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ID, DUAL CAPSTAN CASSETTE DECK THAT OFFERS
E-DOLBYxA DIGITAL BRAIN AND BIASING BY EAR.

.-ontrol what you monitor.
The CTF900 allows you to bias by

ear. Which means you have almost as
much control over your tape deck as
you would over any other musical
instrument.

By simply switching between the
Source and Tape monitors and
adjusting your bias control, you can
make sure that what comes out of your
cassette deck is as clean and crisp as
what went into it.

FEATURES OTHERS
DON'T EVEN OFFER.

These are just a few of the features
that will soon change the face of all

TAPE COUNTER

cassette decks. The CT -F900 also offers
features like a double Dolby" noise
reduction system that eliminates noise
in both record monitoring and
playback. And reduces tape hiss to -64
dB. Solenoid push button controls that
give you direct function switching so
you can go directly from one mode to
another without damaging the tape. A
two motor, dual capstan drive system
that gives you stable head contact,
constant tape movement, and an
inaudible 0.04% wow and flutter. And
circuitry that lets you hook the CT -F900
to an external timer so you can make
recordings even when you're not there.

Obviously, all that went into the

DOLBY
NR

TAPE

CrOw

COUNTER MEMORY REPEAT
PLAY COUNTER ENO OFF

TIMER START
PLAY .,EC OFF

METER
PEAK MnLKO AVERAOE

MONITOR BIAS TAPE
O

TAPE SOURCE E
, 2 IAI 110 C. OºI33

OOLSY NR INPUT

STO Z OPF j LINE
Pe Ce. s ON i MIC

COLBY SYSTEM

OUTPUT g_q

CT -F900 sounds impressive. But it's not
half as impressive as what comes
out of it.

Given all this, it's not surprising that
sooner or later all cassette decks will be
built along the lines of the CT -F900.

But even then there will be that fine
line that has always separated Pioneer
from the competition.

Value.

GO PIONEER
We bring it back alive.
©1978 U.S. Pioneer Electronics Corp.,
High Fidelity Components,
85 Oxford Drive, Moonachie, N.1.07074

Wood cabinet optional.

INPUT g.q

PMONlS L-MIC-R

oh PIONEER STEREO CASSETTE TAPE DECK CI -FIN
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Innovation is nothing new to Pioneer.
We were the first to introduce the

high power receiver. Sooner or later
everyone followed.

We were the first to create the front
loading cassette deck. And the first with
a quartz lock loop turntable that was as
easy on the budget as it was on the ear.
Again, our competition had no
alternative but to follow.

So now that Pioneer introduces the
CT -F900, we expect that soon there'll
be a few rushed -through imitations that
have our look. But not our value.

This is no small coincidence. And it's
nothing we're unaccustomed to. It's a
simple case of follow the leader.

A METERING SYSTEM AS FAST
AS THE SPEED OF SOUND.

Conventional cassette decks are all
plagued with the same problem. Either
they have slow to react VU meters that
give you average readings or slightly
more advanced LED's that give you
limited resolution.

Pioneer offers a better resolution. A
-Fluroscan metering system that's so fast
and so precise, it provides a more
accurate picture of what you're listening to

It covers the range of -20 dB to +7
dB in 20 easy -to -read calibrations. And
while other meters may work within
that same range, in terms of precision
they're not even in the same
neighborhood.

The CT -F900 has a Peak Button that
lets you register all the peaks in the
incoming signal. And lets you register
an unheard of level of harmonic
distortion. Less than 1.3%.

A Peak Hold Button that retains the
highest peak level in each channel. So
you can record at the highest level
possible without fear of overload.

And an Average Button that makes
the Fluroscan meter respond like an
ordinary level meter.

A DIGITAL BRAIN WITH
AN INCREDIBLE MEMORY.
All cassette decks have tape

counters. Even the most respectable
ones have mechanical counters you
can't really count on.

Pioneer's designed the most precise
electronic way of keeping track of your
tracks.

As the take up reel rotates, pulses
are fed to a microprocessor which
provides a three digit readout on an
electronic tape counter.

The terminology may be difficult to
understand, but the benefit of all this is
simple. Precision. Dependability. And
convenience.

Many of these "better" cassette
decks also claim they have advanced
memories. But there are functions that
even the best of them haven't been
programmed to remember.

The CT -F900 has the first electronic
memory of its kind that performs four
different functions.

Memory Stop automatically stops
the tape wherever you select. Memory

LII VLL I ILl! 111V,! IL
THE CT-F900.TH E FIRST 3-H FADE
FLUROSCAN METERING, DOUBL
Play rewinds the tape to this spot and
then automatically goes into the play
mode. Counter Repeat rewinds the
cassette when the end of the tape is
reached. Then begins replaying the tape
wherever you want it to begin. End
Repeat automatically rewinds the tape.
And then replays it from the beginning
for endless listening.

WE'RE HARD HEADED.
BUT SENSITIVE.

Every audiophile will agree that to
achieve professional quality recording,
three heads are better than two.

And while you can expect three
heads from most reputable cassette

POWER

decks, you can also expect that they're
either made of ferrite or permalloy.

The CT -F900 has recording and
playback heads made of a newly
developed Sendust Alloy. This
remarkable bit of technology gives you
higher frequency response (20-19,000
Hz.) and lower distortion than ferrite.
And better wear -resistance than
permalloy.

BIASING BY THE MOST
SOPHISTICATED AUDIO EQUIP-

MENT KNOWN TO MAN. HIS EARS.
While many of today's "equipped"

cassette decks let you monitor during
recording, what they don't do is let you

A1.ITOMATiC C..04. TJ.PE SELECT

1
f.rrlc 110 V. Eo,

\` 2
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DENON
MOVING COILS
Suddenly you can hea

"MC" cartridge systems are
inherently linear, inherent)
musical, inherently Denon.

4.

1035-Modified elliptical
reference for two and four
channel material. Suddenly you
ccn hear.

1
103D-The newest, most perfect
Denon cartridge. Special canti-
lever and elliptical stylus plus
lower mass allow the 103D to
reproduce music otherwise
heard only at recording sessions.

1037-A combination offer of
matched Denon transformer and
the famous 103C cartridge. The
most economical way to hear
with moving coils.

If you would like to hear more,
go to your franchised American
Audioport dealer Listening is
convincing.

oilAmerican
Audioport, Inc.
1407 N Providence Rd.
Columbia, MO 65201

I
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The XSV/3000 is the source of
perfection in stereo sound!

Four big features ... all Pickering
innovations over the past 20 years
... have made it happen.

1976: Stereohedron® This patented Stylus
tip assures super traceAbilityTM, and its larger
bearing radius offers the least record wear
and longest stylus life so far achievable.

1975: High Energy Rare Earth Magnet
Another Pickering innovation, enabling
complete miniaturization of the stylus as-
sembly and tip mass through utilization of
this type of magnet.

1968: Dustamatic® Brush
This Pickering patented invention dynamic-
ally stabilizes the cartridge -arm system by
damping low frequency resonance. It im-
proves low frequency tracking while playing
irregular or warped records. Best of all, it
provides record protection by cleaning in
front of the stylus.

1959: Record Static Neutralizer
The patented V -Guard Record Static Neutralizer
has been a feature of all Pickering cartridges
since 1959. It eliminates electrostatic
dust attraction at the stylus
and discharges record static
harmlessly into the grounded
playback system.

STEREOHEDRON
STYLUS TIP

AREA OF
CONTACT WITH
GROOVE WALL

TRACING RADIUS
0003"

SCALE 10001

CONTACT OR
BEARING
RADIUS .0028"

1. Technical drawing of the Stereohedron shape.
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2. Typical frequency response and channel
separation curves of the XSV/3000.

PICKERING
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3. Damping effect on tonearm resonance.

4. V -Guard Static Neutralizer,
"Where the Stylus meets the groove."

For further information write to Pickering & Co., Inc.,
Dept. A , 101 Sunnyside Blvd., Plainview, N.Y. 11803

those who can hear the difference"

Enter No. 34 on Reader Service Card
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series,20
IT TAKES GUTS TO BE
MORE EXPENSIVE THAN McINTOSH
McIntosh might be considered

an expensive extravagance by the
average high fidelity consumer. How-
ever the true audiophile perceives
reliability, proven engineering and
classic styling as necessities rather
than luxuries.

The true audiophile also appreci-
ates outstanding specs and the state
of the art technology that distin-
guishes Series 20 from the field.

Consider the Ring Emitter Tran-
sistor out -put stage in the Series 20
M-25 Class AB Power Amplifier that
provides incredible high frequency
performance.

Consider the Series 20 F-26 FM
Tuner's parallel balanced linear de-
tector that delivers the lowest distor-
tion available.

When you realize how exceptional
Series 20 is, you'll marvel at how
inexpensive expensive can be.

20 Jewell Street, Moonachie, N.J. 07074

Alterman Audio
American Audiophile
American T.V.
Another World Electronics
Another World Electronics
Appletree
Appletree
Appletree
Appletree
Appletree
Appletree
Appletree
Appletree
Audio Dimensions
Audio Processionals
Audio Professionals
Audio Processionals
Back Door Stereo

If you would like full information
on Series 20, please send us the
coupon below.

To: Series 20
Dept Al'
20 Jewell Street
Moonachie. New Jersey 07074

o Please send me the specs for the
following circled Series 20
components.

M-22
Class A -Stereo
Power Amplifier

F-26
Advanced Quart:

FM Tuner

PLC -590
Quart: PU. Servo.

Controlled Turntable

Name

Street

City

State

D-23
Multi -AMP Elec.
Crossover Netwk.

A-27
Class AB Integrated

Stereo Amplifier

PA -1000
Carbon Fiber

Tone Arm

C-21
Stereo

Preamplifier

M.25
Class AB Stereo
Power Amplifier

F-28
Quart:

FM Tuner

U-24
Program Source

Selector

Zip

AVAILABLE AT THESE FINE DEALERS
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Fort Lauderdale, FL
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INTRODUCING TI -II: EMPIRE I:I)I19 I'I-I.^,V.^ CARTRIDGE.
IT SOUNDS AS GOOD ON A RECORD AS IT DOES ON PAI'I:I'..

It was inevitable .. .

With all the rapid developments
being made in today's high fidelity tech-
nology, the tremendous advance in audi-
ble performance in Empire's new EDR.9
phono cartridge was bound to happen.
And bound to come from Empire, as we
have been designing and manufacturing
the finest phono cartridges for over 18
years.

Until now, all phono cartridges were
designed in the lab to achieve certain
engineering characteristics and require-
ments. These lab characteristics and re-
quirements took priority over actual listen-
ing tests because it was considered more
important that the cartridges "measure
right" or "test right"-so almost everyone
was satisfied.

Empire's EDR.9 (for Extended Dy-
namic Response) has broken with this tra-
dition, and is the first phono cartridge that
not only meets the highest technological
and design specifications-but also our

demanding listening tests-on an equal
basis. In effect, it bridges the gap between
the ideal blueprint and the actual sound.

The EDR.9 utilizes an L. A. C. (Large
Area Contact) 0.9 stylus based upon-and
named after-E. I. A. Standard RS -238B.
This new design, resulting in a smaller
radius and larger contact area, has a
pressure index of 0.9, an improvement of
almost six times the typical elliptical stylus
and four times over the newest designs
recently introduced by several other car-
tridge manufacturers. The result is that less
pressure is applied to the vulnerable rec-
ord groove, at the same time extending
the bandwidth-including the important
overtones and harmonic details.

In addition, Empire's exclusive, pat-
ented 3 -Element Double Damped stylus
assembly acts as an equalizer. This elimi-
nates the high "Q" mechanical resonances
typical of other stylus assemblies, produc-
ing a flatter response, and lessening wear
and tear on the record groove.

Enter No. 16 on Reader Service Card

We could go into more technical de-
tail, describing pole rods that are laminat-
ed, rather than just one piece, so as to
reduce losses in the magnetic structure, re-
sulting in flatter high frequency response
with less distortion. Or how the EDR.9
weighs one gram less than previous Empire
phono cartridges, making it a perfect match
for today's advanced low mass tonearms.

But more important, as the EDR.9 car-
tridge represents a new approach to car-
tridge design, we ask that you consider it
in a slightly different way as well. Send for
our free technical brochure on the EDR.9,
and then visit your audio dealer and listen.
Don't go by specs alone.

That's because the new Empire EDR.9
is the first phono cartridge that not only
meets the highest technological and de-
sign specifications-but also our de-
manding listening tests.

