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Introducing

Pioneer LaserDisc.

The biggest innovation

in television

since television.



.1.

Imagine you could sit down
in front of your TV set and seevirtually any movie or concert
you wanted to see when youwanted to see it.

Imagine you could actually
see and hear concerts on yourTV in stereo. The best stereoyou've ever heard. Or cut toyour favorite scene in a movie
at will. Or stucy sports in
slow motion, even one frameat a time. Imagine a machinethat could teach your
children at their own rate.

You now haw just anidea of Pioneer LaserDisc.
A remarkable innovationthat puts both picture andsound on a record. And
plays them both by meansof a laser beam onto yourTV and through your hi-fi.

(The player hooks up to your TVwith just one wire. And when it'snot in use, your TV plays the
way it normally plays.)

"The:laser picture quality is
exceppttonaL As good ás the bestbroadcast reception you've everseen. And laser sound is betterthan the best conventional audio
recordings you've ever heard.And since nothing touches thedisc but a laser beam, the discnever wears out. The quality

is forever.
For all it does,® !á surprisingly, the

suggested retailíº price of the player
is only $749 just
$50 more with
remote contra).

F Arid you can own
a disc of a great

MIMI» ..111111»

!',>,.  -- -- -- _.r'.fits,,

esiguir

movie or concert forever for
the cost of taking your familyto the movies.

There are a few hundred
different disc: to choose fromright now. And wore and moreare coming out everyday.
Someday, virtually anythingthat entertains anyone will beon the disc.

Nothing we say here will
fully prepare yóu for the magicof Pioneer LaserDisc. You sim-ply have to see it.

For a personal
demonstrationfrom the dealer nearest youcall us at 800-621-5199 toll free.(hi Illinois 8O0-9725855. )

IIlree"pIlk"7"01 Wlri%
MPIONCert'

a.

i Enter No. 27 on Reader Service Card
?14 esterl retail price. actual

price set by dealer.
<. 1980 U S. Pioneer

Electronics Corp.



SC -2 gives
your cartridge

more than
The Finger!
The famous SC -1 stylus

brush (standard of the record
and hifi industries) now has a
synergistic fluid called SC -2.

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

The Discwasher SC -2
System. Stylus care you can
finger as clearly superior.

discwasher
PRODUCTS TO CARE FOR YOUR MUSIC

1407 N. Providence Rd.
Columbia, Missouri 65201
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The continuing story
of TDK sound achievement.

Parts Five and Six.

The guide roller and spindle
pin are the turning point in a TDK
cassette. It's there the tape takes
on a sudden surge of tension.
The winding angle changes sharp-
ly to 75°, causing great stress.
The slightest imperfection, even a
microscopic speck,will causeseri-
ous output fluctuations in sound.

TDK engineers began by
analyzing
existing
molding
techniques.

knew
many manu-
facturers
used a lowTDK guide roller and

spindle pin in cassette. Cost, inferior
split -die process. This turned out
rollers with seams, which disturb
tape travel. Spindle pins were no
better. Merely convenient mold
extensions with pullout tapers
which allowed rollers to slip up,
wear out and wrench the tape off
the track.

Part Five, the TDK guide roller,
is flared and absolutely seamless.
Made from a low -friction precision
© 1980 TDK Electronics Corp., Garden City, N.Y. 11530

molded plastic, it's creates in one
piece through an expensive
forced -injection mold technique.
Its flared edges provide perfect
tape guidance while its six spokes
maintain rigidity and perfect cir-
cularity. The tape flows
through the mechanism and
past the head gap in true ver-
tical alignment. There's
virtually no tracking varia-
tion or loss of high frequen-
cies. Sixty checkpoints dur-
ing the manufacturing pro-
cess guarantee it.

For Part Six, the TDK
spindle pin, our engineers
chose stainless steel.
Machined to size and
aligned to a perfect 90°, ifs
designed without a taper.
Micro -polishing and a
silicone coating cut down
friction. The TDK spindle
pin is far more resistant to
heat and cold than plastic.
It won't bend out of shape

Enter No. 37 on Reader Service Card

and wear down the spindle. Tape
is assured safe passage with vir-
tually no flutter or channel loss.

In a TDK cassette, the parts
are much like the instruments of
an orchestra. All equally impor-
tant. Music is an outcome of the
perfect interplay between them.
In the end, that's what's so distinc-
tive about TDK.
Music is the sum of its parts.

TDK.
The Amazing Music Machine.



Our secret
to tracking these
fantastic grooves
makes every
record you own
sound better!

CThere are perhaps a dozen
reasons why the new AT155LC

does so well tracking even the most
explosive new digital records. An
advanced rew Line Contact stylus,
our exclusive Vector -Aligned"
magnetic system and new high -
efficiency coil' and core designs to
mention just a few.

But it's our sound,
not the construction that
is important. And our
capability to track even
the tough records which
benefits you every ñme
you listen. Because
even slight mis -tracking
can quickly destroy any record,
shortening both d'sc and stylus life
dramatically.

Of course it's easy to claim
"good tracking". . everybody says it.
Proving it is someh;ng else. Well, we
guarantee that every new AT155LC
will pass an objective test which
easily exceeds the limits of most
commercial pressings. Specifically, at
1.2 grams the AT155LC cleanly tracks
the 80 -micron band of a standard

DIN 45 549 or AT6607 equivalent test
record. And at 1.6 grams it even
tracks the severe 90 -micron band
without visible distortion.

Of course tracking is not the only
virtue of the new AT155LC. Response
is uniform from 5 to 35,000 Hz,
separation is great, and efficiency is

uncommonly high*. All
claims we back up with
specific tests any lab
can duplicate.

But tte most
important test is a visit
to your Audio-Technica
dealer. Ask to hear
the new AT155LC with

your favorite records and with the
new digital blockbusters. We promise
a remarkable sonic experience. And
audible proof that the new AT155LC
can unlock the full potential of every
other hifi component you own.
Performance specificatOns availabe on request.

audio-technica.
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The ONLY component ever to receive
International Audio Review's coveted "Class 1" Rating

"The ORACLE turntable earns a Class 1 rating because it is a
totally and thoroughly engirreered product. It represents, in our
professional judgment, the best product that can be reasonably

achieved, as measured against the objective, permanent
yardstick of what is possible in turntable design..."

IF YOU INSIST ON THE BEST, LISTEN TO AN ORACLE

Send request for literature and dealer directory to
Trans Audio Marketing -USA, Dept. O, P.O. Box 5909, Santa Monica, CA 90405

Enter No. 39 on Reader Service Card



Audoetc.Edward Tatnall Canby

As the trends go, so go we, right
down to the tiniest details of our ev-
eryday life. It's automation time! Pretty
soon we'll be having electronically
controlled shoelaces with Automated
Tie and Untie. Micro -chip built into
the shoe heel plus a couple of mini -
bats between your toes. You push an
ultra -button on your ring finger and -
presto!

This bizarre thought comes to me as
I turn to that august
name, Sony, and
Sony's new all-out
turntable the PS -X75
with "biotracer"
electronic tonearm,
the arm that, so to ' t

speak, ties its own / `k
shoelaces. This Sony :,;
item represents a

whole new genera-
tion of disc players
such as I have not
worked with before.
Since well -made
turntables tend to
keep on turning year
after year, perhaps
you haven't either?
If you think your old
table is about ready
to be turned in, then
here's what's com-
ing to you next.. I
Something to really \imarvel at.

I am still in some
obscurity (if not in
the dark) as to how
most of the auto-
mated functions of
this table actually work and I may nev-
er figure them out. Things get compli-
cated these days. The Sony has all sorts
of sensors, magnetic, photoelectric,
tied into electronic minibrains. To do
the work of the arm, it has linear mo-
tors - that new kind that doesn't turn
but just pushes gently. Three of these
useful devices! Where have they been
all my life? A brilliant idea - straight
back to the horse and other similar
means of linear action. A linear motor
is very much like a muscle, which is an
amazing thought. To heck with the
wheel! Why didn't we think of this be-
fore?

To be sure, a few of the automated
actions available in this PS -X75 seem
to me de trop, too much. But then I

tend to be conservative in all this,
trusting my 10 thumbs as the finest
sensors anywhere around. I will admit
that other new record players display
an even more mandatory automation
than Sony, for this is the game right
now. And all, needless to say, for two
good reasons, (a) it can now be done
(i.e. where there's a way there's a will)
and (b) because obviously you want it
that way.

Ok, I'll go along. If my sound is OK.
Sony gives me more than satisfaction
on that score. Indeed, I've found to my
surprise that even with the same old
(excellent) cartridge and all else un-
changed, a table of this generation
may noticeably improve the overall
quality of your sound. Better engineer-
ing at the cartridge/arm interface.

The Sony! We say this as we have
said "the Fisher" for so many years,
adding a sort of honorary title to a reg-
ular name. Curious. Did Sony get there
firstest with the mostest? Maybe. But
we have too much other excellent Jap-
anese equipment to think that Sony
has total superiority. Sheer hype? Not
that either - ask the competing agen-
cies. Just a carefully built-up mystique,

I guess, along with real quality and
performance. My own Sony specula-
tions don't go that far. I keep thinking
of pasta ... remember the pasta ad,
soni,buoni? In the plural. In a plate of
spaghetti (pl.) each single strand is a
spaghetto. Just as each item in the vast
Sony line manages to be the Sony.

Sony's ample instruction booklet
was written in Japan and in spite of
the mostly excellent English I am not

clear as to what the
term "biotracer"
may mean. It sounds
highly organic, like,
say, biosphere, but I
detect nothing or-
ganic (in that sense)
in the arm's opera-
tions. Unless via the
muscle analogy -
could that be what
they mean? Any-
how, in this player

t the arm is clearly the
center of attention
and the most auto-
mated feature. But I
should say at once

possibleit is still possible
to move this arm by
hand, though not
with impunity. It
doesn't rudely say
"no"; it says, very
gently, "please bet-
ter not." The system
is indeed designed
to remove your
sticky fingers, if tact-
fully, but you may
override, if need be.

The PS -X75 comes with a large and
astonishing diagram printed on trans-
parent plastic attached to the dust
cover. I studied it carefully before re-
moving, then stuck it up on my wall
for further study. Phew! If I add right,
there are three linear motors, for hori-
zontal arm motion, vertical arm
motion, and arm lifting; each with a
solid magnet, coil, and coil bobbin
(none showing, of course, from the
outside). In addition, two more similar
arrays, magnet, coil and bobbin, for
the horizontal velocity sensor, in the
arm itself, and the vertical velocity
sensor, down underneath. With two of
these magnet -coil arrays actually in-
side the arm, one wonders how much
mass is involved, but the weight, I

6 Illustration: Leo Pando AUDIO  JANUARY 1981



ProfessionalI.
The one tape
that stands up when
you crank it up.

II BASF
9

professionalI
normal inorm) position

Premium fe rric oxide tapes nave more head-
room which allows higher maximum recording
levels (MRL). Among
all premium ferric #

>,

oxides PRO I has the
best MRL for loud
recordings Uniform g '.
magherrte parti
ales provide in-
creased headroom 3
for very accurate
and loud recordings
with virtually no distortion. In the fundamen-
tal music range (20Hz-5kHz) PRO I can be

recorded louder and
driven harder than
even high bias tapes.
PRO I is the interna-
tionally accepted ref-
erence tape, whose
bias point is specifi-
cally matched to
the Type I/normal/
ferric position on
today's high quality
cassette decks.

1.51,

maaukl~UM inanuo,
/11l!11111111111~.

PCDin drApc.d t0 be cmfldUb~-
m.102.8 b W, Mlb1p of mo. emrod.

Gm mdwe,a,00mra. Mote...
ojo-,

lo.mo
A-

lion -free vxo,dsg.

GUARANTEEtT
oFLir1A h J tia a free replacement.

ProfessionalII.
The world's quietest
tape puts nohing
between you
and your music.

nr43

BASF
90

professional -I(
chrome/high (Cr0,) poslion

High bias tapes consistently provide wider
frequency response and less tape noise (hiss

or background noise)
than any oí her tape type.
Among premium high
bias tapes PRO II is in

f,.pm. omwaawad, a class by itself. It is the
1°'°,n; d ; second generation chro-
t°°°"°'P 1°` mium dioxide tape withawnnm2Plc.d,o
1,7,4 aa..lro"..'" , superb frequency response
and outstanding sensitivity in the critical
( 10kHz-20kHz) high frequency range. It also
has the lowest background noise of any other
competitive tape available today
PRO II will cap`ure 13...121 Iáá
the many subtle redi

harmonics of the .wt .
most demancing - I iiI ' "'w" vo
recordings and v'®
play them back ,04
with the reality and

performance. PRO .3

presence of a live

11 is the tape for the vºortld.mel.rtwc 1sa1.m»m-w
Type II/chrome/
high bias position that comes closest to Metal
ape performance for half the price.

"The guarantee at a dt.ttm.."
All BASF tape cassettes come with a lifetime guaran-
tee that covers everything. Should any BASF cassette
ever fall-Mr any rea,on-simply return it to BASF for

.0.14121.

ProfessionalIII.
The only car tape
that eliminates
the car.

B

cA BASF

professional1H
ferrichrome ( FeCr) position

Ferrichrome tapes
combine the benefits of
chromium dioxide and
`erric oxide tapes for
superior performance
In car stereos. The top
Layer is pure chromium
dioxide for unsur-
passed highs and low
background noise. The
bottom layer is ferric oxide for superior lows
and great middle frequencies. And it also

gives you higher recording levels,
soyoi get clearer, louder play-

back without cranking up
a r your vo"ume control to

compensate. PRO III is the
ideal tape for car stereo

9 tle °m systems and performs
just as well in :he home
on the Type III/ferri-

chrome position.

PiOIDgwNwahigher mmam. .
recording lw.i MAL) mm, t0,115 b2mtape. c.*lDoaro fie

Patented "Jam-Praof" S.cu.tly M.chaflsm <SMy."
SAll BASF tape cassettes come with our exclusive

SM --Security Mechanism."`.vo precslon arms
actually "guide" the tape in a smooth. exact and

consistent track, so that winding is always ev3r_ no
matter hoe oleo the cassettes prayed. SM pub an
end to tape Jamming.

BASF
Crds'byDrive, Bedford, Massachusetts 01730
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note, is placed over and behind the pi-
vot, the front "S" of the arm being
unencumbered. Surely, I figure, some-
body had done all the calculating as to
resonance and mass relationships be-
tween this and the cartridge/stylus up
front. I have never had a better track-
ing arm. Suffice to say it's proof of the
bio-pudding.

The direct drive motor is "BSL" -
brushless and slotless - and comes up
to speed in a half -turn, which is com-
mendable for this type of drive. Some
of the earlier direct drivers took an un-
conscionably long time to get going.
Speed is crystal controlled, of course,
and (naturally) there is a readout
which says "locked" when we reach

fixed speed. Don't try to play your pi-
ano with this one. I can't find any op-
tional speed adjustment. In fact, the
locked -in speed is accurate within
0.003 percent, which is far less devia-
tion than my rather keen musical ear
could ever detect. No audible search -
and -correct. And the signal to noise is
-78 dB! That's almost digital -quiet.
Shades of earlier tables - remember
when the fanciest changers were set to
run a half step sharp (speaking musi-
cally) in case the pile of discs got too
heavy for the motor to manage? And
as for noise, you could even feel it, a
complex of vibrations from motor
shaft, rubber idlers, eccentric dents
and bumps, even, perhaps, a thump -

the best value in hi-fi
Three V15 Type IV
Technological Breakthroughs
Dynamic Stabilizer Suspended from

two viscous -damped bearings, acts like a shock
absorber to maintain constant cartridge -to -record
distance and uniform tracking force; eliminates
record groove skipping caused by warp; cushions
the stylus from accidental damage.

Electrostatic Neutralizer 10,000
conductive graphite fibers discharge static electricity
from the record during play. Eliminates attraction
of dust and tracking force variations caused by
static charges.

Telescoped Shank Greatly improves
trackability at the critical middle and high frequen-
cies. Lowest effective mass, with no sacrifice of
necessary stiffness or strength.

For all the facts
circle 50 on

Reader Service Card

Plus a Studio Cartridge
Innovation
SIDE -GUARD Stylus Deflector
A unique lateral deflection assembly developed bV
Shure for its professional studio cartridge-preverts
the most common cause of stylus damage by
withdrawing the entire stylus shank and tip safely
into the stylus housing before it can be bent by
sideways thrusts.

In 6 Models to Match Any
Turntable, Any Budget All these fea-
tures are incorporated into six moderately -priced
cartridges-with tracking forces ranging from 3/4 tc3
grams, and three different stylus configurations-
including the revolutionary distortion -reducing
Hyperelliptical stylus. Headlining the M97 Series
is the M97HE-AH, featuring a precision aligned
cartridge-headshell and adjustable overhang.

