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How man's conquest of the moon
helped Scott develop

the world's most advanced
AM/FM Stereo Receiver

The billions of research dollars expended towards America’s race to the moon helped foster the development of
many entirely new electronic devices. Alert Scott engineers realized that the adaptation of some of these de-
vices could result in significant advances in the performance of high fidelity components . . . a realization that
inevitably led to the development of the 386 AM/FM stereo receiver.

The 386 represents a level of sound quality and performance characteristics that is a giant-step ahead of any
stereo component ever before available . . . utilizing entirely new features that help you control incoming sig-
nals with a degree of accuracy never before possible . . . incorporating new assembly techniques that guaran-
tee superb performance over periods of time previously thought unattainable.

There are 7 ultra-reli-
able Integrated Cir-
cuits in the 386 . . .
more than in any oth-
erreceiver nowon the
market. These 7 cir-
cuits include a total
of 91 transistors, 28
diodes, and 109 resis-
tors!

386 Specifications

Quartz crystal lattice
filter IF section, never
before found in a re-
ceiver in this price
class, ends the need
of IF amplifier re-
alignment, and gives
very low distortion
and high selectivity.

Tew st

IRER

b e e T T
v mect i, 7

Higher power at low-
er distortion: The
shaded area indicates
where competitive re-
ceivers tend to rob
you of full response
in the extreme lows
(organ, bass drum)
and highs (flutes, tri-
angles, etc.)

FM STEREQ PERFECTUNE

™M

Perfectune,a comput-
er logic module, de-
cides when you've
reached the point of
perfect tuning and
lowestdistortion, then
snaps on the “Perfec-
tune” signal light.

¢ ¥

Wire-wrap terminal
connections and plug-
in printed circuit
module construction
result in the kind of
reliability usually as-
sociated with aero-
space applications.

1969, H. H. Scott, Inc.

Total power (= 1 dB) 170 Watts @ 4 Ohms. IHF Dynamic power, 67.5 Watts/
channel @ 4 Ohms; Continuous power, both channels driven, 42 Watts/channel
@ 4 Ohms, 35 Watts/channel @ 8 Ohms; Distortion < 0.5% at rated output;
Frequency response (* 1 dB), 15-30 KHz; IHF power bandwidth, 15-25 KHz.
FM usable sensitivity (IHF), 1.9 #V; FM selectivity, 42 dB. Price, $349.95.

HSCOTI:

For detailed specifications, write:
H. H. Scott, Inc., 111 Powdermill Road, Maynard, Mass. 01754
Export: Scott International, Maynard, Mass. 01754

Check No. 100 on Reader Service Card



A-lzouu « Exclusive triple-motored drive system = 3 precision heads for instant uff-the-tape monitoring = Mike-lilne mixing
= 4 independent amplifiers = Automatic tape lifter = All-pushbutton controls, automatic shutoff » Stereo echo for special sound effects

Ever see
oom?

You're looking at our A-1200U tape deck.

Most people would rather listen to it. Even though
it's already started its own sonic boom.

And no wonder: the A-1200U is our standard
four-track model, with all the famous TEAC
craftsmanship at an ear-boggling low
cost. And plenty of unique features,
lik= the popular ADD recording for
simultaneous playback
and recording on separate
tracks. Thisisthe
machine that breaks

the price barrier to your
sound investment.
Without

breaking you.

A-1200U

TEAC.

, TEAC Corporation of America * 2000 Colorado Avenue * Santa Monica, California 90404
Check No. 1 on Reader Service Card.



Number 75 in a series of discussions
by Electro-Voice engineers

FEEDBACK
ON THE

MOVE

JOHN OVERLEY
Senior Engineer

Basic physics tells us that if you move a coil
of wire in a magnetic field, a voltage will be
created that is exactly proportional to the
velocity of the coil. It is this voltage (back
EMF) that has recently been harnessed bK
Electro-Voice to provide motional feedbac!
control of speaker action.

The essence of the E-V development is a
network that is inserted between the ampli-
fier output and the speaker. It is capable of
balancing out the driving voltage, leaving
only the back EMF generated by the
speaker as a product.

Output of this circuit provides a feedback
voltage (reflecting cone motion) to the am-
plifier input. In practice it serves the same
purpose as conventional inverse feedback
circuits except that it includes the trans-
ducer in its path. The benefits of motional
feedback are likewise similar to other feed-
back circuits: significant reduction of total
harmonic and intermodulation distortion,
and positive control of frequency response.

Since the low frequency acoustic output of
a speaker in a sealed enclosure is propor-
tional to cone acceleration, and since the
feedback circuit corrects response on the
basis of speaker velocity, an additional net-
work is required. This circuit equalizes bass
at a rate of 6 db/octave to achieve acoustic-
ally flat output.

The technique permits exceptionally flat re-
sponse in an integrated system, subject to
the limits of available amplifier power, max-
imum cone excursion, and voice coil heat
dissipation. Useful low frequency output
can be extended an octave or more bellow
normal speaker design limits. And careful
balance of system parameters assures ade-
quate power handling for normal listening
volumes.

One notable benefit of motional feedback is
the elimination of the response peak (with
resulting poor transient response ) at speaker
cone resonance. The feedback circuit con-
tinues to provide effective control of cone
motion with rising frequency up to the point
where cone breakup occurs. There is no
theoretical lower limit, although in practice
a sharp cutofl is provided to climinate ex-
cessive noise output below the useful range.
Currently the concept described is available
only in an integrated system, the Electro-
Voice Land Mark 100™" now being intro-
duced. Other applications for motional feed-
back are also under study in the LE-V
laboratories.

For reprints of other discussions in this series,
or technical data on any E-V product, write:
ELECTRO-VOICE, INC., Dept. 1293A
602 Cecil St., Buchanan, Michigan 49107

EleithoYbres

A SUBSIDIARY OF GULTON INDUSTRIES, INC.
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It takes nerve to ask $1.000 for
an FM/FM stereo receiver.Unless
you have the stuff to back it up. ;

This is our SA-4®)0 stexreoreceiver.
It costs $1,000. Butdon’tlookfor it at
your Panasonic dealer yet. Because
the fist 25 units in existence Fave
been snapped up kv aud:o
Iabaratories. They're ripping it apart
to see how we crea=d it.

For$1,000, the SA-4000 better be
something special. It is. How special?
Try to tune it. You™” disceverit’s the
first stereo receiver in historv
without a tuning k-ob. That s only
for openers.

Ncbody’s ever combined th.e best
pre-amp, the best power-amg, and
best tuner into oneunit befo-e. This
kind of ingenuity, e-eating a whole
new generation of audio 2quioment,
is ccmmonplace at 2anasoni=

It's happened 14,48 times,so far.
That's how many ratent rights and
designs have comeout of ou- 50
research and develspment lebs.
Where the hackles of 2,50 engineers
and scientists go upwhen somebody
says, “It can’t be dene.” Mamn. of the
audio components they’ve cieated
never existed just & years ago

But the real key to quality i this:

the purest souad. With a range wide :
2n=ugh to wal= up an Airedale.
Wou've neves heard stereo
zorponent systems like these before.
Bexause nobocy ever made them
bexore. The speaker systems. The
tape decks. Tk=y’re all compatible
with our $1,C00 receiver. And with
ous lss.expensive receivers.
Stop by zny dealer we franchise to
haadle the Parasonic Audio
Ecuipment line. If he doesn’t have
the $1,000 unizin stock yet, listen to
oun lzss expgensive models. The
sornd like a nr1lion.

Ex2ry ccmporent, rom the tiniest
transistor to cur 36--nch woofer, is
menubactured in on= or another of
our 8¢factorizs. Teded, inspected.
end quelity controll=d by 40,000
meést=y recanicians. That's why we're
so absok tely certaim of their
compz=tibility. Their excellence.
Ard caeir reliabilits

Netcdy maxes a_dio equipment
like Pzresoni=

Arc this gces notonly for
our $1.C@0 receiver But our
4 cthe- sreren -eceivers as well.
Tte sam= imz Zination. The same
rigid cuality eontrc.. The same
loving sttenticn to Zetail is

prase-tin all cur stzreo P R

receiv=-e. Thes'll give you sound - ; - ——

th=t’Hknock vour ecr on its ear. . . | .
Ou- z-track stereo tape decks are ﬁ po

packss wi-h Btle r-iracles of audio
engineering. Zvery circuit is married
toeve-y transitor. To every
comporent. Taat’s bove.

Speaxars? Take your choice from
5 mew Fanascaic multi-speaker
systems. Each set of woofers and
tweeters is aoeustically matched for

PANASONIC.

just slightly ahead of our time.

Far your nearest Parassnic Audiz Equipment dealer, write Panasonic, 200 Perk Avenue, New York 10017.



, Whyan
automatic turntable
from Swindon,England

has madeit big
inthe States.




At the risk of seeming im-
modest, we've had a smashing suc-
cess in the United States.

There are more Garrards
being used in component stereo
systems here than all other makes
combined.

Even we find this curious.

But the die was cast thirty-
odd years ago.

Not parity, but superiority

H. V. Slade, then Managing Di-
rector of Garrard Limited, decreed,
“We will sell a Garrard in the U.S. only
when it is more advanced than any ma-
chine made there.”

A commitment to, not parity, but
absolute superiority.

That policy has not changed to
this day.

Spurred by it, Garrard of England
has been responsible for every major
innovation in automatic turntables.

In the thirties, Garrard pioneered
the principle of two-point record sup-
port. Still the safest known method of
record handling. Oddly, still a Garrard
exclusive.

In the forties, we introduced the
aluminum tone arm. Today, widely
used by makers of fine equipment.

By 1961, increasingly sensitive
cartridges had led us to adapt a feature
originally developed for professional
turntables: the dynamically balanced
tone arm, with a movable counter-
weight to neutralize the arm and an ad-
justment to add precisely the recom-
mended stylus tracking force.

In 1964, we added an anti-skat-
ing control, and patented the sliding

H. V. Slade (1889—1961)

weight design that makes it perma-
nently accurate.

Then, in 1967, Garrard engineers
perfected the Synchro-Lab motor, a
revolutionary two-stage synchronous
motor.

The induction portion supplies
the power to reach playing speed in-
stantly. The synchronous section then
“locks in” to the 60-cycle frequency of
the current to give unvarying speed—
and unvarying reproduction — despite
variations in voltage.

“We’re bloody flattered”

This year one of our competitors
has introduced a copy of our Synchro-
Lab motor on its most expensive model.

To quote Alan Say, our Head of
Engineering, “We're bloody flattered.

“After all, being imitated is a
rather good measure of how significant
an innovation really is.”

The new Garrard SL95B features
still another development we expect
will become an industry standard.

Some years back we pioneered
viscous damped tone arm descent for
gentler, safer cueing. Ever since, we've
been troubled by the logic of offering
an automatic turntable with a damped
tone arm that wasn't damped in auto-
matic cycle.

Check No. 5 on Reader Service Card

This year we've added a link-
age system between the changer
mechanism and the damped tone
arm “jack.”

So, for the time being at
least, Garrard has the only damped
tone arm that is also damped in
automatic.

Other 1970 Garrard refinements
include a counterweight adjustment
screw for balancing the tone arm to
within a hundredth of a gram. A win-
dow scale on the tone arm for the
slylus force gauge. And a larger, more
precise version of our patented anti-
skating control.

Un-innovating

At the same time, we've elimi-
nated a feature we once pioneered. A
bit of un-innovating, you might say.

Garrard’s disappearing record
platform is disappearing for good.

We've replaced it with a non-
disappearing record platform. A larger,
stronger.support with an easy-to-grasp
clip that fits surely over the record
stack.

A small thing, perhaps.

But another indication that H.V.’s
commitment remains with us.

$44.50 to $129.50

Garrard standards do not vary
with price. Only the degree of refine-
ment possible for the money.

There are six Garrard component
models from the SL95B automatic turn-
table (at left) for $129.50 to the 40B at
$44.50.

Your dealer can help you arrive
at the optimum choice for your system.

Garrard



What's New In Audio

14-Speaker System

The LWE Division of Acous-
tron Corp. introduced the LWE
1V, a four-way, 14-speaker sys-
tem with “inverse feedback elec-
tronic suspension” and “room
gain control.” Available in an
oiled walnut cabinet at $950 and
in its “Instant Kit” format (un-
finished cabinet and without
grille as pictured here) at $725,
the transducer complement con-
sists of four 15” woofers, four 8”
mid-bass, four 6” mid-range, and
two 5” horn-type tweeters. The
enclosure is an air-tight design,
measuring 51%” H x 364" W x
20” D, including kick base.

Frequency response of the
LWE IV is said to be 20-20,000
Hz +3 dB. Crossover points are
at 150 Hz, 1000 Hz, and 4000

Hz. Nominal impedance is 4
ohms, and power handling ca-
pacity is 100 watts rms/channel
minimum. The speaker system’s
control panel consists of high
frequency, high mid-frequency,
and low mid-frequency controly,
a phase switch, auxiliary ampli-
fier jack for bi-amp use, a main
input connector for standard
stereo operation, and the LWE
“Room Gain” control, which is
part of the unit’s inverse feed-
back circuit that permits the user
to compensate for room acoustic
deficiences. In addition, the
LWE IV incorporates negative
feedback “electronic suspension.”
Available in traditional, medi-
terranean, and modern styling.

Check No. 105 on Reader Service Card

Record Index Kit

0Old Colony Sound Lab, Phil-
adelphia, Pa., announces a new
version of its “Recording Index
Kit” for LP-record or magnetic
tape music collectors, The kit
includes an adjustable rubber
stamp, 250 pressure-sensitive la-
bels, and 250 printed composer
names. The stamp is designed
to stamp characters vertically
rather than horizontally, and is
used to print serial numbers on
the labels which are wrapped
around the disc sleeve or tape
box. The user makes a 3” x 5”
card file by making composer
guides with the printed names
provided in the kit, and filing a
3” x 5” index card for each work
of that composer on the indexed
recording. The card lists the
name of the work, the serial

number and performers. $8.95.
Check No. 106 on Reader Service Card

Garrard Turntable Module

Garrard introduces module
turntables with magnetic cart-
ridge, base. and dust cover. The
Module SLX-3, (pictured) whose
turntable features and mechan-
ism are based on the company’s

top-of-the-line SI.95B turntable,
is powered by a “Synchro-Lab”
motor, and comes pre-mounted
on a slim-style base with an el-
liptical-stylus magnetic cartridge
already installed, and includes a
three-way dust cover. The unit’s
very light tracking force is pre-

set.

The SLX-3 incorporates cue-
ing and viscous-damped tone-
arm descent in both automatic
and manual modes. Three con-
trol tabs activate the motor for
automatic play (stack of records
or manual), turn the motor on or
off, and control viscous-damped
cueing, respectively. The dynam-
ically balanced tonearm can be
adjusted by a counterweight,
while stylus force can be adjusted
by turning a screw at the rear of
the arm. Tracking force may be
determined by readout through
a window scale. In addition, the
unit includes a sliding weight
anti-skating control and a two-
point support platform for play-
ing a stack of records. $99.50

complete.
Check No. 107 on Reader Service Card

Roberts Tape Deck

Roberts’ new 3-motor, auto-
matic-reverse tape deck, Model
650XD, features a 3-speed hys-
teresis synchronous capstan mo-
tor that operates without belt
shifting, two induction motors,
automatic shutoff, sound-on-
sound, slide-pot controls, twin
VU meters, Cross-Field tape
heads, and a 4-digit counter with

pushbutton re-set. $399.95.
Check No. 108 on Reader Service Card

Stereo Tone-Control

System

The Advent Corp., Cambridge,
Mass., has introduced a device
called the “Frequency Balance
Control,” which can be added to
most component amplifiers and
receivers. It is designed to im-

prove tonal balance of record-
ings and stereo equipment, and
to compensate for varying room
acoustics.

Consisting of 20 linear level
controls (10 per channel), each
adjusts the output of a single
octave in the audio spectrum
over a range of =12 dB. Each
channel is switched to insert or
remove the frequency balance
control, and to compare left and

right channels. $200.00.
Check No. 109 on Reader Service Card

H-K Compact
Music Systems

-

Harman-Kardon announces re-
lease of five new compact music
systems, each of which features
omnidirectional speaker systems.
Ranging in price from $219.50
to $529.50, the Model SC1825,
at $299.50 (photo), is said to be
the “best value” system in the
line since it is a combination
stereo  FM /phonograph/control
center with two HK-25 omnidi-
rectional speakers. Other models
are stereo phono systems, tape
cassette/phono systems, and
stereo FM/tape cassette/phono

systems.
Check No. 110 on Reader Service Card

Stylus Cleaner

Elpa Marketing Industries has
introduced the Cecil Watts
phono cartridge “Stylus Clean-
er.” It consists of a lint-free,
treated pad, packaged in a handy
storage case, to clean styli with-
out causing damage to them.
$1.25.

Check No. 111 on Reader Service Card
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JVC America, Inc., 50-35, 56th Road, Maspeth, New York, N.Y. 11378 A Subsidiary of Victor Company of Japan, Limited, Tokyo, Japan
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They deliver sound custom-tailor-
ed to suit any room. Carnegie Hall
or your pantry. Built-in Sound Effect
Amplifiers (S.E.A.), exclusive with
JVC, do the trick.

Here's how these powerful, preci-
sion-engineered stereo units stack
up: Model 5040, a mighty 200 watt
receiver with an 18 to 30,000Hz
power bandwidth and a negligible
0.5% in distortion. Integrated cir-
cuitry and Field Effect Transistors
insure extraordinary AM, FM and

h‘x

1
| -

S.E.A.

receivers that deliver
from JVC

¥ JIviinEns ¥ -
L Tavesy a

T

Multiplex reception.
six speaker baffles.

