THE AUTHORITATIVE MAGAZINE ABOUT HIGH FIDELITY* FEBRUARY 1974 75¢ ®©

47425 C

Voltage Amplifier <



= . b
The Aliman Brothers Band is avail xclusively on Capricorn records and tes. l
e ———



R

Pioneer







More than anything else, the Allman
Brothers Band are musicians.
Accomplished, sophisticated
musicians whose blues-rooted
improvisations have carried them to
the top of their field.

Musicians, not rock stars. Their
success doesn’t depend on sequins
or serpents, or make-up, or put-on
showmanship. instead, they innovate.
And they stake their fame on their
music.

R-700

Series R

Series R speakers are designed for
the individuzl who demands the finest
in styling, design and sound. Styling
and design as contemporary as the
state of the art. And sound as
contemporary as a live performance.

Series R speakers bring new life
to live performances. And truly live
performances to your listening room.
Their high efficiency, extreme
accuracy and zero coloration have
been equally praised by artists,
engineers, critics and musicians.

All of the Series R speakers —
R700, R500 and R300 — deliver the
true vibrancy of a live performance.
In an untouched, uncolored and
unusually natural way.

Project Series

Project Series speakers are designed
to deliver maximum performance per
dollar in a cantemporary bookshelf
design. Smallest of the three, the
Project 60 is an extremely efficient
speaker system that delivers a
surprisingly high sound level from
moderately powered receivers and
amplifiers. It is perfect for smaller
hi-fi systems. And equally well suited
for 4-channel systems — since many
of the new 4-channel receivers and
amplifiers have less power per

channel thar their stereo counterparts.

Project 80 and 100 speaker
systems use their air suspension
design to deliver a beautiful natural

As musicians, the Allman
Brothers Band prefer the sound of
Pioneer speakers. They prefer
Pioneer speakers because of their
clarity and overall sound quality. They
prefer Pioneer speakers because they
reproduce the sound of an original
performance without adding
coloration, hyped-up bass or artificial
brilliance. They prefer Pioneer
speakers because exactly what goes
in is exactly what comes out.

With Pioneer speakers, the
Allman Brothers sound right to the
Allman Brothers. It's that simple.

Pioneer makes a variety of
speakers to match any hi-fi system.
Speakers that are consistent in their
clarity, sound quality and ability to
exactly reproduce the sound of an
original performance. Speakers that
vary because people vary, hi-fi
systems vary, room acoustics vary,
budgets vary and tastes vary.

sound. Theirsuperb bass response can
effortlessly reproduce the lowest of
lows with minimal distortion and
uncanny accuracy. Their dome
tweeters provide exceptionally wide
dispersion and highs of unsurpassed
clarity.

CS Series

There is a myth about speakers that
handsome cabinets hide inferior
sound. Fortunately, it need not be the
case.

If you seriously demand the
acoustic quality of custom cabinetry
along with powerfully smooth sound,
the CS series speakers will be your
first choice. Their sound is precise
and natural. And their craftsmanship
is a reflection of an almost bygone era.

The air suspension design of the
CS series speakers

PROJECT 100

There are 12 different speakers
in the Pioneer line. There are six
different musicians in the Allman
Brothers Band. Different people have
different needs and different tastes.
Even the Allman Brothers. But they
agree that Pioneer speakers deliver
the best sound available.

Pioneer speakers are part of a
complete line of Pioneer audio
components — components preferred
by the Allman Brothers Band. A fact
you might consider when you make
your own selection.

U. S. Pioneer Electronics Corp.
75 Oxford Drive, Moonachie,

New Jersey 07074.

West: 13300 S. Estrella, Los Angeles,
Cal. 90248 ; Midwest: 1500
Greenleaf, Elk Grove Village, IIl.
60007 / Canada: S. H. Parker Co.

i Maximum Slze

,:‘r?;p Loaﬁ{ O\é)lfdeoun 4 Model  Type Input Power  (HXWxD) Price
'thatqis they s R-700 12" 3-way 75 watts 26”x15"x14” $229.95*

. R-500 10” 3-way 60 watts 24”x14"x12" 159.95°
hallmark of Pioneer R-300 10” 2-way 40 watts 23"x13"x11" 119.95*
engineering excel- —— Y g :
lence. From the PROJ. 100 10”7 2-way 35 watts 23"x13"x10%2” 129.95
compact 2-way 2- PROJ. 80 10" 2-way 30 watts 203 "x113%"x11” 99.95
Speaker CS-44 to the PROi 60 8" 2-v\£ay 20 watts  18%2"x10% ”)(781/2 " 79.95
4-way 6-speaker CS-BSDXA 15" 4jwa_y 80 watts ?8”X19"X13" 269.95
CS-63DX, Pioneer CS-99A 15" 5-way 100 watts 25"x16"x11” 229.95
CS series speakers CS-A700 12" 3-way 60 watts 26”x15"x12" 189.95
offer acombination of CS-A500  10” 3-way 50 watts 22"x13"x12” 149,95
superb sound repro-  cs-66 10" 3-way 40 watts 22"x12"x12” 119.95
duction and custom-  cs.44 8 2-way 25 watts 19”x11”x9” 74.95

crafted cabinetry.

W PIONEERY

when you want something better
Check No. 25 on Reader Service Card

‘Féi; Trade resale price where applﬂble.
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Better music, wherever you
listen. Real fundamental, bass,
including the attack of tympani
and organ. An almost tactile
feeling of presence. And
tfransparent highs, providing
unusual instrumental definition.

First and foremost, we built
the LDL 749A to satisfy our own
desire for musical enjoyment.
Including the spatial sensations:
fromthe intimacy of small
groups to the awesomeness of
full orchestra.

With their precise combination
of forward-radiated sound and
panoramic reflection, LDL 749A
are a compact, elegant way fo
put the concert hall in your
listening room. And the price is
as realistic as the sound!

Linear
Design
LGbS Inc.

20 Willeft Avenue. Port Chester, N.Y. 10573
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Now BIC VENTURI puts to rest

some of the fables, fairytales, folklore,
hearsay and humbug
about speakers.

Fable

Extended bass with low distortion
requires a big cabinet.

Some conventional designs are rela-
tively efficient, but are large. Others are
small, capable of good bass response, but
extremely inefficient. The principle of
the BIC VENTURI systems (pat. pend.)
transforms air motion velocity within
the enclosure 10 realizc
amplified magnitudes
of bass energy at the
BIC VENTURI coupled |
duct as much as 140
times that normally
derived from a woofer
(Fig. A). And the filtering action achicves
phenomenally pure signal {Scope photos
B & C). Result: pure extended bass from
a small enclosure.

B—Shows output of law frequency driver when driven at a freq.
of 22 Hz. Sound pressure reading, 90 dB. Note poor waveform.

C—Output of venturi coupled duct, (under the same conditions
as Fig B.) Sound pressure reading 1i1.5 dB, (140 times more
output than Fig. B.} Note sinusoidal {nondistorted} appearance.

Fairytale
It's okay for midrange speakers to cross

over to a tweeter at any frequency.
Midrange speakers cover from about

800 Hz to 6000 Hz. However, the  siconex™horn

ear is most sensitive to midrange
frequencies. Cistortion created
in this range from crossover
network action reduces articu-
lation and musical definition.
BIC VENTURI BICONEX horn (pat.pend)
was designed to match the high efficiency
of the bass section and operates smoothly
all the way up to 15,000 Hz, without
interruption. A newly designed super
tweeter extends response to 23,000 Hz,
preserving the original sonic balance and
musical timbre of the instruments
originating in the lower frequencies.

Folklore

Wide dispersion only in one plane is
sufficient.

Conventional horns suffer from musi-
cal coloration and are limited to wide-

angle dispersion in one plane.
Since speakers can be positioned
horizontally or vertically, you
can miss those frequencies so
necessary for musical accuracy.
Metallic coloration is eliminated
in the BICONEX horn by making
it of a special inert substance.
The combination of conical and
exponential horn flares with a
square diffraction mouth results
in measurably wider dispersion, equally
in all planes.

Hearsay
A speaker can’t achieve high efficiency
with high power handling in a small
cabinet.

It can't, if itsdesign is governed by such
limiting factors as a soft-suspension,
limited cone excursion capability, trap-
ped air masses, ctc. Freed from these
limitations by the unique venturi action,
BIC VENTURI speakers use rugged drivers
capable of great excursion and equipped
with voice coil assemblies that handle
high power without"bottoming"or danger
of destruction. The combination of in-
creased efficiency and high power handl-
ing expands the useful dynamic range
of your music system. Loud musical pas-
sages are reproduced faithfully, without

strain; quieter moments, cffortlessly.

Humbug

You can’t retain balanced tonal response
at all listening levels.

We hear far less of the bass and treble
ranges at moderate to low listening levels
than at very loud levels. Amplifier "loud-
ness” or "contour” switches are fixed rate
devices which in practice are defeated by
the differences in speaker efficiency. The
solution: Dynamic Tonal Compensa-
tion™ This circuit {patents pending)
adjusts speaker response as its sound
pressure output changes with amplifier
volume control settings. You hear
aurally “flat” musical reproduction at
background, average, or ear-shattering
discoteque levels—automatically.

A system for every
requirement

FORMULA 2. The most sensitive,
highest power handling speaker system
of its size (19%x12x11%)" Heavy duty 8"
woofer, BICONEX mid range, super
tweeter. Use with amplifiers rated from
15 watts to as much as 75 watts RMS
per channel. Response: 30 Hz to 23,000
Hz. Dispersion: 120°x12(0°. $98 each

FORMULA 4. Extends pure bass to
25 Hz. Has 10" woofer, BICONEX mid-
range, super tweeter. Even greater effi-
ciency and will handle amplifiers rated
up to 100 watts. Dispersion: 120°x 120°.
Size:25x13%x 13" $136 cach.

FORMULA 6. Reaches very limits of
bass and treble perception (20 to
23,000 Hz). Six elements: 12" woofer
complemented by 5'" cone for upper
bass/lower midrange; pair of BICONEX
horns and pair of super tweeter
angularly positioned to increase high
frequency dispersion (160°x160°).

Size: 2614 x15% x 1434 $239 each.

Sturdily constructed enclosures.
Removable grilles in choice of 6 colors.
Optional bases for floor standing place-
ment. Write for brochure A-2.

Audition today’s most advanced
speakers at your BIC VENTURI dealer.

BRITISH INDUSTRIES Co., Inc.
Westbury, New York 11590,

A division of Avnet, Inc.,
huilal Canada: C.W., Pointon, Ont.

BIC VENTURI

Check No. 9 on Reader Service Card
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Special Phono Cartridge
Issue

Test Reports on
Four-Channel Cartridges

All About "Q"*—Don Davis
explains directivity in speaker
systems

Quadra-Direction Discrete
Compatible Stereo System
—Fumitaka Nagamura
concludes his series on a
new multi-channet phono
system

Plus—Rock, Pop, Classical,
and Jazz record reviews

And—All the regular columns

Thermal Design
of a High Power
) Ampllﬂer* MHigh

About The Cover: Our edito-
rial coverage focuses this
month on amplifiers, and
since few audiophiles actu-
ally look into their amps to
see where the power comes
from, we thought we'd show
a few different types of power
output transistors.

Audioclinic

Joseph Giovanelli

Measuring an Unknown Fre-
quency

Q. I should like to find out the fre-
quency of an unknown audio signal.
How can I hook up the unknown signal
and a calibrated signal generator. sweep
until I hear a bear or null. and then
take my reading from the calibrated
generaror?—F.  Alexander. Maspeth,
New York.

A. The simplest way by which one
can determine a frequency generated by
an uncalibrated source is to obtain a
frequency counter. Certainly if you
plan to do much along these lines the
investment in a counter is justitied. The
uncalibrated source is fed directly
into the input of the counter. If its
output level is too low for the counter
to handle, an appropriate preamplifier
must be used. The frequency of the
unknown signal is read directly on the
counter’s display.

Here is another method for deter-
mining the frequency of the unknown
signal source. This system is more like
the one mentioned in your question.
In this arrangement the unknown signal
is compared to a signal of known fre-
quency. The two signals are adjusted
to produce equal audio outputs. Each
signal is fed to the input of a two
position mixer. whose output is con-
nected to an amplifier and loudspeaker
system.

Perhaps the best procedure is to
listen to the unknown and then attempt
to match that sound fairly closely to
that of the known generator, by alter-
nating listening to one or the other of
the signals, while you adjust the known
to equal the frequency of the unknown
source.

When you think they are reasonably
close in frequency, listen to the two
signals together. You probably will
hear them, plus a third signal set up by
interaction between the two signals.
Adjust the known signal till this third
sound disappears. What you will then
hear is a variation of the amplitude of
what appears to be one signal. Care-
fully adjust the frequency of the cali-
brated source until even this effect
vanishes. You will then have the two
signal sources running at the same
frequency. Therefore. the frequency of
the unknown source can be read as
though it was the known source. The
accuracy of your results will depend
on the accuracy of the known signal
generator’s calibration.

If the frequency of the unknown
signal is above the range of audibility,
the same basic procedure can be used,
although it would be subject to error.
In this instance you would sweep the
calibrated source until you hear a sig-
nal. This signal represents the beat tone
created by the known and unknown
signals which are close enough in fre-
quency to produce an audible beat. Un-
fortunately, rather than obtaining a
true beat between the known and un-
calibrated signals, it is possible that
the harmonics of the signal of known
frequency can beat with the fundamen-
tal frequency of the unknown or vice
versa. Thus, when you adjust for the
absence of such a beat, your reading
of the known signal frequency may
reflect a reading created by harmonics
rather than the fundamental frequencies
involved. Therefore. be sure to sweep
the known signal’s frequency over a
sufficient range to pick up more than
one beat. The beat which is the strong-
est will represent the beating of the two
fundamental frequencies.

Where supersonic frequencies are
not involved. a third procedure is
possible. Instead of combining the sig-
nals, feed each of them into a stereo
amplifier channel. Make the same tests
while listening to the output of that
amplifier with headphones.

Compatibility Between
Dolby Devices

Q. Are the various makes of Dolby
decoders compatible? Can I play rapes
recorded on a KLH 40 1ape-deck and
Dolbyized on the unit’s buili-in Dolby
system, though a TEAC deck with
the TEAC Dolby unit, and get no
degradation of the sound?—Michael
Deutsch, Travis AFB, California

A. Assuming that the various pieces
of Dolby equipment are properly
calibrated and adjusted, there is no
reason why you cannot play a tape
made on one machine, on a completely
different make of machine and Dolby
decoder. The performance of the
equipment should be perfect.

The parameters for proper operation
of the Dolby System are spelled out
carefully by Dolby Laboratories with
this idea of compatibility in mind.

If you have a problem or question on audio,
write to Mr. Joseph Giovanelli, at AUDIO,
134 North Thirteenth Street, Philadelphia,
Pa. 19107. All letters are answered. Please
enclose a stamped self-addressed envelope.
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Int inga
small mirad

Miracles, even small ones, are hard to believe. We know.

When we first introduced our small 404 speaker some years ago, XT-6 SPECIFICATIONS
believers were hard to find. Today, our credibility is really being
challenged. The new XT-6 is so good that even the people who know NOMINAL IMPEDANCE: 6 ohms
ADC’s “small box, big sound” achieverments find it incredible. RESPONSE: 45Hz to 20 KHz = 3dB in average listening
But it’s true. This book-sized bantam outperforms anything its size. HIGH FREQUENCY ;’0{,“-_ , red cone tweet
M : ¥ hy : 2 Viscous nmpregnated cone tweeter
And rivals enclosures many times its size and price. DRIVER: with 11" Dia. effeciive radiating surface.
How do we do it? With a unique combination of cone structure, LOW FREQUENCY 6" with high compliance. soft suspension
magnet force and coil configuration, for one thing; they interact to let DRIVER:  and viscous coated cone.
a small woofer pump out a staggering amount of bass. Handle as much Fﬁ‘b‘%{}%’b}gﬁ SFOH . Mrminal.
power as any standard-sized room requires. And keep distortion at a HIGH FREQUENCY When in “treble down™ condition tweeter
minimum. LEVEL CONTROL: level is pivoted from the crossover point to
Granted, the XT6 has its limitations. It won't shake timbers. And _ approximately 3dB down at 10kllz.
. , . . . . - ENCLOSURE: Walnut finish air-tight cabinet 12'346"H x
it won't project massive sound into huge rooms. But in typical apartments, 778" W x 8'2"D. Filled with sound absorbent
the ADC XT-6, at under $60, gives yau more sound per dollar than any material.

other bookshelf speaker on the market.

The specifications will confirm the technical capabilities of the XT-6.
But we suggest you go to your dealer and listen...Even if you don't
believe in miracles, the XT-6 will give you something to think about.

POW b
REQUIREMENTS: 10 watts RMS power output per channel.
PRICE: $58.00

T-6 SPEAKERS
e insider’s choice.

§ Cteck No. 3 on Reader Service Card
@. AUDIO DYNAMICS CORPORATION, Pickett Distric™ Roac ., New Miferd, CQY‘ N



The QUAD
Electrostaticwasthe
first full range elec-
frostatic loudspeaker
produced commercially
and is still the standard by which all others
are judged. Using closely coupled moving
elements some two hundred times lighter
than the diaphragms of moving coil loud-
speakers and being entirely free of cabinet
resonances and colouration, this loud-
speaker overcomes the usual major prob-
lems of loudspeaker design and-provides
remarkably natural reproduction of sound.
This explains why the QUAD electrostatic
loudspeaker is used by broadcasting and
recording organisations ail over the world,
in applications where quality is of prime
importance, and as a standard of refer-
ence by the majority of Icudspeaker
manufacturers.

QUAD for the closest approach to
the original sound.

QUAD

is a registered trade mark

For details of your nearest dealer
write to Acoustical Manufacturing Co.Ltd.,
Huntingdon PE17 7DB, England.