1

THE HEADLINER""
Model M97HE-AH

with adjustable integrated headshell I
M97 SERIES

phono cartridges
GENUINE

Shure Brothers Inc., 222 Hartrey Ave.
Evanston, IL 60204

In Canada: A. C. Simmonds & Sons Limited
Manufacturers of high fidelity components,

microphones. sound systems and related circuitry.

ing belt. (A belt often has a joint
somewhere on its length.) I bless my
luck in living long enough to outlive
that sort of equipment.

Techno-Trailblazing
You can't play a transparent LP au-

tomatically on this Sony because the
record -size drop point is determined
photoelectrically via holes in the table
and, of all things, prisms mounted in
the rubber mat. Light comes up and
runs into a black wall - the disc - or
it doesn't. Two light sensors determine
the 7 -inch and 12 -inch drop and also
- very important - they signal when
there is no record on the table so that
the arm will not drop. Nothing more
disastrous than trying to play a rubber
mat.

The biggest new convenience in re-
cent all -automatic disc players is the
bank of control buttons ranged out-
side the plastic dust cover, where you
can do everything with the cover
down. (For too long the manufacturers
needlessly put the controls inside that
cover, so you had to lift it to get any
action.) And the biggest plus by far on
the Sony PS -X75 is the extreme right-
hand control, a small circular dial with
a knob in the middle. Imagine it! Both
stylus force and skating force, the two
automatically locked together, can be
set and reset by this knob while the
record is playing. No tedious weights,
no tiny grooves in which you try to
lower the stylus, which never stays put
while you clumsily adjust supposed
pressure. Here, you just turn the knob.
I couldn't believe it. Dial 0 and the
arm gently elevates itself into the air
(you have to balance to zero weight
first, via the familiar counterweight
principle). Turn to a half gram and it
lowers and, maybe, if the record is flat,
plays music. If the sound skips, turn it
up to a gram or more and instantly
things settle down. For a warped or ec-
centric disc, you can momentarily in-
crease the point pressure, to taste -
then turn it back, to standard. Really
something.

Now that, to my mind, is a really
profound improvement. I cannot tell
you how many times I have hated that
fussy job of setting up the right force
("weight" as we wrongly say) via
balances and counterweights and
overhang and so on, and I expect our
normal readers will enthusiastically
agree. It takes a freak, I say, to enjoy
that kind of chore. But what can you
do? All too often I've resorted to the
thin dime or, more recently, a feath-
erweight plastic stylus brush laid on
top of the cartridge to bring the
"weight" to the correct figure. I have a
whole box of cluttery measuring de-
vices, from AR's little plastic weights to
Shure's Very Best, but Sony has the

8 AUDIO JANUARY 1981



...for your greater pleasure.
,,,,,

<<,-\e' / /
/or aunt- hartInc #,cl

Importers and Distributors of #," / /
Mordaunt-Short High -Fidelity Loudspeaker Systems # el' / /

1919, Middle Country RDad, Centereach N.Y 1 720. ,,, /, /Telephone: (516) 981- D066 ,,sl
Ente - No. 24 on Reader Service Ca rd

§`' 11 / / /
if ' / /



The Audio Critic
announces a

rather sensational
change in
its format.

Volume 2, Number 3 of The Audio Critic,
which is expected to be off the press at
approximately the same time as this ad, will be
our ninth and last issue in the original magazine -
like format. Starting in January 1981, the

. Audio Critic will be published biweekly-yes,
every other week!-in the form of newsletter -
size bulletins, featuring in-depth reviews of the
very latest equipment as well as continuing
updates of our top recommendations. With two
issues skipped during the summer vacation, our
frequency will be 24 bulletins a year.

Later in 1981, subscribers will also receive
The Audio Critic Handbook, a book -length
summary of everything the enlightened con-
sumer of audio components ought to know (in
our opinion) about rival design philosophies,
engineering trade-offs, test methods, installation
and alignment techniques, tape recording and
disc -cutting problems, and just sound in general.

Together, the bulletins in their loose-leaf
binder and the Handbook will read very much
like a stack of The Audio Critic from 1977-80.
Nothing will be different editorially. The
celebrated writing style will be the same. As
before, there will be no commercial advertising.
Our reviews will still be based on a combina-
tion of sophisticated laboratory measurements
and fine-tuned listening tests. The qualities that
have raised The Audio Critic far above the
"undergrounds" in the esteem of technically
and musically educated audio practitioners will
continue undiminished.

Only one thing will be different: the speed
with which our readers will be informed about
new developments. Instead of waiting for 35 or
40 reviews to accumulate before printing them,
we will now publish our findings in a steady
stream, as soon as they are firm. If we find out
in March that a certain new phono cartridge is
State of the Art, you will know about it early in
April. What newsstand hi-fi magazine or under-
ground journal can make that statement? Equip-
ment reviewing will never be the same again.

Present subscribers to The Audio Critic
will have their subscriptions fulfilled at the rate
of six biweekly bulletins for each old-style
issue due to them. The Handbook, when it
comes out, will count as the equivalent of two
old-style issues. New subscribers have the
following two choices:

Our $30 package. This includes the 24
biweekly bulletins to be published in 1981,
starting in January, plus the Handbook when it
is ready. If your subscription is postmarked no
later than December 31, 1980, you will also get
a handsome loose-leaf binder for your bulletins
as a free bonus.

Our $50 package. This includes the entire
$30 package, exactly as described above, plus
the four magazine -size issues still in print:
Vol. 1, No. 6 (cumulative reference issue with
over 150 reviews) and Vols. 2, Nos. 1, 2 and 3,
the last being the new issue with the much -
awaited report of an important speaker develop-
ment, among many other things. We strongly
recommend that you get these issues in order to
have a fuller understanding of what The Audio
Critic is all about and a better foundation for
reading the bulletins. Once the Handbook is
out, all old-style issues will be allowed to go
out of print. If you already own one or more of
these, you may subtract $5 from the package
price for each one you do not wish to receive.

Send your check or money order in the
correct amount (no Canadian dollars, $6 extra
for overseas delivery) to The Audio Critic,
Box 392, Bronxville, New York 10708.

right idea. It must be that vertical mo-
tor. It just pushes, variably down-
wards. Now that's the kind of automa-
tion I like.

Some of the rest I don't. Sony makes
a mild claim towards music cueing via
that quick half -turn motor start. Yeah,
but as an old radio man I know that
there is only one simple way to get
near -instantaneous music starts on cue
and that is via the slip system, a table
that turns at speed, a felt mat for
smooth friction and a finger that holds
the disc motionless. It'll start in a quar-
ter of an inch, full speed. But this is
mainly for specialists. More important
and quite vital for a lot of us is to be
able to start the music without
squawks and fumbles at one of the in-
ner LP bands. Through long practice
I've got so I can hit the silent grooves
by hand almost every time, given a
good light. But nowadays you aren't
supposed to because of those 10
thumbs. So - automation. Buttons to
push.

OK, friends, just try. (And it's not
only Sony that offers you this.) Push
one button and the hanging arm
moves leftward, push another and it
goes right, push a third and the arm
descends and plays whatever it finds.
That is, after the muting circuit lets go.
Like a cassette. Even more like a one-
armed bandit, electronic style. Instead
of trying to knock out an enemy space
ship, you try to hit the beginning of
the second movement of the Beetho-
ven Fifth.

Aiwa, to name another maker, has
really tied you into this device. If you
acquire their home equipment rack,
you cannot even open the dust cover
and reach in - no room. Instead, the
entire table rolls out so you can put
the record on, then rolls back in and
plays. So you must do your band -
searching via the outside remote con-
trols. No fingers at all.

Sony is more moderate. You can
reach in (given space in your own ca-
binetry), and you can move the arm,
though it does tend to remove itself
from your grasp, gently but firmly. Oc-
casionally, when you have found the
exact right spot by hand, it simply
turns the motor off on you. There's a
button for that, too. Push and the mo-
tor starts again.

Well, just for kicks I tried to see the
difference between what I could really
do with automated buttons versus
what I myself needed to do to hit the
silent grooves between bands accu-
rately. No use! After trying more than a
dozen times to hit one quite wide sep-
aration band, I ended up each time
with a blast of unwanted music and
gave up. You try. Do not let minor ec-
centricities like this bother you too
much. Sony has done nobly with the
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real fundamentals, including much
more, such as the ease with which all
this complex machinery can be set up
to accept widely differing cartridges
for size, overhang, weight, height
above the disc and so on. And there's
that excellent tracking stability, aided
by adjustable shock -absorbing feet.
The once famous Canby Loose Floor-
board, which has sent dozens of arms
flying into the air, merely produced a
slight hiccup in the Sony sound and
no grooves jumped. For such an in-
credibly complicated table, that's
good. If you can cough up the cash, if
you are unintimidated, if you don't
mind a big table (it wouldn't fit in the
space I had), then maybe the Sony is
for you. Linear motors and all. 41

Len Feldman and
Edgar Villchur Honored

Len Feldman receiving award from
Avery Fisher.

On October 4, 1980, Audio Contrib-
uting Editor Leonard Feldman and
Edgar Villchur, founder of Acoustic Re-
search, were inducted into the Audio
Hall of Fame. Both men were recog-
nized for their career achievements
and contributions to the audio field.

Feldman, currently a writer and con-
sultant, began his career as a television
engineer, joined Fisher Radio, and lat-
er started his own manufacturing com-
pany. In 1957 this firm, Madison -Field-
ing, was one of the first to introduce
an all -in -one stereo receiver. Feldman
served as the IHF's technical director
for a number of years, is now a techni-
cal consultant to the audio division of
the EIA/CEG, and has written six
books relating to FM and audio.

Villchur was an instructor of elec-
tronics and a freelance writer when he
developed a loudspeaker based on his
own invention, the acoustic suspen-
sion system, in 1953. He subsequently
applied for a patent for the design and
formed Acoustic Research to manufac-
ture the speaker. Upon retiring from
AR in 1967, Villchur established the
Foundation for Hearing Aid Research
and has continued to write general
and technical articles. A
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AT ADCOM
QUALITY IS THE PRINCIPLE...
LOW COST THE DMDEND.
In a little less than a year, Adcom's

critically acclaimed GFA-1 has estab-
lished itself as the power amplifier of
choice for the knowledgeable enthusiast.

Writing in
Stereo Review
(July 1980), Julian
Hirsch declared,
"The absence of
gimmicks and the
pursuit of innova-
tive electrical and

mechanical design together make the
Adcom GFA-1 a top contender in the
heavyweight amplifier class... and its
price makes it one of the top values in
today's market. One could pay two or
three times as much and get no better
audible performance"

Now, from the same dedicated
design team that created the GFA-1
comes a new, meticulously engineered
preamplifier, the Adcom GFP-1, that
extends performance to the limits of
current technology.

Like the GFA-1, the new Adcom
GFP-1 preamplifier avoids gimmicks,
useless gadgetry and pinball machine
illumination to concentrate on the
things that really matter, genuine utility,
outstanding performance and an
affordable price.

To cite just a few of its more note-
worthy features, the Adcom GFP-1
employs a super low noise FET phono
input stage to minimize cartridge impe-
dance interaction, a problem that many

far more costly designs seem to over-
look. To insure exceptionally high over-
load capability there's discrete phono
and line circuitry. In place of a conven-
tional volume control you'll find a true
stepped potentiometer with precision
trimmed resistor pads for accurate
channel tracking. Another neat touch
-genuinely useful tone controls with
hinge points that correspond to RIAA
phono rollover frequencies permitting
improved control of record playback.

Add sophisticated switching,
versatile dubbing facilities, vanishingly
low distortion and exceptionally quiet
operation and you truly have a preamp-
lifier for all reasons.

One last thought. At a time when
all too many companies have opted for
increasingly exotic designs i.e. very
expensive ones, Adcom has conscien-
tiously sought to provide a demon-
strably superior preamplifier at a price*
that would still be within the reach of
most discriminating enthusiasts.

Clearly, you owe it to yourself to
audition this remarkable instrument.
And at the same time, listen to its
superb companion piece the Adcom
GFA-1 amplifier. We think you will agree
that they're as good as anything you
have ever heard, regardless of price.

For additional information and the
name of your nearest Adcom dealer
write: Adcom, 9 Jules Lane, New
Brunswick, N.J. 08901. U.S.A.

'Suggested retail price. $350.

ADOOII/I GFP 1 PREAMPLIFIER
Enter No. 5 on Reader Service Card :ciAdcom 1980



Recording engineers
rely on Crown amps

to make better music.

THE BARN Recording Studio. Alexandria, Indiana.



So can you.

CROWN IN THE STUDIO

The recording engineer, who em-
ploys both art and science to create
the final tape, does not listen to the
music "live" while he is recording.

He wants to hear the music in the
same way you will hear it. So while
he's creating the final recording,
he listens to the output of his mixer
board through a carefully selected
speaker/amplifier system in the
control room. The system is identical
to those available to you at quality
audio dealers.

BILLBOARD Magazine, each year,
surveys U.S. recording studios
to determine brands of equipment
used. Year after year, the #1 power
amplifier has been Crown, selected
by more recording studios to drive
monitor speakers than the next three
brands combined.

MIX Magazine publishes equip-
ment lists for U.S. recording studios.
Again, the favorite brand of power
amplifiers is Crown. Most interest-
ing is the fact that
as you consider
studios with

Product shown with options

more sophisticated capabilities (16
or 24 track and up), the proportion of
studios selecting Crown as their
only monitor amplifier increases. The
more experienced the professional,
the greater is his reliance on Crown.

The music which is so important
a part of your life was probably
first heard by a recording engineer
through a system powered by Crown
amps. We think it makes good
sense to use that same Crown qual-
ity when you're listening to that
music at home.

CROWN AT HOME

The Crown Information Package
tells all about Crown and its prod-
ucts, and is possibly the finest
collection of audio information easily
available to you from a manufac-
turer. In over 50 pages, we have
included Crown technical papers on
audio concepts, discussions of
product design and operation, prod-
uct reviews from publications, speci-
fications, prices, dealer locations -

and much more. Many
illustrations are

in full color.

To order the package, send three
dollars with the coupon. If it's not
worth it, send it right back. We'll
refund your money.

Or you can, if you wish, simply
check our number on the reader ser-
vice card in this magazine, and
we will send you- free -a listing of
nearby Crown dealers. They have
much of this same information for
free. They are also very knowledge-
able about Crown amps, and would
be pleased to spend some time
discussing your needs for a better
system, and demonstrating our
products. It's worth your time to
visit them, just to keep up with
what's new from Crown.

CROWN AND GOOD SOUND

Whatever your taste in music- sym-
phonic, acid rock, chamber music,
pop, baroque, disco, opera or c & w-
it will sound more like it should with
Crown amps in your system. Since
the good sound of your kind of music
is important to your lifestyle, you
owe it to yourself to check out the
equipment that makes it sound
good in the first place- Crown.

crown
1718 W. Mishawaka Road, Elkhart, Indiana 46514

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

TO: Crown International
1718 W. Mishawaka Rd., Elkhart, IN 46514

Here's my three dollars. Please rush my Crown amp
information package.

Name

Address

P.O. Box No Apt No

City State Zip

AD -1



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.

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

Enter No. 31 on Reader Service Card

Joseph Giovanelli

Cutter Head Production
Q. Why don't pickup manufacturers

produce moderately priced cutter
heads, inasmuch as the operation of
each of these devices is similar?-A.S.
Marroquin, Alice, Tex.

A. I suspect that the greatest single
reason for the small production of
disc -cutting heads is simply the lack of
sufficient demand for the product.

While it is true that the operating
principles for both a phonograph pick-
up and a disc -cutting head are the re-
ciprocal of one another, still you find
that a cutting head has to do a consid-
erable amount of work when cutting a
groove, particularly at high frequen-
cies. Just as is true for phonograph
pickups, the mass must be kept low in
a cutter head if good high -frequency
cutting is to be achieved. I suppose
you can argue that by employing mass
production techniques, these prob-
lems can be minimized and prices
lowered, but it still comes down to the
fact that most recording studios do not
cut their own discs; instead they rely
on the few people who have found.
this technology interesting enough to
pursue. Disc recording requires a con-
siderable degree of mechanical ability
if the equipment is to be maintained
at moderate costs.

Because of the relatively light de-
mand for cutter heads, those few
which are produced sell at a very high
price, often above $10,000. Part of this
price is to cover all of the research and
development costs which made it pos-
sible to produce the head in the first
place.

Blackground Noise
Q. I understand that phonograph

record manufacturers use lamp black
in the vinyl mix used to press discs. I

have heard that this lamp black can
cause an increase in the background
noise level of a disc! Is it true? If so,
why do they continue?-John Buford,
Philadelphia, Pa.

A. Properly mixed, lamp black adds
only a very slight amount of additional
noise. The lamp black is used because
the public does not seem willing to ac-
cept a transparent record, but there
are so many other reasons for noise on
pressings that the lamp black problem

is not significant in comparison. To
keep costs low, the pressing cycle is
kept as short as possible. If the cycle is
just a little too short, incomplete
molding will result, and the back-
ground noise will be higher than
would be true if more time was al-
lowed for the pressing of each disc.