Model 5003 —a hint less powerful
at 140 watts. Power bandwidth from
20 to 30,000Hz, distortion less than
0.5%. Features FET circuitry, auto-
matic stereo switching, multi-speak-
er system selection and muting
switch.

Model 5001, a 60 watter with IC
and FET circuitry. Power bandwidth
from 20 to 30,000Hz with less than
0.8% distortion. Same sophisticated
circuitry, many of the same features
as the larger models.

Get more information about JVC's
S.E.A. receivers and the name of the
dealer handling JVC products in
your area. Just drop us a line and
we'll make the introduction.

Powers up to

5001 :$289.95, 5003 : $369.95, 5040 : $§449.95.

_ Catching On Fast

JVE

Check No. 7 on Reader Service Card
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COMING
IN
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SPECIAL FEATURE: Audio
and Video Tape Machine
Buying Guide

Quadrasonics on the Air—
Len Feldman describes the
technical details of broad-
casting four-channel sound
over a single stereo FM sta-
tion.

Build a Variable-Frequency
Generator—C. G. McProud
gives details on how to build
a source of variable fre-
guency so that the user can
easily change the pitch of a
record or tape played on a
machine which does not in-
corporate a vernier frequency
control, or to experiment
with electronic music, or to
learn how a variation in sup-
ply frequency affects equip-
ment performance.

Splicing Tapes and Applica-
tions—Andrew Persoon dis-
cusses various aspects of
splicing tape used to join
pieces of magnetic tape . . .
and more.

PLUS:

Equipment Profiles, Record
and Tape Reviews, and other
regular departments.

ABOUT THE COVER:

The Yuletide spirit dominates the
page, supplemented by the audio
goodies in the form of article titles.

Pick of the
Audio Books

Audio Cyclopedia, 2nd Ed., by Howard M.
Tremaine. Howard W. Sams & Co., Inc.,
Indianapolis, Ind. Hardbound, 1757
pages, $29.95.

This marvelous reference book, al-
most three-inches thick, is a revised
edition of the one published ten years
ago. It covers every phase of audio
in a question and answer style, sup-
plemented by many explanatory
drawings and photos. With the con-
tents sectionalized in 25 parts, each
one devoted to a particular phase of
audio—“Basic Principles of Sound,”
“Vacuum tubes, Transistors, and Di-
odes,” “Audio Amplifiers,” “Disc Re-
cording,” “Pickups,” “Magneltic
Recording,” “Motion Picture Projec-
tion Equipment,” “ILoudspeakers, En-
closures, and Headphones,” “Test
Equipment,”  “Audio-Frequency
Measurements,” and  “Installation
Techniques ” are some examples—and
an index that uses a simple-to-locate
paragraph numbering system, infor-
mation is readily located. The author,
Howard M. Tremaine, died shortly
after completing this work, which
stands as a proud monument to him.
Audio Cyclopedia is beartily recom-
mended to anyone who has a serious
interest in audio, whether professional
or consumer equipment. Without a
doubt, it’s the most comprehensive and
helpful audio (FM and other radio
frequency subjects are not covered)
reference volume available.

FM From Antenna to Audio by Leonard
Feldman. Howard W. Sams & Co., Inc.
Indianapolis, Ind. Softhound, 159 pages,
$3.95.

FM radio is covered here in a clear,
down-to-earth manner, amply support-
ed by many drawings. Much of the
material presented here was originally
published in serialized form in Audio
Magazine as “ABZs of FM,” and in-
cludes chapters on AM versus FM
Broadcasting, Noise and Interference
in FM, Signal Propagation and Re-
ceiving Antennas, as well as four
chapters on FM circuit sections, and
a chapter each on FM Receiver Mea-
surements and FM Receiver Align-
ment. Recommended for anyone who
wishes to understand how FM works.

How to Select and Use Hi-Fi and Stereo
Equipment, Vols. 1 and 2 by Murray P.
Rosenthal. Hayden Book Company, Inc,,
New York, N.Y. Softbound, 114 pages
(Vol. 1) and 104 pages (Vol. 2), $3.95 ea.
Volume 1 of this two-volume set

covers loudspeakers, enclosures, am-
plifiers, tuners, and receivers, while
Volume 2 concentrates on record play-
ers, tape recorders, and hi-fi trouble-
shooting. The author takes the reader
by the hand and explains how it all
works, and gives the criteria for buying
component equipment. These nicely
illustrated texts should serve the rank
beginner in stereo hi-fi very well.

Installing & Servicing Home Audio Sys-
tems by Jack Hobbs. Tab Books, Blue
Ridge Summit, Pa. Hardbound, $7.95;
softbound, $4.95, 256 pages.

Here is a technician/audio dealer
book that covers the audio equipment
servicing field from the technical end.
Contents include: How to Repair
Stereo FM Equipment, Tape Record-
ers, Mobile Radios, Automatic Record
Players, Audio Preamps and Ampli-
fiers, and AM Receivers, as well as
Test Instruments for Audio Servicing,
and Selling and Installing Home
Audio Systems. There are over 150
illustrations. Servicing tips based on
the author’s experience and trouble-
shooting shortcuts, together with
technical descriptions of audio and
hi-fi equipment and related service
data round out the book.

Audio Systems Handbook by Norman H.
Crowhurst. Hardbound, $7.95; paper-
hound, $4.95, 192 pages.

This all-around audio systems hook
spans home entertainment, commer-
cial sound, and studio installations.
Approaching the subjects from a
practical view, with theory used only
to clarify discussions, there is much
knowledge to be gleaned from this
book that is not available elsewhere.
Some of the subjects covered are deci-
bels and impedances, level limitations,
insertion gain, equalizers, mixers, fil-
ters, distribution systems, commercial
systems, studios, loudspeaker systems,
microphone characteristics, power
margin, electrical and electronic cross-
overs, electronically-generated audio,
reverberation, and much more. In addi-
tion, information on how to assemble
a system, recording and broadcast
studio standards are discussed. A very
worthwhile addition to the library of
any audio engineer and enthusiast.
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Herbert von Karajan has led the world’s great
orchestras and opera companies in their own halls
and theatres. At home, he listens to them with
Acoustic Research equipment.

Few musicians have achieved the international distinction accorded Herbert von Karajan. His
performances of Wagner's Der Ring des Nibelungen cycle at The Metropolitan Opera parallel his
remarkable series of recordings of the same cycle, released by Deutsche Grammophon. These recordings,
together with a large number of others of the classical symphonic literature, stand as a musical landmark
to the world's listeners.

Herr von Karajan is also a man of unusual technical proficiency, being thoroughly famitiar with the
engineering aspects of recording and sound reproduction. His technical understanding is not limited to
books, either; he is an adept jet airplane pilot, for example.

At nis home in St. Moritz and in his Essex House suite in New York, he uses a high-fidelity system
consisting of an AR turntable, AR amplifier, two AR-3a speaker systems, a Sony TAH-10 headphone
adapter and Sennheiser MDH-414 headphones.

Write for a free catalog listing AR speaker systems, turntables, amplifiers and accessories.

AK Acoustic Research Inc.

24 Thorndike Street, Cambridge, Massachusetts 02141
Overseas Inquiries: Write to AR International at above address.
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Audioclimie

JOSEPH GIOVANELLI

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.

Fig. 1
8Q
POWER
AMP. & i(]sn
out

e

R—DUPLICATE FOR STEREO

80
LS
-
8Q
20w

POWER
AMP.
out 3

8Q

—Mm—tI(]BQ

B—DUPLICATE FOR STEREO

Adding an Extra Speaker

Q. I have a stereo receiver which
is equipped to handle two sets of
stereo speakers. At the present time 1
have two sets of high-efficiency speak-
ers hooked up, 8 ohms each. Because
my receiver can handle speakers hav-
ing 4- to 16-ohm impedances, can I
hook up a third set of speakers with-
out doing damage to my receiverr—
Capt. Ronald ]. Slakie, Athens, Ga.

A. As things stand now, you can-
not connect additional speakers to
your equipment. When you have two
8-ohm speakers connected to your
equipment, this load represents a to-
tal impedance of 4 ohms, which is
the lower limit of your amplifier’s
operating impedance.

One way to add the third speaker is
to connect it in series with one of the
speakers now in use. This connection
will actually increase the impedance
of this combination of series-connected
speakers to 16 ohms. The total
impedance of one 8-ohm speaker
connected “straight” and the series
combination of two 8-ohm speakers
will be roughly equal to five ohms.
This is about the lower limit of im-
pedance tolerance set by the manu-
facturer of vour amplifier. See Fig.
1A for the schematic of this setup.

Another way out of this problem
is to connect one speaker as you now
have it. You then can connect a sec-
ond speaker, but, in series with an
8-ohm resistor having at least a 20-
watt rating. You then must connect
the third speaker to your amplifier,

but again in series with a second
8-ohm resistor having a 20-watt rating.
See Fig. 1B for this arrangement.

Note that in both of these schemat-
ics that only one channel is shown.
The circuits must be duplicated for
stereo.

These latter two speakers will suffer
from a 6-dB reduction in power being
fed to them, with the remaining power
lost as heat in the resistors. However,
this method might be all right, if
these extension speakers are for back-
ground listening. The speaker which
is connected directly to the amplifier
with no series resistor will have full
power delivered to it. I mean full
power in the sense that none is wasted
as heat. Actually, this speaker will
have half of the available amplifier
power being fed into it.

High Impedance

Q. I am confused by the use of the
term, “high impedance.” 1 will bet
that others are, too! The term is used
so loosely these days.

In one place it will state, “high im-
pedance, 600 ohms or higher” In
another manual, (referring to the same
thing), it will say: < . . . high imped-
ance, 10,000 ohms or higher” There-
fore, what is “high impedance™ Is
anything 600 ohms or higher O.K.?

Experts tell us that even a slight
impedance mismatch between driver
and load is important. How is it then
that we are also so often told that the
load can be 600 ohms or higher? John
M. Geene, Jr., Vallejo, California

A. High impedance? As I use the
term, high impedance is 10 k ohms or
higher. 600 ohms never becomes high
impedance in my thinking. 1 refer to
600 ohms as either low impedance or
medium impedance, depending what
I am discussing.

If I am discussing mikes, I think
of 600 ohms as medium impedance.
Low impedance is 50 or 200 ohms.
High impedance is 10 K ohms or
higher.

If T am thinking about cathode or
emitter followers or line windings on
output transformers, 600 ohms be-
comes low impedance.

It is fortunate that when manufac-
turers refer to high impedance in con-
nection with any given product, the
impedance is usually stated in definite
numbers,

As to the second part of your ques-
tion, there is a good reason why we
can get away with mismatched im-
pedances under certain conditions.
When connecting loudspeakers to
power amplifiers, we do want to ob-
tain a reasonably close impedance
match between the two. When such a
match exists, maximum power will be
transferred from the amplifier to the
loudspeaker.

When feeding a preamplifier into a
power amplifier, we are not concerned
at all with transferring maximum
power; our interest is in transferring
maximum voltage from the preampli-
fier’s output to the power amplifier’s
input. Power amplifiers operate on a
voltage basis rather than on a current
or power basis insofar as their inputs
are concerned. This maximum voltage
transfer can be accomplished only
when the impedance of the power
amplifier input circuit is considerably
higher than the output impedance
of the preamplifier. Therefore, no rule
is being violated when connecting a
preamplifier having a 590-ohm output
impedance into a power amplifier
having an impedance of 500 K ohms.

In fact, if you fed a preamplifier
having an output impedance of 600
ohms into a power amplifier having an
input impedance of 600 ohms, bass
frequencies would be attenuated con-
siderably, because the coupling ca-
pacitor at the preamplifier output is
calculated so that frequency response
will be maintained only when the pre-
amplifier is fed into a high-impedance
input circuit in the power amplifier. &
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THE HEART OF YOUR DYNACO
RECEIVER SYSTEM

SCA-80 amplifier
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The SCA-80 delivers 40 watts
per channel rms continuous
power from 20-20,000 Hz at 8
ohms. Plenty of power for driv-
ing 4 ohm speakers too.

Front panel low-impedance
headphone jack is always live.
Rocker switch permits you to
choose between main and re-
mote speakers too, or turn
speakers off.

e ..-
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S.END

Center channel speaker can be
driven without an auxiliary am-
plifier with mode switch in
BLEND, which also reduces un-
realistic stereo separation
when using headphones.

Open, uncluttered layout facilitates kit con-
struction. Four etched circuit boards are fac-

tory assembled and tested.

The Dynaco FM-3 tuner ($99.95) is completely com-

patible with the SCA-80. The SCA-80/FM-3 system

delivers up to three times more continuous power
across the audio band than other one-piece receivers

in the same price range.

ALL THIS FOR ONLY $169.95"

*$249.95 factory-assembled.

olynaco inc.
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HE REVIVAL OF Baroque music—

that bouncy, colorful art of the

seventeenth and eighteenth cen-
turies so popular today among younger
people—is entering a new and inter-
esting phase. Advanced ornamentation.
You make it up yourself.

The first phase of the Baroque re-
vival, as we oldsters know, began far
back at the turn of the century with
the reappearance of the first “old in-
struments,” the harpsichord and the
recorder (plus an occasional lute or
other exotic artifact), and with the
movement towards a return to the
original Baroque instrumentations, re-
placing those “modern arrangements”
that had previously been taken for
granted. That first phase still continues,
amazingly, through a whole range of
“new” old instruments—Baroque
oboes, bassoons, flutes, with their crude
finger holes, Baroque violins (the same
but with different bows and less string
tension), even the Baroque valveless
brasses, only yesterday considered un-
playable, the lip techniques for pro-
ducing the tones have been lost a
century and a half ago. From these we
have moved on still further back into
a wide array of Renaissance and Medi-
eval instruments. These ancient and
clumsy affairs are now put to work
again by musicians, mostly young, who
play as though old-music performance
with professional virtuosity were the
easiest thing in the world.

Phase Two, however, is bringing
Baroque music into another and trick-
ier area, moving beyond the physical
technique into that free, stylized im-
provising by the player—or singer—
of music not written down at all in the
Baroque scores. Embellishment of ex-
tensive proportions was taken for
granted in the period and, indeed, it
provided a great deal of the perform-
ing interest. Without it, no matter how
“authentic” the playing technique, and
the instrument, Baroque is sadly un-
derperformed toduy. But we are only
beginning to move with confidence into
the kind of performing that actually
occured in the past. Too many musi-
cians just can’t improvise.

The trend in “classical” music since
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the eighteenth century has gone all the
other way, towards an ever more rigid
and complete written-down score in
which the composer supposedly indi-
cates everything—except, of course,
that evanescent thing called interpreta-
tion. Thus, today, most classical musi-
cians are trained up to play exactly
what is put before them, note for note.
To add extra notes to Beethoven is
unthinkable! Few classical performers
learn to make music on their own in
any intelligible way. Most are incapa-
ble of improvising so much as a phrase
in good-style—any style. (Those who
can often quit classical for the free-
dom of jazz or pop, where their
abilities can be put to musical use.)

Aund so it is a shock to discover, as
they now discover, that they must
make up their own Baroque, or
slavishly follow somebody else’s ghost-
written additions.

Not that we haven’t known about
this right along, most of us. But know-
ing is one thing and practising quite
another. Somehow, until now, most
performers have managed to dodge the
whole problem of Baroque ornamenta-
tion, beyond a trill or so (more often
than not done incorrectly) or the use
of someone else’s “realization” of the
Baroque skeleton continuo accompani-
ment. Fortunately, the wide accep-
tance of Baroque has begun to turn
the tide. Though plenty of pros, as
well as amateurs, still play their orna-
ments haphazardly if at all, the correct
basic ornamentation is at last getting
around. The trill on a cadence, for
instance, always done from the note
above (as a dissonance) and always
plaved in strict time; or the decorative
mordent, on the note and moving down
(not up) and back. These and a few
simple variants go a long way, and
any Baroque music is the better for
their addition, as the ear quickly hears.
The right places are easy enough to
find, after a bit of experience. Millions
of listeners already know exactly where
they should be and how they should
be played, even if not all the pros do.

Phase two of Baroque performance
goes a lot further. In addition to simple
turns and trills there were more elabo-

rate kinds of melodic ornamentation,
particularly in the slow movements,
and in repeats, where the composer
wrote over-simple melodies that were
never intended to be played as such.
Fast movements got their share too,
though there was less room there for
extra notes. As played—or sung—in
good Baroque performance, the elabo-
rations may seem almost to obliterate
the melody yet, if the styling is good,
the ear still follows the basic shape
and the music, so to speak, remains
itself.

Harpsichordists and recorder play-
ers, probably because theirs were the
first revived old instruments, are now
leaders in Baroque authenticity. Harp-
sichordists always play correct orna-
ments; they always work out their own
continuo accompaniments direct from
the skeletal bass line and chord figures
provided by the Baroque composers.
And for many years harpsichordists
have been embellishing melodic lines
freely and in style, all as a matter of
course. Even old Wanda Landowska
did it, a half century ago. Similarly,
recorder players have tended more and
more to play their own cadenzas and
to add notes wherever a flight of fancy
may suggest, though the art is more
difficult and more conspicuous on the
recorder.

Flute players and pianists, trained
on modern instruments, notoriously ig-
nore the Baroque embellishment.
These two sorts of Baroque performer
now lead the pack in terms of ad-
venturesome, but quite proper, altera-
tions of the Baroque printed note. The
other instruments follow less surely.
The vocalists are scarcely beginning
to flounder in their art, which was
once the finest of all Baroque expres-
sions; and our orchestras are hardly
beyond the faint beginnings of under-
standing, in spite of some well in-
formed conductors.