Check No. 1 on Reader Service Card

Tape Sticking & Heads

Q. There are a few things I would
like to ask you about tape recording.
First, does it really make a difference
to use a tape advertised as low noise?
Is lubrication necessary in open reel
recording tape? A disc jockey [Ive
spoken to claims that the ads about
low noise, extended frequency response,
and lubrication are just sales gimmicks.
It all leaves me wondering, and hence
this letter.

Please tell me what to waich for
to detect if" my heads have begun to
wear to the point which warranis re-
placement.

With a few of my tapes, one of which
is an expensive name brand, I've had
a problem. The tape coming off the
supply reel tends 1o stick to itself.
causing irregular speed. Ive cleaned
the tape several times with silicone
cloth, and run it fast forward and back-
ward to no avail. I’'ve surmised that
it was static electricity causing the
problem, but if it is, I don’t know how
to overcome it.—Thomas M. Nicholson,
Las Vegas, Nevada

A. If a tape recorder is properly
adjusted for low noise tape—bias in-
creased, treble boost decreased, and
audio drive current increased—the net
result is a moderate but significant
improvement in signal-to-noise ratio.
Good tapes are optimally lubricated;
that is, they have enough lubrication
for smooth passage over the heads
and guides. but not so much as to
cause tape slippage when engaged by
the capstan and pressure roller. Such
tapes should require no additional
lubrication on the part of the user.
Adding lubricant entails the danger
of slippage, with consequent wow and
flutter.

When treble response starts to
deteriorate in playback, this usually
signifies that the playback head should
be replaced. The other heads may have
to be replaced when they show marked
physical wear.

I don’t know of a cure for the
sticking problem you describe, except
to suggest that you stay away from the
particular brand which gives you this
trouble. You state that you have run
this tape at fast speed in order to
relieve the static charge, possibly
this made the situation worse. A remote
possibility is that transferring the tape
to another type of reel may help mat-
ters.

6

Buying A Recorder in Europe

Q. I plan to make a business (rip ta
Europe, and it occurred to me that this
might be an excellent opportunity 1o
purchase a high quality tape deck. This
idea has brought to mind several ques-
tions: Where is the best place to
purchase a deck? What problems might
be encountered in bringing it back?
Might servicing be a potential prob-
lem?—Name Withheld

A. When you arrive in Europe, you
might inquire of your host, and use
the telephone directory, to find places
of purchase. In making your purchase,
be sure that you get a unit designed
for the American market, so that it
operates at 60 Hz line frequency and
117 volts; has the type of input and
output jacks customarily used in
America; has the equalization (NAB)
employed in America, uses parts
readily available to technicians in
America; meets the electrical standards
of American underwriters; etc. Consult
American customs about problems in
bringing back the unit.

Harm From Demagnetizers

Q. Can a tape head demagnetizer
introduce a magnetic field of sufficient
strength to damage either the head or
the electronics to which the head is
connected? 1 don’t suspect the com-
mercial demagnetizers made for this
purpose. but I'm considering building
one from an old solenoid. —Don L.
Davis, Seattle, Washington

A. 1 doubt very much that a head
demagnetizer roughly of the size of
a commercial one will damage the
heads; and certainly not the electronics.
However, if you construct something
of the strength of a bulk eraser, you
should be careful about coming too
close to the head; there is a slight
possibility that a very powerful mag-
netic field might disturb the head
windings. The same applies to the VU
meter if there is one in the tape deck.

If you have a problem or question on tape
recording, write to Mr. Herman Burstein at
AUDIO, 134 North Thirteenth  Street,
Philadelphia, Pa. 18107. All letters are
answered. Please enclose a stamped, self-
addressed envelope.

AUDIO + FEBRUARY 1974



you can'’t tell
ar aniplifier
by it’s cover:

Ceatrol Amplifier — Combi-
nation Amplifier and Pream-
plifier. 1t tzkes a source signal,
aieh as a4 tuner or phonograph
output, and electronically
bocsts the signal te a level us-
able by the speakers. It also
has a section ts manipulate
tonal color with treble and bass
controls and filters of various
tvpes. A control amplifier
serves as the brain and fune-
tion selectors for a stereo-
phonic system. Itis exemplified
by the extraordmarily good de-
sigh of the Sansui AU-9500.

The Sansu: AU-9500 is
the ultimaie control amplifier
for the serious audiophile. It
combines o powarful 75 watt
RMS per channel {both chan-
nels driven)amplitier with
controls and input. output flex-
ibility to make 1t the worid's
premier ucit. Each channel is
separately driven by the San-
sat AU-9500’s twin dual power
supp!y system built around
four large capacitors and sep-
arate windings. Paraliel push-
pu!! output circuits reduce dis-
tortion. The AU-95600 affords
speaker and transistor protec-
tion three ways. 1) electronic
protector cirenit. 2) four
quick-acting fuses. 3) current
limiter circuit,

Two tape decks can be

monitored or, with a flick of a
front panel switeh, you can dub
from one tape deck to anothey
The AU-9500 can also handle
two phonographs, a micro
phone. a tuner and an auxiliary
input. It can g:ve you normal
stereophonic or reverse the
channels, monophkonic or each
channel separately. The unit is
ready for 4-channel und the ad-
dition of a noise reduction urit.

Sansui also makes the
AU-7500 contreo} amplifier
with 32 watts RMS per chan-
rel into 8 ohms aund the AU-
6500 with 28 watts RMS per
channel into 8 ohma.

The AU-9580 by Sansui
is the definition of u state-of-
the-art Control Amplifier.

Taner - A high fidelity tuner
s an instrument used for the
czpture of radio signals, 1t re-
quires an amplifier to yield sig-
nals usable by speakers. {t ean
be either AM, FM, or FM Ste-
reophonic (called Multiplex)
or any combination of them. In
an FM stereo tuner there are
a number of important param-
efers: separation, selectivity,
sensitivity, ete.

Sansui’s new TU-9500 (a
perfect match for the Sansui
AU-9500, see control ampli-
fer) is an AM/FM and FM
stereo tuner with very good

specitications and unusual fea
tures. Its FM IHF sensitivity
is a very low 1.7 ¢V, channel
separation is better than 40 4B
at 400 Hz and better than 30
dB at 10,000 Hz. Selectivity is
an unusually high 30 dB. In
addition, the Sansur TU-95¢0
features a remarkably low
0.83% Total Harmonic Distor-
tion in Stereophonic. A newly
designed Ditferential Demadu-
lator Circuit (DDC) elimi-
natez the SCA (Subsidiary
Communications Awthoriza-
tion} sub-carrier keating and
increases stereo separation.
The Sansui TU-95¢0 has
set of output jacks that can go
directly to a tape deek and a
set that can go to an cseille-
scope to check muit -path. This
is i addition to the cenven-
tionat output to amplifier jacks
and the less conventional dis-

eriminaror output which
makes this set 4-channel ready

To the left of the wide
linear disl scale are the signal
strength (wperating on AM
and FM} and center channel
meters. The TU-9500 has its
own output level control, noise
suppresser and FM muting
switches and a rotary switch
to vield AM, FM stereo or FM
monopharie.

The AM section, fre-
quentiy the step child of high
fidelity, is not neglected here.
It is newly designed for more
selectivity and an advanced
AGC tautomatic gain control)
circuit ensures minimal distor-
tion.

Sansai also makes the
TU-7500 with an IHF FM sen-
sitivity at 1.9 «V.

The TU-$500 by Sansuiis
the definition of a state-of-the-
art quality tuner.

To jully appreciate a Sansui ampiifier or
tuner, you must hear the quality inside. That’s the only
way to discover why Sansui means high quality
Hear the inner quality of Sansui high jidelity components.
at your nearest franchised Sansui dealer.

S

ansut

SANSUI ELECTRCNICS CORP.
Woodside, New York 11377 » Gardena, California 90247
SANSUI ELECTRIC CO, LTD., Tokvo, Japan * Sansui Audio Europa S$. A., Antwerp. Belgium
ELECTRONIC DISTRIBUTORS Canada.
Check No. 31 on Resader Service Card



Can you
live without
a 400 watt
amplifier?

Maybe. If you don’t mind the
loss of quality caused by
clipping during the more
dramatic passages in your
favorite records. Julian Hirsch
put it this way: “Anyone
using a low-efficiency
speaker . . . with an amplifier
in the 30 to 50 watt class
Cannot N ARMONIC OF

approach -

YPICAL 50 WATT
AMPLIFIER | PHASE LINEAR 400

realistic J
listening " g

%0 o 5 i
POWER PER CHANNEL WATTS

levels
without severe clipping.” If
you want to listen at a real-life
level without distortion, you
need at least 400 watts of
amplifier power. At $499, why
live with anything less than
the Phase Linear 4007

9@0
Yeneai
400

THE POWERFUL DIFFERENCE

PHASE LINEAR CORPORATION
P.O. BOX 549, EDMONDS, WA. 98020

Check No. 23 on Reader Service Card

What's New in Audio

Levinson Cartridge Preamp

The JC-1 allows moving coil cart-
ridges to be used to their full advan-
tage. According to the manufacturer,
the revolutionary design of the JC-I
provides extremely accurate and low
noise disc reproduction. The unit
measures 8% in. L. x 3% in. W. x
1% in. H., uses two size “D” battery
cells and is said to provide precise
evaluation of test pressings, clear
reproduction of highest quality disc
recordings, and simplified and im-
proved analysis of records. Equiv-
alent input noise is -147 dBm;
frequency response, 20. Hz to 50 kHz
+0.2 dB; distortion (THD @ 100
mV output), less than 0.09%; max.
output, 250 mV/0.25% THD; max.
input (for rated output), 8 mV; gain
(with 2-4 ohm source), 35 dB. The
unit includes phono connectors and
an LED battery tester. Price: $170.00.

Check No. 50 on Reader Service Card
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Superscope Dolby Adaptors
Designed for use with cassette or
open-reel recorders, the NR-335
Dolby Noise Reduction adaptor enables
you to create your own Dolbyized
tapes or play back prerecorded Dolby
tapes. This unit is to be used with
3-head recorders and features separate
Dolby circuits for record and play-
back, built-in 400 Hz oscillator, 19
kHz filter, and calibration tone. Also
included are two record level controls,
two playback volume controls, two VU
meters, source monitoring, mic/line
switching, and a 2-position mic-atten-
vator switch. Price: $259.95. Model
NR-115, an economy unit for 2-head
recorders, is priced at $99.95.
Check No. 51 on Reader Service Card

The 2000AXT is a 3-way, floor-standing
unit using Infinity’s recently devel-
oped omnidirectional-wave transmis-
sionline tweeter covering the frequency
spectrum from 5 kHz to 21 kHz. The

4%-in. midrange and 12-in. trans-
mission-line woofer are treated with
special stiffening and damping ma-
terials to provide five times the stiff-
ness-to-mass ratio of other drivers.
This factor is said to eliminate vir-
tually all distortion emitted from
different parts of the cones at different
instances of time. Frequency response
is 35 Hz to 21 kHz + 3.5 dB; minimum
amplifier power, 25 W. rms per chan-
nel; dimensions, 28 in. H. x 20 in. W,
x 14 in. D. Price: $299.00 each.

Check No. 52 on Reader Service Card

Literature

A revised and updated edition of
FM Atlas and Station Directory is
available now. Included in the B80-
page book is a listing of FM stations
by frequency (with effective radiated
power and antenna heights) and
geographical location. New features
in this edition: a discussion of FM
programming trends, station alloca-
tions, FM station coverage and how
to improve FM reception; an FCC
chart showing how to calculate. FM
coverages; a list of TV channel 6
stations in North America with 'in-
structions for tuning in channel 6
audio on car radios; call letter staticn
directory; music formats and more.
Priced at $2.50 from FM Atlas, Box
24, Adolph, MN 55701.
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There are some things
you'll appreciate about a Dual
right away.

Others will take years.

You can appreciate some things about a Dual
turntable right in your dealer's showroom: its clean
functional appearance, the precision of its tonearm
adjustments and its smooth, quiet operation.

The exceptional engineering and manufacturing
care that go into every Dual turntable may take years
to appreciate. Only then will you actually experience,
play after play, Dual's precision and reliability. And
how year after year, Dual protects your precious
records; probably your biggest investment in musical
enjoyment.

It takes more than features.

If you know someone who has owned a Dual for
several years, you've probably heard all this from him.
But you may also wish to know what makes a Dual
so different from other automatic turntables which
seem to offer many of the same features. For example,
such Dual innovations as: gimbal tonearm suspensions,
separate anti-skating scales for conical and
elliptical styli, and rotating single play spindles.

It's one thing to copy a Dual feature; it's quite
another thing to match the precision with which
Duals are built.

The gimbal, for example.

A case in point is the fonearm suspension.
Dual was the first manufacturer of automat cs
to offer a true twin-ring gimbal suspension.  THl4
More importantly, every Dual gimbal is hand
assembled and individually tested with
precision instruments especially developed by
Dual. The vertical bearing friction of this
gimbal is specified at 0.007 gram,
and quality control procedures
assure that every unit will meet this

m®

United Audio Products, Inc., 120 So. Columbus Ave., Mt. Vernon, N.Y. 10553

Distribution Ag: for Dual

specification. Only by maintaining this kind of tolerance
can tonearm calibrations for stylus pressure and
anti-skating be set with perfect accuracy.

Other Dual features are built with similar
precision. The rotor of every Dual motor is dynamically
balanced inall planes of motion. Additionally, each
motor pulley and drive wheel is individually examined
with special instruments to assure perfect concentricity.

The Dual guarantee.

Despite all this precision and refinement, Dual
turntables are ruggedly built, and need not be babied.
Which accounts for Dual’s unparalleled record of
reliability, an achievement no other manufacturer can
copy. Your Dual includes a full year parts and labor
guarantee; up to four times the guarantee that other
automatic turntables offer.

If you'd like to read what several independent
testing laboratories have said about Dual turntables,
we Il be pleased to send you reprints of their impartial
reports. To appreciate Dual performance first hand, we
suggest you visit your franchised United Audio dealer.

But your full appreciation of Dual precision won't
really begin until a Dual is in your system and you
hear the difference it will make on your own records.
Play after play. Year after year.

Dual 1216

Dual 1218 8

Dual 1229

Check No. 39 on Reader Service Card



Behind The Scenes

Bert Whyte

T THIS point in time, anyone
Aremolely connected with audio

and recording knows that Dolby
noise reduction does an efficient and
reliable job of reducing tape hiss
during the recording process. This
fact is attested by the virtual standard-
ization on Dolby A-type noise reduction
in recording studios all over the world.

On the other hand, if I had a nickel
for every time an audio engineer
wished he had a device that would
reduce or remove noise from recorded
material without degrading the signal,
I’d be rich! The quest for such a de-
vice has got to be one of the Holy
Grails of audio. Through the years
various ideas have been tried. For
example, in certain specific cases of
single-frequency noise, steep notch
filtering can be effective. But in
general, if a tape has hiss, hum, room
rumble, or any extraneous noises, that
is that . . . the noise is there to stay.
Or is it? Hold that wistful sigh. Mr.
Engineer! There is a ray of sunshine
in this otherwise gloomy prospect. It
is called the Burwen Dynamic Noise
Filter.

Mr. Burwen gave a detailed tech-
nical description of his device in the
June 1972 issue of Aupio. With the
Burwen Dynamic Noise Filter, there
iIs no compression/expansion, encode/
decode function as in the Dolby
System, but it does utilize the noise
masking characteristics of human
hearing, a basic of the Dolby System.
For our purposes, the operation of the
Dynamic Noise Filter is neatly cap-
sulized by Mr. Burwen. . . . “The op-
eration of the Dynamic Noise Filter is
based on two principles: (a) the noise
output of an electronic system is
dependent upon the system band-
width and (b) the human auditory
system ‘masks out’ noise in the presence
of the desired signal at frequencies
in the vicinity of the signal frequency
when the signal-to-noise ratio is
sufficiently high. The Dynamic Noise
Filter can be described as an automa-
tically variable bandpass filter whose
bandwidth changes rapidly with each
musical note and whose high and low
frequency cutoffs are independently
controlled by the spectral content of
the input signal. Noise reduction is
achieved by restricting the bandwidth
at high and low frequencies when the
signal level is very low (the minimum
bandwidth is 800 Hz). At medium and
high signal levels, it passes the full
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20 Hz to 20 kHz bandwidth. As in
the other noise reduction systems,
the filter reduces noise only for low
level signals: the noise 1s passed along
with the high level signals. However,
due to the characteristics of the ear,
the noise that is present during each
note is masked by the music.”

Burwen’s own catalog sheet de-
scribes the Dynamic Noise Filter as
reducing noise by attenuating the high
and low frequencies when there is no
music present. This is rather an over-
simplification as we have seen that
it also operates at very low signal
levels. However, it is true that in a
great deal of music, there are many
little pauses and rests . . . cessation of
sound between notes . . . much more
than we are consciously aware of
hearing. In this circumstance, the
filter works with maximum efficiency.
Since these music discontinuities are
of extremely short duration, one might
expect to hear the dynamic “working”
of the filter. Burwen brings some
psychoacoustics into play here by
choosing attack and decay time con-
stants for the high and low frequency
sections of the bandwidth controller
such that the action of the filter is
inaudible. An attack time of 1 milli-
second was found to be short enough
to have no effect on musical transients.
Decay time was optimum at 50 milli-
seconds. A shorter attack time would
have the undesirable effect of the
filter being actuated by the “ticks”
and “pops” of a disc recording. A
shorter decay time would reduce the
effective reverberation in the program
material. The low frequency part of
the bandwidth controller is about
14 dB less sensitive than the high
frequency section because music tends
to have more low frequency energy
than high frequency energy.

The Dynamic Noise Filter sounded
like an intriguing device, and if it
worked as advertised, | had envisioned
several applications where it would
be invaluable. Dick Burwen was kind
enough to furnish me with one of
his Model 1000 units, and I found it
a most useful and fascinating tool.

