel, tension
arms, flutter wheel, nature and quality of
the motor, etc.

Bottoms Up
O. I have read that cassettes should

be stacked end up rather than flat. If

they are stored end up, then the weight
of the tape will press on a single point,
whereas if a cassette is stored flat, each
turn of tape will rest on its edge so that
the weight is distributed uniformly.
Which method is correct? - G. Kornfilt,
Istanbul, Turkey

A. The recommendation to stack tape
end up is usually made by tape manu-
facturers. Flat storage tends to damage
the edge of the tape, apparently leading
to serious problems more easily than if
the tape is stored on its end. If tape is
fairly tightly wound, end -up storage is
not likely to be harmful. Q

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

stamped, self-addressed envelope.

Enter No. 19 on Reader Service Card
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AFTER 500 PLAYS OUR HIGH FIDELITY
TAPE STILL DELIVERS HIGH FIDELITY.

If your old favorites don't sound as good as they used to, the problem
could be your recording tape.

Some tapes show their age more than others. And when a tape ages
prematurely, the music on it does too.

What can happen is, the oxide particles that are bound onto tape
loosen and fall off, taking some of your music with them.

At Maxell, we've developed a binding process that helps to prevent
this. When oxide particles are bound onto our tape, they stay put. And
so does your music.

So even after a Maxell recording is 500 plays
old, you'll swear it's not a play over five.

Moved Co-poronoc. of Americo, 60 Oxford Drive. Moonochie, N.J. 07074.

Enter No. 15 on Reader Service Card
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Digitally mastered and audio-
phile recordings have added
an exciting new dimension to
the state of the audio art.
Sonus cartridges are excep-
tionally well -suited to realize
the full sonic potential of
these new recording tech-
niques.

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

We believe upgrading your
system by replacing your
present cartridge with a
Sonus will provide the great-
est improvement in sound
quality per dollar.

The finer your records the
greater the difference a Sonus
will make.

Btr1us=
Sonic Research, Inc., 27 Sugar Hollow Rd
Danbury, CT 06810 (203) 792-8822

AUDIOCLINIC
JOSEPH GIOVANELLI

Speakers Stacked Against Him
Q. I have a pair of stacked speakers,

one for each channel, and the sound
produced by this arrangement is always
good. The sound is not as loud, howev-
er, with all speakers operating as when
either the A or B set of speakers oper-
ates alone. Why is this? -Jerry H. Er-
vin, Flint, Mich.

A. I believe the reason for the loss of
volume when both sets of speakers are
operating is that the two speakers within
each stack are out of phase.

To correct this, take one stack of
speakers and reverse the common and
hot leads of one of the speakers in the
stack. Then go to the other stack and
repeat. This process should produce the
desired volume increase.

If the loss of volume is now even
greater, and includes a loss of bass re-
sponse, you'll have to replace all con-
nections as they were initially. In this
case, it's probable that a volume loss
was intentionally designed into your am-
plifier to provide a means of safeguard-
ing the unit from overloads.

Leaving Single Switches On
Q. I have a Heathkit Audio Control

Center, and all of my components are
plugged into it. When I turn the control
center on, this automatically turns every-
thing on. Is there any harm in leaving all
the power switches in the "on" posi-
tion?-Dan Tremaine, Sandusky, Ohio

A. If the power used by all the equip-
ment does not exceed the ratings for the
power switching in your control center,
you can safely leave all equipment
turned on and use that single switch in
the control center to turn the system on
and off.

In the case of a tape recorder which
may not be frequently used, it may be
better to keep it turned off, because
many tape recorders are designed so
that their motors turn all the time once
power is applied - regardless of
whether or not they are pulling tape.
Since this adds wear to the motor, it

should be avoided if possible.

Rock vs. Home Sound Equipment:
Watts the Verdict?

Q. I recently got into a heated discus-
sion with a sound technician working
with a popular rock group. The group
uses a dozen or more 200 -watt ampli-
fiers, along with expanders and equaliz-
ers, feeding into several speakers. The

technician told me that this $50,000
worth of equipment is necessary to
achieve the best sound available!

I flatly disagree. High -end home audio
offers much cleaner, more transparent
reproduction at a fraction of the price.
There seems to be much more technolo-
gy offered in this area, too.

Who is correct regarding accuracy in
the reproduction of music? - Steve
Grossman, Middletown, N.Y.

A. You and the sound technician are
both right! Home entertainment equip-
ment will reproduce sound about as ac-
curately as anyone could measure. This
is not necessarily the aim of the rock
group that you were discussing, be-
cause the group is not reproducing any-
thing; it is creating something. The fact
that some of today's music is created
electronically is not the issue. The group
is creating something which you, with
your home system, must be capable of
later reproducing.

Each rock group wants a sound
which gives its music a specific charac-

this to
use speakers which have rather severe
coloration - even without other elec-
tronic coloring. This coloration, or distor-
tion if you like, is enhanced by the use of
equalizers and other devices. (One form
of distortion is that of frequency re-
sponse, as produced by an equalizer.
Other kinds of distortion are perhaps
more obvious, involving changes in the
envelope of the waveforms, the fuzz gui-
tar and the ring modulator being typical
examples of this.)

Once rock groups have established
their particular sound, they must perform
their music in large spaces. Equipment
used for home entertainment probably
could not fill such large halls or carry well
in open-air concerts. Achievement of
good sound at concerts requires a large
number of speakers with amplifiers to
power them so that the audience will
hear the music at the intensity the per-
formers feel is correct.

Some additional equipment is needed
just to enable the performers to hear
themselves on stage. Problems involving
the performers hearing themselves can
be very significant and difficult to solve ál

If you have a problem or question about audio,
write to Mr. Joseph Giovanelli at AUDIO Maga-
zine, 1515 Broadway, New York, N.Y. 10036.
All letters are answered. Please enclose a
stamped, self-addressed envelope.

Enter No. 21 on Reader Service Card
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Owners of Crown audio components think of Crown as a "caring"
company. Here are unsolicited comments discovered on returned
warranty questionnaires from just ten such owners.

" I am very pleased with your
interest in myself and my needs.
Usually companies don't care
after they have received their
sales commission. Crown
certainly has a fine product as
well as unequalled business
approach and attitude."

Norfolk, VA

"Your company is doing what
very few people care to do any-
more: make a quality product
at a competitive price, and set
up a line of communication."

Hatfield, PA

I like your concept of not trying
to put every possible function
on a piece, but doing it so that
you can gradually add on."

Phoenixville, PA

"Thank you for your concern."
Wichita, KS

"Crown International treats
its customers with a profession-
alism found nowhere else in
the industry. I simply can't be
complimentary enough."

Rogers, AR

" I really enjoy being associated
with Crown and its products."

Cleveland, OH

"Your concern for owner, as
shown by letter communication
is commendable."

Pacific Palisades, CA

We work hard to be a caring company, not just because
it makes good business sense, but because it's much more
fun to relate to our customers as whole human beings,
not just as purchasers of our products.
Our customers apparently think so, too. If you'd like to
find out what there is about Crown and our products to
inspire such feelings, we'd like to send you the Crown
Information Package. It's a collection of over 70 pages of
specifications, technical papers on audio problems written
by Crown engineers, brochures detailing the features

" I am impressed with Crown
International as a class oper-
ation with concern for its
customers after the sale."

Garland, TX

" I'm pleased to be affiliated with
Crown thru my purchase. The
professionalism displayed by
your company is overwhelming."

Toledo, OH

I have called the Crown
factory on several occasions
and have always been more
than satisfied with the courtesy
and information given."

Atlanta, GA

and operation of Crown components, reviews from lead-
ing audio publications, prices of Crown equipment and
names of nearby dealers.
Send us your check or money order for three dollars along
with the coupon. It's guaranteed to satisfy your desire for
Crown information. Money -back guaranteed! Your Crown
dealer can provide this information free. Check the reader
service card, and we'll send you names of Crown dealers
in your area.

crown..
Innovation. High technology. American. That's Crown.

CROWN, 1718 W. Mishawaka Road, Elkhart, Indiana 46517  Here's my three dollars. Please send the Crown Information Package.

Na're Apt No

e Zip Code Phone No

Enter No. 7 on Reader Service Card A-3



0= It sounds
If; like music.
5 Interface:C Series II
N is the fulfillment of

our six -year asso-
ciation with optimally
vented speakers based
on the theories of

® A.N.Thiele- speaker
designs first introduced
by Electro -Voice in 1973.
The Interface:C offers
you a unique combination0 of high efficiency and
high power capacity - the
only way to accurately
reproduce the 120+ dB
peak sound pressure
levels found in some
types of live music.

The SuperpomeTM
tweeter, an E -V exclusive,
and the VMRTM vented

illimmidrange driver, the first
to apply optimally vented
design to mid frequen-

kmcies, ensure your music
is reproduced without
the coloration normally
found in other high -
efficiency drivers. An
honest 30 Hz low end
totally eliminates the
need for expensive sub -
woofer assemblies.

whidWhen you spend $1,000
for a speaker system.
get your money's worth.
Audition the Interface:C
Series II at your nearest
Interface dealer. If you
want a speaker that
sounds like music, the

-Interface:C Series II is
the one you'll buy.

Ey Elecfrol/oice'
a gultnn cornpary

S00 Ceci Street, Buchanan. Michigan 49107

DEAR EDITOR

A Letter -Perfect System
Dear Editor:

Looking through the Annual Equip-
ment Directory (Oct., 1980), I have
come up with the following system: APT
amplifier, AGI preamp, NAD tuner, STD
turntable, ADC tonearm, AKG cartridge,
ESS speakers, and an SAE cassette
deck using DAK tape. Add a GLI equal-
izer, indoor antenna from BIC and an
ADS signal delay.

The system will be marketed under the
APTAGINADSTDADCAKGESSSAE-
DAKGLIBICADS (Ap-tagi nad-stad
cag-ess say-dak gli-bicads) label.

Sid Lee
Big Sur, Cal.

Change Platters and Dance
Dear Editor:

In November, Audio brought me
something I've been waiting years to
see: A beautiful write-up of the great
Capehart record changer. I always won-
dered why no high-fidelity magazine had
ever spotlighted this "mechanical mar-
vel," as you justly call it.

I owned one of these Capeharts in the
1940s and later purchased another one
built into an RCA Victor Model QU8 con-
sole, which was an improvement over
the Capehart in that it used a magnetic
cartridge and had a screw -type recorder
surpassing the Presto professional sys-
tems of that era.

The Lincoln Series 50 record changer
(which I owned up to 1956) was another
"marvel." It was manufactured and
marketed by Lincoln Engineering Co., of
St. Louis, Mo., until they sold it to Fisher.
After that it dropped out of sight. Al-
though it wasn't as trustworthy as the
Capehart, if well cared for it did its job
nicely. Also, the Lincoln 50 played both
sides of all modern records, including
45s, 78s and LPs.

I haven't been able to figure out why
some enterprising manufacturer has nev-
er copied the Capehart and modernized
it to handle LPs. I know it "would cost
too much to make," as you state, but I
know it would sell. How many turntables
are there on the market now that cost
$700.00 on up - and their only spe-
cialty is that they will play in a preselect-
ed groove. In fact, I just read about a
$15,000 turntable that doesn't even do
that!

I have never accepted the argument
that a record changer is not desirable to-

day because of playing time per disc
side. I long for a changer that will play
both sides of a record so I can listen to a
symphony or an opera without having to
stand up at the end of the first few move-
ments to turn the disc over.

Let's campaign for a modern, LP -ca-
pable Capehart. With the great advance
in modern electronics it shouldn't be at
all difficult to redesign it for long-playing
records. This would be a "super mar-
vel" - and I would be the first in line to
buy one.