And yet—as always we find on
records the kind of inspiring leader-
ship that now can have enormous in-
fluence in the musical world; for the
best of the embellished Baroque is
quite marvelous to hear. Two excellent

(Continued on page 14)
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" OF A DIFFERENT
RUM

Higher trackability in the “backbone” region of music

The grand structure of orchestral music relies heavily upon tympani, W ———1—
tuba, contrabass, bassoon, bass drum, and other low register instru- 0 == i
ments to form the solid foundation upon which the harmonies and
melodic line are built. Unfortunately it is exceedingly difficult to track
these passages when they are cut at high velocities. Even the Shure V-15
Type I, the world’s highest trackability cartridge, required raising the
tracking force when playing recordings containing this type of program
material. We took this as a challenge and have prevailed. The top line
of the graph at right shows the increased bass and mid-range track-
ability of the IMPROVED V-15 Type Il. Practically speaking, it means you
can reduce 1% gram tracking force to 1 gram, or 1 gram force to %
gram for records with high velocity bass register material. No increase
{n plr}ce ($67.50 net), but you will significantly extend record and stylus 1
ip life.

NOTE: You can attain this superior bass and mid-range trackability ’
with your present V-15 Type Il by using the IMPROVED VN15E stylus at |

$27.50. Look for the word Shure in red letters on the stylus grip. L

100 w0 e im0 w0 oF am rwo wmm B 1
SHURE

V-15 TYPE 1l (IMPROVED)

TRACKABILITY CHART {1 GRAM STYLUS FORCE)
SUPER TRACKABILITY PHONO CARTRIDGE

© 1969, Shure Brothers Inc., 222 Hartrey Ave., Evanston, 1llinois 60204
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The new THOREN

integrated transcription turntable ever made!
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TD-150 Mark II is the finest

' Aw, you say that about

[/ every THORE_!_S turntable

We can't blame anyone who's a bit skeptical about manufacturers’
claims. But let's face it. Someone has to be best. You know the
traditional quality of Thorens is undisputed. You know thatThorens
has been a turntable innovator for the past 82 years. So when we
say the new TD-150 Mark If is the best — you can believe it.

DRAMATICALLY NEW FEATURES:

Precision Cueing Synchronizer —
Front positioned and isolated from
the tonearm. Lowers the arm gent-
ly and precisely. Extends stylus
life. Reduces record wear.

Anti-skate Control — No skip. No
skate. No slide. Stations stylus
precisely on both walls of groove.

Adjustable Low Mass Plug-in Shell
— Adjusts to optimum playback
stylus angle of 15°.

Tonearm Balance & Stylus Track-
ing Force Regulation — Perfect
dynamic balance. One half gram
adjustments to as low as 0.5 gram.

And here's what the critics say about
.. THORENS TD-125 3-speed
Transcription Turntable

"All told, the TD-125 shapes up as the
best three-speed manual (turntable)
we;ve yet tested."” High Fidelity (Sept.
'69

“The Thorens TD-125 is unquestion-
ably one of the elite . . . It would be
hard to imagine a unit that performs
better.”” Stereo Review (Aug. '69)
Here are some of the novel design
features that inspired this brilliant
acclaim:

® Tonearm mounting incorporated in

New Action Speed Glide Adjust-
ment — Changes speed (33% and
45 rpm) smoothly, rapidly without
jolting stylus.
Other features: 12 inch, 7%2 Ib.
precision balanced, non-magnetic
platter eliminates wow and flutter
. Unified suspension system
suppresses rumble ... Double syn-
chronous motor for constant, pre-
cise speed.

Complete with tonearm and walnut
base ... Only $125.00
(Suggestion: the new Ortofon M15
magneto-dynamic cartridge is the
perfect compiement.)

shock mounting of 8 Ib, aluminum
platter for rumble-free performance
® Low, low motor rotor speed of 250
rpm at 33% rpm platter speed further
decreases rumbie ® Drive system
isolated by shock mounting it inde-
pendent of controls ® Dependable
synchronous motor teamed with a Wien
Bridge oscillator ® 3 speeds e Self-
lubricating platter bearings precision
polished to ultra-fine tolerance ® In-
terchangeable tonearm mounting
board for simple and inexpensive re-
placement ® Three year warranty ®
TD-125 chassis — $185.00; mounted
in walnut base — $200.00

For more details, see your Thorens dealer, or write to:
ELPA MARKETING INDUSTRIES, INC.
New Hyde Park, N.Y. 11040

Check No. 14 on Reader Service Card

BAROQUE
(Continued from page 12)

new records, among a good many il-
lustrate the present state of the art in
this interesting new phase of Baroque.

Hans-Martin Linde, on one record,
plays four of the Handel Sonatas opus
1 on his alto recorder with Gustav
Leonhardt on harpsichord continuo
and August Wenzinger playing the
bass line on a viola da gamba. Of these
three, only the gambist plays the literal
printed notes—and his part is not es-
sential. Leonhardt plays his own con-
tinuo realizations, above the same bass,
via his right hand. Linde’s recorder
embellishes the Handel solo line of
these ultra-familiar sonatas with an
astonishing quantity of tasteful extra
melody, richly conceived but never
overdone, notably in the many repeats
which—one may now understand—
were intended as opportunities to show
off via well-turned embellishment. Re-
corder and flute players as well as
Baroque listeners in general should
find this recorder an ear-opener.

As for the orchestras, they now
know about the “double-dotting” of
the dotted-type rhythms (long, short)
in Baroque overtures and most recent
orchestral recordings are properly
played in this respect. But added me-
lodic ornament is something else again.
It must, of course, be planned ahead
if chaos is to be avoided, for all must
play the same. Yet surely there was
embellishment.

The Germans, inevitably, were the
first to move into this dangerous and
difficult area and their added figura-
tions, over and above the printed
scores, are the most natural. But a new
English recording of Handel overtures
and suites (in original scoring, of
course) by the English Chamber Or-
chestra shows what the British are
doing. Here, Handel is treated to a
considerable amount of extra figura-
tion, generally to good effect though a
few additions sound forced; the musi-
cians, I seem to hear, must have
thought the idea a bit silly. They were
wrong, their conductor was right.

Handel: Sonatas for Recorder, Op. 1
Hans-Martin Linde; Gustav Leon-
hardt, harps., August Wenzinger, vla.
da gamba. RCA Victrola VICS 1429
stereo ($5.98).

Handel: Overtures. English Chamber
Orch.,, Bonynge. London CS 6586
stereo ($2.50).

AUDIO « DECEMBER 1969



\iNE... PERSONA/

. g/ .
BeauTiful | And Vi, '4/; 'p)“ OUR \)RANd NEW

\OVE- The HEART

o G losT iN.
M\

)g// ERE YOV

gl G

1) The President 2) The Vegas 3) El Paso 4) El Dorado
For some lovely specs, plus more detailed information about this fine new group of speaker systems, see
youru University dealer or write Heart Line, 9500 West Reno, Oklahoma City, Oklahoma 73126.
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Tape Guide

If you have a problem or question on
tape recording write to Mr. Herman
Burstein at AUDIO, 134 North Thir-
teenth Street, Philadelphia, Pa. 19107.

HERMAN BURSTEIN

Electronic “Ticks”

Q. I have an elderly, semi-profes-
sional, tube-type tape recorder that
seems to have deceloped an electronic
tic. After the recorder has been in
operation several hours, ecery now and
then there is a popping noise in the
speaker and the VU meter swings
widely. This also happens when the
machine has the amplifier on, no sig-
nal fed in, and the motor stopped. My
guess is that some capacitor is defec-
tice, hut with some 27 capacitors in
the amplifier, what would De the logi-
cal ones to check?

Another question: Would it De worth
the trouble to take the power supply
off the present chassis and put it on a
separate chassis i order to reduce
humP—Carl Stoffels, Park Forest, 1l

A. If vour trouble does lie in a ca-
pacitor, you might first check those in
the rectifier circuits. Then go to the
first stage of the recording circuit,
assuming that the trouble lies in the
record amplifier. If the trouble appears
to exist only in playback, then start
with the first stage of the playback
circuit. Possibly the cause of your
trouble is external to the tape recorder;
that is, some other electrical device on
the same line may be transmitting an
impulse to your tape machine as the
former goes on or off.

Usually one can secure a reduction
in hum Dby putting the power supply
on a separate chassis and away from
the rest of the electronics. However
the degree of success cannot be known
until one tries.

Tape-Head Connection

Q. I have a tape recorder which 1
had hoped to use to duplicate tapes
on my other equipment, which in-
cludes an amplifier. Knowing the elec-
{ronics of it to be inferior to the rest
of my equipment, I connected the tape
heads to the tape head input of my
amplifier. However, the results were
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very wunsatisfactory; 1 experience a
loud hiss or “rushing” sound even at
low lecel. Will you please try to ex-
plain the cause for this—Grady W.
Cook, Forest Hill, Md.

A. TFaultv playback equalization
might be the cause. More specifically,
there may not be enough bass boost,
so that, in relative terms, the treble
frequencies (mainly responsible for
hiss) are not attenuated sufficiently.
Another possibility is poor design of
the amplifier, or failure to use low-
noise components in the case of
resistors and transistors.

Taping Records

Q. I huave a few questions that need
answering before 1 buy a tape recorder.
The records I wish to tape are all
mono. 1 already have some mono tapes
that 1 recorded on « mono tape re-
corder two years ago. I recently played
back my mono tapes on a friend’s
stereo tape recorder, but the result was
a mixing (“crosstalk”) of the two tape
sides.

1. Why does this happen?

2. How can this fault be remedicd?

3. Are there stereo tape machines on
the market that will successfully
play back my old mono tapes
without any alterations.

4. Can [ record and play.fresh mono
tapes on a stereo recorder without
producing the miving action that
occurred with my old tapes?

A friend told me that I could use
four-truck stereo tape to record mono
discs, and that the same music would
be present on the (wo tracks that are
playing back. He also said that if I use
only one channel of the stereo recorder
when taping mono records on four-
track stereo tape, I will be able to re-
cord separate mono programs on each
of the four tracks, thus doubling the
taping capacity. Then 1 could play
the tape on the corresponding channel.

5. Is this possible (four-track mono)?

6. 1f so, how would I do it?

7. Would I be sacrificing fidelity?

8. Will a mono tape sound better
played back on a sterco rather
than on a mono recorder?

9. Does the new low-noise tape on
the market require expensive,
highly sophisticated tape ma-
chines for good reproduction?

10. How long may I store my tapes

before print-through occurs?

11. Exactly what is print-through?

12.Is rubbing alcohol suitable for
cleaning tape heads?

13. Are there American recorders thai
will operate on both 60- and 50-
Hz current?

—Grand Hicks, APO, New York.

A. The answers to vour questions in
the order asked are:

1. If you are using both sections of a
stereo head, the lower gap spans part
of the lower mono track, resulting in
crosstalk. 2. Use only the upper sec-
tion of the stereo head, corresponding
to the left channel. 3. Yes. 4. Yes. 5.
Yes. 8. Iollow the tape machine’s in-
structions. This means recording tracks
1 and 4 with the upper section of the
tape head, and then recording tracks
3 and 2 with the lower section. 7.
No. 8. If you play music through two
channels and two speakers it will
generally sound Dbetter than if played
through one speaker. That is, a broad
sound source usually sounds better
than a narrow one. 9. No. However,
an adjustment in bias current and in
recording level is required. 10. Most
print-through occurs in the first few
hours of storage. After that, print-
through increases very gradually
through the vears. Print-through can
be decreased by winding and rewind-
ing the tape before plaving it. Its audi-
ble effects can be lessened by storing
the tape tail out, that is, with the last
recorded material toward the outside
of the hub. 11. Print-through is mag-
netization of tape lavers by adjoining
tape layers, so that one gets pre-echoes
and/or post-echoes of the material on
adjoining layers. 12. Usually yes, but
check with the tape machine manufac-
turer. 13. Yes, some.

Amplifier Shut-off Modification

Q. 1 hate a °*® tape recorder, de-
signed so that an automatic shut-off
switch stops tape motion when the
tape runs out. I am inierested in pro-
viding some modification which will
shut off the amplifiers as well. Is this
possible?—David Simon, Kaneohe,
Hawaii.

A. This may he possible, and rela-
tively simple, by rewiring the a.c. sup-
plv so that all of it (not only the
portion intended for the transport)
goes through the auto shut-off switch.

K
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ESP Automatic Tape Reverse.
A special sensing circuit in-
dicates the absence of any
recorded signal at the end of
a tape and automatically re-
verses the tape direction
within ten seconds.

Positive Head Protection. An auto-
matic tape lifter protects heads

£
-

from wear during fast-forward and

reverse.

Automatic Sentinel Shut-Off. When

Sony separates
the sound from the noise.

Noise-Reduction System. This exclusive
Sony circuit automatically reduces the
gain of the playback ampiifier during
quiet passages of the recorded material
which is when background noise and
tape hiss is most predominant. Sony
“SNR" provides the purest playback of
all recorded tapes—automatically.

tape is not threaded, or end of reel . oA

is reached, Automatic Sentinel

Shut-off disconnects power to tape
mechanism without disconnecting

power to pre amplifier.

©1969, SUPERSCOPE, INC.

Three Motors. Two high-torque spooling
motors plus a two-speed hysteresis syn-
chronous capstan drive motor.

Feather-Touch Push-Button Operation.
Relay-operated solenoid controls for all
tape-motion modes. Four-digit tape
counter. Stereo headphone jack. Two
speeds. Two VU meters. Four-track
stereophonic and monophonic recording
and playback. And more.

Non-Magn2tizing Record
Head. Head magnetization
build-up—the most common
cause of tape hiss—is elimi-
nated by an exclusive Sony
circuit which prevents any
transient strge of bias cur-
rent to the racord head.

Sony Model 666-D. Priced under
S$£75.00. For your free copy of our latest
lape recorder catalog, please write to
Mr. Phillips, Sony/Superscope, Inc.
8142 Vineland Avenue, Sun Valley,
California 91352.

R —
[ sony, g

You never heard it so good.



Letters

“Bridged’”” Channels

¢ About 1959 the Better Business Bu-
reau commented unfavorably on some
manufacturers calling a 3-speaker
stereo array working out of 2 channels,
“3-channel stereo.” I'll have to admit
my personal guilt in publishing a
paper in 1958 referring to such a sys-
tem as “derived 3 channel.” I admit

the culpability, especially as Steinberg
and Snow (Symposium on Auditory
Perspective 1934) had already named
this “2 channel with bridged center
speaker.”

I'd offer a defense of sorts since I
have shown that such a system, prop-
erly executed, is closely equivalent to
3 channels, but the fact remains that
there are only 2 explicit channels no
matter how many speakers are used.

Since some manufacturers have
splurged with advertising like “1 + 1
= 3,” I regret my error. Now that
Pandora’s box is open I guess there is

Introducing . . . the
new STA-501-S am-
fm-multiplex stereo
recelver from Nikko!

Here’s all the styling, value and per-
formance features that made the
STA-501 famous and much
more in the bargain!

Check out the improved performance
. the refined internal design that
offers you more listening enjoyment

. . . more stability

in the circuitry, with

2 exclusive Nikko

Integrated Circuits
. . . extra flexibility, with a sepa-
rate switch for the second set of
speakers!

Naturally, Dual Gate F.E.T. and the
famous Nikko Triple Circuit Breaker
Protection System are included!

$189.95

The Sounds of Daily Happiness

NIKKO ELECTRIC
CORPORATION OF AMERICA

5001 LANKERSHIM BLVOD.~NORTH HOLLYWOQDOD, CALIF. 91601
TELEPHONE (213) 985-0105 ~ CABLE ADDRESS: NIKKDECA

NIKKO
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no way to put the fallacy back under
the lid, but I have tried to use the
Steinberg and Snow term and at least
refer to the additional speakers as
“bridged” and not “3, 4-, or 5-
channel.”
PauL W, KLIPSCH
Hope, Arkansas
Mr. Klipsch is not referring to the
new four-channel systems, which are
true four-channel systems. See page
22 —Ed.

Construction Notes

*In regard to my “Austere Preamp”
article in the October issue, I should
like to add a note to clarify a point,
and also correct something that did
not come out on the schematic for
benefit of readers who are building
the unit.

If a very-low-output cartridge is
used, and it is found that phono gain
is inadequate, the circuit can be modi-
fied to double the gain, for 5mV
sensitivity. Simply change the 150-
ohm resistor to 68 ohms, and the 100
uF 8V electrolytic to 200/6. This elec-
trolytic, incidentally, is shown back-
wards on the phono board layout
(reverse polarity for correct opera-
tion).

As for high-frequency response, the
worst-case condition—listed in the
specification as —3 dB @ 32 kHz—
occurs only at half-volume setting
(-6 dB), with 400 pF cable capaci-
tance load (maximum permissible). It
will be an octave better (-3 dB @ 64
kHz) if 200-pF cable capacitance is
used, which would still allow an 11 ft.
run of Belden 8421 cable. The low-
frequency response is flat to 0 Hz
(d.c.) because there are no coupling
capacitors in the volume control circuit.

The power supply diode can be a
GE type #509. Because the input
filter capacitor has 130 V on it, it must
be a 150-V unit.

The phono preamp follows the RIAA
curve, held within 0.4 dB from 30-10
kHz by the 5% feedback components.
Rather than call the high-level input
distortions “unmeasureable,” I would
call these basically 0 at 1V out; this
is the benefit achieved by having no
output amp, and therefore no non-
linear elements of any kind in the out-
put “circuit.” The simplest design may
well be the best after all.

Joun L. GRAUER
Great Neck, N.Y.
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You can’t beat

the system

if it starts with a BSR McDonald turntable

A hi-fi system is only as good as its
turntable. The best amplifier and
speakers can't change sour notes
into sweet music. All they can do is
amplify the distortion from an
inferior turntable.

