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You bring the wheels . . . Scott's got the speakers!
Scott's all-new S-11 speakers are absolutely unparal-
leled in performance. To prove it to you, Scott wants
you to listen to a pair at leisure, in your home, with
: your own equipment, at no cost or obligation.
Test these speakers with your favorite records, with
R FM stereo . . . even with AM. Compare them with your
% present speakers . . . regardless of cost. Once you've
enjoyed Scott's new S-11 speakers in your home, you'll
never again be satisfied with any other speaker.

Who else but Scott, the top name in solid-state
= components, could design a speaker system so
perfectly matched to the needs of solid-state com-
ponents? Only Scott speakers have been specifically
. designed to give optimum performance with
'\ today's advanced solid-state amplifiers and re-
: ceivers. Scott Controlled Impedance speakéers
both safeguard your valuable equipment and
give you the kind of sound you wanted when
you bought transistor components
. . . the kind of sound that
prompted AUDIO’s Larry Zide to
" state, “. . . we were strongly im-
..... ) pressed by the clarity of re-
e production... These Scotts are
as clear a musical sound
as we would want
Frequency sweeps were
unusually smooth over the

entire range . . . Transient
response is quite sharp with
little hangover . . . a stereo

pair will do justice to the
finest sound source. We
would like to think that we
are quite fussy about the
kind of sound we want.
Certainly these Scotts ful-
fill our demands without
need of qualifications.”
g Need more proof?

Take home a pair of Scott S-11 speakers today,
and hear for yourself the dramatic difference.

Dimensions: 24” x 14" x 11%"”. Price, $149.95.

TAKE a/\E 1O YOUR DEALER

Take this certificate to your Scott dealer for your 10-day free home trial of Scott S-11 speakers.

Name Here's all you do:
1. Take this certificate to your Scott dealer.

. Pay the dealer for a pair of Scott S-11 speakers under his
normal terms.

2
3. Take home the S-11 speakers and try them out.
4

. If, within ten days, you are not completely, ecstatically de-
lighted with the performance of the Scott S-11 speakers,

. return them to your dealer, in the same condition in

State le which you received them, and get your money back.

Scott. . .where innovation is a tradition

| SCOTT:

For complete information, write: H.H. Scott, Inc., Dept. 35-05, 111 Powdermill Road. Maynard, Mass., 10754 Export: Scott [nternational, Maynard, Mass.

Another innovation fram Scott, manufacturers of superb components, compacts, kits, speakers, and consoles. ® copyright 1967, H.H. Scott, Inc.
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Check No. 100 on Reader Service Card.

Address

City

I N AN AENEEEESEESESES GG EGRANNEESEREEERN
SN AN ERGGANEES AU REE RSN ERUAR

www.americaenradiohistaorny.com



May, 1967 Vol. 51, No. 5 Number 44 in a series of discussions

by Electro-Voice engineers
Successor to RADIO | [st. 1917 = :
SANFORD L. CABN NEW

Marketing Director CRYST I_
GEORGE PORTER \
C. G. McProub, Publisher Art Director B AI.I.
ARTHUR SALSBERG, Editor PETER RENICH _ oadl Boy
Asst. Art Director Senior Engineer
HAF;)IziD DE.:dVVEILER EDWAARD T{ATNAEI:(;,‘[CANBY LEE IRGANG
ideo Editor ssociate Editor et oIV ager

C 2 & Much of the development time needed to
Contributing Editors R. KENNETH BAXTER create any electro-acoustic product has
Production Manager | been devoted in the past to trial and error
JosEPH GIOVANELLI CHESTER SANTON experimentation with the elements that
HAROLD LAWRENCE HERMAN BURSTEIN make up the device. In electronics, “bread-
BERTRAM STANLEIGH boarding” of a new idea is an accepted
technique for proving ideas and improving
. performance. And in transducer design,
AUDIU Art":Ies actual construction of prototype loud-

speakers, microphones, phono cartridges,
etc., has been a requirement to test new
20 Years of AUDIO 25 C.G. McProud designs. . .

But this time-consuming eXperimental
work may largely become a thing of the
past, with the introduction of the computer

Cover Story —
Robert Preston says:

I Was Raised on Red Seal Records 38 As rold to Larry Zide as a day-to-day tool available to the en-

PROGNOSTICATIONS — grllneerA And WIt}in] tl}l]e aid l?f tl‘i’qlpomputer,

What the Next 20 Years Will Bring 44 The Industry _ ngr:“rg;gggf fm'ly tﬁge ntufncaes' '3 g;sfgn
Professional Tone Controls 60 Arthur C. Davis and in search of optimum relationships.

Don Davis The first step in computer-aided designs is

Automobile Tape Cartridges 66 Larry Zide to construct a mathematical model of the

device or circuit to be studied. Having fed
the model into the computer, each variable

. can be independently controlled until re-

AUDIU RBVIEWS sults match the objectives. The final math-

ematical model is then translated into

The AUDIO Music and Record Review Section 84 oS pae [EnIccees (e SAECh

; predicted by the computer.
Classical 84 Not only will the computer provide mathe-
Light Listening 92 matical statements of equivalent circuits,
Jazz 100 it can also be used to draw curves repre-
senting the output of the device ynder
study. For instance, the effect of a feed-

Aumu P fl back circuit can be shown as a family of
TU I BS curves created by varying the complex
feedback impedance. The ideal circuit

Heathkit Solid-State Receiver 76 AR-15 values can then be chosen based on the

University Compact Speaker System 80 Ultra-D optimum curve displayed.

In like manner, a series of broadcast
Superex Stereo Headphones 80 S7-PRO microphone attenuators were developed to

meet various levels of input and output,
. while maintaining strict standards of fre-
AUDIU In General quency response and impedance.

Mathematical models of microphones and
loudspeakers have also been developed by

Audioclinic 2 Joseph Giovanelli E-V engineers. Although the use of such
Fundamental Audio 6 Martin Leynard equivalent (;]ll'ClIllS has been quite com-
. ) lace, the computer permits develop-
T 12 Edward Tatnall Canb monpiaces e 30 L p
AUdIOE.dC 21 H Burstei Y ment of more detailed, precise models
LIS Tape Guide enmambursie than could be easily accomplished by use
E, % Editor’s Review 22 of blackboard and slide rule. And with
P 2 Sound & Sight 74 Harold D. Weiler more com}p}»;ehensn(\j'e investigation gon_nes
% ° . more sophisticated answers to design
* 0 104 p g
Cupat Advertising Index B S

While the surface has only been scratched
AUDIO (title registered U. S. Pat. Off.) is published monthly by North | iN the application of computer analysis to
American Publishing Co., I. J. Borowsky, President; Frank Nemeyer, electro-acoustic desngn, it 18 already clear
C.d G. I\;Ic(l;f?ud, laandNAzgulrstiitgter,PXi]ced r;:e;ide;tS-lgﬁgcugg’fsc:gd that it will play a major part in future

Editori ces, 4 No N iladelphia, Pa. d = .

S tio;xo::.es—U.S. Possesions, Canada, and Mexico, $5.00 for ome year; developments in the field.