In a 1%-in. high rack panel, up to
four channels of the filter are avail-
able, with stereo channels ganged in
pairs or independently. On the panel
are controls for high and low frequency
sensitivity, a high frequency cutoft,
and a switch that permits listening to
program material with the filters
operating, or in the wide band mode

in which the unit acts as a unity gain
amplifier. The quality ot the com-
ponents in the Dynamic Noise Filter
and the general construction is of the
highest order, really of the calibre of
aerospace equipment. In normal .use,
the low frequency sensitivity is set so
that for example . . . rumble . . . just
begins to operate the low frequency
filter. The high frequency sensitivity
control is set so that hiss just begins
to operate the high frequency filter.
For poorer material, a limit can be
placed on the upper cutoff frequency
on the high frequency cutott control.

You may recall that last month I
described that when I recorded Pablo
Casals in  Puerto Rico, the mics
picked up the rumble of the air-
conditioning ducts and also 60 cycle
hum. Even though I was using 3-
channel, half-inch Ampex recorders
(this was before Dolby of course),
there was still a small residue of tape
hiss, enough to be obtrusive and
annoying. Running the tape through
the Burwen filter, after some experi-
mentation with various settings of
the controls, I A/B flipped between
filtered output and flat, and the trans-
formation was truly impressive. |
would say that [ was getting no more
than 2.5 to 3 dB reduction of tape
hiss, but that was enough to remove
the overlay of hiss. The rumble was
considerably attenuated without much
apparent effect on low frequency
music content. However, the 60 cycle
hum was a problem. but one that was
manageable by resorting to a very
steep notch filter. This notch filter
would be used before running the
tape through the Dynamic Noise
Filter.

I tried the Burwen unit on a variety
of tapes. Some were 15 ips masters or
copies of masters, sans Dolby, and
here too, they had that miserabie little
overlay of tape hiss which is so
distracting. On this material. there was
no low frequency noise problems. so
the low frequency control was not
employed. Judicious twiddling with
the high frequency control again re-
moved sufficient tape hiss to make
the tapes significantly quieter, while
having no or very minor attenuation
of high frequencies. It is a fact that
the Dynamic Noise Filter discriminates
best between noise and music when
the tape initially has a high signal-
to-noise ratio. This was borne out by
these experiments on my own tapes in
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If it doesn’ say Hita

.

chi on thereceiver,

it won't say three years on the warranty.

Thelast thing you look at in a stereo receiver should be one of the first.

If you're like most people, you never glance at your Incorporated into it are Hitachi-developed LTP

receiver's warranty until you get the set home.

Which could be unfortunate, since a major repair
could be a major expense. (Funny how people always
ask about price, but not about repairs. )

But you don't have to worry when you buy a
Hitachi receiver. Because Hitachi gives you one of the
longest warranties in the industry: three years, parts
and labor, with a five year guarantee on the transistors.

Frankly we can give such a warranty because we
don't expect you to use it. That's because almost every-
thing that goes into a Hitachi is made by Hitachi—to
our standards, not to some sub-contractor’s.

This holds true even for our most modestly priced
receivers. Like the Hitachi SR-5200 shown above.

It gives you 20 watts of power per channel (RMS
at 8 ohms), along with such features as dual meters for
more accurate FM tuning, and four-channel speaker
matrix connections.

(Low Temperature Passivation) transistors which
reduce amplifier noise to practically nil.

Not shown is the lower-priced Hitachi SR-3200
identical in every way to the SR-5200 except it gives
you one tuning meter and 13 watts of power per
channel—so the sound won't overwhelm you in a
small room.

Like all Hitachi components, the SR-5200 and
SR-3200 produce rich, clear, true sound.

Hear the complete line of Hitachi Maxi—Fi®com;:so—
nents, priced to $600, at your Hitachi stereo dealers.
Or for more information, write Dept. a-s,
Hitachi Corp. of America, 48-50 34th Street,
Long Island City, N.Y.11101.

Quality always comes first at

HITACHI

WEMBER
—

)

STITUTE OF
MIGH FIDELITY
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this category, and also when [ ran
some of the better quality, least noisy
commercially recorded music tapes
through the filter. Of course, there is
the natural tendency with this sort
of device to go a bit overboard in the
area of hiss attenuation. This was
especially so when playing poorer
material. A flip back and forth on the
FILTER/FLAT switch would soon tell
you that you had indeed removed the
hiss . . . but that you also had
succeeded in removing some high
frequencies. Even so, in some cases,

with manipulation of the high fre-
quency cutoff control, and a bit less
heavy hand on the high frequency
sensitivity control, you could get an
eminently listenable program, more
enjoyable than suffering through the
unfiltered tape. Another use of the
Burwen filter is when you are making
an improved tape copy with equali-
zation. Burwen also claims that in
recording at 7%2 or 15 ips, the un-
weighted tape noise reduction is
typically 10 to 11 dB. Needless to say,
the filter made considerable improve-

3 of the World’s
Best Sellers!

sells more
speaker systems
than anyone else

Chances are very good that you
have heard our sound. in fact
it you listen to many great
speaker systems, you couldn't
miss us. We haven't promoted
the name too much, since en-
gineering, sound technology

and manufacturing techniques are our
real forte. All this means to you is
incomparable sound for astonishingly
IT'S NO WONDER, WE
ARE NUMBER 1! Here are three ex-

low prices

$59.95 «

$99.95 «

.
$119.95

UTAH SPECIFICATIONS

. AS.2AX 8’ 2.WAY ACOUSTIC
amples of quality systems that sell by SUSPENSION SYSTEM-—$59 95
the thousands 4 b o
€9 p ]
FINISH: (ALL MODELS) Genuine Wal- ;\‘/‘ ;
i D-9 12 3.WAY ACOUSTIC
nut AV‘eneer handsome hand-rubbed SUSPENSION SYSTEM 509 9§
oil finish. NET ( liance Woof
Mig L T r
Please write to UTAH ELECTRONICS for de- 33 poun 1 .w 3 VYw
talled intormation on Model or Models of your . HSI-C 12 3 WAY SPEAKER SYS
choice. TEM—5119 95 NET u Heavy Duty
= Wooter Midrange Con
m 5 ‘weete We ght 4v %
¥/ s 5 x25% x14
HUNTINGTON, INDIANA
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ment in the playback of some of the
earlier non-Dolby cassettes and 8-
track cartridges. I should point out at
this juncture that almost everything in
life that is good, costs money, and the
Burwen is no exception. It is, in
fact, an admirable tool for the audio
professional. who is probably better
prepared to pay the $3500 for the filter
than even the most earnest of audio-
philes!

As you might expect, such a useful
item as the Burwen Dynamic Noise
Filter is finding much application in
professional ranks, especially in FM
broadcasting. The reason for this is
that many stations are totally program-
med for the special broadcast 8-track
cartridges, and they suffer from S/N
ratio problems. just the same as those
used by consumers. One well-known
New York FM station which uses
cartridges say they get a 48 dB S/N
ratio from these cartridges. a lot of
which turns out to be 60 cycle hum
and high frequency hiss. The chief
engineer of the station says that with
as many as six cartridge machines
potted up at one time, the additive
effects of the noise really can raise
havoc with their “on-air” sound.
He has been using the Burwen Filter
and says that hum and hiss are mini-
mized and they are broadcasting a
much cleaner signal. He inserts the
Dynamic Noise Filter in his broad-
casting chain just before the stereo
generator and. as a consequence, can
get such added benefits as elimination
ol low frequency motor noise, trans-
mitted as vibration to the microphone
while a DJ is on the air, significant
reduction of surface noise on older LP’s
and 45's, and automatic “cleaning up”
of news feeds from such as bad phone
lines and shortwave off-air pickup.

It was a pleasure to use the Burwen
Dynamic Noise Filter. It performed
well and would be an item that many
an audiophile would love to have in
his system, were it not for that cost.
You know we are always looking for
fancy professional devices 1o ulti-
mately be revised and reworked and
brought down in cost to consumer
level. As precedent we have Dolby
professional A-type noise reduction,
and its oftspring, Dolby B-type noise
reduction. Who knows? Maybe Dick
Burwen has something up his slecve!

NOTE: In my column in the De-
cember issue of Aupilo, | described
the new Revox A-700 tape recorder
as the “successor’™ to the current A-77
deck. The A-700 is in fact a new
generation, higher-priced addition 1o
the A-77 line which will continue to
be marketed.
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The Model 10 Mixing Console
When you've got more talent than money

Any mixing console is simply a creative t ool you re exactly who we built this board for.
Getling the most out of it calls for - a# The basic 8-in, 4-out board starts
imaginative insight into music and} 9?;7/ j i R M al just $1890. From there you can
skill in the practical applic atlon Wi w/_!‘”’!'f; o \ \ g0 to 24-in, with options and ac-
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Audio—ETC

Edward Tatnall Canby

Standing the Strain

HE BUSINESS of audio is music,
I I've been saying all along. To-
day, it’s the music of speech
and the music of computers and
synthesizers and the music of pure
chance, translated into sound—but
still, though one man’s music is
another man’s unmentionable, music
in this widened area is audio’s main
concern. ’'m a musician, so let’s look
at music. I leave the ’scope traces and
the signal measurements to the rest
of you. They make music possible.
I'm a musician, if the often-
passionate attachment to the sound
of music, a feeling of oneness with its
audible expression, makes me a
musician. I think it does. It’s an ear
occupation from start to finish for
me. Along with a listening mind, an
in-tune emotion, plus a bit of ac-
cumulated knowledge. That helps.
My specialty, though, isn’t any one
kind of music; rather, it’s a kind
of musical sound becoming relatively
universal: reproduced sound. 1 judge
my music, relish it, hate it, am bored
or shocked or elated by it, primarily
in this area. 1 haven’t occupied the
best seat in the concert hall for
years. (Only the fringe seats, now and
then, to keep my ear in.) I spent
years of my life going to hundreds of
concerts. 1 loved ’em and still do. But
I have other musical business, these

days. Not a better business; just
different.
Because [ insist that recorded/

reproduced music has its own special
aesthetic laws, not necessarily those
of the concert, I am perhaps distrusted
by some people who think that music
1s an unalterable, inalienable and ab-
solute art, however you may hear it.
Mr. Petrillo’s “canned music” of a
generation ago came indirectly from
that idea, though he had more im-
mediate tactical matters in mind.
Like music, the only good asparagus,
I suppose, is fresh asparagus? A loaf
in the oven beats ten in the market-
place? Or, to update, no food at all
is better than--ugh—frozen food.
Plenty think so. Indeed, the whole
back-to-nature kick is an understand-
able reaction to our synthetic age.
Right! Yes, when it comes to a plain
loss of quality. But wrong if one
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ignores differences—and new advantages.
Music isn’t canned merely to preserve
it. Better no message at all than a

telephone  message? Well, hardly.
Better no news than TV news? Perhaps.
Better no travel than auto travel?

Ah ves. Get out and walk, boys.

So we won’t get far if we stick our
obstinate heads into the sands of past
time. Got to live today! Got to take
advantage of today. Music, today, is
reproduced more often than it is
original. I’'m not sorry. though a
musician’s life now is necessarily
different, if perhaps neither worse
nor better than ’‘way back. As a
listener, rather than a producer (and
listeners are still reasonably essential
to music’s existence), I find so may
new advantages to the canned sort that
I will never stop marveling until 1]
die. They are real! Even in quadra-
phonic. (Boos from the wings.) New
acsthetic dimensions, new experiences
unimaginable in the past. That’s what
we have in our present musical world,
with audio as its technology, its
communications complex. If there’s
a shortage of vinyl, or of anything
else, we may have to try to “go back
to nature”—but can we? Better no
symphonies than a symphony in the
living room??

Canned music, for me, is a way of
life and a way of infinite new listening.
[ am all ears. Certainly at a concert,
though plenty aren’t, T always was.
Now, at home. I find | can listen so
much more exhaustively, I can “emote”
so much more safely, so to speak.
I can choose and pick and eliminate,
make my own programs. But more
than anything else, I can hear music
in a vastly more varied way than would
ever be possible in the flesh., for me,
or for most people like me. Yeah, I
know. Five minutes of real live music
is better than five years of the canned
product. Yes, definitely. But not
absolutely. The canned experience has
new values, in new situations. Those
values have become far more important
than musicians know, they being
generally conservative souls! Those
values virtually are music roday. if
music means receiving as well as pro-
ducing.

As a listener to canned music, |
am a positive glutton. Not so much in
quantity as in thoroughness. We

receive hundreds of new releases for
review each year, which is a Jot more
than I can hope to hear all the way
through, as they should be heard. Yet
I try. We have a responsibility to the
record companies, as well as to you;
they depend on reviews not only for
publicity but for feedback, negative
or positive. As a some-time producer
of a handful of discs, myself, I am
acutely aware of the ume and energy
that can go into just one LP record.
I could never skim through a pile of
them without this thought. If' it were
my labor—! [ persist in trying to
work out rational means to act like
a dozen reviewers with two dozen
ears, and I could make it—I really
could. Budget my time. do so much for
cach worthy recording, plan a cam-
paign, to ensure the right emphasis
on this, and on that, on big and
little enterprises, on one type of
music and another. But what happens?

In the middle of such rationality,
I. put on some record or other and in
two minutes I'm snagged. Hung up,
fascinated, bewitched. Hooked. Stop?
How can 1?7 Every system I've ever
devised. deadlines, post office times,
all go flying out the figurative window
and 1 am stuck with music itself
Glued. pinioned, utterly immersed in
the stuft’ (Well, it’s worth a mixed-up
metaphor.) So [ play the disc once
and then I play it again. Reckless
expenditure. | have no other recourse.
The music demands it. I am no longer
the rational me, I am one large pair
of ears and connecting mind. I am
wholly emotion, reception, sensing
every twist and turn of musical thought,
of recording technique, feeling the
very presence of the musicians before
me. of the recording engineers, of
the composer’s living personality,
unfolding itself, right there in front
of me. (And behind)) I am never
more wholly alive. Talk about Higher
States of Consciousness—who neceds
’em' | have ’em. While our Editor
fumes and waits. Sorry about that,
Gene. (Yeah, me too, Ed. Ed.) That’s
what listening can be.

And it is why 1 so profoundly
distrust the idea of background music.
Not the principle of it—Mozart wrote
gorgeous background music for dining.
Ivs just the wallpaper approach that
I can’t take. Nothing-music, for non-
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PLAYS ANY 4 GHANNEL SYSTEM PERFEGTLY.
PLAYS STEREO EVEN BETTER THAN BEFORE.

Empire’s new wide
response 4000D series
cartridge features our exclu-
sive "4 DIMENSIONAL”
diamond stylus tip

This phenomenal new
cartridge will track (stay in the
groove) any record below 1
gram and trace (follow the
wiggles) all the way to 50,000
Hz. Our exclusive nude ™4
DIMENSIONAL 'diamond tip has
a .1 mil radius of engagement yet
the very low force required for
tracking prevents any discern-
ible record wear.

Discrete 4 channel
requires two full 20,000 Hz
frequency spectrums. With a
50,000 Hz response you have
plenty of extra sound to spare.

Even ordinary stereo is
enhanced...true music repro-
duction depends upon wide
frequency response. For
example; a perfect square wave
requires a harmonic span of 10
times the fundamental frequen-
cies recorded. Obviously, to
identify each instrument or
sound nuance in a recording you
must reproduce frequencies

well beyond the range of normal
hearing. Listening to a cartridge
with a response to 50,000 Hz is
a truly unigue experience. Close
your eyes and you'll swear the
sound is live. Open your eyes
and you'll never be satisfied with
anything else.

For your free "Empire
Guide to Sound Design” write:
EMPIRE SCIENTIFIC CORP,,
Garden City, N.Y. 11530.

Mfd.

TECHNICAL SPECIFICATIONS EMPIRE'S NEW 4000 D I:IIITIIIIGES

DUTPUT CHANNEL CHANNEL | TRACKING
LIST | FREQUENCY VOLTAGE |SEPARATIDN|SEPARATIDN| FORCE STYLUS STYLUS
MDDEL PRICE RESPONSE | mv perchannel| (left to right) [{front to back)] GRAMS TIP REPLACEMENT
Professional [$149.95 | 5-50.000 Hz 30 more than more than |1/4to1-1/4 | miniature nude S 4000 D/
4000 D/l 35dB 25dB diamond with White
1 mil tracing
radius “ 4 DIMENSIONAL
Deluxe $12495 | 5-45000Hz 30 more than more than |3/4to1-1/2 | miniature nude S 4000 D/
4000 D/n 35dB 25dB diamond with Yellow
1 mil tracing
radius'” "4 DIMENSIONAL
Standard $ 84.95|10-40.000 Hz| 30 more than more than |[3/4 to 2 miniature diamond S 4000 CA/
4000 D/ 35dB 25dB with 1 mil tracing Black
radius 4 DIMENSIONAL

" -Trade Mark of the Empire Scientific Corporation

© 1973 Empire Scientific Corp

Check No. 13 on Reader Service Card



listeners. Tailored and sliced to fit,
regardless of musical sense. Turn it
on and off. Walk into an elevator
and pick up the middle of a tune,
slice it off as you get out. Does i
ever occur 1o vou to wait until the tune
comes to a musical end? Even the
ads that chop off their sleazy music
in the middle of a note hurt me. An
insult to the art. Even bad music
should be allowed to have its say in
its own terms.

To my horror, lately, there are
certain ads for eelymosonary (urf—
how do you spell that?) or charitable
concerts of “great music” which use
that very music as their sonic wall-
paper. brutally sliced up to fit. Out-

rageous. Have we no longer any
musical standards? 1 don't mean
quality standards. 1 mean simply

standards of respect for the musical
expression itself. Yes, we do make
music collages, I'll admit, sliced up in
the contemporary fashion, and 1 have
often done this myself in taped pro-
ductions. But this is conscious, with an
aesthetic, dramatic intent. It is NOT
the wallpaper approach. Not always,
anyhow.