That's why experts insist on BSR
McDonald by the world's largest
maker of automatic turntables.
They're made in Great Britain by
precision craftsmen who put the
accent on flawless quality. You’'ll
find such professional features as
cueing and pause control, microm-
eter stylus pressure adjuster, dy-
namic anti-skate control, a vernier

adjustable counterweight, just to
mention a few.

But if technical terms confuse you,
forget them. Just remember the
name BSR McDonald. They cost no
more ... soif anyone tries to sell you
a hi-fi system with any other turn-
table...sound off.

Write for delailed specifications.

McDONALD

BSR (USA) LTD., BLAUVELT,N Y. 10913

Check No. 19 on Reader Service Card
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EDITOR’S
REVIEW

This and That

Recording industry spokesmen are predicting
that pre-recorded tape sales will equal record disc
sales within five years. The prognosticators, backed
by strong market research departments, visualize
the 3315-rpm and 45-rpm discs capturing 50 per
cent of the recorded music sales, while cassette and
stereo-8 pre-recorded tapes rake in the other half.

Total 1969 sales volume for recorded music is
expected to reach $1.1 billion, according to re-
searchers, with $330 million of this figure repre-
sented by pre-recorded tapes. Stereo-8 is far out
front, with about $250 million confidently pre-
dicted; pre-recorded cassettes are expected to pull
about $50 million in consumer sales this year, while
all other pre-recorded tape versions (4-track, open
reel, and Playtape) combine for $30 million.

Discs are expected to hold their own after the
smoke settles, however, because this format repre-
sents the primary source for talent. Furthermore,
it is unlikely that pre-recorded tape prices will ever
be as low as disc prices due to the higher produc-
tion costs of tape and tape packaging. In light of
the foregoing, it is interesting to observe that Am-
pex Stereo Tapes has announced that it will pro-
duce and market LP and single discs in the near

future.
% o %

Acoustic Research, Inc. also announced its inten-
tion to produce discs. This will be part of the com-
pany’s “Contemporary Music Project” program that
will provide American composers with the techni-
cal, financial and administrative resources to pro-
duce and distribute FM broadcast transcriptions
and stereo records for home use (the latter will be
available for approximately two dollars). Deutsche
Grammophon will do the record mastering and
pressing from multi-channel tapes supplied to them
by AR.

“Music to read books by” is an innovative step
taken by Philips Records with its recently released
LP album, “Music to Read “The Prentenders’ By.”
The concept is called “Discobook,” which will be
recorded music scores based on a piece of litera-
ture. Now if they can only sync the music to one’s
reading speed. . ..

The hi-fi component industry’s first permanent
high fidelity exhibit is expected to be maintained
in New York City at 443 Park Ave. So., starting
sometime in early 1970. A sound theatre is planned
for speaker manufacturers who wish to demon-
strate the aural qualities of their products. Loud-
speaker operation in other exhibit areas will not be
permitted, though non-speaker components may
be demonstrated with use of headphones. Plans
include a literature and information booth.

L L *

The sound of sound is being featured at the
Museum of Contemporary Crafts, 29 W. 53rd St,,
New York, N.Y., October 25, 1969 through January
4, 1970. Exhibited here are selected sound exper-
iences created by artists who work in a variety of
disciplines. For example, there are “sounding sculp-
tures” that are activated by light or tone, an 8-ft.-
tall gong and hammer, metal earphone-like objects
which emit delicate Eastern sounds when placed
on the head, works that create certain sounds when
set in motion by a gentle push. A plastic ball is set
afloat in the air in response to an amplified hand
clap, sound is altered by moving one’s hands over
the base of a sculpture, and so on.

In addition, there is a chamber of silence (an
anechoic chamber), a Moog synthesizer which is
programmed to play itself (daily noon-hour live
demonstrations are given), visual music, a film
program related to sound, and new electronic mu-
sical instruments, including a group-operated syn-

thesizer-type instrument.
-4 & L4

Instruction in audio recording technology, and
audio engineering and acoustics marched forward
in 1969. The Institute of Audio Research, Inc.,
New York City, was formed by Al Grundy and Ir-
win Diehl, for example, with educational programs
in audio recording and seminars in advanced
theory. Eight-week programs began in the latter
part of 1969, with two classes held each week.
Gotham Audio Corp. held a three-day “Disc Re-
cording Seminar” at the Sterling Forest Conference
Center some 55 miles from New York City in which
the entire field of disc recording, both theoretical
and practical, was covered. Similar seminars will
be held at other parts of the country by Gotham
Audio. A new chair in the fields of audio engineer-
ing and acoustics was established at the Massa-
chusetts Institute of Technology through a bequest
of C. J. LeBe), one of the founders of the Audio
Engineering Society, to his alma mater. Dr. Amar
G. Bose was appointed the first Clarence Joseph
LeBel Professor of Electrical Engineering at the
prestigious engineering school.

APS.

Spasnns Greetings from all of us to all of yon
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MUSIC POWER
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PHOTOGRAPH BY FRANZ EDSON

With the Pickering XV-15 Cartridge
You Get 100% Music Power —
You Hear It All!

Only Pickering’s XV-15 series of cartridges features 100%, Music Power,
With the Pickering, a harp sounds like a harp, a trumpet has the biting sound
that you expect from a brass instrument, the flute has a rich romantic tone,
the orchestra is the full-throated instrument the composer called-for.

So choose Pickering—and make the enjoyment
of 1009, Music Power a part of your life.

PICKERING

FOR THOSE WHO CAN THE DIFFERENCE
Check No. 21 on Reader Service Card THE NEW PICKERING XV-15/750E.
PREMIER MODEL OF THE XV-15 SERIES.TRACKS AT ¥2TO 1 GRAM.DYNAMIC COUPLING FACTOR OF 750 FOR
USE IN FINEST TONEARMS, $60.00. OTHER XV-15.CARTRIDGES FROM $29.95. PICKERING & CO.,PLAINVIEW, L.I., N.Y.




on a four-channel multiplex system
that would overcome the alleged side-
band spillage, and afford full 15-kHz
fidelity, in contrast to the reported 10-
kHz limit of the Halstead System.

No sooner had four-channel tape
been announced, than the word be-
gan to circulate that “this time the
disc is well and truly dead
they can’t put four channels on a
disc.” As usual, the pundits of gloom
were a bit premature. It is un-
questionably going to be difficult to
put four-channel sound on a disc. But
we must remember that the record
industry has collectively probably
over one hundred million dollars
worth of pressing plants and allied
installations. If there appears to be
a public demand for four-channel
sound, you can be sure that every
effort will be made to produce a
four-channel disc, rather than lose this
tremendous investment. In this con-
nection, it is worth noting that a
story in Time Magazine reported that
a bassoonist named Peter Scheiber
had worked out a “coding system to
compress four channels into two,
overlay them on tracks in either disc
or tape, and then retrieve them
again,” Time claimed its music editors
heard a demonstration of the four-
channel disc, which “was quite good,
but not as good as equivalent tapes.”
The Scheiber process reportedly has
one great commercial virtue: com-
patibility with existing hi-fi systems,
for it requires only an “encoder” at
the recording studio and a “decoder”
in the home of the listener (with all
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the additional speakers and amplifiers,
of course). Whether this is a valid
system is a moot point. A friend of
mine who is Chief Engineer of one of
the major record companies attempted
to contact Scheiber, and actually
reached him on the telephone, but
Scheiber would give out no informa-
tion whatever regarding his system.
[Eprror’s NoTE: Bert Whyte advised,
in a last-minute telephone call, that
two very reliable sources said they
heard the 4-channel disc operate—
and it works!

I talked with Jerry Minter of Com-
ponents Corp., who way back in 1957
had developed an FM carrier system
for two-channel stereo discs, and
asked him about the possibility of a
four-channel disc. He seems to think
it would be possible to achieve by
multiplexing, and said that the tech-
nology of today is better able to cope
with the high frequencies that would
be necessary to cut on a disc. He says
that he routinely cuts 40 kliz onto
discs for special purposes, and that
Philips and several other companies
have cartridges capable of reproduc-
ing this frequency. I asked him if,
even at the 1-gram tracking forces
of today, the high-frequency carrier
would survive many  playings,
especially in view of the photomicro-
graphs of Woodward at RCA Prince-
ton, which revealed extensive groove
wall damage after just one play. He
believes this would not be a factor,
pointing out that he has reduced
turntable speeds to bring the 40 kHz to
the point of audibility, and that even

4-Channel Equipment Sampler

(Left to right): TEAC Model A-4010SRA
15-ips tape deck with eight indepen-
dent amplifiers for recording and play-
back. Telex Series 230 “Quad/Sonic”
4-channel stereo tape units with
optional playback and record/playback
amplifiers. H. H. Scott’s Model 499
“Quadrant’”’ 4-channel stereo inte-
grated amplifier features 35 watts
rms/channel output power at 8 ohms.

after numerous playbacks the fre-
quency was still in evidence. So one
must conclude that the four-channel
stereo disc is not an impossible dream.

Now that we have established that
four-channel sound is on the way to
becoming a commercial reality in one
or more formats, it might be pertinent
to take a closer look at what it is and
what we are trying to accomplish. Let
us confine ourselves to recorded tape
at present, since this will be the first
medium that will be generally avail-
able to the public. Vanguard will soon
issue open-reel 7%-ips tapes with four
channels on standard quarter-inch
tape, with the four channels “in line”
and all running in the “forward play”
mode. Very wisely, Vanguard has de-
cided to designate channels one and
three as the front-left and front-right
channel, and channels two and four
as the rear-left and rear-right channels.
This will make the four-channel tape
compatible with present quarter-track
tape recorders, so that one could pur-
chase a four-channel tape and be able
to play it on the front stereo speakers
in the normal fashion. At a later date,
when four-channel playback facilities
have been purchased, the tape will be
totally utilized with its rear channels.

To play four-channel tapes you ob-
viously need a tape machine with the
four-channel in-line head, four play-
back preamplifiers, your present front
stereo speakers and stereo amplifier
and another stereo amplifier and pair
of speakers for the rear channels. That
is a lot of gear, and it is going to be
expensive initially until some special
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Versatility thats surpassed only by performance

A new criterion of excellence in sound has arrived. The
Pioneer SX-1500TD AM/FM multiplex stereo receiver
was meticulously designed for the audio perfectionist.
Its advanced design circuitry, incorporating an FET front
end and 1C’s IF strip, offers an array of features for the
ultimate in stereo performance. Music power is at a
zenith of 180 watts, rated in compliance with the stand-
ards of the Institute of High Fidelity. Extremely versatile,
it provides six sets of inputs. The pre and main amplifiers
may be used independently. An exclusive highlight is

the unique facility for Dynamic Microphone Mixing
which provides simultaneous recording with broadcast
music ... voice over music announcements. .. 5-position
speaker selection for announcements over speakers in
several locations. You can connect up to three different
speaker systems. Complementing its magnificent sound
reproduction is the subdued elegance of the hand
rubbed, oiled walnut cabinet faced with brushed silver
and jet. Hear the true sound of quality at your Pioneer
dealer. Only $399.95, including microphone.

W PIONEER’

PIOMEER ELECTRONICS U.S.A. CORPORATION, 140 Smith Street, Farmingdale, N. Y. 11735 ¢ (516} 694-7720
West Coast: 1335 W. 134th Street, Gardena, Calif. 90249 — (213) 323-2374 & 321-1076 - In Canada: S. H. Parker Co., Prov. of Ontario
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made-for-four-channel equipment
reaches the market. Obviously another
stereo amplifier and pair of speakers is
easy to acquire, apart from the cost,
but what about the four-channel tape
playback machines? Well, if you are
one of those proverbial Texas oil
barons, it is a simple matter to buy an
Ampex or a Scully four-channel re-
corder; they are standard catalog
items. There would be a drawback
even with these machines, however,
since they use one-inch-wide tape.
You would have to induce a company
to make you four-channel copies in
this tape width. Since we are breath-
ing this rarified financial air, we might
as well go whole hog and buy a pair
of Dolby A-301 noise reduction units
and ask the company to furnish a
Dolby compressed copy. Then we
could run the tapes through the A-301
expansion section and we would have
our 10 dB of noise reduction right at
home!

As a practical matter, we will have
to stay with the quarter-inch tapes.
0Oddly enough, there are some four-
channel in-line machines already
available in this width. TEac has a
unit which records and plays in this
format (and sells for about $1200).
Telex reportedly has a similar machine
with a Viking playback only unit to
sell for $289. Wollensak demonstrated
an open-reel four-channel deck at the
AES show (expected price is under
$500). Other tape machine manufac-
turers are expected to follow suit.
Kingpin in the quarter-inch four-
channel recorder market is Crown In-
ternational. They have been making
machines in this format for some time
for people who want this facility with-
out the expense of the one-inch re-
corders. Expense here is a relative
thing: the one-inch machines are
about twice the cost of the quarter-
inch units.

Crown has very kindly sent me their
top quarter-inch four-channel machine.
It's a real beauty. Computer-logic
transport, four record and playback
preamplifiers, four 5-inch VU meters,
and the ability to use up to eight
microphones. It uses the big 10%-inch
reels and can record 15 ips and slower
speeds. It is a fairly heavy unit, and
is therefore more transportable than
portable. Nonetheless it is all in one
case and I took this unit to the Van-
guard studios and dubbed some four-
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channel copies right from their
four-channel one-inch masters. Thus, 1
have had four-channel sound in my
home for some time now and can give
you my impressions and observations
a little later on.

What Four Channels Accomplish

But first let us examine the purpose
of four-channel stereo. As you know,
ever since the dawn of high-fidelity
sound, the advertising copywriters
have been waxing rhapsodic about
how this or that amplifier, speaker, or
other component brings you sound
with “glorious concert-hall realism.”
Only the most naive Dbelieve this
nonsense, as most of us are very aware
that, unfortunately, even the most ex-
pensive state-of-the-art stereo system
just does not fumish us with the
totality of the concert hall experience.
Psycho-acoustics plays a very impor-
tant role in our home listening. The
recording engineers work very hard
and employ all sorts of techniques to
incorporate in their recordings the
acoustic ambience of the hall in which
they are recording. At home, we play
back these recordings at the sound
level which gives us the psychological
approximation of concert hall level.
It all helps, but hardly anyone deludes
himself that he is experiencing the
physiological and emotional involve-
ment that comes with their total
immersion in the sound field of the
concert hall.

A great deal of research has proven
that what is missing in the home
listening situation is the literal re-cre-
ation of the acoustic environment of
the concert hall. It is obvious that
physically we can’t place a symphony
orchestra in our living rooms. So we
will have to depend on psycho-acous-
tic trickery. The best place to start
seems to be the creation of a sound
field in our listening rooms which our
ears will accept as analagous to the
ambience of the concert hall. When
we sit in a concert hall listening to an
orchestra, the transient sounds that
reach us in the first 10 to 20 milli-
seconds establishes the directional
qualities that tell us where the sound
is coming from and determines the
placement of individual instruments.
After that initial period, the sound is
bounced and reflected countless times
from the walls, floors, and ceilings, and

is incident on the listener in fairly
equal levels from all parts of the hall.
The listener is thus sitting in a rever-
berent field which gives the hall it’s
characteristic sound.

The closest approximation we have
had of concert hall sound up to now
is a properly made binaural recording
heard through earphones. By sealing
out external sounds, the earphones
and the recording act almost like
some sort of time machine, transport-
ing us back to the hall and re-creating
all the directional and reverberent
characteristics of the sound in the hall.
Dealing with speakers in the home
makes our task more difficult. So in
order to create that reverberant field,
which seems to be the essence of the
concert-hall experience, it was decided
to utilize extra channels of sound spe-
cifically recorded for that purpose. The
question was, of course, how many
channels would be necessary?

Years ago someone stated that if
you built a brick wall across the stage
in front of an orchestra and then had
the orchestra play into an infinite
number of microphones, through an
infinite number of amplifiers, through
an infinite number of speakers in front
of the wall, in acoustic terms the wall
would disappear. In other words the
answer is that we should use as many
channels of sound as possible. In
practical terms, it would seem that
we must be satisfied for the present
with four channels. This would con-
sist of two speakers facing the auditor
as in the normal stereo mode; these
would be fed by two channels carry-
ing most of the sound energy, with all
of the directional information and a
large proportion of the reverberation.
In addition, two speakers at the rear
of the auditor would be fed by the
other two channels of the tape and
would carry only hall reverberation,
except in the rare special case of the
Berlioz Requiem or with music spe-
cially composed for the four-channel
medium,

The Vanguard four-channel tapes
were recorded in the manner just de-
scribed. Needless to say, recording in
this fashion is very critical and is
different for every hall. The rear-
channel microphones must be care-
fully chosen as to type and pattern.
Their placement in the hall in relation
to the front microphones is all-
important. This is, of course, a matter
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Anyone who
wants the best,
and is worried about
spending an extra 20,

ought to have
his ears examined.

Look at what you’re getting
for the extra $20.00.

The Papst hysteresis
motor for reduced noise and
rumble, unvarying speed
accuracy. An exclusive
feature of the Miracord 50H.

The cartridge insert with
slotted lead screw for precisa
stylus overhang adjustment.

Without this Miracord exclusive,

your whole investment in
arecord-playing instrument
could go down the drain.
Because if the stylus overhang
is incorrect, the finest cartridge
will not track accurately.
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The exclusive Miracord
pushbuttons—the gentlest
touch is all that’s needed to
put the 50H into automatic play
(stacks of 10 or single records).
Or you can start the turntable
and play single records
manually by simply lifting the

arm and placing it on the record.