$9.00 for two years; all other countries, $6.00 per year. Printed in
U.S.A. at Philadelphia, Pa. All rights reserved. Entire contents copy-

righted 1967 by North American Publishing.Co. Second class postage -
paid at Philadelphia, Pa., and additional mailing offices. =
REGIONAL SALES OFFICES: Sanford L. Cahn, 663 Fifth Ave., New 01CL

York, N. Y. 10022 : (212) 753-8824.
Richard Reed, 205 W. Wacker Drive, Chicago, Il. 606065 (312) 332-3910. SETTING NEW STANDARDS IN SOUND
Leonard Gold, 1900 Euclid Ave., Cleveland, Ohio 441.25 (216) 621-4992.
Jay Martin, 9350 Wilshire Blvd., Beverly Hills, Calif. (213) 2783-1495.

INSTITUTE OF

HIGH FIDELITY

INC.

REPRESENTATIVE: Warren Birkenhead, Inc., No. 25, 2-chome, Shiba For technical data on any E-V product, write!
Hamamatsu-cho, Minato-ku, Tokyo, Japan. ELECTRO-VOICE, INC., Dept. 573A
AUDIO, Editorial and Publishing Offices, 134 N. 13th St., Phila,, Pa. 19107 602 Cecll St., Buchanan, Michigan 49107
Postmaster: Send Form 3579 to the above address. Check No. 105 on Reader Service Card.
AUDIO <« MAY, 1967 1

WWW americanradiaohistery com



AUDIO CLINIC

Joseph Giovaneillil

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

NOTE:

Elsewhere in these pages you will see
that AUDIO MAGAZINE has been serving
you for 20 years. For the last 11 years
I have been privileged to write a column
for this .magazine. I am proud to say
that, during this 11 years, I have not
missed a single issue.

At this time I wish to thank all of
you for including so many kind remarks
in your letters. This has been a constant
source of pleasure and, indeed, amaze-
ment to me. It has been my observation
that, in general, a person does not write
a letter unless he has some fault to find:
apparently people seem to be more nega-
tive in their comments than positive.
This has not been true in my case. To
those of you who continue to like what
I do, I say, “keep on writing.” I can't
say that I object to a little praise. How-
ever, to those of you who do not like
what I am doing, I say, “Write me.”
Only by receiving letters in both the
positive and negative directions can 1
know how to improve this column, mak-
ing it better for you. This is a case in
which a positive and a negative do not
add up to zero. The positive numbers
will lead, probably, to a somewhat in-
creased cranial size. While this might
make for difficulties in wearing a hat, it
will mean increased cerebral capacity
for storing information needed to help
you with your problems. The negative

COMING NEXT MONTH

“Musical Broadcasting in the 19th
Century,”” a fascinating picture of
early methods of purveying music
long prior to “‘wireiess’” as we know
it today.

Getting to Know the Decibel—Sim-
plifying the calculations pertaining
to this all-important tool in the
handling of sound levels.

In the June Issue—on your news-
stand, at your favorite audio deal-
er's, or in your own mailbox.

comments will tend to reduce the afore-
mentioned skull enlargement. Further,
they will indicate those instances in
which T have goofed or indicate new
directions this column might take. Thank
you, one and all, for what you have
written and for what you will write in
the future. T look forward to continued
association with this fine magazine.

Throughout the years in which I have
been answering your questions, I have
received numerous letters concerning the
problem of equipment obsolescence. To
all of you I have said that if a piece of
equipment is designed well, it is not
made obsolete by the introduction of
next year’s models. Of course, there may
be some new feature on next year's
model which might dictate a change of
equipment, but it is not necessary to
make the change from the standpoint of
really dramatic changes in performance
levels. Such changes are hard-won and
come along slowly. During these eleven
years that I have been a contributing
editor to AuDpIO, we have all witnessed
the phenomenal transition from vacuum
tubes to transistors. Nevertheless, that
high-quality, well-designed piece of audio
gear you purchased in 1955 or 1956 can
still give a good account of itself in 1967.

In order to demonstrate that good,
fundamental engineering and design con-
cepts are not out-moded, here are a few
questions originally asked by you when
my AUDIOCLINIC column first appeared:

Q. I have two rape recorders, a hi-f
system (incorporating a receiver), and an
extra amplifier. 1 would like to connect
tape machine A to the syvstem for re-
cording and plavback, and 1 would like
to use machine B for duplicating tapes.
I would like to be able to record both
from tuner and phonograph. How shall
I hook up these various components?

A. To review, I take it that you want
to do the following: (1) play FM
through your hi-fi system; (2) play phono
through your system; (3) play tape ma-
chine A through your system; (4) use
machine A for recording FM and phono,
(5) use machine A for duplicating tapes
played on machine B. There is no need
for your extra amplifier. Make your con-
nections as follows.

1. Connect the output of the receiver

to the speakers.

2. Connect the phonograph to the

phono input of the receiver.

3. Connect the outputs of machine A

to the receiver’s “‘tape-input” (or
“tape-amp”) jacks. These outputs

WWW americanradichistory com

should be the ones intended for an
external amplifier rather than for an
external speaker.

4. Connect the “tape output™ jacks of
the receiver to the high-level inputs
of machine A.

5. Connect the outputs of machine B
to one of the extra pairs of high-
level inputs of the receiver; these
inputs are labeled “aux™ or “tuner.”
Thus when you are playing machine
B into the receiver, the latter is
feeding the same signal into ma-
chine A for duplicating.

Q. Would vou consider VU meters
which also operate in the playback mode
of a tape machine as a professional fea-
ture? If so, can the needle be damaged
by over-recorded tapes?

A. A VU meter that reads playback
level may be viewed as catering to pro-
fessional requirements. The professional
is often concerned with feeding the prop-
er amount of signal to the chain of
equipment following the tape machine—
enough to drive the equipment to a re-
quired level, but not so much as to cause
distortion and cross-talk. Reading play-
back level 1s usually of secondary im-
portance to the home user, although it
can be useful in checking frequency re-
sponse or azimuth alignment, thus elimi-
nating the need for an external meter.
It may be of some interest to the home
user to know when he is dealing with a
seriously under- or over-recorded tape.

There seems to be no danger that an
overrecorded tape will damage the VU
meter, provided the meter is properly
adjusted so that it indicates 0 VU at a
recorded level that produces about 1 per
cent harmonic distortion on the tape at
400 Hz. Tape saturation—beyond which
the recorded signal level cannot be in-
creased—is then some 12 dB above 0O
VU. A true VU meter can endure for
15 second a signal 20 dB above 0 VU,
and it can continuously endure a signal
14 dB above 0 VU.

Q. I was recently given a speaker by a
friend. There was no indication as to
what its voice-coil impedance might be.
Could vou please tell me how to find this
out? Arnold Weiss, Brookivn, New York.

A. Here are three ways that you might
try: 1. If you can determine the speaker’s
manufacturer, together with its model
and/or serial number, give him this in-
formation. He can tell you its impedance,
as well as advise you as to the type of
enclosure in which it will work best.