Empire Scientific Corp.
Garden City,N.Y.11530

WIFE



We build
a speaker
that sounds
like music
It can accurately repro-
duce the 120+ dB peaks
that are found in some
live music. That's more
than just being able to
play music loud. It can
accurately reproduce the
music bandwidth-from
below 25Hz to 20kHz.
And the Interface:D's
vented midrange
speaker reproduces
midrange sounds with
the clarity and purity
that allows precise
localization of sound
sources- both lateral
and front -to -back.

The Interface:D is the
only commercially avail-
able speaker we know
of that can meet these
criteria. Audition them
at your Interface dealer.

Elechrol/oice®
a AUltaft company

600 Cecil Street
Buchanan, Michigan 49107

Audioclinic
Joseph Giovanelli

Increased Treble
Q. I recently purchased an outboard

Dolby FM unit and a 25p 5 -de -empha-
sis switch, all to be used in the tape
loop of my receiver. I returned the
Dolby unit and, out of curiousity, con-
nected the de -emphasis switch to the
tape jacks. I was delighted with the FM
results, the highs were much more dis-
tinct and the background noise in-
creased only slightly. The fact that the
switch alone produces such an
improvement, is this to be expected?
-Douglas D. Short, Raleigh, N.C.

A. The increase in highs you hear is
to be expected when you use the de -
emphasis switch. FM broadcast prac-
tice calls for a 75- pS de -emphasis to
produce a flat frequency response
from an FM tuner. The 25- pS de -em-
phasis produced by your switch means
that there is now more treble than in
the standard FM broadcast. This
means that you have boosted the
highs by about 10 dB, so you are not
listening to a flat signal.

Cable Systems
Q. I recently hooked up my cable

TV antenna to my receiver which al-
lows me to pick up Washington D.C.
FM stations quite well, but only in
mono as the background hiss is in-
tolerable in stereo. My high filter
switch doesn't help; what can I do to
reduce the stereo noise?

- Name Withheld
A. Part of your problem may be that

the cable TV system does not inten-
tionally supply the FM band, so it may
be that to the extent your cable acts as
an external antenna, you are picking
up Washington stations. Connecting
your cable system to the receiver with
a 300 -ohm twin lead, rather than a
coaxial cable and a transformer, can
cause the receiver to pick up signals
directly and not necessarily via the
cable. Furthermore such installations
can cause radiation from the cable sys-
tem which is undesirable. I recom-
mend that you check with your cable
company to see if they do indeed im-
port Washington signals which would
tell you if you have any hope of re-
ceiving these signals properly over the
cable, rather than using some other
kind of antenna.

See if, perhaps, a simple dipole an-
tenna will bring about an improve-
ment in FM reception over what is

available to you via your cable system.
Actually it is always best to use an out-
side antenna where permitted, rather
than the simple dipole often supplied
with the receiver.

No noise reduction system will work
without adversely affecting the quality
of the programming being received.
However, if one or more of the Wash-
ington stations use the Dolby N/R sys-
tem for their transmissions, you can
use that means to provide less back-
ground noise on such stations.

It is possible that a really good sig-
nal -booster amplifier can be helpful.
However, this booster would have to
have a better signal-to-noise ratio than
the tuner with which it is being used.
If the cable is involved, though, there
may be noise from this source riding
on the signals which would negate the
effects of the booster.

Tuning Meter Drift
Q. My problem is that when I listen

to my speakers my tuning meter drifts,
however, when I listen to my head-
phones the meter stays centered.
What is the problem?- David R. Barr,
Wyandotte, Wis.

A. Perhaps the vibration of the
speaker system is causing misalign-
ment of some circuit elements result-
ing in a change of oscillator frequency.
Play the system softly and notice if the
drift still occurs. It shouldn't. If it still
occurs, check once more to see if it
happens when you wear your head-
phones.

The most likely possibility is that op-
erating your speakers requires more
power to be taken from the output
stage of your receiver. This means that
more heating of the electronics within
your equipment takes place which will
cause changes in capacitance of the
oscillator circuit leading to a gradual
center -of -tuning drift.

Another possibility is that if you
start out using the loudspeakers and
then switch to the headphones, it
could be that the tuner has been stabi-
lized by this time so that no further
drift occurs. 41

If you have a problem or question on audio, write
to Mr. Joseph Giovanelli, at AUDIO, 401 North
Broad Street, Philadelpha, Pa. 19108. All letters
are answered. Please enclose a stamped, self ad-
dressed envelope.

Enter No. 15 en Reader Service Card
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Up to now you had to choose 
between the turntable you wanted 

and the turntable you could afford. 

Tecl-nics MKII Series. The SL -1300 MK I outomatic, 
the SL -1400 MKII semi -automatic cnd the SL -1500 

MKI manJal. 
Yot. expect a quartz turntable to give 

unparalleled speed accuracy. And these do. Wict 
you didn't expect were all the other advartages 

Tecl-ni:s totally quartz -controlled direct -drive 
system gives you. 

L ke torqie that cuts buildup t me to ar 
incred ble 0.7 secords. And at the sarre titre 

maintains 0% speed fluctuations w th loads up 
to 300 ems. That's equivalent to 15C tonearns 

trac<irg at 2 gms. each. 
And tict's not all. Technics MKII Se-ies acds 

quartz a:cura:y to whatever pitch variaticn 
you desi-e. In exact 0.1 % increments. 4- the 

torch of a button. And instantaneously 

disp ayed by the front -panel LEDs. 
And to rake advantage of all that accuracy, 
Techrics has a low -mass S-shaped universal tonea-m 

that s s: accurate, :ri:tion is down to 7 mg. (ver-ical 
and horizontal). 

Technics MKII Series. Compare specifications 
Compare qucrtz. And you'll realize there's really no 

comxariscn. 
MOTOR Brushless DC motor, cuartz-contrclled 

phase -locked se-vo circuit. SPEED: 331/3 and 45 M. 
STAI:11NO TORQUE: 1.5 kg cm. BUILDUP TIME: 

0.7 seconds = 90° rotation) to 331/3 RPM. SPEED 

DRIFT Within 0.002%. WOW & FLUTTER: 0.025% 
WRMS. RUMBLE: 7E dB. PITCH VARIATION: f 9 90/0. 

Technics MKII Series. A rare combinatio-r of 
audit tecl-nolcgy. A. rew standard cf audio 

excellerce. 

Technics 
Professional Series 

Enter ho. 47 cn Reader Ser.i:e Cart) 
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Kenwood Receiver
The KR -6030 receiver utilizes "cur-

rent mirror" type differential amplifier
circuitry in the power stage to bring
out the full wattage potential without
loss of stability. THD is 0.1 percent, 80

watts per channel minimum rms, mea-
sured into 8 ohms from 20 to 20,000
Hz. The power supply feeds separately
through individual rectifiers into the
pre -driver stages and the power stage
to improve dynamic range and assure
clarity of reproduction. The unit can
handle up to 250 millivolts maximum
phono input before distortion, and
features bass and treble tone controls,
subsonic filter, loudness compensa-
tion, FM muting, an A -B speaker provi-
sion, accommodation for two tape
decks with A -to -B dubbing and A and
B monitoring, and 25- pS de -emphasis
for an outboard Dolby FM decoder.
Price: $500.00.

Enter No. 80 on Reader Service Card

db Systems Kit
The Model DBP-6 is a complete

phono equalization kit which corrects
the frequency response of any mov-
ing -magnet cartridge by the proper

matching of its capacitance load
requirement. The kit includes 10 color -

coded plugs for added capacitance,
two 100 -ohm loads for moving -coil
cartridges, two spare plugs, two "Y"
cable adaptors, and complete instruc-
tions. Price: $24.95.

Enter No. 81 on Reader Service Card

Sansui Turntable
The Model SR -5090 is a two -speed,

direct -drive turntable with a single
control knob for completely automatic
operation and a repeat control for up
to five plays. The electronically con-
trolled drive system uses a high -
torque, 20 -pole, 30 -slot d.c. servo mo-
tor with specs of wow and flutter at
0.038 percent, rumble better than 67
dB, and a signal-to-noise ratio of 57
dB. The built-in strobe light permits a
visual check of turntable speed, plus
the pair of fine speed controls allow
adjustment by as much as ±3.5 per-
cent. Price: $280.00.

Enter No. 82 on Reader Service Card

Precision Sound
Sub Woofer/Bass Enhancer

The PSU Sub Woofer/Bass Enhancer
is designed for use with conventional
speaker systems to extend the fre-
quency response into the very low
bass region where sound is not only
heard but felt. Since sound below 100
Hz is heard as non -directional, only
one unit is required and placement is
not critical. Utilizing a two -position
crossover switch, the frequency re-
sponse in the Sub Woofer position is
15 to 82 Hz, ±2 dB, and the Bass En-

hancer position response extends
from 15 to 2000 Hz, ±2 dB. Driven by a
10 -in. long -throw woofer with a 2 -in.,
all aluminum voice coil, the power
handling capacity is 80 watts continu-
ous input, with a 6.4 to 12.2 ohm
impedance. Price: $395.00.

Enter No. 83 on Reader Service Card

Micro Seiki
Tonearm

The MA -707 tonearm can be varied
to achieve ideal resonance between
the tonearm and any cartridge by us-
ing a torsion -bar system for dynamic

balance and a tiny weight positioned
on the tonearm which can change the
resonant frequency of the arm/car-
tridge combination when moved back
and forth manually. It has an effective
length of 237mm and a 15mm
overhang; maximum tracking error is
less than 1.5 degrees per inch, tracking
force adjustment is 0-3 grams (0.1 g
step graduation), and recommended
cartridge weight is from 4 to 12 grams.
Price $200.00

Enter No. 84 on Reader Service Card

Wharfedale Speaker
The Dovedale is a three-way, bass -

reflex system incorporating two 7 -in.
woofers, a 4 -in. midrange, and an iso-
dynamic tweeter that utilizes a thin,
lightweight diaphragm suspended be-
tween two barium ferrite magnets. The
mass of the tweeter diaphragm is only
one -fifth that of a coventional dome
tweeter, and the printed -circuit pat-
tern on the diaphragm serves as the
voice coil. The frequency response ex-
tends from 35 Hz to 26 kHz, ±3 dB,
with crossover frequencies at 800 Hz
and 5 kHz, and an SPL of 88 dB for one
watt at one meter. Weighing 55 lbs.,
the unit measure 25x151/2x121/2 in. Price:
$355.00.

Enter No. 85 on Reader Service Card

Sony Cassette
Tape Recorder

The 15 -ounce palm -size TCM-600
tape recorder features one -touch re-
cording and quick review, instant edit,
an air -core motor providing noise -free
performance, and a recording capabili-
ty of 8 hours with 2 AA -alkaline batter-
ies. Accessories include an a.c. adap-
tor, carrying case, and earphones.
Price: $249.95.

Enter No. 86 on Reader Service Card
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While the others were caching up,
TDK was moving ahead.

Shortly after it was introduced in 1975, TDK
SA, the world's firs: non -chrome high bias
cassette, was accepted by mcs:cuality deck
manufacturers as their high bias reference
standard. This advanced, new cassette enabled
their decks to perform to :he ha -_t of their ca-
pabilities. And because the decks are set in
the factory to sound their best with SA, music -

loving consumers made SA the ntiYber one
selling high bias cassette.

The other tape makers set oct in pursuit of
SA, hoping someday to equal the performance
of its Super Avilyn particle formulation and the
reliability of its super precis_or_ mechanism_

But mak_ng the world's most advanced
cassette was notrir_g new for TDK's engineers.
They pioneered tie
high fidelity cassette
back in 1968 and for
more than a decade
they've led the way
in cassette gape Tech-
nology. Over the last
three years, they've
refined SA and made

it clearly super_or to the '75 version.*
Tl-a: makes the music levers happy; it

means more music with less distorti3n
It makes the deck makers happy; they're been
improving their decks and SA makes them
sound better than ever. But for the competition,
unhappily, it means a whole new standard to
catch up to.

So if you'd like to raise your own reccrd=ng
standards, step up to TDK SA, the h_gr bras
reference tape backed by high fidelity's original
full lifetime warranty.**
TDK Electronics
GaCorden ,1:)1<"
Garden C_ty,
New York 11530 The ma t ine for your macn.ne."

Super Precision Cassette Medraiisrs

SA -C90 & T'DK.

"Today's SA has a maximumouput level IMOL) -cr=_ tea i 318 better than that of 1975 SA at the critical hicf requercies, aic improved seisitvití across the
entire frequency rar ge. "Ir tie unlikelyevent tea- ar} TDK a Jdio cassette ever fads to perform due to a defe:-. n materials cm_ vcr<manship, retard c your local
dealer or to TDK fora keersplacement '61978 TDK Electronics Co.p.
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The Audio Critic
issue with over

150 reviews.
The cumulative reference issue (Vol.