Still another source of noise results
from a press in poor condition or per-
haps a stamper being used for a longer
time than it should be. Added prob-
lems are those which occur during the
plating of the master disc; these can
result if the plating cycle is rushed.

We could have quieter discs if the
stampers are not chrome plated as
most are. However, their working life
would be considerably shortened by
this lack. They also can strain readily
during use, with increased background
as a consequence.

Take Your Cue
Q. I have noticed some new (to me

at least) terms being used, and I would
like to know their definitions. The two
of particular interest are back cueing
and slip cueing as used with regard to
playing phonograph records. I would
like to know what they mean as far as
the mechanics go, and what their ef-
fect is when used. In addition, if there
are other well-defined "cueing" condi-
tions, please explain them, too. -
Richard Fink, Lyons, N.J.

A. Back cueing refers to a means by
which you can insure a precise start
when playing a phonograph record.
An example of this would be a DJ who
announces the title of a selection, and
just as his words trail off, we hear the
first notes of the music.

What is done is to put the tonearm
on the record and allow the turntable
to spin until the music just starts. The
DJ or engineer immediately does one
of two things. He may simply grasp the
edge of the disc and turn it backwards
to perhaps a half turn before the start
of the 'first note, and hold it that way,

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.
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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.

EAPIFE

DYNAMIC
INTERFACE

x V

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.

Enter No. 17 on Reader Service Card

EVERYONE WHO WANTS
THEIR OLD SYSTEM TO SOUND LIKE NEW,

RAISE YOUR ARM.

19

EiPIFE
There's a new sound

waiting in your system.

1



with the turntable rotating, until the
time the song is to start. At this time
he releases the disc and fades up the
volume control associated with that
turntable. The music starts cleanly. (If
the control was not faded up, but sim-
ply left up all the time, the sound of
the table moving under the stationary
disc would be heard under the an-
nouncer's voice.)

The second procedure is similar to
the first: The engineer lets the music
just begin; he stops the table and ro-
tates the table manually back a half
turn or perhaps somewhat more.
Again, at the proper time, he starts the
table. This latter procedure can be
done only if the table is capable of
coming up to speed very quickly.
Many of the turntables used in home
entertainment systems do not come
up to speed that quickly. In fact, their
motors have low torque, too little for
them to come up to speed quickly or
even to maintain their speed while an
engineer grasps the edge of a disc with
the table rotating. In the case of a
broadcast turntable, the mat is made
of felt and not rubber.

What I have described are two
means of insuring the start of a phono-
graph record at a prescribed time. Each
involves the rotation of the disc back-

ward from the start of the music; this
process is known as back cueing.

Slip cueing is the first form of back
cueing that I described, where the
turntable is moving while the engineer
holds the edge of the disc.

You will not be able to tell which
technique is used when listening to a
radio station or to a DJ cueing. The
choice depends on the style of the op-
erator, the equipment he is using, and
what it will permit him to do.

For a number of reasons, most radio
stations these days do not use either of
the cueing techniques I have de-
scribed. The songs are usually record-
ed onto a cartridge, similar to an eight -
track cartridge. Such broadcast "carts"
can be cued very accurately by means
of special tones which automatically
insure that when the engineer starts
the "cart" machine, the song will com-
mence instantly, with no "wowing in."

Up to this point our discussion has
dealt with the proper start-up of pho-
nograph records, but it is probably ap-
parent that "cueing" refers to any situ-
ation where some given event must
begin at a precise time. A motion pic-
ture projector in a TV station must
start producing sound and pictures at
a prescribed time. Because of the
problems of such equipment coming

up to speed, the projector must often
be started 10 seconds earlier than the
desired starting time of the audio. If
you have noticed the various combi-
nations of live and taped commentary
shown in TV news broadcasts, you will
have an idea of the problems of a TV
producer, and will realize how amaz-
ing it is that so few errors occur during
this very highly complicated kind of
programming!

Audio tapes are often used for pro-
gramming, and again, they must start
at a prescribed time. This is done by
back -cueing them in a manner similar
to what was done for discs. The reels
are actually rocked by hand to the ap-
propriate point ahead of the start of
the tape. Here, however, the tape is
not slip cued. That procedure would
stretch the tape. Fortunately, profes-
sional -grade tape machines come up
to a speed virtually instantly. There are
some, however, which employ what
are known as "inertia wheels" and
these machines do not come up to
speed quickly. (Inertia wheels are used
to stabilize the tape and minimize
wow and flutter.) In the case of these
machines, a means must be found by
which to start the tape early or to man-
ually spin the wheel just prior to start-
ing the tape. A

5 Super Sounds for Critical Ears from Pickering
OA -202
Value packed, open -
audio headphones with
dynamic high velocity
drivers for great re-
sponse-Open audio
design.
1.00 inches thin.

OA -3A
Fine open -audio per-
formance-allows great
sound enjoyment with-
out isolation. Remark-
ably crisp, clear fidelity.
1.40 inches thin.

OA -5A
Samarium cobalt driv-
ers provide the ultimate
in true sound over a
broad audio spectrum.
Light weight for listening
comfort.
1.12 inches thin.

OA -7
The most advanced
technological design.
Wafer thin earpieces
provide the ultimate in
comfort and sound per-
formance.

70 inches thin.

OA -4A
Featherfone" -The
truly contemporary
headphone. Miniatur-
ized design for all port-
able applications with
astounding audio char-
acteristics.
60 inches thin.

Lightweight, thin headphones for every taste- for every pocketbook-
from the company known for the best in sound. ®PUCKERING

For further information write to: Pickering & Co., Inc. 101 Sunnyside Blvd.. Plainview, N.Y. 11803
"for those who can hear the difference"

Enter No. 35 on Reader Service Card



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 crystal 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: Audrey Athearn

Enter No. 7 on Reader Service Card



0= It sounds
1 like music.
t`

theSeriesu i men o
our six -year asso-

ciation with optimally
vented speakers based
on the theories of

ID A.N.Thiele - speaker
designs first introduced
by Electro -Voice in 1973.
The Interface:Coffers
you a unique combination

oof 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

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

hacies, 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.

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

ElectroVoicd'
aS-kon company

600 Cecil Street, Buchanan, Michigan 49107

Herman Burstein '

Auto Audio
Q. I am planning to buy an 8 -track

record and playback cartridge ma-
chine. This is to be used to record car-
tridges for playback on my car and
home systems. I have read that as a
rule, cartridge machines have a rela-
tively high noise level. So I have been
thinking of buying a Dolby noise re-
duction unit. This leads to two ques-
tions: Will this system give me a good
tape system on both record and play-
back? Will cartridges recorded with
this system be playable in my car sys-
tem?- Name Withheld.

A. Generally speaking, 8 -track car-
tridge machines have not attained the
quality of performance of the better
cassette machines. Of course, adding a
Dolby noise reduction unit will help,
but I don't think that a cartridge ma-
chine with Dolby will give as good fi-
delity as a fine cassette unit without
Dolby. There may well be exceptions
to the foregoing statement, and the
cartridge machine you plan to buy
could be one of the exceptions.

You will have to query your audio
dealer as to whether the cartridge unit
you plan to buy will produce car-
tridges compatible with your car's car-
tridge system. My guess is that if you
record with Dolby, you will get exces-
sive treble when playing the cartridge
in your car. On the other hand, the
prevailing noise level and deficient
treble response in your car's system
might offset the excessive treble re-
sponse of the cartridge.

Weighing the Scales
Q. I would like to know how to use

the scales that are on cassette tapes.
These scales are on both sides of the
case and are numbered 0 to 100. Is

there some meaning to them with re-
gard to time, thickness, and speed of
the tape? - John Johnson, Philadel-
phia, Pa.

A. The scales to which you refer are
sometimes known as logging scales.
They have no absolute meaning in
terms of time, number of feet of tape,
etc. They are arbitrary reference points
to enable you to locate specific por-
tions of the recorded material. For ex -
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ample, if you have a tape consisting of
a number of musical selections, you
can note at which point on the scale a
particular selection occurs. The next
time you play the tape you will be able
to start it at the desired point on the
scale.

Splicing It Right
Q. I am confused about tape splic-

ing. On which side of the tape should
1 apply the splicing tape? - Craig
Inouye, Dumont, N.J.

A. Splicing tape should be applied
to the side of the recording tape that is
away from the heads. For most tapes
this is the shiny side of the tape, the
dull side being the one that contacts
the heads. However, sometimes the
tape sheen is reversed so that the mag-
netically coated side, which contacts
the heads, is shinier than the base side.
So make extra sure you know which
side has the magnetic coating, and ap-
ply the splice to the other side.

Foreign Fluctuations
Q. I am contemplating a move to

London and am concerned about the
alterations I must make in my audio
equipment. In particular, speed fluctu-
ations in my tape recorders and turn-
tables would be disastrous. I have
heard a variety of reports about what
could happen to my equipment and
recordings while overseas and would
appreciate any advice you can offer-
Robert Miller, St. Louis, Mo.

A. Some U.S. audio equipment is al-
ready designed to be used either in the
U.S. or Europe, requiring only a flip of
a switch in order to convert to the line
frequencies and voltages commonly
used in Europe. In the case of speak-
ers, there is a problem only if they in-
corporate electronic equipment (such
as an electrostatic speaker or one con-
taining an amplifier). There may or
may not be a problem with receivers,
depending on what provision has

If you have a problem or question on tape re-
cording, write to Mr. Herman Burstein at AUDIO,
1515 Broadway, New York, N.Y. 10036. All letters
are answered. Please enclose a stamped, self-ad-
dressed envelope.
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1939...FIRST DIRECT -DRIVE

1951... FIRST MOVING -COIL C

1972...FIRST DIGITAL (PCM)

TURNTABLE

ARTRIDGE.

RECORDING.

1901... DEMON ORA 600.THE FIRST
FROM A TRUE AUDIOPHILE

RECEIVER

COMPANY
The Denon DRA-O , a synthesis of Denon's greatest technological

strengths.
From out thirty years or experience with moving -coil cartridges, we gave'

it a moving -coil preamplifier stage sonically as transparent as our -enowned
separate head -amps

From our fifty -plus years of electronics design a< períence, we powered
the DFrA-600 with a p=roprietary Denon Class -A paver amp, a design that
delivers unparalleled d&inition and openness, yet avoids the excess ve heat,
size and cost of traditional Class A amplifiers.

And, from our -decade of experience since our invention of commercial
igital recording (PCM), vve equipped the DRA-600 wth a digitally synthesized

tuner stage for the most precise station tuning with the lowest distortion. Plus,
we added the convenience of eight AM and eight FM presets with automatic
slatior. scanning.

Denon 70 years df audio desgn experience. An extraordinary history of
technological firsts and advances in the state of the hich-fidelity art. Ail em-
b}odiec in the surprisingly affordable DRA-600. A most important first from
tenor:, where innovation is a tradition.

Direct drive.
Moving coil. Pulse
Code Modulation.
All synonyms for
technological inno-
vation in the high-
fidelity field, these

Iphrases fill the
pages of the audio
magazines and the
conversations of
serious music en-
thusiasts. But aside1.

from being major
breakthroughs in

: audio engineering,
they have one other
element in common.
They are all innova-
tions developed by
one company. Denon.

While other
companies have
just begun to offer
products incorporat-
ing these new
technologies,
Denon originated
them. And only
Denon has had 41
years to refine
direct -drive turn-
tables, 29 years to
perfect moving -coil
technology, and al-
most a decade to
further develop their
invention of PCM
digital recording.i

DENON
Imagine
what well
do next.

Enter No. 14 on Reader Service Card

Denon America, Inc.
27 Law Drive, Fairfield, N.J. 07006



The
Sound Window by

Cizek

The innovative Sound Window,
conveniently compact (just
12"x12"x3", with an acoustically
transparent 1/2" foam grille) is

as attractive and unobtrusive as it is effective. Clear, natural, well-balanced
sound; presenting an open, balanced musical quality.

Constructed of solid Acuthar (a special material developed at
Cizek) with an exceptionally strong oak finish, Sound Windows are
durable and easy to maintain whether they be mounted on walls or
placed on shelves. Recommended for use with amplifiers rated at 15 to
100 watts per channel.

Other models available from Cizek are the conventional bookshelf
Models 1, 2, and 3; the top -of -the -line Classic Series KA-1, and the
MG -27 sub -woofer. Call your local dealer for details.

CIZEK AUDIO SYSTEMS, INC.
300 Canal Street, Lawrence, MA 01840 (617) 685-8707

Enter No. 11 on Reader Service Card

l(M invites
close your

At last, the small speaker
with "big" sound that audio-
philes have been looking for.

Close your eyes and listen
to the KM 52. Deep bass
down to 38 Hz (-3 dB) in a
60 watt amplified speaker
only 10 x 14 x9 inches. Clean
bass one full octave lower
than any other speaker of
its size, and an amazing
sound pressure level of
105 dBA at one meter.

KM will open your eyes too.
The KM Audio Linear Turn-
table combines stunning good
looks with superb technical
performance. Rumble is less
than -70 dB; wow and flutter
less than 0.06% (weighted).

And KM's high -spec preamp
provides subwoofer output,

optional moving coil input
and stereo processing with
an eye opening price.

So, open your eyes and
ears to the full range of KM
audio equipment.

1111111111111
KM Laboratories Inc
342 Madison Avenue
New York, N.Y. 10017
(212) 687-3505
In Canada:
Pro -Acoustics Inc.
Kirkland, Quebec
H9H 3L4

been made for switching to a line volt-
age of 220 or 240 a.c. You have two
problems with tape machines and
turntables: Adapting to a line voltage
much higher than in the U.S. (usually
220 or 240 volts a.c.) and adapting to a
different line frequency (usually 50 Hz
in Europe). The change in line fre-
quency will change the speed of the
turntable or tape transport unless spe-
cial provision has been made, such as
changing a pulley or capstan. (Howev-
er, at least one manufacturer, ReVox,
produces open -reel decks that main-
tain constant speed independently of
line frequency; speed is crystal -regu-
lated.)

Except perhaps for your speakers,
you have to check the instruction
manuals, and possibly with the manu-
facturers, about what adjustments are
required for operation of the equip-
ment in Europe. I doubt whether a line
frequency of 50 Hz would hurt any of
your equipment. But a line voltage of
220 could very well do damage.

Don't Squeak to Me
Q. Although my tape deck has not

been used more than 30 hours, I hear a
squeaky noise on playback and record.
I have cleaned the moving parts, but
still get a squeak- Raymond Greene,
Richmond, Va.

A. The most likely cause of the
squeak is the particular tape you are
using. Squeak, or squeal, is apt to oc-
cur with the thinner tapes. Squeal also
varies with the particular combination
of tape machine and brand of tape.
For example, a tape may squeal with
one machine but not with another, or
a certain machine may squeal with
one brand of tape of a given thinness
but not with another brand of the
same thinness. Make sure your ma-
chine is well cleaned, and try various
brands of tape. If the squeal persists,
you should consult an authorized ser-
vice station.

Let's Torque About It
Q. I have a tape deck equipped

with automatic reverse. My problem is
that near the end of the reel the tape
begins to slow down, at times coming
nearly to a stop. Cleaning the heads
and tape guides, plus a lube job, has
not corrected this problem. Have you
any ideas? - Steve Wells, Philadel-
phia, Pa.

A. The motor driving the take-up
reel may, for some reason, have insuf-
ficient torque. Possibly the brake may
be contacting the supply reel or take-
up reel. Additionally, your line voltage
may be too low so that the transport
motors cannot develop sufficient pow-
er. You should also check the reversing
mechanism for faults. Q

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.

Moxell Corporation of America, 60 Oxford Dove, Moonachie. N J 07074.
Enter No. 21 on Reader Service Card

IT'S WORTH IT



All That Data:
Tape Deck Frequency Response
And Headroom
Howard A. Roberson

Whenever Audio reports on the re-
sults for testing a tape deck, we in-
clude a number of figures to help ex-
plain what the recorder's capabilities
are. We usually have three graphs, or
plots, that show the frequency re-
sponse and headroom for three differ-
ent tape types, usually a Type I (ferric),
a Type II (Cr02 type), and a Type IV
(metal). Sometimes, a Type Ill (FeCr) is
used in addition to, or in place of, one
of the above.

Strictly speaking, what is commonly
called "frequency response" would be
more correctly labeled "amplitude re-
sponse versus frequency." We are con-
cerned with, and what our figures do
show, is how the level, or amplitude,
of the playback varies across the fre-
quency band. Other high-fidelity com-
ponents are rated by their frequency
responses, of course, but a recorder's
response is a long way from the ex-
tended, ruler -flat response of an am-
plifier. One of the goals of this article
is to provide some guidelines for ex-
amining such graphs with greater per-
ception.