2. If you have an audio oscillator, an
ohmmeter, and some means of measur-
ing low-voltage a.c., do this: Place the
speaker in some kind of enclosure, since
this has considerable effect upon its im-
pedance. Connect the voice-coil leads,
potentiometer, and output transformer of
your amplifier as shown in Fig. /. In it
we see the voice-coil leads connected in
series with the potentiometer, and this
series combination is connected across
the secondary of the output transformer.
The potentiometer is connected as a vari-
able resistor, with one of the end lugs
not used. Since most speakers have im-
pedances ranging from 3.2 to 16 ohms,

AUDIO « MAY, 1967
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April 15, 1967

Well Done!

It seems eminently fitting that on this 20th anniversary of
"Audio, ' congratulations should be extended to you who
read the magazine,

For you have done something quite remarkable. I wonder

if you realize just how much the readers of ""Audio' have
contributed to the progress made in our industry, I can
assure you that many of the most significant developments
incorporated in Garrard, Wharfedale and Multicore products
have been reflections of your direct commments to us, your
dialogue in '""Audio, ' and your appreciative response to better
equipment. It was your informed influence on others that
resulted in their awareness of high fidelity components and
encouraged a growing audience for finer sound reproduction.
Now, in the stereophonic era, the same process of personal
recommendation is essential to further advancement.

Therefore - well done, '""Audio' reader! And,..appreciation
to '"Audio' itself for having provided, for 20 years, a major
medium for progress.

Sincerely,

%MMO} Qﬁéwm

Leonard Carduncr
President

WWW americanradiohistory.com



SUPER SOUNDS

start with

FAIRCHILD

|

et

FAIRCHILD MASTER
TAPE IMPROVEMENT SYSTEM

FAIRCHILD MTIS with ‘‘focused-gap”
head design réduces bias-induced noise
to a point where it is no greater than 1.5
db than the noise of virgin or bulk-erased
tape. FAIRCHILD MTIS has an S/N ratio
of 72 db on one track of a 4-track 1/2”
tape. FAIRCHILD MTIS increases the re-
cording level by 4 db over present stand-
ards, with the lowest harmonic, intermod-
ulation, and cross-modulation distortion
of only .5%. Only the FAIRCHILD MTIS
comes in a compatible, convertible pack-
age allowing you to update your present
tape transports to the highest quality
“state of-the-art” recording standards.

FAIRCHILD CONAX

The world-accepted way to control high
frequency spillovers in FM due to pre-
emphasis. Lets your station maintain real
high levels even with brass and crashing
cymbals and still avoid FCC citations.

THE REVERBERTRON

The new compact rever-
beration system which
gives your station that
real big voice. With the
Reverbertron you can ¢
have that Carnegie Hall
effect as close as the
gain control on the Reverbertron. And
there’s the added plus of an increase in
apparent loudness of your station sound
due to reverberation, as originally
described by Dr. Maxfield.

Write to FAIRCHILD — the pacemaker in pro-
fessional audio products — for complete details.

FAIRCHILD

RECORDING EQUIPMENT CORPORATION
10-40 45th Ave., Long Island City 1, N.Y.

Check No. 108 on Reader Service Card.

4

NAANAS
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A
Fig. 1

a thirty-ohm pot should do nicely here.
Connect the audio oscillator to the input
of your amplifier, and set its frequency
controls to 400 Hz. With the signal feed-
ing the speaker. connect your a.c. volt-
meter first from A to B, and then from
A to C as shown in the figure. Adjust the
potentiometer so that the two voltage
readings remain equal as you change
leads back and forth. Next, disconnect the
pot from the circuit, being careful not to
disturb its setting. Read its resistance
with your ohm meter. This will be the
approximate impedance of the speaker,
since we can consider the impedance as
a pure resistance. In a series circuit
(which we have here), only when the
resistances are equal can the voltage
drops across them be equal. Of course,
there is also a third impedance present,
that of the secondary of the output trans-
former, which at a quick glance, might
appear to be a factor here. However, this
is not the case. We need only be con-
cerned with there being equal voliage
drops across the voice coil and the pot.
The impedance of the secondary will de-
termine only the voltage reading on the
meter, but cannot influence the setting
of the pot needed to obtain equal read-
ings across it and the voice coil.

3. The last method is little more than
a guess, but it can be used where there
are no measuring instruments available.
Simply feed a signal source of high qual-
ity, such as a record player or FM tuner,
into the amplifier. Connect the speaker
in turn to the various taps of the output
transformer until one is found which
gives maximum output and response as
noted by ear. The impedance of the tap
to which the speaker is connected will be
in the vicinity of true impedance of the
speaker. However, since considerable
mismatch can be tolerated without sub-
stantially affecting performance, it is
quite likely that you will not have deter-
mined the impedance quite so accurately
as when following steps 1 or 2.

Tweeters

Q. Why are tweeters so often used in
high-fideliry  speaker systems? Harr
Davis, Utica.

A. A tweeter is used to raise the level
of the high frequencies to that of the
middle and low frequencies. This must
be done, as it is extremely difficult for a
single speaker to respond equally well to
all of the frequencies necessary for good
sound reproduction.

Wow and Flutter
Q. Whar is the difference between wow
and flutter? Bob Bloom, Chevenne.

A. Wow is a slow variation in pitch
caused by similar variations in turntable

www.americaennadiohistony.com

speed. Either the recording or play-back
turntable may be at fault. Flutter is a
rapid variation in pitch caused by varia-
tions in turntable speed or capstan speed
of tape recorders or tape phonographs.
In phono turntables, it is usually caused
by the idler, which may not be in the
same plane as the motor pulley and the
platter, or which may have a faulty bear-
ing, or which may simply need lubrica-
tion.

Linearity

Q. As applied to electronics, what 1s
meant by linearity? John Carlson, Bronx,
New York

A. As you know. a microphone (or
phonograph pickup) converts mechanical
motion into electrical voltages. These are
a.c. voltages whose instantaneous value
depends upon the amount of mechanical
motion, and whose frequency depends
upon the number of vibrations imparted
to it. These voltages are then applied to
the grid of a tube. At the output of the
tube, the voltage is larger by an amount
equal to the gain of the tube. If the sig-
nal in the output circuit is perfectly lin-
ear, the relationship between the voltages
in the output circuit should be equal to
all the voltage relationships in the input
circuit. This is the same as saying that
when we copy a small picture by using
an enlarger. the picture is made bigger:
although all parts of the picture are
larger than in the original, their relative
sizes remain unchanged. Not only must
the relationships between instantaneous
voltage peaks be maintained, but the
tube must not add any voltages of its
own. Of course, there is a 180-deg. phase
shift in the plate circuit of a vacuum
tube, so that all voltages are now of op-
posite sign from those originally applied
to the grid circuit. This is of no impor-
tance. What is important is that any
phase change should affect voltage at all
frequencies to an equal extent. Phase
changes which vary with frequency do
occur and are unwanted. Ask anyone who
has attempted to design negative feed-
back circuits about this.

If an amplifier is perfectly linear, and
if the microphone or phonograph pickup
has properly interpreted the mechanical
motion supplied to it, good sound repro-
duction should be had, again assuming
that the loudspeaker can accurately re-
convert the electrical voltages and cur-
rents into mechanical motion, and if the
room acoustics do not alter the phase
relationship between the soundwaves
transmitted from the speaker or other-
wise alter the relative magnitude of the
soundwaves.