The trouble with large numbers of
us is that we take our music the way
we take, maybe, pleasant weather.
Nice to have around. Even worth
seeking out. Just as soon have it
when convenient. Or leave it. The
interest is skin deep. Since music
is almost everywhere these days and
background music is useful because
on the air it means “this is a commer-
cial,” we develop the non-listen
syndrome only too easily. Can’t
really blame us. But it’s BAD, never-
theless. Because it destroys one of
life’s real experiences—listening in
depth, in total concentration, out of
knowledge, to sounds that are worihy
of that concentration. That 1s what
music has been, and still is, thanks
to audio. But the going is tough. It’s
an uphill fight.

Let me tell you, the finest, most

persuasive reason for quadraphonic
sound in MY book is that inherently
it demands and gets attention. It
forces you to listen. You can’t avoid
the message, loud and clear. Wow—
is that dynamite.

[t seems to me that the classical
musicians should be the very first to
acclaim it. Where clse is their salvation?
People listen less and less to more
and more, which surely spells the
doom of “serious”—that is, contentful—
music. Unless people are persuaded to
listen, really listen.

Of course quadraphonic is merely
a physical medium with no inherent
artistic quality in itself. other than
technical. (Don’t think that audio
isn’t an art, too—[ am aware of this.
The art of fine engineering.) But it
does provide new facilities, new sonic
values that point, even urge, towards
real listening. You can’t avoid it
Quadraphonic wallpaper, frankly. is
a contradiction of sense. Why give
music more impact, more push, why
provide it with more detail, with
greater message-carrying ability, with
more ‘“‘handles” for the ears, if you
aren’t going to listen? You’ll have to
fight nor 10 listen. Splendid thought.

Wow—just imagine quadraphonic in
that elevator. Don’t forget that the
four-way medium is at its best in a
small room space, where the built-in
space clues of the recording are
immediately at hand and unconfused.
I’'ve heard superb quadraphonic in a
room not much larger than an elevator.
Huge hall, all around me. Is that what
we want in our elevators, when the

doors close? | begin to wonder.
* %k %k k

And so, in the very middle of a vast
spate of catch-up work on record
reviews, [ go and get hooked on one
recording, and can’t stop. 'm proud
of it, though the Editor may groan
and probably will. Yesterday, to my
intense surprise, it was Paul Simon
(There Goes Rhymin’ Simon). I can
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be fascinated by gentle sounds like
his. surround sounds, in SQ. Simon is
such a stylist, so ingeniously twisting
his music in unexpected directions.
Have you discovered that his American
Tune (side 2) is built straight out of
the Passion Chorale. the famed ancient
Lutheran hymn tune that appears in
Bach’s Si. Maithew and Si. John
Passions and a thousand other places,
before and since? Not a word on the
record. It doesn’t say so. | heard so.
Why? Ask Paul! I played the whole
record through twice-and [ cant
even review it. Naughty, naughty,
Canby. Play the right records. Ration
your ears. (But I can’t and won’t))

Then there was, Haydn. I had as-
sembled a good batch of Haydn and
Mozart recordings with the thought
of an interesting group of related
reviews. Fine idea. Until I got to
London's STS 15249/54, six discs
stereo. No review! It was the Complete
Symphonies of Haydn, Volume Six,
Nos. 36 to 48, and the instant that
music began, | was lost. (And [ had
been so anxious. t0o, to get London’s
music represented in our pages—maybe
this will help.) Stuck again, in total
bliss. Haydn is one of my top con-
sciousness-raising  composers  when
he is rightly performed. This is one
of the finest sets of Haydn symphonies
[ ever hope to hear, 'way ahead of
all others. Right in the middle of the
album is my all-time favorite, No. 45.
Plus its immediate neighbors, mostly
brand new to me. ['ve been waiting
quite literally a lifetime for this. So
do 1 just skim the 12 sides? (Would
you really imagine 1 could do that?)

Nope. 1 spent all afternoon, and
most of an evening, absolutely im-
mersed (as [ say), striding around my
quadraphonic  enclosure.  reading
Robbins Landon’s immense booklet of
notes—anything so long as that music
didn’t stop. (Landon is a kindred
soul! He knows what [ know about one
of the great musical minds.) [ was,
and am. unhinged. My schedule is
shot. Haydn drips from my ears;
that’s why 1 quit, to write this. But
do you think I'm not going back 10
that album, when the drip ceases?
You bet I am. Lucky they didn’t
send the other five volumes. Yep,
I’'m a real musician.

Should 1 give up, then, and like
some monk turn over my life to
London and to Haydn, assuming they
complete the approximately 55 LPs
contemplated? 1 could! I'd need the
time. But no. For tomorrow Tl
accidentally get stuck on something
else. It’s a great idea, listening to
music. If you can stand the strain. &
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SEND CARD FOR FREE
HEATHKIT CATALOG
DISCOVER THE SATISFACTION

OF BUILDING-IT-YOURSELF

More features & performance for your dollar
with direct-to-you Heathkit szvings. No
experience or special skills required.

Over 350 kits to choose from:

e COLOR TY o RADIO CONTROL

© STEREQ HI-FI © TEST INSTRUMENTS

® FISHING & MARINE @ ELECTRDNIC ORGANS
o HAM RADIO o WEATHER STATION

o HOME APPLIANCES o DIGITAL CLOCK

© CALCULATORS © ULTRASINIC CLEANER
© TREASURE FINDERS o TRAIL B'KE

o AUTO TUNEUP ... HUNDREDS MORE!
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Announcing the new

Heathkit AR-2020 4-Channel

minimum
inverstmentin

maximum audio
enjoyment...only 24995

The enjoyment of 4-channel sound is now within almost everyone's
budget. The new Heathkit AR-2020 4-Channel AM-FM Receiver was
planned from the start to give more 4-channel performance for your
dollar than you can get anywhere else. And the kit-form components
go together so easily you'll wonder why you ever considered costly
ready-made gear.

The conservatively-rated four-section amplifier delivers a clean 25 watts
IHF, 15 watts continuous, per channel into 8 ohms. The AR-2020 is de-
signed for maximum versatility with individual level controls for precise
adjustment of each channel, a master gain control, and built-in SQ
circuitry so you can reproduce matrixed 4-channel material as well as
discrete 4-channel, stereo or even mono through four separate amps.
A versatile rear panel phone socket arrangement provides inputs for
Phono, Tape, Auxiliary — plus outputs for “Tape Out". Front-panel push-
button switches give you fingertip control of on-off, speakers, and all
modes of operation. Two front panel headphone jacks are provided for
private listening.

The tuner section boasts two integrated circuits and two ceramic filters
in the IF to produce a selectivity greater than 60 dB, with superior am-
plifying/limiting characteristics. A phase lock multiplex demodulator
offers 40 JB typical channe! separation at less than 0.75% distortion.
The FM tuner, providing 2 uV sensitivity with a 2 dB capture ratio,
comes preassembled to make kit-building even easier.

AM-FM Recelver

Send
for your

FREE
Heathkit

The Heathkit AR-2020 — one of Catalog

the most outstanding quality/price
values on the 4-channel market. ]
Kit AR-2020, includes cabinet, 31 Ibs. ....249.95*

AR-2020 SPECIFICATIONS

AMPLIFIER SECTIONS — Dynamic power output per channel (Music Power
Rating): 25 W (8 ohm load)*, 30 W {4 ohm load), 14 W (16 ohm load). Contin-
uous power output per channel: 15 W (8 ohm load), 20 W (4 ohm load), 10 W
(16 ohm load). Power bandwidth for constant .5% total harmonic distortion: 5
Hz to 30 kHz. Frequency response (1 W level): =1 dB 7 Hz to 50 kHz. =3 dB 5
Hz to 70 kHz. Harmonic distortion: Less than 0.5% from 20 Hz to 20 kHz @ 15
W output. Less than 0.25% @ 1000 Hz with 1 W output. Intermodulation distor-
tion: Less than 0.5% with 15 W output. Less than 0.25% @ 1 W output. Damp-
ing factor: Greater than 30. Input sensitivity: Phono: 2.2 mV. Tuner, Aux, Tape:
200 mV. Input overload: Phono: 35 mV to greater than 5 V. Tuner, Aux, Tape:
Greater than 3.0 V. Hum and noise: Phono: —60 dB. Tuner, Aux, Tape: —70 dB.
Tape output: 0.4 V out with 0.2 V in. TUNER SECTION — FM (mono) — Fre-
quency response: =1 dB, 20 to 15,000 Hz. Sensitivity: 2 4V.* Selectivity: 60
dB." image refection: 50 dB.* IF rejection: 75 dB.* Capture ratio: 2 dB.* AM
suppression: 50 dB.* Harmonic distortion: 0.5%.* Intermodulation distortion:
0.5%." Hum and noise: 60 dB.* Spurious rejection: 70 dB.* FM (stereo) —
Channei separation: 40 dB typical. Frequency response: *1 dB from 20 to
15,000 Hz. Harmonic distortion: 0.75% @ 1000 Hz with 100% modulation. 19
kHz and 38 kHz suppression: 60 dB. SCA suppression: 55 dB typical. GENERAL
— AC outlet sockets: 2, 1 switched and 1 unswitched. Dimensions: 5” H x 20"
W x 147 D. *Rated IHF Standards.

17995

New Heathkit 4-Channel Amplifier divides 100 watts
IHF into any format you choose

Our AA-2005 4-Channel Amplifier will reproduce any discrete or matrixed 4-channel ma-
terial on the market today. You can use it as a monophonic amplifier, stereo amplifier or
as four individual amplifiers. Performance is impressive — 25 watts IHF, 15 watts contin-
uous per channel; power bandwidth 5 Hz to 30 kHz for 0.5% THD; intermodulation distor-
tion less than 0:5%; hum and noise, —60 dB for phono, 670 dB for tuner, auxiliary and
tape. Complete specs are given in the amplifier section of the AR-2020 above. For quality,
performance and price, you can't find a better 4-channel amplifier value.

Kit AA-2005, includes cabinet, 28 IDS. .. ........ e 179.95*

HEATHKIT ELECTRONIC CENTERS

Units of Schlumberger Products Corp.
ARIZ.: Phoenix; CALIF.: Anaheim, E| Cer-
rito, Los Angeles, Pomona, Redwood City,
San Diego {(La Mesa), Woodland Hills;
COLO.: Denver; CONN.: Hartford (Avon);
FLA.: Miami (Hialeah); GA.: Atlanta; ILL.:
Chicago, Downers Grove; IND.: Indianapo-

Free ’74 Heathkit Catalog

The FREE 1974
Heathkit Catalog
has over 350
easy-to-build
kits — in all
price ranges —

Heath Company
Dept. 41.2
Benton Harbor, Michigan 49022

,_—-_ HEATH
Schlumberger [l

[ Piease send my free 1974 Heathkit Catalog.

o ——— - ———— ]

e m e -y

lis; KANSAS: Kansas City (Mission); LA.: offering better O Enclosed is $ , plus shipping.
New Orleans (Kenner); MD.: Baltimore, performance
Rockville; MASS.: Boston (Wellesley); features for Please send model(s)
MICH.: Detroit; MINN.: Minneapolis (Hop- less money —
kins); MO.: St. Louis; N.J.: Fair Lawn; N.Y.: and "‘f satis- | Name
Buffalo (Amherst), New York City, Jericho; faction of build-
L.1.: Rochester; OHIO: Cincinnati (Wood- ing Y°fuf OWn. g Address
lawn), Cleveland; PA.: Philadelphia, Pitts- se"df or your
burgh; R.1.: Providence (Warwick); TEXAS: ree %093{ City. State Zip
Houston; WASH.: Seattle; WIS.: today! *Mail order prices; F.0.B. factory HF-280 1

Dallas,
Milwaukee.
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MAGNEPLANAR™
loudspeakers are . .

extremely realistic sounding —
and they're only 1” thick. Our
top-of-the-tine Tympani series
which look like folding floor
screens are sold through Audio
Research dealers. We now have
smaller, less expensive models
available at the following
dealers:

University Stereo / Ridgewood, N.J.
Transcendental Audio / Buftalo, N.Y.
Hi-Fi Gallery / Indianapolis, Ind.
Hi-Fi Gallery / Evansville, Ind.

Audio Unlimited / Arlington Hts., ili.
The Stereo Shop / Cedar Rapids, la.
The Gramophone Ltd. / Norman, Ok.
Audio Uncommon / Portland, Or.
Sound Center / Beverly Hills, Ca.
Stereo Hi-Fi Center / Gardena, Ca.
Garland Audio / San Jose, Ca.
High-Fidelity House / Wayne, Pa.

Contactus if there is no dealer in your area.

IllIIIMAGNEPAN
1" MAGNEPLANAR *PRODUCTS
P.O BOX 8642. WHITE BEAR LAKE. MINNESOTA §5110

Dealer inquiries welcome

Check No. 65 on Reader Service Card

Introducing the
TL-90

The TL-90 by Audionics™ incorpo-
rates a full complement of
RADFORD components with
transmission line bass loading.
The TL-90 is one of four high per
formance transmission loud-
speakers from Audionics. Write
or call for the name of your near-
est dealer.

~Assembled in U.S. under hicense by Rad-
tord Audio Ltd.

AUDIONICS, INC.
8600 NE Sandy Blvd.
Portland, Oregaon 97220
503-254-8224

Check No. 4 on Reader Service Card

Dear Editor:

Hurray for Heyser

Deur sir,

Congratulations on your new speaker
tests. The precision of Mr. Heyser’s
tests and the candor of his evaluations
of the data are very helpful. I am es-
pecially appreciative that he has the
courage to follow his measurements
with  “Listening Tests,” putting the
speaker’s strengths and weaknesses as
he hears them into proper perspective.
May he give us many more equipment
profiles.

H. Kevil
Kirkwood. MO

Dear sir.

Congratulations on the selection of
Mr. Heyser as your loudspeaker re-
viewer. It is high time that we in the
U.S.A. have a magazine publishing
tacts bascd on scientific measurement
techniques.

While | recognize that some loud-
speaker manufacturers may look with
disdain and despair that the days of
“black magic” are coming to an end,
I for one am delighted.

R. Stoklos
SARAS of America
Venice, Calif.

Speaker Comparisons
Dear sir:

[ am writing in order to start a
subscription to Auplo. The reason for
this, and this extended letter, is to
encourage you in your magazine’s
recent speaker testing methods. The
inclusion of Mr. Heyser’s expertise
places AUpIO and its management on
a plane of commitment to the audio
consumer which is unapproached by
any other publication.

1 might add that [ subscribe to three
“audio cultist” publications. These are
not technically oriented publications,
rather they specialize in detailed sub-
jective evaluation.  Their methods
operate on the ultimate criterion of
audio performance, but this very
subjectivity is at once a source of
candor and confusion. Clearly. objec-
tive testing methods are important
when time and expense are involved
in personal surveys of the audio world.
Thus, they may provide a method of
market screening. The failure of test
results to correlate with subjective
quality is well known. The impact of
this disparity is most marked in
speaker testing. It is for this reason
that Mr. Heyser’s eftforts and AuUDIO’s
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editorial judgment are especially note-
worthy.

I am sure that the editor will receive
strong opinions in both extremes of
the reader response spectrum. Never-
theless, I would add one suggestion,
as Mr. Heyser’s methods require a
backlog of comparison. Would it be
possible to establish a comparison of
widely known speaker types such as
full-range electrostatics, horn-loaded
drivers, direct radiators, etc. Also 1
should think that these methods would
be limited to speakers above the
bargain basement and console level
of quality. Finally, [ was pleased 1o see
Mr. Heyser’s subjective opinions show
an interest in music and a realization
that the perfect speaker does not exist.
I would have been disappointed to
conclude the review with the sort of
strained neutrality one finds in AUDIO’s
competitors.

L. E. Larsen, M.D.
Houston. Texas

Thank vou for your kind words
concerning Mr. Hevser’s addition to our
testing staff. Objective test methods are
a good way 10 screen svsiems, as you
point out. bur subjective assessment by
the buyer and the reviewer should be the
final touchstone. as Mr. Heyser men-
tioned in his article. After a number of
speakers have been tested. it may be
possible 1o rank them by design type,
and we would be interested in additional
reader and manufacturer comment both
on this point and Mr. Heyser’s reviews
in general.

Custom Home Installations
Dear sir,

Excellent publication you have, keep
up the good work. 1 have one sug-
gestion. which from time to lime you
already have done. Articles about
custom home installation almost always
contain information useful to all
There is always at least some small
aspect about somebody else’s installa-
tion that I haven’t thought of, and
maybe there are others such as my-
sell. Your April 1973 article on Arne
Berg's home setup was most interesting
and thought-provoking.

Robert A. Crapo
Gainesville, Fla.

We'd like to hear from other readers
who feel that more articles on custom
home installations would be a welcome
addition.—Ed.
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What makes Evolution One sound so good
are all the speakers which
are supposed to

sound so much better.

m 1

e

Some horest talk about
a new speaker and its non-
revolutionary advances.

Is the world ready for a non-
revoluzionary speaker?

We think the se-ious listener
micht oe. Behird the develop-
ment of Evolution One is the
same philosopny that has made
Sherwood a leading name in
recaivars.

We ve deliberately not sought the
sensalional breakthroughs.

We put the empghasis on refining
technologv whizch currently
exists. Refining, perfecting,
evalving tte state of the art.

Our design engineer.

Great design only comes from
great designers.

Which is why our Director of
Loudspeaker Design and
Research, Charles L. McShane,
is an important factor in the
development of this new speaker.

He has spent over twenty years
in research and design of
loudspeakers. With the top
manufacturers in the industry.
His design credits include some
of the best selling acoustic-
suspension speakers now on the
market (several are considered
standards of the industry).

Equally important, he believes,
as Sherwood always has, in
design simplicity.

No tricks. No gimmicks.