It is best to compare the perform-
ance of one deck to another with the
same signal or flux -level reference,
and to use a reference easily identified
by the user or reader. The Dolby
standard flux level (200 nWb/m at 400
Hz) is used as the reference level of
frequency response, as well as for
other tests. Substantially all cassette
decks have those little double -D sym-
bols which pinpoint the record level
that should gain Dolby flux levels. (It
should be noted that because of equal-
ization effects, the 200 nWb/m flux -
level figure is correct for 400 Hz only.)

When frequency responses are run
at the reference level, there will be a

Fig. 1 - Typical
frequency
response curves of
a cassette deck
with and without
(- --) Dolby noise
reduction,
showing effects of
three different bias
settings.

DOLBY
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high -end dropping caused by any
combination of several things: The
tape itself, the design of the record
head, the amount of equalization used
in record - well, there's saturation
and self -erasure mixed in here too. In
any event, the plots at Dolby level are
important since they show what the
high-level, high -frequency limits are
for the recorder/tape combination.

Responses are also shown at a level
20 dB lower, where frequency re-
sponses are usually specified by mak-
ers. This does not mean, of course, that
with the record level 20 dB below Dol-
by level, we will be certain to get that
ruler -flat line. There will be both lower
and upper frequency limits, with elec-
trical, mechanical and magnetic fac-
tors all involved. The results at this
level are affected, perhaps greatly, by
the closeness of match between the
bias current provided by the machine

and the bias needs of the tape formu-
lation. The performance in Dolby
mode is affected by bias discrepancies,
as well as any record sensitivity offsets.
Because most users operate their decks
in Dolby mode the majority of the
time, the responses with NR are con-
sidered the normal ones. Responses
without Dolby are usually also shown,
particularly when there is a noticeable
difference.

Examination of the figure with this
article reveals that there is a plot at
Dolby level and three plots at -20 dB,
these last with three different bias
conditions. The test signal was a sine
wave which was swept from 20 Hz to
20 kHz. By this means, each and every
point is a true data point. Discrete -
point data are required if it is neces-
sary to go beyond these limits in the
usual frequency response curve.

Let's start with a critical look at the
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Dolby -level response. Our reference
frequency for plotting is 1 kHz, and
the trace crosses the reference -level
line there. There is a slight rise as we
go down to 100 Hz, below which there
are some bumps from head -contour
effects. The response falls below 40
Hz, but it is not down 3 dB until just
above 20 Hz. It would be ideal if there
were no head -contour effects, and it is
desirable that deviations from 40 Hz
up be less than ± 1.5 dB. The signifi-
cance of the lower limit is twofold:
How low in frequency do your music
sources go, and are the levels high in
this region? Sometimes, but not in the
case shown, recording at Dolby level
causes a further dropping of the low
end, relative to the -20 dB results. This
is indicative of low -frequency over-
load or saturation and shows there is a
definite level limit.

It's best if the response continues
flat above 1 kHz, but at some point
there will be a headroom limitation,
and the response will roll off. In the
figure, response is down 3 dB at about
6.3 kHz, which would be limiting in
any attempt to record at high levels
any music with considerable high -fre-
quency content. The distortion also
rises rapidly with level in the roll -off
region, so it's not just a case of losing a
little signal level. We would certainly
like to see the response quite flat from
100 Hz to close to 10 kHz, which is
possible with many decks. A general
tilt, such as is evident from 70 Hz to
say 4 kHz, might make the sound a lit-
tle extra bassy.

Now let's take a look at the group of
three sets of responses at -20 dB. The
labels show what the deck's relative
bias levels would be for a particular
tape to get the results plotted. In each

case, the trace without Dolby NR is
shown dashed. We can see that for
each bias setting, the plot with NR is
not quite as flat as without, and that
when the bias matches the tape, the
deviations are at a minimum. (The plot
at Dolby level includes traces in both
modes; the responses were exactly the
same.)

At -20 dB the deck is not operating
in a condition of high -frequency over-
load, so there cannot be a basis for
excusing a general roll -off, such as
shown in the high -bias case. At the
same time, excessive high -end re-
sponse can be much too bright, with a
higher distortion level. So, tape formu-
lations that match the deck are select-
ed for testing. Immediately, we can say
that we would like to see a response
that is flat within a dB or so, from at
least 100 Hz to 10 kHz, and extensions
down to 40 Hz or so and up to 13 kHz
or more would be nice to have. A very
important region is from about 700 Hz
to about 6 kHz where Dolby mistrack-
ing can cause either excessive pres-
ence, because of a boost in this region,
or a dull, remote sound because of a
saddle -like droop.

In summary, look at the responses at
both Dolby level and at -20 dB over
the range from about 40 Hz to 10 kHz
or so. In both cases, flatness is the
goal. Also give attention to head
bumps at the low end, headroom limi-
tations at the higher level, and Dolby -
mode boost or saddle deviations at the
lower level. See how far down in fre-
quency the responses actually extend
and whether there is additional roll -off
at Dolby level. The extension of flat
response above 13 kHz at -20 dB has
some value, but this is not as signifi-
cant as the other times, in most cases.óil

'When the lights were turned
ou' we could almost have sworn
that we were in he aresence of a
real live orahesla.'
Ha[ Fodger:, PopJ la- E ectronics.

"The effect sfr:ins credibility-
hcd I not exper enced it, I prob-
ably would not bed eve it...the
'miracle' is that i- uses only the
two normal front speakers..."
Julian Hirsch, Hirsch --tuck Labs.

. it brings the lis-ener substart-
ia ly closer to that elusive sonic
illusion of being in -he presence
of a live performance."
Larry Klein, Stereo Reiew.

...seems to cpen a curtain
anc revel a diepioyment of
musical forces exending
berind, between and beyond
the speakers...terfic."
High Fidelity.

ai e-
VAIH
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C-4000 Co^tr_I Console

They're all raving
about
Sonic Holography.
Sonic Holography is only the most
spectacular achievement of the
Carver C-4000. The others are
merely extraordinary,

Consider what you actually
have in the C-4000:
 A full function stereo preamplifier
 A lime -delay system with

controllable reverberation mix
 A built-in 50 watt (total) power

amplifier for time delay speakers
 The Autocorrelator system that

reduces noise up to 8 dB with
ary source material

 A peak unlimiter/downward
expander that nearly doubles
dynamic range

 And the Sonic Hologram system
that aroused the quotes above.

Please write for the complete
test reports, brochures and list of
authorized Carver dealers.

Then you can rave all you want
about your own C-4000.

AR\ FR
CORPORATION
PO Box 664, Woodinville, Washington 98072

Enter No. 9 on Reader Service Card
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ANNUAL
EQUIPMENT
DIRECTORY

On the following pages, we present supplementary
data to our Annual Equipment Directory and Car
Stereo Directory (October and July issues respec-
tively). In the main, this information is from firms
whose material did not reach us in time or from com-
panies we did not know about prior to our deadlines.
As with all of our Directories, we suggest that the
readers contact manufacturers directly for more spe-
cific explanations of the specs.

The Editors

DIRECTORY OF MANUFACTURERS
A D J S
Acutex Denon America Jamo Hi -Fi U.S.A. SAE
P. O. Box 904 P. O. Box 1 139 916 Ash St. 701 East Macy St.
Fairfax, Va. 22030 West Caldwell, N.J. 07006 Winnetka; III. 60093 Los Angeles, Cal. 90012

Amber Electronics
500 Henry Ave.
Charlottesville, Va. 22901

Dex Research Mktg.
60 Round Hill Rd.
Dobbs Ferry, N.Y. 10522

K
KA/Kinetic Audio
6624 W. Irving Park Rd.
Chicago, III. 60634

Spectrum Loudspeakers
Box 2998
Toledo, Ohio 43606

Z
Astatic Corp. Dynavector M Zenith
P.O. Box 120 7042 Owensmouth Ave. Mission Electronics Acoustics Dept.
Conneaut, Ohio 44030 Canoga Park, Cal. 91303 Unit 9 1000 Milwaukee Ave.

89 Galaxy Blvd. Glenview, III. 60025

Axiom Engineering
9601 Owensmouth Ave., #6

G
Grafyx Audio Products

Rexdale, Ontario
Canada M9W 6A4 Addresses Update

Chatsworth, Cal. 91311 310 Kirk Rd.
St. Charles, Ill, 60174

p
PDF

Bauman Research
Route 1, Box 52UA
Rosenberg, Tex. 77471

2031 Main

C
Car -Fi International
152 W. Cypress Ave.
Burbank, Cal. 91502

H
Harman/Kardon
240 Crossways Park West
Woodbury, N.Y. 11797

Kansas City, Mo. 64108

Precision Fidelity
1238 Green St.
San Francisco, Cal.

JVC
41 Slater Dr.
Elmwood Park, N.J.
07407

Cosmos Industries
94109 Polydax/Sonosphere

32-02 Queens Blvd. Impulse Corp. PS Audio c/o Nyco Sound Ltd.
Long Island City, N.Y. Route 2, Box 191 3130 Skyway Dr., #301 P.O. Box 169
11101 Dover, Ark. 72837 Santa Maria, Cal. 93455 Hanover, N.H. 03755

©r'
LETTER CODE FOR SPEEDS
A-71/2, 3%,1%
B-71/2, 31'
C-71/2, 31, 1'/,, 15/16
0-1'/,
E-15, 71/2, 33/.
F-15, 7'/,
G-15, 71/2, 3%, 1'/,
H-11/2, 15/16

MANUFACTURER

DENON DH -510 10' 3 2 2 3

II
L

A.C.
Direct

30-30
±3

0.025 66 755 No Yes 50k 2 Mtrs.,
Peak
/VU sty.

181/4c194Ve 48'% 1350.00
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litro-pcwrtics SystamII:

The StQrQo Cartridge. einvntd.

Direct -to -disc. Digital. Dolby?M
While record -making has made

quantum jumps over the last few
years, one thing has remained
essentially the same: the phono
cartridge. Because, whatever their
price, all are essentially the same
-a coil and magnet interacting
across an air gap. With built-in
electromagnetic delays that de-
grade musical transients. And a

Transient ability of high-priced moving coil
magnetic cartridge (top) vs. new MA System II.

Note how magnetic cartridge air gap and
hysteresis delay distort the square wave.

single damper that trades off
tracking and transient ability.

Pushed to their limits by clever
engineering, some still offer re-
markable (if costly) performance.

But now Here's something bet-
ter. More than a new cartridge
design... a new cartridge technol-
ogy. Its name: Micro -Acoustics
System II.

Transient response up to lox
faster than magnetic cartridges.°
Like the best amplifiers, System II
is direct -coupled. Eliminating

the air gap delay by `uniting a
microscopic stylus and ultra -light-
weight cantilever with a patented*
electret transducing system.

The only cartridges with a
brain. Unlike magneto cartridges,
which require critical matching of
tonearm cable capaci_ar_ce and
preamp inputs-something that's
virtually impossible to achieve-
MA System II cartridges are "intel-
ligent." A built-in microcircuit
automatically matches the car-
tridge to the rest of the system,
eliminating the transient and high -
frequency response problems of
magnetic cartridge designs.

Independent suspension and
damping. Instead of :he single
damper0magnetic carridges use to

Record -warp tracking of mageetic cartridge
(top) vs. MA System II. Note how magnetic
cartridge's single -bearing design oscillates from
record warp, producing distottior, while MA's
warp -damping system preverts oscillation.

*U.S. Pat No. 3952171. Dolby is 3 registered
trademark of Dolby Laboratories, Inc.

Enter No. 23 on Reader Service Card

achieve compliance (for tracking
ability) and damping (for transient
ability), System II utilizes indepen-
dent suspension and damping
systems. The result is perfor-
mance that's optimized-not
compromised.
The ultimate answer to record

warp. The laws of physics prove
that the problems of playing
warped records are best dim: -
mated by dynamic damping in the
cartridge. But only MA System II
cartridges have a special internal
warp camping system. Magnetic
cartridges have no such provisions.

Optimum performance in any
tonearm. With their carbon -fiber
housings and lightweight trans-
ducers, MA System II cartridges
are the lightest ever, for lowest
cartridge/tonearm mass. And
therefore, the best performance.
System II's exclusive Vari-Bal-
ancer" sys:em, with removable
weights, allows a cartridge to be
optimized for any tonearm.

All this, as the diagrams reveal,
is just the beginning. But impres-
sive as System II's technology is, it
only hints at the audible difference
it can make in your music.

To experience that, we invite
you to visit your Micro -Acoustics
dealer.

111 a'
Micro-Fcoustks

3 Westchester Plaza, Elmsford, NY 10523
® 1980, Micro -Acoustics Corporation,
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MANUFACTURER

DENON

HARMAN
KARDON

i

I

1

DRA 60 0.03 0.03 86 200 1.8/ 0.1 / 74/ 24.2 540.00

600

HK350i 20 0.08 0.08 15-80 85 100 1.9 2.0/11 18/30.5 2 3.5/16 45/38 0.1/1.6 60 74/76 23 249.00
HK460i 30 0.07 0.07 12-90 86 130 2.2 2.0/11 17/30 1.5 3.3/15.5 42/37.5 0.09/1.4 67 75/77 26 329.00
HK5701 45 0.05 0.05 10-100 68 150 3 2.0/11 17/30 1.3 3.1/15 37/36.5 0.08/1.2 70 76/78 31 399.00
HK6801 60 0.03 0.03 8-110 88 225 3 1.9/10.7 16/29.5 1.2 3/14.8 35/35.5 0.07/ 80 77/80 35 599.00

0.09

LETTER CODE FOR SPEEDS

A-33, 45, 78
B--33,45
C-33
D-16, 33, 45, 78
E-16, 33, 45
F-Cont. Variable

MANUFACTURER

DENON DP 3015 B 0.018 75 A.C. Direct 0.009 3 Strobe 9 No C/0 3 Yes 0-2.5 Yes 18x16x5% 290.00
Servo

DP 40F B 0.015 75 A.C. Servo Direct 0.002 o No 9i5 No C/0 2 Yes 0-2.5 Yes 19017'%x53 535.00
Quartz

DP 601 B 0.015 75 A.C. Servo Direct 0.002 o Strobe 14% 11% No C/0 1.8 Yes 0-2.5 Yes 22/071/2:8 595.00
Quartz

DP 1250 B 0.018 75 A.C. Servo Direct 0.018 3 Strobe No 340.00
Quartz

PRECISION Golden B 0.07 70 Belt 1500.00
FIDELITY AB1

_MD _1E) Gl
é.

MANUFACTURER
Or+ti' 4*

C., C7 4r O401 N° ix°` 49- .:r ?ea

ASTATIC 814HS Card. Dyn. Zinc Insto. 40k 40-15 74 A3F 18 Phone 8%x1 30[27 142.50
814LS Card. Dyn. Zinc Insto. 250 40-15 74 A3F 18 A3M 8%x1 %x27 137.50

815115 Card. Dyn. Zinc Vocal 40k 40-15 74 A3F 18 Phone 8%x1 14x27 142.50

815LS Card. Dyn. Zinc Vocal 250 40-15 74 A3F 18 A3M 83411 14x27 137.50

854HS Card. Dyn. Zinc Insto. 40k 4015 74 A3F 18 Wane 8%x2'4 % 11427 162.50
8541S Card. Dyn. Zinc Inst. 250 40-15 74 A3F 18 A3M 8%x2Y. % 14x27 157.50

855115 Card. Dyn. Zinc Vocal 40k 4015 74 A3F 18 Phone 8%x21/2 '4 %x27 162.50

855LS Card. Dyn. Zinc Vocal 250 40-15 74 A3F 18 A3M 8%312% '4 %x27 157.50

857HS Card. Dyn. Zinc Insto. 40k 50-15 57 A3F 18 Not Furs. 81/2x21/2 '4 %x27 125.00

857LS Card. Dyn. Zinc Instr. 250 50-15 82 A3F 18 Not Furn. 8%x2% '/. 142(27 125.00

950HS Card. Dyn. Zinc Vocal 40k 50-15 74 A3F 18 Phan 9%x21/2 101/2 %x27 157.50

950LS Card. Dyn. Zinc Vocal 250 5015 74 A3F 18 A3M 91x2'4 101/2 %x27 152.50

952HS Card. Dyn. Zinc Insto. 40k 50-15 74 A3F 18 Wane 93íi2'4 101/2 %x27 162.50

952LS Card. Dyn. Zinc Instr. 250 50-15 74 A3F 18 A3M 9%x2'4 10% %x27 152.50
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FOR s299; DBX TECHNOLOGY BRINGS YOUR
HOME RECORDING SO CLOSE TO DIGITAL,

IT'S ABSURD.
INTRODUCING
THE DBX
RECORDING TECHNOLOGY
SERIES MODEL 224.
THE BEST PERFORMANCE
YOU CAN BUY FOR
UNDER 850,000.

Digital recording means two things.
No noise, and a full dynamic range

of 90dB.
But until now, only recording engi-

neers have been able to enjoy that
incredible sound using studio record-
ing systems costing $50,000 or more.

Now, however, there's the new
dbx Recording Technology Series
Model 224, the state-of-the-art in
home recording. It hooks right into
your present tape system. And it lets
you do almost everything you could
do with a digital system, but for a
whole lot less.