Carlos Diaz -Granados, V
Miami, Florida

Nordine on the Air
Dear Editor:

I have always enjoyed your magazine
for the good equipment reviews, history,
new products, Prof. Lirpa, features and
the like. However, I do have a little gripe
concerning the time it takes before an
album gets reviewed, be it good or bad.
Specifically the Ken Nordine review
(Nov. '80, pg. already the al-
bum, Stare with Your Ears, for close to a
year before I saw your review. Nordine-
ites can be fanatics.

After mentioning the Word Jazz al-
bums and his recent commercials, noth-
ing was said about what he's been doing
lately. He has his own half-hour show,
Monday through Friday, on Public Radio
(in this area, WBEZ, Chicago). The con-
tent of this program quite often tran-
scends his latest album, and his audi-
ence is legion. Why else would Rita
Jacobs Willens of the Midnight Special
recommend his program on one of her
rival stations (WBEZ vs. WFMT)? Why
else would Studs Terkel have Ken for a
guest?

Gripes excluded, Audio is one of the
best magazines on the stands, one to
which I shall always subscribe.

Bruce G. Goetzinger
Racine, Wisc.

Errata
The prices shown in our October is-

sue on page 125 for The Classic Trum-
pet Concerti of Haydn & Hummel
(Delos Digital Master Series DMS -3001)
and The Sound of Trumpets (Delos
DMS -3002) were incorrect. The price for
each of these records is $17.98.

In "Construct an Indoor/Outdoor FM
Antenna" (January, 1981) Figs. 4 and 5
were transposed.
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NEW HIGHS. The 500ID defines hard -to -get high frequen-
cies because it comes with a cantilever that doesn't easily dis-
tort them.

It's boron -vapor hardened to track under "G" -forces that
would buckle ordinary cantilevers.

NEW FIDELITY. In addition to hearing more highs you're
going to hear less noise from a 500ID.

There's nothing complex about the benefits of Samarium -
Cobalt magnets. They are simply less massive and higher in
output than conventional ones.

So, if we had to give a reason for our signal-to-noise ratio
being better than most, it's because the materials we use are
better than most.

NEW TECHNOLOGY. Because the 500ID features Empire's
inertially damped tuned stylus system, its performance is con-
sistent-even when the capacitance varies from one system to
the next.

Which means, the performance we monitor in our lab is the
performance you're likely to hear at home.

NEW SECURITY. Empire's two-year limited warranty is
365 days longer than the one-year limited warranty offered by
many other manufacturers.

An extra year in no uncertain terms.
NEW SOUND. The Empire 500ID. You're an arm's length

away from a new listening experience.

EVERYONE WHO WANTS
THEIR OLD SYSTEM TO SOUND LIKE NEW,

RAISE YOUR ARM.

WIFE
There's a new sound

waiting in system.
Enter No. 9 on taLlel Service Card



M

Single -play vs. multiplay:
the argument is over.

PmIIISeries

BSR is proud to put an end to the seemingly endless
debate over what style of turntable is the "correct"
turntable- single -play or multiplay.
Introducing the BSR Pro Ill Series-
the third generation of turntables.

The BSR Pro Ill Series combines the precision and
accuracy of the finest single -play and the ease and
versatility of a multiplay. At a price well within the range
of both.
The tonearm-a story in itself.

This may be the finest tonearm ever offered on a
multiplay turntable. It has an extremely low mass carbon
fiber head shell, designed to be used with today's finest
low -mass cartridges and measures an impressive 237mm
from pivot to stylus. And, its sleek, rapier -straight line will
give you unerring tracking performance.
Two motors are better than one.

The BSR Pro Ill Series 300 and 200 models feature
a direct response FG Belt Drive turntable v°ith a
quartz -locked control system that references the speed of
the motor to that of the turntable. Additionally, there is an
independent servomotor that drives the tonearm only
during_cycle changes. This unique two -motor design
eliminates complicated cams, trip switches, etc.-all of
which can interfere with optimum turntable performance.
Independent tonearm and
turntable suspension.

BSR Pro Ill Series turntables utilize a floating
suspension system to isolate both the turntable and the
tonearm. Mounted together on a separate subplate,
independent of base, cover and controls, this eliminates
most causes of vibration and acoustic feed>>ack.
Three record umbrella spindle
short and sweet.

Unlike traditional six -record multiplays, the BSR

pro Ill Series turntables are designed to play up to three
records. The decreased height and weight of the record
stack allows for a much more precise vertical tracking
angle and overall turntable performance.
Digital readouts.

BSR Pro Ill Series turntables have a multifunction
digital display, allowing you to determine both
quartz -locked and variable turntable speed, elapsed time,
stylus time and exact turntable leveling.
Lateral cueing.

The BSR Pro Ill Series has the only lateral cue
control on a multiplay turntable. It provides fast and slow
cueing in both directions, allowing for precise location of
any portion of a record.
Remote control.

For total convenience, the BSR Pro Ill Series 300 has
infrared remote control, which handles all major turntable
functions, including volume control, from as far away as
40 feet.
Look at the look.

The BSR Pro III Series has a handsome low -profile
design, with all electronic pushbutton controls
conveniently placed outside the closed dustcover.
Add it up-both sides win.

Whether you're a believer in single -play or multiplay
turntables, we believe that the BSR Pro Ill Series offers
exactly what you demand. We invite you to examine it at
your audio dealer.

BDR Pro ifi Series.
The Third Generation of Turntables.

BSR (USA) Ltd., Blauvelt, New York 10913. BSR (Canada) Ltd.. Rexdale, Ontario.

Enter No. 3 on Reader Service Card



MORE THAN one
VERTICAL

77:1ACKING
AANGLE

JON M. RISCH
and BRUCE R. MAIER'

Discwasher Laboratories has re-
cently been investigating high-
performance phonograph play-

back, and as a result of our investiga-
tions, we have become aware of several
unusual aspects of the vinyl playback
system (VPS). In one of our studies, we
were concerned with the microscopically
small dimensions involved where the
record groove is being dragged past the
playback stylus, as well as more visible
aspects such as vertical tracking angle
(VTA). In our tests, we wished to retrieve

Fig. 1 - The playback system,
showing the relationships of
vertical tracking angle (VTA),
stylus rake angle (SRA), and
vertical modulation arc; side
view through groove.

'Members, Research Staff, Discwasher
Laboratories, Columbia, Missouri

as much undistorted information as pos-
sible, and among the VPS parameters
we felt should be optimized was VTA.
Correct VTA for the VPS, in classical the-
ory, involves having the playback angle
match the cutting angle (Fig. 1). Physi-
cally, VTA is the angle between the sur-
face of the record and the line described
by the contact point of the stylus in the
groove and the pivot point of the can-
tilever. This relationship is analogous to
and originates in the recording process.
The theoretical importance of matching

VERTICAL
MODULATION

ARC

Stylus
Rake
Angle

Gal`

VTAs between recording and playback
has been widely expounded, and popu-
lar explanations of causes and effects
are generally available, but they should
be examined in some detail to fully un-
derstand their consequences. Mismatch
of playback VTA to the recorded VTA is
said to cause one minor effect: Frequen-
cy modulation of the highs present in
program material in response to any sig-
nificant level of low -frequency vertical
groove motion. Referring to Fig. 1 again,
notice that the vertical -modulation arc

Actual
Pivot
Point

Vertical Tracking Angle

Record Groove

Diamond
Stylus VERTICAL CONTACT SURFACE

Bottom of Groove
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Fig. 3 - Conical
stylus tracing error
with lateral groove
modulation, showing
contact point
(center of contact
patch) skew relative
to cutting stylus;
top view.

Fig. 2 - Conical stylus tracing
error with vertical groove modulation,
showing contact patch or footprint
shift from reference position;
side view through groove.

shown is characteristic of any vertical
(out -of -phase) modulation in the groove.
Because of this arc and the resultant for-
ward and backward motion along the
groove, the momentary linear cutting
speed would be varied proportionally to
the amount of horizontal displacement
this vertical motion causes. Any time this
occurs, any frequencies higher than the
dominant vertical -displacement low fre-
quency will be modulated by that low -
frequency displacement. Of course, all
this is not a problem if the recorded VTA
is replicated in playback, whereby the
frequency modulation (FM) is cancelled
due to the vertical -modulation arc being
the same. The sonic effects of a VTA
error are similar to flutter, heard as
wavering of the high frequencies. There
is an important difference between typi-
cal flutter and frequency modulation due
to VTA error, and this is that the FM
causes wavering in relation to the low -
frequency content of the program mate-
rial whereas flutter is generally a repeti-
tive, continuing variance affecting the
entire range of program material. It is this
time -dispersive FM distortion that arises
from VTA error and causes the theoreti-
cal furor of concern over cartridges with
higher than optimal VTAs.

The literature indicates that if one had
a cartridge with an inherent VTA higher
than recorded angle, it could be tilted
back (cartridge body allowing, some
won't) and minimum distortion would be
obtained. This isn't quite true, since
stylus shape, in addition to VTA, also in-
fluences FM distortion.

Conical (or spherical) styli have a cer-
tain built-in amount of FM distortion with
either a lateral or vertical modulation

(Figs. 2 and 3). As shown in Fig. 2, due
to the ultimate rounded tip shape of the
conical stylus, a significant vertical mod-
ulation will cause the contact patch to
shift. From the center or reference posi-
tion, a stylus drift or lateral thrust ahead
and then behind will cause exactly the
same type of distortion as VTA error.
Both are slope related and can augment
or tend to cancel depending on the sign
(polarity) of the VTA error. The amount of
FM due to the stylus shape will vary in
relation to the stylus radius and the am-
plitude of the vertical modulation.

With lateral modulation (Fig. 3),
the FM inherent to conical
styli occurs on both channels

in opposite directions, so the mono
(sum) signal would show little or no FM
effect (depending on the accuracy of lat-
eral tracking angle). In stereo playback,
however, the two channels illustrated
would have high frequencies recorded
along with the lows. The low -frequency
modulations cause the stylus contact
areas to skew or twist, thus causing a
degradation of high -frequency phasing
and stereo imaging. The net result of
these and other factors is that correct
VTA for conical styli will only minimize,
not eliminate, the FM distortions.

Other stylus shapes reduce these
problems because of their smaller con-
tact scanning radii. Typically, today's
genre of elliptical or modified-Shibata
styli have a scanning radius no smaller
than 0.2 mil, while conical styli range
from 0.5 mil to 0.8 mil. This smaller ra-
dius allows a more consistently defined
contact with the groove, reducing these
types of FM distortion.

Our tests indicated elliptical and Shi-
bata-type styli have another parameter of
dramatic importance not present with
conical styli. This overlooked factor is
called stylus rake angle or SRA, which is
the angle that the vertical center line of
the stylus contact patches make with the
groove modulation ridges. Stylus contact
areas for different types of styli are
shown as black vertical patches at the
bottom of Fig. 4. As seen in this figure,
the Shibata-type stylus shows the long-
est, narrowest contact, while the conical
stylus predictably has a circular contact
patch or footprint. The elliptical and
modified elliptical stylus shapes fall in

between these extremes. Due to its long,
narrow footprint, the Shibata-type stylus
is theoretically very sensitive to positional
changes in SRA. Any misalignment of
the footprint relative to the groove modu-
lation ridges will cause its vertical foot-
print span to increase, resulting in possi-
ble losses of very high frequency modu-
lation (scanning loss).

Our detailed models showed that this
increase in the effective scanning radius
does not result in a simple, smooth, ef-
fective broadening of the stylus footprint.
Due to the nature of the tilted, narrow
contact edge, the manner in which this
edge contacts the groove modulations is
somewhat nonlinear and more complex
as compared to a simple conical stylus
shape of comparable radii. Physical
modeling showed the tracing errors
which arise with a misaligned Shibata-
type stylus are similar to, but greater in
distortion level than those of a conical
stylus, and similarly result in some low -
frequency -dependent FM of the decod-
ed high frequencies.
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We therefore hypothesized serious
geometric potential for improper SRA of
Shibata-type styli. The groove modula-
tions can grab at the scanning edges of
the stylus, torquing or attempting to twist
the stylus which can send vibrational
shocks up the cantilever.