I, No. 6) of The Audio Critic summarizes
and updates just about every review
previously published, in addition to
reviewing more new items than any other
issue so far.

And these are not your typical
"undergróund" reviews. The Audio Critic
is guided by the laws of physics and
mathematics, not by untutored hi-fi cults;
it tests all equipment in a highly
sophisticated in-house laboratory facility;
and for listening evaluations it inserts
the component under test into a $20,000 -
plus reference system that tells it all.
What's more, it carries no advertising of
any kind and can therefore afford to
be unkind to manufacturers and their
dealers whenever necessary.

The 150 -review reference issue is
perfect for starting a 6 -issue subscription
by first-class mail. Send $30 today
(no Canadian dollars, $6 extra for overseas
airmail) to The Audio Critic, Box 392,
Bronxville, New York 10708.

INTRODUCING
THE SUPEREX
MULTI -DECK

TAPE SWITCHER

The Superex
TSB -3 Tape Switcher is
the obvious creative answer to
the audiophile who has more than one tape
deck. You can finally duplicate recordings or
broadcasts on up to three decks with this
"passive" switching console. Mixing music
sources and adding voice-over to create a
final recording is just one of the professional
engineering features.

The Superex TSB -3 provides access
to and from external equipment through
identified phone jacks. Along with full tape
monitoring, the switcher allows flexibility not
normally found in many of today's amplifiers.

Write for more details, or see your
Superex dealer. Made in USA. SUPEREX
151 Ludlow Street. Yonkers. NY 10705 .1914) 965-6906

Dear.tor
Lirpa VDRS GT
Dear Editor:

After reading about the new Lirpa
VDRS (Vehicular Disc Reproduction
System) in your April, 1978, issue, I de-
cided to build a GT version of the
VDRS myself. Using a Tyco drivetrain
and body by Pickering, this model can
boast a higher "Album Per Battery" life
(APB) using the same titanium -oxide
wet cell power source than the earlier
models. Also, it is equipped with G-
60x1/e" sponge rubber tires for maxi-
mum traction on even the dirtiest of
records.

Enclosed you will find a snapshot of
my VDRS-GT. The Specs for my GT
model are similar to the factory stock
version except for frequency response
(5 Hz to 50 kHz), pinwheel effect (re-
duced to -10, thanks to reduced
weight), and output (12 watts per
channel stereo, 73/4 watts mono). This
unit works well with the standard Lir-
pa controller, and it will have to, since
I haven't yet finished my own version.

I am currently working on a 78 -rpm
model and also on a 4 -wheel drive
model VDRS which will track even the
most heavily warped records. Speaking
for other readers of Audio, I wish Prof.
I. Lirpa much success in all his endeav-
ors.

John Huber
Newtown, Penna.

Guilt Rewarded
Dear Sir:

Amazing, just as I was beginning to
feel guilty for becoming a video freak
an old friend reaffirms the effec-
tivensss of this pursuit - by introduc-
ing a column in Audio devoted to
same, namely the Videoscenes col-
umn.

I recently acquired a VTR (VHS for-
mat) as a tool in my lifetime goal of
improving the state of commercial
broadcasting. However, with the new
VTR unit, I was dismayed at the lack of
technical information which accompa-
nied the booklet of instructions. I am
extremely happy to see your new col-
umn - now I won't have to subscribe
to yet another magazine - and I look
forward to such features as "how to
clean the heads," "which tapes are
best for your unit (brands, not types),"

and "the effects of cascading units for
editing."

Incidentally, owners of VTRs who
have not already done so may find it
fun to experiment with the TV sound
by patching the VTR into their audio
system.

Jeffrey Rocchio
Boulder, Colo.

Records for Rehab
Dear Sir:

My wife and I do volunteer work at
a home for retarded adults, and we
have found that it is an excellent place
for donating used records. Many of
these people have a real love for music
and many even have their own turn-
tables.

I thought, perhaps, your readers
might be interested in this use for their
old records. To locate a home for re-
tarded adults in your area, you only
need to contact the local social ser-
vices office and they will be glad to
give the information to you.

Virg Friebel
Ball Aerospace Systems

Boulder, Colo.

Editorial Error
Dear Sir:

We'd like to point out an error on
page 137 in the November, 1978 issue
of Audio, in the Classical music sec-
tion of your magazine. In Edward Tat-
nall Canby's most welcome review of
Michael Murray Playing the Great Or-
gan in Methuen Music Hall and the
Telarc direct -to -disc recording, the
disc is available through Audio-Tech-
nica dealers, not Discwasher. Audio-
Technica has been handling all Telarc
audiophile discs starting with the Mi-
chael Murray release.

Nathan J. Silverman
Chicago, Ill.

Errata
In the December, 1978, issue of Au-

dio there were two mistakes in the
Equipment Profiles:

For the AKG P8ES phono cartridge,
the correct separation figure at 1 kHz
is 28.5 dB, not 21.5 dB as stated.

For the Satin M-18BX moving -coil
phono cartridge, Fig. 2, the S -W re-
sponse was turned 180°.

Enter No. 46 on Reader Service Card
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In a class by itself.

There are few stereophones of any
kind that can match the full -bandwidth
performance of the Koss Pro/4 AAA. That's
because the Triple As oversized voice
coil and extra large diaphragm reproduce
recorded material with a lifelike intensity
and minimal distortion never before avail-
able in dynamic stereophones.

With a frequency response from 10
Hz to 22 kHz, a highly efficient element
and a perfect seal for low bass response to
below audibility, the Triple A lets every
note blossom to its fullest harmonic growth.
You'll hear so much more of your favorite
music, you'll think you're listening to a
whole new recording.

Unlike other stereophones, the ear-
cushions developed for the Pro/4 Triple A
represent a breakthrough in both comfort
and acoustical engineering. Through ex-
tensive studies on how stereophones are
actually worn, Koss engineers were able
to reduce lateral pressure with a direct
contour Pneumalite® earcushion that not
only offers soft pliable comfort, but also
creates an ideal environment for minimiz-
ing the linear excusion of the driver. Thus,
the driver is able to produce any volume
level without distortion. So you'll hear all
the fundamental and harmonic frequencies
exactly as they were recorded.

In addition, Koss has designed a

©1979 Koss Corp.

special Pneumalite® dual suspension
headband that creates a feeling of almost
weightlessness even over periods of
extended listening. It makes wearing the
Triple A's as pleasureable as listening
to them.

Why not stop in at your audio spe-
cialist and see why the Koss Pro/4 Triple A
belongs in a class by itself. Or write for
our free, full -color catalog c/o Virginia
Lamm. Better still, listen to a live demon-
stration of the incredible Sound of Koss
with your favorite record or tape. We think
you'll agree that when it comes to the
Pro/4 AAA and other Koss Stereophones
and CM loudspeakers: hearing is believing.

IO S S®stereophones/Ioudspeakers
hearing is believing T"

KOSS CORPORATION, 4129 N Port Washington Ave . Milwaukee, Wisconsin 53212 International Headquarters Milwaukeeitacilities Canada  France  Germany  Ireland  Japan
Enter No. 24 on Reader Service Card



Audioetc.Edward Tatnall Canby

If you read me last month on the
super disc vs. the LP, you could tell
that I was writing before the AES Con-
vention in New York. Inevitably, there
was at that Convention still another
new digital super disc system, this one
from Sony. If I am right, that makes
four systems which use the ever -bur-
geoning digital micro -pits in place of
the old mechanical groove. It's a fertile
field for new crops of super sound,
and super pictures too.

Each of these new prototype super
discs actually works, for audio, for pic-
tures without sound, or both. Each has
been carried through to prototype ac-
cording to its particular choice of
parameters, different trial jugglings out
of the enormous mass of new possibil-
ities arising from digital techniques.
Sony's disc runs at 450 rpm to JVC's
900 and Teac/Mitsubishi's 1800 -
don't think that this double/half syn-
drome means twice as good or half as
good; it's all part of the preliminary
juggling and surely no company is yet
committed to every last detail of its
own system (though it would be nice
if ...). We can assume that all of these
outfits, pride notwithstanding, have
learnt what happens when there is no
eventual agreement. So - no impasse.
Just some marvelous test driving ....

Amid the welter of specs we can
conclude that by this time anybody, or
almost anybody, can turn out an as-
tonishing digital disc. Amen. What
comes next, of course, ,is not yet in
hand - the public. What is really cru-
cial now is an altogether different set
of parameters, external. But just as

basic. These are the parameters of
usage. Usage past, usage now, and us-
age as forecast for the future. Some
mighty hefty outfits have floundered
because they misjudged these outside
forces in their zeal to perfect their own
engineering.

Let's set the perspective. There are
three basic types of consumer usage in
our broad field of reproduced enter-
tainment/information for the consum-
er - I include here both audio and
video, home movies, Polaroids, tapes,
discs, the works, and for the home, the
car, the moto and skimobile, and high-
way cruiser, not to mention office, bar,
club, even the school and library, not
counting the pro educational stuff ...
everything. Still - three basic types of
usage. What is important is that they
come in mixtures as well as in the pure
state. It's the proportion of the mix
that we have to evaluate ... or forecast
(which is a lot harder). Just like fertiliz-
er.

Forecast Fundamentals
Get me? The stuff that you put on

your crops and flowers and house
plants is rated everywhere by three
numbers, standing for the three basic
elements of plant nourishment - I
can never remember which is which,
nor the proper order, but let that be.
You can have a 10-8-10 mix or a 20-20-
20 (concentrated) or even a 4-4-0, en-
tirely minus the third element. You'll
find these numbers right on the bags

and boxes and bottles and they do
help evaluate, if they don't tell all. So
why not apply some of the same to
consumer usage in our own bag?

Our three kinds of usage, you see,
are just as permanent and inevitable as
fertilizer, whether they apply to a digi-
tal disc or an Edison cylinder, an LP, or
a super -8 movie . . . or a VTR. Past,
future, it's all the same. The thing we
need to do is to formulize the mix, the
proportional usage, so we can read it
like fertilizer, if a bit less precisely. So
here goes... and keep in mind that I
am talking about the whole spectrum,
audio and video, the sonic and the vis-
ible in all the combinations. My usage
factors run right across the boundaries.

Factor No. 1. Hard to find a good
general term for it. Let's say, immedi-
ate recording, live, primary, original,
on the spot. Making your own, with
mike and/or camera. Home movies fall
into this category and those new in-
stant Polaroids on a tube. Also the
home tape recorder. This category in-
cludes the original Edison tinfoil
audio, recorded live on the spot, and
the later wax cylinders - that could
be shaved off and recorded again.
Erase feature. The VTR with its mike
and camera options offers Factor No. 1
in its special mix - also a lot else. Do
it yourself ... baby's first drool. Simi-
larly the audio cassette, taking down
interviews and anything else that's live
sound.

The disc once included this first fac-
tor too, though there was no erase. I

made lots of home -type disc record-
ings in the 1940s and they were awful.

FERTILIZER,

USAGE FACTOR

NO2
PUBLICATION

FERTILtt
1,,2QF8o-20



THE JVC QUARTZ -LOCKED TURNTABLE_ 
First we invented it. Now we've made it more precise than ever. 

The turntable evolution comes full 
swing with the introduction of the 

new Quartz turntable series. We in- .. 
i 

troduced the first quartz -controlled 
turntable in 1974, and we've been 

improving our des gns ever 
since. Including: 

Super Servo Frequency 
Generator 

To detect minute variations in plat- 
ter 

e+ 

speed, and send corrective 
information to the electronic circuit 
controlling turntable rotation, it pro- 

vides near -perfect speed accuracy. 
And, oJr Super Servo is factory -set 

for years of accurate, dependable use. 
Direct Drive DC Servomotor 

For quick-start/stop and high -torque 
operation. Our powerful motor drive 

system and its companion speed - 
monitoring circuits reduce wow -and - 

flutter and speed drift nearly to the 
vanishing point. 

Gimbal Support and TH Tone Arm 
Our exclusive unipivot gimbal support 

holds the tone arm firmly, yet is 

4 

(!` practically friction -free. We also developed a 

new Tracing Hold (TH) tone arm to 
provide stability and 

tracing accuracy 
needed for a cartridge 

to follow even the most 
complex record grooves 

y .. without error. These, plus 

. 'f; features like digital readout, 
electronic switching mechanisms 

and solidly -constructed bases, are 
just some of the reasons to consider 

the precision of JVC's Quartz -Lock 
series for your music system. 