If some frequencies are stronger than
they were in the original signal, or if
some are weaker than they should be for
good linearity, we have another way of
saying that the amplifier in question suf-
fers from a poor frequency response, or
at least that the response is not flat. If
there are voltages added other than any
present in the original signal. the ampli-
fier is said to have harmonic or inter-
modulation distortion, depending upon
the means by which they were intro-
duced. E

Check No. 106 on Reader Service Card—
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Fundamental AUDIO
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MARTIN LEYNARD

AST MONTH, we discussed how the
L sound of a wave depends upon its

shape. Unfortunately. all audio
equipment alters wave shapes to some ex-
tent, and in the process, alters the sounds
these signal waves produce. We call this
alteration “distortion”—or more prop-
erly, “distortions,” since there are sev-
eral kinds. These may be classed as am-
plitude distortion, non-lincar distortion,
phase distortion, transient distortion,
scale (or volume) distortion and fre-
quency-modulation distortion.

An audio component should be equally
sensitive to all the audio frequencies; if
one volt of a 1000-Hz signal fed to an
amplifier produces one watt of output,
then one volt input should produce one
watt output whether the signal frequency
is 20 or 20.000 hertz. Any deviation from
such an ideally “flat” frequency response
may be called “amplitude distortion.” We
normally don’t think of this as a distor-
tion, but by our over-all definition, it is.
For musical waveforms are complex mix-
tures of many frequencies at once, and
@ component that is more sensitive at
some points of the audio spectrum than
at others will alter the wave-shape—and
the sound—accordingly (Fig. 1). A little
experimentation with your sound sys-
tem’s controls (their purpose is to re-
shape the system's frequency response
deliberately to meet unusual or less-than-
optimum conditions) will give you an
idea of some of the difference amplitude
distortion will make.

Non-linear Distortion

When we speak of distortion, we usu-
ally mean harmonic and intermodulation
distortion, two forms of non-linear dis-
tortion. This brings us briefly to a prop-
erty of tubes. transistors, tapes, and other

WWW americasnradichistory com

devices which is called the “transfer
characteristic.”

The transfer characteristic is one way
of visuulizing the change a signal under-
goes in passing through a device. Imagine
our signal wave moving upwards along a
graph line until it hits the line that repre-
sents our transfer characteristic (A) in
Fig. 2, with every point on our signal
wave going off at a right angle to its
original path to form the output signal.
as soon as it hits the transfer curve. If
the transfer curve is linear, the output
signal will be an exactly proportioned
replica of the input. If the transfer curve
rises at an angle of more than 45 deg,
the output will be greater than the input
—amplified, in other words—but other-
wise unchanged. (A 45-deg. curve would
represent, for all practical purposes, the
transfer characteristic of a straight wire,
with no gain; a shallower angle would
represent a resistor, diminishing the sig-
nal's amplitude but not otherwise attect-
ing it.)

But if, for some reason, the transfer
curve is not linear, the shape of the out-

Fig. 4
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Wharfedale's diminutive new Achromatic W20 represents an achievement in sound, above all . . . with dimensions and cost a secondary
consideration. Instead of the usual 47, 5”, or even 6" woofer . . . it uses a high compliance, low resonance full 8” speaker with exclusive
Flexiprene cone suspension. And, this is topped off with a new highly advanced mylar-domed pressure tweeter having excellent
omni-directional dispension characteristics. Both speaker components have heavy magnet assemblies for controlled transient response.
Network and voice coil values have been carefully designed to perform excellently with either vacuum tube or transistor amplifiers
and receivers. Even a continuously variable acoustic compensation control is included. Listen to the W20 at any of these authorized
Wharfedale dealers. Close your eyes, and you'll forget that it's so small (9% x 14" x 812" deep) and costs so little — only $49.95 in
genuine oiled walnut. One of 6 new Achromatic Speaker Systems, all illustrated in Wharfedale's full color comparator brochure. Let
us send you a complimentary copy. Write Dept. HEI, Wharfedale Div. British Industries Corp., Westbury, N. Y. 11590.

\Whartedale® 27277
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ALTERNATELY SHARPENED AND FLATTENED WAVE

FUNDAMENTAL AND SECOND HARMONIC

LOP-SIDED* WAVE
Fig. BA

put waveform will be changed as in (B)
of Fig. 2. The curve needn’t even be con-
torted as that to cause distortion; if the
input signal in Fig. | had a bit more
amplitude. the peaks along its “left” edge
would swing over into the non-linear por-
tion of the transfer curve, causing the
wave to “clip” and look rather like (A)
in Fig. 3.
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PER CENT DISTORTION

Harmonic Distortion

As we mentioned last month, any
waveform can be anualyzed into a mixture
of sine waves of various frequencies. And
even though we fed only a single-fre-
quency sine wave into the test amplifier
that produced our distorted waveform.
the output can be shown to contain sev-
eral multiples, or ‘“harmonics” of the
original frequency—hence the name “har-
monic distortion” for this particular re-
sult of non-linearity. A harmonic distor-

tion meter (such as the one in Fig. 4),
works by filtering the input frequency
out of the output signal and comparing
the amplitude of the remaining distortion
products with the amplitude of the whole
output signal. These distortion products
can be fed to an oscilloscope and (B) in
Fig. 3 shows the complex of harmonics
which the amplifier’s “clipping” action
added to the original sine-wave signal,
and (C) shows one cycle of this har-
monic complex superimposed onto & cy-
cle of the original output wave; the har-
monic¢ relationship can be plainly seen.
Different distortion products alter the
wave in different ways: Odd-numbered
harmonics tend to flatten or sharpen the
wave. Even harmonics make the wave
lop-sided or alternately flatten and sharp-
en the wave's peaks, as in Fig. 5.

Harmonic distortion will not always
make the sound unpleasant—after all,
musical waveforms are made up of just
such fundamentals and harmonics-—but
will always make the sound untrue, for
it distorts the relationships between fun-
damentals and harmonics—but will al-
ways make the sound untrue, for it dis-
torts the relationships between funda-
mental and harmonic that give each
sound its distinctive timbre.

Intermodulation Distortion

Intermodulation distortion, unlike har-
monic distortion, can only occur when
two or more frequencies are present si-
multaneously in the input signal. It can
take two forms: amplitude modulation
of one frequency by another, or the pro-
duction of spurious frequencies not pres-
ent in the input signal.

If you were listening to a choir sing-
ing a high but steady “E” of 1320 Hz
while the organ played a very low “A”
of 27.5 Hz, vou would hear only those
two distinct notes. But if your sound sys-
tem suffered from intermodulation of the
amplitude-modulation type, the choir’s
high “E" would acquire an unpleasant
vibrato, its volume rising and falling 27.5
times each second until the organ note
ceased. Or you might hear spurious sum-
and-difference tones of 1347.5 Hertz
(1320 -+~ 27.5), 1292.5 Hz (1320 —
27.5), 2688 Hz (1395.5 + 1292.5), and
so on, few if any of them having any
particular or pleasant harmonic relation
to the music. The result of this latter
form of intermodulation distortion is a
harsh, buzzy sound: when we say that
something sounds distorted; we're usu-
ally talking about IM.