From the modeling of these factors, it
would seem both VTA and SRA should
be corrected for optimal playback. Yet
the physical connection of cantilever and
stylus causes both of these parameters
to vary simultaneously. There is a fixed
relationship between the inherent VTA of
the cartridge, when set up as recom-
mended, and the SRA which results
from the fixed stylus chip vs. cantilever
attachment.

When considering the proper
vertical alignment of our test
system, we had to decide

whether we should align for correct VTA,
proper SRA, or some optimal compro-
mise position so as to maximize undis-
torted information retrieval. Before we
could make that decision, we decided to
assess the effect of varying VTA. Our
test system consists of a Denon direct -
drive DP -80 turntable with a modified
DA -401 tonearm with the ability of in -
play rear -pivot -height adjustment via a
precision micrometer. Several different
moving -coil cartridges were used in tests
with an HA -1000 pre-preamp running
into a modified lab reference preamp.
The output of this preamp was observed
via a Tektronix 466A Storage Oscillo-
scope and/or with a GenRad 2512
Spectrum Analyzer. Test data could be
plotted on an Easterline-Angus 575 X -Y
plotter for reference plots, etc.

Some initial tests were conducted
consisting of spectrum analysis of verti-
cal modulation IM bands (CBS STR-112
test record) where the vertical angle was
varied using a moving -coil cartridge hav-
ing a modified elliptical stylus. The re-
sults of these were somewhat inconclu-
sive as there seemed to be no clear-cut
indication of a minimum level of distor-
tion at the various angles of playback.
There were some subtle and generally
inconsistent shifts in the distortion spec-
tra with changes in VTA, although their
significance was not determined until
some time later.

In order to control the variables in our
test system, cartridge tests were per-
formed using the DIN 45-542 VTA test
record [1 ], which has bands with varying

COMMON
.]mil

SPHERICAL

Fig. 4 - Groove
contact geometry
of four common
stylus shapes.

Top: End -on view
or profile as stylus
rests in groove with
no sink -in shown.

COMMON
.2. 7IR11

BIRAOIAL ELLIPTICAL

'HYPERELLIPTICAL'
"ALLIPTIC-
"FINE LINE"

-STEREOHEDRON"

Bottom: Side view
through groove
with black patches
showing stylus foot-
print or contact
area.

SHIBATA.
SHIBATA-TYPE

Bottom of Groove

Fig. 5 - An IM dis-
tortion vs. VTA varia-
tion comparison,
showing null points
in the high and low
frequency sections.
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VTA. Two groups of bands are involved
with VTA determination: One is a high
frequency IM tone consisting of 1.85
kHz and 3.15 kHz with a high -side IM
product of 5 kHz, whereas the other sec-
tion is a low -frequency IM tone consist-
ing of 370 Hz and 630 Hz giving a high
IM product of 1 kHz. Neither IM product
is harmonically related to the base fre-
quencies, and thus no masking confu-
sion occurs.

Figure 5 is the data plot from this DIN
record using the cartridge with the modi-
fied elliptical stylus. Notice the shallow-
ness of the high -frequency bands null
(point of minimum distortion) compared
to the low -frequency bands null. There is
also a difference in the angle at which
the null occurs, which tends to hold true
for any stylus shape with an SRA poten-
tial. If VTA were the only effect being
measured, the IM distortion nulls for the
two bands should be very close in slope,
shape, and location. We theorized that
the observed difference in the nulls (Fig.
5) due to SRA interaction with the
shorter wavelengths involved in the high -
frequency section of the tests. The shal-
lowness of the high -frequency null is
most likely a result of the different SRA-
to-VTA relationships between the cutting
system and playback cartridge (about
25 degrees difference in this cartridge).
We feel it was a similar effect in the initial
VTA tests that caused the spectral plot
of distortion products to show little over-
all change on the CBS test record.

Tests with a cartridge having a coni-
cal stylus always gave a much closer
correlation between the nulls for the two
different frequency sections and tended
to give a deeper null for the high -fre-
quency bands than for other (elliptical,
Shibata) types of styli. The reason that
null points for the two frequency sections
do not give exactly the same angle and
depth was hypothesized to be due to
some of the tracing distortion mecha-
nisms inherent in the conical stylus
shape, as discussed earlier.

One means of isolating VTA parame-
ters is to use a cartridge with a conical
stylus, which has no SRA because of its
circular contact footprint. Figure 6 is a
spectral plot of a vertically modulated IM
test band (400 Hz and 4 kHz) made us-
ing a moving -coil cartridge with a conical
stylus. The vertical tick marks are 10 dB
apart, with the top of the graph starting
at -25 dB down from the 400 -Hz corn -

Fig. 6 - Distortion
variation with VTA
change, showing
the increase of dis-
tortion components
with a 4 -degree
misalignment in
VTA.

Fig. 7 - SRA vs.
VTA (or record/
playback angle
match), showing
the increase in
distortion with mis-
aligned SRA, even
though the record/
playback VTA is
matched.

_=Correct VTA
____-Angle Increased 4

I 111

Correct SRA

_ _ _ _ Correct VTA

i 1111

ponent; the horizontal ticks are 2 kHz
apart on a linear frequency scale from
d.c. to 20 kHz. The dark lines shown are
the original distortion components (plus
some noise components as the frequen-
cy goes up) at a VTA of 161/2 degrees,
which is the angle cut into the record [2].
The dotted lines rising up at some points
represent the increase of those distortion
components with an increase in the VTA
by 4 degrees to 201/2 degrees. Notice
the increases in the second -order com-
ponents of about 5 dB, consistent with
data reported by others [3] who have
performed 'tests with conical styli. There
are a few other locations where the lev-
els come up a bit, but no major trends

are indicated. The major increases that
result from the 4 -degree VTA error are
roughly those predicted by theory and
past experimentation. Since the conical
stylus used has essentially no SRA, the
differences in distortion spectra are due
entirely to playback angle not matching
the recorded angle.

This experiment points out very clear-
ly that if SRA is not a playback variable,
proper matching of record and playback
VTA results in lowest playback distor-
tion. It must be kept in mind that the in-
crease in the second harmonic of 400
Hz is due to slope -related waveform dis-
tortion, while the increase of the 4 -kHz
component sideband is due primarily to

24



increased frequency modulation of 4
kHz -a more objectionable form of dis-
tortion than harmonic distortion.

The next step was to test for distortion
differences between the optimization of
VTA for proper SRA alignment or for ver-
tical -modulation arc matching. At this
stage of our experimentation, we at-
tempted some tests using a Shibata-type
stylus with a bent cantilever tube to give
odd combinations of SRA-to-vertical
modulation arc alignment. We were nev-
er able to make a satisfactorily "clean"
bend due to the Shibata-type configura-
tion and its need for critical vertical
(head-on) alignment, but the data pro-
duced were intriguing.

We were, however, fortunate to have
in our stock of cartridges a unit deemed
defective due to a stylus misalignment.
This cartridge had a modified-Shibata
stylus which was slanted more than a
typical unit. When properly aligned for
SRA, this cartridge was slightly more
than 4 degrees "low" in proper VTA
match. the of
the correct SRA versus correct VTA ex-
periment, with the same basic data dis-
play as Fig. 6. A distinct distortion in-
crease is shown when SRA is misaligned
and the correct VTA match is also made.
Compare Figs. 6 and 7, and it will be
seen that for an equal degree of
misalignment, the SRA parameter is
most significant in causing a rise in dis-
tortion, especially higher order distortion
products. Notice, too, that when the
modified Shibata stylus is correctly
aligned for SRA, distortion products are
at lower levels than when VTA is correct-
ly aligned for the conical stylus. These
data are fairly conclusive regarding
which parameter is of importance for dif-
ferent styli.

Reported listening tests concerning
VTA alignment have said that as little as
1 /30 of a degree can make an audible
difference in the clarity of the music, with
a higher than optimal misalignment
causing excess brightness. These re-
ports typically do not distinguish be-
tween VTA and SRA even when the re-
port mentions the existence of SRA. The
results of our tests indicate that the
parameter being optimized in these re-
ports was almost undoubtedly SRA. Our
own informal listening tests bear this out
as well. When SRA is correctly aligned
the sound quality "locks -in" and the re-
trieval of minute details is enhanced.

Table I - Frequency modulation data for different conditions.

VTA ( ± 1/2°) Freq. Deviation at 4 kHz Stylus Type Sum of 2nd -Or-
der Sideband
(Major Distor-

tion Level)
Modulation

14°
161/2 °

19°
21 %2 °

w14°
14°
161/2 °

2.1%
1.8%
2.2%
2.5%
1.4%

L 1%, R 0.6%
L 1.3%, R 0.8%
Mono 0.0% for

both

Vertical
Vertical
Vertical
Vertical
Vertical'
Lateral
Lateral

Conical
Conical
Conical
Conical
Shibata
Shibata
Conical

'CBS STR 112 test record, Band 7, Side B (400 Hz and 4 kHz).

12.0%
11.1%
12.8%
16.4%

These conclusions were further con-
firmed by some tests utilizing a laterally
modulated 500 -Hz asymmetrical square
wave cut from Denon test record XG-
7003. This recorded signal has a series
of detailed harmonics
above 40 kHz. We postulated that a
misalignment of the stylus would alter or
lose the harmonics. When a 4 -degree tilt
to the optimal SRA was introduced, al-
teration of the harmonics as low as 5
kHz and 7 kHz occurred and losses of
harmonics above 30 kHz were evident!
These changes are subtle, but at the
same time consistent and repeatable.

We studied the frequency deviation
for the 4 -kHz component of the IM tone
used throughout these tests. An experi-
mental comparator based on a PLL IC
was used for these tests. While absolute
accuracy may not hold, the relative rank-
ings remain accurate. Table I lists the re-
sults of these measurements taken un-
der various conditions of VTA. It can be
seen from these figures that there is an
alarming amount of distortion present,
although in practice vertical modulation
tends to be rare in recording. In fact, the
thickness of the recording lacquer, com-
mercial considerations, and engineering
expertise generally keep vertical cutting
low, and thus phase information
coherent.

Our calculations indicate that maxi-
mum cantilever vertical -arc travel is typi-
cally 1 degree due to these limitations.
Another theoretical aspect of VTA match
often overlooked is cantilever length,
which should be matched between cut-
ting and playback systems. There is no

standard for these lengths, and car-
tridges we have examined show gross
differences in cantilever length and do
not correlate to cutting systems.

Thus, our investigations clearly show
SRA more important
variable than VTA. Our dialogue with
cutting engineers indicates that VTA cur-
rently varies between 16 and 22 de-
grees, depending on the lathe system.
SRA, however, is generally 91 to 95 de-
grees relative to the record surface in or-
der to facilitate lacquer "chip" (cutaway
strand) removal.

Proper hi-fi set-up should therefore
concentrate on cartridge adjustment that
has the tip of the stylus pointed "back"
toward the tonearm pivot, and the top of
the stylus tipped "forward" so that the
contact SRA face is 92 degrees be-
tween the stylus and the record surface.
Such alignment will at least approximate
correct SRA. (One cautionary note: True
Shibata styli do not have their stylus con-
tact area or footprint lined up with the
bulk of the stylus chip, and this should'
be taken into account when adjusting for
proper SRA.) The effects are clearly au-
dible on a fine audio system. Lti
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HE PRONO
CARTRIDGE
ELECTRICAL

OUTPUT NETWORK...
With the exception of the cartridge designer, the
effects of the cartridge's electrical network are
most often totally overlooked.