In addition to these
exclusive features, the
Miracord 50H offers a metal
cam (not plastic) for greater
refiakility; piston-damped
cueing: effective anti-skate; a
dynamically balanced arm
that tracks to %2 gram.
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Finally, consider what the
leading experts are saying
about the Miracord 50H. That
$20 bilt looks pretty tiny now,
doesn’t it? Miracord 50H less
cartridge arm and base,
$159.50. The Miracord 620
($99.50) and the Miracord 630
($119.50) follow in the great
tradition of the 50H. See what
we mean at your hi-fi dealer.

Benjamin Electronic Sound Corp.,
Farmingdale, N.Y. 11735,
Available in Canada.

MIRACORD S0H

another quality product from BENJAMIN.
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subject to a great deal of experimenta-
tion and I don’t think anyone will be
insulted if I say that much more ex-
perimentation lies ahead in the area
of standardization, even though
standardization in this process will
probably be very broadly interpreted.

Personal Observations

At this point in time I have heard
the original Vanguard four-channel
demonstration, the AR demonstration
at their listening room in New York,
several demos at the October 1969
Los Angeles Hi-Fi Show, and, as
noted, I have been living with my own
four-channel system at home for some
time now. For the most part I have
heard the Vanguard tapes, but also
heard some Columbia tapes at the AR
room. Thus I have heard four-channel
sound under a variety of conditions
and have drawn a few conclusions.

In my home set-up, I have the out-
puts of the Crown four-channel re-
corder feeding into a Sony and a
MeclIntosh preamp; the Sony feeds into
the magnificently powerful Crown
DC300 amplifier which drives the
front speakers. The McIntosh feeds
into a McIntosh 2105 amplifier which
drives the rear speakers. The McIntosh
amplifier has two big power meters,
which are a real help in setting the
rear channels. I have fed the four
channels into bookshelf-type speaker
systems, into very big conventional
speakers, and into reflecting- and omni-
directional-type speakers.

On the Vanguard tape is a work
for string orchestra, the Berlioz
“Requiem,” which as you probably
know was scored for a brass band
in each corner of the hall, the Mahler
“Third Symphony,” which has two
sections on the tape—one that is
straight orchestral, the other calling
for a children’s choir “high in the
rear” of the hall. Then there is a pop
section with songs by Joan Baez and
Buffy St. Marie, and a wild instrumen-
tal work that deliberately exploits the
rear channels’ gimmicky aspects of
four-channel sound.

How does “surround stereo” sound?
Well, once you establish the tricky
output ratios between the front and
rear speakers you are in for a unique
sonic experience. At its best, it simu-
lates very closely the sense of being
in a concert hall. At it’s worst (mostly
in the pop material) you dismiss the
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rear channels as gimmicky. You ex-
pect the Berlioz Requiem to be sen-
sational in the original four-brass-band
scoring—and it is! The Mahler Third
is impressive, too, witli the childrens
choir. However, I was more interested
in the results with the straight or-
chestral music. After all, there are
very few works scored for performing
forces in the rear of the hall, and you
can’t justify four-channel sound just
for these few pieces.

There has been a natural tendency
at the demos 1 have attended to tum
up the rear reverh speakers too high—
probably just to make sure you know
you are listening to four-channel
sound. However, this negates what
you are trying to accomplish because
you hear behind you various instru-
ments which just don’t belong there.
As a result, this can cause a listener to
become quite dis-oriented. The whole
idea is to simulate the concert hall
environment in  your living room,
which can be a fairly subtle thing to
accomplish. As I noted, balancing the
system is critical. And balancing re-
quirements vary, depending on where
vou choose to place vour listening
seat. Sit closer to the front speakers
and vou need more sound from the
rear and vice wversa for the rear
speakers. You find yourself creating an
idealized concert hall seat, depending
upon the size and physical layout of
vour listening room. Once adjusted,
with what may appear to be very little
contribution from the rear channels,
one has but to ask someone to switch
off the rear channels while you are in
the listening position to note the
dramatic difference in realism. The
idea is to get just enough rear channel
to enhance the reverberent field and
have the walls of your living room
“dissolve into the concert hall.”

As mentioned earlier, much ex-
perimentation is needed to optimize
this rear-channel pickup in the hall,
and since 1 am fortunate enough to
have four-channel recording facilities
I will be trving some ideas of my own
as well as those of an engineer friend
of mine. We will be recording some
local choruses and school and com-
munity symphony orchestras.

A word at this point about four-
channel sound and the tvpe of music
most suitable for its application. The
most legitimate use is quite naturally
with classical music. With pop music,

anvthing goes. They talk about the
“mind Dblowing” potentials of this
medium when fully exploited, and I
can’t argue with that. Since pop music
has long since ubandoned any re-
lationship to reality, why not go a
step further?

Now I think it pertinent to discuss
certain other aspects of four-channel
sound. For one thing, it is not a pana-
cea for sonic ills that will transform
poor speakers and amplifiers into good
ones. One of the claims made for four-
chamnel sound is that it eliminates the
stereo listening axis between the
speakers. This it just does not do.
After many hours of listening to four-
chamnel stereo 1 have come to the
conclusion that the tvpe of speaker
you use has a profound influence on
the success of this process in the
simulation of the concert hall environ-
ment. Don’t misunderstand me,
though. With careful balancing be-
tween front and rear, all speakers are
capable of enhancing the realism of
the sound. But I have found that the
optimum degree of realism is to be
found with the omni-directional and
reflecting type of speakers, rather than
with conventional tvpes, large or
small. When you think about what we
are trying to accomplish with four-
channel sound, this is not an unex-
pected result. The rear microphones
are picking up reverberent information
which is non-directional; the front
mikes directional information plus
reverberation. It would appear it is
best to use speakers which create
larger sound images than their phy-
sical size. Conventional speakers
would work nicely if there were
enough of them and enough channels
to feed them information. In other
words, enough point sources and vou
develop a complete sonic image.

Is four-channel stereo worthwhile?
Is it worth all the expense and bother?
Well, T think that it definitely works
and will work better in time to come
as we leam more about microphoning
for the rear channels. It goes a long
way toward the ultimate goal of
bringing the concert hall ambience
into the home. That the degree of
realism is different for different kinds
of speakers doesn’t lessen its positive
advantages. After all, a pint of ice
cream tastes just as good as a gallon;
there is just more to enjoy in the

gallon. A
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~ Only a Stradivarius ,_ Only TDK’s SD Cassette Tape
satisfies a great performer! * satisfies a careful listener!

Not only musicians care about fine sound. That's why TDK created its world famous High Fidelity Super
Dynamic (SD) cassette tape. At last, a cassette tape offering truly significant improvements. .. a fantastic
frequency range of 30-20,000 Hz...excellent signal-to-noise ratio...and less head wear. Use a TDK SD
cassette for your next FM multiplex recording and discover TDK SD sound for yourseif!

@ @ kfor detailed information, write to
TDK CASSETTE - TDK ELECTRONICS CORP

82 Wall Street, New York 10005
-~ TR N Phone: (212) 425-7070

UPE ® LOS ANGELES Branch, 6151 W. Century Blvd.,
& RNAMIC TAPE Chiid .2 Geaside Los Angeles, California 90045

Phone: (213) 670-5515
° ° 0 ® CHICAGO Branch, 2906 West Peterson Avenue,
o @ Chicago, lllinois 60645 - Phone: (312) 973-1222
Check No. 29 on Reader Service Card
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ELECTRONIC MUSIC 1S TODAY a
vital part of the curriculum of
many music schools. Of all the varie-
ties of musical composition taught
today, electronic musical composition
is perhaps the most practical due to
its growing application in the com-
mercial areas of music. In addition,
due to the frustration of the composer
in contemporary society, it has be-
come the most desirable outlet for
original creative expression, normally
suppressed by a public taste geared to
nineteenth-century musical practice.

The contemporary composer or stu-
dent of composition comes to elec-
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Fig. 1—Electronic music laboratory at NTSU, where Merrill Ellis, director, and Allen
Oldfield, a graduate student, discuss an electronic music . composition.

INSIDE THE M00G SYNTHESIZER

Everyone is familiar with the kinds of sounds the synthe-
sizer creates. Here is an explanation of how it creates them.

ROBERT C. EHLE

tronic music with great expectations.
Among these are the intention to es-
cape from the necessity of finding
sympathetic performers, a desire to
escape from the equal-tempered scale,
conventional sounds, and musical in-
struments, and in general, a situation
where the available materials for
musical composition have been so thor-
oughly worked that only a genius
could find new means of expression in
them. Electronic music offers a means
to this end.

Among the various types of elec-
tronic music equipment available, that
built by the R. A. Moog is among the

most popular. The writer has taught
techniques using the Moog synthe-
sizers at North Texas State University
for several years.

The University has two Moog syn-
thesizers. The first, essentially a “Syn-
thesizer I,” is used for most teaching
purposes and is ideally suited for this
application because of its relatively
simple construction. The other is a
special-purpose performance instru-
ment containing special mixing and
patching conveniences which facili-
tate rapid change of sound parameters
in real concert situations. They also
make comprehension of the instru-
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An Outperformer
for the Tape Deck Set!

Tape record rg has reacked a new level of ex-
cellence withh the new Picnee- T-6J0. ~hese
r2markabl2 irnovations 2l the story. Tre in-
cenious autc--2verse unit ofters -he fastest auto-
matic and pLshbutton rsverse p ayback and
r=cord ng — less than z second. Ko more “Lrning
tape over .. no more antoving recording inter-
ruptiors. Tte dramatically diflerent swing-in,
swing-aut p rch roller essurzs optimum tape
cressu-e at al times — _ust -ignt dcr flawxless
r2prod.ction Reel loac ng has be=n relegaed to

a one hand operation, significantly reducing
mounting and threading time and the possibility
of torn >~ damaged -apes. Other features includz:
scld s-egte circuijtry; 4 heads; 4-track stereo &
monaura! Record/ Playback; 2 VU metzars; hysiz2-
resis svnchronous motor: center capstan drive;
headphona jack; automatic tape braking: pusn-
button 3-dicit counter; vertical or horizontal oper-
at on. Maturally, the quality is incomparable. It's
a 2ioneer Outperformer. Ask your Pioreer dealzr
10- a demcnstration. Only 3299.95 incl. dust cover.

O moneers

PIONZER ELECTRONICS U.S.A. CORPORATICN, 14C¢ Smith Street, Farmingdale, N.Y. 11235 - (516) 694-7720
West Toast: 8335 W 134th St., Garczma, Sali*. €0249 (2131 323-2374 & 321-1076 = Canada: S. H. Parker Co., Prov. Cntario
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Controlled Modules.
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ment difficult for the student. This
article describes the “Synthesizer 1,”
actually an earlier version of the
model currently available. Differences
between versions, while significant,
can be avoided in the present material
as they do not affect the principles
of operation which are the primary
concern here. Thus, if the user en-
counters discussion on a particular
component not in his particular syn-
thesizer he can skip to the next section.

The purpose of this article is not so
much to give directions for specific
compositional procedures as to give
him a comprehension of the principles
of operation of the Moog synthesizers
(and other similar instruments) so
that he will have an idea of how one
works out his own procedures.

As a background to the present dis-
cussion the reader is referred to the
writer’s article “Techniques for the
Svnthesis of Electronic Music,” which
covered material in a basic way, unre-
lated to specific items of equipment.

GENERAL DESCRIPTION

Detailed descriptions of the com-
ponents in Moog synthesizers are
available in the Moog Electronic
Music Composition-Performance
Equipment catalog® and the various
manuals and specification sheets sup-
plied with the equipment’. The de-
scriptions given here are general in
nature and are intended to tie the
technical descriptions to the specific
applications in music.

First, the synthesizers are modular
in construction. Each module is an
independent unit having only power
supply circuits internally connected.
Thus, the user makes all signal-flow
connections on the front panel. A
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typical synthesizer contains most or
all of the following modules:

Oscillators (two or more)

Controlled Amplifiers (one or two)

Filters—High-pass, Low-pass,
Band-pass (fixed and variable)

White-Sound Source

Reverberator

Mixer

Control Devices (keyboard, linear
controller, etc.)

Sequence controllers (envelope
generator, sequencer, paper tape
reader, small digital computer, etc.)

Envelope Follower

In a Moog synthesizer, as in any
well designed instrument, all modules
are compatible which allows all out-
puts to be connected to all inputs for
special needs. In each case. the impe-
dances, voltage and current levels,
and frequency responses match so
there are no technical limitations on
interconnections. The basic justifica-
tion for any interconnection must come
from musical requirements.

The Moog synthesizers are all volt-
age-controlled. This means that of all
the parameters of an input signal to
a particular module, only the voltage
of that signal exerts any controlling
influence on the module’s performance.
Thus. the same parameter of the con-
trol signal is effective with all modules.
Also, the degree of control exerted by
a control signal is linearly related to
the voltage of the control signal in
most instances. This means that a
given incremental voltage change al-
ways produces the same relative
change in a module’s performance
anywhere throughout its entire range.

This is described graphically by Fig.
2, illustrating a n'odule’s output (os-
cillator frequency, amplifier gain, filter
spectrum, and so on as related to the
input voltage.

It should be pointed out here that
there are other means of controlling
electronic music instruments, The
Theremin, for example, is capacitance
controlled, as is the complex-tone
generator built by the writer.' Many
units are resistance controlled. This is
convenient because the variable resis-
tor, or potentiometer, is 4« common con-
trol device in electronics. There are,
however, limitations for controlling one
module from the output of another,
usually in the form of a voltage or
current source. Voltage control is
probably the most universal and flexi-
ble method of those available and it
is a good choice also, because digital
computers can be made to have voltage
outputs by means of a device known
as a digital-to-analog converter, thus
making them adaptable to voltage-
controlled modules.

The modules in the Moog synthe-
sizers have two types of inputs and two
tvpes of outputs, present in various
combinations on each module as re-
quired. The four types of inputs and
outputs are as follows:

Signal inputs,
Signal outputs,
Control inputs,
Control outputs.

The arrangement of inputs and
outputs by type of module is given in
the following table:

Type of Module Inputs Outputs

Oscillators Control Signal

Controlled amplifiers Control Signal
Signal

Filters Signal Signal
Control*

White-sound source None Signal

Reverberator Signal Signal

Mixer Signal Signal

Control Devices None Control

Sequence controllers Control* Control
Trigger*

Envelope follower Signal Control

* on some models
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Model 407

only .
ASTROCOM/MARLUX {

gives you posilive
proof of performance

It's easy to print specifications . . . It's something else again to back up performance cfaims with the hard
cold facts of laboratory tests. Every Astrocom/Marlux Model 407 is furnished with its own graphic read-out
of its frequency response tested on level recorders calibrated to National Bureau of Standards Accuracy.

The Model 407 is built to inspire confidence . . . serious recordists everywhere appreciate the ease of tape
handling with the soft touch solenoid operated controls, the unswerving accuracy of the hysteresis syn-
chronous capstan motor and the smooth tape spooling afforded by the supply and take-up reel motors.
The addition of a precision impedance roller to this tape drive system ensures consistently low values
of wow and flutter. Four heads allow reverse play plus “off-tape” monitoring. The premium-quality heads
and the all-silicon transistor electronics give signal-to-noise ratios of professional specification.

The Astrocom/Marlux Model 407 has many other features designed io please the discriminating recordist.

Our dealers can demonstrate to you why the Model 407 is outselling much more
expensive recorders and is today’s most outstanding tape recorder value.

ASTROCOM|MARLUX

Oneonta, New York 13820
Check No. 33 on Reader Service Card
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Fig. 3—Front panel controls and connectors on the Moog Synthesizer at North Texas State University.

RIGHT END OF KEYBOARD

The breakdown given above is inter-
esting as it defines the role of each
module in terms of the ways it can
be made to interact with other mod-
ules. First, it is necessary to define
the distinction Dhetween signal and
control inputs or outputs.

A signal is a voltage waveform with
a periodic frequency between 20 and
15,000 Hz. It is, thus, within the
audible range and can be converted
into sound with the proper amplifiers
and speakers.

A control voltage is any alternating,
direct, periodic, or non-periodic volt-
age. It may or mav not be within
the audible range and may or mav not
be converted into sound. That feature
making it a control voltage is that it
not converted into sound but is
used directly as a control for another
module.

With these definitions given, it is
possible to continue with their applica-
tion to the various types of modules.
A device having a control input may
be controlled by another device with
a control output. Note, however, that
those devices having signal outputs
only, such as the white-sound source,
may still bhe emploved as control-
voltage sources. The distinction means

is

that the output of these devices will
alwavs be in the audible range.

A device having control outputs
onlv produces no signals in the audible
range and may be used only to con-
trol other devices (as in the case of
the keyboard). Devices having both
signal mmputs and signal outputs are
inserted into the signal path for modi-
fication applications such as amplitude
modulation, filtering, envelope control,
and so on, and they require an input
before any output signal will be avail-
able. Note that in no case does any
module have only inputs, as this would
be an absurd situation.

The following basic rules should
be followed in interconnecting the
svnthesizer:

1. Signal inputs may receive only signal

outputs.

2. Control outputs may drive only
control inputs.

3. Control inputs may receive both
signal and control outputs.

4. Signal outputs may drive both signal

and control inputs.

In addition to the above rules, it is
necessary to establish a complete
signal-low  through the
from signal sources in the oscillators
to the final output in the mixer to the
monitor system.

svnthesizer

SOUND SOURCES GATING

(oscibators, ENVELOPE

electromechanical CONTROL and

genesators, microphones, AMPLITUDE —
electric guitars, etc) MODULATION

|

f {connection for
1 frequency
: modulation)

4 (connection for
) amptitude modulation)

'
) - -
1
1

MODULATION SOURCES ! FILTERS

(oscillators, generators, UL (passive of

mictophones. also control 1| regenerative)

vottages, etc.)