Generally, a component exhibiting one
form of non-lincar distortion also ex-
hibits the other. But there is no fixed
ratio between them, and the ratio of IM
to harmonic distortion for a given am-
plifier may vary with the amplifier’s out-
put as in Fig. 6

Transient Distortion

Transient distortion affects the shape
of the wave envolope, rather than that
of the steady wave itself. No matter how
fast a note's attack or cut-off, no matter
how steep the leading and trailing edges
of its wave envelope, the sound system
should be able 10 reproduce that envelope
exactly. When your system reproduces

WWW amercanradiaohistery com
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Fig. 7

a sharply-plucked string, or drum-beat
during a quiet passage. it must junip al-
most instantly from a very small to a
very large output . . . and if the note is
quickly damped, it must subside instantly
as well. If we turn a sine-wave test sig-
nal rapidly on and off, we get a “tone-
burst” Fig. 7. Transient distortion will
cause tone-bursts to start and stop with
a slight, trumpet-like flare rather than a
clean, square edge (Fig. 8).

Another type of transient distortion
can be shown with a square wave test
signal, as at (A) in Fig. 9. The amph-
fier may react to the sudden rise of the
square waves by “ringing,” as evidenced
by a ripple after each of the square
wave's switching points.

To be free of transient distortion, a
component should have, among other
properties, excellent high-frequency re-
sponse (the sharp rise or fall of a wave
can be considered a very-high-frequency
component) and be free from phase dis-
tortion.

Let’s assume that a particular musical
note starts with all its component fre-
quencies in phase, that is, at the same
point in their cycles. Perhaps they are all
at a positive peak at that moment, in
which case the over-all waveform is at
its highest possible peak. The phase rela-
tionships will change at once, of course,
since a high-frequency wave takes less
time to descend from peak to zero than
does a low-frequency wave; and the par-

ey e
D, W

Fig. 9A Fig. 9B

tial cancellations between out-of-phase
waves cause consequent dips in the wave-
form. Obviously, if the phase relation-
ship between these waves is shifted, the
waveform will look different; that is
phase distortion. Opinions differ as to
how directly audible phase changes are.
But since phase distortion does affect the
wave envelope, it is a contributing cause
of transient distortion.

Scale distortion results when music or
speech are reproduced at unrealistic lev-
els. If we play a strong quartet, for ex-
ample, at full symphonic volume—or if
we play a Sousa march at whisper level
-—the apparent frequency balance of the
program will be altered. This is because
of the way our ears change their fre-
quency response characteristics at differ-
ent sound levels. We fail to hear the low-
est notes and highest overtones of the
brass band when its level is reduced—
and because we’re used to hearing all
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New!
ERSIN MULTICORE
5-CORE SOLDER IN
NEEDLE FINE GAUGE

(ACTUAL SIZE)

Today’s electronics are moving more and more toward micro-miniaturization and integrated circuitry. For
efficient soldering, these circuits require an ultra-fine gauge . . . a solder wire so thin it can pass through the ‘
eye of a needle! To meet these very special requirements, Ersin Multicore has developed a unique 5-core
solder in 60/40 and 63/37 alloys from 24 through 34 S.W.G. It is imported from England, and available for \
immediate off-the-shelf delivery from your local distributor in any quantity vou may require.

Ersin Multicore’s exclusive construction with 3 cores of extra-active, non-corrosive Ersin flux, has established it \\
as the most efficient, most dependable solder in the world. Its unique configuration guarantees uninterrupted flux in \
every part of the wire and near the heat source, causing the solder to melt faster and to wet the metal mmore effectively
Oxides are rapidly loosened and removed from the surface, and the solder is molecularly tused with the metal. This action "
enables Ersin Multicore solder to produce the consistently reliable joints for which it is known. The extra cost per joint is
trivial, but the results are tremendously important on the assembly line, saving valuable time and avoiding costly rejects.

You may not have an immediate need for a needle fine
solder but it’s good to know that the same unique five
core construction is in every Ersin Multicore product.
How much more does it cost to use the world’s best
solder? About one-one hundredth of a cent more per
joint ...and you eliminate costly, troublesome soldering
failures. Ask for Ersin Multicore five core solder in these
handy packages.

MULTICORE SALES CORPORATION, WESTBURY, N.Y. 11590//‘ 3’/,.’;“0\\

e
DIV. OF BRITISH INDUSTRIES CORP. G

/

Reels and cartons 69¢ Easy 69¢ PC (Printed

11b. and 7 Ib. Dispenser Pak  Circult) Pak L
Full range of gauges 60/40 60/40 Extra Thin Ersin Multicore conforms with Federal specifications.

and alloys 18 S.W.G.—.048" 22 S.W.G.—.028"
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WAITING AROUNd
for A Professional
S1ere0 OR MoNO

Cordless RecordeR,
with 7” Reels?

DoN'T WAIT.

The world’'s first and only AC/Cord-
less recorder with 7" reels and 4
speeds is here...from Concertone.
Go '‘where the action is” with this
professional CORDLESS tape recorder.
The truly portable...AC or battery
operated Concertone features VU
meters, standard inputs and pre-amp
outputs, pause control, battery indi-
cator, solid state, 23 transistors, .2
thermistors, 5 diodes. Self-contained
with full range speaker systems...
Light weight 12 Ibs. for Mono 700 . . .
16 Ibs. for the Stereo 770. Some out-

standing features: 4 speeds- 714, 33/,
174, %, ...frequency response 30-
16000 c.p.s. - less than .39, wow and
flutter. Stereo has 3 separate heads;
Erase, record, playback. Remote con-
trol: Stereo dynamic microphones, plus
remote control dictation mike. Built
in ““AC/Cordless'’ operation using 6
inexpensive D cells. Model 700 Mono,
Dual track - less than $140. Model
770 Stereo, 4 track - (mono-stereo)
less than $240. See your dealer today
for America’'s newest “‘CORDLESS" or
write for complete information.

CONCERTONE

10

Dept. HS1 ¢ 3962 LANDMARK ST. CULVER CITY

CALIFORNIA 90230

CALL (213) 837-6133

Check No. 110 on Reader Service Card.
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these frequencies when we hear the band
at its normal volume, we miss them. Of
all distortions, this is the easiest to cure,
and we'll discuss it in more detail when
we get to amplifier characteristics and
the “loudness” control.

Frequency-Modulation Distortion

All forms of distortion which we've
so far discussed can be found in any
part of the audio chain—the record
player, speaker, amplifier, tuner, tape
deck, and so on. Frequency-modulation
distortion is restricted. however, to turn-
tables, tape recorders, and speakers.
There are two main forms of frequency-
modulation distortion—wow and flutter
in turntables and tape machines, and
Doppler distortion in speakers—and both
consist of cyclical variations in the fre-
quency of a tone.

Wow and flutter are the most famil-
iar kinds of frequency-modulation (or
FM) distortion. They occur whenever a
turntable, record, tape capstan, or any
part of the record- or tape-drive system
1s eccentric. You can demonstrate it for
yourself with a 45-rpm record placed
slightly off-center on your own turntable.
As the one arm follows the record groove
in its eccentric path around the center
spindle, it will speed up and slow down,
relative to the groove. Where it speeds
up, the recorded pitch will rise, and
where it slows down it will fall. Slow
variations such as this are called “wow™;
faster variations of the same type are
called “flutter.”