ARNOLD SCHWARTZ

The characteristics of the phono
cartridge electrical output net-
work have been almost totally ne-

glected and have become something of
a skeleton in the audio technology clos-
et. Hi-fi equipment is often described as
"the audio chain." This is a very appro-
priate description because it reminds us
that the performance of each compo-
nent depends on the components pre-
ceding and following it, and my purpose
here is to describe the electrical network
coupling the cartridge to the preampli-
fier, an important, if somewhat neglect-
ed, link in the chain. The function of the
cartridge can best be understood if we
examine the phonograph record under,
let's say, 1000 times magnification. If

we did this, we would see a continuous
undulating groove. These undulations
are musical waveforms, a mechanical re-
plica of the musical performance. The
job of the cartridge is to retrieve the mu-
sical information from the record, where
the musical data exists in mechanical
form, and deliver an electrical signal
which is a replica of the mechanical in-
formation to the phono preamplifier
stage. In doing this, the cartridge per-
forms three distinct but related functions.
First, the stylus tip scans the mechani-

President, Micro -Acoustics Corp.,
Elmsford, N.Y.

cal waveforms. Second, the transducer
mechanism converts the mechanical vi-
brations of the stylus to an electrical sig-
nal. Third, the cartridge is part of an
electrical network which transmits this
electrical signal to the preamplifier input
stage. This network consists of the elec-
trical element internal to the cartridge, in
series with the signal; the sum of tone -
arm cable capacitance, interconnecting
cable capacitance and preamplifier input
capacitance, in shunt with the signal;
and the input resistance of the preampli-
fier, also in shunt with the signal.

With the exception of the cartridge
designer - who carefully attempts to
use the characteristics of this electrical
network in his overall design - the ef-
fects of this circuit on cartridge perform-
ance are most often overlooked. In fact,
the performance of this electrical net-
work can be as important as, and some-
times even overshadow, the high fre-
quency and transient performance of the
scanning and transduction systems of
the phono cartridge.

Recognizing the importance of this
network, we have used a unique ap-
proach in our System II cartridge which
has a passive network incorporated in
the body of the cartridge in the form of a
thick film hybrid micro circuit. It serves to
match the electrical characteristics of the
electret transducing element to the exter-
nal circuit. The electret, the electrostatic
counterpart of the magnet, functions as
a transducer by directly converting me-
chanical vibrations to an analogous elec-

trical signal. This internal matching net-
work presents a purely resistive 4,000 -
ohm impedance to the capacitive -resis-
tive external circuit. The circuit itself and
the method of measuring the frequency
response of the System II cartridge elec-
trical output network is shown in Fig. 1.
The transducer signal is simulated by an
oscillator with an output impedance of
less than 10 ohms; the sum of the tone -

arm cable, connecting cable, and
preamplifier shunt capacitances Is
shown as a single capacitor, and the typ-
ical preamplifier input resistance of
47,000 ohms is included. The cartridge
itself is used as the series impedance in
this test circuit so the conditions are al-
most precisely those in actual operation.
Although the range of capacitance in
user playback systems may vary from as
much as 250 pF to 1000 pF, the circuit
response is measured for capacities of
300 pF and 500 pF, the more usual val-
ues for better quality playback systems.
The frequency response of the System II
electrical network (see Fig. 2) is essen-
tially flat from 20 Hz to 20 kHz (down
less than 0.25 dB at 20 kHz with a 500-
pF load). The circuit time constant with
500 pF is approximately 2 micro-
seconds so that we know the response
is -3 dB at 80 kHz. The flat frequency
response in the audible range means
that the signal will be delivered to the
preamplifier exactly as it appears at the
System II cartridge output terminals,
and, just as important, it will not be sig-
nificantly affected by the wide variations
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in capacitive load found in user playback
systems.

The internal electrical element of the
magnetic cartridge is an inductance.
Magnetic cartridges convert mechanical
vibrations to an electrical signal by in-
ducing a signal in a coil of wire located
in a magnetic field. The electrical net-
work of the moving magnet, moving
iron, and induced magnet (all three types
have essentially the same general circuit
configuration) is shown in Fig. 3. This
circuit is a low-pass filter with a cut-off
frequency somewhere below 20 kHz,
and, depending on the value of the cir-
cuit elements external to the cartridge,
will exhibit something approximating a
12 dB/octave roll -off beyond its cut-off
frequency. Variations in cable capacity
affect the cut-off frequency and will have
a pronounced effect on the frequency re-
sponse.

The circuit of the moving -magnet car-
tridge is shown in Fig. 3. The cartridge
itself is used as the series inductance to
reproduce the actual playing conditions
as closely as possible. Figure 4 shows
the frequency response of a high -quality
moving -magnet cartridge connected into
the circuit as the cartridge impedance;
with a 300-pF load the response is -3 dB
at 15 kHz and falls rapidly to -6 dB at 20
kHz. At 500-pF load the response
changes - ± 1 dB at 7 kHz, -3 dB at
13 kHz, and -8.5 dB at 20 kHz. The
signal from this moving -magnet cartridge
is altered considerably by the time it ar-
rives at the preamplifier, and it will
change as the capacitive load varies
from one playback system to another
playback system.

The electrical output network of a
moving -coil cartridge, a form of magnet-
ic cartridge, is shown in Fig. 5 (upper
circuit). Because the moving -coil car-
tridge has a low output, a step-up
transformer is often used to boost the
voltage fed to the preamplifier.

TRANSDUCER O

CARTRIDGE OUTPUT
IMPEDANCE

r

4,000 OHMS

CAPACITANCE
(SUM OF CABLE AND PREAMP)
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Fig. 1-Output network of System II
cartridge.

o
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Fig. 2-Frequency response of System II
cartridge's electrical output network,
showing effects of different capacitances.
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Fig. 3-Output network of moving -magnet,
moving -iron or induced -magnet cartridge.
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Capacitance in ordinary playback systems may
vary from 250 to 1000 pF, while 300 to 500 pF is
usually found in better quality systems.

Transformers have leakage reactance
which appears as a series inductance in
the equivalent circuit, as well as a shunt
conductance which appears as a shunt
inductance in the equivalent circuit (low-
er circuit of Fig. 5). We have taken one
channel of a high -quality moving -coil
cartridge feeding a transformer, which
was designed by the manufacturer to
work with the cartridge, and connected it
as shown in Fig. 5. The frequency re-
sponse of the circuit is shown in Fig. 6
for capacities of 300 pF and 500 pF. At
300 pF the electrical response falls to -3
dB at 12 kHz and -5 dB at 20 kHz. With
a 500-pF load, the response falls to -3
dB at 11 kHz and -6.25 dB at 20 kHz.
At low frequencies, due to the shunt
conductance of the transformer, the out-
put falls about -0.5 dB at 100 Hz and -3
dB at 30 Hz. Here again, we see that the
quality of the sound is altered when it
arrives at the preamplifier, and it will
change as the capacitive load varies
from playback system to playback sys-
tem.

If we compare the System II electrical
system to the electrical systems of mag-
netic cartridges, we note two important
differences:

A) While the System II frequency re-
sponse is flat within the audible range,
the moving -magnet and moving -coil car-
tridge circuits are not, and

B) System II circuit response remains
flat with changes in playback systems,
while changes in the playback system
capacitance do affect the response of
magnetic cartridges.

A major significance of the 80 -kHz
pass band of the System II cartridge
electrical network lies in the speed of its
response - how fast it reacts to instan-
taneous changes of the music. Re-
sponse speed is generally referred to as
transient time, and transient time is the
figure of merit for comparing the ability
of the cartridge to reproduce the tran-
sient characteristics of music. Musical
sounds are, actually, a series of tran-
sients. Transient response or rise time is
determined by using a square -wave test
signal (see Fig. 7) in our test circuits; in
this case the simulated transducer feeds
a square wave to the cartridge circuit.
The transient rise time is the time
elapsed from the point of the leading
edge of the signal when the waveform is
at 10 percent of maximum height to the
point when the waveform leading edge is
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-15

0
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-10.0

------------
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Fig. 4-Frequency response
of a moving -magnet cartridge's output
network, showing effects of different
capacitances.
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The rise time of a phono cartridge's circuit also
influences how quickly it can respond to
instantaneous changes in the musical signal.

at 90 percent of the maximum height.
This widely accepted engineering mea-
surement method uses the most uniform
segment of the leading edge to measure
the transient rise time. If a transient is
slow to pass through an electrical net-
work, only the slow -moving low -frequen-
cy components pass through unaffect-
ed, while the high frequencies, which
contribute to the attack and brilliance of
the music, are eliminated or delayed. To
actually measure the rise times, the out-
put of the cartridge networks (see Figs.
1, 3 and 5) are displayed on an oscillo-
scope with the simulated transducer
generating a 1,000 -Hz square wave.
The time it takes from a point on the
wave front that is 10 percent up from the
bottom of the wave to a point 90 percent
of the maximum height of the waveform
is the transient rise time.

Figure 8 shows the oscillogram of the
output of the System II electrical net-
work. The waveform at the left is the
conventional representation of square -
wave response. However, if we expand
the time scale by 20 times and then look
at the leading edge, we improve our res-
olution. The transient rise time is 2 mi-
croseconds. The time constant of the
System II circuit is 2 microseconds, re-
flecting the 80 -kHz bandwidth. The very
fast rise time contributes to the ability of
the System II cartridge to reproduce the
attack of sharp musical sounds that are
so important to the dramatic quality of
the original musical performance. The
comparable rise time for the moving -
magnet cartridge (Fig. 9) is 25 micro-
seconds, while the moving -coil cartridge
(Fig. 10) has a rise time of 30 micro-
seconds. The significantly slower rise
time of magnetic cartridge circuits, less
than one -tenth the speed of the System
II, reflects the limited bandwidth of their
low-pass filter circuits. The slow rise time
reduces the ability of the playback sys-
tem to faithfully reproduce the attack
times of the musical performance.

These measurements of cartridge cir-
cuit are of great significance to the user
and illustrate why the cartridge's electri-
cal output network has such a profound
effect on the overall performance of the
playback and why the cartridge designer
must take the characteristics of this net-
work into account in the most thorough
way possible in his design. We think
we've done that in our System II car-
tridges.
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Fig. 7-Rise time measurement.
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An important achievement in record quality

Proof -quality records that offer clearer sound,
true fidelity, anti -static performance and
are produced in a dust -free "Clean Room"

Franklin Mint proof -quality records are pressed in a dust -free,
atmosphere -controlled "clean room;' where careful methods of
production and inspection assure the high quality of these
great recordings.

The records in this unique collection of The 100
Greatest Recordings of All lime have been produced
to the highest standards possible. Each record is
exceptional for its clarity as well as its tonal
quality-capturing the beauty both of today's
finest performances and of the historic perfor-
mances of the past.

A superior vinyl material, containing its own
anti -static element, is used in the production of
these records. This exclusive vinyl material, to-
gether with the careful process by which the press-
ing is made, results in a record that is more rigid,
durable and resistant to dust. A record that has
true fidelity, clearer sound quality and a long life.

Ordinary records (even new ones) can have dust
particles embedded in their grooves, and the types
of vinyls used increase surface noise. But because
Franklin Mint records are produced from this ex-
clusive vinyl formula, they effectively resist dust
and capture a fuller sound.

To further assure their quality, the Franklin Mint
records are pressed in a special "clean room," simi-
lar to the facility in which the mint produces its
flawless proof -quality coins. In this atmosphere -
controlled clean room, technicians wear vinyl
gloves and every precaution is taken to ensure
protection for every record. Here, the most

(left) You normally cant tell if the record you buy was the first or
last to come from a record stamper, or if the stamper was made
from a defective metal mold. But (right) The Franklin Mint Record
Society aurally auditions a greater number of pressings than
most other producers. And every metal mold is actually played,
from start to finish, before it is used to produce stampers.

meticulous attention is paid to the pressing of the
records-in order to greatly minimize noise, to
assure a quieter, clearer record and to make certain
that the full quality of each original recording is
faithfully preserved.