And you can choose from manual, 
semi -automatic or totally -automatic 

models-JVC's most comprehensive 
turntable line ever. 

See them at your JVC dealer soon. 
JVC America Company, Div. of US JVC 

Corp., 58-75 Queens Midtown Expwy., 
Maspeth, N.Y. 11378. Canada: 

JVC Electronics of 
Canada, Ltd., Ont. 

Enter No. 22 on Reader Service Zard 
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But the distinction between these and
the playback -only disc was always
clear. They weren't even the same. You
did not record on a regular disc. You
don't now. You won't tomorrow.

Factor No. 2. The opposite. Best to
call this publication, though it in-
cludes broadcasting, which is a form of
publication. The message comes to
you prerecorded, prefilmed, preprint-
ed, in a professional package. You play
it, you show it, you read it. The book,
of course, is the ancient original exam-
ple. The disc is a bit newer. Both are
published, and nothing else. The only

book that offers home recording is the
child's copy book. The erase isn't very
good.

In my fertilizer type rating, then,
books and discs, being all-out publica-
tions, stress one factor only, Factor No.
2. I put down three numbers (IT get to
the third category) and in this case the
formula has two zeros, 0-100-0. Only
one factor involved. However, most of
our media are of the mix sort, and
many offer some form of the pub-
lished message as one of their options
- in varying degrees of usage. Some-
times quite insignificant. You can buy

It takes $700 - $800 to put
together a good

satel l ite-subwoofer system.

1

It takes $395 to buy one.
A TRUE 2 -CHANNEL 3 -WAY SYSTEM:
 Satellites are phase coherent; house a
1" soft dome tweeter and 5" midrange.
 Subwoofer has two 10" down -firing
drivers with response down to 20 Hz
(±3 db). Subwoofer has formica top and
sides; doubles as an end or coffee table.
 Min. power required 25 watts; max.
200 watts. Maximum SPL is110 db; fre-
quency response is a true 20 Hz -20 kHz.

point 3 systems

ANOTHER GREAT WHITE WHALE PRODUCT

prepackaged home movies for your
projector (and do the porn people
know all about that!) but publishing
has never been more than a minor fac-
tor in home movies, which features
Factor No. 1, home recording, live and
on -the -spot. So how do I rate a home
super -8 system? Give it this formula:
90-10-0. A few prepackaged films, but
most of them you make yourself. (This
is just a guess in the numbers, in case
you happen to sell super -8 travelogues
and the like, and no offense intended
towards the biz.)

How about TV? it is almost entirely
publishing, in the larger sense of my
usage factors, a making -public in mass
form via miltiple duplications, profes-
sionaly packaged. It's much like a

book, a mag, or a disc. That is, if you
keep away from the VTR. So TV rates
the same as the disc, a flat 0-100-0.
Great success story, just the same.

Tape Transposition
Look at the home reel-to-reel tape

recorder. A real and variable mix here,
varying, too, from user to user. Yes,
you can buy published open -reel
tapes, prerecorded, but this factor has
never been very large, and the audio
cassette has gone a lot further, I'd say.
Reel-to-reel in the home is used for a
lot of direct recording, obviously.
That's Factor No. 1. But also for the
third category, as we shall see. So give
reel-to-reel in the home an averaged
45-10-45. Low on the publication side,
that middle number. Now contrast
that with the LP disc, a pure publica-
tion with a rating of 0-100-0! Even
without my third category, via only the
first two, you can see how useful this
number thinking can be in highlight-
ing the differences between media in
terms of usage. Not only what is

"available" as a facility but, more
important, how it works out (or might
or should work out, if a forecast) in
actual practice. The technical potential
must be weighed against practicalities
concerning real people.

You have probably figured out my
Factor No. 3. It is self evident and com-
bines the other two, felicitously and,
often, illegally. Well, not all of the

AUDIO  February 1979
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Againweturn theworld
around.

The world's first pure power DC receivers, the
Sansui G -line, redefined the limits of musical fidelity.
Sansui's capacitor -free DC amplifier design (patent
pending) with super -high slew rate, ultra -fast rise
time, and full transient response, makes music sound
much more true-tc-life.

Now Sansui does it again. With the new
G -750C and G-5500. Using the same exclusive DC
circuitry all others are trying to imitate, these new
models offer more watts per dollar than ever before.

The G -75C0 delivers 90 watts per channel,
min. RMS, both channels into 8 ohms from 20 to
20,000Hz with no more than 0.025% total harmonic
distortion, at a sucgested retail price of only $620.

The G-5500, at a suggested retail price of
only $465, offers 60 watts per channel with no more
than 0.03% THD under the same conditions.

From their macro -designed power supplies,
for rich, full sound over the widest frequency range,
to their micro-sens'five double speaker -protection
circuitry, the G -75C0 and G-5500 are unbeatable.

The FM sections further enhance Sansui's
reputation for tuner excellence. Pinpoint selectivity
and ultra -sensitivity to even the weakest signals
guarantee pure and clean reception, always. And
always with maximum stereo separation.

Let your franchised Sansui dealer demon-
strate the comprehensive, human engineered
features and controls, There's nothing in the world
with quite the same feel as the Sansui click -stop

a attenuator and ultra -smooth tuning knob.

Now look carefully at the graceful styling,
with elegant rosewood veneer cabinet. It is setting
the trend for all other receivers.

For the best receiver values, the world is now
turning to the newest DC by Sansui, the G-7500 and
G-5500. Shouldn't you turn to Sansui, too?

SansuL
SANSUI ELECTRONICS CORP
Lyndhurst, New Jersey 07071  Gardena, Ca. 90247
SANSUI ELECTRIC CO., LTD., Tokyo, Japan
SANSUI AUDIO EUROPE S A , Antwerp, Belgium
In Canada. Electronic Distributors

Enter No. 39 on Reader Se -vice Curd
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ifitlnlosh
"A Technological
Masterpiece..."

McIntosh C 32

"More Than a Preamplifier"

McIntosh has received peerless ac-

claim from prominent product
testing laboratories and outstand-
ing internatioial recognition! You
can learn why the "more than a
preamplifier" C 32 has been

selected for these unique honors.

Send us your name and address
and we'll send you the complete
product reviews and data on all

McIntosh products, copies of the
international awards, and a North
American FM directory. You will
understand wiy McIntosh product
research and development always
has the appearance and tech-

nological look to the future.

Keep up to date.
Send now - - -

McIntosh Laboratory Inc.
Box 96 East Side Station
Binghamton, NY 13904

Name

Address

City State Zip

If you are in a hurry for your catalog please
send the coupon to McIntosh. For non -rush
service send the Reader Service Card to the
magazine.

time, just some of the time. But it
LIVES - does it live. There's one good
word for it ... COPYING.

You home record your published
material, whatever, whether broadcast,
discs, tapes, audio, and video alike.
Even a ball game is a publication when
it comes over TV and so is every talk
show and fun program and horror
movie. You take them down, you are
copying.

There is no copying of home mov-
ies, or practically none, and those cop-
ies have to be done outside, profes-
sionally. So super 8 gets a zero, or
maybe a 2, for the third factor. But
elsewhere, as we all know, this is the
fastest growing business of all, legally
or no. Copying covers a lot of ground
and we'll have to skip Xerox and
Kodak, about which I know plenty.
Not in the home, in any case. In our
area, audio copying has been the main
factor until recently, and it was the big
reason behind the rise of the audio
cassette (bigger, I regret to say, than
the improved fi). Also the very bane of
the record company, which sells one
disc and suffers a dozen or a hundred
copies at no profit! Let us not talk eth-
ics and legalities here. Copying is now
an irreversible fact of our life, like the
mechanical reaper in the 19th century,
later, the mechanized cotton picker,
and still more recently the automated
newsprint system. Fundamental
changes, dislocating, whether legal or
not, and somehow we always must
learn to live with them. We are going
to be living with better and better
copying of everything, one way or
another, and that is that. .(And let's say
not a thing about digital copying!)

Conservative Comparison
The implications of my third factor,

this copying, are immense. Look at the
VTR. Like the audio cassette the VTR is
multiple -use. It fits everywhere. It can
(1) record, (2) play published material
and (3) it can COPY, in full color and
sound. Phew, can it copy! The ads tell
you which factor is now the big selling
point. Right now I would rate this sys-
tem, for all three factors, as maybe 5-
10-85. Get that! Five percent for actual
home VTR recording with the optional
mike and camera. Ten percent, maybe,
for the playing of published, prere-
corded video cassettes (and at what a
cost!) And a whopping 85 percent for
COPYING, complete with all those
computerized automatic on -off timers.

Come to think of it, I'm being too
conservative. Make it 3-3-94. Is any-
body buying a VTR for other than tap-
ing the Yankees and the Dodgers and
a thousand other good air shows?
That's the name of the game.

Now you can see how nicely my for-
mulas present the picture (and the
sound), even as so many guesses.
Compare the audio disc with the au-
dio cassette. Should we compare them
at all? They are so different. The disc
rates a flat 0-100-0. The cassette, on
the other hand, is remarkably bal-
anced in its all-over mix of functions.
Lots of audio copying, the third factor.
Plenty of direct "live" recording, the
first factor, if you include all the bat-
tery cassettes with portable mikes.
Also, a sizeable and growing publica-
tion factor, the prerecorded cassettes
that are a respectable market these
days. So give the cassette a pleasant (at
a guess) 40-20-40 or even a 33-33-33.
Real nice medium and utterly unlike
the equally useful disc's 0-100-0.
Sharply different.

Really Not Comparable.
Go further. Take the VTR and com-

pare it with its coming rivals (?) the
picture super discs now in prototype.
So you've been thinking there mostly
in digital terms, sampling rates, bits,
rpms, and so on, and technical quality
of sound and picture, bulkiness, cost
of playback and so on. Engineering. If
you compare super disc and VTR on
these terms, the disc, potentially, is

likely to win hands down. It will be
much less expensive (when it is avail-
able), far less bulky, more convenient,
and probably better in quality. All the
pictures you want on two sides of a
slim 12 -inch platter. So throw out the
clumsy, expensive VTR and bring in
the super disc to replace it. BUT, BUT,
BUT!

Just take a look at my ratings. The
big, versatile, expensive VTR, tape in a
big box, rates that incredible 3-3-94, as
my best current guess. The last factor,
COPYING, is what now sells it, though
it can do the other things too. Now
look at its supposed coming rival, the
technically superior, cheaper, and
much more compact super -disc system
with pictures. That disc gets the same
old universal disc rating, 0-100-0, even
so, and the copy factor is a whopping
zero. How can we even try to compare
these two? They simply are not com-
parable.

You may count on it that the super -
disc developers, at least some of them,
are soberly aware of this enormous dif-
ference. The disc, any disc, is a one -
purpose publication and nothing else.
Please note that Dr. Goldmark's ingen-
ious EVR "cartridge" for CBS of a few
years back was also a publication sys-
tem and would have gotten the very
same 0-100-0 rating. It didn't fly. Plen-
ty of $$ ploughed under for that little
miscalculation.
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Tweeter

Super -tweeter

High -frequency
transducer mounting
High -frequency
overload circuit
Front -mounted
control
Control

Woofer

Woofer mounting

Diffraction -free
cabinet design

Full 3/4" cabinet
construction
Warranty
Mfr's. sugg. list

i best seller.
Versas the best.

The New Large
Advent Loudspeaker

One, positioned on -axis.

No.

Directly on baffle.

No.

No.

Three -position tweeter
level control.
Acoustic suspension, with
single -arc polyurethane
surround

Four screws, direct to
baffle.

No.

No.

5 years, limited.

$139.00*

The New Large
Advent Loudspeaker

$139.00 per speaker*

Micro -Acoustics
FRM-2ax

Two, symmetrically
positioned off -axis.

Yes.

Forward -mounted in
separate compartment.

Yes.

Yes.

Continuously -variable tweet-
er/super-tweeter level control.
Acoustic suspension, with
treated cloth multiple -
sinusoidal annulus surround.

Eight screws with sealant
gasket, direct to baffle.

Yes.

Yes.

10 years, full.

$180.00**

Micro -Acoustics
FRM-2ax

$180.00 per speaker**

Compare these two speakers, and you'd prob-
ably expect the one on the left - with the lower
price-to be the better seller. You'd be right .. .

but is it the better value? Before you decide, it
pays to consider how much more a little more
money will buy.

Compare highs. The FRM-2ax uses two
dispersion tweeters for room -filling, lifelike highs.
Then adds a super -tweeter for true reproduction of
overtones to 20 KHz. All high -frequency trans-
ducers are precision -mounted in a diffraction -free
Tri-AxisTM array.