(-

To reverberatos, sound
system, tape recorders, etc.

Fig. 4—Block diagram of typical sound
synthesizing or modifying system.
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Fisheris

ahead intherace

for bass.

For alongtime, the bookshelf speak-
er system with the “best” bass was the
one with the most boom.

The fact is, most good bookshelf
speakers today incorporate the acoustic
suspension principle. Invariably, they can
all deliver big bass in a corner, or on the
floor. And, just as invariably, there’ll be a
lot of bass coloration, resonance, and
overemphasis of certain bass frequen-
cies.

Introducing the XP-9C.

At Fisher, we suspected that the first bookshelf
system capable of solid, resounding bass outside of a
corner or floor |location would sound far cleaner than
any other bookshelf speaker on the market.

We gave our engineers the assignment.

And they gave us the new Fisher XP-9C.The small-
est speaker system ever to use a fifteen-inch acoustic
suspension woofer.

This woofer, with its massive 12-pound Alnico
magnet and extremely high compliance, has a free-air
resonance of:10 Hz! And in its compact cabinet will pro-
duce natural-sounding bass to below 30 Hz. No doub-
ling. No audible distortion.

For precise cone control, and greater power han-
dling, our super woofer uses a 2%z-inch voice coil.

Then, toinsure acrisp mid-range, a pair of match-
ed, b-inch mid-range drivers take over at precisely 500
Hz. With theirairtightenclosures they handle only
those frequencies between 500 and 1,200 Hz, and
can't interact with the bass.

The total effect is cleaner, more exact bass than
any other bookshelf system can achieve, anywhere you
choose to place the XP-9C’s.

On to treble.

Naturally, there’s more to the XP-9C than flaw-
less bass.

A special hemispherical dome tweeter takes over
from the lower mid-range drivers at 1,200 Hz. Then,
starting at 5,000 Hz, a super tweeter reproduces all
frequencies to the limits of audibility with outstanding
clarity and presence.

Both tweeters use a soft dome with high internal
damping to eliminate all parasitic resonances. Cross-

overs are clean in every case, because
we're using new sharp-cutoff (12-dB per
octave) networks. Bandpass filters (in-
stead of conventional roll-off networks)
assure that each speaker handles only
those frequencies it can reproduce best.

Also (and some of our engineers
believe, most important of all), the XP-9C
has virtually eliminated boxy “speaker
sound’ by careful acoustic loading of the
woofer; and putting it all in a cabinet con-
structed of non-resonant flake board,
which eliminates the resonances found in plywood.
Finally, the whole system is tightly sealed and filled
with Acoustiglas® to provide a high degree of damping.

We challenge all comers.

We invite comparisons between the Fisher XP-9C
and any other speaker system. Bookshelf, or floor
standing.

Compare them for overall sound, of course. But
pay special attention to the bass.

If you're a concert goer, and you know what real
bass sounds like, you'll never be able to settle for one
of the speakers that lost the race for bass.

The FisherXP-9C
with15-inchwoofer.
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sl Mail this coupon

RISty for your free copy of

f LUt The Fisher Handbook, 1970 i
§ H edition. This reference guide

. & to hi-fi and stereo also |
includes detailed information on all
Fisher components. [ |
[ Fisher Radio 1
11-35 45th Road i
f Longlsiand City,N.Y.11101
| Name I
] Address :
| City State Zip 0312692 s
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PRICES SLIGHTLY HIGHER INTHE FAR WEST.

FISHER RADIO 11-35 45TH ROAD, LONG ISLAND CITY, N.Y. 11101. OVERSEAS AND CANADIAN RESIDENTS PLEASE WRITE TO FISHER RADIO INTERNATIDNAL, INC., LONG ISLAND CITY, N.Y. 11101,
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the Sansui 4000

Here is an exciting new AM/FM Stereo Receiver with outstanding
specifications and features...160 watts (IHF) of music power...
1.8u V (IHF) FM sensitivity ... wide dial linear tuning...two tuning
meters...outputs for 3 sets of stereo speaker systems...FET FM
frontend...integrated circuits...just to name a few.

See it, hear it and you'll know why we say that at $379.95, the
Sansui 4000 is the greatest value in its power and price range.
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All silicen preamplifier  with specially designed silicon
transistors for high gain and low noise characteristics.
Built-in voltage stabilizer that overcomes fluctuations in
power voltage.

Linear scale FM band for the most precise FM station
selectior.

New FM Stereo noise canceler that eliminates noise on FM
stereo broadcasts without affecting high frequency char-
acteristics.

Two tuning meters for almost unbelievable pin-point ac-
curacy.

Exclusive dial indicator which is actually an electronic de-
vice that illuminates in orange for AM and red for FM.,

ADDITIONAL FEATURES
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KHz
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Two FM Antenna inputs (75 and 300 ohms) for home or
master antennas.

Two phono inputs (47K and 100K ohms) which match most
cartridges.

All silicon AM Tuner for greatly improved AM reception.
Distortion-free tone controls with friction coupled design.
Black window design that is as practical as it is attractive.
Plus: foolproof output terminals, two AC outlets on rear
panel, high-and low-cut filters, loudness control, headphone
jack, DIN connector, muting switch, stereo reverse and
mono-stereo switches, noiseless push button switches,
speaker selector indicator, protector indicator, heavy fly-
wheel for easy tuning, and much, much more.

Sansui 4000's new printed circuit design features separate P. C.
modules with plug-in multi-connectors for FM MPX, preamplifier
and driver amplifiers, permitting faster more economical servicing.
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ALL NEW FM PACK with FET, noiseless silicon transistors in the
2nd RF mixer and oscillator stages for the highest sensitivity and
selectivity. Newly designed integrated circuits in the four IF am-
plifiers give the Sansui 4000 outstanding stability and IF rejection.
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REAR VIEW
SANSUI 4000

SANSUI ELECTRONICS CORP.
Woodside, New York, 11377 e Los Angeles, California, 90007

SANSUI ELECTRIC CO., LTD., Tokyo, Japan ¢ Frankfurta. M., West Germany
Electronic Distributors (Canada), British Columbia
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Layman’s Guide lo

LOUDSPEAKER SPEGIFIGATIONS

Part 1l: Definitions and Explanations Continued from Last Month

VICTOR BROCINER

Exponential Horn—See “Horn.”

Flare—See “Horn.”

Flat Speaker—a speaker system
with a very shallow cabinet; also
used to refer to a speaker with flat
frequency response.

Frame—The basket-like structure
attached to the magnet assenmibly,
within which the cone is mounted.
It must be strong and rigid, and not
vibrate. Frames are made of stamped
sheet metal, castings, or plastic.

Freec-edge Cone—See “Whizzer.”

Hangover—See “damping.” An un-
der-damped speaker cone tends to
keep on oscillating after the actuating
signal has stopped. The prolonged
tone has approximately the resonant
frequency of the speaker, but it can
be excited by any signal that stops
suddenly, principally in the Dbass
range. It is readily recognizable be-
cause it has a characteristic frequency
of its own. The resulting “one-note
bass” is quite noticeable at the ends
of syllables in male speech. To the
uninitiated, the first impression may
be of good bass response. Hangover
is caused by under-damping. It is
sometimes (mistakenly) called “over-
hang.”

Helmholtz Resonator—An acoustic
resonator consisting of. an enclosure
with a hole in it, sometimes with a
neck or duct. A good example is a
bottle or jug. Its resonance is easily
noticed when one blows across its
mouth. The cabinet of a bass-reflex
enclosure is a Helmholtz resonator.

Horm—A passageway or pipe that
expands in cross-section as the dis-
tance from the diaphragm increases,
used to couple a speaker unit to the
air. A megaphone is a simple hom.
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A hom is not an amplifying device.
It is an acoustic transformer, pro-
ducing improved transfer between
the diaphragm and the air by im-
pedance matching. Horn speakers are
much more efficient than direct radi-
ators. The mouth diameter of a horn
must be equal to about 14 wavelength
at the lowest frequency to be repro-
duced. Low-frequency horns are quite
large, but may be reduced in size by
folding and by placement in the corner
of a room. Horns are used mainly for
tweeters and some mid-range speukers.
When the diameter expands in propor-
tion to distance, the hom is called
conical. I only one dimension of a
rectangular cross-section increases lin-
early, the expansion is parabolic. Other
laws of expansion give rise to cate-
noidal, exponential, and hyperbolic
horns. The exponential is in widest
use. The rate of expansion of an expo-
nential horn’s cross-section is called
the flare rate, sometimes misspelled
“flair.”

The shape of the mouth affects the
sound distribution pattern. A round
mouth is, of course, symmetrical. A
slit-shaped mouth results, surprisingly
enough, in wide distribution in a
plane at right angles to the center
line of the slit. (Diffraction horn.)
The distribution patterns of simple
horns vary considerably as the fre-
quency changes. Means to make
dispersion uniform include directive
vanes, acoustic lenses, radial hom
design and multi-cellular construction.

Horn Speaker—A driver unit cou-
pled to a homn.

Infinite  Baffle—Theoretically, a
baffle that is infinite in extent would
prevent doublet action from restrict-

ing the low-frequency response; it
would separate the front radiation
from the rear radiation at all frequen-
cies. A hermetically sealed enclosure
behind the speaker also does this,
which is why it is called an infinite
baffle. An acoustic- or air-suspension
speaker is a special type of infinite
baffle.

The perfect front-from-back sepa-
ration of the infinite baffle might sug-
gest that a speaker so mounted is
good down to d.c. It isn’t. The low-
frequency is determined by the re-
sonant frequency of the svstem, the
moving mass, and the damping.

Ionic Speaker—An ionic speaker
uses a varving electrostatic field to
set in motion a mass of air ionized
by a high-voltage radio-frequency
field. The resulting “air diaphragm”
is horn-loaded. Ionic speakers are
capable of extremely extended high-
frequency response, up to 100 kHz
or so, because there is no massive
diaphragm. They require a power
supply and r.f. oscillator.

Linearity—Exact proportionality be-
tween the excursion of a diaphragm
and the signal current (or voltage)
driving the voice coil. Lack of line-
arity results in distortion. There may
be non-linearity in the cone suspen-
sion, and in the magnetic driving
system. The suspension must he made
of such material and so designed that
its motion is proportional to the ap-
plied force over a large excursion. In
the driving system, an end of a non-
overhanging voice coil may move out
of the magnetic gap, where it en-
counters a greatly reduced value of
magnetic flux, so that less force is
developed to drive it. Or the magnetic
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Voltage supply in your city can vary as much
as 10%. And even a 2% variation causes a sig-
nificant tape speed change in tape decks with
induction motors and a difference in repro-
duced sound that is intolerable.

The Concord Mark II stereo tape deck com-

pletely ignores fluctuations in line voltage. It
is driven by a hysteresis synchronous motor
which locks onto the 60 cycle power line fre-
quency and maintains constant speed (within
0.5%) regardless of voltage variation from 75
to 130 volts. So if you're about to buy a tape
deck that doesn’t have a hysteresis synchro-
nous drive motor, you're liable to negate any
other fine feature it might have.

Don't get the idea the hysteresis motor is all
the Concord Mark II has to offer. It also has
just about every other professional feature.
Three high-quality heads: ferrite erase head;
wide gap Hi-Mu laminated recording head for
optimum recorded signal and signal-to-noise
ratio, narrow gap Hi-Mu laminated playback
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head for optimum reproduced frequency re-
sponse.No compromise combination heads.
The three heads and four preamplifiers also
make possible tape monitoring while recording.

The tape transport mechanism assures a
fast startup—you don’t miss a note. Supply
and takeup tape tension arms eliminate startup
burble. A special flutter filter eliminates flutter
due to tape scrape or cogging action. A cue
control provides instantaneous stop and start
operation, Other important conveniences: the
flip-up head cover permits you to see the head
gap position markings for professional editing;
3 speeds; automatic sound-on-sound with ad-
justable level controls; variable echo control
for reverb recording; calibrated VU meters
with individual record indicator lights; stereo
headphone jack; electronically controlled dy-
namic muting for automatic suppression of
tape hiss without affecting high frequency re-
sponse. All this, for under $230.

The hysteresis drive Concord Mark III has

CONCORD

T

L

all of the features of the Mark II plus pressure-
sintered ferrite heads for extended frequency
response and virtually no head wear. It sells
for under $260.

The hysteresis drive Mark IV, the top-of-the-
line Concord deck offers all of the performance
and conveniences of the Mark II and III includ-
ing wide gap record, narrow gap playback
heads,tape source monitoring, sound-on-sound,
echo recording. Plus, a dual capstan tape trans-
port mechanism with electronic automatic re-
verse, no metal foil or signal required on the
tape. Superior recording performance plus the
convenience of automatic reverse and continu-
ous play. A superb instrument with the finest
performance money can buy, and it’s under
$330. Audition the new Concord Mark series,
the tape decks with the hysteresis synchro-
nous drive motor. For “all the facts” brochure,
write: Concord Electronics Corp., 1935 Arma-
cost Ave.,Los Angeles, Calif. 90025.(Subsidiary,
Ehrenreich Photo-Optical Industries, Inc.) {33

For copy of Concord Mark III Instruction book, mail 25¢ in ccin
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ELECTRICAL APPLIANCE CAN KEEP THE HYSTERESIS-DRIVE
CONCORD MARKI1I FROM ITS PRECISELY APPOINTED SPEED.
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Layman’s Guide to Loudspeaker Specifications (continued)

field itself may not be uniform. Line-
arity is also used to refer to the
relationship between acoustic power
output and electrical power input, A
speaker is sometimes called linear
when it has a flat frequency response,
but this practice is to be deplored.

Loading—A speaker cone has diffi-
culty in effectively moving the air to
create sound, because of the different
properties of the cone and air. Coup-
ling is said to be poor because of
impedance mismatch, especially at
comparatively low {requencies. Im-
proving the coupling is called loading
the speaker. A horn loads a speaker.
Placement in a room corner also loads
it (in the Dbass range) bhecause its
output, which would otherwise be
omnidirectional, is concentrated into
one-eighth of a sphere. Putting a
speaker in a closed box loads it Dhe-
cause it confines the rear wave which
otherwise interacts unfavorably with
the front wave. But the elasticity of
the air in the box does not load the
speaker in a similar manner, although
it does affect the motion of the cone.
A very inexact but illuminating anal-
ogy is an electric motor driving a
pump. Increasing the water pressure
loads the motor, and makes it do more
work (up to a point). But adding a
flywheel does not do so, although it
affects the way in which the motor
speeds up or slows down.

Magnet—A magnetized piece of
iron alloy or ceramic (sintered iron
oxide plus non-metallic components)
that produces the steady magnetic
flux in the gap. The size, weight and
material of the magnet are frequently
considered direct indicators of the
performance of a speaker. Actually,
magnet size in itself is not indicative.
See “Magnete Flux.” When magnet
weights are spoken of it is important
to distinguish between the weight of
the magnet itself and that of the
entire magnetic structure which, of
course, is much greater.

Magnctic  Flux—In a  dynamic
speaker there is a radial magnetic
field in the air gap in which the voice
coil moves. Magnetic flux density is
the degree of concentration of the
lines of magnetic force—the strength
of the field. Flux density is expressed
in lines per square centimeter or
gauss. A fairly high figure is 10,000
gauss; 20,000 gauss or more Is ex-
tremely difficult to attain. High flux
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density increases the clectrical damp-
ing of a speaker. The total flux is
measured in maxwells. The power of a
magnet is dependent on the area as
well as the flux density. The flux den-
sity multiplied by the area is the
measure of the power of the magnet.
Total flux is usually a nice, big num-
her, but its significance, like that of
flux density, is really not as great as
“gap energy,” which follows.

The principle of operation of the
dynamic speaker was described under
“Dynamic Speaker.” The voice coil
conducts the current through the gap
a number of times (in the same dir-
ection); the force created by the
magnetic field is proportional to the
flux multiplied by the number of twrns.
The greater number of turns requires
more space. Thus the amount of work
that can be done by the magnet-coil
combination when a given current is
flowing in the coil is proportional to
the volume of the space between the
magnets, that is, the volume of the
gap. Speaker efficiency is directly re-
lated to the gap volume and the flux
density (although other factors enter
in as well). The two are combined in
a figure known as the gap cnergy. Gap
encrgy is a better “figure of merit”
with regard to the efficiency of a
speaker than either flux density or
total flux. However, it is most unusual
to see it specified.

Mass—The mass of the moving
svstem of a speaker is related to its
efficiency, just as the weight of an
automobile has an effect on the ac-
celeration obtainable with a given
engine power. The moving system of
a dynamic speaker consists of the
voice coil, which is usually wound on
a form, and the diaphragm (cone).
These all have mass, which has an
important effect on the efficiency and
frequency range. In an electrostatic
speaker the diaphragm is driven dir-
ectly without the use of u voice coil
Not only that, but it is driven over
its entire surface, so it does not have
to be rigid, and can be made extremely
light. The ionic speaker also has obvi-
ous advantages in this respect.

At frequencies appreciably above
resonance, up to its high-frequency
cut-off, the motion of a direct-radiator
dvnamic speaker is determined al-
most entirely by its mass; the suspen-
sion stiffness and the air resistance
have little effect. (Think of a huge,

heavy piston in a steam cylinder,
rigged up to wave a small fan back
and forth in the air. For a given
amount of steam pressure, the motion
will be determined by the inertia of
the piston far more than by the fan.)
The lighter the moving system, the
better. However, the cone must not
be so light that it becomes mechani-
cally weak and buckles. Reducing the
voice-coil weight either increases its
electrical resistance loss (as when alu-
minum is substituted for copper) or
reduces its driving force if its volume
is made smaller. (See “Gap Energy”
under “Magnetic Flux.”) There is an
optimum combination of the two fac-
tors working in opposite directions.
It exists when the mass of the voice
coil is equal to the mass of the cone
plus the mass of its air load. The
reverse is not true: if the voice-coil
mass is fixed, the cone mass should
not be made equal to it, but as small
as possible.