Together, these important features enable The
Franklin Mint Record Society to create a collec-
tion of proof -quality records-records that offer
greáter clarity of sound and are quieter and clearer.
To attest to this high standard of proof quality, each
record bears the distinctive mintmark of The
Franklin Mint.

Most of the recordings in the collection are in full
stereophonic sound. But naturally, the very early
recordings are monaural. However, all of the rec-
ords throughout the series reflect the highest fidel-
ity possible-and all are playable on any stereo
phonograph or system. No special equipment is
needed.

In addition, the recordings of legendary greats
such as Enrico Caruso, Rosa Ponselle, Feodor
Chaliapin and Giovanni Martinelli have been re-
markably improved by electronically removing
imperfections that were present in the earlier
recordings, thus enabling you to now hear these
glorious voices more nearly as they sounded in the
actual performances.

Rarely if ever have records of such distinction
been produced. Rarely if ever has so much time
and attention been devoted to their creation. And
these are the superior records which you will re-
ceive when you become a subscriber to The 100
Greatest Recordings of All Time-the ultimate pri-
vate library of recorded music.

Ordinary records (left) may warp, causing "skipping" and distor-
tions in sound. But Franklin Mint proof -quality records (right) are
36% thicker and heavier than ordinary records and are, there-
fore. less likely to warp.

Ordinary records (top), nave static charges that attract dust,
causing surface noise when the record is played. But the special
vinyl used in Franklin Mint records (bottom) has a built-in anti-
static element that assures clearer sound. Electrostatic meter
tests show that the Franklin Mint record has only one -fifth the
static charge of an ordinary record.

or the first time in history, the
world's greatest works of music-
and the greatest recorded perfor-
mances of those works-have been
brought together in one unique col-

lection of distinctively high -quality records.
'Duly the ultimate private collection of fine re-
corded music.

These are 'the supreme masterpieces of
man's musical genius, performed by the most
outstanding artists of the century. Together,
they form a record library unprecedented-
and unsurpassed-in the entire history of
music. The 100 Greatest Recordings of All lime.

The greatest music
-and the greatest performances

An international panel of renowned music au-
thorities was appointed to participate in the
selection of these great recordings. This distin-
guished panel considered countless recordings
of each of the greatest works of music-a
momentous task.

For instance, members of the panel re-
viewed 24 different recordings of Beethoven's
7th Symphony and chose the one recording
they considered superior to all others: Tosca-
nini with the New York Philharmonic.

From 30 great recordings of Tchaikovsky's
Nutcracker Suite, the panel selected the one
greatest performance: Arthur Fiedler and the
Boston Pops.

Similarly, the recordings of other great sym-
phonies, concertos, sonatas, rhapsodies, ballet
and vocal music were reviewed and the most



The Franklin Mint Record Society presents the ultimate private library of recorded music.
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A unique collection of the greatest performances ever recorded, selected by an international panel of music
authorities and presented on 100 records of superb proof quality.

outstanding performance in each instance was
recommended.

The creation of this definitive collection has
been made possible through the cooperation
of leading record companies both here and
abroad. And now, The 100 Greatest Recordings
of All Time is being issued exclusively by The
Franklin Mint Record Society.

Among the works chosen for this collection
are immortal masterpieces by Beethoven,
Brahms, Mozart, Tchaikovsky, Schubert,
Rachmaninoff, Debussy, Verdi-performed by
such superb artists as Vladimir Horowitz,
Jascha Heifetz, Enrico Caruso, Van Cliburn,
Isaac Stern, Artur Rubinstein, Leontyne
Price-with the world's finest orchestras
under the direction of such great conductors as
Toscanini, Ormandy, Bernstein, Stokowski,
von Karajan, among others.

In every sense, the ultimate private library
of recorded music-to be cherished for a
lifetime, and presented as a legacy to future
generations of your family.

Handsome library cases provided
To house these magnificent proof -quality rec-
ords, special library cases are provided for all

100 records. Each hardbound library case
holds two long-playing 12" records and is at-
tractively designed. Displayed in a bookshelf
or cabinet, these handsome library cases will
be an impressive addition to any home.

The fifty library cases also include specially
written and illustrated commentaries discuss-
ing the great masterpieces and their compos-
ers, and providing fascinating background on
the orchestras, conductors and soloists.

Thus, you will enrich your understanding of
great music-and introduce your family to a
world of pleasure and cultural satisfaction.

Created solely for subscribers to this series
The 100 Greatest Recordings of All lime is pro-
duced solely and exclusively for those who
enter subscriptions to this series. The collec-
tion may be acquired only by subscription from
The Franklin Mint Record Society. It will not
be sold in any record stores.

To begin building your private library of the
world's greatest performances on proof -quality
records, mail the attached postpaid application
directly to The Franklin Mint Record Society,
Franklin Center, Pennsylvania 19091, by
March 31, 1981.

,98, FM

The Advisory Panel

MARTIN BOOKSPAN, music critic, commentator of
New York Philharmonic radio concerts

SCHUYLER G. CHAPIN, Dean of the School of the
Arts, Columbia University

FRANCO FERRARA, member of the faculty of the
Academia di Santa Cecilia, Rome

R. GALLOIS MONTBRUN, Directeur, the Conser-
vatoire National Superieur de Musique, Paris

IRVING KOLODIN, music editor of The Saturday
Review, faculty member, the Juilliard School

WILLIAM MANN, senior music critic of The Lon-
don Times, author of books on Mozart, Bach,
Wagner

MARCEL PRAWY. Professor, Vienna Academy of
Music

ANDRÉ PREVIN, Music Director of the Pittsburgh
Symphony Orchestra; composer, pianist

WILLIAM SCHUMAN, composer, first winner of
Pulitzer Prize for music

H. H. STUCKENSCHMIDT, member of the Akade-
mie der Kuenste, West Berlin



EQUIPMENT PROFILE

McINTOSH
MODEL
MR -80
FM TUNER

Manufacturer's Specifications
Sensitivity: 9.3 dBf (1 .6 µV) for 35 dB
of quieting; 14.7 dBf (3 µV) for 50 dB
of quieting; 13.2 dBf (2.5 µV) for 3
percent total noise and harmonic dis-
tortion (IHF Usable Sensitivity).

Signal -to -Noise Ratio: 75 dB (mono).
Harmonic Distortion: 0.2 percent, 20

Hz to 15 kHz, mono or stereo; typically
0.08 percent at 1 kHz.

IM Distortion: 0.15 percent mono or
stereo, any combination of frequen-
cies, from 20 Hz to 15 kHz, with peak
modulation equal to 100 percent or
less; typically 0.1 percent.

Frequency Response: Mono and ster-
eo ±1 dB 20 Hz to 15 kHz, with 75,
50 or 25 microsecond de -emphasis.

Capture Ratio: 1 .5 dB.
Selectivity: Alternate channel 90 dB

narrow, 110 dB super -narrow; adja-
cent channel 8 dB narrow, 60 dB
super -narrow.

Spurious Rejection: 110 dB.
Image Rejection: 90 dB.

Maximum Signal input: 8 volts across
75 -ohm antenna input.

Audio Hum: 75 dB down from 100 per-
cent modulation.

Muting: 70 dB noise reduction between
stations.

Muting Threshold: 2 µV to 1000 µV,
variable.

SCA Rejection: 60 dB or more.
Stereo Separation: 50 dB at 1 kHz.
Stereo Filter: 10 dB noise reduction.
Audio Output: Variable, 2.5 V into 47

kilohm; fixed, 1 V into 47 kilohm.

General Specifications
Power Requirements: 120 volts, 50/

60 Hz, 25 watts.
Dimensions: Front panel, 16 in. (40.64
cm) W x 5-7/16 in. (13.81 cm) H;
chassis, 143/4 in. (37.47 cm) W x 4-
13/16 in. (12.22 cm) H x 13 in.

(33.02 cm) D.
Weight: 28 lbs. (12.73 kg).
Price: $1,995.00.
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In all the years that I have been evaluating FM tuners, I have
concluded that there are two basic approaches to the design of
an FM tuner or the FM tuner section of a receiver. There are
those engineers who design these products for other engineers,
almost as if the users of their products will do nothing but mea-
sure them in shielded laboratory rooms. Then there are those
engineers who design tuners to be used for listening to music
broadcast by near and remote FM transmitters in the "real
world." Seldom have I encountered a tuner that has been optim-
ized both for the laboratory and for the nontechnical music lover.
The recently introduced McIntosh MR -80 FM tuner is such an
optimized tuner. You will understand why if you follow my de-
scription and the results of my tests of this product.

In terms of outward appearance there's no mistaking the MR -
80 for anything but a McIntosh Laboratory product, with its fa-
miliar black front panel and its back -lighted nomenclature. But
there is much that is new and up-to-date about this product's
cosmetics, as well as its internal circuitry. Instead of a printed
frequency dial scale, the upper section of the front panel is dom-
inated by a large digital display which reads out the frequency of
the tuned -to signal in Megahertz, to the nearest 100 kHz. This
tuner does not employ frequency synthesis nor does the manu-
facturer claim that it does. One could argue about the use of the
word "digital" in connection with this tuner, since that has come
to mean a frequency -synthesized tuning system to a great many
audiophiles, but that is largely a semantic argument these days,
since many manufacturers of tuners who employ digital readout
of frequency have begun to refer to such products as "digital"
FM tuners.

To the left of the digital frequency display are four "touch
pad" switches which are used to select one of four preset sta-
tion frequencies. When one of these pads is touched, a small
rectangle of light appears above the pad to indicate that the
tuning command has been executed. To the left of these preset
selector pads are three indicator lights. The red stereo light
comes on when a stereo transmission is received. The second,
an amber -colored indicator light, is identified by the word "lock"
and indicates when the tuner is locked to an incoming station
signal. The third, a green -colored light, indicates when the ster-
eo multiplex filter is active.

To the right of the digital frequency display is a column of tiny
LEDs arranged vertically; they indicate signal strength. No cen-
ter -of -channel indicator is necessary since, as we shall see, the
unique locking circuitry of this tuner insures proper tuning. Two
more touch pads to the right of the signal -strength column are
labelled "Auto Scan" and are used to make the tuner tune up
and down the FM dial, stopping at received station signals. Fi-
nally, to the right of the auto -scan pads, we find a conventional
tuning knob for manual tuning. There is a fourth method of tun-
ing the MR -80 which we will discuss when we examine the rear
panel.

The lower section of the front panel of the MR -80 is equipped
with six rotary controls and a centrally located stereo headphone
jack which is driven by its own audio amplifier circuitry and can
deliver 2.5 volts of signal into 600 -ohm loads; more than
enough to drive low impedance phones, incidentally. Starting at
the left, there is a two -position selectivity switch, with settings
identified as "Narrow" and "Super Narrow." Normally, the
"Narrow" position is used, and in our tests we found that it
provided excellent alternate -channel selectivity and the ability to
separate closely spaced signals in our listening area. We have
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Fig. 1 - Block diagram,
McIntosh MR -80 tuner.
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been told by some of our friends and colleagues, however, that
there are some areas of the country in which high adjacent -
channel selectivity is a must if listeners are to be able to tune to
distant, weak signals without being swamped by strong local -
station signals separated in frequency from the remote desired
signal by only one channel bandwidth, or 200 kHz.