Compare bass. The new FRM-2ax employs a
10" acoustic -suspension woofer with treated mul-
tiple -sinusoidal annulus surround, for long excur-
sions. The woofer is tightly secured in a ruggedly -
constructed enclosure, providing rich, full bass.

Compare warranties. The FRM-2ax is warran-
tied twice as long.

The Micro -Acoustics FRM-2ax. When you
compare, there's really no comparison.

Micro -Acoustics Corporation, 8 Westchester
Plaza, Elmsford, NY 10523, (914) 592-7627. In
Canada, H. Roy Gray Ltd., Markham, Ont.

*Price for utility version shown. Also available in walnut veneer at increased cost. All
prices slightly higher in Western region.

**Slightly higher west of Mississippi.
All side -by -side comparison photos are unretouched.

s 1978, Micro -Acoustics Corporation.
Complete FRM-2ax specifications are available in Micro -Acoustics literature

No. L-2113.
Enter No. 28 on Reader Service Card

Micro -acoustics
Quality worth a 10 -year warranty.
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Most components
just provide recreation
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two newest equalizes, the Stereo Fifteen
slid the One -Third Octave Eq. Two great new eqs

of crly put you in complete control of your accustic
environment but provide even more creative contour of
your music as well.

The Stereo F fteen Band Eq is ar e.panded version of
our pcpular ten band2Sterec Graphic Eq. W th two channels
each havinc fifteen bands spaced 2/3 o- an octave apart,
you nave even more creative power for bending, shaping,
enhancing the soard. Nc' matter how fine ycur home com-
ponent system is, proble-ns such as poor room acoustics or
program quality nay occur. The Stereo Fifteen Bard Eq
gives you the cortrol lo crease the exact sound yot- desire.

The Ole -Third Octave Eq goes even farther in provid-
ing precision control over ycur system's sound. A single
charnel t.nit, its tni-ty-ore f-equency bands are spaced 1/3
of an octave apart to give you the most crew ive power
available at any price.

Both units feature a -ange of -12 to 112 decibels on
each band high slew -ate (7V/microsecond; and incredibly
wide cynarric rarge (better than 100 dB). Tie eqs 'eature
walrrtr side panels ;rack mounting iardware also inc udec)
and are bui t with rugger, reliable MXR qua ty.

Hear them perform at a -ine audio deale- near you, or
write MXR Innova-icns, Inc., 247 N. Goodman St., Rochester,
N.Y. 14607.

n all of creation, MXF keeps providing.
Also di,tri puled in anada b- Wfiite Elec rcnic Developme it Cori orat or. Ontario.

Consumer
Products Group

Historical Habits
What you need, it seems, is a human

base. An established habit, an existing
market. Television, again, is also a

publication, 0-100-0 - but so was ra-
dio before it, and the radio audience
was there for TV to take over handily.
(And didn't radio borrow from the
phonograph?)

The trouble with any form of mov-
ing picture publication in these new
TV orientated and TV -played formats
is that there really isn't any established
base for them at all. Those numerous
and ingenious prerecorded "car-
tridges," including EVR, seemed a sure
bet but they turned out to be the big-
gest bust in history. All except the one
that was outwardly the most conserva-
tive, the lowly tape VTR from Sony!
That was the sleeper and, we can now
see, it was because this one rated
something other than 0-100-0. It could
do more. It's doing it now.

Indeed, the VTR and the television
set together make a new system com-
bined. The VTR fills in TV's two zeros,
recording live (optional) and copying;
TV itself takes care of the publication
bit. The VTR, if you wish, converts
non -repeatable broadcast publications
into repeatable ones.

I would rate the VTR -TV combina-
tion system, on the average, as maybe
5-55-40. The measly 5 represents home
recording, not for most of us via VTR.
Let the home sound movies and may-
be Polaroid fight that one out.

So before you go out for that bag of
fertilizer, think one more step. Still,
today, nobody has the slightest idea
whether a market will appear for a TV -
type publication, prerecorded and
minus anything else. The idea flopped
dismally the last time. And here comes
our valiant super -disc people, looking
for that very same market, if with bet-
ter and cheaper goods to sell and,
hopefully, better compatability, too.
Published video color pictures, strictly
on a 0-100-0 basis. It's all or nothing
and a terrible risk. Also a challenge. No
wonder an audio super disc may come
first, to fit our tidy nice little hi-fi mar-
ket.

I think I see what these foreign op-
timists have in mind, in Japan and
Europe. Maybe WE don't like the idea
of packaged video. But in the other
well -developed countries, it could be
different. I think these people count
on the rest of the world to snap up
those nice pictures, enough to get
things going and to heck with the U.S.

Then, they're hopeful of the big
breakthrough, as America comes
around, at last, and throws in the
heavy cash. Well, better last than nev-
er, I say. A

r
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Just for the record, may
we introduce you to
the Audiophile Edition
from Bib Hi -Fi
Accessories, Inc.
Already sought in
more than 6
countries, the
Audiophile Edition
comes from England,
with the technical and
esthetic superiority that
have made Bib's a
preeminent name for
more than 25 years.
And, just for those
records with which you are
most concerned, consider
this sampling:

The Record Valet
The elegant, effective remover of
damaging substances, pictured
above. Note the exclusive reservoir
for Bib's anti -static cleaner, to
merely humidify the pad rather
than coat and smear debris. Note,
too, the pad's tensiled edge
of bristles.

The Stylus Cleaner
Here is a
cleaner which
recognizes
both the -
value of
your in-
vestment
and the
requirement
that it be protected. It removes
destructive agents without harm to
the stylus tip, while accompanying
mildly formulated lotion softens grit
and removes glaze, with no danger
to cantilevers.

The
Stylus

Balance and
Deck Level

Calibrated
for accuracy within
0.25 gram's
sensitivity and
engineered for just
sufficient pressure to
prevent excessive stylus
and record wear, to say
nothing of distortion levels.

The Parallel Tracking
Groov Kleen

Compatible
with even
the lowest

profile deck,
the unit's roller cleaning brush is
augmented by a camel -hair trailer
which tracks across grooves in
linear fashion.

Bib Hi -Fi Accessories, Inc.  3363 Garden Brook Drive  Dallas, Texas 75234

The Groov-Stat
Electronic

3000

Singular
among
instruments of its
kind, this releases only
positive ions and is, therefore,
vastly more effective than conven-
tional static guns which also emit
negative ions even though all
records are negatively charged.
While not for the record, here is one
more offering from the Edition:

The Tape Head
Cleaner

A unique
multi -angled tool,

for use on every
tape recorder made.
Plus our ins on

mirror, a flu brush
and the extraordinary c eaning
lotion from our own chemists.
Consider finally, the Edition's

handsome case ... Just for the Record.
And the tape recorder.

The Audiophile
Edition by Bib.

The Finest Record
and Tape

Accessories in
111111111111111121111111/ the World.
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MAIL THIS COUPON
AND WE'LL SEND
YOU THE BEST
SPEAKER CATALOG
YOU EVER READ!
No kidding. Speakerlab's catalog took longer
to write than some of our competitors have
been in business. In fact, we created an industry
by "building great kits so you can afford great
speakers." Our catalog is an invaluable

manual of speaker function
and design. And, it will

introduce you to the finest
speaker kits made

anywhere...with the
strongest money -back

guarantee. Find out for
yourself...FREE. FREE,

that is. Mail the coupon now.

fpeaketlab
Dept. 1 -AD, 735 N. Northlake Way
Seattle. WA 98103

HELP!
Anytime you have a
question about your
Audio subscription,
please include a

mailing label to in-
sure prompt service
on your inquiry.

CHANGE

OF ADDRESS

If you're about to

move, please let us
know approximately
four weeks before

AFFIX

LABEL

HERE

the move comes ___
about. Or, if there is anything wrong with
your current mailing label, please let us

know on this form also. Simply affix your
present label here, and carefully print the
updated information below.

PLEASE HELP US TO SERVE

YOU BETTER

AUDIO MAGAZINE

401 N Broad Street  Phila.. Pa. 19108

Name_-. - ---
Company

Address

City - State -Zip
AU2/79

(Please Print)

guuoe
Tape,

Herman

Tape Bias
Q. What is optimum tape bias? -

Frederick Vasquez, Regina, Sask., Can-
ada.

A. Optimum bias is that which, to-
gether with optimum equalization and
drive level (amount of signal fed to the
record head at 0 VU reading), results
in the most satisfactory combination
of low distortion, extended treble
response, and high signal-to-noise
ratio. Optimum conditions vary with
the tape speed and the type of tape.

Particularly at the slower speeds,
one cannot merely set the bias for
minimum distortion as this would,
usually, result in excessive bias erase
(inadequate treble). One could com-
pensate for such treble loss by increas-
ing the treble boost, but this increases
the chance of tape saturation at high
frequencies. Therefore, compromises
are in order: One compromise is to re-
duce the bias somewhat, without an

increase in distortion. An-
other compromise is to increase treble
boost somewhat, without an excessive
risk of tape saturation. Still another
compromise is to reduce the drive sig-
nal somewhat, which results in less

distortion and less risk of tape satura-
tion, yet without excessive reduction
in the signal-to-noise ratio.

Accordingly, the manufacturer of a
tape deck must, for a given tape and a
given speed, juggle the three factors of
bias, equalization, and drive level to
arrive at what he considers to be opti-
mum performance in respect to distor-
tion, extended treble response, and
noise.

Two -Part Taping
Q. I play piano and would like to

record the bass part of a song on Track
A, then go back to the beginning and
fill in the rest of the song on Track B.
How can this be done? - Bruce
LaRocca, Chelsea, Mass.

A. The solution to your problem is in
the use of a tape deck which permits
synchronized sound -with -sound re-

cording (known by various trade
names such as Sel-Sync, Simul-Sync,
etc.). With such a tape deck there is a
switching system that temporarily al-
lows the upper section of the tape
record head to be used as a playback

head. Thus, the left (upper) channel of
the record head plays Track A at the
same time that the right (lower) chan-
nel records Track B. Since both chan-
nels are in the same head, one thus
obtains exact synchronization.

Taping Mike
Q. I need advice in choosing a mi-

crophone for recording live instrumen-
tal music, anything from a flute duet
to a 60 -piece concert band. Should it
be omnidirectional or cardioid?
Should it be dynamic or condenser? I
am willing to spend up to $200.00. -
Joseph Corvo, Woodland, Cal.

A. You might be happy with a top-
quality dynamic microphone, with an
omnidirectional pattern. An omni-
directional mike tends to give a wider
and flatter response than a cardioid.
On the other hand, $200 can buy quite
a good condenser mike. Your best
course of action is to go to a dealer
and listen to several mikes by record-
ing your voice or a solo instrument on
tape. Perhaps, you can even find a
dealer who is willing to let you try out
two or three different mikes at a re-
cording site.

One other way to go is to buy a
mike with interchangeable capsules,
which will give you different direc-
tional characteristics, though the oper-
ating principle will, of course, remain
the same.

Tape Longevity
Q. If 1 play a cassette 150 to 200

times, will the cassette hold up better
than a phonograph record? - Steve
Leder, Mt. Vernon, N.Y.

A. On the whole, I believe the an-
swer is yes. Initially, there might be a
slight loss in the highest frequencies
during the first few plays - perhaps as
much as 2 to 5 dB in the range of 10 to
15 kHz - but after that you should be
able to get many hundreds of plays
without noticeable change. The initial
loss to which I refer will vary with the
type and brand of cassette tape used. Q

If you have a problem or question on tape
recording, write to Mr. Herman Burstein at

AUDIO, 401 N. Broad Street, Philadelphia, PA
19108. All letters are answered. Please enclose a
stamped, self-addressed envelope.
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OI:r120`s dTheywork.ing unusual.
lvork.

Anyone who uses 120 minute cassettes
knows the tape is not only a lot thinner than
the tape in a 60 minute cassette, it's also more
susceptible to stretching, buckling, and tearing.

Yet few people realize the fault lies not
in the tape itself, but in poorly constructed

cassette housings.
At Maxell, we build our cassettes to higher

standards than the industry calls for. We use
heavy-dbty styrene in our cassette housing,
Delrin guide roller; with precision steel pins
and Teflon slip sheets. All of which help

eliminate sticking and jamming.
So if you're looking for a 120, why look

for trouble.
Try Maxell. The two hour cassette that's

guoranteec to work.
Forever.

rnaxell IIIIIIIII 111111111111111111111111111111111111111 Illllllllitllllllllllllllllllllll
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Bert Whyte the ne
With the continuing dynamic

growth of the professional audio
industry, it has become something of a
cliché to report that every Audio Engi-
neering Society convention is "bigger
than ever." This certainly was the case
with the 61st AES convention at the
Waldorf in New York, November 3-6.
As usual, the Waldorf's ballroom was
filled to capacity with exhibits, and
this year the stage area and all the box-
es in the upper balconies of the ball-
room were also pressed into service.
Along with the demonstration rooms
on the 12th floor, the conventioneer
was confronted with a truly mind -bog-
gling array of audio equipment.