THE QUIETEST SOUND ON TAPE.
As for noise reduction, nothing on

the market comes close to the
Model 224.

60 -

80-

100-

120 -

140-

« .

DOLBY B

DBX

250 2.5 K

FREQUENCY (Hz)

25 K

Dolby reduces noise by only 10dB at best, and only in
the high frequency range. dbx virtually eliminates
tape hiss, reducing it by more than 30dB across the
entire frequency range. (Unretouched laboratory
IT)hcograph. Data from "The Importance of Dynamic
Range, "Audio Magazine, January, 1980. For a copy
of the article, write dbx.)

The Dolby®** system you've been
putting up with certainly doesn't. It
only reduces tape noise by 10dB at
the most, and only in the high fre-
quency range.

Compare that with the dbx Model
224, which reduces tape noise by
more than 30dB across the whole fre-
quency range. It virtually eliminates
tape noise, without adding any audi-

ble distortion or
changing the tonal
character of the
sound.

The result is a dif-
ference you can
easily hear. In fact,
you'll be able to
record quiet music
passages that
would be lost in
tape noise with any
other system.

Conventional tape recorders limit dynamic range.
With the dbx Model 224, you can get the dynamic
range approaching that of a live performance.

DYNAMIC RANGE
APPROACHING DIGITAL.

The Model 224 also gives you
something else you've never heard
before from a tape recorder: full
dynamic range.

Dynamic range is the difference in
volume between the loudest and
quietest passages in a piece of music.
It's just as important to the realism of
music reproduction as flat frequency
response, or accurate spatial
perspective.

And although live performances-
and digital master tapes-go up to
90dB of dynamic range, even the best
home recordings have been limited to
only about 50dB. So no matter how
good your recorder is, you've been
missing at least one third of your
music's dynamic range.

Well, the Model 224 gives you the
capability to record an unprece-
dented 85dB on open reel and 80dB
on cassette.

So for the first time, you can make
live recordings that capture virtually
all the dynamic range of the original
music.

In addition, the Model 224 is the
only system that lets you tape fine
audiophile records without losing any
of their dynamic range.

And you can use the extra head
room provided by the 224 to dramati-
cally extend frequency response and
minimize distortion during recording.

As if all that weren't enough, you
can use the 224 to play dbx Discs, the
Full Dynamic Range Recordings that
deliver up to 90dB of music dynamics
with negligible surface noise. Because
the 224 includes the decoding system
that makes your present stereo com-
patible with these phenomenal new
discs.

HEAR IT TODAY.
The sound of digital recording

really is here. Dynamic range
approaching a live performance.
Music heard against a background of
virtual silence. And a purity of sound
that's never been possible before in
home tape recording.

Visit your authorized dbx retailer
today for a demonstration of the dbx
Model 224.

We think you'll agree with us. For
$299, you'd be crazy to pass it up.

dbx, Incorporated, 71 Chapel
Street, Newton, MA 02195.
*Manufacturer's U.S. suggested retail price: actual
price set by dealers.

-.Dolby is a registered trademark of Dolby*
Laboratories Inc.

Enter No. 13 on Reader Service Card

MAKING GOOD SOUND BETTER
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MANUFACTURER

ACUTEX 320 III STR 20.20 ±0.75 M No 33 29 3.5 0.8-1.8 } 0.3x1.6:0.5 5.45 195.00 }Symmetrical
trfradisl.

315111 STR 20.20 ±0.75 M No 32 28 3.5 0.9-1.9 } 0.301.600.6 5.45 145.00
312 III STR 2620 31.0 M No 30 27 3.5 1.2-2.5 t 0.301.600.6 5.45 110.00
31011IE 2620 ±1.0 M No 28 25 3.5 1.5-2.8 E 0.300.7 5.45 90.00
210 11 E 2020 ±1.5 M No 27 25 4.5 1.8-2.8 E 0.300.7 5.45 80.00
207 11E 2020 ±1.5 M No 27 25 4.5 1.8-2.8 E 0.300.7 5.45 70.00
20611 20-20 ±1.5 M No 27 25 4.5 2.63.0 C 0.65 5.45 50.00

ASIATIC MF-100 10-20 ±1 MF} No 30 25 3.5 1-11/2 47k 100 X}} Parabolic U 5.5 267.50 133.75 } Moving flux;
}}hyperelllp-
tical.

MF-100H 10-20 ±1 MP} No 30 25 3.5 1-11/2 47k 100 X}} Parabolic U 5.5 290.00 133.75 In headshell.
MF-200 10-20 ±2 MF} No 28 20 4.2 11/2-2 47k 100 X}} Parabolic U 5.5 160.00 80.00
MF-200H 1020 ±2 MF} No 28 20 4.2 11/2r2 47k 100 X}} Parabolic U 5.5 182.50 80.00 As above.
MF-300 10-20 ±2% MF} No 25 18 4.2 11/2r2 47k 100 E 0.300.7 100.00 50.00

1AF-300H 1020 ±2% MF} No 25 18 4.2 11/2-2 47k 100 E 0.300.7 U 5.5 122.00 50.00 As above.
14Fd00 1018 ±3 MF} No 22 18 4.2 11/2-21/2 47k 100 S 0.5 U 5.5 80.00 40.00
MFA00H 1018 ±3 MF} No 22 18 4.2 11/2r2'/: 47k 100 S 0.5 U 5.5 102.50 40.00 As above.

DENON DL -103 20-45 MC Yes 25 2.2-2.8 100 C 0.65 t 8.5 140.00 }Cartridge
replacement
program.

DL -103S 20-60 MC Yes 25 1.5-2.1 100 E Special } 7.8 186.00
DL -103D 2065 MC Yes 28 1.3-1.7 100 E 0.1 } 7.5 267.00
DL -301 20-60 MC Yes 28 1.1-1.5 100 E 0.0400.07 f 4.7 150.00
01-303 2070 MC Yes 28 1.0-1.4 100 E 0.0500.1 } 5.8 385.00
DL -305 20-75 MC Yes 28 1.0-1.4 100 E 0.0500.1 } 5.8 565.00 Amorphous

boron
cantilever.

DYNAVECTOR DV -100D 20-70 MC Yes 20 0.2 1.5 47k X} 0.100.1 F 5.3 1000.00 }Line con-
tact, diamond
cantilever.

DV -100R 20-50 MC Yes 20 0.2 1.5 47k X 0.100.1 F 5.3 275.00 151.25 }Line con-
tact, synthet-
ic ruby can-
tilever.

20132 20-20 MC Yes 20 3.6 1.8 47k E 0.300.7 F 5.3 290.00 159.50
20A2 20-20 MC Yes 20 3.6 1.8 47k E 0.300.7 F 5.3 230.00 126.50
10X 20-20 MC Yes 20 2.3 1.5 47k E F 9.5 120.00 66.00
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MANUFACTURER

ACUTEX HTS 1 Dyn. 35-22 75 115 10 F 7 49.50
HTS 3 Dyn. 20-27 75 105 10 F 89.00

ZENITH 839-32 Dyn. 2019 8 104 500 10 C 11 49.95
±3

839-49 Dyn. 20-18 8 110 200 11 22.65
±3

839-50 Dyn. 20-20 8 108 200 12 32.95
±3

839-52 Dyn. 20-20 8 90 700 10 C 16 58.95
±3

839-54 Dyn. 20-16 8 100 300 9 C 13 54.50
±3

839-55 Dyn. 30-18 8 90 200 10 C 8 26.50
±3

839-56 Dyn. 10-25 8 100 300 13 65.95
±3
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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 serve only to remind 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 sys-
tem 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 infor-
mation and the name of the ADS dealer
nearest you, please write ADS, Dept.
AU22, or call 1-800-824-7888 (California
1-800-852-7777) toll free and ask for Op-
erator 483

ADS
Audio for the
critically demanding

Analog & Digital Systems, Inc., One Progress Way, Wilmington, MA 01887 (617) 658-5100
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ACUTEX MTS 1 Ac. Sus. 4 1 Dome 100-20 83 12 2.5k 8 7' 6x41/2x4% Alum. Metal 5.5 99.00
MTS 1 W Ac. Sus. 4 1 Dome 100-20 83 12 2.5k 8 7'/ex4'/,x4% Wal.

Ven.
Cloth,
81k.

5 129.00

MTS 2 Ac. Sus. 5 114 Dome 50-20 5 2.5k 8 10%417451/4 Alum. Metal 8.8 139.50
MTS 3 Pas. Rad. 61/4 1'. Dome 40-20 5 2.51 8 131 x9x6% Wal. Cloth. 11.5 149.50

Ven. Brn.
3.1 Pas. Rad. 8 3 Cone 40-20 8 21 x11x9 Rsnut. Cloth 23 149.00
4.2 Pas. Rad. 10 3 Cone 35-20 8 23x13x11 Rsnut. Cloth 28 199.00

COSMOS Cosmostatic Pas. (4)6 1',, Dome, 682 ES 31-20 92 50 1k 8/5 211,x211/2x60 Oil. Blk. 153 3600.00
INDUSTRIES Omnidirec- Rad. 682 ES Sq. In. ±3 Wal. Pair

tlonal Sq. In.

IMPULSE Model Tuned 10 Rib. T 30-18 84 100 200 Hz 4/3 Two Wal. Cloth, 200 2795.00
One Port ±2 Pieces Opt. Pair

JAMO HI-FI K 20 Sealed 6 50-15 8/4 12x8x4 5

Mini 80 Bass. Ref. 61/4 1 Dome T 38-20 1.9k 8/4 12x7x9 Wood 18 139.95
Ven.

J 73 Sealed 8 1 Dome T 35-20 1.7k 8/4 17x9x8 Wood 13 136.95
Ven.

J 103 Sealed 9 6 1 Dome M,T 28-20 900, 8/4 20x12x8 Wood 19 209.95
4.5k Ven.

J 123 Sealed 11 6 1 Dome M,T 25-20 800, 8/4 20x13x9 Wood 26 267.95
4k Ven.

J 153 Sealed 13 2 Dome 1 Dome M,T 22-20 750, 8/4 26216x9 Wood 42 339.95
4k Ven.

P 230R Bass Rel. 13 4x10'', Horn 30 Horn M,T 22-20 1.1k,5k 8/4 26x16x9 Wood
Ven.

43 399.95

P 260 R Bass Ref. (2) 11 4x101/4 Horn (2) Horns M,T 22-20 1k,Sk 8/4 30x18x13 Wood 66 569.95
30 Ven.

J 203 Bass Rel. 13 2 Dome (2) 1 Dames M, 22-20 600, 8/4 28x17x13 Wood 55 539.95
(2) T 4.6k Ven.

J 253 Bass Ref. 1514 2 Dome (2) % Domes M, 22-40 650, 8/4 30x1803 Wood 66 697.95
(2) T 5k Ven.

P 140 R Bass Ref. 11 3x3 Horn T 25-20 2.2k 8/4 22x13x9 Wood 26 249.95
Ven.

KA/KINETIC 200 SW TAL 12 32-3.5 93 10 65,100, 8 24x14',:9 Oil. Knit, 55 199.00
AUDIO Subwoofer 200 Wal. Blk.

Micro TAL 6': 1' Dome T 32-22 92 15 2k 8 15',:9x7 Oil. Knit, 28 299.00
Pulse ±2.5 Wal. 81k.
Monitor
Slat Dual (2) 61/4 1':e Dome T 34-22 93 5 1.8k 4 1901' 39 Oil. Knit. 45 549.00
Nouveau TAL ±2 Wal. Blk.

MISSION 700 Bass Ref. 8 1. Dome 60-20 86 15 8/ 18.1:10.2x9.8 Opt. Foam, 14.4 347.00
ELECTRONICS ±3 Blk. Pair

710 Basa Ref. 81/4 1 Dome 55-20 87 15 8/ 20.411.4n10.2 Wal. 21.1 497.00
±3 Pair

720 Inf. Bal. 914 4 Cone 1 Dome 50-20 88 25 8/ 26.3x12.5:12.5 Wal. 36.6 847.00
±3 Pair

730 Bass Ref. 10 4'a Cone 1 Dome 45-20 89 30 8/ 35.4:12.6x12.6 Wal. 38.8 1197.00
±3 Pair

770 Bass Ref. 8'', 1 Dome 40-20 85 30 8/ 23.4n11.9x11.2 Opt. 27.7 997.00
±2.5 Pair

PDF SMI Sealed (2) 5' 50-16 101 10 16 12'hx6x6 Acryl. Mesh. 12'., 130.00
±3 Blk.

SPECTRUM 108 Bass Ref. 8 1 Dome 35-20 92 10 2.5k 10/8 251/2x141/2x101/4 Wal. Knit, 39 15000
LOUDSPEAKERS ±4 Vin. Blk.

MANUFACTURER

DYNA VECTOR DV -505 13.19 9'/2 Opt. Opt. Yes 0-3 37 0-23 Ball Ball 700.00 Dynamic and electromagnetic
I damping cyst.
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PRESENTING THE
FIRST SPEAKER WITH

A LASER -PERFECT
TWEETER.

It's something you've never
seen before. Or heard.

Perfection.
Perfect tweeter motion, frozen

in time. Plotted by a new technique
that captures what speaker design-
ers only knew in theory. And were

Perfect piston motion. The new ULTRA
Tweeter vibrating at 3kHz

only able to correct by trial -and -
error methods. Because no one had
ever truly seen the dynamic
behavior of an audio transducer.
Until now.

It took a laser. Married to a
special photosersitive detector and
a computer capcble of plotting
36,000 coordinates of microscopic
motion with incredible precision.

ULTRA scan of bell mode cone behavior,
long theorized but never before seen

--_ -
;\..r..

tl -

--`='---_---
ULTRA scan of distortion -producing
tweeter breakup.

C. 1980 Celestion Industries Inc

Generating an accurate three-di-
mensional topographic mcp of
vibration modes. To help us make
specker problems disapaenr by first
making them visible.

Its name is ULTRA" 1 Cedes-
tion's proprietary Ultra -accurate
Laser Topographic Response Analy-
sis. Made possible by unicue
equipment designed, built and pro-
grammed in our labora-ories. And
realized in our new ULTRP. Tweeter.''

See what you've been hearing.
Speaker designers have long

talked about speaker cone b-eakup
and bell modes. Problems that
signal a driver's operatior al or near
its mechanical or electrical I mits,
by producing distortion thct -he ear
can hear, often before test equip-
merrt can detect or accurately
measure it. Making speaker design
a ve -y subjective, hit -and -m ss,
tinker -and -listen proposition.

Enter No. 10 on Reader Service Card

ULTRA has changed all tha-.
By making the invisible, visible. So
we cal see precisely how chances
in critical dimensions, materials
mechanical aid electrical chara:-
teristics-literally hundreds of dif-
ferent variables-affect the behavior

The rew JLTR.a Tweeter, perfected b,1
Celetion's proprietary Ultra-accurcte
Lase Topographic Response Analy3is.

and interaction of drivers, cross-
° overs and enclosures. At differert

frequencies. And different levels. In
different ccoustic environments.

Now, your ears will believa
your eyes.

The first results of this eng -
neerirg breakthrough were recently
revealed to the Audio Engineering
Society in twc major papers by our
engineering staff. But a more exit-
ing revelction awaits your ears, in
our new Dittos 130, 150, 200 anc
300 speakers.

New clarity, accuracy and de-
tail. Improved stereo imaging.
Combined wilh an almost unbe-
lievable efficiency that extracts
supera performance from receivers
and amp 'tiers of even modest
output.

disi- your Celestion dealer arid
see what ULTRA laser accuracy cal
do for your ears.

celestion
international

Kuniholm Drives, Box 521, Holliston, MP 01A6
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AMBER
ELECTRONICS

Series 70 B 70 5-60 0.09 0.03 25 AB 2 No 29 499.00 Mono bridge, 200 W.

DENON PMA 530
P09 3000

I

B

60
180

5-100
5-100

0.008
0.002

0.003
0.003

0.003
0.003

100 2.5 200 170
300

Dir. A
A

No
No

25
75

390.00
2300.00

No capacitors; MC input.

HARMAN
KARDON

HK750

HK770

I

B

45

65

10-100

8-100

0.03

0.03

0.05

0.01

0.05

0.01

88 200 60

150

AB

AB

3

3

No

No

22

23

329.00

399.00

Toroidal power supply;
discrete phono preamp.
Sep. toroidal power
supplies; gold
relay contacts on
speaker switches.