The next rotary switch activates the stereo multiplex filter cir-
cuitry, either permanently when set to "in" or, when set to
"auto," automatically whenever stereo signal strength falls be-
low 100 microvolts or so. Since activation of the filter is always
accompanied by an indicator light mentioned earlier, the listener
is always aware of the filter being turned on, even if turn -on
occurs automatically.

A stereo/mono mode switch follows, and to its right, beyond
the headphone jack, is a continuously variable control called
"scan" which determines the speed of tuning when in the scan
tuning mode. A variable -muting control comes next, which is
used to set muting threshold and also determines scanning sen-

sitivity, that is to say how strong an incoming signal must be in
order for the auto -scan tuning system to stop on that signal.
Finally, the right -most control, located just below the tuning
knob, is a master output level control which determines audio
level at the variable output jacks on the rear panel and which,
when rotated fully counterclockwise, disconnects power to the
tuner.

The rear panel of the MR -80 is equipped with two 75 -ohm
coaxial antenna connectors (one of which is intended for com-
mercial cable input), 300 -ohm antenna terminals, and a ground
terminal. A jack nearby accepts a plug on the end of a supplied
long cable that allows the user to either scan or call up the
preset stations, one by one, from a remote location, depending
upon the setting of a nearby slide switch. Variable and fixed
level output jack pairs are at the lower right of the rear panel,
while nearby are a pair of scope jacks (horizontal and vertical)
intended for connection to an oscilloscope for observation of
multipath (reflection) problems. A line fuseholder and an
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LOX A'LIEI AYE WHAT MAKES
LUX TTEDEU

Lux decks start with ha f a century of amplifier expertise
because while tfe record and playback heads are the senses of
a deck, the recording amplifier is the heart.

Only DC ampification provides low inherent distortion, wide
dynamic bandwidth and tie headroom to take advantage of
metal tape. Then Lux adcs tie features essential for total
performance.

Look at Lux's K-8 and K-15. Wherever possible, mechanical
oaerat ons are replaced try electronics. Both decks have full IC
logic controlled .solenoid operation so any function, in any order,
is a finger -stroke away.

Meters have been replaced by instant -response fluorescent
peak level indicators with a special, 3dB added scale for metal
tape. The electronic digital tape counter is precise, easy to read,
and shows tape motion as -ell.

Bias and equalization setings are provided for all tapes, and
variable bias cortrol lets yoL add the final adjustment for your
ears only. Other features ndude automatic play/rewind repeat
functions complete with memory. And Dolby* NR, of course.

Both units are exquisite s=amples of mechanical, electronic
and hLman engineering in sleek, contemporary rosewood
cabinets.
Sophistication _.and then some

Lux's K-15 goes even fLrtrer, with DC playback amplification
as well for even bwer distorion. And, DolbyHX, a new circuit

offering at least 10dB additional headroom in the reccrd mode.
Dolby HX works with the Dolby NR circuitry, monitoring the

signal being recorded. The HX system is automat c, contin'cus
variation of bias and equalization in response to signal content,
particularly at the high frequencies.

Tape saturation is reduced, and while Dolby NR gives yoi 'ess
noise, Dolby HX gives you more signal. The improvement is
significant and very noticeable when played back on any
machine with Dolby NR. Dolby HX works with any tape ... and
makes it better.

Lux K-8: 2 -heads; DC servo motor drive. Frequency respxlse
20-20,000 Hz, metal tape. S/N ratio 65dB, metal tape, Dolby on.
Wow & Flutter 0.055% WRMS.

Lux K-15: 3 -heads; 2 DC servo motors; dual -capstan cic:ed
loop system. Frequency response 30-20,000 Hz (-± 3dB), natal
tape; S/N ratio 69dB, metal tape, Dolby on. Wow & Rutter
0.04% WRMS.

Other exceptional decks in the Lux line range in price frcn
$299 to $1995 and include the 5K50 professional deck with
heads, 3 motors and dual DC amplification; K-12, 2 -head, 2 -

motor deck with dual DC amps. K -5A with 2 heads and Lux
bridge motor drive; K-1, 2 -head, servo motor drive. Al are metal
compatible and have Dolby NR.

The Lux cassette deck ... better because it's built with the Lux
Amplifier.

Dolby is a registered trademark of Dolby Laboratories.

Ultimate Fidelity Stereo Components7_1
LUX Audio of America, Ltd.
Reflecting TomDrnw's Technology in Today's System

150 Dupont Street, Plainview. DIY 11803 / (516) 349-7070  West Coast Office 11200 Chandler Blvd . North Hollywood.
CA 91603'(213) 580-7641  Canada: Lux Audio of Canada, Ltd.. Scarborough, Ontario M1B 2T9



unswitched convenience a.c. power receptacle complete the
rear panel layout.

Additional adjustments and controls are located along the top
surface of the tuner. These include four continuously variable
rotary controls which are used to set up the frequencies of the
four desired preset stations, a rotary control which adjusts the
sensitivity of the signal -strength LED column display (you can set
it so that the strongest station in your area will cause full-scale
readings), and five small push-button switches. An r.f. preselect
circuit is activated by the first of these buttons and adds a tuned
circuit between the antenna and the first r.f. stage to immunize
against strong signal overload. The next button selects the cable
or your own antenna input. The third button can be used to
disable the locking circuit. The last two buttons provide selection
of either 25, 50 or 75 microsecond de -emphasis characteris-
tics.

Circuit Highlights
A block diagram of the circuitry of the McIntosh MR -80 is

reproduced in Fig. 1. An electronic antenna switch selects sig-
nal inputs either from the cable input or from one of the direct
antenna inputs and feeds the signal to the first r.f. amplifier
which consists of a low -noise junction FET and a high -power
bipolar transistor arranged in cascode configuration. Two PIN
diodes are used to insert a second preselector stage during
strong -signal reception. Tuned circuits are tuned by a series -
parallel connection of four matched varactor diodes which are
tuned by relatively high voltage (5 to 26 volts) to eliminate diode
nonlinearities and possible IM distortion. Two parallel tuned cir-
cuits follow the r.f. amplifier to improve image rejection and in-
crease r.f. selectivity.

The balanced mixer stage is a matched-dual-FET and bipolar
transistor circuit. A low -loss, toroidal, phase -splitting transformer
is used as an impedance matching network in the gate circuit of
the mixer. A bipolar transistor is used as an oscillator buffer to
prevent oscillator pulling on strong signals and as the constant -
current source for the dual J-FET mixer.

Four differential amplifiers, coupled with linear -phase mono-
lithic filters, comprise the narrow selectivity and signal -strength
sections of the i.f. amplifier. A four -pole, four -zero crystal filter is
inserted in the signal path as well when the "Super Narrow"
selectivity setting is selected. A solid-state signal -strength meter
is used as a front panel indicator of incoming r.f. signal strength.
This meter can be user -set to give a full scale indication on a
signal as low as 2 microvolts or as high as 100,000 microvolts.
Signal -strength voltage is also used to control mono -stereo
switching, automatic stereo filter insertion, muting, and automat-
ic scan stop. The control voltage also adjusts stereo separation
at low r.f. signals so that, unlike many other tuners, there is no
abrupt change from mono to stereo in the presence of marginal-
ly weak signals; reduced separation also produces the best pos-
sible signal-to-noise ratio at weaker signal strength levels.

The limiter following the selectivity section of the i.t. amplifier
has a total gain of 80 dB for extremely hard limiting with good
impulse -noise rejection. A broadband Foster -Seeley discrimina-
tor is used as the FM demodulator, and output of the detector is
fed to a buffer stage for isolation from variations in load im-
pedance.

The phase -locked loop stereo -decoder IC incorporates two
special new systems, the automatic variable -separation control

circuit mentioned earlier and tri-level digital waveform generation
which helps to eliminate interference from SCA signals and from
the sidebands of adjacent -channel FM signals. Following the de -
emphasis switches, an electronically switched filter circuit is
used to reduce out -of -phase noise when receiving weak signal
stereo. The filter is actually a twin -T bandpass that blends high
and low frequencies, but leaves separation unaffected at mid -
frequencies for improved stereo imaging when the filter is re-
quired. LC notch filters further reject any residual 19 -kHz or 38 -
kHz sub -carrier output products. A separate headphone ampli-
fier, capable of driving low impedance phones, also serves as
the main output amplifier.

Tuning, Scanning and Control Circuitry
A detailed explanation of the touch sensor, preset scanning,

control logic, scan circuit and lock circuit, as well as of the
frequency counter and power supply circuitry is provided in the
excellently written owner's manual supplied with the MR -80, and
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The continuing story
of TDK sound achievement.

' a Nine.

Parts Eight and Nine, the two
sides of the TDK shell, are not
merely well matched. They are
mirror images. TDK engireers
knew that unless every part of the
TDK cassette mechanism was en-
cased in a perfect, unchanging
world, the total effort to create
perfect sound would be 13st.

To achieve the perfect mirror
image, a test cassette was cast in
solid metal. With it, TDK engi-
neers determined the delicate in-
terrelationships between parts.
They found
eight key
points of con-
tact between
tape and shell.
Whenever the
sides were not
perfectly parallel, to a micron,
there was phase shift and sensitiv-
ity loss. A difference of mpore than
a few microns could affect the
sound as well as damage tie tape.

To avoid structural problems,
TDK engineers chose a very spe-
cial plastic. High impact styrene.
It performs impressively in tern-

TDK cassette
tape -to -head interface area.

perature extremes and holds its
shape under stress. Then a metal
die was designed to cast the shell.
The die alone has 428 separate
parts for superb quality control.

Before a TDK shell design is ap-
proved for mass production, it's
checked in thermostatic chambers
to an accuracy of ±1°C. Its
image magnified 5 to 20 times
on a 600 millimeter screen.

Surface roughness is
checked on a graph
enlarged 100 to 1,000
times. To be sure
there's no variance, the
two shell halves are
precision molded from

matching dies and kept
side by side until they are
precisely mated by five
computer -torqued screws.
There is no room for error in
a TDK cassette. Even the TDK
label is made of a special
paper. 11,

Looking through today's

larger TDK window, you'll have a
perfect view of tape move -lent
and direction. It's the direction
TDK has set for cassettes. Total
performance depending not
merely on the tape but the design
and interplay of every component
part. With TDK, music will con-
tinue to be the sum of its parts.
And that's quite an achievement.

TDK.
© 1980 TDK Electronics Corp., Ga:dei City, N.Y. 11530 Enter No. 24 on Reader Service Card The Amazing Music Machine.
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full schematic diagrams are also included for the benefit of the
technically oriented user or for possible servicing needs. The
descriptions of the remaining non-r.f./i.f. related circuits are too
lengthy for even an abbreviated treatment here, but we cannot
leave this subject without providing a brief explanation of the
unusual "lock" circuitry designed into this unusual tuner. This
new circuit will be correctly tuned even if the station (or, more
likely, the cable company) is not on its correct frequency. Two
operational amplifiers are used. A deviation signal from the de-
tector is fed to the first amplifier, which produces an output
voltage proportional to the logarithm of the d.c. component in
the detector output. A second amplifier, connected as a
switched -gain low-pass filter, removes any audio signals pres-
ent. The filter output, which is a correction voltage, is fed into a
scaling circuit that compensates for the tuning diodes' nonlinear
frequency -to -voltage response. Both amplifiers operate with
more than 50 dB of gain at d.c. So, with a closed -loop gain of
more than 100 dB, tuning error (when locked) is less than 1 kHz
at 100 MHz. This error is less than that obtained with most
frequency -synthesized circuits and provides the additional bene-
fit of correct tuning even if the station or cable signal is not on
proper frequency.

Since this circuit will "track" a station even if it drifts by more
than 1 MHz in either direction, the user must be able to defeat
the lock easily. The touch sensor switching arrangement on the
manual tuning knob takes care of this and, to prevent the tuner
from locking onto a strong signal next to a weak signal, a circuit
is used to sense strong adjacent channel signals and to inhibit
the lock circuit in such circumstances. The lock on/off switch on
the top surface of the unit, incidentally, will cancel the lock only
insofar as the manual tuning knob is concerned. The lock circuit
continues to work for all the preset signals and for the scan
circuits.