Youwill find Evolution One is the
essence of simplicity.

A two-way loudspeaker system
utilizing a 10-inch woofer and a
1.3-inch tweeter. It is an acoustic
suspension design.

While the design is fundamentally
simple, the execution involves a
variety of techniques which
cumulatively produce a
remarkable sound.

Just how good is it?

You'll be surprised. Especially
when you pit it against speakers
three and four times higrer

in price.

It has an extraordinary wide 5
range. Low distortion at a//
frequencies. Wide dispersion.

And uniform flat response.

In fact, its low frequency output
and distortion are betterthan any
speaker system we know of for
home use.

The one revolutionary feature.

We have priced the Evolution
One speaker at under $120.
When you hear how it sounds,
you'll know why we think that it
offers the outstanding
performance-per-dollar we're
famous for.

Write us for complete informa-
tion, and the list of selected
Evolution One loudspeaker
dealers.

Sherwood Electronic Laboratories
Loudspeaker Division

4300 N. Califormnia

Chicago, lllinois 60618

evolution one
Another best buy from Sherwocd

Check No. 32 on Reader Service Card




Editor’s Review

HE 100th ANNIVERSARY of the birth of Guglielmo
TMarconi, the father of the radio, will be honored

at a half-day symposium entitled “The Marconi
Centenary” on February 25th. The intent of the
symposium, arranged by Wilmot N. Hess, director of
NOAA’s Environmental and Research Laboratory,
Walter Orr Roberts of the University Corporation for
Atmospheric Research, and H. W. Leverentz of RCA
Laboratories at Princeton, will be to discuss Marconi’s
contributions to the field of radio. The symposium
will also cover the evolution of radio into a multi-
billion-dollar-a-year enterprise and the many new
fields of science which have been opened up by
Marconi’s work.

The program will begin with Marconi’s daughter,
Mrs. Braga, who will reminisce about her father.
Following will be discussions of the developments
which emerged from early radio, including transistors,
computors, radio astronomy, etc.—achievements stem-
ming largely from the work of Marconi.

Golden Lyre Awards

The Institute of High Fidelity has honored Aupio
Magazine by presenting its Golden Lyre Award to our
Marketing Director of long standing, Sanford Cahn.
Mr. Cahn, who has been involved with the magazine
since the late 40's when it was known as Audio
Engineering, accepted the award at the recent Phila-
delphia Hi-Fi Show. Golden Lyre Awards were also
presented to the Philadelphia Orchestra and to Phila-
delphia radio station WMMR-FM.

Armstrong Awards

Some $4,000 in prize money will be given out at
the tenth annual Armstrong Awards Program for the
best FM radio programs broadcast during 1973.
More than 3,000 FM radio stations in the U.S. and
Canada have been invited to participate in the com-
petition, which is being sponsored by the Armstrong
Memorial Research Foundation. It is administered
by the Columbia University Engineering School.
where the late Major Edwin H. Armstrong was a
professor and researcher.

The major awards, divided into eight $500.00
prizes, are awarded for excellence and originality
in four categories: news, community service, education,
and music. Half the awards go to commercial stations,
and the other four to non-commercial outlets.
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Deadline for entries is February 18th, 1974, Entry
forms may be obrained by writing to Executive
Director Armstrong Awards, 510 Mudd Building,
Columbia Univ.,, New York, N.Y. 10027.

“Aw, Gee Whiz'' Dept.

The following is a verbatim transcription of the
first six paragraphs of a press release recently re-
ceived in the Audio Editorial Offices:

“The energy crisis is beginning to knock low
priorities off their rock-bottom perches. Christmas
lights are hoisted but never lit, Las Vegas casinos
darken their miles of neon tubing, we all begin to
work and play in surroundings that are a mite dimmer
and cooler. . . .

“ . . and Ringo Starr’s flashing billboard gets a
power cut in the glitter burg of Hollywood.

“The billboard, located so that it is unignorably
noticeable to drivers on both the Sunset Strip and
La Cienga Blvd., spells out the letters of the Apple
artist’s famous first name one by one via the bril-
liance of sundry lightbulbs, in a glaringly entertaining
manner that has all of Hollywood, and certain areas
of Lompoc, talking about it.

“Including Charlie Van Dyke, who remarked on
his morning KHIJ radio program that, however
amusing the blazing billboard might be, there were
the following questions to be considered: the energy
crisis (though it eats a miniscule amount of power
compared to, say, the World Trade Center, the bill-
board nevertheless eats) and personal discomfort
(Charlie lives near the sign and was being kept awake
at night by its indefatigable resplendence).

“So: taking all interests to heart, the people at
Apple and Capitol decided to limit the Ringo bill-
board’s hours of luminosity. At 1:00 AM Tuesday
morning, November 20, the sign was shut off, not to
be relit until 4:30 PM the next afternoon, and the
same schedule shall follow each day as long as the
sign stands . . . flashing R-I-N-G-O from 4:30 PM
to 1:00 AM, nonoperative the rest of the time.

“Mr. Van Dyke has expressed his approval re-
garding the Apple/Capitol move. He counts far fewer
sheep before shuffling off to dreamland now, thus
being able to disperse his AM. wit and music over
Southern California more chirpily. More power to
him, even if it means less going to Ringo’s sign.”

EP.
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STEREO |
and MATRIX

XV-15 1200 E

For the world of STEREO—
XV-15/1200E

Designed for use with all stereo and four-channel
derived compatible systems.

“PRECISION" is the one word that best characterizes
the extraordinary quality of the new Pickering XV-15/
1200E cartridge. We sincerely feel that the 1200E is
the furthest advance achievable today—and perhaps
in the foreseeable future—in stereo cartridge design
and performance. lts exceptional ability to pick up
all the material recorded at the lightest possible track-
ing forces make it totally unique and superior.

And all of Pickering's exhaustive testing shows that
the 1200E is superior in the flatness of its frequency
response and channel separation in comparison to
competitive cartridges.

SPECIFICATIONS:

Frequency Response: 10 Hz 10 30 kHz
Channel Separation, Nominal 35dB
Tracking Force: Y gram, + V2 gram, —Y% gram.

44 mv

Nominal Qutput:

Styius Tip: 0.0002” x 0.0007"

DISCRETE
4-CHANNEL

UV-15/SERIES

For the world of DISCRETE 4-CHANNEL—
UV-15/2400-Q

Designed and engineered specifically for
playback of discrete recordings.

The discrete 4-channel system requires a
completely new cartridge that could not
only faithfully reproduce the 20 Hz to 20 kHz AM sig-
nals, but also the 30 kHz FM modulated signals. The
result is the Pickering UV-15/2400-Q. It consists of a
completely redesigned cartridge and a new high per-
formance stylus assembly, the Quadrahedral™, spe-
cially developed for this application. The UV-15/
2400-Q performs in a superior manner by every test,
and is capable of satisfying all technical and aesthe-
tic requirements for playback of both discrete and
stereo disks. Moreover, its stylus is designed to re-
duce record wear.

UADRAHEDRAL™

SPECIFICATIONS:
Frequency Response*: 10-50.000 Hz
Channel Separation 35dB
Tracking Force" 1-3 grams
Qutput™ 36mv *2dB
Stylus: Quadrahedral
Notes: | Recommended by manufacturer for optimum

pertormance 2 When the cartridge is terminated in the
recommended !oad of 100K ohms and 100 PF. 3. OQutput

r your equipment is the best cartridge money can buy.

' with reference to 5.5 cm/sec record velocity
PICKERING | The right Pickering cartridge fo

‘for those who can hear the difference”

For further information write Pickering & Co., Inc., Dept.D, 101 Sunnyside Boulevard, Plainview, New York 11803

Check No. 24 on Reader Service Card



Thermal Design of
A High-Power Amplifier

HE DETERMINATION of how to
| remove heat from the power
transistors IS an  important
aspect of the design of power ampli-
fiers. This task. which separates the
design of power amplifiers from that
of most other audio components, is
called thermal design. The thermal
design of the Bose 1801 amplifier,
which delivers 250 watts (rms) per
channel into 8 ohm loads. illustrates
several little-understood concepts.
Thermal design requires the answers
1o three questions: (1) How high
should the temperature be allowed
to get? (2) How much power must be
dissipated? (3) How is this to be done?
The answers to these questions are
not always simple. This 1s illustrated
by some common misconceptions. Do
you believe that a 500 W amplifier

J. L. Veranth*

needs twice as much heat sink as a
250 W amplifier, or that an amplifier
generates much more heat when
operated at full power than at half
power? Do you believe that an ampli-
fier is ever used at half power, or
that a high-power amplifier will be
more reliable than a  low-power
amplifier, since it just loafs most
of the time? If so, you may be sur-
prised as we study thermal design.
The temperature of amplifiers is
normally limited by three considera-
tions. First, no exposed parts should
get so hot that they pose a hazard to
the user in terms of burned fingers.
Second. the temperature must be
limited to provide adequate operating
margins for power transistors. Tran-
sistors are reduced in capability by
higher temperatures and must be
derated accordingly. A typical manu-

transistors is shown in Fig. . Higher
temperature means that more tran-
sistors are required to do a given
job. Third. the reliability of most
components is reduced by higher
temperatures. The power transistor
and heat sink temperature determine
the environment in which these
components must operate. The life-
time of electrolytic capacitors. for
example, is strongly dependent upon
temperature. as shown by the manu-
facturer’s data in Fig. 2. On the
other hand, heat removal costs
money, so that making it too cool
can be expensive. This trade-off
is usually weighed by the engineer
and results in the selection of a
maximum operating temperature. A
temperature of 65 C. (150" F.) is
frequently chosen. since it is cool
enough to avoid hazards and to

*Bose Corporation facturer's derating curve for power provide adequate device margins.
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Fig. 1—Power transistor derating (dissipation-limited Fig. 2—Electrolytic capacitor lifetime.
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Selection of the temperature allows
calculation of device parameters.
worst-case  variations, and expected

reliability. A thermostat is then
chosen and located so that the hottest

spot in the amplifier will never
exceed the desired limit.
The determination of how much

power must be removed sounds simple.
The power comes primarily from
dissipation in power transistors. The
operation of an amplifier power
stage is illustrated in Fig. 3. Power
is supplied to the power stage from
the power supply by means of two
voltages +V. and -V.. This power
is transferred to the load through
power transistors. In a class B ampli-
fier only one set of transistors is “on”
at any instant (except perhaps for
insignificant bias currents). Therefore,
the current flow in the power tran-
sistors is always equal 1o the load
current. Whenever the voltage across
the load is less than the supply
voltage, the difference between the
supply voltage and the output voltage
is developed across the power tran-
Sistors.

In order to illustrate more clearly
how the power stage operates. let
us consider a resistive 8 ohm load
and a power supply voltage of + 100

neous voltages and currents which
may occur across the load and power
transistors for scveral cases of opera-
tion. Since an 8 ohm resistive load is
being considered, the load cuirent
will always equal one eighth of the
load voltage at any instant.

Four cases of load and
operating conditions are presented
in Table [. Since these are instan-
taneous voltages, currents. and watts,
the numbers will not be exactly the
same when considering the average
value of ac. voltages, currents. and

transistor

watts, but the trend will be similar.
This data, therefore, illustrates two
significant  points. (1) Full-power

operation is not the worst-case amp-
lifier condition, since the transistors
then dissipate very little power
relative to the load. (2) A high-power
amplifier works harder to put out a

given power than a low-power
amplifier. This can be checked by
trying the 8 W load case while

assuming only a 25 V power supply.

Of course, this description has been
oversimplified by looking at instantan-
eous values of voltage, current. and
power. For a thermal analysis, we must
consider average dissipation. The
calculations are commonly done for
continuous sine-wave signals, as in

volts. Let us look at some instanta- rms power testing. We must also
+Ve
POWER TRANSISTOR (S)
DRIVE &— LOAD
CIRCUIT _]_

Fig. 3—Amplifier power stage.

POWER TRANSISTOR (S)
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The Real Operating Environment
There has been a great deal of
discussion on how much amplifier
power is required in the home
listening environment. This depends
upon the efficiency of the loud-
speakers, the size and acoustic pro-
perties of the room, and individual
listening taste. Instead of providing
another opinion on the subject, we
determined the actual operating con-
ditions of home stereo systems. The
questions answered are:
t. What is the background noise level
in the typical home listening room?
2. What are the typical listening levels?
3. How much power is used to pro-
duce these levels?

These were not laboratory tests
but actual measurements made in
several dozen homes using the stereo
equipment and room configuration
found there without alteration. Qur
equipment consisted of a voltmeter,
portable sound pressure level meter,
and test recording. A 1 kHz warble
tone was used to measure speaker
sensitivity with minimum disturbance
by room modes. The subject selected
his own recordings for determining
listening levels.

Wide variations in environment,
equipment, and taste preclude the
determination of a “norm.” Instead,
we attempted to establish the extremes
by selecting subjects which maximized
these variations. All types of equip-
ment  were represented  within  the
constraint that the user felt it was
of adequate quality not to restrict his
or her listening habits. The results,
which  should not be considered
definitive bounds. are listed below:

Background Noise

Level, dBA

Listening Level,

Background Music. dBA 48-82
Listening Level, Critical

35-68

Listening. dBA 59-95
Level Produced by
I Vrms/speaker, dBA 74-85

The 60 dB difference between the
loudest listening level and the lowest
noise level indicates that these
listeners were unable to utilize an
equipment signal-to-noise ratio greater
than 60 dB referenced to average
output. It is also significant that a
95 dB level could be produced by 3
Vrms (1.1 W into 8 ohms) in some
systems and would require 11 V (I5W)
in others. The startling conclusion for
those users surveyed is that an
average listening level of 95 dB meets
the need even for critical listening.
To produce this level. a continuous
amplifier power of only [5 watts is
required! Where does the rest go? Read
the accompanying article.
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recognize that an unregulated power
supply will droop at full load from
V. to an average of aV,, and that the
amplifier at low frequencies will
deliver an output voltage less than
the instantaneous power supply
voltage by a factor of B. Knowing
these factors, we can express power
dissipation (Pg.) in terms of power
output (P,) and rms power rating

(Popec):

4 [P...
Pai =1 +a
- P, P,
P 7B (l—7 + am) ) |
spec

For a equals 0.9 and B equals 0.95
the results are shown in Fig. 4. Note
that the dissipation is nearly constant
for output greater than about half
power. You may have heard the story

that a high-power amplifier will be
more reliable because it just loafs
at lower power levels. But note that
to play at 10 watts, a 25 W amplifier
must dissipate 20 W, whereas a 250
W amplifier must dissipate 88 W!
If you buy the high power amplifier,
it should not be because it loafs.
Actually, all this theoretical analysis
does not completely answer the ques-
tion of how much power must be
dissipated in a 250 watt amplifier.
The reason I might buy a 250 W
amplifier instead of a 25 W amplifier
is because of the extra 10 dB of head
room. The ratio of the peak power in
a music waveform to the peak power
in a continuous sine wave of the
same average power is called the crest
factor of the music. A 25 W amplifier
would be driven into clipping when
played at an average level of 5 W
with any music which had a crest
factor greater than 7 dB. A 250 W
amplifier would be clipped if the

CASE LOAD TRANSISTORS
Volts Amperes  Watls Volts Amperes  Watts
1 1 1/8 1/8 99 1/8 12
2 8 1 8 92 ! 92
3 48 6 288 52 6 312
4 88 11 968 12 11 132
Table 1.
1.0
0.9
0.8 //
o //
0.6 /
Pa:
diss 0.5
Pspec
0.4 /
0.3
0.2
0.1
[¢]
01 ©02 03 04 05 06 07 08 09 (.0
Po
Pspec
Fig. 4—Amplifier power dissipation per channel.

26

music had a crest factor greater than
17 dB. Most musi¢c has a crest factor
between 10 dB and 20 dB (my taste
runs toward the high end), which
indicates that 1 really could not use
my 250 W amplifier at average levels
much above 5 W without frequent
clipping anyway. (The fact that the
amplifier has a higher IHF or peak
power capability than its rms capa-
bility gives me, roughly, an extra 2
dB which is neglected for simpli-
fication because the extra margin
vanishes, as a practical matter, on a
long organ pedal or synthesizer note
anyway).

The question of how much power
is really “needed” is a subjective
question beyond the scope of this
discussion, but the results of some
surveys may be found in the box.

As a real test of thermal require-
ments, a continuous tape loop of
music with the lowest crest factor
I could find (and therefore the highest
power demand) was played at a level
where frequent clipping occured on
the Bose 1801. Monitoring of tempera-
tures with thermistor gauges indicated
that this was thermally equivalent
to an average dissipation of 110
W/channel, corresponding to a sine
wave output of only 18 W! This
continuous-loop operation undoubtedly
exceeds most typical home require-
ments. In fact, we have concluded
that for normal home music reproduc-
tion, where operation is intermittent
and the amplifier is seldom clipped,
a 250 W amplifier need dissipate
only 100 W/channel.

This is all the information needed
for thermal design. The 100 watts
per channel must be removed from
the power transistors without allowing
the transistor temperature to exceed
65 C. at room temperatures up to
30° C. (86" F.). The heat sink parameter
of significance is called thermal
resistance:  The temperature rise
(35° C)) divided by the power-flow
(100 W), or in this case 0.35 °C/W.

To choose a heat sink, a simple
modeling technique shown in Fig. 5
is used. The structure is drawn and
divided into simple sections for
which the thermal resistance can be
calculated. These thermal resistances
are replaced by electrical analogs.
For example, a section of aluminum
becomes a resistor of value equal to its
thermal resistance, a source of power
becomes a current source, and tempera-
ture rise between two points becomes
the voltage drop as illustrated in Fig.
5a. The mechanical structure of Fig.
5b, which consists of power transistors
dissipating powers P,, and P,, a heat

AUDIO + FEBRUARY 1974



Say farewell to the grand old DC300, and welcome to
THE PROBLEM SOLVER, the amp that is going to make
your job easier and your customers happier. The original
model DC300 was a great amp — the first super-power
low distortion amp in the world, when Crown introduced
it five years ago. Meanwhile, top sound systems design-
ers have used it successfully in hundreds of demanding
situations, and made some excellent recommendations
for improvements. The response of the Crown design
team was not an updated DC300, but a totally new and
different amplifier, the DC300A. It is the only high
power low distortion amp specifically designed for com-
mercial sound applications. (CAUT/ON: There are some
large consumer-type amps attempting to sell in the com-
mercial sound field without providing adequate continuous
power for all load impedances.)