PRECISION FIDELITY M7 T 50 699.00

PS AUDIO II B 40 2-100 0.09 0.1 0.1 100 80 0.7 AB No 12 250.00

SAE X -25A
0-15A
0-10A

B

B

B

250
150
100

20-20
20-20
20-20

0.02
0.02
0.02

0.02
0.02
0.02

0.02
0.02
0.02

2.24
1.87
1.42

A

A

A

0.5
0.5
0.5

No
No
No

47
35
28

1500.00 Hypersonic Class A.
As above.
As above.
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DENON PRA 20-100 23 0.002 0.002 0.002 380 86 0.15 No 50k Yes No 24.2 1300.00
2000 ±0.2

DEX RESEARCH GAIN MC 6-120 0.01 001 65 95} Sal. 3 }At 10 mV.
BLOCK II ±3

HARMAN HK725 P 1-150 6 0.005 0.009 2.3 250 90 0.145 Yes No 279.00 D.C. coupled.
KARDON +0,-1

PRECISION C7A T 549.95
FIDELITY JB1 MC 199.00

PS AUDIO PSIII P 2-100 16 0.01 0.01 0.01 5 160 80 Sel. 42k. 22k Yes Varies 2.2 237.00
PSLCC 2-100 16 0.01 0.01 0.01 15 1.6 No No 3 255.00

VUK1
I '

I

Q o
,s4/

\be 6P
oo° 4 yo -1,\

MANUFACTURER

be

,Y"
2.<.

a`a?a ygPCt
`x°cpó

DENON

HARMAN
KARDON

TU 530 1.7/9.8 1.0 70 55 0.06/0.08 0.1/0.2 82/79 o 13.2 260.00
@10 kHz

HK710 1.9/10.5 18/30.5 70 3.5/16 37/36.5 46 0.08/0.1 75/77 9', 229.00
HK715 1.7/10 16/29.5 70 3/14.8 34/35.3 50 0.07/0.09 77/79 9'S 369.00
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LOUDSPEAKERS ARE NØI'
PURE SPEAKERS.

INTRODUCING
THE PHASE LINEAR

P-500 SERIES
PURE SPEAKERS.

Why Loudspeakers? It's a fact: Most speakers that sound
good at loud listening levels don't sound the same during a soft
musical passage. And vice -versa. The drivers are simply not capable
cif reproducing such a wide dynamic range with clarity and accuracy.
Until now

Purespeakers. Not loudspeakers. If you love music as
we do, you know that a hi-fi system is only as good as the "weakest"
component. Arxi for the most, it's the speakers. Clearly, it was time
we addressed the task of advancing the "state-of-the-art" in speaker
and driver technology. We began by identifying design objectives
through a careful analysis of how we experience music. Then we got
very serious, indeed, about meeting those objectives by:

 Applying every computer -aided technique available,
including extensive laser -holographic analysis.

 Utilizing the lightest, strongest materials in the world.
 Pursuing "no -compromise quality at every stage of

design, prototype development, test and manufacturing.
The result was an exact discipline of speaker design that

far exceeds anything ever produced. Or heard. In fact, anything less
and the listener invariably experiences the speakers. Instead of the
music. We urge you to contact your Phase Linear audio dealer and
audition the Phase Linear P-500 Purespeakers.

P-580 System Speclicatfons:
Frequency Response: 28Hz-120,000Hz ± 2.5dB.
Total Harmonic Distortion Content: 20Hz-20kHz, less than 0.3%
Intermodulation Distortion: (SMPTE) less than 0.03%
Sensitivity: 91dB,1 watt at 1 meter.
Driver Complement: 9mg. Ribbon Tweeter 21" Beryllium Dome
Midrange with Cantilever Suspension, 15" Concentric Rib Woofer.

2012148th Ave.. West, Lynnwood, WA 98036
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MANUFACTURER

DENON DR -250 30.16 F 2 0.045 64 Yes Yes 4 2 Yes Yee No Yes Yes 171/4x5%x10% 16' 430.00 Timer start Rec./Play.
DR -230 30-16 F 2 0.04 64 Yes Yes 4 2 Yes Yes No No Yes 17%x4Yx12 17% 375.00 As above.

HARMAN HK705 20-19 F 2 0.04 60 68 Yes 4 Yes Yes No Yes Yea 13% 449.00 Dolby HX.
KARDON ±3

HK100M 15-19 F 2 0.05 55 63 Yes Yes 4 Yes Yee No Yes Yes 17%x411x13% 16 269.00
±3

HK200XM 15-19 F 2 0.05 57 65 Yes Yes 4 Yee Yee No Yes Yes 17%x4%x13% 16 349.00 As above.
±3

HK300XM 15-20 F 2 0.03 59 67 Yes Yes 4 4 Yes Yes No Yes Yes 17%x4%x13% 17 449.00 As above.
±3

HK400XM 15-20 F 3 0.03 60 68 Yee Yes 8 4 Yes Yes No Yes Yes 17%x4%x13% 18 649.00 As above.
±3

CAR STEREO DIRECTORY

MANUFACTURER

CAR -FI

oya
090p 0\0 \d ó0

Q Qs t\GOe S.pFpf. We
PFQí,c'

F \e9\ 6\\G1
EPA 7000 299.95 Amp 50 0.05 3.5x6x9
EPA 6100 179.95 Amp 30 0.1 3x5x9
EPA 3100 89.95 Amp 15 0.1 3x5x6
EGA 311 199.95 Both 5 No 12 21 0.1 1.6x4.2x6
EOL 5500
E0L 5200

349.95
149.95

E0
EO

5

5
No
No

12
12

0.02
0.02

2x6.3x4.8
1.3x5x1.7

a
a-

01\ e+ c\ e
A\e3J a\ a \cF ti a
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MANUFACTURERMANUFACTURER

AXIOM MS -1 150.00 5 8 8/6 40-20 3 12x9
ENGINEERING ±3

CAR -Fl CS1 89.95 50 609 30 4 40.2.5 F/S 6x9x3.5
CS2 129.95 65 609 30 4 4018 2 F/S 6x9x3.5
CS3 149.95 65 609 30 4 4020 2 F/S 6x9x3.5
CS4 239.95 65 609 30 4 4030 3 F/S 6x9x3.5

GRAFYX SH-601 178.00 10 6 12 4 45.20 2
AUDIO ±3
PRODUCTS
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Only Custom-
Tailored Sound meets
your taping needs.

If tape is the only sound that's right for you, to
maximize your taping requirements, an ADC
Sound Shaper® Two MK III frequency equalizer
is a must.

When they cesigned the Sound Shaper Two,
they had you in mind. Because, aside from
being a superb all-around equalizer, it lets you
work with tape the way you want. For example,
now you have two-way tape -dubbing capability,
a feature many receivers don't offer. You can
"custom -tailor" a record and then record it the
way you woulc have engineered it. And that
includes your golden oldies because, with the
Sound Shaper Two, you can virtually eliminate
the surface noise which has accumulated

A D C
A BSR COMPANY
BSR (USA) Ltd., Blauvelt, NY 10913.
BSR (Canada) Ltd.. Rezdale.Ontano.

over the years.
The entire ADC Sound Shaper line is

impressive. The basic Sound Shaper One is a
great introduction to frequency equalizers. And
the top -of -the -line Sound Shaper Three, the
Paragraphic TM equalizer, combines the ease
and control of a graphic equalizer with the
precision and versatility of a parametric. And, all
Sound Shaper equalizers, except the Sound
Shaper One, feature LED -lit slide controls,
allowing for visual plotting of the equalization
curve.

With the Sound Shaper Two MK III, you can
appreciate the difference custom-tailored sound
makes-over and over again.

Custom -Tailored sound

FREQUENCY E
®Sound Shaper is a registered trademark of Audio Dynamics Corporation.

Enter No. 6 on Reader Service Card
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ty and the crossmodulation rejection
of the tuner will be reduced some-
what. Second, baluns (devices used to
convert a 300 -ohm balanced transmis-
sion line to a 75 -ohm unbalanced line)
may exhibit significant losses if they
are not terminated in 300 and 75 ohms.
Lastly, antennas which are not nomi-
nally 75 ohms will produce standing
waves on a 75 -ohm transmission line.
These standing waves adversely affect
"stacking," the use of two or more
identical antennas in order to increase
gain and provide nulls to reject in-
terfering stations. In this article, the
design for an FM antenna which ex-
hibits a good match to 75 ohms, as
well as moderate gain and directivity,
will be presented.

It is certainly true that the single
most serious limitation to high -quality
FM reception is the twin -lead dipole
antenna. It is all too common to find a
$500 tuner or receiver using a 394
twin -lead antenna taped to the rear of
a bookshelf. These antennas suffer
greatly from impedance variations and
lack of directivity. To test how closely
a twin -lead dipole antenna matches a
75 -ohm transmission line over the 88
to 108 MHz FM band, the antenna was
taped midway up a large wall in a
stone house, and its impedance mea-
sured. The data in Fig. 1 show the volt-
age standing wave ratio, VSWR, as a
function of frequency. A VSWR of 1.0
indicates a perfect match to a 75 -ohm
transmission line, and a VSWR less
than 2.0 is usually considered accept-
able. Notice the extreme mismatch
over the band. Similar but not identi-
cal results are obtained with different
placement of the dipole. Further, the
lack of directivity, or ability to discrim-
inate against signals coming from vari-
ous directions, can worsen multipath
problems. (Multipath is the reception
of a given FM station from two differ-
ent directions, usually the direct path
and a reflection from a large structure.
The two signals, which have travelled
different path lengths, combine to
cause amplitude modulation distor-
tion.) Clearly, the dipole antenna is
not the best for use with a quality
tuner.

By investigating the literature con-
cerning antennas [7-11] and reviewing
the commercial realizations of these
designs, we have formulated a design

philosophy for an improved log -per-
iodic dipole antenna (LPDA) for the
FM band. Our philosophy is this:

a) We provide the details for the
construction of an indoor as well as an
outdoor antenna. The indoor model is
simpler and cheaper to construct, and
it is easily mounted and rotated in an
attic. The outdoor model can be
mounted high enough to provide su-
perior reception. The raw materials for
both are easily accessible.

b) The impedance must be nearly 75
ohms across the FM band. To accom-
plish this, we employ multiple feeders.
Although this is slightly more expen-
sive than using open -wire crossfeed-
ing, as commercially available anten-
nas use, the multiple feeders provide a
substantially lower VSWR [10]. Ac-
cording to Bantin and Balmain [9], the

feeders should be terminated in their
characteristic impedance. This further
lowers the VSWR by eliminating re-
flections on the feeders.

c) We use an additional dipole ele-
ment at the low -frequency end of the
antenna, which will serve as an active
reflector at the low -frequency part of
the FM band, keeping the gain high
and improving the front -to -back ratio.
Many FM stations in this frequency re-
gion operate at greatly reduced effec-
tive radiated power, and their recep-
tion requires additional effort on the
part of the antenna.

d) Most commercial antennas are
designed to be shipped folded. The
difficulty with such a design is that its
success depends upon a friction fit be-
tween feeder and dipole for r.f. electri-
cal continuity. In time, the contact oxi-

Fig. 1- The voltage 8 i 1 1 1

standing wave ratio,
VSWR, of a twin - 7

101 o

152

lead dipole antenna
as a function of
frequency in MHz
over the FM band.
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Fig. 2- The geometric
parameters of a
log -periodic dipole
antenna (LPDA).
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INDOOR/OUTDOOR FM ANTENNA

Fig. 3 -A perspective
view of an LPDA
showing the
arrangement of the
dipole elements.

Fig. 4 - The by end
of the LPDA
showing the
transmission line
feed point con-
struction.

Fig. 5 - The h, end
of the LPDA show-
ing the 100 -ohm
resistor.

dizes, yielding a rectifying junction.
Our philosophy is that the metalwork-
ing required in the outdoor model
provides for an antenna with superior
weathering capabilities. This capability
justifies the slightly increased cost and
complexity.

e) The design must be amenable to
duplication. That is, a second antenna,
built within normal construction toler-
ances, must exhibit nearly identical
characteristics (impedance, gain, posi-
tion and depth of nulls). There are two
reasons for this. First, if two antennas
are to be stacked, they must be nearly
identical in order for the advantages of
stacking to be realized, and second,

TABLE I

n= 1

h+2 cm
92.6 cm

Spacing

36.2 cm
2 87.2

34.1
3 82.1

32.0
4 77.3

30.1
5 72.7

28.3
6 68.5

26.6
7 64.5

25.0
8 60.8

23.5
9 57.2

you, the reader, must be confident
that the antenna you construct is as
capable a structure as the ones de-
scribed in this article.

A typical LPDA, shown in Fig. 2, is

fully characterized by these parame-
ters:

H = Height Ratio =T17-+'

Wma. = Maximum Wavelength of
Operation, and

S= Spacing Factor - x1 -x2
wmaz

Often, the apex angle A is also used:

A = tan' h"

It is clear that H and A (or H and S) set
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the size, and therefore the gain and
cost, of the antenna. Following DeVito
and Stracca [10], we chose:

S=0.10, H=0.94, so A= 8.5 degrees,
which will provide between 8 and 9
dBi of gain.

From Carrel [8], we find that the to-
tal number N of elements is 8. Howev-
er, in order to increase the forward
directivity of the antenna at the lowest
frequency we will add an additional
element, resonant at 82.73 MHz. This
will make h2 resonant at 88 MHz. So
we compute the element heights h
and the spacings for N=9 elements.
These are shown in Table I. Addition-
ally, 2 cm are added to each of the ele-
ment lengths in order to extend the
elements through the feeders.

Outdoor Model Construction
The feed boom arrangement is

somewhat different from other anten-
nas (such as Yagi types) and is shown
in Fig. 3. Elements are staggered on the
two booms in order to properly phase

Fig. 9-The com-
pleted outdoor
LPDA.

the dipoles. The
booms are drilled for the ele-
ments using a drill press; this
insures that the elements will extend
perpendicularly from the booms, and
all the elements on one boom will lie
in the same horizontal plane. The an-
tenna is fed by 75 -ohm coaxial cable
which is routed inside the lower
boom. This arrangement functions as a
balun, converting the balanced feeder
booms to the unbalanced transmission
line. The center conductor of the coax
is connected to the upper boom at the
h9 end (Fig. 4). The shield is connected
to the lower boom at the h9 end. The
coax exits the boom at the h, end and
is not electrically connected there, al-
though it would be wise to provide
some manner of strain relief. At the h,
end, the two booms are connected to-
gether by a 100 -ohm, 'A -watt carbon
resistor (Fig. 5). This resistor properly
terminates the feeder booms, which
act as a 100 -ohm transmission line for
the dipole elements. It is best to sur-

-DI2CMIo-

Fig. 6 - Detail of the
boom -element
construction.

Fig. 8- Detail of the phenolic block
used to attach the booms (upper
four Y4 -inch holes) to the mast
(lower two 'A -inch holes).

Fig. 7- Detail of
the plexiglass
spacers. o

o

DI 1. 5 C M la

z /

O o

O o

3.4 CM

lo- 5CM-DI
lo--9CM-DI

2 CM

3.4CM

8CM

2 CM

round all electrical connections to the
antenna with noncorrosive RTV
sealant to prevent weathering. The
electrical connections to the antenna
are made with #4-40 stainless or brass
hardware.

The elements are held in place in
the booms by drilling and tapping the
elements to accept a #6-32 screw. The
booms are drilled to accept the'/4-inch
diameter elements and the screws at
right angles to these elements; see dia-
gram (Fig. 6).

To properly space the booms at 3.4
cm center -to -center, eight plexiglass
spacers (Fig. 7) are placed against both
sides of the feeder booms, over the
h,, h7 and h9 elements. The booms are
spaced and connected to the mast by
the phenolic structure shown in Fig. 8.
The mast, if metallic, must not contact
the lower boom. In extremely windy
areas, you may wish to use two such
structures, on either side of the booms.
The booms are drilled to accept the'/4-
inch brass bolts. The completed anten-
na is shown in Fig. 9.

Indoor Model Construction
If you wish to construct the model

for attic placement, you will need
three lengths of 0.75 x 0.125 x 96 inch
aluminum bar stock, available at most
hardware dealers, for the feeders. The
middle bar serves as a ground refer-
ence. The three feeders are spaced by
0.125 -inch thick by 1 -inch square plex-
iglass spacers. The dipole elements are
formed from aluminum foil or, better,
aluminum foil duct tape. The adhesive
side of the foil tape adheres to the
plexiglass spacers, not the feeders. This
sandwich of aluminum and plexiglass
is shown in Figs. 10 and 11, and is held
together either with nylon screws
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Fig. 11 - Detail of the end con-
struction of the feeder bars. The
offset hole in the center feeder
for the #4-40 screw is for the
connection of the resistors, at
the h, end, and for the RG 58
cable, at the h9 end.

Fig. 12 - Electrical
connections to
the feeders.

N=I END

R=50n

Fig. 10-The feeder -
dipole -spacer
sandwich.

N=9 END

lo-- 18.5 " -:»1

TO TUNER

through the sandwich or with nylon
cable ties around the sandwich. The
use of the center aluminum feeder bar
as ground reference reduces its termi-
nal impedance from 75 -ohm balanced
to 37 -ohm unbalanced. To match this
37 -ohm impedance to the 75 -ohm
transmission line, we use a one -quar-
ter wavelength section of 50 -ohm
cable, RG 58 (not foam dielectric),
shown in Fig. 12. The h1 end of the
feeder assembly is terminated by a pair
of 50 -ohm, 1Á -watt carbon resistors.