Needless to say, as has been the case
for the past few AES conventions, digi-
tal technology was the dominant
theme. However, even the anticipa-
tion of this situation did not prepare
us for the onslaught of activity in this

24 field. Any visitor to this 61st AES con-
vention, after having been exposed to
all the glittering new digital recording
equipment on display and listening to
the many papers on digital technolo-
gy, would have to conclude that the
digital revolution isn't coming ... it is

here! Thus, I make no apology for this
AES convention report being mainly
oriented to the "digital domain."

It had been widely anticipated that
at this 61st AES convention, the stand-
ards for digital recording would be
established, or at the very least, close
to resolution. Unfortunately, some un-
forseen complications and procedural
problems, not necessarily technical in
nature, have put the standards deliber-
ations on "hold" for the present. How-
ever, a "Technical Committee for Digi-
tal Audio Engineering" has been
formed to ensure an ongoing ex-
change of data on digital technology
which, it is hoped, will make a signifi-
cant contribution to the resolution of
the standards problem.

Of course, digital technology has
been evolving for some time now, and
except for certain proprietary aspects
of the technology within various com-
panies, most digital information is on a
"shared access" basis among audio
engineers. Thus, by happenstance and
coincidence, the digital recorders
which have appeared share many
common features. For example, among
the so-called "professional" station-

ary -head digital recorders, they all use
16 -bit systems. The 3M, Soundstream,
and the proposed Ampex digital recor-
der all have opted for a 50K per sec-
ond sampling rate. They all give very
cogent, but remarkably similar reasons
for the rationale in their choice of sam-
pling rate. The Japanese, on the other
hand, whether their digital recorders
are the ubiquitous helical scan variety
or the few stationary head models that
have appeared, still cling to their
44.056K sampling rate and its tie-in
with the NTSC TV signal. Up until
quite recently, all the helical -scan
PCM recorders based on the various
VCR formats have used a 13 -bit, with 1
parity bit, nonlinear encoding setup.
Now, in the interests of better signal-
to-noise ratio and less distortion, the
new Japanese "standard" appears to
be a 14 -bit linear encoding system. It
would probably be correct to all these
14 bit/44.056K sampling rate PCM re-
corders as digital machines for the
consumer market.

3M Digital
Editing System

Digital Evolution
Now let us take a detailed look at

the digital recording equipment on
display at the Waldorf. The 3M digital
recording system has been described
previously in these pages. It is a 16 -bit/
50K sampling rate system. At the Wal-
dorf they were showing updated ver-
sions of the 32 channel on one -inch

tape mastering recorder and the 2/4
channel on half -inch mix -down
machine. The four systems promised
to recording studios by the end of 1978
are said to be on schedule. Most
importantly, 3M unveiled its electronic
editing facility for the digital recorders.

The 3M programmable electronic di-
gital editing system was engineered
jointly with Inter -technology Exchange
(ITX), Ltd. of Hollywood. The editing
console consists of a video screen,
teletypewriter keyboard augmented
with special function keys, and remote
controls for the 32 -channel master and
2/4 channel mixdown recorders. In
use, the editor selects the rough edit
point by listening, then looks at en-
larged visual representations of the
sound amplitude on the video screen.
The display first shows 40 samples on
either side of the tentative edit point
and then the point is refined further
by a so-called "zoom" function. With
time -code control of edit points and
microprocessor control of execution
accuracy to within 20 microseconds (!),
elaborate inserts and assembly edits
are possible. There is also the great ad-
vantage of being able to "preview"
hear the intended edits before their
actual execution.

The 3M committment to a complete
digital mastering system was further
evidenced by their announcement of a
disc lathe preview unit. Using a ran-
dom access memory, time generator,
and digital -to -analog converters with a
signal delay adjustable up to 1.3 sec-
onds, the device delays a set of digital
signals from the master recorder while
analog signals proceed to a conventi-
onal computer lathe controller that
optimizes groove pitch and depth. The
important thing here is that the de-
layed signals remain in the digital
domain, maintaining their integrity
until the end of the delay, thus with
no degradtion of quality.

Dr. Tom Stockham's Soundstream
digital recorder was the pioneering
unit in the field. It still is a 2/4 channel
unit using 1 -inch tape and in its latest
embodiment is a 16-bit/50K sampling
rate system. Editing is done at Sound -
stream's Salt Lake City headquarters.
The system is in frequent use by a
number of record companies, as a spe-
cific record session service under di-
rect control of Soundstream. Sound -
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YOU'LL PROBABLY ENJOY YOUR HIGH FIDELITY
SYSTEM WITHOUT THE PHASE LINEAR 6000.

THE QUESTION IS, HOW WELL?

Every I steninc eneiron-
Tnent has its owr unique
'acoustical signa.ure"
-esuttirg from a combination
Df pryscal charac_erislics
and factors. The sée and
shape of the area, materials
used it construction, :he
'baling effec-" Di objects
within the area, and even tie
sound absorbinc qual ties of :he
aúdienoe, help p-ovide the
spatial and sonic experience of a
live performance, whethertt-at
performance is in the spadousness
of ~son Scuare Garden cr the
intimacy of a piano bar

Have y-ou,eve- bough_ home the
rexrd ng of aperformance you
particclarly erjoyed, oily -o feel on
playoa_.k, that it _utt was lot tie same
as it was in the flesh? "ou didn't feel as 'involved"
as you did wher you were if -ere?

Ycu were righ:. is not the same.

In fact much of the sonic and spatial "experien e'
that made yoL. a part of :hat ive performance
was Jost in the racording.prcoess.

So where does :his leave ycuR
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Would you like_ to -egain that
" nvolverrerC and in tie

process experienw La Sceia,
the Sydneygpera House,

Carnegie Hall, the Los
Angeles Doliseum. or just your

iavcrite disco?
The Phase Linear `Or30 Analogue

Delay can program your stereo"
system sc your liv ng room thinks

its the Meto- your den th nks it's the
Astrodome. You can erjcy Hancel's

' Messier" as Handel origirally
interded, and not be limited by the

parameters cr the récyrding process.
Wi-h its irnovati.,e circuitry, the

Prase Linear 6000 recreates the
information necessa-i :a reproduce

va-ious acoustical en irorlments
Experienoe in your own home This

world of depth anc spaciousneez teat was cnce
L pique only to an actual liN.e performance

In a single page, wecanrot begin -o describe :he
Phase Linear 6COJ Audi: Delay and :he

tecinology Lehind it. Fo- detailed explanation o:
is operation p us a 23 -page Owner's Manual

please send $2 00 to: P1Rg LINEAR.
Dept. (A-6_, 20121 - 48th Ave W.

'Lynnwood, WA 93036, USA

THE POWERFUL DIFFERENCE
DISTRIBUTED N :CANADA BY -I. =OY 3RA" LTC. ANC IN ALSTRALIA BY MEGASOJI-D PTY. IL D.
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Even the best recordings played on the best component stereo
systems fail to fully recreate the ambience of music performed
live. That's because most listening rooms are small and

gives music acoustically
dead.

roo
to be heard

iCpOÁCQpti 27 Newell Road, Brookline, MA 02146  (617) 566-0110

mThe SD -550 Ambience Restoration
System recreates the environmental
envelope of music performed live by

recovering the
natural ambience
and distributing

sound throughout the room. This ambience restoration
produces a musically valid listening experience irrespective of
room limitations.

To hear ambience restoration for yourself, take your favorite
record to your Sound Concepts dealer and ask for a

demonstration. For complete information and the name of
dyour dealer, please write to us.
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which is More Accurate?

+5

O dB

-5
-10

-15

20 Hz 100 1 kHz 10 20

Response in anechoic chamber

20 Hz 100 1 kHz 10 20

Response in anchó c chamber

SPEAKER A
lo._:á_

i:_ti. +I

20 Hz 100 1 kHz

Response in listening room

o

SPEAKER B 5

Speaker A is an idealized version of any
one of a number of fine loudspeaker
systems of conventional design. It per-
forms very well in an anechoic test
chamber, but in a real living room the
reflected impedance from the room
boundaries changes its power output
drastically. In practical use its response
is far from flat.
Speaker B is an Allison® Room -
Matched"' loudspeaker system with

o

_
20 Hz 100 1 kHz

Response in listening room

Stabilized Radiation Loading, designed
for flat power output in the only envi-
ronment that really matters: your listen-
ing room.

Which speaker really is more accurate?
And which would you prefer?

Descriptive literature, including com-
plete specifications and a statement of
Full Warranty for Five Years, is available
on request.

ALLISON ACOUSTICS INC.
7 Tech Circle, Natick, Massachusetts 01760

stream did not have a demonstration
room at this convention, no doubt
feeling that by now the system is quite
well known, and some records made
with it are already on the market.

Sony Surprises
One of the big surprises of the con-

vention was the high degree of in-
volvement by Sony in digital record-
ing. Of course, they have pioneered in
the consumer -type helical scan VCR
recording with their PCM-1 digital
encoder/decoder. I have recently used
one of these units with considerable
success. At the convention they were
demonstrating their "big league" PCM
unit, the Sony 1600. The 77 -pound
PCM-1600 is a 16 -bit linear quantiza-
tion system with, however, the familiar
Japanese 44.056K sampling rate. The
PCM-1600 is used with the Sony BVU-
200A helical scan 3/4 -inch U-matic VCR.
Electronic editing can be performed
using the Sony BVE-500A videotape
editing console. By using two of the
VCR units with the video editor and
the PCM-1600, pitch and depth con-
trol are possible with disc cutting laths.

The significant thing about all this is
that the PCM-1600 and associated
equipment is a system now in produc-
tion, not a prototype. Price of the sys-
tem is said to be around $46 thousand.
Not content with this, on the stage of
the Waldorf ballroom Sony had set up
their imposing new 24 -channel proto-
type PCM-3200 stationary head digital
recorder. Actually this is one of a series
of recorders in which 2/4 channel ver-
sions on //4 -inch tape, 8 channels on %-
inch tape, 16 and 24 channels on 1 -
inch tape, and 32 and 48 (my gawd)
channels on 2 -inch tape will be avail-
able. All are 16 -bit linear quantization
systems, but a real surprise is that
there is a switch -selected choice of a
44.056 or 50.35K sampling rate. Sony is
covering all bases! The number of
tracks on these recorders is greater
than the number of channels, as they
use two tracks per channel to allow
phase modulation and proper redun-
dancy, plus two analog audio tracks
and one SMPTE time code track. The
SMPTE track will aid in electronic edit-
ing on the deck and multi -deck syn-
chronization. A tape speed of 15 ips is
said to provide up to 120 minutes of
recording.

As if all this activity in digital recor-
ders wasn't impressive enough, Sony
capped this by introducing a digital
audio mixer. Initially it is an eight -
input, two -output small unit, but Sony
plans larger units all the way up to 48
channels! It is designed to mix 16 -bit
linear quantized digital signals with no
analog process involved. It has the
usual slider fader controls, echo send
and receive facilities, and analog plas-
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The most
powerful argument
for our new receiver

is not just power.

True, it's terr pting to be swept up
by our power.

150 watts per channel minimum
RMS at 8 ohms, from 20Hz to 20kHz,
with no more than 0.07%Total Harmonic
Distortion, is nothing to sneeze at.

But raw power means nothing.
What's important is how that power is
delivered. In the case of the STR-V7, it's
brought to you by Sony in a very classy
package.

You get a combination of features
and controls that are impressive on
their own-but almost unheard of in a
single machine.

To start with, we've built in a Dolby
system, for decoding Dolbyized FM
broadcasts.

The advantages of our tuner,

though, need no decoding. They
include a normal and narrow FM IF
bandwidth selector. It makes life simple
for people in areas where their signals
are crowded together elbow to elbow.

In our preamp section, the V7
comes equipped with a special phono
EQ circuitry. Thanks to Sony's high IQ,it
allows for direct connection of a low -
output, moving -coil cartridge phono
source. Without calling for an external
step-up transformer or pre-preamp.

When you're gifted with as much
power as the V7, you need a way to
keep track of it. This receiver keeps
tabs with two power -output meters,
monitoring the power being fed to the
speakers. So overload can't result from
oversight.