Laboratory Measurements
The multi -purpose graph of Fig. 2 shows the mono and ster-

eo quieting and distortion (at 1 kHz) characteristics of the MR -80
tuner with the selector switch set for "Narrow" (normal) selectivi-
ty. Usable sensitivity in mono measured 12.0 dBf (2.2 µV), while
for stereo, the usable sensitivity was a very low 20 dBf (5.5 µV).
The 50 -dB quieting point was reached with input signals of 3.5
µ V (16 dBf) in mono and 30 dBf (17.4 µV) in stereo, the stereo
result being about the lowest we have ever measured for any

stereo FM tuner. At 65 dBf of input signal strength, signal-to-
noise ratio measured 76 dB in mono (as opposed to 75 dB
claimed by McIntosh) and 71 dB in stereo. Distortion at that
strong signal level was the same in mono and stereo, a low 0.12
percent for a 1 -kHz signal.

Figure 3 is a plot of distortion (harmonic) versus modulating
frequencies, for both mono and stereo operation of the tuner,
again with selectivity set to the normal or "Narrow" position. We
measured specific values of 0.12 percent at 100 Hz for mono,
and 0.15 percent for that frequency in stereo. At 3 kHz, mono
distortion was a bit higher than that measured in stereo, 0.18
percent as against 0.13 percent, but at the highest required test
frequency of 6 kHz, stereo THD came close to the 0.2 percent
limit while mono distortion was again a low 0.1 percent.

We should point out that when the "Super Narrow" selectivity
setting is used, distortion does rise rather significantly, ap-
proaching the 1.0 percent mark, but this is a trade-off that was
most deliberately chosen by McIntosh Laboratory's designers.
There is just no other way to achieve adjacent -channel selectivity
of 60 dB without increasing distortion in the stereo mode where
sidebands of high frequency modulating signals extend well be-
yond the single channel width of 100 kHz to either side of center
carrier frequency. What is remarkable, in fact, is that McIntosh
was able to achieve this sort of adjacent -channel selectivity and
still keep the distortion level in stereo under 1.0 percent! It

should be noted, incidentally, that noise performance or signal-
to-noise ratios remain essentially the same in the "Super Nar-
row" setting as they were in the "Narrow" or normal selectivity
mode.

The spectrum analyzer plots of Fig. 4 illustrate frequency re-
sponse and separation characteristics of the tuner measured
with selectivity set to the "Narrow" or normal position. We mea-
sured a separation of 50.5 dB at 1 kHz, 48 dB at 100 Hz, and
35 dB at 10 kHz. The lower trace in the scope photo shows the
crosstalk in the unmodulated channel. The center trace shows
what happens when the multiplex filter circuit is introduced.
While separation at the frequency extremes diminishes, notice
that at mid -frequencies it is actually greater than it was without
the filter over a narrow region of frequencies around the 500 -Hz
mark.

As might be expected, when selectivity is switched to the
"Super Narrow" mode, separation suffers somewhat, as illus-
trated in the scope photo of Fig. 5. In addition, we note the
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WHY ONLY SONY WINDS UP
WITH FULL COLOR SOUND.

Strangely enough, some of the things that make Sony
Full Color Sound sound so terrific are things you caret hear.

Such as Sony's unique experience and technical
achievement. Sony makes both tape and the equipment

Stepped hub that plays it. So Sony's experi-
inne1 ring Outer ring ence with tape recording is

unique among major tape
manufacturers. After all, you'd
better know all there is to
know about tape decks before
you make a tape. Sony does.

Then there's unique Sony
balance. The fine-tuning of ail

the elements that go into making a tape, so that each syner-
gistically complements the other and delivers the finest
recording humanly and technically possible to achieve.

You also cant hear Sony's unique SP mecha-
nism, one of the carefully balanced elements in
every Sony tape. It's a perfect example of Son:
technical achievement. The SP mechanism is
what makes the tape run so smoothly inside
the cassette. And smoothly running tape is
critical for total, perfect tape performance.

Smooth running means less friction.
So some of the most popular tape makers
give the tape as much clearance inside the
cassette as possible. (We used to do the
same thing.) But this method results in
uneven or too tight winding and actu-
ally increases friction as you wind and
rewind the tape. Jamming and even
a stopping of the tape in its tracks
can result.

It was clear to Sony that even,
uniform winding was the key. So
Sony reversed the basic thinking about
friction completely and invented the
SP mechanism, the first positive guid-
ance system on the market. Instead
of giving the tape lots of room, it
gently guides the tape smoothly and
precise -y through the cassette, and
onto the reels, with a maximum of
positive precision support, yet with
an absolute minimum of friction.
This is a perfect example of Sony

Parallel rails Tape Liner

Cross section of SP mechanism

pioneering and how the Sony balance system works.
Some of the unique patented Sony innovations are

the stepped hub wheel, which suppresses wobble, parallel
"rails" of the liner which guide the tape and hub and keep
the tape winding flat and even. Even the surface which
touches the tape is special graphite -coated polyester, for the
least possible friction.

Our Sony SP mechanism is actually to times more
trouble -free in lab tests than our old conventional mecha-
nism. And the increase of friction after 200"torture-test"
windings and rewindings has been reduced by nearly 2/3!

The fact is, the more sophisticated your equipment,
the more you'll appreciate Full Color Sound. Listen to Sony
SHF (our best normal bias tape), EHF (high bias), FeCr or
Metallic tape. Listen to the perfect balance of its perfect
components. It's the secret of Full Color Sound. SONY

Enter No. 22 on Reader Service Card

Stepped hub

Liner with
parallel rails

Tape guide

Five screw
system

Precision guide roller Tape Pressure pad Shielding plate 19:1 Sory Corporation of America. Tape Dr¢
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Fig. 4 - Frequency
response and separa-

tion with selectivity
circuitry in "Narrow"

mode.

Fig. 5 - Frequency
response and separa-

tion with selectivity
circuitry in "Super

Narrow" mode.

Fig 6 - Crosstalk
components for a

5 -kHz input signal.

appearance of some beats at around 9 kHz and at 19 kHz in the
unmodulated channel output. Again, these are some of the
trade-offs that must be made to obtain the kind of adjacent
channel selectivity of which the MR -80 is capable. And that kind
of selectivity can only be appreciated by the listener who, having
been unable to receive a preferred station because of strong
local station interference, suddenly hears the desired signal with
absolutely no interference.

In Fig. 6 we have changed the sweep mode of our spectrum
analyzer so that it is linear (in previous scope photos it was

logarithmic as indicated by the frequency notations at the top of
the display), and printed frequency notations should now be
ignored. Thé sweep is from 0 Hz to 50 kHz, at 5 kHz per divi-
sion..The tall spike at the left is the 5 -kHz output from the modu-
lated channel. Contained within that spike is the opposite (un -
modulated) output from the other channel, while to the right of
these are the crosstalk products at harmonics of 5 kHz as well
as any residual 19 -kHz and 38 -kHz subcarrier output products,
all of which are about 60 dB or more below the level of 100 -
percent modulation.

Capture ratio measured exactly 1.5 dB as claimed, while im-
age rejection was in excess of the 90 dB claimed as a limit
specification. We were unable to measure alternate channel
selectivity in the "Super Narrow" mode (our equipment can only
read reliably to 100 dB) but were able to confirm all other selec-
tivity readings claimed by McIntosh in both the "Narrow" and
"Super Narrow" modes of the i.f. system.

Use and Listening Tests
Since our own local distribution of FM stations was such that

we did not run into adjacent channel problems if we used a good
directional antenna in our listening tests, these tests were divid-
ed into two separate parts. First, we did some off -air testing and
found that the MR -80 picked up more usable signals than any
tuner we have tested over the last three years. The automatic
blend filter action and the variable separation (which occurs au-
tomatically) resulted in stereo reception of weak signals that was
completely acceptable from a noise point of view but that would
have been too noisy for pleasurable listening with other tuners
we have tested in recent months. The "lock" circuit always
yielded optimum tuning point, as evidenced by a complete ab-
sence of audible distortion. In short, as we said at the outset, the
MR -80 is designed to cope with the real world of broadcasting.

As proof that it could respond well to the world of the labora-
tory (and because we wanted to see just how sharp that "Super
Narrow" selectivity position was) we conducted additional tests
which amounted to a "closed circuit" experiment. Using our
Sound Technology Model 1100A "Signal Conditioner" (which
accepts program modulation from tape or discs and applies re-
quired pre -emphasis) to modulate our primary FM stereo signal
generator, we "transmitted" some of our favorite discs and
master tapes both by direct cable connection and by low -power
radiation from one room to the next. These experiments were
conducted at a variety of signal strength levels, ranging from
around 50 microvolts to 100,000 microvolts. The dynamic
range capability of the tuner was awesome, better than any of
the program material we used in these experiments.

All of which brings us to the same conclusion we have
reached when testing other excellent tuners in the past. Before
investing in a tuner of this excellent quality and performance
capability, ascertain whether or not there is any station in your
area that is meticulous enough in its broadcast practices and
caring enough in its selection of program sources to justify the
relatively high price of the Mac MR -80. If you are fortunate
enough to have one or more such stations in your area and are
also sufficiently affluent (or possessed of a good enough credit
rating) to afford the MR -80, I could not recommend any product
more highly. The McIntosh MR -80 is what FM and stereo FM is
really all about - or should be. Leonard Feldman

Enter No. 90 on Reader Service Card

42 AUDIO/MARCH 1981



There are 300 voices
in the Mormon Tabernacle Choir.

This tiny diamond tipped sapphire
enables you to hear every one.

What you see above is the dia-
mond stylus/sapphire ciiystal cantilever
of the Bang & Olufsen MMC 20 CL
Phono Cartridge.

We chose sapphire because it is
one of the most rigid materials on Earth.
So there is no audible tip resonance.
No distortion of the music. Even when
subjected to the 10 G forces which
cantilevers encounter when tracking
today's records.

And while sapphire may seem like
overkill, the fact is that your cartridge,
though dwarfed by the rest of your
system, has an overwhelming influence
on the reproduction quality you achieve.
Which is why we go to great lengths to
achieve optimum performance where
it counts in our cartridges.

Another place the MMC 20 CL
excels is its stylus. A Contact Line nude
diamond. Super -polished to shun con-
taminants and reduce record wear. It

Shown actual size

tracks the groove like a train on a rail.
Then there is the Moving Micro

Cross, heart of the patented B&O®
cartridge for years. Now highly refined,
it maximizes stereo separation and
minimizes effective tip mass (ETM).
For extended record life, and unsur-
passed trackability.

Since inductance is low, induced
noise is negligible. And output is con-
stant, regardless of cable or preamp
capacitance.

Bang & Olufsen's other three car-
tridge models are the MMC 20 EN,
MMC 20 E, and MMC 10 E. They are
produced to the same exacting stan-

dards as the MMC 20 CL. And offer
almost equivalent performance.

The top three models each come
with their own computer -generated test
report showing output voltage, chan-
nel balance, channel separation, and
tracking ability. The MMC 20 CL is
also supplied with its own individually
plotted frequency response graph.

While you might wonder just how
much difference all of this makes, you
can hear it for yourself at your local
Bang & Olufsen Dealer.

Or write to us, and we'll send you
reprints of what reviewers the world
over have been reporting. Which is
that Bang & Olufsen Stereo Phono
Cartridges are great places for your
music to begin.