Power You Can Count On

The New DC300A has double the number of output
transistors, effectively twice the muscle of the old DC300
at the same price. Each channel has eight 150-watt
devices for 1200 watts of transistor dissipation per channel.
The DC300A is rated at 150 watts per channel continuous
into 8 ohms or 300 w/ch continuous into 4 ohms (both
channels driven) and 500 watts continuous into 2.5 ohms
(single channel driven).

Two Amplifiers in One

As a dual-channel amplifier with separate level con-
trols and circuitry for each channel, the DC300A is
almost two amplifiers in one. This gives you additional
flexibility in controlling your speaker load, as when driv-
ing separate front and back speaker systems in a large
auditorium, or when bi-amping a system. For 600 watts
continuous output at 8 ohms, the DC300A converts to a
mono amp with two plug-in parts. This makes it possible
to drive a 70-volt line directly without a matching
transformer.

Superior OQutput Protection

The DC300A output protection circuitry is a rad-
ically new design which completely eliminates DC fuses
and mode switches and further reduces service problems
to the negligible level. It is superior in every way to the
old VI-limiting circuit pioneered by Crown and now
used by most other high power amplifiers, since it intro-
duces no flyback pulses, spikes or thumps into the
output signal, whether operating as a single-or dual-
channel amp.

% THE
PROBLEM
SOLVER

Gone too is the need to baby the amp by carefully
juggling load configurations. The Problem Solver can
drive any speaker load — resistive or even totally
reactive — with no protection spikes! Parallel speakers
with no deterioration of sound quality, since changing
the load impedance only affects the maximum power
available, not the ability of the amp to keep on producing
clean sound.

Lowest Distortion and Noise

Also new is the DC300A’s IC front end, which sets
new world’s records for low distortion and noise. At
the 8-ohm rated output, IM and harmonic distortion is
less than 0.05% full spectrum; hum and noise is 110db
below. Servicing — if ever necessary — is a snap, since
removing the front panel accesses the entire circuitry.

Although it is a completely redesigned model, the
DC300A has inherited some characteristics from its
predecessor:

PRICE - still under $700. As two amps in one, it will prob-
ably give you or your customers a welcome cost/break
when you design your next multiple-amp system.
WARRANTY - three years, covering all costs of parts,
labor and round-trip shipping.

COOLING - excellent heat dissipation provided by
massive cooling fins and the entire chassis itself.
DEPENDABILITY - stringent pre- and post-inspection
and testing proves every electronic component, every
circuit module and every finished unit, to bring you one
step closer to install-and-forget field dependability.
PEOPLE - the same innovative design team and care-
ful craftsmen who made the DC300 such a sound success.
And the same knowledgeable customer-service men
ready to discuss your special application and send you
detailed technical data. Phone 219 + 294-5571 or write
Crown International, Box 1000, Elkhart, Indiana 46514.

) Crown

MADE ONLY IN AMERICA

Check No. 11 on Reader Service Card




TEMP

RiSE _"
POWER
FLOW -—%

5a. MODELING TRANSFORMATION

+ VOLTAGE —

O>MA—O

17_] J‘!*‘E‘“’fk

—
L

5b MECHANICAL STRUCTURE

5¢ ELECTRICAL MODEL

TRANSISTOR TEMP

Pdiss
@ COUPLER

HEATSINK TEMP

O HEATSINK

AMBIENT TEMP

5d FINAL SIMPLIFICATION
Fig. 5—Thermal modeling

1000 T
IHF POWER
RMS POWER

w
2 ol
© 250 frmas
<
z /
. 100
@
W
z
8 CONTINUOUS POWER
5 Q
2
o 10
o
(@]

|

000l 001 o]} 1 | 10 100 1000

TIME, MINUTES
Fig. 6—Amplifier output power.

28

coupler which carries the heat to the
heat sink, and the heat sink itself, is
transformed to the electrical model
of Fig. Sc, and finally simplified to
that of Fig. 5d. The aluminum heat
coupling structures and thermal grease
used to fill surface irregularities where
the surfaces are mated have a cal-
culated thermal resistance of 0.06
°C/W so the heat sink must have a
thermal resistance of 0.29 °C/W.

In fact, the coupling structure of
the 1801 has a thermal resistance of
0.065 °C/W, and the heat sink has a
thermal resistance of 03 °C/W. It
should be noted that the heat sink
is, by far, the dominant thermal
limitation for natural convection
cooling, so that réducing the thermal
resistance of the heat coupler has
negligible effect.

The 1801 heat sink was designed
for free-air convection. What about
forced air cooling? In worse environ-
ments, or non-audio applications,
forced-air may be necessary. This
changes the whole picture. For
example, blowing on the heat sink
will reduce its thermal resistance to
0.1 °C/W or less. Then the coupling
bracket may have a significant effect.
For this reason the professional
version of the 1801 (the 1800) has a
heavier coupling bracket.

What’s the net effect of all this
effort? It should be clear that all
relevant information is not conveyed
by the rms power specification. In-
stead. let’s look at a curve of power
versus time. The time for which the
amplifier can supply a specified power
is given in Fig. 6. This capability has
proved more than adequate for home
music reproduction. It can be seen
that for short periods of time the
amplifier is limited by its no-load
power supply voltage (IHF power). For

longer periods, the amplifier is
limited by the full-load power
supply voltage (rms power). The

curve at this point folds back upon
itself, since the dissipation is actually
lower at higher power levels. Finally,
we reach the region of continuous
operation.

All of these regions of amplifier
operation are important and have to
be considered in their relationships
to the demands of music and the
capacity of loudspeakers. This dis-
cussion has dealt only with the
thermally limited region, which is
always neglected by a single-number
power specification such as IHF or
rms power. Perhaps the insights
provided conceming the thermal
design of an amplifier will somewhat
offset this lack of data. 3
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The classics from KLH. Four bockshelf loud-
speakers of such extraordinary quality that each
has set the standard of excellence in its price
range. Pictured to the far left, our popular little
Thirtv-Two ($55.00%). Next, one of the best sell-
ing loudspeakers in the country, the Seventeen
($79.95%). Up front, everybody's favorite, the
Six ($139.95%. And finally, our most spectacular
bookshelf model, the Five ($199.95%). If you
really want to know what KLH is all akout, we
suggest you listen to any one or all of these fine

lcudspeakers. And when you do, also look for
our other bestsellers—the KLH sterec receivers.
The Model Fifty-Five {$219.95%); the Model Fifty-
Two ($319.95%). and our newest receiver, the
stereophonic/quadraphonic Model Fifty-Four
($525.007). KLH—the best thing to happen to
bookshelves since books.

For more information, visit your KLH dealer
or write to KIH Resesarch ard Development
Corp., 30 Cross Street, Cambridge, Mass.
02139.

A3

What's a bookshelf
without the cdassics?

T

KUH FESEARCH AND DEVELOPMENT CORP.
3C Cross St., Camoridge, Mass. 02139

tSuggested retnil prices—sligiily higher in the South and West.

Check No. 20 on Reader Service Card



High-Yoltage Amp Design

James Bongiorno*

journal, and at that time I was working on an amplifier

of very radical design both electronically and mechan-
ically. Unfortunately, at that time the transistors involved
were exasperatingly expensive and it would have been
impossible to market an amplifier based on that design at
anywhere near a reasonable cost. This situation has changed,
of course, and today there are quite a few high-powered
amplifiers on the market. It is my feeling that these amps are
definitely needed to drive today’s low efficiency loudspeaker
systems.

Again, unlike the past, designers seem to be a little
reluctant to write about their designs or philosophies, and
as a result. only a few articles have been published concern-
ing high power amplifier design. [ also believe that this
reluctance is due in part to reliability problems encountered
in the common approach to these designs. There are presently
on the market six high power amplifiers from major firms
with at least 200 watts per channel, and no less than four
of them are using this common type of circuit design. There

IT HAS BEEN several years since 1 have written for this

*Director of Engineering,
Electronics Division,
S.AE, Inc.
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Fig. 1—Safe operating curves at d.c. for triple diffused
vs. epi-base; TC is 25° C.
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is one other manufacturer who is using another similar design
approach, but with different transistors of an older vintage.

Most high power amplifiers today use what is known as
the high voltage triple-diffused output transistor in the output
stages with supply voltages reaching -+ 100 volts. This
approach is, of course, a far cry from the days when we
were nervous about using even = 35 volts, but it is neces-
sary to use the + 100 volts to achieve the needed power
levels. Most engineers seem to feel that the triple-diffused
power device is the answer for these designs. I feel this is
unfortunate, as they are not really the best choice for output
devices.

There are basically three different types of power tran-
sistors available: single-diffused homotaxial, double-diffused
epitaxial, and triple-diffused. The single-diffused devices
are considered to be very rugged. This is true; however,
their extremely slow speed, combined with excessive leakage
versus temperature, makes them a relatively poor choice for
truly high quality designs, even though one manufacturer
is touting them.

Even though triple-diffused devices are nice to work with,
thanks to their high voltage capabilities, they have several
problems associated with their use. They have several volts
saturation loss even at reasonable currents, extremely poor
beta holdup at higher currents, and virtually no safe area
capability beyond 70 volts. Most difficult of all. they are not
available in PNP configuration which means that these
devices must be used in a quasi-complementary design. This
is unfortunate as the cluassic cross-over notch cannot be
eliminated with this type of output stage design, and one
engineer has openly stated in a recent article that this amp
does indeed have this problem. Another difficult problem
associated with quasi-complementary output stages is their
high frequency instability, which is more commonly described
as common mode conduction or latch-up in the output stage
itself. This problem is due to phase shifts within the output
stage itself and is almost impossible to cure.

Full complementary stages do not have this type of prob-
lem when properly designed, but they can only be made
using double-diffused epi-base transistors. These comple-
mentary devices are also available in power Darlingtons,
which we use exclusively at S.A.E. These epi-base transistors
do not suffer from the problems associated with either
single- or triple-diffused devices, as they have excellent beta
hold-up out to several tens of amperes, virtually no satura-
tion losses even at 20 amperes of collector current, and
excellent safe-area properties. But, best of all, they don’t
leak at elevated temperatures. When they are used in an
emitter-follower configuration, they have ten times more
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Guaranteed to enhance any
fine stereo system!

(Following quotes from 20-12 owners’ Warranty cards on file at Soundcraftsmen)

“‘One of the best investments | ever made!!” . . . ““Even made a believer out
of my wife'’ .. . “I thought my system was the best sounding system going,
but this equipment makes it sound un-real” . .. “Incredible! Every system
should have one’ ... “Excellent — superb improvement of system'' ...
““One Hell of an improvement to what | thought was a good sounding sys-
tem’ ... "It would be a very great boon to anyone’s stereo system — |
love it"" . .. ““"Has made a big improvement in the sound of my system’' . ..
“Great improvement to my system!!!”’ . . . This is a very fine piece of equip-
ment. It tremendously improves the sound of my system'’ ... “Can’t believe
how go,od it makes my set-up sound” ... “WOW!!! What a change in my
system!'’,

SPECIFICATIONS and SPECIAL FEATURES

TOROIDAL and ferrite-core inductors, ten octave-bands per
channel.

FREQUENCY response: -+ 15, dk from 20-20, 480 Hz at
zero setting.

HARMONIC DISTORTION: lLess than .1% THD @ 2 v.,
Typ: .05% @ 1v.

IM DISTORTION: Less than .1% @ 2 v.,

Typ: .05% @ 1 v.

SIGNAL-TO-NOISE RATIO: Better than 90 db @ 2v. input.
INPUT IMPEDANCE: Operable from any source 100K ohms
or less — (any Hi-Fi Pre-amp. Receiver or Tape Recorder,)
OUTPUT IMPEDANCE: Operable into 3K ohms or greater
— (any Hi-Fi Amp, Receiver or Tape Recorder.)

CIRCUIT BOARDS: Military grade G-10 glass epoxy.

RESISTORS: Low-noise selected carbon-film.

RANGE: 12 db boost and 12 db cut, each octave.

MASTER OUTPUT LEVEL: ‘‘Frequency-spectrum-tevel’’
controls for left and right channels, continuously variable
18 db range, for unity gain compensation from minus 12
db to plus 6 db.

MAXIMUM OUTPUT SIGNAL: variable Master '‘frequency
spectrum level'’ Controls allow adjustment of optimum
output voltage for each channel, to exactly match ampli-
fier capability, up to 7 v.

SIZE: designed to coordinate with receivers, comes in-
stalled in handsome walnut-grained wood receiver-size
case, 5147 x 187 x 11", or rack mount.

WARRANTY: 2-year parts and labor.

Check No. 35 on Reader Service Card
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includes walnut-grain
cabinet, or rack-mount.

FREE!

The “Why's and How's of Equalization”,

an easy-to-understand explanation of the rela-
tionship of acoustics to your environment. This
8-page booklet also contains complete specifi-
cations, an editorial review of the 20-12 by J.
Gordon Holt's Stereophile magazine, many
unique ideas on ‘‘How the Equalizer can meas-
urably enhance your listening pleasure,” and
“How typical room problems are eliminated by
Equalization.”

SOUNDCRAFTSMEN, 1721 NEWPORT CIRCLE,
SANTA ANA, CALIF. 92705
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Fig. 2—Composite soar curves for three devices of
each type; TC is 25° C.

Fig. 3—Load line capabilities of three type 411's in
parallel and three type 2N5630's in series for both
resistive and reactive loads.

gain-bandwidth product than either of the other types,
which must be used in the quasi-complementary format. As
the result of lengthy development, these epi-base devices
are now available in much higher breakdown voltages than
were previously available. This automatically means more
ruggedness in the safe-operating area, which has been exten-
ded further into the high voltage region. At S AE., we use
these devices only in series connection in our output stages,
rather than in the more commonly used parallel connection,
and we have found that it is almost impossible to initiate
secondary breakdown, which is the most common cause of
all amplifier breakdowns.

Performance

Figure | illustrates the safe-area capability of one epi-
base device versus one triple-diffused type 411. Figure 2
shows the difference between three epi-base devices in the
scries configuration versus three type 411 devices in the
parallel configuration. Since the saturation losses for the
triple-diffused devices are enormous, they can only be
safely used in the shaded area and are practically useless
outside these limits. Figure 3 shows the load line capabilities
of the two different configurations for both resistive and
reactive loads. As can be scen, the epi-based device has
considerably better load line capability over the triple-
diffused. In use, this means that amps incorporating these
devices, as all new S.A.E. amps do, are capable of driving
any load angle at full rated power from 0 degrees to 90
degrees. Further, we have found in testing that they will
deliver a full-power 20 kHz square wave into a 1 pF capa-
citor with no instabilities with less than 0.5 per cent distortion.

Further circuit refinements can be seen in Fig. 4. As shown,
all of the circuitry is fully complementary push-pull f{rom
input to output using full complementary differential inputs
and full complementary series-connected outputs using epi-
base Darlington output devices. With this particular approach,
there are no bias shifts when the amplifier is driven by
transient low frequency information, which results in
undesirable low frequency modulation noise with single-
differential-input circuitry. For this latter, it is sort of like
a person with onc wooden leg or a sprained ankle who favors
one side.
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Fig. 4—Schematic of Mk IlIC and CM power amplifiers.
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AKALI gives you more than just good looks.
- Now here’s the plug: » ,
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HMI / Another innovative refinement to the circuitry is the
- ‘ T A integrated circuit bias regulator which does away with the
—+HH - — — —— " | possibility of runaway while at the same time maintaining

accurate tracking of the output stage quiescent current. This
- means that there is no shifting of the operating points after
prolonged operation, which with most designs causes over-
compensation, resulting in classic cross-over notch increase.

rl L T T 171 I" This, of course, results in long-term listening fatgue. This
DAMPING + Ll, ,_.J . . e h P
Tt
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E

Fig. 6—IM distortion at 8 ohms, full power 40 V rms.

FACTOR characteristic can be verified by examining the IM curve,
r which is flat all the way down to the milliwatt region, and,
R indeed, it should be if there are no cross-over products. THD
and IM curves are shown, and for all practical purposes these
are the residuals of the test equipment.

Other parameters attained with this design inciude a
damping factor of 250, which we feel is far beyond the
minimum necessary, and a power bandwidth to over 150
kHz. We have found the design to be quite stable, and we
Fig. 7—Damping at 8 V rms. have driven it into hard overload with frequencies up to

“Hey...what do you want for under $100?”

If you're looking for the best combination of features,
performance and value . . . look no further. Glenburn delivers
just that.
The features . . .
s Tone arm damping in manual and automatic modes . . .
up and down
e Tone arm height and stylus pressure finger adjustments
. no tools required
° /\utomalic tone arm lock
e Cartridge and dust cover and base standard
. Nothing else to buy.
The performance
* Lowest trlppmg and trackmg forces available under $100
e Largest turntable bearing in the industry
e Exclusive uni-planar mechanism . . . results in smoother,
quieter turntables by putting most moving parts
on a single plane.

And, the value .

All these unsurpassed features and improved
performance available in four great new automatic turntables

. All priced under $100. Prove it to yourself. At your

nearest Glenburn Dealer. He'll help you choose a Glenburn
automatic turntable to fit your needs as well as your
pocketbook.

Sometimes you have to pay a little less to get a lot more.