‘‘Doppler” Distortion

The Doppler effect is more familiar
to us from train whistles than from
speakers. As a train moves toward us,
the pitch of its whistle seems to rise,
falling again as the train pulls away.
This is because, as the whistle approaches
us, each cycle of its sound starts from a
point a little closer to us than the last
one; this “bunching up” of sound waves
shortens the distance between wave-
fronts, which is the same as shortening
the wavelength by raising the frequency.
When the train pulls away. of course,
the reverse holds true.

A loudspeaker diaphragm also moves
towards and away from us, pulling and
pushing the air to form the compressions
and rarefactions that make sound waves.
And since musical waveforms are com-
plex frequency mixtures. a loudspeaker
reproducing such a wave is eflectively
vibrating with several velocities at once.
A speaker reproducing two pure tones of
S0 and 10,000 Hz. for example, may be
considered as a body vibrating 10,000
times per second while moving in and
out 50 times per second. The higher fre-
quency will therefore seem to rise in
pitch as the speaker moves towards us,
and sound lower as the speaker moves
back. This can be a major cause of dis-
tortion above 3000 Hz, but Doppler dis-
tortion can be considerably reduced by
dividing the frequency spectrum among
two or more speakers (e.g.: the familiar
combination of a “woofer” for the low
range and a “tweeter” for the highs).
Such an arrangement also allows each
speaker to be designed for best reproduc-
tion of its portion of the spectrum. ZE
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20Hz

20,000H=x

NO AUDIBLE-SOUND BARRIERS

We've been asked by many high-fidelity enthusiasts, “If
nobody can hear frequencies below 20 and above 20,000
cycles, why bother to reproduce them?”

It's a reasonable question—one that has set off much
discussion in hi-fi circles over the past few years.

Some manufacturers deliberately build audible-sound
barriers into their amplifiers, clipping response at these
arbitrary frequencies on the assumption that what lies
beyond doesn’t matter.

Don’t get us wrong. We too are concerned mainly with
the sound you can hear. But we've found, through years
of research and listening, that frequencies above and be-
low the “barriers” have a profound effect on audible
sound. We—and you—have found that the farther we
extend the response of our receivers, the more transpar-
ency of sound and the more total realism we achieve.

What happens when a stereo receiver doesn’t repro-
duce faithfully the overtones and low fundamentals the
ear can't catch? By deliberately chopping bandwidth at
these boundaries, it's unwittingly added distortion—fre-
quency and phase distortion—in the area where the ear
can hear it. An otherwise good instrument is robbed of
that ultimate degree of realism that distinguishes a truly
great receiver from the crowd.

So it was natural for us to design our new Nocturne
receivers with frequency response that's octaves wider
than many manufacturers think necessary. It's this ultra-
wideband concept that brings out all the pure undistorted
sound you're entitled to. Ultra-wide frequency response
lets Nocturne owners know one voice from another, one
instrument from another, as easily as if they were sitting
at a live performance.

Harman-Kardon, Inc., Plainview, New York 11803

harman

kardon

ORIGINATOR OF THE HIGH-FIDELITY RECEIVER
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Nocturne Seven Twenty 80-watt solid-state FM stereo receiver.
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AUDIO ETC.

Edward Tatnall Canby

NOT-SO-RANDOM THOUGHTS

I did. I almost forgot. Qur 20th Anni-
versary. It didn’t catch up with me until
a couple of months beforehand—almost
too late. I made it, under the wire, as
you see.

This is a modern magazine and the
moderner we get, the more time we need.
We’re just normal victims of the Dead-
line Spread, which is the phenomenon
that has all those happy commercial
singers spieling out Xmas carols in July
heat waves. (It’s also why I’ve sometimes
involuntarily reviewed Xmas records in
the January issue, at the other end of
the Spread.)

So, what with constant preparations
for the month after next and the month
after that, 1 can’t for the life of me re-
member which issue I'm supposed to be
in the middle of—now. Like, say the
20th Anniversary issue.

I play leap frog, as do we all. One
column in the works, on my typewriter,
another forming up dimly somewhere
down in the cerebellum, a third down at
the printers and a fourth just arrived in
proof (did 1 write that??). And, of
course, a fifth, hot on the newsstands
and in the mailbox, the final product,
the current production model. No won-
der, when somebody says gee, I liked
your article this month (or says the op-
posite), T look blank. What article?

So, a 20th, and it’s a nice round num-
ber, 1 note. Funny idea. If we still used
the vestigial duodecimal arrangement, the
system that deprives us of the first two
’teen numbers (they should be, maybe.
eleventeen and twelveteen), we’d have
another four yeuars to go before our Two-
Dozenth.

(Take it back. Better make it firsteen
and seconteen . . .)

And Heaven forbid the thought of a
binary-system Anniversary. That would
be every other year, and we’d all long
since been fed up.

* * *

All T can say, then, is that twenty years
ago this magazine began the sort of pub-
lishing operation which would allow a
guy named Canby to write record re-
views in such an extremely odd fashion
that, after only a few issues, the Editor
split the record review department in
two, one section of which, wildly casting
about for some sort of omnibus title that
might successfully contain the miles of
Canby print, he called “Aublo, ETC.”
(Well, he had noticed my initials, even
if he wasn’t exactly the first.)

And so was born Aubio, ETC, which
has never appeared in uny other maga-
zine for the best of reasons: it just
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couldn’t. And for that degree of toler-
ance, understanding and appreciation, |
am eternally grateful to C. G. McProud,
whose numerous titles, as managing ed-
itor, editor and publisher, span his own
twenty-year involvment in our magazine.
With all due respect to the others who
have helped (and to Mr. Potts, our first
editor). AuDpIO was McProud’s baby.

And though I am sure he will cringe
under the blow, I’'ll have to come right
out and say it—this McProud character
is a lot bigger man that he likes to admit
in the trade. In spirit and mind, 1 mean.

He has quantities of those attributes
which engineers are usually uncomfort-
able about admitting—imagination, per-
ception, warmth, largeness of view. To
be sure, he does his best to hide them
from all of you who know him. Sort of
like having to admit you were born with
six fingers on the right hand. But the
truth will out.

And the way this kind of truth has al-
ways got through to me-—beyond the
mere fact of being allowed to write what
1 write—is stimply that an “imaginative”
man like McProud is always interested.
You toss an idea to him and he’ll take
it right up, turn and twist it along with
you. He’ll kick the ball around on almost
any old thing.

It's a pleasure, 1 can tell you, and
sometimes expensive. 1 can’t recall how
many long distance telephone marathons
we’ve had about some wholly irrelevant
and perfectly pointless idea, just because
both of us were intrigued by it! Dozens.
Also good ideas.

How much of this has rubbed off onto
our venerable magazine (which at last
has left its 'teens behind) T do not really
know. Over the years, a good deal, and
maybe more than you think. As I say,
McProud has done his best to suppress
these unwanted (should I say “un-
wonted”) symptoms; he likes to be a
regular fellow, engineer-style—he is one,
too, and of the best. A good term for it
is gregarious. And so are we as a maga-
zine. We get along well with our friends,
our readers, our advertisers, and we like
it that way. Who wouldn’t?