The ends of the feeder bars and the
free ends of the dipole elements are
attached to lengths of 1 x 2 inch fur-
ring strips, two of 96 -inch length, one
of 72 -inch length, and one of 441/cinch
length. The angle brackets shown in
Fig. 11 attach the feeder bars to the
frame, and the free end of the dipole
elements may be tacked to the frame.
The entire structure may be perched,
suspended, or rotated in the attic by
any means which you may find con-
venient.

Measurements
We subjected the antennas to a

number of tests in order to verify their
performance. It should be stated that
neither antenna was tuned or other-
wise adjusted to achieve these specifi-
cations. First, we measured their im-
pedance and converted the im-
pedance to VSWR; the results are
shown in Fig. 13. Notice the much im-
proved performance over that shown
in Fig. 1. Second, we measured the
gain at three frequencies -88, 98, and
108 MHz - by using a standard gain
dipole. The results were 8.5, 9.5, and
9.0 dBi for the outdoor model, and 8.5,
9.0, and 9.0 for the indoor model at the
respective three frequencies. The ac-
curacy of those measurements is ±1

dB. Clearly, the antennas are achieving
the design target for gain. Lastly, we
measured their azimuthal power pat-
tern at 88 and 103 MHz under condi-
tions similar to actual home use, and
not inside an anechoic chamber. The
results, again with an accuracy of ±1
dB, are shown in Fig. 14; the data for
the two models were nearly identical.
Notice the depth of the nulls at about
± 90 degrees. These positions can be
used to null out interfering stations.
Further, the front -to -back ratio is

about -20 dB.
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These antennas have been in use for
about a year and have provided a vast
improvement in the FM performance
of our audio system. In tests, the com-
bination of an inexpensive tuner and
the LPDA consistently outperformed a
very expensive tuner and the twin -
lead dipole. With local stations, multi -
path distortion was measurably lower
and crossmodulation interference was
nonexistent with the LPDA. With dis-
tant stations, the LPDA provided supe-
rior signal-to-noise ratios and a com-
plete absence of alternate channel in-
terference. The combination of a more
expensive tuner and the LPDA was
quite superb. Further, three other
LPDAs have been constructed, all ex-
hibiting characteristics nearly identical
with the first. We would certainly en-
joy hearing from readers who build
the antenna or who have questions re-
garding this article. A
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PARTS LIST

Item Indoor Model Outdoor Model

Feeders

Dipole Elements

Spacers

Support

0.75 in. W- 0.125 in. T-96 in. L
aluminum bar stock, 3 each.
Aluminum foil duct tape, Sears
#88346.
1 in. sq.-0.125 in. T Plexiglas,
Lucite or Lexan, 22 each.

1 in. -2 in. -96 in. L furring
strips, 2 each.
1 in. -2 in. -72 in. L strip.
1 in. -2 in. -44.5 in. L strip.

Nylon cable ties (Radio Shack
#278-1632) or nylon #6-32
screws and nuts, 11 sets.
Small angle brackets with
wood screws, 4 sets.

Wood screws for frame.

#4-40 screws and nuts, 2 each.
Termination 50 -ohm, 1/4 -watt carbon

resistors, 2 each.*
18.5 in. length of RG 58 solid
dielectric 50 -ohm cable.*

Any low -loss 75 -ohm coaxial cable (Belden 8228 used).

Coaxial Cable

8 ft. -1 in. od aluminum
tubing, 2 each.
43.5 ft. -0.25 in. od
aluminum tubing or rod.
2.125 in. -0.625 in. -0.125 in.
(5.5-1.5-0.5 cm) Plexiglas,
Lucite or Lexan, 8 each.
3.5 in. -6 in. -0.75 in.
(9-15.5-2 cm) phenolic
or Bakelite.

Steel mast clamp.
#6-32-0.75 in. stainless steel
or brass screws, 18 each.

#4-40-0.25 in. stainless
or brass screws, 4 each.
0.25 in. -20, 2 in. L. stainless
steel or brass bolts,
lockwashers and nuts, 4 sets.

100 -ohm, 1/4 -watt carbon
resistor.

*Should you experience difficulty obtaining such a small quantity of the RG
58 cable, send $1 to: Communications Electronics, 672 Sproul Rd., Bryn Mawr, Pa.
19010. They will send, via first-class mail, the cable and the two resistors.
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BUILD A SQUARE
WAVE GENERA

M.J. Salvati

C3
PWR

C
R19

7

4

ICI

6

C2

RI

R2 T 3 2001500M O SI
R4 R5 100

4 R11
HI '

S3

WR12 R13f

SQUARE

JI S2

Hz kHz

_C6

C5

IC2

6
4

S5A -1 81

S5B
O O

- B2

S4
HI

LOW

RI5 R14

RI6

J2
.4-11)

TRIANGLE

This article describes the construc-
tion and operation of a battery -
powered signal source that provides
very clean square -wave and highly lin-
ear triangle -wave outputs. The quality
of the output signals compares very fa-
vorably with commercial function gen-
erators selling in the $100.00 to $150.00
price range. Full specifications are giv-
en in Table I.

This little generator is designed for
use in repair and adjustment of ampli-
fiers and performance testing of hi-fi
components and systems. The square -
wave output is useful for checking the
frequency response of power ampli-
fiers and preamplifiers, as well as for
checking the transient response of
these items and speakers. The triangle
waveform is superior to a sine -wave
test signal for observing clipping and
overload.

Theory of Operation
Op -amp IC1 generates a square

wave by positive feedback through
resistors R17/R18 to its noninverting

Table I - Specifications.
Frequencies: 10, 20, 50, 100, 200, 500

Hz, and 1, 2, 5, 10, 20, 50 kHz.
Frequencey Response: ±0.3 dB.
Output Level (HI) : 0-3 V p -p into

10 kilohms or higher.
Output Level (LO): 0-300 mV p -p

into 10 kilohms or higher.
Square Rise Time: 600 nano-

seconds.
Square Fall Time: 600 nanoseconds.
Power Requirements: Two 8.4 -volt

batteries.

input (pin 3). This square wave is inte-
grated by op -amp IC2 to produce the
triangle wave. Op -amp IC2 also con-
trols the switching point of IC1 by
feedback through resistor R19. The in-
tegration frequency (hence that of the
triangle and square waves) is deter-
mined by resistors R1 -R10 and capaci-
tors C5 and C6.

Variations in the resistance of R17/

Fig. 1 - Schematic diagram; shaded
area indicates parts on circuit board.

R18 affect both frequency and triangle
output amplitude in this design, and
this effect is used to advantage in this
present circuit. Here, the frequency
can be adjusted so that readily avail-
able values of R and C yield the de-
sired spot frequencies. The value se-
lected for R16 yields the desired trian-
gle output level from the resulting cir-
cuit constants.

Switches S3 and S4 connect low -val-
ue resistors across the output pots
(R13 and R14) to reduce the available
output voltages by 20 dB.

The ICs have FET inputs, so the bias
current of IC2 cannot upset the circuit
operation when high -value integrating
resistors are used. This allows using
resistors as high as 400 kilohms (R9
and R10) and as low as 8 kilohms (R1
in parallel with R9/R10), which in turn
allows using the same capacitors to
cover many frequencies. Just two in-
tegrating capacitors (C5 and C6) cover
nearly four decades of frequency. The
resulting system with six spot frequen-
cies per range also has a practical ad -
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AND TRIANGLE
TOR

Fig. 2 - Suggested layout for
front panel.

vantage in that it allows using readily
available switches.

Simplicity and practical accommo-
dations were stressed throughout the
design of this generator. If the output
of IC1 were zener clamped, the output
amplitudes could be stabilized against
supply -voltage changes. However,
with suitable zeners, this occurs only
at higher supply voltages (ruling out
battery operation), and then the sup-
ply -voltage variations affect frequency
(not the case with the chosen design).
Furthermore, for 50 -percent duty cycle
(inherent in this design), the zeners
must be closely matched. Therefore, I
opted for this simple design, using
mercury batteries (which have a very
flat discharge characteristic) to take
care of the supply -variation problem.

Construction Notes
As far as layout is concerned, noth-

ing is especially critical. Even packag-
ing is easy; to accommodate the
switches, connectors, and frequency
scales, a cabinet much larger than

/

61
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I
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needed for the "innards" is used.
Thus, you will have no problems fit-
ting the batteries and circuit board in-
side. The frequency scales and other
front -panel nomenclature are Dymo-
type labels. See Fig. 2 for suggested
layout.

The components covered in tone on
the schematic diagram are mounted
on the circuit board. Use No. 22 solid
wire and resistors R11 and R16 to make
the connections from the circuit board
to the cabinet -mounted parts. The
stiffness of the connections will sup-
port the tiny and lightweight circuit
board. Perforated board or printed -cir-
cuit techniques can be used for the
circuit board, but I recommend Vero -
board by Vero Electronics. The metal-
lized 0.1 -inch grid pattern accepts DIP
ICs directly and it also permits dense
packaging.

The frequency accuracy depends on
component quality. For most applica-
tions 5 -percent tolerance resistors and
10 -percent capacitors will do nicely.
However, for best performance, use 1 -

percent metal -film or deposited -car-
bon resistors and temperature -stable
capacitors for C5 and C6.

Switch S1 should have shorting con-
tacts for transient -free frequency se-
lection. However, because resistors R9
and R10 are hard wired in this design,
the worst that can happen if you use a
switch with nonshorting contacts
(such as the Radio Shack 275-1386) is a
few cycles of 10 -Hz signal while
switching. This is one of the many de-
sign accommodations made for con-
structors who do not have access to
large industrial parts -supply houses.

Consumer -oriented mail-order
houses can supply most, if not all, of
the parts. I obtained the FET op -amps
and ceramic capacitors from Digi-Key
and the switches and connectors from
the local Radio Shack. Digi-Key's ad-
dress, for those who don't have it, is

P.O.. Box 677, Hiway 32 South, Thief
River Falls, Minn. 56701.

Adjustments
The circuit will oscillate without ad -
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The output from this
square and triangle
wave generator compares
with $150.00 units.

Fig. 3-Square and triangle waves at
10 Hz, 20 mS/div.

Fig. 4-Square and triangle waves at
1 kHz, 0.2 mS/div.

Fig. 5 - Square and triangle waves at
50 kHz, 4 p S/div.

justment or start-up procedures. How-
ever, there are optimization proce-
dures in regard to frequency accuracy
and frequency response.

Trim pot R17 permits precise adjust-
ment of average operating frequency.
If a counter is available, set the gener-
ator to 1 kHz and adjust pot R17 until
the counter indicates 1000. If a counter

is not available, a triggered -sweep
scope with accurate timebase will do.
Adjust R17 for a 1 -millisecond period
of the generator's square wave as dis-
played on the scope.

Capacitor C7 improves the high -fre-
quency performance of the circuit. It
has greatest effect at 50 kHz and pro-
gressively less effect at lower frequen-

Table II-Parts list with some suggested commercial parts.

ICI-National Semiconductor LF357.
1C2-National Semiconductor LF356.
B1, B2 -8.4 -volt mercury battery, Eveready E146.
J1, )2-RCA-type phono jack, Radio Shack 274-346.
S1 -6 -position, 1 -pole rotary switch with shorting contacts

(see text), Centralab 1400.
S2-S4-SPDT miniature toggle switches, Radio Shack 275-613.
S5-DPST miniature toggle switch, Radio Shack 275-614.
C1-C4-0.1-pF, 25-V disc ceramic capacitors, Panasonic DE104.
C5-1000-pF ±2% mica capacitor (see text).
C6-0.1-pF ±5% polystyrene or polycarbonate capacitor (see text).
C7-180-pF mica or ceramic capacitor (see text).
R1-8.2-kilohm,'/n-W film resistor.
R2-20-kilohm,1/4-W film resistor.
R3-1-kilohm, 1/4-W film resistor.
R4, R5-22-kilohm,1/.-W film resistors.
R6-100-kilohm,'%-W film resistor.
R7-R10-200-kilohm, 14-W film resistors.
R11-3.3-kilohm, 1/4-W carbon resistor.
R12 -91 -ohm,'/, -W carbon resistor.
R13, R14-1-kilohm potentiometers, Centralab B-5.
R15 -82 -ohm,'/, -W carbon resistor.
R16-2.2-kilohm, %-W carbon resistor.
R17-5-kilohm trimmer potentiometer.
R18-13-kilohm,' -W carbon resistor.
R19-10-kilohm,'/,-W carbon resistor.
6 x 5 x 4 inch aluminum case, Bud CU -3007A.
Knobs with index mark, three required.
9-V battery connectors, two required.

cies. Below 2 kHz, it has negligible ef-
fect. Increasing the value of C7 in-
creases the frequency of oscillation
and lowers the triangle output ampli-
tude. Conversely, decreasing the value
of C7 lowers the frequency and in-
creases the triangle output amplitude.
The exact value that yields maximum
high -end frequency accuracy and flat-
test frequency response depends to
some extent on the construction tech-
nique employed. The indicated value
(180 pF) is fine for most applications,
as evidenced by the Table of Specifica-
tions. However, if super -flat frequency
response and high -end frequency ac-
curacy are important, connect a wide -
band voltmeter to the triangle output
and a frequency counter to the
square -wave output. Then change C7
as directed above until the 50 -kHz fre-
quency accuracy and triangle ampli-
tude are the same as at 1 kHz.

Use
Applications of this generator were

mentioned earlier. However, there are
certain points of usage you should
note. Since the output level controls
are linear pots, it is important to use
the HI -LOW switches to attenuate the
signal when driving preamps, integrat-
ed amplifiers, and receivers. The HI
position is intended only for driving
power amplifiers.

Both triangle and square wave are
simultaneously available, and their
levels are set independently. When us-
ing one of the outputs to drive an am-
plifier under test, use the other output
to trigger the scope. This gives a stable
scope display regardless of how much
you vary the test signal level. Q
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Beauty of design ... and performance!
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technics. design and performance on the
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limited warranty.
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AUDIO
PAIN OR PLEASURE

Martin Polon
Man has received

many blessings from
the technology that
propelled the 19th
century towards the
21st-a lengthened
life span with added
material pleasures

are ones to which urban man has be-
come accustomed. Many of his elec-
tronic entertainments use audio -
from graphic -equalized car stereos to
multichannel sound systems for disco.
The good life now encompasses high-
level audio in such diverse entertain-
ments as indoor and outdoor concerts,
multimedia displays, discotheques,
etc. Quality high-level sound enter-
tains around the world. Home enter-
tainment has evolved from the table
radio of 40 years ago to today's high -
power home stereo system.

The difficulty with all this remark-
able technology is that it bears a hid-
den and complex set of negatives.
There is just no such thing as a free
lunch. The human body is a complete
biological system that reached its cur-
rent state of refinement by a process
that did not include audio at high lev-
els. The human life support mecha-
nisms developed to keep the wolf
from the door - literally! Man's physi-
cal and mental responses to various
external stimuli evolved from the real
threats and dangers of the primordial
past. Today's threats and dangers are
much more subtle than a pack of hun-
gry wolves, yet pose dangers far great-
er to human life. Many stimuli from
the technologies and life style of mod-
ern man act as analogs of basic threats,

regularly triggering body reactions that
would normally occur infrequently.
Worse still, electronically amplified
music can easily exceed high sound
levels found in manufacturing plants,.
subways, and at airports.

Man is by conception, terminal. The
factors for each individual's life span
are determined to some large extent
by personal habits, including ingestion
(food, beverages, alcohol, drugs, and
tobacco), exercise and exertion or the
lack thereof, and exposure to various
polluting influences in the environ-
ment. While certain pollutants may be
deadly, they also are so obviously toxic
that avoidance is reflexive. Not many
of us would breathe pure automobile
exhaust or handle a beaker of corro-
sive fuming nitric acid. Less obvious
and far more dangerous are polluting
substances or energies that are quite
attractive. High-level sound is in this
category. "One person's treat is anoth-
er person's poison," or so the old say-
ing goes. Energy pollution effects do
vary in susceptibility from individual
to individual. The dosage and duration
of exposure determines the ultimate
effect of any pollutant. But there is
one sobering fact to remember: The
human body is an unforgiving storage
medium with a permanent memory.
Anything that is carcinogenic, muta -
genic or toxic, be it a substance or an
energy form, can change the physical
condition of those exposed. The only
question is how much damage is

done, and when the consequences of
the damage become irreversible.

After World War II, medical tech-
nology was able to measure and treat
disease caused by pollution. At the
same time, pollutants became so com-

plex as to defy the prediction of long-
term medical consequences. One ex-
ample from the benzene family is the
polychlorinated biphenyls (PCBs) used
in the manufacture of utility power
transformers. These chemicals, utilized
for the past 30 years, have been identi-
fied with serious disorders in people
who live in proximity to the use or dis-
card of these materials. This is "invisi-
ble pollution," because it cannot be
seen or sensed, except by the toxic ef-
fect on human beings over a long time
span. Another example of near invisi-
ble pollution is cigarette smoking. The
introduction of commercial cigarettes
for the male population was followed
by a period of relative calm before a
storm of lung cancer erupted. Similar-
ly, the wide acceptance of cigarettes
by women in the 1940s was followed
20 years later by a dramatic upward
swing in the lung cancer rates for
women.