E'l GLENBUIIRN bettr by design

GLENBURN/McDONALD, INC., 787 Susquehanna Ave., Franklin Lakes, N.J. 07417 + (201) 891-8250
Check No. 14 on Reader Service Card



NOT FORSALE

AT ANY PRICE

We Earned Our Top-Rating
The Fairfax FX-300 was r=cently top-rated
over 20 leading medium-priced speakers by one of the most respected
consumer repcrting organizations in the world.

That’s something money can’t buy! Like any of the nationally advertised brands
we topped, we could make all sorts of claims and super-claims for Fairfax
speakers, including a number of SPEAKER FIRSTS we have to our credit. We could

follow the pack and excerpt reviews or we could spend
lots of money to buy endorsements.
However, at Fairfax, our money goes into the speaker. And we think you will
agree with "The Report Mongay Can’t Euy''—the investment is well worth it.
But in order for you to agree that the FX-300 is the most accurate sounding
speaker (rated at 8 ohms with a minimum of seven watts RMS required)
you will have to listen to ours and compare it to theirs—any of the 20 other
speakers we topped ard then some
Visit your nearest audio dealer and ask to hear the Fairfax FX-300, and compare it
to any other speaker in its price range —even some costing considerably more.
If your dealer is not a Franchised Fairfax Dealer, have him contact us
and we will send him a pair of FX-300 speakers for your evaluation—at our expense.
Only Fairfax has the confidence in their product, and ycur
judgment, to make such an offer

FAIRFAX INDUSTRIES, INC.,
900 Passaic Avenue, East Newark, New Jersey

THE SUPER-SOUND
LINE

Check No. 15 on Reader Service Carc



Fig. 9—Square wave response at A, 20 Hz; B, 2 kHz,

and C, 20 kHz. All at 8 ohm 200 watt output.

Fig. 10—Showing method of heat sinking.

20 kHz and loads from 4 ohms up without oscillation, blown
fuses or other sorts of mishehavior. We think the square
wave photos speak for themselves.

Construction

We call our construction-method “Unisink,” and believe
that it is as different as the circuitry, as the entire amplifier—
less the power supply—is made in a single unit. including
the entire heat sink, output stage, and the low level stages.
There are no wires, except for the four power supply
wires, as everything is mounted on two p.c. boards. each of
which can be popped out in less than a minute. The main
virtue of this is, of course, repeatability, but we have found
the design to be extremely reliable, with less than 0.8 per
cent total failure rate among consumers.

The heat radiator works on the principle of heat expanston,
rather than the more common convection principle. This is
quite effective and allows us to set the thermal cutout at
70° C.. rather than the more usual 85 or 100" C. Cooler
operation. of course. means longer life.

But what does it sound like? Well, during the initial
listening period, we couldn’t believe our ears, but since
we're prejudiced, we suggest that you don’t believe us
either. Instead, we suggest you go listen for yourself.

the extra margin
of quality

SP-3 Preamplifier

One look at an Audio Research component tells
you that here is audio equipment built for per-
fectionists, by perfectionists. Meticulous design
. . . highest quality materials . . . packaged with
the kind of craftsmanship that’s all but disap-
peared today.

Audio Research equipment isn’t just well-
engineered . . . it's “over-engineered.” Every
element, from the chassis to the smallest elec-
tronic device, is chosen to exceed performance
requirements by a wide margin. Our manufac-
turing techniques, too, go far beyond commonly
accepted audio industry standards.

Few products anywhere are made with such
attention to quality and reliability. So when you
visit your Audio Research dealer it’ll pay you to
look as well as listen. If perfection is your goal,
we think you’ll agree: there’s no substitute for
Audio Research components.

audio research corporation

Box 6003 / Minneapolis, Minn. 55406 / Tel: (612) 721-2961

Check No. 5 on Reader Service Card



Add the new Sony SQA-2030
decoder, amplifier and two
speakers to your present stereo
system and you're into four chan-
nel. And what four channel!

Fulllogic IC circuits increase
separation—side to side, front
to back. SQ recoras and broad-
casts are reproduced with rock-
and concert-hall realism.

Matrix recordings and broadcasts,
other than SQ, discrete four
channel tapes (with a quad deck),
retain the excitement of the origi-
nal performance. Even stereo
records take on new depth

And the SQA-2030 gives you
something extra—a built-in stereo

amplifier. It delivers 18+ 18 watts,
RMSinto 8 ohms at every
frequency in the audio range
(20-20,000 Hz)—plenty of power
to drive your back channel
speakers. It's distortion - free
(THD less than 0.8%). And it's easy
to enjoy. Once you've balanced
your system, the SQA-2030's
master volume control is about all
you'll have to adjust.

Thanks to new integrated
circuits,developed and manufactur-
ed by Sony, this full logic decoder,
control center and stereo amplifier
is housed in a cabinet about
half the size of a standard receiver.
It costs just $239.50.

Sony offers two other choices
to go four channel. The full logic

SQD-2020 has all the quality and
control convenience of the
SQA-2030 plus four calibrated VU
meters to help you balance your
system visually. If your stereo
system has high power output, add
a basic amplifier of equal power
plus two speakers. The SQD-2020
costs $229.50.

Add full logic SQ to an existing
four channel system. Or upgrade
stereo to four channel (an inte-
grated amplifier and two speakers
are required).

The full logic SQD-2070is an
inexpensive choice, $89.50.

Go four channel with Sony.

It's very logical. GON Yo

Introducing the $240

Prices suggested retail
Corp. of Ametica, 9 West 57th St . New York, N Y. 10019

Son

e

SONY

ads TONE = 1RE8LE

- SYSTEM -

R 504-2030

4 CHANNEL DECODER / FAMPLIEE




Compatible Quadra-Direction
Discrete Stereo System

Part

Fumitaka Nagamura*

transmission inherently limited to two channels are not

readily adaptable to multi-channel transmission of infor-
mation, but it is due to the conception that the two transmis-
sion axes of discs are required to be independent of and
unrelated to each other. To the contrary, full understanding of
the two axes that are at right angles to each other lcads to the
possibility of discs serving as a medium capable ot recording
an infinite number of channels of information.

Additionally, as when recorded these channels form a
circular and continuous spatial distribution, relative sequential
positions of original sound sources remain unrelated in their
recorded form.

Thus, it is meaningless to segregate discs by channels of
information recorded thereon. such as two- and four-channel
discs, and it is only the number of channels in reproducing
equipment that places any limitation on the overall channel
handling capability. Under this philosophy there is no basis
for assigning the nomenclature “two-channel” to recordings
of conventional front-only stereo, and “four-channel” to those
of surround, or 360° sterco, as both such recordings can be
reproduced in four or more channels by QDCS. However, for
the sake of conformity with traditional nomenclatures, the
former will be referred to simply as “stereo” in this article
and the latter as “quadraphonic” which is distinguished from
four-channel reproduction of conventional stereo discs.

These aspects are not derived from any particularly new
principle, as the 45/45 disc system itself has been founded on
the same basis. Only, by limiting reproduction to two chan-
nels, discs have virtually been regarded exclusively as media
for two mutually independent transmission channels, so that
no more than half, i.e. 180°, of the fully circular, 360°
continuously distributed recordings of information on discs,
has been correctly reproducible, and the true merit of disc
recordings has never been fully appreciated.

IT HAS GENERALLY been believed that disc records with

*President, N.F. Farrd Systems Corp.
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Fig. 11—Relationship between recorded vectors and

localized sound images.
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However, a gradually but steadily increasing revelation of
the inherent capabilities of discs has been inevitable, and on
the recording side, a glimpse of the truth appeared in an
analysis of physical motions of disc cutter tips during RM
(regular matrix) and other matrix recordings, but recognition
of ““discrete vectors” was never attained.

On the reproducing side, no such revelation has been made,
and all reproduction has had to stay within the severe restric-
tion of two-channel detection.

Only by breaking through the traditional two-axis detection
(pick-up) concept. have new advancements in disc reproduc-
tion been made possible. It, at long last, provides a most
direct method of reproducing from discs in multichannel,
and marks the birth of a direct reproduction system in multi-
channel, comparable to the conventional reproduction in two
channels.

Reproduction of Original Sound

In this article, the original sound is defined as something
frozen at the time when its record is cut, and it encompasses
not only the natural sound field but also sound fields created
exclusively in reproduction. Therefore, once recorded, the
sound is considered to have been endowed with life as a
piece of art, so that it is a mandatory requirement to avoid
any unilateral distortion of signals picked up from discs, such
as varying relative signal strengths and changing or shifting
localization of sounds reproduced, even if such artificial
processes happen to be free from any undesirable audio-
psychological effect.

Discs as Media Between
Original and Reproduced Sound Fields

The ideally reproduced sound field should be a replica of
the original sound field with no distortion and in the highest
possible fidelity. Therefore, discs as media to connect the
two tields must record and maintain balanced and correct
information in a miniaturized form.

However. with regard to provision for directional localiza-
tion of reproduced sound images, the conventional two-chan-
nel stereo system does not provide a balanced distribution
and therefore may be termed irrational. To elaborate, while
reproduced sound images can best be localized by magnitude
ratios of their vector components detected along detection
axes of pick-up cartridges, there always exist two vectors
corresponding to any given magnitude ratio of outputs along
the L and R axes of the two-channel cartridge. For instance,
as shown in Fig. 11 (A), a vector equidistant from the L and
R axes and in phase, denoted by H, invariably represents the
front center, FC. However, there exists another vecor, V
also equidistant from axes L and R, only in opposite phase.

This latter vector has been interpreted as a non-localized
sound in reproduction. but if the listener is to be located in
the center of a sound field as shown in Fig. 11 (B), and the
reference point is at the front center, its conjugate point to
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After you come up
with a totally new
transport system giving
wow and Fflutter of
less than 0.07%
and you announce the
fantastic Teac 450
cassette deck...

what do you do for an encore?




THE TEAC 360S

It has all the advanced technology
and the performance of the 450
at a lower cost. |
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and the family.

A word

about electronics.

The electronics section of the
360S reflects the same kind of
creative attention we’ve given the
450. There are separate, three-
position bias and equalization
switches for varying types of tape,
mic/line switching, a memory digi-
tal counter to reduce your “search”

MEMORY
£ (o], ]
O orr

time, a tape run indicator to let
you check the tape flow from
across the room, a Light Emitting
Diode serving as a peak level indi-
cator supplementing your VU
meter during recording, and auto-
matic shut-off when your tape
ends. The kind of sophisticated
electronics you'd find in a reel-to-
reel deck from TEAC.

_!g. ...e\... avoons  moume
SAS55

And as for Dolby*..

We're glad you asked. The Dolby
Noise Reduction circuitry on the
360S has a multiplex filter (MPX)
for recording: from an FM stereo
broadcast, but which can be
switched out, effectively extend-
ing the frequency range while
taping from records or miec. In
addition, the 360S Dolby system is
enhanced with eight external
Dolby calibration controls to en-
able you to optimize your cassette
deck for a particular type of tape.
TEAC overlooks nothing!

DOLBY NOISE REDUCTION SYSTEM

The Dolby Noise Reduction System virtually
eliminates tape hiss generated during the record-
ing and playback process. Dolby “encoding” con-
sists of increasing low level, high frequency
signals. This “encoded” signal is then recorded.
Tape hiss is inevitably introduced at this point.
When a Dolby-processed tape is then played back
through Dolby circuitry and ‘“decoded”, the
boosted high frequency signals are returned to
their original levels, and the tape hiss is reduced
approximately 10 dB.

The Cum Laude.

In describing the 360S we've al-
ready told you a lot about the 450,
which shares the same transport
drive system and the same incredi-
ble 0.07% wow and flutter. But
there’s still a lot to say.

The 450 has mic/line mixing.
This feature of reel-to-reel decks
now gives new sophistication to a
cassette deck. Professional slide
controls allow you to mix two line
inputs and two micinputsto create
voice and stereo instrumental
composites.

The 450 adds new flexibility to
Dolby circuitry. On other cassette
decks, when you monitor a Dolby-
1zed signal being recorded, the
monitor signal is altered by the
high-pitched emphasis generic to
the Dolby coding process itself.
However, in the 450, an exclusive
DOLBY FM/COPY switch decodes
the signal without disturbing the
recording process —letting you
monitor with perfect TEAC/Dolby
fidelity.

The 450 has an automatic out-
put stabilizing network that main-
tains Dolbyvized levels despite
changes in line levels.

The 450 has solid-state trigger-
ing devices. Solid-state switching
and the elimination of relays fur-
ther enhance reliability.

The 450 has an automatic timer
circuit. You can plug into an ex-
ternal timer and control your
entire system when you're not
there. The 450 will turn on auto-
matically, come out of pause, re-
cord, then shut off any connected
component, as well as its own
electronics, at the end of the tape.

*Dolby is a trademark of Dolby Laboratories, Ine.

Check No.29 on Reader Service Card

Drive Yourself Happy,

Why limit yourself to enjoying
your cassettes at home only? It’s
easy to grab a couple of cassettes
whenever you head for the car.
Your favorite music can change
your whole attitude about driving.
And about a lot of things.

The TEAC AC-9 with 12 watts
RMS (6 watts per channel) will fill
your car and your head with tre-
mendous TEAC stereo sound and
make any trip more of a trip.

The AC-9 has automatic reverse
providing continuous playback —
or you can reverse manually at
any time. It also features solid
state printed IC construction, a
servo drive motor, and a shock-
proof cassette loading system pro-
viding perfect tapehead to tape
contact, free of variations due to
road shock and vibrations.

As far as music is concerned —
you can take it with you. So check
out the TEAC AC-9 or its more
modestly priced traveling compan-
ion, the TEAC AC-5.

With TEAC doing so much for
studios and homes there’s no rea-
son not to have the same quality
of sound in your car.

AC-9 Specifications:

Track: 4 track 2-channel Stereo

Wow and Flutter: 0.26%

Frequency Response: 10-10kliz

Fast Winding Time: Approx. 80 sec/C-60

Power Qutput: Total 12W (6w x 2)

Power Requirements: 12V DC, negative ground
0.5A

.5,
Dimensions (WHD): 775, 2%, 875"
Weight: 6.4 Ibs.

Mounting hardware

Cleaning kit

Power leads and speaker cords



What does 0.07%
WRMS record and
playback wow and
flutter mean, and
how did the 360S get

that way?

The 360S got that way because
the 450 is that way,and the 360S is
really the 450 with a few of the ex-
tras (and some of the cost) missing.

As for WRMS (weighted root
mean square) record and playback
wow and flutter—it is a measure-
ment of audio noise made on a
scope to display unwanted sounds
caused by mechanical variations
and subtle imperfections in the
tape drive elements—in both re-
cord and playback functions.

As the result of TEAC’s totally
new cassette deck transport drive
system, the 450 and the 360S
measure less than 0.07% record
and playback WRMS wow and
flutter — a measurement achieved
by no other cassette deck in the
world. This statement, of course,
isn’t opinion—it’s a provable sta-
tistical fact. Compare wow and
flutter measurements and you’ll
find that our 0.07% places the
TEAC 450 and 360Sin a class with
the finest professional reel-to-reel
decks.

To understand the whole story,
let’s look at the parts.

Some capstans
look round.

Ours are round.

The capstan contacts the tape
and controls its flow. If the capstan
shaft has variations in roundness
(even microscopic variations), the
tape will flow at irregular or alter-
nating (flat/round) speeds. These
variations in tape speed are mag-
nified electronically and perceived
as “flutter” or “wow” sound effects.

1
A MICRON IS ;b s ey

+«——1MICRON —

OF A MILLIMETER |

Actual “Roundness” tolerance

They interfere with and distort
the sound of music—particularly
the higher frequencies. (You’ve
undoubtedly been bothered by the
whine-y and blurble-y guitar and
piano sounds on most cassette
decks.) Well, TEAC’s new cap-
stan shaft is machined to a
critical tolerance of 0.15
microns. By the way,
a micron is
1/1000thof a
millimeter.
So that
shows you
where our
head is at.
The diagram on this page shows
this 0.15 micron tolerance factor
enlarged 4000 times, as compared
to a normally “round” capstan
shaft.

Because these details
translate into sound. Not
only sound that can be
heard, but sound that can’t
be heard. As the horizontal
chart shows, there is vir-
tually total lack of the flut-
ter and wow sounds that,
until now, have
characterized even

the best cassette decks.

The microscopically perfect
roundness of our capstan shaft,
the heft of our flywheel, the
critically machined slipclutch, the
perfectly bal-

+ 020 T I l

anced torque be-
tween takeup and

+ 0.10 T 1

feed, the dynami-
cally balanced

- 0.10 ‘

increased inertia
provided by our

|
TIME (seconds}

- 0.20

outer rotor motor
(it rotates on the

1 4 6

(Actual wow and flutter chart
shows WRMS measurement of considerably less
than 0.07%.)
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(Actual tape speed chart using TEAC test tape
with 3 kHz signal is extremely constant over 30
minute time span.)

They said our flywheel
would never get off
the ground.

Our new transport drive system
has an exceptionally large fly-
wheel (93 mm) with twice the
mass of any other TEAC flywheel.
This unusual weight provides
greater inertia and stability, and
works in concert with the other
transport drive elements to dra-
matically smoothen the tape flow
—thereby dramatically improving
the sound.

What’s it all about?

Why this obsession with micro-
scopic tolerances and details of
precision that only an engineer’s
mother could love?

: outside of its mag-
netic field, rather than on the in-
side as with conventionally de-
signed motors), the eight balanced
pressure points by which the cas-
sette itself is held in perfect posi-
tion, the new unstretchable flat
drivebelt—all add up to a total
control system for tape flow that
is mechanically more perfect than
any ever before achieved in a
cassette deck.

It all translates into sound. The
presence of pure sound. And the
absence of unwanted sound.

What makes TEAC so
nutty on perfection?

We don’t know. But we've al-
ways been that way. We were the
first to create a three-motor, three-
head transport system for con-
sumer reel-to-reel decks. And we're
one of the few—if not the only —
to manufacture all of the critical
parts such as heads and motors.
We have this thing about Leader-
ship. So we keep sharpening, im-
proving every nuance. By now
TEAC performance and reliability
are legendary.