But. as I see our twenty years of grow-
ing up, AUDIO has been consistently
unique. We have never put out an issue
yet, good or bad, that was a carbon copy
of somebody else’s issue. There is only
one Auplo and you aren't too likely to
confuse it with anybody else’s mag.
That’s us.

To get personal again, there’s only one
Aupbio. ETC, for better or worse, and it
is still an amazement to me that, given
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my head to do what I wanted to, 1
ended up here. As aforementioned, I
was hired in 1947 to write record re-
views. I knew a lot about music and
nothing worth mentioning about audio.
(Nobody mentioned it, anyhow.) And
here 1 am, now, still knowing 100 times
as much about music as audio . . . well,
maybe i’'s down to 99; and yet my use-
fulness, such as it is, in this magazine
and in the hi-fi industry, gets more
audio-oriented every year. Crazy, man'
Just nuts.

Well, 1 can hear the cacklings from
those who like to grow purple in the head
over this department. It is sort of zany.
And you can logically talk it out of exist-
ence in five minutes flat, any old day.

Indeed. if the editor called me in and
started telling me why 1 had no business
writing anything outside of purely musi-
cal areas. I'd ruefully have to agree. In
all truth, there isn’t any logical place for
a column like mine—even in this maga-
zine. Anybody can prove that.

But it has survived these twenty years
(counting those early “record reviews™)
for a number of reasons. First, I've
learned a whale of a lot. I'm still learn-
ing, like mad. My schoolteachers are the
best minds in the entire hi-fi business and
they are good. A lot of it rubs off on
me. Second, though we come from oppo-
site sides of the fence, the audio people
and myself make a sort of publishing
molecule, if you see what | mean, with
many organic bonds that hold us to-
gether, giving us mutually interesting
points of view and a constructive rela-
tionship. This could never be if I were a
pro engineer writing on engineering.

It's a healthy interchange of ideas, in
the over-all—even when 1 bungle, as
I’ve often done. Some of the finest tal-
ents in the business rush right in to cor-
rect me. That’s something!

Finally, for those who sputter with
rage at the Canby style of writing, [ have
two comments.

First—I haven’t said this for quite
awhile—as most of our old readers have
discovered, the more outrageously slangy
is my language, the more likely is it to
be carefully written, with messages for
those who catch on which aren’t appar-
ent, perhaps, on the surface. Since this
is an Anniversary issue, 1’ll have to admit
to this special trade secret. It’s an old
journalistic trick, and well worth it.

When 1 feel the corporate blood
hounds breathing down my neck, when
I sense that whatever I say, somebody’ll
say it's wrong, then I start writing cagey
stuff. And it’s up to you to know when.
Some of those purple passages, believe
you me, are written with extreme care.
The editor knows it, I think; for he very
seldom edits me. (Wish he would some-
times. Then I could blame him!)

And yet—I'd hate to give up the lati-
tude of expression, in this tough-minded
and hard-working audio industry, which
I've managed to acquire via the unique
Canby style, which, of course, deliber-
ately avoids engineering parlance, if not
engineering terms. (A big difference.)

Wouldn’t it be terrible, now, if I
sturted to be a know-it-all and wrote en-
gineering papers? Boy, would 1 lose a
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the most important advance in phono cartridges since the advent of stereo

THRE
!a'”% 1

The radically new V-15 TYPE O heralds
a new epoch in high performance car-
tridges and in the measurement of their
performance. We call it the era of high
Trackability. Because of it, all your rec-
ords will sound better and, in fact, you
will hear some recordings tracked at light
forces for the first time without distortion.

THE PROBLEM:

While audiophiles prefer minimum track-
ing forces to minimize record wear and
preserve fidelity, record makers prefer to
cut recordings at maximum levels with
maximum cutting velocities to maximize
signal-to-noise ratios. Unfortunately, some
“loud” records are cut at velocities so
great that nominally superior styli have
been unable to track some passages:
notably the high and midrange transients.
Hence, high level recordings of orchestral
bells, harpsichords, pianos, etc., cause the
stylus to part company with the wildly
undulating groove (it actually ceases to
track). At best, this produces an audible
click; at worst, sustained gross distortion
and outright noise results. The “obvious”
solution of increasing tracking force is
impractical because this calls for a stiffer
stylus to support the greater weight, and
a stiffer stylus will not track these tran-
sients or heavy low-frequency modulation,
to say nothing of the heavier force accel-
erating record and stylus wear to an in-
tolerable degree.

Shure has collectea scores of these de-
manding high level recordings and pains-
takingly and thoroughly analyzed them.
It was found that in some cases (after
only a few playings) the high velocity
high or midrange groove undulations were
“shaved” off or gouged out by the stylus
. . . thus eliminating the high fidelity.
Other records, which were off-handedly
dismissed as unplayable or poor pressings
were found to be neither, They were
simply too high in recorded velocity and,
therefore, untrackable by existing styli.

Most significantly, as a result of these
analyses, Shure engineers established the
maximum recorded velocities of various
frequencies on quality records and set
about designing a cartridge that would
track the entire audible spectrum of these
maximum velocities at tracking forces of
less than 1%z grams.

ENTER THE COMPUTER:

The solution to the problem of true track-
ability proved so complex that Shure en-
gineers designed an analog-computer that
closely duplicated the mechanical varia-
bles and characteristics of a phono car-
tridge. With this unique device they were
able to observe precisely what happened
when you varied the many factors which
affect trackability: inertia of tip end of
the stylus or the magnet end of the
stylus; the compliance between the record
and the needle tip, or the compliance of
the stylus shank, or the compliance of the
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“TRACKABILITY”

bearing; the viscous damping of the bear-
ing; the tracking force; the recorded
velocity of the record, etc., etc. The num-
ber of permutations and combinations of
these elements, normally staggering, be-
came manageable. Time-consuming trial-
and-error prototypes were eliminated. Years
of work were compressed into months.
After examining innumerable possibilities,
new design parameters evolved. Working
with new materials in new configurations,
theory was made fact.

Thus, the first analog-computer-designed,
superior trackability cartridge was born:
the Shure SUPER-TRACK*V-15 TYPE .
It maintains contact between the stylus
and record groove at tracking forces from
3% to 1% grams, throughout and beyond
the audible spectrum (20-25,000 Hz), at
the highest velocities encountered in qual-
ity recordings. It embodies a bi-radial eilip-
tical stylus (.0002 inch x .0007 inch) and
15° tracking.

It also features an ingenious “flip-action”
built-in stylus guard.

It is clean as the proverbial hound’s tooth
and musical as the storied nightingale.

THERE ARE MANY WAYS TO PROVE
ITS SUPERIORITY TO YOURSELF:
(1) Shure has produced a unique test

TYPE 1 V=15

...a new genre of cartridge,
, analog-computer-designed, and measured against
a new and meaningful indicator of total performance:

recording called “An Audio Obstacle
Course” to indicate cartridge trackability.
It is without precedent, and will be made
available to Shure dealers and to the in-
dustry as a whole. You may have your
own copy for $3.95 by writing directly to
Shure and enclosing your check. (Note:
The test record cannot be played more
than ten times with an ordinary tracking
cartridge, regardiess of how light the
tracking force, because the high fre-
quency characteristics will be erased by
the groove-deforming action of the stylus.)