And all that power comes from our
direct coupled DC power amp. And our
power is stable, thanks to a high -effi-
ciency, high regulation toroidal -coil
transformer.

There's a lot more to the STR-V7
than power. This receiver takes the best
that contemporary technology has to
offer, and offers it in a single machine.

Other manufacturers may have
the power to bring you power. But only
Sony has the power to bring you more
than just power.

S ONY.
L J

r
01978 Sony Industries, a division of Sony corp. of America, 9 West 57, N.Y., N.Y. 10019. Sony is 3 trademark of Sony Corp.
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Cut speaker wire
distortion-use
Discwasher's
SMOG-LIFTERS-
"perfectionist
speaker cable"

 Listening tests with
audiophile panels of
listeners show
greater clarity than
"speaker wire".
 Smog -Lifters have
the very lowest
resistance, with ca-
pacitance tolerated
by most amplifiers.
 Passes square
waves at 20KHz. (30
ft. of speaker or lamp
cord will not.)

THE DG TIP-unique
to Smog -Lifters.
 Flexible finished
dividers have wire
protectors that allow
pure "shiny copper"
connections.

SMOG -LIFTERS- in
finished lengths of
3m($10), 6m($17)
and 10m($30).

discwasher,' inc.
1407 N. Providence Rd.
Columbia, MO 65201

ma bar -graph displays for level. Here
again, sampling rate is selectable be-
tween 44.056K and 50.35K with, how-
ever, a maximum clock rate of 56K.
The reason for the echo send and
receive is that Sony has also intro-
duced a digital reverberation system.
The DRX-1000 has a built in micro-
computer that allows programming of
four different reverberation modes.
The unit accepts digital signals directly
and adds reverb directly. It has initial
delays up to 100 milliseconds, with re -
verb times as long as 20 seconds. The
mixer will interface with digital equip-
ment with sampling rates up to 55K. It
will interface with analog equipment
and Sony's new A -to -D and D -to -A
ADA-1601 two -channel converter also
introduced at the convention. It is ob-
vious that Sony is aiming for the total
digital recording facility and, at this
convention, they have shown that
they are really serious about digital

technology.

.
Sony DAD -1
Digital Disc Player

One further bolstering of this idea
was provided by the introduction of
their DAD -1X digital audio disc. The
system uses a one-sided reflective disc
revolving at 450 rpm and is scanned by
a low -power, helium -neon laser. The
disc system is 16 -bit linear -encoded
PCM, with 95 -dB dynamic range, and
less than 0.03 percent distortion. Be-
cause of a new high density "run
length limited code" system, the disc
can play for an astounding 21 hours
on one side.

Ampex has been keeping a low pro-
file on digital recording, although
good reason told you that they must
be working on a system. Ed Engberg,
Ampex engineer, gave a paper on a so-
called "Proposed Digital Recording
Format," which, not unexpectedly,
opted for 16 -bit linear quantization
and a 50K sampling rate. Indications
are that the ATR-100 might be modi-
fied as a digital mastering machine.
Plans for any multi -channel digital re-
corder are unknown at this time.

JVC was demonstrating its new 14 -
bit PCM unit with its Vidstar VCR, and
it was very clean -sounding with some
pop -type music. They are reportedly
going to be demonstrating their capa-
citance -type digital disc system at the
Winter CES in Las Vegas.

Digital Discs
Along with a prototype model of

their RS -1800 30-ips automatic bias
and equalization adjusting tape recor-
der, Technics was demonstrating their
SH-P1 PCM digital encoder/decoder
with the Panasonic VHS/VCR deck.
Yours truly recorded the digital tape
for them, the Marlboro Festival players
in Stravinsky's I'Histoire de Soldat, and
I am pleased that it elicited much fa-
vorable comment. I am hopeful it will
be heard at the Winter CES via their
VISC digital disc.

Pioneer and MCA/Universal were
demonstrating their digital disc version
of the video disc Pioneer manufac-
tures in Japan for industrial users. Not
much info on it, other than it's another
laser -scan system with 30 minute play-
ing time per side and dynamic range
85-90 dB. Finally on the digital frontier
was a paper by Philips on its compact
laser -scan disc affording 90 -dB dynam-
ic range and a playing time of one
hour per side. Oddly enough, it is not
supposed to be compatible with their
laser -optical video disc.

When I was in London recently re-
cording the London Philharmonic
Orchestra, Arthur Haddy, the Techni-
cal Director of Decca Records, was
kind enough to invite me and Mrs.
Whyte to a private demonstration of
Decca's new digital tape mastering
system made in their own laboratories
at Finchley. Bill Bayliff, general manger
of the Decca recording studios, and
Tony Griffiths project manager at
Finchly, were in attendance to explain
matters and, in fact, were to attend the
AES convention as well. I have been
asked not to reveal certain details, but
I can tell you it is a 16 -bit linear quant-
ization system, and the sampling rate
is confidential. It uses a professional
one -inch helical scan transport, has
the ability to monitor off the tape, has,
it is claimed, "100 percent dropout
correction" (!), and very importantly
for a record company ... complete
"on session" electronic editing facili-
ties. We heard some Ashkenazy Mo-
zart from Kingsway Hall, plus an
operatic recital from Walthamstow,
and both were absolutely superb in
terms of clarity, cleanness, and wide
dynamic range. Furthermore, edits
were performed right before our eyes
and ears, to perfection I might add.
With it taking sometimes a couple of
years to assemble operatic casts, the
on -session editing ability is vital to
such projects. Obviously, our British
cousins are very much into the digital
scheme of things.

Yes, Virginia , there is a thing called
analog audio, and there were some in-
teresting new items at the AES conven-
tion which we will discuss next month.

A
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equalizers
the NEW
SE450

s24900
(including cabinet)

the Best
in EQ is now affordable-and GUARANTEED
to enhance and improve any fine system!
SE450 SPECIFICATIONS

SIGNAL-TO-NOISE:
105dB below full output.

INDIVIDUAL CONTROLS:
32dB total adjustment range.

a. ± 16dB each octave (all other
octaves set at max.)

b. ± 12dB each octave (all other
octaves set at zero)

TOTAL GAIN/CUT:
+ 22DB, - 28dB, all controls set
at maximum.

THD:

Less than 0.01% at 2V.

THE EQUALIZER YOU BUY
SHOULD HAVE THESE
FEATURES:
An environmental do-it-yourself test
record edited and announced by
Soundcraftsmen especially for use with
the Soundcraftsmen equalizer...
Computone Charts for making a record
of, and resetting in seconds, any
desired EQ curve ... A full -channel
frequency spectrum level control on
each channel for instant "no distortion"
in/out balancing ... Light -emitting -
diodes for precise visual signal level
balancing ... A graphic display for
each EQ curve.

RP2201-R

529900
(including cabinet) I

Same
performance, more features.

RP2215-R

$37000
(including cabinet)

Spectacular
performance, many more features.

SP4002 Preamp-Equalizer... NEW CLASS "H"250 w. Amps... PE2217-R Preamp-Equalizer...

 VARIABLE CARTRIDGE LOADING 50 to 800 PF.
Variable 47 k/100 ohm Phono Impedance 

INPUTS for MOST MOVING COIL Cartridges
Four Mono Phono Preamplifiers  ± 20 dB phono
Level Adjustment  Two External Processing Loops
 Three-way Tape Dubbing  Two Amplified
Headphone Outputs  Front Panel Tape Inputs &
Outputs  PHONO S/N: -97dB  THD 0.01% 
$699.00

The new CLASS "H" ANALOG logic Vari-Portionalx
circuit with AUTO -CROWBAR protection circuit,
input level controls, adjustable range meters, main
and remote speaker selection, clipping indicators,
VARI-PORTIONAL`" indicators and speaker protec-
tion. 250 watts RMS minimum p/c 20-20KHz t
8 ohms, less than 0.1% THD. T.I.M. better than
0.02%. NON -LIMITED output assures crisp clean
peaks. 3 models, From $649.

Now the PF2217, rated "STATE-OF-THE-ART" and
"BEST -BUY" in magazine Test Reports is available
as the PE2217-R in rack silver -black form as a
matching mate for our new amplifier. With the
control flexibility of pushbutton -patching for tape
monitoring and tape dubbing between two or
three machines together with tape and program
discrete -octave equalization, the PE2217-R is the
MOST POWERFUL and FLEXIBLE Preamp available
at $549.00.

FREE! 16 -page Full -Color Brochure
Includes TEST REPORTS, complete specifications. Class "H" amplifier ENGINEERING REPORT, EQ COMPARISON

CHART, and the "WHY'S & HOW'S" of equalization-an easy -to -understand explanation of the relationship
of acoustics to your environment. Also contains many unique IDEAS on "How the Soundcraftsmen Equalizer

can measurably enhance your listening pleasures;' "How typical room problems can be eliminated by
Equalization;' and a 10 -POINT "DO-IT-YOURSELF" EQ evaluation checklist so you can

FIND OUT FOR YOURSELF WHAT EQ CAN DO FOR YOU!

MADE IN U.S.A. BY SOUNDCRAFTSMEN, INC., 2200 SO. RITCHEY, SANTA ANA, CA 92705
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Bert Whyte

In the last Videoscenes column
(December, 1978) I reviewed the Sony
SL8600 Betamax, a third -generation
VCR in that format. While the Betamax
was the pioneering consumer VCR,
this was too tempting a market to re-
main the exclusive province of Sony
for any extended period of time. Thus,
JVC entered the market with its Video
Home System (VHS) video cassette re-
corder they called the "Vidstar."

Naturally, JVC wanted to offer a
VCR system that was at least equal (if
not better) in quality than the
Betamax, with certain special features
that would have a strong appeal for
VCR customers. In the Vidstar, one of
the major attractions was its ability to
record for two hours, as compared to
one hour for the original Betamax.
Other points in its favor were the ease
of unattended recording with its easy
to operate built-in digital timer, low
energy consumption, and small size.

The VHS system was soon licensed
to JVC's parent company, Matsushita.
In remarkably short time, JVC was sup-
plying OEM units for other electronic
firms, while Matsushita was halving
the tape speed of the VHS system,
thus permitting up to four hours of
recording. These extended play VHS
recorders are sold by Matsushita under
its own Panasonic brand and also sup-
plied as OEM units to various other
companies including RCA in this
country, who call their version of this
VCR "Selectavision." Currently, the
JVC VHS format has been adopted by
more companies than those who opt-
ed for Betamax.

uuttulAuunuuuuuuunuu ioun%
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Recently, JVC introduced its second
generation VHS unit, the Vidstar
HR3600AU, with substantial refine-
ments and innovations. Physically, it is
a 177/8 in. wide, by 5-13/16 in. high, by
12Ve in. deep package, weighing in at
31 pounds, and attractively finished in
a metallic tan color with simulated
rosewood end panels.

As in most VCR machines, tape
transport functions are activated by
"piano key" mechanical controls, and
there are separate UHF and VHF rotary
channel selectors. These machines
have push -in fine tuning knobs and an
AFT (automatic fine tuning) button to
"lock -in" the program after manual
fine-tuning adjustment. The front pan-
el also has toggle switches for record
select and cassette or TV select, digital
timer read-out and adjustment con-
trols, microphone input, tracking con-
trol, tape counter, and search function
button, plus several other special func-
tion controls we will get to shortly.
The rear panel has the usual UHF and
VHF terminals, video and audio inputs
and outputs, and a special remote
control facility.

The JVC Vidstar uses the rotary
slant -azimuth two -head helical scan
recording drum system to record a
standard NTSC color signal at a linear
tape speed of 1.31 ips. JVC claims the
62 -mm wide head drum is the smallest
in any VCR and that the record/play
head gap is only 0.3 micrometers wide,
less than half that of most current VCR
units. This narrow gap, coupled with
JVC's technique of removing the guard
bands which normally separate adja-

cent tracks in azimuth recording, is
claimed to be responsible for the high
signal-to-noise ratio of more than 45
dB and achievement of high density
recording on half -inch tape without
degradation of the color quality. The
high signal-to-noise ratio
density recording is also due to a num-
ber of inter -related technological ad-
vances in VCR circuitry. One is what
JVC terms "Double Limiter Frequency
Modulation," somewhat similar to
their Super ANRS (automatic noise re-
duction system) and the Dolby system
in audio, which improves the signal-
to-noise ratio of the black and white
video signal by boosting the picture's
brightness over the inherent noise sig-
nal. Another part of this is the "Burst
Level Up" system, which is similar in
function to the DL -FM system, but is
used to ensure the proper color hue
and saturation for the color video sig-
nal.