That’s probably why we do it:
it’s a good feeling.



3605

Specifications:

2 Heads: Erase and Record/Ilayback, 4-track 2-channel stereo.
Motor: Hysteresis Synchronous

Wow and Flutter: 0.07% (WRMS) Record and Playback
Frequency Response: 30-16kHz (== 3dB 30-15kHz), Cr(: Tape,
30-13.5kHz ¢ 3dB 30-13.5kHz) Hi-Fi Tape,

30-11kHz (== 3dB 30-11kHz) Standard Tape

Signal-to-Noise Ratio: 60 dB (Dolby Process), 50 dB
Rewind and Fast-Forward Time: Approx. 95 sec/C-60
Level Indicators: Two VU Meters, Peak Reading Indicator
Input:

2 Microphone 0.25 mV/-72dB (600-10k ohms)

2 Line: 0.1V, 50k ohms or more

Output:

1 Stereo Headphone Jack 8 ochms

2 Line Output 0.3V for load impedance of 10k ohms or more
Power Requirements: 117 V. AC, 60 Hz, 17.5W
Dimensions (WHD): 1734, 4%, 10%4"

Weight: 16%% Ibs.

Input-Output Connection Cord

Fuse

Silicone Cloth

Cleaning stick

Specifications:

2 Heads: Erase and Record/Playback, 4-track 2-channel stereo.
Motor: Hysteresis Synchronous

Wow and Flutter: 0.07% (WRMS) Record and Playback
Frequency Response: 30-16kHz (= 3dB 30-15kHz), CrO2 Tape,
30-13.5kHz (= 3dB 30-13.5kHz) Hi-Fi Tape,

30-11kHz (== 3dB 30-11klz) Standard Tape
Signal-to-Noise Ratio: 60 dB (Dolby Process), 50 dB
Rewind and Fast-Forward Time: Approx. 95 sec/C-60
Level Indicators: Two VU Meters, Peak Reading Indicator
Input: 2 Microphone 0.25 mV/-72dB (600-10k ohhms)

2 Line: 0.1V, 50k ohms or more

Output: | Stereo Headphone Jack 8 ohms

2 Line Output 0.3V for load impedance of 10k ohms or more
Power Requirements: 117 V. AC, 60 Hz, 17.5W
Dimensions (WHD): 17%; 6'%1s ; 10%’

18W

Weight: 21 1bs.

Input-Output Connection Cord

Fuse

Silicone Cloth

Cleaning stick

Plastic cover

««. and the rest of the family.

Quality TEAC cassette decks with fewer semi-professional features and therefore priced somewhat lower.

Cassette decks for every system.
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TEAC

The leader. Always has been.

TEAC Corporation of America
Headquarters:

Dept. A-20, 7733 Telegraph Road, Montebello,
California 90640

TEAC offices in principal cities

in the United States, Canada, Europe,
Mexico and Japan.

For
full vear from
tute of purchuse,
uny TEAC TAFE

i

ranship or mte
TEAC o

roed of one ye,
AC products pur-

Thic warrunty
e in the USA

TEAC 2-YEAR WARRANTY
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Check No.29 on Reader Service Card

©TEAC 1973

PRINTED iN USA.




L

A \\\\\\\\\\

@ \\\\\ ” \\\\\\
b lusll i M/ﬂ’

\\\\M \\\‘-\\\

ll. ,||'

-l lm))) “1““

T

NOW! A New Service For Hl-Fl Stereu .H()hh\/lﬁlﬁ & Enthusiasts

Save Money!

Service and build your own equipment with your own library of
“How-to-do-it” hooks and manuals about stereo/Hi-Fi.

STERED

| W
(‘l“. il
+ -

HI-FI STEREO HANDBOOK by William
F. Boyce (3rd Edition)

This edition includes new material on
stereo needles, headphones, adapter
circuits, tape-cartridge players, and
multiplex operation. The perfect ref-
erence guide for all persons interested
in hi-fi/stereo sound reproduction.

No. 20565—56.95.

ABC'S OF HI-FI AND STEREO by
Hans Fantel (2nd Edition)

This book will help you understand
what hi-fi and stereo are all about
Gives a general idea of the basic
principles of sound reproduction you
should know to select, use, and main
tain equipment

No. 20539—54.95

TAPE RECORDING FOR THE HOBBY
IST by Art Zuckerman

Covers a variety of uses for tape re-
corders. Gives useful tips on micro-
phones, special sound effects, candid
recordings. correspondence by record
ing, tape editing, and producing your
own program

No. 20583—$4.95

101 EASY AUDIO PROJECTS by
Robert Brown & Tom Kneitel

Contains instructions for  building
simple, inexpensive audio projects
using spare parts found in many home
appliances. Project includes intercom
systems, telephone amplifiers, AM
tuners, and more.

No. 20608—54.75

101 EASY TEST INSTRUMENT PRO-
JECTS by Robert Brown & Tom Kneitel
Interested 1n building your own money-
saving test equipment? Then this book
is for you! Most of the projects listed
cost less than $5 to build and can
be put together in a single evening
No. 20673—5$4.50

AUDIO CYCLOPEDIA by Dr. Howard
Tremaine (2nd Edition)

A complete reference library for audio-
phites. This updated edition offers the

[APE

¢ pibonie

{01 st
PROJETS

most comprehensive information on
every aspect of the audio art. Includes
more than 3400 related topics and
1600 illustrations

No. 20675—5$29.95.
REFERENCE DATA FOR
ENGINEERS (5th Edition)
This book provides complete and com-
prehensive reference material including
tables, formulas, standards, and circuit
information. Reinforced by hundreds
of charts, nomographs, diagrams,
curves, tables, and illustrations.

No. 20678 —$23.95.

FM FROM ANTENNA TO AUDIO by
Leonard Feldman

Provides an overall picture of fm
reception. Starting with the basic
principles of fm broadcasting and the
make-up of the fm signal, the book
progresses step-by-step through each
stage in exacting detail.

No. 20723—%$4.95

HOW TO BUILD SPEAKER ENCLO-
SURES by Alexis Badmaieff & Don
Davis

A thorough and comprehensive "'do-it-
yourself”  book providing practical
and theoretical information on the
“whys as well as the "'hows' of
constructing  high-quality top-per-
formance speaker enclosures.

No. 20520—%4.50

RADIO

O.K. SOUNDS GREAT . ..

number).

Am’t enclosed

Name
Company name (it any)
Address

City, State, Zip

\\m

Sound Advice sends you only the
books you request’ It costs nothing
to join No dues No tees'
You can order a hook whenever you
wish—it’s up to you'

*Sound Advice is a library service
tor subscribers and readers of Audio
magazine. Our editors choose the
most important books about Hi-Fi/
Stereo and save you the time and
trouble of searching for the books
you want to read.

Sound Advice is convenient because
it lets you choose only the books
you desire. And they'll be delivered
to your door promptly—without fail

Sound Advice is the library service
for you! Start loday. Choose any
book(s) here to begin your home
iibrary of helptul hi/fi books. Watch
for Sound Advice as il features new
selections and titles expressly tor
Hi-Fi/Stereo buifs

All orders must be accompanied by
check or money order. Send to:
Audio/Book Department, 134 North
13th Street, Philadelphia, Pa., 19107

a service I've been looking for. Send me
the following book(s) for my home audio library. (Please order books by




the listener is at the rear center, and two positions always
exist that are equidistant from the two reference points FC
and BC. These represent positions straight to the sides, L
and R. This observation embodies perfect symmetry without
any duplication.

In other words, when considering the original sound field
as a finite field confined within a concert hall, the center of
the front left and right is the front center, and lines extended
therefrom in the rear direction along the hall walls in equal

MUSICAL INSTRUMENTS

SEXX.

{ON MIC)

MUSICAL INSTRUMENTS

A 8 C D E

R

{OFF MIC)

MICROPHONE
SETTING

DISC CUTTING
VECTORS

DISCS ARE CUT WITH
NEARLY LINEAR VECTORS

VERY FEW VECTORS ARE LINEAR,
AND CUTTER TiP MOTIONS ARE
MOSTLY NON-LINEAR AND COMPLEX

REPRODUCED SOUND
LOCALIZATION

O

{a} (8)

MULT! MICROPHONE SETTING TWO MICROPHONE SETTING

Fig. 12—Differences by microphone setting in recorded
discs and reproduction.
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4 FRONT CHANNEL REPRODUCTION 4 CORNER CHANNEL

REPRODUCTION

Fig. 13—Four-channel reproduction of stereo discs by
QDCSs.
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distances invariably meet in the rear center. In applying this
situation to conventional stereo, a sound source moving from
the front center to the rear center reverts to the front in
reproduction, though becoming non-localized due to the
phase relationship that gets reversed in the process. None-
theless, sounds emanate from the front left and right speakers,
which must be termed a self contradiction.

To eliminate the contradiction, symbols in Figs. 11 (A) and
(B) may be shifted, preserving symmetry and balance, to
positions denoted by corresponding symbols in (). Repro-
duction in two channels in this format would place the L
and R speakers to the sides of the listener, and thus could
not fulfill the original objective of front localization.

Despite the above contradiction, no serious inconveniences
have thus far been experienced, but it is due to overemphasis
placed in recording on front localization and no effort made
to record side or rear localization. Besides, int actual practice,
vectors recorded in stereo discs are concentrated heavily
toward the horizontal axis. or the front center, rather than
along the L and R axes.

Advances in recording technique, however, have tended
toward recording applause and reverherations in opposite
phase in order to express a live hall. This practice inad-
vertently managed to fulfill partially the foregoing symmetry
of sound fields. It goes to prove that the 2-2-4 etfect has not
been purely accidental as has been generally believed.

The foregoing situation leads to the necessity of reviewing
interrelations among microphone setting and mixing, disc
cutting, and localization of sound images reproduced from
stereo discs which are to be localized in front of the listener.

Fig. 12 (A) shows the case of a multi-microphone recording,
and Fig. 12 (B) that of a two-microphone recording. As
shown, there appears to be a difference in their localization
patterns. In (A) sound localization is ideally recorded and cut
into the disc, but when one considers the numerous musical
instruments that are recorded, there is a limit to the expres-
sion of localization by only two speakers. In (B), on the
other hand, recording and disc cutting reflect some ambiguity
of localization caused bv phase differences in sounds reaching
the two microphones, but even with only two speakers, the
phase differences contribute to a partial simulation of
grandeur of a large concert hall.

Contemporary mixing is believed to have developed its
phase controlling technique as a result of experiences in
the foregoing two extreme cases. Our philosophy of symmetry
and balance exemplified in QDCS shows, as explained below,
that such experience-based approaches have progressed along
the correct avenue.

Firstly, four-direction detection and reproduction of signals
recorded per Fig. 12 (A) make possible a more clear-cut
localization, by virtue of the increased number of front
speakers, as shown in Fig. 12 (A).

Secondly, signals recorded per Fig. 12 (B) involve compli-
cated phase relationships and cause cutter tip motions that
cannot be expressed by linear vectors. As a result, vectors
outside the L and R in-phase axes are cut on the disc, so
that reproduction by a four-direction detection provides a
sound field effect more satisfactory, as it is enhanced by the
added rear speakers.

It should also be mentioned that even in multi-microphone
recordings in studios, phase shifting and addition of echoes
take place in practice, and that these artificial additives should
basically provide compatible recordings to natural sound field
recordings. Correlation of Fig. 11 (A) and (B), thus, falls in
line with natural laws of physics.

However, deliberate recordings of rear localization still
fall short of clearly distinguishing between the front and
rear, as long as conventional two-channel cartridges are used,
such as in matrix reproduction, as these are incapable of the
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get it all with the broader dynamic
range of TDK's EXTRA DYNAMIC (ED)
cassettes. Dynamic range™* is only one
reason for ED’s superior total perfor-
mance. EXTRA DYNAMIC cassettes also
have the highest MOL (maximum output
level), plus greater sensitivity, higher
signal-to-noise ratio, and other superior
characteristics that combine to give TDK
cassettes the best-balanced total perfor-
mance capability of any cassette on the
market foday. The result is you capture
all the highs, all the lows, all the com-
plex characteristics of “real-life” sound
that give the original performance its
richness, fuliness and warmth.

;hirp

In addition to top-of-the-line ED, TOK'’s
Dynamic-series also includes SUPER
DYNAMIC {SD), the tape that turned the
cassette into a true high-fidelity medium,
plus the entirely new, moderately-priced
DYNAMIC (D) hi-fi cassettes. They all
offer superior total performance on any
cassette recorder, without need for spe-
cial bias.

For a totally new and different experi-
ence in sound reproduction . .. for sound
you feel as well as hear . . . discovelr the
dynamic new world of TDK.

to roar.

*The Importance of Dynamic Range.

Dynamic range, represented graphically in the
chart above, is the difference between a tape’s
sensitivity and its noise characteristics, over its
full frequency response range. The broader a
tape’s dynamic range, the greater is its ability to
record and reproduce wide variations in signal
strengths at different frequencies. In other words,
a tape with broad dynamic range can record very
loud sounds without distortion, and very soft, del-
icate sounds without audible hiss, over the full
frequency response range. Tests prove that TDK's
ED cassettes have a mueh broader dynamic range
than competitive so-called ""hi-fi"” cassettes.

For more detailed information on dynamic range
and other superior total performance character-
istics of TDK cassettes, visit your TDK dealer and
ask him for your free copy of "TDK’'s new line of
cassettes’” brochure ...or write directly to TDK.

TDK ELECTRONICS CORP.
755 Eastgate Boubevard, Garden City, New York 11530
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2-CHANNEL CARTRIDGE QDCS CARTRIDGE

Fig. 14—Comparison of detected vectors by 2-channel
vs. QDCS cartridges.
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Fig. 15—Optimum speaker arrangements vs. historical
flow of disc cutting techniques.

Fig. 16—Six-channel reproduction of stereo discs and
phase relations.

50

distinction by means of the most important factor for locali-
zation, i.e. magnitude ratios of vector projections. This
problem is overcome, as shown in Fig. 14 (B), by QDCS
which detects one and only one ratio of vector projections
for any one of the sound sources. No ambiguity of localiza-
tion, therefore. ever takes place.

Thus analyzed, it follows that the natural approach to
fulfill the law of balance and symmetry invariably contri-
butes to more desirable advancements. Only, with discs, as
long as conventional two-channel cartridges are used, the
approach is not truly effective as their detection axes fail to
{ollow the correct detection directions, even though signals
are recorded on discs in perfect balance and symmetry. This
is the background for the effectiveness of our four-direction
detection.

As a result, QDCS eliminates all contradictions relative
to localization, for all disc records. be they monaural, stereo,
or quadraphonic, and systems and discs under QDCS possess
complete compatibility, so that only one type of discs suffice
to satisfy needs of all types of recording and reproduction.

Illustrated in Fig. 15 are interrelations among the fore-
going classifications to facilitate understanding of the fact
that all disc recordings are based on the same principle.

Characteristics of QDCS Cartridges

QDCS cartridges developed in disregard for compatibility
as component parts have features useful in certain specialized
applications, in addition to the four-channel capabilities for
which they were specifically designed. These features are
unrealizable by conventional cartridges and may be sum-
marized as follows:

(1) Monaural Playback of Quadraphonic Discs

By arranging for:

M = LF + RF -90° LB + 90° RB )
rear channels can be reproduced in phase with each
other, eliminating any rear center losses, and there-
fore suitable for monaural broadcasting.

(2) Stereo Reproduction of Quadraphonic Discs

By arranging for:

L = LF -90° LB 2)

R = RF +90° RB
rear channels being in phase, no rear center losses
take place even when monaurally receiving stereo
broadcasts.

By (1) and (2) above, it is possible to avoid suppression
of rear center sounds, necessitated in current matrixed discs
for the sake of good monaural playback, as long as QDCS
cartridges are used.

(3) Multichannel Reproduction of Stereo Discs
As shown in Fig. 13 (A), by placing four speakers in
front and driving them in phase, localization of all
sound sources can be correctly reproduced without
duplication. Such a reproduction provides a more
faithful and clear cut localization of sound images
than is possible with the current two-channel system,
and also a substantially broadened service area.
Furthermore, as shown in Fig. 16, by addition to the
foregoing four front speakers of two rear channels
outputting phaseshifted -90 LB and +90 RB at
adequate levels, a highly satisfactory ambience effect
can be achieved.
(4) Multichannelization

By combining signals from adjacent channels of the
four detection channels, and by placing a speaker at
a spatial location appropriate for the combined
signal, indirect reproduction of channels existing in
between becomes possible. Thus facilitated will be
further multichannelization by the use of playback
matrices.
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is audio with an
important difference.

T ONKYO 80UD S8TATE STHED FECEVER  TX-880

100 102 o4 106 108 Me

» Better Transient Response

* Fine Capture Ratio
e Large Phono Overload Capacity

The fact is . . . Onkyo delivers demonstrably bet-
ter performance with power to spare! The ex-
cellent Transient Response assures crystal-clear
reproduction of complex music signals. Our fine
Capture Ratio means FM reception at its best,
free from noise, drift or interference. The larger
Phono Overload Capacity insures distortion-free
sound from today’s dynamically recorded discs,
with most any cartridge. Add to this, exceptional

Sensitivity, negligible Total Harmonic Distortion
and many more important features overlooked
by others. You'll see why our receivers, am-
plifiers, tuners, speaker systems and components
provide such strikingly pure sound quality
— that always exceeds printed specifications.
And, the craftsmanship is second-to-none! Listen
to the important difference. Onkyo . . . Artistry in
Sound.

ONKYO

Aruistry in Sound

Onkyo Sales Section / Mitsubishi International Corp. 25-19 43rd Avenue, Long Island City, N.Y. 11101 / (212) 729-2323

Check No. 22 on Reader Service Card