In a homn-loaded speaker, the
“transformer” action of the hom
changes the low acoustic resistance
of the air at its mouth to a high
resistance at its throat, where it be-
comes an appreciable part of the total
load on the diaphragm so that the
moving-svstem mass has less influence
on the motion of the diaphragm. The
relationships are more complicated
than in a direct-radiator speaker. For
very high frequencies the efficiency
is again greatly dependent upon the
mass of the voice coil and diaphragm
(which is another way of saying that
in this range a horn speaker hehaves
more like a direct radiator).

Middler—A speaker covering the
middle frequencies. The lower fre-
quency limit may be as low as 200
Hz and the high limit several
thousand Hz. Occasionally  called
“squawker” (!).

Mouth of a horn—The opening of
the farthest from the driver unit.

Multicellular Horn—See “Horn.”

Open-Back Cabinet—Used in tele-
vision sets, table model radios, and
“package” consoles. The speaker oper-
ates as a doublet, with no deep bass
response. An open-back cabinet acts
like a short tuned pipe which rein-
forces sound output at its half-wave
resonance. In consoles this generally
produces a peak in the 100-150 Hz
region which creates the illusion of
good Dbass response but is actually
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poorly damped “boom,” especially ob-
jectionable when a male voice is being
reproduced.

Passive Radiator—In a bass-reflex
cabinet, the air in the port acts as if
it were an auxiliary diaphragm, oscil-
lating back and forth in the port
opening. A freely-suspended cone
without a driving element does the
same thing. It is used to add mass
when needed, as in a small cabinet
(see “Ducted Port”) and eliminates
the need for a duct. It also ensures
that there is a piston-like movement
of the air in the port; in an ordinary
opening the air tends to move un-
evenly. A new element is introduced:
the compliance of the suspension.
This can be designed to make the
system act more like a closed Dhox at
frequencies below its operating range,
reducing the chances of speaker over-
load and distortion.

Phase-Inverier Speaker—Sce “Bass
Reflex.”

Port—See “Bass Reflex.”

Q—This is a term never mentioned
in speaker specifications but it is use-
ful to designers because it affects bass
response and damping. In a mech-
anical system capable of sustained or
damped oscillation, Q is proportional
to the mass and inversely propor-
tional to the resistance or damping. To
be exact, Q=2 =f,m/R where f, is the
frequency of resonance. The low-
frequency response of a speaker in a
sealed enclosure is determined by the
system Q. If Q=05 (critical damp-
ing), response is down 6 dB at reso-
nance, and there is no overshoot with
square-wave input. For Q=1 the sys-
tem is slightly underdamped and there
is a very small bump above resonance,
For higher values of the Q the bump
becomes sizeable; transient response
is poor. If a speaker is over-damped,
its response slopes gradually down-
wards with decreasing frequency,
even above resonance. This is why so
many high-efficiency direct radiators
have “crisp” bass. With bass-reflex
cabinets the situation is more compli-
cated; in general, speakers require
more damping (lower Q) for response
without a peak.

Reference has been made to the
system Q; what really determines per-
formance is the Q of the speaker
system when damped by the amplifier.
This is where the amplifier damping
factor comes into play.
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Resonance—As used with speakers,
resonance has a very different mean-
ing from its musical one. A deep,
resonant Vvoice may be an asset, but
a resonant speaker is not. Resonances
in speaker systems may result in
either exaggerated or diminished re-
sponse in narrow regions of the
frequency range. A so-called funda-
mental resonance occurs at the low-
frequency end of the operating range
of all cone speakers. If this is properly
damped (see “Damping”) it is useful
in maintaining flat frequency response.
Without proper damping it produces
“hangover,” which means that notes
do not start and stop cleanly. In
multi-speaker systems, there may be
resonances for each speaker. To top
it all, cones themselves have multiple
resonances caused by cone break-up
that result in harsh-sounding repro-
duction. These, too, can be damped
through the use of suitable cone ma-
terials, and by placing pads of felt or
fiberglass behind the speaker cone.

A woofer’s fundamental resonance
is a factor limiting its bass response.
Low-resonance woofers are often re-
ferred to in specifications; they are
desirable, if the damping is correct.
The resonant frequency is consider-
ably higher when the woofer is
mounted in a cabinet.

Ribbon Speaker—A dynamic speak-
er using a stretched, straight flat
ribbon conductor instead of a conven-
tional voice coil. The magnetic gap
comprises a straight narrow slit with
a maximum amount of flux concen-
trated in it. The ribbon is extremely
light, acts as the diaphragm, and is
horn-loaded.  The ribbon type of
speaker is used only as a tweeter.

Skiver—See “Surround.”

Sound Absorbing Material—Ma-
terial such as open-cell foam, or
material composed of looselv-spaced
fibers such as glass wool, absorbs
sound by converting it into heat. It
is used in speaker enclosures to pre-
vent reflections which cause multiple
resonances. Sound absorption de-
creases greatly below frequencies
around several hundred Hz. (By the
way, the heat generated is of ex-
tremely low energy, so do not fear
that vour speaker cabinet will start
to smolder if you play it very loud.)
At low frequencies, material that

maintains the instantaneous air temp-
erature  constant  through its  heat
capacity has the effect of increasing
the eflective size of the cabinet and
lowering the system resonance, ex-
tending bass response.

Spider—The flexible washer-shaped
support at the apex of the cone,
keeping the voice coil centered in the
gap. Most speakers use soft impreg-
nated cloth with circumferential cor-
rmgations. Flat foam dises are also in
use. In tweeters and mid-range speak-
ers using dome-shaped diaphragms,
the diaphragms are quite rigid and
may be held in good alignment by the
swrround alone. In woofers the spider
must be quite flexible and capable
of large axial movements of the
voice coil with linearity, to prevent
distortion.

Spurious Responses—Sce “Cone
Break-Up.” Speakers can also emit
(usually very small amounts of) rus-
tling, creaking, crackling, and tinkling
noises which bear no relationship to
the program material, as distortion
products do. There are also puffing
and wheezing noises that are created
by air being forced through various
small passagewayvs in the speaker
structure, which is why the domes
fastened to the cone over the pole
piece often have openings backed by
gauze or felt. Homs of horn speakers
that are not solid enough also can pro-
duce unwanted noises, as can speaker
cabinets that wre insufficientlv massive
or rigid. Small leaks in cabinets can
prodince whistling sounds.

Stiffness—the inverse of compli-
ance. Can be applied to a cone, a
suspension (spider and surround) or
a speaker frame in which case it is
respectively good, bad, and good!

Surround—the surround is the ring-
shaped section between the outer
edge of the cone and the rim of the
frame or basket. Surrounds mav con-
sist of corrugations in the outer edge
of the cone itself, often with the
material  reduced in thickness. In
woofers a separate piece of impreg-
nated cloth is in greatest use. It may
be corrugated or in the form of a
“half-rol?”  (U-shaped cross-section).
The same requirements of flexibility
and linearity applyv as for spiders. See
also “Edge Damping.” Sometimes
called “Annulus.”

Total Flux—See “Magnetic Flux.”

Throat—The end of a horn nearest
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the diuphragm of the driver unit.

Tweeter—A high-frequency speaker
using a very light diaphragm and
voice coil—the latter usually of alu-
minum wire.

Two-Way Speaker—

Three-Way  Speaker—1It is  ex-
tremely difficult to design a single
speaker to cover the entire audible
frequency range. The requirements
for good bass and for good treble,
with uniform dispersion, are com-
pletely at variance with each other.
Consequently the better speaker sys-
tems usually include two or more
speakers; in this way, each speaker
operates over a more restricted fre-
quency range in which it can function
efficiently. The proper ranges are dir-
ected to their respective speakers by
means of an electrical dividing net-
work. Two, three, or even more
speakers may be used.

Not all multi-speaker systems are
of this type. In some designs a large
number of identical speakers are
used. Even in two-way and three-way
svstems, the number of speakers may
not be indicative of the number of
sections into which the entire range
is divided. Several woofers, mid-range
speakers, or tweeters may be used
to provide more power handling
capacity or wider dispersion.

Different types of speakers may be
combined in multi-speaker systems.
Sometimes the tweeters are horn
speakers; the middlers may also be
horns. The woofers are most often
direct radiators.

The crossover frequency or fre-
quencies in two-and three-way systems
are determined partlv by economics
and partly by theoretical considera-
tions. Two-way systems using small
tweeters for good dispersion usually
cross over in the 2000 to 4000 Iz
region because the tweeters cannot
carry much power at lower frequen-
cies. “Theatre type” systems with
large high-frequency horns may have
a crossover as low as 500 Hz; the
large horn will permit this, the woofer
retains good dispersion in this low
range, and the crossover frequency
is considered desirable for psycho-
acoustical reasons. A similar low cross-
over is to be found in three-way
systems, where a mid-range speaker
spans the spectrum between several
hundred and as high as 5000 Hz. In
more complicated systems a super-

42

tweeter may be used for the very
highest frequencies. In each case the
objective is to use each speaker over
the range in which its performance
is as flat and smooth as possible, and
to maintain a good polar characteris-
tic over the entire frequency range.
Dividing networks must be designed
to eliminate the unwanted frequencies
from each speaker. For example, a
woofer with a peak at the upper end
of its range requires a crossover fre-
quency sufficiently below the peak
and a cut-off or fiter slope sharp
enough that the peak is not audible.
Similarly, a small tweeter must have
its low-frequency input curtailed
sufficiently to ensure that the lower
frequencies do not overload it. Sharp
cut-off filters produce delay distortion
(transient distortion), which some ex-
perts maintain is important; others
disagree. The more elaborate net-
works usually have a slope of 12 dB
per octave. More parts are needed
for sharp cut-off, increasing the cost.
Voice Coil—A helically-wound coil
of wire, usually on a light cylindrical
form, at the apex of the cone, either
single or multi-layer. See “Dynamic
Speaker.” In expensive spcakers, edge-
wound ribbon may be used instead
of wire. The coil may be made self-
supporting by cements, without a
form. Eliminating the mass of the
form permits more conductor ma-
terial to fill the gap, improving effi-
ciency. The voice coil is made of
copper wire in most inexpensive
speakers and in most woofers. Forms
may be made of duralumin, which
is strong and helps to dissipate heat
generated in the coil; it also exerts a
desirable electrical damping effect on
the speaker. In twecters, aluminum
wire or ribbon is so much lighter
than copper that this more than makes
up for its higher electrical resistance.
Voice-Coil Excursion—The distance
the voice coil moves from its rest
position. At low frequencies it is im-
portant that the voice coil be able
to move a considerable distance—say
V4" or more. Maximum excursion may
be stated in terms of the maximum
peak-to-peak value, which is twice
the peak value and consequently
more impressive. Speakers capable of
large excursions are sometimes called
“Jong-throw” woofers.
Voice-Coil Querhang—Not to be
confused with hangover (acoustic or

alcoholic). In woofers, the voice coil
is often made longer than the depth
of the magnetic gap, so that the same
number of turns remains in the mag-
netic field even at the maximum ex-
cursion of the voice coil. The driving
force remains constant and linearity is
maintained. This can also be done by
making the voice coil shorter than
the gap. When the voice coil is longer,
some of its turns are ahways outside
the gap and do not contribute to the
driving force, and efficiency is re-
duced; this is the price one pays for
better linearity. With a short voice
coil, efficiency is maintained but some
of the magnetic field is unused, re-
quiring a more powerful magnet. In
this case, the price one pays is mea-
sured in dollars.

Whizzer—A small, stiff, light, free-
edge cone fastened to the voice coil
in addition to the main cone. At low
frequencies it does nothing; as the
frequency increases the compliance
at the base of the main cone decouples
it from the voice coil, leaving the
whizzer to propagate the high fre-
quencies which it does with more
uniform angular distribution because
of its small size. Occasionally the outer
edge of the small cone may be parti-
ally supported or given some kind of
edge treatment.

If properly designed, a whizzer can
provide very fine high-frequency re-
sponse. However, poorly-designed
whizzers can produce spurious re-
sponses, often producing a sort of
sizzling sound which may be how the
term “whizzer” originated.

Woofer—A speaker designed pri-
marilv to reproduce the lower fre-
quencies. Woofers may work up to
several thousand Hz but may become
quite directional in this region. In
more expensive systems a lower cross-
over frequency hetween the woofer
and tweeter (or middler) is often
used, say 500-1000 Hz.

Woofers typically have large cones,
heavy moving systems, and large voice
coils overhanging the gap (or “under-
hanging” it—see “Voice Coil Over-
hung”). The term “large” is relative,
actually ranging from perhaps 4” to
30” in diameter; a woofer can be
identified, in a multi-speaker system,
because it is larger than the middler
and tweeter.

Continued Next Month
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The Sound

Of Koss
Electrostatic
Stereophones
Is Better

Than Speakers

The famous Koss ESP-6 now has a partner . .
the Model ESP-7 Electrostatic Stereophones. 7
The ESP-7 is lighter in weight, lighter in price.
The ESP-6 is completely self-contained and offers
3V2 octaves more than conventional headphones.
But both deliver the startlingly crisp, smooth
and pleasant sound available only in

Koss Stereophones.

MODEL ESP-7 Reproduces 8% out of a possible 10
octaves (3 octaves more than conventional headsets). Self-
energized by small separate energizer mounted in cord
and containing transformers, speaker on-off switch,
“proper level" indicator, and provision for connecting a
second headset (Model ESP-A accessory Stereophones,
$59.00). Frequency response 35-13,000 Hz =6 db. Comes
complete with energizer unit and individual machine-run
response curve. $79.00

MODEL ESP-6 Reproduces 9 of the 10 audible oc-
taves. Completely self-energized and self-contained. Fur-
nished with connector box and speaker on-off switch and
foam lined, sturdy carrying case. Frequency response:
27-19,000 Hz =5 db. Comes with individual, machine-run
response curve as positive proof of performance. $95.00

Write for “Adventures in Headphone Design’ to learn the story of
this startiing breakthrough in music listening. Or better yet, see your
hi fi dealer today for a demonstration.

QKOS S

KOSS ELECTRONICS INC.
. 2227 North 31st Street
PEL e p e : _ R : . Milwaukee, Wisconsin 53208
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excellent. Solid-state i f.filters
are used. With their help
alternate channel selec-
tivity reaches a full 70 dB.
What's more, they never
require realignment.
While we streamlined
the 6040, we did pro-
vide a number of im-

Sony has placed its name on an
under $200 FM stereo/FM-AM re-
ceiver — the Sony STR-6040. We
broke the $200 price barrier with-
out putting the slightest dent in
quality. We did it by eliminating
the unessentials, designing an
amplifier with less than a super
powerratingandbydrawing upon
advanced radar and microwave
technology in the tuner design.

The amplifier delivers 30 watts
RMS continuous power into 8
ohms, both channels operating —
more than enough to drive even
relatively inefficient “bookshelf'-
size speaker systems to room-

filling volume, without distortion.

The tuneremploys a completely
passive front end. There is no
amplification of the incoming sig-
nal frequency. This eliminates
two common problems: internally
generated background hiss and
overloading of weak stations by
strong ones (spurious-response
rejection is 100 dB down).

The Sony 6040 comes through
with flying colors in all areas es-
sential to superior receiver per-
formance. Sensitivity, stereo sepa-
ration, capture ratio and noise
suppression characteristics are

YOLUME

"\\ LOUONESS

3

HIGH FILTER  MODE

out ar0at0

portant operating conveniences:
switches for easy selection be-
tween the most common pro-
gram sources, radio or records
and for instant comparison be-
tween original and recorded pro-
gram material, automatic stereo/
mono circuitry; a headphone jack
and an auxiliary input on the front
panel; and precise tuning meter.

The Sony name, Sony quality
and an un-Sony-like under-$200
price tag. That's the Sony 6040,
and that's beautiful music.

Sony Corporation of America,
47-47 Van Dam St, Long lsland
City, N.Y.11101. SONY?
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powered to have less torque. Both
methods are used to obtain a measure
of clutch action. But the drawback
with three-motor designs is that they
tend to have a fairly small range of
torque variations, and the tape is
wound on too tightly as the amount of
spooled tape increases. \Wavs of get-
ting over this are to increase the size
of the hub of the reel, making the
ratio of diameters of full to empty
reel a smaller figure, or to run the tape
over a swivel guide whose tensioning
action is determined by the wrap angle
of the tape, as illustrated in Fig. 1.

In this respect, although they can-
not achieve the fast winds of a fully
powered motor, the clutched take-up
mechanisms have the advantage over
direct-drive machines, for the tension
of the tape can be kept fairly constant
throughout the whole of the spooling
operation.

Some idea of the extent to which
changes in voltage and of load can
affect torque of a motor may be
eleaned from Iig. 2. These are curves
for an asynchronous motor, and are
typically those that would be found
for a single motor with a belt drive to
weight-dependent clutches. The three
curves show the connection between
torque and speed at nominal volt-
age (a), and at voltages 10 per cent
above (b) and below (¢) nominal
The maximum torcue of the motor has
to be designed to ensure fast rewind
at the lower voltage.

Operating torque for normal drive,
that is during recording and replay, is
small, and can be denoted by the
lower dotted line. We see that the dif-
ference between the running moment
and the stalling moment of the motor
for each voltage is quite clearly af-
fected by the applied voltage, and if
we expand the end of the curve, as in
the lower purt of Fig. 2, we can deter-
mine the maximum speed variation,
allowing for load variations of 10 per
cent. In this case we get a figure of
around 350 rpm, which is very good
for the uverage domestic machine. It
would onlv be achieved by careful
attention to bearing friction of the
rotating parts—a procedure which
would also reduce the wow-and-flutter
ficure considerablv.