The final part of this special circuitry
is the PSC (Phase Shift Color) system.
When JVC removed the guard bands
from the tape to enable high density
recording, it created the problem of
"crosstalk" at low frequencies (color
information). By using the phase -
shifter circuitry of a TV receiver and
adding a control circuit which attenu-
ates the crosstalk of signals drifting
from one video track to another, prop-
er hue is maintained and image degra-
tion avoided.

Another feature of the Vidstar is a
built-in thermal heating system, which
is activated when room temperature
falls below 50° F, thus preventing
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Silence... is where sound begins.
From the moment you begin using the Nakamichi 580, you'll
know it's no ordinary cassette deck.

The transport doesn't make distracting noises because there
are no solenoids. A high-speed cueing system makes program
location a breeze. A unique "Direct Flux" erase head wipes
the tape clean like no other erase head ever made.
And modulation noise is incredibly low, thanks to an asymmetrical
"Diffused Resonance" tape -drive mechanism.

But it's silence that makes the 580 different. It doesn't
sound like a cassette deck. It doesn't sound like anything...except
what you originally recorded. You hear the music, not the machine.

If you find the 580 uncommon, you'll be similarly impressed
by the companion 530 Receiver-the performance of Nakamichi's
highly acclaimed separates at a fraction of the cost, plus
motorized auto -tuning and station memory presets.

Write for more information: 1101 Colorado Avenue,
Santa Monica, California 90401.

rkNakamichi
Products of unusual creativity and competence
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One size tits

all Shure
phono

cartridges

Needle in the
hi-fi haystack
Even we were astounded at how
difficult it is to find an adequate
other -brand replacement stylus for a
Shure cartridge. We recently
purchased 241 random styli that were
not manufactured by Shure, but were
being sold as replacements for our
cartridges. Only ONE of these 241
styli could pass the same basic
production line performance tests
that ALL genuine Shure styli must
pass. But don't simply accept what
we say here. Send for the documented
test results we've compiled for you in
data booklet # AL548. Insist on a
genuine Shure stylus so that your
cartridge will retain its original
performance capability-and at the
same time protect your records.

Shure Brothers Inc.
222 Hartrey Ave., Evanston, IL 60204
In Canada: A.C. Simmonds & Sons Limited

harmful moisture condensation on
head drum and tape. Most other VCR
units merely have a light to warn of
this condition, with no corrective heat-
ing circuitry.

New on this HR3600 model of the
Vidstar and, for that matter, any other
VCR is the ability to operate in other
playback speed modes beyond the
normal real-time viewing at the 1.31
ips tape speed. On the front panel is
that special control I mentioned earli-
er, Speed Play. When this button is
depressed, the tape speed is doubled.
Of course, the action is speeded up in
a sort of "Keystone Cops" fashion, but
although the audio track is also dou-
bled in speed, through the use of clev-
er digital voice compression tech-
niques, there is no pitch change or
"monkey chatter" effects, and speech
remains perfectly intelligible. Obvi-
ously this can be useful for rapid loca-
tion of a segment of the program, far
more precisely than the usual "fast
forward" mode. One can also envision
that having recorded several episodes
of a serial or multi -part program, it is

viewed at double speed to reduce run-
ning time and "catch up" with current
episodes. There is a jack on the front
panel and a remote control, which is
supplied as standard equipment with
every HR3600 Vidstar, plugs into it to
enable switching between normal and
double speed viewing.

The HR3600 Vidstar has a Pause
control, which it is also labeled Still.
This is a stop -action feature, which
permits "still picture" viewing of any
scene in the playback mode. Bands of
noise may be visible on the screen in
this mode, which are correctable via
the tracking control. A quasi "slow-
motion" effect is also possible through
use of the tracking control. A rear pan-
el "Pause/Remote/Still" jack accepts a
supplied remote control switch. This
allows remote control of starting and
stopping of the tape during recording
. . . in other words a "commercial
killer," as well as controlling the
"freeze frame" function. The JVC
GC3300AU color video camera can
also be plugged into this jack, in
which case the camera's "stop/start"
button controls the starting and stop-
ping of the video tape transport during
recording.

The new HR3600 Vidstar is obviously
a versatile unit, with the interesting
special features adding to its appeal.
More to the point is that it is an excel-
lent unit in terms of its normal VCR
functions. I found all the controls easy
to use, and they worked with com-
mendable smoothness. A definite plus
for people with small living rooms is
that noise from the scanning drum and

roó00000
cam"
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.
JVC HR3600 Vidstar

tape transport was exceptionally low,
making this Vidstar the quietest VCR I
have used thus far. The Vidstar accepts
30-, 60-, and 120 -minute video cas-
settes, with a three-hour cassette to
become available early this year. I used
video cassettes supplied with the Vid -
star, as well as VHS cassettes from
TDK, who are just getting into the VCR
market with both the VHS and Be-
tamax formats. I didn't find any quality
differences in the cassettes, probably
because the Vidstar OEM cassettes are
made by TDK. In any case, the pictures
produced by the cassettes were first
class. Dropout glitches were rarely
encountered, aad jitter was quite low.
Picture distortions and anomalies usu-
ally attributed to poor tape packing
within the cassette were nonexistent.
Repeated use of a single cassette did
not produce noticeable frilling of the
tape edges, and there was no image
deformity.

With the high 45 -dB signal-to-noise
ratio of the Vidstar, the resolution of
the image quality was very good
indeed. Horizontal resolution in the
color mode is specified at 240 lines,
which is quite high for half -inch tape,
but believable in view of the per-
ceived picture quality. Images were
quite stable, and brightness and con-
trast ratios were well averaged, with
no "hot spot" extremes. Color hue and
intensity were exceptionally stable. As
in the Betamax, longer playing times
are the result of using progressively
thinner tapes, at the one tape speed.
As far as I could see, there was no per-
ceptible degradation of image quality,
when using a 120 -minute cassette, as
compared to a 30 -minute cassette. Au-
dio quality of the Vidstar, although
specified as 50 Hz to 10 kHz, is no bet-
ter than the Betamax, and this remains
the weak spot for all the VCR units I

have used thus far.
All in all, the new HR3600 Vidstar

must be judged a "star" performer. As
a straightforward VCR recorder, it
functions both well and dependably.
Add to this the special "frills" and fea-
tures of this Vidstar, and VCR record-
ing becomes even more interesting
. . . and more fun, too! Q

Manufacturers of high fidelity component..
microphones. sound .systems and related tire: r
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fact:
dramatic freedom
from distortion comes to a
mid -priced cartridge:
the new Shure M95FtE...

the Shure M95HE

an affordable, audible improvement
One of the critically acclaimed advances
introduced in Shure's incomparable V15 Type IV
pickup is its revolutionary and unique
distortion -reducing Hyperelliptical stylus. Now,
you can enjoy this standard of sound purity in a
new, ultra -flat frequency response, light tracking,
high trackability cartridge that will not tax your
budget: the new Shure Model M95HE.

the Hyperelliptical stylus tip

BIRADIAL ; E, ,IPTICAL)
STYLUS SUCH AS

IN M9SED

HYPERELLIPTICAL
STYLUS OF
THE M95HE

The Hyperelliptical nude diamond tip
configuration represents a significant advance in
tip design for stereo sound reproduction. As the
figures show, its "footprint" (represented by black
oval) is longer and narrower than the traditional
Biradial (Elliptical) tip -groove contact area.
Because the Hyperelliptical footprint geometry is
narrower than both the Biradial and long -contact
shapes such as the Hyperbolic, it is pre-eminent
for reproduction of the stereo -cut groove.

SEND FOR FREE BROCHURE AL600:

9.0%

HARMONIC AND INTERMODULATION
DISTORTION FOR VARIOUS TIP SHAPES

5.6% 5.6%

23%t 2 3%

3 5%

SPHERICAL HYPERBOLIC BIRADIAL HYPERELLIPTICAL

riSecond harmonic distortion
Average both channels, 8 kHz,
5 cm/sec peak recorded velocity

Intermodulation distortion
Average both channels,
1 kHz/1.5 kHz

a measurable drop in distortion
As a result of the optimized contact area of the
Hyperelliptical tip, both harmonic distortion
(white bars in graph above) and
intermodulation distortion (black bars) are
dramatically reduced.

upgrade your present M95 If you already
have a Shure M95 Series Cartridge, you can improve
its freedom from distortion right up to the standards of
the new M95HE cartridge simply by equipping it with
a Model N95HE stylus. The cost is extraordinarily low
- yet the difference in sound will be immediately
apparent. Takes only seconds to install - requires no
tools whatsoever.

M95HE cartridge &
N95HE stylus

N
Shure Brothers Inc., 222 Harley Ave., Evanston, IL 60204

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

and related circuitry.
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TDK's new
one -second,
no -headache
demagnetizer.

You don't need time or technical
expertise to operate TDK's
exclusive instant head demag-

34 netizer. Just pop it into your
deck and push "Play" to re-

musical performance lost
through inevitable head mag-
netization. Other demag-
netizers can be less effective,
take more time, or actually
magnetize your heads and are
more difficult to use. Because
our HD -01's miniature battery
powers sophisticated circuitry
built into a standard cassette
shell, it solves all of these
problems. You will hear the
performance improvement in
your home, portable or auto
system. TDK Electronics Corp.,
Garden City, NY 11530.

44TDK.
The Machine for your Machine.

Music, Speech & High Fidelity by Wil-
liam I. Strong & George R. Plitnik. Brig-
ham Young University Press, 1977,
$9.95.

This large format (8' x 11) soft-cov-
er book is subtitled, "A Descriptive
Acoustics Worktext." At the end of
each chapter are a number of exercis-
es, lists of references and avilable
audio-visual material, and demonstra-
tions for classrooms. The first chapter
of 40 pages covers some fundamentals
of vibration. The second chapter of
about the same length discusses the
characteristics of sound waves.

The broad subject of the ear and
hearing is handled fairly well within
the 50 -page space alloted. Tone timbre
and spectrum, formants, critical
bandwidth, and temperament are
among the important topics present-
ed. A short chapter on acoustical envi-
ronments gives a non -detailed look at
insulation, reverb time and absorption,
properties of materials, and auditori-
um design. The 54 -page chapter on
the acoustics of speech is one of the
stronger sections of this text. Speech
production, phoneme classification,
and the vocal tract are among the sub-
jects not too familiar to many audio
engineers that are covered in detail.

A 106 -page chapter on musical
acoustics amounts to a book itself on
the subject. Spectral envelopes, dy-
namic ranges, impedance curves -
good figures abound. All instrument
types are covered in detail; for exam-
ple, there are 16 pages just on the pipe
organ. A 28 -page chapter on electronic
reproduction is really much too short
to cover the area adequately.

There are a few short, non -detailed
appendices which are elementary in
nature. The book lacks an index, but
there is some detail in the table of
contents. At times, the approaches in
the text are simple, and there are some
of the most atrocious puns to ever ap-
pear in print. On the other hand, a
great deal of material is presented lu-
cidly with many excellent line draw-
ings. The excersises are well thought
out to aid the student (including the
reader) in understanding fundamental

relationships. This is an excellent text
for introductory coverage of the
acoustics of speech and music, and it
provides helpful material in other
areas as well. Howard A. Roberson

Active -Filter Cookbook by Don Lan-
caster. Howard W. Sams, 1975, $14.95.

Don Lancaster has written enough
"cookbooks" to qualify for some sort
of award in the culinary arts. This par-
ticular work starts with a discussion of
the advantages and disadvantages of
active filters and a section on terms
and concepts.  The following chapter
on op amps gives a general back-
ground including a design -examples
page which has an eye-catching flag
for immediate identification. The third
chapter introduces the reader to first -
and second -order networks. The au-
thor has flag -identified sections on
"The Math Behind" which helps the
general text flow more smoothly and,
at the same time, gives the information
essential to some. Amplitude and
phase responses are shown for LP

(low-pass), HP (high-pass) and BP
(band-pass) filters.

The next two chapters cover filter
responses, guiding the reader on
order, selecting shapes, design criteria,
and methods. There is an excellent,
albeit brief, discussion of Bessel, Che-
byshev, Butterworth and other filter
types. The following three chapters
cover specific LP, BP and HP filter cir-
cuits. Sallen-Key and state -variable
filters are among those included. As in
the previous chapters, there are the
helpful math -background and design -
example sections. There are also
design -guide block schematics with
instructive call -outs.

The final two chapters are on tun-
ing, voltage control, special types and
applications. There is a short list of ref-
erence articles and texts. The six -page
index is quite good, but there are
some omissions. Overall, Lancaster's
book is very well organized and pre-
sented with numerous helpful figures.
it should be of value to those who
would learn and do.

Howard A. Roberson
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