What has all this invisible pollution
to do with audio? The answer to that
depends on what audio is. The science
of epidemiology is literally translated
as "the study of epidemics," in other
words, the study of negative results to
large segments of the population from
causative agents. The dictionary de-
scribes audio as "audible sound" and
noise as "unwanted sound." Audio is
sound, and sound when unwanted is
noise. Sound can cause extensive
problems in terms of hearing and
whole body damage. Sound is energy,
and the effects of energy on the body
are defined by dosage and duration,
regardless if the energy is from solar,
nuclear or electroacoustic sources.

Music changes to noise in a medical
sense when the level exceeds 90 dB
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"A" SPL. Sound energy above 90 dB
triggers systemic stress which can lead
to body damage. Direct damage to the
inner ear can take place with exposure
in excess of 95 dB and, in the United
States, OSHA says that daily exposure
must be less than four hours. In the
United Kingdom, medical experts rec-
ommend that exposure to 128 dB not
exceed 28 seconds. The International
Organization for Standardization
(ISO) calls for a maximum exposure of
10 minutes a week to a level of 114 dB
or greater. Musical content has no val-
ue if the energy present is in excess of
what the body can tolerate. If estab-
lished safe levels of exposure restrict a
sound level of 120 dB to 28 seconds
during a day, the content of the sound
is not significant. The state of the art in
audio has made levels of 90 to 120 dB
very common in performance, record-
ing, and playback. Higher levels are
frequently encountered. Paradoxically,
the medical arguments on the thresh-
old of hearing damage do not center
on 90 dB. There is a consensus of opin-
ion on damage at 90 dB. The current
recommendations in the medical liter-
ature range between 65 and 85 dB for
susceptible populations.

The environment that man inhabits
has never been totally silent, but the
gradual rise in technology of the 20th
century has markedly increased the
daily noise dose. The advancements in
recording and reproduction of sound
give audio systems underestimated
potential for generating high levels of
sound in the working environment.
This "audio inflation" can also be
heard in the home. Systems are
equipped with efficient loudspeakers
using large, heat -resistant voice -coils
capable of handling 50 to 250 watts of
power per channel. How many would
expect that car stereos could produce
sound pressure levels easily exceeding
90 dB? The car is a small, highly reflec-
tive area in which to deliver 10 to 100
watts rms per channel to multiple
speakers. The headphone is one of the
most "invisible" elements of sound
pollution because it couples directly to
the ear and can generate considerable
energy. Concert entertainments regu-
larly use large sound systems driven by
5,000 to 25,000 watts of power amplifi-
cation, capable of constant levels in
excess of 110 dB at several meters.

Level and exposure are the keys to
susceptibility in sound -induced dam-
age. The body has evolved through
time, and many aspects of hearing are

functions of survival mechanisms. Our
high-technology life style may have
rendered these mechanisms obsolete.
The apparatus of human hearing fea-
tures acute midrange sensitivity and
selective accuracy. Through man's dis-
tant past, it was necessary to hear the
approach of, say, a pack of wolves. To
survive was to hear distant sound, al-
lowing for escape or defensive action.
The perception of threatening sounds
would begin a series of physiological
responses, involuntary functions
which prepared man for reaction to
the perceived threat. This complex de-
fense mechanism, triggered by sound,
allows man to have maximum levels of
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output from various body functions;
when man is in the stressed mode,
physical strength is enhanced and en-
durance for exertion is maximized.
This defense mechanism functions as
well today as it did 50,000 years ago. A
noise outside our living space at night
will produce the same response as that
of our ancestors, alerting for fight or
flight. None of these physiological
mechanisms evolved to trigger regular-
ly as part of a life style. The changes in
the body are to defend from infre-
quent threat, rather than frequent ex-

posure to sound levels which mimic
threats.

Living man is a complex biosystem
which can defy precise explanation.
However, medical information on the
negative effects of high-level sound
can be obtained in a number of ways.
Rats, gerbils, chinchillas, and certain
monkeys are quite similar to man. De-
tailed examination after exposure has
yielded significant confirmations of
sound -related damage. Further infor-
mation has come from human autopsy
analysis and the medical histories of
large populations known to have been
exposed to high-level sound.

High-level sound exposure can pro-
duce negative effects in two major
areas, auditory and nonauditory. Audi-
tory damage from sound has been well
documented, but there are some rela-
tionships between auditory and non -
auditory damage that should be ex-
plored. Briefly stated, continued expo-
sure to high-level sound of variable
threshold and duration will produce
significant and permanent damage to
the hearing mechanism in the inner
ear. The damage is variable since each
human being has a unique vulnerabili-
ty to auditory and nonauditory dam-
age, based on a variety of individual
characteristics.

In the human
hearing apparatus,
the outer and mid-
dle ear exist princi-
pally to collect and
transmit sound to
the inner ear for
sensory reception.

In the inner ear, the sensory mecha-
nism consists of the cochlea, which is
a coiled -up canal. It contains the basi-
lar membrane which supports four
rows of hair cells. These hair cells will
bend with incoming sound impulses,
sending bioelectrical signals towards
the brain (via nerve fibers which are
grouped to form the spiral ganglion
and become the auditory branch of
the cranial nerve).

Sound injury to the inner ear is

based on the following mechanisms of
damage:

1. Exposure to high -intensity noise
produces a physical detachment of a
portion of the hair cells from the basi-
lar membrane. This injury is a conse-
quence of mechanical stress which can
develop during high level exposure.

2. The outer hair cells are damaged
initially by sound exposure, while the
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inner hair cells die from a reduction in
blood flow. Subsequent exposure in-
creases the extent of the damage.

3. The membrane structure changes,
causing further damage during high-
level exposure. Nerve cells are dam-
aged as well as the hair cells.

4. The destruction of a number of
cells at the same time during an expo-
sure episode can leak a minute
amount of ear fluid. Possessing exces-
sive potassium ions, this fluid causes
swelling and rupturing of the unin-
jured sensory cells and nerve fibers
which may continue long after expo-
sure ceases.

There are definite, well -documented
patterns of exposure and measured
damage in auditory injury. The use of
audiological tests is empirical and they
produce irrefutable informatión. For-
mulas exist which predict the physio-
logical deteriorations. Approximately
96 percent of the working population
can be protected from sound damage
by limiting exposure to sounds at 90
dB and above. What of those who are
not limited by the nature of their work
or by recreational choice or both?
There is a predictable pattern of dam-
age in the frequency range of 1,000 to
6,000 Hz, with peak damage at 4,000
Hz. The degree of loss can increase
with subsequent exposure and can
prove very severe in some individuals,
assuming the natural loss with aging
(presbycusis). The relationship to non -
auditory damage is that the individual
afflicted with a notching of hearing
sensitivity will attempt to compensate
by increasing sound levels to achieve
perception. This will cause further
hearing damage, especially at levels in
excess of 100 dB, and accelerate the
nonauditory damage.

At the car-
diovascular system
level, the effects of
high-level sound
are most promi-
nent. At the onset
of a high-level epi-
sode, the body

goes from an alert state, known as the
orienting response, to a sustained re-
action called the defense response.
Characteristically, these two responses
cause an involuntary change in the
body that begins with a tensing of the
muscles (by the main motor nerves).
This is followed by the nervous system
causing changes in heart activity,
breathing, blood pressure, etc. Dis-
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eases of the heart and associated
blockages of the veins and arteries can
be complicated by the involvement of
high-level sound, contrary to the opti-
mum functioning of the cardiovascular
system. A most apparent phenomenon
is the change in size of the blood ves-
sels (called vasoconstriction), which
occurs at the onset of high-level
sound. It may begin to disappear in
some individuals when the sound
ceases; in others it may persist for up
to 25 minutes afterwards. Other heart -
related changes include blood pres-
sure (especially diastolic), heart rate,
cardiac output, and pulse volume. All
of these components are interrelated,
and the changes may create further ef-
fects. For example, sound does not se-
riously affect long-term blood pressure
of a normal population group, but for
those suffering from high blood pres-
sure (hypertension), the effect of high-
level sound is to cause a smáll but def-
inite further increase in pressure. High
sound levels also can increase the
agents of blockage in arteries, that is
elevated blood levels of triglycerides
and cholesterol.

One interesting auditory and non -
auditory correlation involves peripher-
al vasoconstriction. This changing in
size of the blood vessels tends to re-
strict the supply of blood to the head.
The effect on the brain must be
gauged in conjunction with the psy-
chological and hormonal changes
which also occur during high-level ex-
posure. The ear, the very sensory organ
which receives all of the high-level
sound, is very much affected. The re-
striction of supply causes the ear to
suffer cochlear anemia (ischemia), and
this lack of blood flow occurs at the
very time when the ear is under attack.
The sensory cells need an increased
supply of blood to provide energy
sources and remove metabolic prod-
ucts resulting from the high sound
level and related auditory metabolic
activity. The ear does not get the need-
ed blood in sufficient volume to save
all of the threatened cells.

Sound also acts on the digestive sys-
tem as a stress agent. A number of
changes take place in the gastrointesti-
nal system such as increased move-
ment (motility), with waves of con-
tractions passing along the intestines
causing the contents to increase
speed. The result is diarrhea and/or
frequent episodes of irregularity. Ab-
normal contractions of the stomach
can take place along with the more

usual outpouring of hydrochloric acid
into the stomach; the two result in an
unstable condition which can lead to
peptic ulceration in susceptible indi-
viduals. There is an interesting note
here. Those individuals who are able
to control the level and duration of
the sound source suffer greater motili-
ty problems than those who have no
control on the sound at all. This is a
complex reaction to sound and might
be explained in terms of interaction
between the brain and the psychologi-
cal impact through the central nervous
system.

The respiratory system of the body is
a vital part of the metabolic process,
and it is assumed that high-level
sound has very little effect on the res-
piratory function. The only involve-
ment is the inducement of slow, deep
breathing, producing optimal ventila-
tion of the lungs and high oxygenation
of the blood. One fact of concern,
however, is that sound can and does
kill many laboratory animals under
certain conditions. This is known as
audiogenic seizure, and the cause of
death is most usually respiratory fail-
ure (brought on by contractions of the
respiratory muscles). Fortunately, man
does not appear to be involved with
this phenomenon at sound levels be-
low 160 dBSPL"A."

The central nervous system is inti-
mately involved with high-level sound
inputs. We see the specific neurologi-
cal involvements as the nonauditory
response of the body. The central ner-
vous system controls the voluntary
nervous system, the autonomic ner-
vous system, and the endocrine system
through the hypothalamus in the
brain. All of these are involved in a
chain reaction. The management as-
pect of the central nervous system fol-
lows through the various systems. The
second involvement of the central ner-
vous system is with the psychological
impact of high-level sound. Of great-
est interest are the arousal and distrac-
tion effects. The effect of arousal is dif-
ficult to identify here since it is related
to surprise, and the presence of high-
level sound in a listening environment
is an expected quantity. The distrac-
tion effect is pronounced, and it mani-
fests itself as follows in terms of
human performance:

1. Sound can increase or decrease
efficiency, but the effect will occur lat-
er rather than sooner.

2. Negative effect is normally associ-
ated with complex tasks that have
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multiple components or high informa-
tion loads.

3. Tasks involving cognitive skills,
such as memory, can be interfered
with at levels as low as 70 or 80 dB.

4. Conversation may be rendered in-
comprehensible via distractive pro-
cesses at levels far below those which
physically mask conversation.
In other words, the ability to perform
certain tasks is alterable by high-level
sound.

Other psychopathological changes
come with sound exposure. Studies of
individuals working within a high
sound level environment indicate a
trend towards depression and neurotic
behavior among susceptible subjects,
especially single women. The interrela-
tions of body functions come into
play, and the increased output of vari-
ous hormones may well account for
this impact, especially given the hor-
monal change found during menstrua-
tion.

Both the female
reproductive sys-
tem and the immu-
nologic system can
be significantly in-
fluenced by the
hormonal output
triggered by sound.

Immunological agents such as the eos-
inophils (white blood cells involved in
allergic reactions) and gamma globulin
(plasma protein which protects against
certain diseases), among others, ap-
pear to be depressed in availability
during the periods of high sound lev-
els. The presence of certain hormones
in the body of the human female dur-
ing pregnancy can affect the rate and
form of fetal development and the ef-
fect of sound produces stimulation of
the breasts and uterus, yielding addi-
tional hormone activity. The fetus of
any mammal is very susceptible to any
kind of change from a stabilized con-
dition, so the presence of sound -in-
duced hormones cannot be viewed
positively in any context. There is even
some research to suggest that the fetus
itself will undergo physiological
changes as growth brings it to the
point where it can physically sense ei-
ther the sound or the mother's reac-
tion to the sound.

The major source of chemicals in the
brain is from the hormonal output
triggered by the initial response to
sound (in the hypothalamus to the pi-
tuitary gland), and then to other hor-

mone -involved glands. This stimulated
production of hormones (such as pri-
mary steroids like 17-hydroxycortico-
sterone), involves virtually all body
functions not previously discussed.
During a high-level sound episode, for
example, male sexual drive seems to
be increased while sexual potency is
decreased because the gonads are sig-
naled with a hormone. The basis of
much of the tensing during the orient-
ing and defense reactions involves the
release of adrenaline which causes the
increase in neuromuscular tension,
nervousness, irritability, and anxiety.
Other hormones affect the function of
the kidneys and the amounts of sub-
stances in the blood. The trigger hor-
mones, the corticosteroids, can retain
their high bloodstream level over a
long time frame after episodes of high
sound levels have concluded.

It is important to note that all of
these radical hormonal changes occur
when sound levels above body toler-
ance are perceived. The effects tend to
be extended due to the time required
for the various chemicals to be dissi-
pated in the body.

The effect of high-level sound on
the mental state is documented in
terms of the presence in the brain of
chemicals also found in those with
schizophrenia and psychosis. High-
level sound stimulates these chemi-
cals, such as norepinephrine, in sus-
ceptible individuals. There is even
some suggestion of specific involve-
ment between high-level sound and a
rare form of epileptic seizure.

The special sens-
es of vision and
balance are influ-
enced by the pres-
ence of high sound
levels, but with-

out any apparent
health negatives

past temporary dysfunctions. One
change is a tendency in susceptible in-
dividuals for dizziness and vertigo via
acoustic stimulation of the vestibular
labyrinth or canal link in the ears.
Sound also can cause susceptible indi-
viduals several alterations from normal
vision. These include a narrowing of
the angle of the visual field, impaired
acuity and color vision, and interfer-
ence with the critical flicker -fusion fre-
quency. The brain's ability to use rele-
vant visual information can also be
disturbed. Perhaps the most interest-
ing fact associated with high sound

levels and vision is that the pupil of
the eye dilates with high sound levels
(dilation increases with the increase of
the stimulus).

All of the changes that the body un-
dergoes during episodes of high-level
sound exposure suggest that the total
effect is less than positive. In fact, it
would seem that for a certain percent-
age of the population, such exposure
to levels in excess of 90 dB could pose
a substantial hazard to long-term
health. The real focal point of the
problem with high-level sound is the
invisibility of the effects. There are
very few members of a susceptible
population group who are going to re-
alize that damage is taking place, and
that in various ways, the ability to per-
form all life -related tasks is deteriorat-
ing. The bottom line in exposure to
high levels is the total lack of identifi-
cation of those most susceptible.

Certainly, the amount of exposure
time tends to shift the possibility of se-
vere health and hearing damage to
those audio professionals who are in-
volved on a daily basis or those en-
thusiasts who use their systems daily
and have the very large sound systems
necessary to reach levels in excess of
110 dB. (There may be benefit to the
urban dilemma in housing, in that the
presence of neighbors tends to limit
the levels.)

Alternatives are many, but few will
work practically because those who al-
ready have impaired hearing cannot
tolerate attenuation without seriously
compromising their perceptions. For
undamaged individuals, two solutions
seem reasonable. Those using audio at
levels in excess of 90 or 100 dB can use
some kind of hearing protectors. There
is some frequency response alteration,
but it may be acceptable as an alterna-
tive to health damage. Secondly, the
use of small, inexpensive sound level
meters can provide a constant means
for keeping levels at or below 90 dB.
Doing nothing is unacceptable be-
cause it ends with negative changes in
the body. No one can know how sus-
ceptible they might really be to the
physiological impacts of high-level
sound, and the question demands
thoughtful answers. Lastly, it is foolish
to assume that the well -established
(and restrictive) governmental safety
standards for sound will never reach
the audio profession. The recording
and reproduction of audio will suffer
from start to finish if solutions are im-
posed as regulations. A
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