In our investigations, when poor
“clutch” action of a direct-drive ma-
chine is the fault, we should also look
for fouled beurings, or bearings that
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have lost their lubrication. Not only of
the motor itself—where fast winding
may be perfect but take-up poor, or
reeling-off retarded when running in
the stalled condition, as some feed
motors must—Dbut also of the idlers or
belt jockeys.

A digression is called for at this
point. Poor take-up, jerky action, even
a halted motor on an under-driven
three-motor machine can have the
most elementary of causes—dirt. Tape
trapped in the flanges of closely ma-
chined guides, a sliver of bad splicing
in a vital part of the head channel,
hardened and/or overtight pressure
pads: these are faults so obvious as to
be mentioned with an apology to the
reader. Mv experience as a tape re-
corder engincer shows that far too
many faults are caused by the neglect
of routine maintenance. And not all
my customers are mechanical igno-
ramuses!

After the direet drive, two main
types are clutch are found. Weight-
dependent clutches form the largest
proportion in ‘table’ machines, de-
signed for horizontal operation. Modi-
fications of them will be fonnd in
vertical machines where the inward
pressure, which now takes the place of
gravitational force, is effected by
clamping the reel firmly to the reel
carrier. Faults here are always appar-
ent. If in no other way, they will
alwavs show themselves as a spool rat-
tle or uneven tape stacking during fast
winding.

Perhaps the onlv particular point
that needs stressing is the tendencv of
spring-loaded locking devices to jam
in many types of portable machine.
These can be very tricky to mend,
especially as so many of them depend
on exact spacer washer dimensions.
The circlips that provide the locking
clamp to the reel currier spindle are
small, and necessarily weak. Care is
needed when removing and replacing
these.

Although the method of drive is not
important to our fault-chasing, in prac-
tice we find that troubles in clutches
often derive from the method of drive.
The transfer of torque of a weight-
dependent clutch is generally by a felt
ring or disc. Many tape recorders have
larger discs on the right side. Take-up
torque is greater than the reverse
torque of a feed spool. The basic turn-
tables may bhe similar, but care is

FELT RING

Fig. 3—Typical weight-dependent clutch,
with torque transmitted to the upper por-
tion from the driven lower portion by
compression of the felt ring, which varies
with the weight of tape spooled.

Fig. 4—Older type of Philips clutch as-
sembly which relied upon the dropping
action of the auxiliary spindle A allowing
the upper turntable to contact the plastic
pads B for fast winding. For slipping ac-
tion, a plastic disc is mounted on the
spindle and locked by the shaped block.

needed, as in some machines there are
subtle, not always evident, differences
between the spools. 1f vou take them
off, mix them up, and then refit them,
you are in for a pack of trouble and
some baffling svmptoms.

As the amount of tape which is
loaded increases, the weight com-
presses the felt und more torque is
transmitted from the driven lower part
of the clutch to the upper. Figure 3
illustrates the basic tvpe of weight-
dependent clutch, and although styvles
may differ, the general design is as
shown, with a lower drum rotated by
a belt or an idler, its bearing on the
solid base of the deck or a fixed plate,
rotating on a common spindle that is
also fixed. The upper part has the
reel-carrying spindle und a felt ring or
disc beneath it, often fixed to it or as
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6 Banigan Drive. Toronto 17, Ontario. Canada

15625 Tennessee Street. San Franci
Tel. 415-647-2420
Tel 416-421-9080

Audio-Video Systems Engineering
Midwast Expert Electronics, Inc.

Audio Industries Corp.
J-Mar Electronics, Ltd.
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333 Avenue of the Americas New York NY 10014
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The new Nocturne
Eight Twenty solid state
receiver has 140 Watts of power
and perhaps the most sophisticated FM
stereo tuner ever built.

But it doesn't have an AM radio.

At $299.95, we had to make a choice. 50 wa of all har-
made the one we thought you would make. We monics without
tradec the AM radio for an inordinate amount phase and transient
of performance. Forinstance, the Eight Twenty  distortion. The output stage uses a
has enough guts to drive four speaker syst=ms quasi-<complimentary symmetry desig.

flawlessly, without the slightest sign of strain. which insures accirate balar ce and sym-
The amplifier is unlike any power output stage metry at the clipping points. A high degree of
found in conventional stereo receivers. It em- feedback is used to keep distortion down and
ploys wideband silicon transistors and a stability high. Harmonic distortion products
heavy duty power supply which extends the are kept below 0.5% at full output across the
amplifier’s response to below 5Hz and above audio spectrum of 20-20,000Hz. This insures

60,000Hz. This results in flawless reproduction unusually smooth and transparent sound.

At$29995we had to choose
between an AMradio

and better performance.
We left out the AM radio.



Newl Jce-
signed in-egrated
circuits anc c-vstal ril:21s
inthel.=.st-ip make "M tunir.g as
precise asswitcaiaz "hechannel s3lec —rct
atelevision set. Tae tt ner acepts or y, the
station tc whicaitistuned, rezard es3 a2 hov:
close an alternate or adjacent station may he.
An FET front end coupled with a four ganged
tuning capacitor assures unprecedented sen-
sitivity and selectivity.Crossmodulation has
been reduced to the vanishing point.

The new Harman-Kardon Nocturne Eight
Twenty doesn't have an AM radio. But it has
everything else you could possibly want in a
receiver. And at an amazingly low price. Hear
it soon at your Harman-Kardon dealer.

For more information, write: Harman-Kardon,
Inc., Dept. A-9,55 Ames Court, Plainview,
N.Y.11803.

s =ldest-1a8 kardon

A subsidiary of Je~vis Carparat on

140 Watts, = 1 db; 110 Watrs, THF

Check No. 51 on Reader Service Card




Fig. 5—Close-up of spindle and block de-

scribed in Fig. 4, with Neoprene washer

used for adjustment indicated by screw-
driver blade.

shown, to the lower disc.

Variations include the use of a hol-
low spindle for the bottom portion
with a linking spindle between upper
and lower members. The linking
spindle itself carries a disc or other
device which is then pressed hard
against the driving drum, locking upper
and lower sections together for fast
winding. See Figs. 4 and 5.

Another type has a spindle running
directly through the common bearing,
which is hollow, and fast winding is
achieved by this spindle being pulled
down from below by the lever system
interlocked with the function selector.

Many of the cheaper muchines have
even simpler types of clutch, with only
one rotating member. This is usually
driven by a belt coupled to the fly-
wheel, in turn driven by a ramped
idler wheel or anotlier belt. The reduc-

Fig. 6-—Position of felt or cork pads in
cutouts of clear plastic lower section gives
varying friction for torque compensation.
Note shaping of reel carrier underside,
giving a small degree of safety slip.
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tion, and the use of a fairly slack belt
gives a degree of slip and should, in
theory, provide an even wind through-
out the length of the tape. It will be
appreciated—especially by the owner
of this type of machine—that varia-
tions in external conditions will easily
upset the torque, never very constant
at the best of times. We have already
seen what wide variations of load and
voltage have to be accommodated. It is
not unusual for a power supply to
vary, or for internal conditions to give
the same symptoms. So where a ‘slack-
clutch’ design shows signs of poor
take-up, make the motor supply your
first check, even if the motor may seem
to have nothing to do with the fault.

Complicated tvpes of clutch assem-
bly may have grown up during design
by one pressure after another being
put upon the designer. One such com-
plex style of assembly arises from a
basic horizontal design having been
adapted to vertical operation, and the
fast-winding facility of the original
having to be maintained without any
modification to other parts of the
machinery.

Important features for this purpose
in a Japanese unit I examined are the
conical springs and ‘starfish’ washers.
These are used to vary the compres-
sion. (There is an even worse French
design with washers that can be ro-
tated for difterent pressures, and a
German version that uses felt pads in
56 different combinations to vary the
coupling pressure. See Fig. 6.) The
take-up clutch consists of two plastic
rollers with felt between them; these
are sprung apart by the conical spring,
and the lower roller is idler-driven.
The legs of the star spring can be bent
for a compromise tension between
take-up and fast winding.

Fig. 7—Sony clutches are efficient, with

simple fast-wind action by the heavy-tired

idler seen at the right locking motor

pulley drive directly to both upper and
lower sections of clutch.

Sony has used what is perhaps the
best variation on this theme, a form of
weight-dependent clutch with the
lower section firmly driven, and then
the two portions clamped together by
the insertion of a free-running idler in
the system, as in Fig. 7. For fast wind-
ing, this ‘clamp’ simply locks the two
portions of the clutch. There is no
slip, no complicated adjustment, and
no variation of basic drive.

A clutch system that was originally
designed for horizontal operation, but
has lately taken the conversion to ver-
tical working with aplomb, is that em-
ployed by Tandberg and illustrated in
Fig. 8. It has a driven lower section,
and in this case the two sides have
similar drive arrangements but differ-
ing adjustments to allow for the
different torques. A crossed belt, en-
gages the motor pulley on two sides—
which helps reduce several of the belt-
drive variations we talked about last
time, and doubles a flutter frequency,
throwing it well above the bothersome
region. In this design, one small draw-
back is that turning the left spool with
the motor off will also cause the right
to move, making threading-up a bit
tricky. Provision of a ‘free’ position of
the famous Tandberg joystick on latest
versions has now eliminated even this
small fault.

The device works by the movement
of a plastic ‘cartridge’ with a lug
against which two arms press to lift or
lower it when the different functions
are selected. But during prLAY the ten-
sion is really provided by the compres-
sion spring. This allows the felt to be
compressed sufficiently to give the
right amount of friction. The felt is, of
course, between the two sections of the
clutch.

Small adjustments may be needed,
especially of the lefthand assemblv to
reduce back tension which causes flut-
ter. Most often, these adjustments are
needed when going from horizontal to
vertical operation. The Tandberg is
not the sort of machine to be tossed
around—not even the suitcase version.
The left arrangement is a bit different
from the right, and reference should
ahwvays be made to the service manual.
The auxiliary brake on the left reel-
carrier assembly complicates matters.

Adjustment is mainly by the setting
of the small screw in the end section
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REVOX

GUARANTEES
THESE 4 PARTS

FOR ON
YEAR. |

RECORD
HEAD

@ PLAYBACK
HEAD

CAPSTAN

PRESSURE
ROLLER

THE REMAINING 842 PARTS ARE GUARANTEED FOR LIFE.

Until now, equipment to offer a lifetime guaran-
guarantees were problem-  tee, on what is regarded
atical. Some companies by many as the most com-
guaranteed their products  plex link in the high fidelity
for 90 days, some for a chain, the tape recorder.
year or two. And one There are 846 basic
rather exceptional com- parts, exclusive of wiring
pany went so far as to offer and connectors in the
a five year guarantee on Revox A77 tape recorder
its speakers. and every one of them,

Now, the Revox Corpo-  with the exception of the
ration becomes the first four pictured above is

guaranteed for life.

This unprecedented
offer becomes effective
immediately and has been
made retroactive to in-
clude the very first model
A77 distributed by the
Revox Corporation in
the U.S.A.

Wouldn'tit be nice if
everyone could make
the same offer?

Revox Corporation guarantees to the original pur-
chaser of a Revox A77 tape recorder purchased
from it in the U.S.A., except as to fuses and bulbs:
1) to replace without charge any part failing within
twelve months after purchase; and 2) to provide a
free replacement in exchange for any part there-
after failing except the record and playback heads,
capstan and pressure roller. This guarantee shall
be void if the purchase has not been registered

with the Revox Corporation within the time speci-
tied in the card supplied the purchaser with the
recorder, or if the recorder has been moditied or
altered by anyone other than the Revox Corporation
or its authorized representatives, or if the recorder
has been damaged by misuse or accident. Trans-
portation charges are not included in this guaran-
tee. There are no warranties or guarantees except
those expressed herein.

Hwox delivers what all the rest only promise.

Revox Corporation, 212 Mineola Avenue, Roslyn Heights, N.Y. 11577 in Canada: Tri-Tel Associates, Ltd., Toronto Canada
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Only Marantz Has Butter

What's a Marantz?

Any audio engineer or stereo hobbyist
will tell you Marantz builds the world’s
finest high-fidelity components. And has
for fifteen years.

This message, therefore, is not to
engineers but to professional musicians,
serious music-lovers, and beginning
stereo hobbyists. We’d like to introduce
you to Marantz.

Never Heard Of Marantz?

Until this year, the least-expensive
Marantz stereo component you could buy
cost $300.00. And our FM tuner alone
cost $750.00! To own a Marantz, you either
had to be moderately wealthy or willing
to put beans on the table for awhile. But it
was worth it. And a lot of experts thought
s0, too, because the word soon got around,
and the products sold themselves.

What The Competition Said

The chief design engineer of a major
competitor once said that no one even
tries to compete with many of Marantz’
sophisticated features; it would be just
too expensive. Marantz designs its circuits
the same way the aerospace industry
designs missiles and jet planes —for
utmost performance and reliability.

Butterworth Filters

You've probably never heard of
Butterworth filters because no one else
uses them besides Marantz. And the U.S.
Military. Other manufacturers feel they
can get by without them. And they can.
Because their standards don’t have to

measure up to Marantz’. Butterworth
filters let you hear music more clearly,
with less distortion, and, unlike their
conventional LF. coil or filter counterparts,
they never need realignment. They help
pull in distant FM stations and separate
those right next to each other on the dial.
Although Butterworths cost more, Marantz
designed not one but four of them into
their Model 18 receiver. You shouldn’t
settle for less.

Features, Not Gimmicks

The unique features of a Marantz
component are there for only one purpose,
to make possible the highest level of
listening enjoyment.

That’s why we put an oscilloscope in
our best components.
An oscilloscope is

kind of a TV tube.
But instead of the
Wednesday Night
Movie, it shows you a
green wavy line. An electronic

picture of the incoming FM radio
signal telling you exactly how to

rotate your antenna for minimum
multipath distortion (ghost signals) and

maximum signal strength (clarity) even
from the weakest stations.

The “’scope’’ also shows correct stereo
phasing: that is, if the broadcasting
transmitter or your other equipment is
out of phase. And it lets you set up
optimum stereo performance and reception
to create a solid “wall” of sound.

Marantz also offers a different tuning
experience because you rotate the actual
tuning flywheel. This results in the
smoothest, most precise tuning possible.
And this Marantz -
exclusive design
requires
considerably
fewer moving
parts than
conventional
systems used by other manufacturers. The
benefits? Reduced friction, wear, and
service problems. We call this patented
feature “"Gyro-Touch Tuning.”

Built To Last

Marantz stereo components aren’t built
in the ordinary way. For example, instead
of just soldering connections together
with a soldering iron, Marantz uses a
highly sophisticated waveflow soldering
machine — the type demanded by the
military. The result: perfect, failproof
connections every time.
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worth Filters!

Even our printed circuit boards are a
special type —glass epoxy —built to rigid

military specifications, ensuring rugged-
ness and dependability.

Marantz Power Ratings Are True

When someone tells you he has a
“100-watt amplifier,” ask him how the
power was rated. Chances are his 100 watts
will shrink to about 75 or 50 or perhaps
even as few as 25. The reason is that most
manufacturers of stereo amplifiers
measure power by an inflated “peak
power,” or “IHF music dynamic power.”

Marantz states its power as "RMS
continuous power’’ because Marantz
believes this is the only method of
measurement that is a true, absolute,
scientific indication of how much power
your amplifier can put out continuously
over the entire audible frequency range.

For example, if Marantz were to use the
unscientific conventional method, our
Model Sixteen 80-RMS-80 power amplifier
could be rated as high as 320 watts
per channel!

Moreover, you can depend on Marantz
to perform. For example, the Marantz

Model 16 can be run all day at its full
power rating without distortion (except
for neighbors pounding on your wall).
That’s power. And that’s Marantz.

Marantz Speaks Louder Than Words

In a way, it’s a shame we have to get
even semitechnical to explain in words
what is best described in the medium
of sound. For, after all, Marantz is for
the listener. No matter what your choice
in music, you want to hear it as closely
as possible to the way it was performed.

In spite of what the ads say, you can’t
really “bring the concert hall into your
home.” For one thing, your listening room
is too small. Its acoustics are different.
And a true concert-hall sound level (in
decibels) at home would deafen you.

What Marantz does, however, is create
components that most closely recreate
the sounds exactly as they were played
by the musical performers. Components
that consistently represent ““where it’s
at” in stereo design. And no one gives
you as much —in any price
range--as Marantz.

Every Marantz Is Built

The Same Way

Every Marantz component,
regardless of price, is built
with the same painstaking

i 2 o T = 8 o= 3 2 0V A

craftsmanship and quality materials. That's
why Marantz guarantees every instrument
for three full years, parts and labor.

Now In All Price Ranges

Today, there is a demand for Marantz
quality in other than very-high price
ranges. A demand made by music-lovers
who want the very best, no matter what
their budgets. True, you can still invest
$2,000.00 in Marantz components, but
now we have units starting as low as $199.
Though these lower-priced models do
not have every unique Marantz feature,
the quality of all models is the same.
Marantz quality.

And quality is what Marantz is all about.

Hear For Yourself

So now that you know what makes a
Marantz a Marantz, hear for yourself.
Your local dealer will be pleased to give
you a demonstration. Then let your ears
make up your mind.

©Marantz Co., Inc. 1969. A subsidiary of Superscope, Inc., P.O. Box 99C, Sun Valley, Calif. 91352. Send for free catalog. llustrated above, Model 18. $695.
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