Bang &Olufsen
Bang & Olufsen of America, Inc.
515 Busse Road
Elk Grove Village, Illinois 60007
Attention: Sandy Reinquist
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EQUIPMENT PROFILE

APT CORP.
APT 1
AMPLIFIER

Manufacturer's Specifications
Power Output: 1 00 watts/channel into

8- or 4 -ohm loads, 1 75 watts/channel
into 2 -ohm loads, 75 watts/channel
into 16 -ohm loads; in mono bridged
mode, 200 watts/channel into 4- or 8 -
ohm loads.

THD: Less than 0.03 percent, 4 and 8
ohms; less than 0.05 percent, 2 ohms.

Dynamic Headroom: 3 dB at 8 ohms,
2 dB at 2 ohms.

Reactive Load Rating: 3 dB.
Capacitive Load Rating: To 0.8 µF.
Frequency Response: 10 Hz to 30

kHz, +0, -0.25 dB.
Input Sensitivity: 90 mV for 1 -watt out-

put.
Input Impedance: 50 kilohms in paral-

lel with 300 pF.

SMPTE-IM: Less than 0.01 percent.
IHF-IM: Less than 0.01 percent.
TIM: Less than residual in test equip-

ment of 0.006 percent.
Slew Factor: Greater than 10.
S/N: 80 dB below 1 watt (110 dB be-

low rated output).
Dimensions: 3.12 in. (79.25 mm) H x

16.9 in. (429.26 mm) W x 10.19 in.
(258.82 mm) D.

Weight: 22 lbs. (10 kg).
Price: $641.00 East, $656.00 West.

R

Signal preen
oweo.d red

load impedance beam.
(rear panel)

Aw COrporatlee
Cambridge, Ma..echoa.tts
PoW.r Amplifier 1

power

The arguments over whether or not one can hear differences
between similarly rated and similarly measuring amplifiers will
probably be with us for many years to come. As far as this
reviewer is concerned, however, the Apt 1 Amplifier, the second
product to be introduced by Tom Holman in the past couple of
years, settles the argument in my mind. It sounds better than
most amplifiers in its price and power class and, I might add,
these judgments are not only my own but those of my listening
panel of associates and friends who, as in all recent tests, had
no idea what was being compared with what and whether the
switch was really being thrown from A to B or from A to A or, as
was true in some cases, from B to B!

As well as providing superlative sound, the Apt 1 is also one
of the most conservatively designed amplifiers we have encoun-
tered in some time. And in addition and unlike some amplifiers
which perform well on the lab bench with idealized loads but fail
to measure up sonically when delivering power into real -world
loads, the Apt 1 can easily deliver its rated power, and then
some, into the most complex and unusual of speaker loads yet
devised by man.

For all its design innovation, the Apt 1 is a compact unit and
fairly lightweight at 22 pounds (or, an even 10 kilograms, if you
prefer to be metric abcut it). Its grey metallic front panel has no

controls on its surface. The only visible items on the front panel
are a tiny power -on indicator light and a small viewing area
housing LED indicators. The upper pair of LEDs illuminates in
green whenever a signal is being amplified by the Apt 1, switch-
ing to red when an instantaneous overload condition occurs.
The other LED illuminates when the load is mismatched to the
amplifier's output, at which time the user is expected to remedy
the situation with an impedance switch on the rear panel.

That rear panel is equipped with color -coded, five -way bind-
ing posts for speaker cable connection, with one pair located at
each end of the panel. A small switch at panel -center can be
released from its normally depressed setting for bridged mono-
phonic operation of the amplifier. In such a mono mode, only the
L input is active. A fuseholder housing a 4 -ampere line fuse is
located on the rear panel, as is the aforementioned impedance
switch. The switch has two settings: 8-16 ohms stereo/16-32
ohms mono or 2-4 ohms stereo/4-8 ohms mono. As previously
noted, an improper setting may be indicated by illumination of
the front -panel LED indicators. Such indications may take place
even if the "nominal" impedance of the speakers being used
corresponds to the switch setting, since nominal speaker im-
pedance does not always correspond to actual impedance un-
der a given set of drive conditions for an amplifier.
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Circuit Highlights
A complete schematic (one channel only) of the Apt 1 is

shown in Fig. 1. The power amplifier stage employs some newly
developed circuits which were conceived by Tom Holman and
designer Mark Dinsmore. The first stage is a Darlington -connect-
ed differential -pair with emitter current source and gain degener-
ation. This configuration was apparently selected because of its
relatively high stage current and attendant high slew rate com-
bined with high input impedance and good thermal stability.

One side of the differential pair drives a current mirror, which
reflects the output of half of the differential pair downwards. The
second stage is driven in both directions, up and down. Each
half of this stage consists of a two -transistor cascode circuit.

The output stage consists of two triple -Darlington. comple-
mentary -symmetry, common -collector stages (emitter -followers).
This configuration provides high current gain, so that load varia-
tions in impedance are reflected back to the gain stages at a
very low level, with little overall effect upon the specifications of
the amplifier.

The safe -area detector circuitry works much like the portion of
safe area limit circuitry which detects unsafe conditions in output
transistors. The detector, however, is not used to interrupt the
drive to the output as it sometimes is in conventional circuits.

Instead, the detector output is used to signal the output protec-
tion relay to disconnect the load. This action is postponed for as
long as possible thanks to the conservative design approach in
the output -stage "safe area." Common -mode conduction from
one output half through the other half is prevented from reaching
destructive levels by fuses in the B+ and B- supplies to each
amplifier.

Additional inputs to the relays are a turn -on delay and d.c.
detectors for each channel. Since the amplifier is direct coupled
internally, any input offset will appear as a larger d.c. offset at
the output. To prevent such input offsets from appearing at the
output, a separate servo amplifier maintains d.c. conditions at
zero at the output.

A voltage/current comparator measures the V/I relationship
in the left channel and drives the load impedance indicator in the
event that the load impedance drops below 43/4 ohms in stereo
or 9 V2 ohms in mono bridging.

The power supply of the Apt 1 is unusual in that it has the
ability to alter voltage and current relationships depending upon
load impedance. It uses all of the power transformer regardless
of the setting of the impedance switch so that wind ngs are not
wasted in either mode of operation. B+ + and B-- voltages are
developed separately from the B+ and B- voltages so as to
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Fig. 1 - Complete schematic,
including power supply and
signal/overload indicator,
of one channel.
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operate the low-level stages of the power amplifier with minimal
interaction with the power supply. The important driving stages
are well isolated from the power output demands on the ampli-
fier.

The dual -color LED display circuitry tests the output for small
signals and lights a green LED for signal present at the output
jacks. An overload detector differential amplifier triggers when-
ever the input and output of the amplifier do not "track" each
other, This amplifier then suppresses the green LED and
changes it to red to indicate overload.

Laboratory Measurements
With 8 -ohm resistive loads connected, the amplifier delivered

123 watts per channel at mid -frequencies before harmonic dis-

tortion reached its rated value of 0.03 percent. With a 4 -ohm
load, power output for 0.03 percent THD was 115 watts. Re-
turning to 8 -ohm loads, we measured a maximum continuous
output of 114 watts per channel at 20 Hz and 118 watts per
channel at 20 kHz. Under 4 -ohm load conditions, the amplifier
delivered 101 watts at 20 Hz and 102 watts per channel at 20
kHz for the same level of distortion. On the basis of the 8 -ohm
measurements, we would rate the amplifier as being a 114 watt
per channel unit, abiding by FTC criteria, but that hardly begins
to tell the whole story. This amplifier exhibited a dynamic head-
room of 3.2 dB at 8 ohms. That means that under music signal
conditions, the amplifier can deliver short-term power peaks as
high as 209 watts per channel without clipping! A plot of power
output versus harmonic distortion for the 8 -ohm load ccndition is
shown in Fig. 2, while in Fig. 3 we have plotted the power output
versus harmonic distortion for 4 -ohm loads. Figure 4 shows a
pair of plots (8 ohms and 4 ohms) of distortion versus frequency
at rated output (100 watts per channel, continuous).

Power bandwidth (the frequency extremes at which full power
could be delivered for rated THD, 8 ohm loads) extended from
11 Hz to 35 kHz. Frequency response at nominal power levels
was flat from 3.5 Hz to 75 kHz for -1 .0 dB, extending further to
200 kHz for the -3 dB roll -off point. Damping factor was around
200 for a 50 -Hz test signal referred to 8 -ohm loads.

SMPTE-IM distortion measured a low 0.015 percent for rated
output as against the published or rated value of 0.03 percent.
IHF-IM was so low as to be unmeasurable using our test equip-
ment, which normally can read down to 0.01 percent. Slew
factor (the highest frequency divided by 20 kHz at which full -
rated input produces an output having 1.0 percent THD) could
not be measured beyond 6 on our test equipment, but we can
verify that it was probably in excess of 10, as claimed, just by
extrapolation. Input sensitivity corresponded exactly to the pub-
lished claims, with 90 millivolts required for 1 -watt output and
ten times that amount needed for the rated 100 watts output into
8 -ohm loads. The A -weighted signal-to-noise ratio was 88 dB
below 1 -watt output reference, or fully 8 dB quieter than claimed
by the manufacturer.

Summary and Listening Tests
We hooked this amplifier up to a variety of speaker systems;

everything from our reference KEF 105 -II to some recently ac-
quired mini -sized speakers that lack an octave or so at the bot-
tom but are otherwise well balanced and accurate. There are
those who maintain that some amplifiers do good things for cer-
tain speakers while messing up the sound of others. The Apt 1 is

not such an amplifier. Each of the speaker types we tried with it
seemed to benefit audibly from being driven by this superbly
designed unit. Bass reproduction was extremely tight and un -
muddied, and the amplifier somehow never seemed even close
to running out of steam, even when coupled to relatively ineffi-
cient speaker systems. Mid -frequencies and highs were well de-
fined and transparent, with not the slightest hint of high -end
fuzziness or raspiness under any drive conditions.

Having checked out the Apt preamplifier more than a year
ago, I rather suspected that the matching amplifier would be a
winner too. It is! Leonard Feldman
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Ifyouwantsome
you do it

We could save money by making one driver do in many
systems. Some companies do. But at AR we design
each driver for the individual operating level of each
speaker.

Acoustic Suspension design requires a strong, sealed,
air -tight cabinet. So we check every enclosure paying
special attention to glue, joints, and bracing.

Many reputable speaker manufacturers buy
some, or all, of their insides from outside suppliers.

While there's nothing inherently wrong with
putting a Frammas woofer and Tekamaki tweeter
with a Schenklocker driver, the quality of the parts
is out of your hands.

AR builds nine speaker systems. Every driver in every
system is designed, built and tested in our own plant.
We do it right.

Every AR speaker goes through more than 70 differ-
ent quality control tests and inspections before it
leaves the factory.

At AR, however, our only business is
speakers. We have both the time and the dedica-
tion to build and inspect every driver ourselves.
From the design room to the packing room.

That's why we can confidently say that the
end product will do exactly what it's designed to:

1rTELPDYNE ACOUSTIC RESEARCH



thing done right,
yourself.

This coil of wire (it's called a those) is part of an AR
crossover. Winding -t on a ferrite core would save cop-
per and money. We use only air -core chokes for better
performance.

The AR speakers sell for from $90 to $900. Each one
is the standard of what a speaker in its price range
should sound like.

Produce pure accurate sound that will en-
thrall you in the showroom. And forever more.
(Which is not an idle promise. The AR warranty
promises, among other things, that your speakers
will perform within 1 dB of design specifications for
5 years. Check the warranty for details.)

AR uses magnetic fluid to cool high range drivers. As a
result, you can pump more power through today's AR's
without overheating.

AR gives you a full (not limited) 5 -year Warranty on
parts, labor and performance to within 1 dB of design
specs.

So next time you're shopping for speakers,
look for the ones with the AR nameplate.

It stands for a lot.
A lot more speaker for your money.
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