(2) A reprint of the definitive technical
paper describing the Shure Analog and
trackability in cartridges, which appeared
in the April 1966 Journal of the Audio
Engineering Society, is available (free) to
the serious audiophile.

(3) A representative list of many ex-
cellent recordings with difficult-to-track
passages currently available is yours for
the asking. These records sound crisp,
clear and distortion-free with the Shure
V-15 Type 0.

The Shure Super-Track V-15 TYPE I is
available at your dealers at $67.50.
Shure Brothers, Inc., 222 Hartrey Avenue,
Evanston, lllinois 60204

TRACKABILITY AS A NEW SPECIFICATION:
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This chart depicts. the new perform-
ance specification of trackability. Un-
like the oversimplified and generally
misunderstood design parameter spec-
ifications of compliance and mass,
trackability is a measure of total per-
formarice. The chart shows frequency
across the bottom, and modulation
velocities in CM/SEC up the side. The
grey area represents the maximum
theoretical limits for cutting recorded
velocities; however, in actual practice
many records are produced which ex-

Check No. 112 on Reader Service Card.
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ceed these theoretical limits. The
smoother the curve of the individual
cartridge being studied and the greater
its distance above the grey area, the
better the trackability. The trackability
of the Shure V-15 TYPE II is shown
by the top (solid black) lines. Rep-
resentative curves {actual) for other
cartridges ($80.00, $75.00, $32.95,
$29.95) are shown as dotted, dashed
and dot-dash lines for comparison
purposes.
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A Young Upstart
creates a new
concent in sound
systems.

THE RECTILINEAR 11l is specific-
ally engineered to eliminate
one of the major failings of
quality dynamic speaker sys-
tems,—narrow band frequency
response, commonly referred
to as “BOX SOUND".

There is absolutely no boom,
which makes for reproduction
of organ pedal tones and other
such program material with a
free sounding NATURALNESS
rarely encountered in the art of
speaker design.

THE RECTILINEAR 1l is a no
compromise reproducer. Its
wide linear frequency response
and dispersion characteristics
are indicative of the meticulous
engineering that has produced
this innovation in speaker de-
sign. We believe that our system
is so superior that an actual AB
comparison will support our
claims.

RECTILINEAR 1l — $234.50

Size: 35”H x 18”"W x 12D

Hand Rubbed Oiled Walnut

frequency Response: 22-18,500 Hz*4 db
Impedance: 8 ohms

Detailed Specifications available
upon written request.
Listen to it at better dealers or write,

Rectilinear Sound Systems

A development of Rectilinear Research Corp.,

Sweeney Bldg., 30 Main St
Brooklyn, N. Y. 11201

Check No. 113 on Reader Service Card.

good job in a hurry! I'd be the worst
engineer in twenty years.

LEYDEN JAR

If you keep your mind open and your
senses alert, you can learn a lot in this
world, without benefit of schooling, Take
capacitance, for instance. (He suaid “ca-
pacity” so we read on to see if he meait
the case held a lor of stuff. Ep).

A few months ago I bought a new
blick plastic briefcase, one of those soft
models with a zipper around three sides
and a solid handle. (Il actually hold
three LP records, which is more than
most briefcases can do.) Now the oddest
thing has been happening to me when 1
use this briefcase. It shocks me.

Regularly, with a spuaced pulse, roughly
every fifteen seconds. Mind you, 1 don’t
move a muscle. Not on the arm that
holds the case, anyhow. T just walk
straight ahead, holding the thing. And
every fifteen seconds, this shock goes up
my arm, straight to the elbow. Most dis-
concerting.

1 figured what happens. The thing has
a metal handle that is covered with a
layer of plastic. Also a band of steel
ribbon, about an inch wide and ¢urved
at the corners, to give some rigidity to
the bottom half—the case being made of
plastic of the uartificial Jeather type. The
handle is riveted to this inner steel strip
at both ends.

Now I don’t know which purt is plus
and which is minus, but the plastic rubs
against my coat as I walk along and.
anyhow, 1 am horribly electric in rea-
sonably dry weather, even without plas-
tic. So every so often my charge gets big
enough to jump, and it goes straight
through the plastic insulating layer be-
tween my damp hand and the inner steel
core of the handle. T get a very sizable
jolt. T'd hate to guess the voltage, but it
isn’t low.

Now here comes the capacitance. As
far as T can see, 'm a walking Leyden
jar, a static generator and a storage capa-
citor all in one. Two conductors (one
being me and my slightly salty fingers)
separated by a dielectric, the plastic.
Charge gets too high and shorts. Always
under the handle top, where the pressure
of my fingers is greatest and the damp-
ness saltiest.

So you always thought that static
charges had to jump to ground, or at
least to a semi-infinite hunk of metal?
Not necessarily. If you're charged up,
you can discharge to ground very nicely.
I always swat a metal banister or a lamp
fixture, so [ won’t fecl the jolt. But here,
you see, | am walking on rubber, wholly
insulated, not in contact with anything
else. A complete, self-contained charge
generator, storage capacitor, and shorting
dissipator. Fun. 1 can even hear the snap
of the spark as 1 walk, when traffic
noises allow. Regular as clockwork.

But what a hazard T'd be if T walked
into a gas leak or maybe an explosive-
dust-filed room! Automatic ignitor.

CISUM EPIPGAB

Someone has just sent me a clipping
from an ofiset sheet called “Take Five"”
—no indication as to where it lives but
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it looks like a house organ—which quotes
a correspondent as having read an article
in the National Review which passed on
the news (this could go on and on . . .)
that a Britush record company called
EMI (nice little outfit, that one) man-
aged to send out 1000 copies of a bag-
pipes record to its distributors before it
found that the tape had been running
backwards when the disc was cut.

The correspondent (above) thinks that
Music Appreciation has sunk to a pretty
low level. The National Review (see
above) is reported to have said, after
hundreds of these records had been sold
without feedback, “Could you have told
the ditterence?”

Well, no. That's my immediate thought.
I rather doubt if most of us could.

In the first place, unless you know
them very well, most bagpipe tunes
sound pretty much alike. They sort of
cackle and chortle, against the loud,
steady drone tones, and even Yankee
Doodle would sound OK backwards un-
ler such circumstances. You'd take it for
some obscure Black Watch march. Bag-
pipes are a last representative of an ex-
tremely ancient and nobly primitive kind
of music which goes back to pre-history.
What you hear on bagpipes might as well
come down from a thousand years ago
us not. So how are you going to tell if
it’s frontwards or backwards?

Much more to the point is the pecu-
liar bagpipe sound. Of all kinds of mu-
sic, I’d say, it is the most indistinguish-
ably reversible. For it is largely made up
of drone sounds, playing continuously
and powered by an even flow of air from
the pouch-like reservoir that the plaver
keeps pumped up. Moreover, the pipe
that plays the melody line is also pow-
ered by the continuous air flov—hence
there is virtually no “chiff” or percus-
sive accent, as in a Baroque organ pipe
when air is suddenly admitted. No per-
cussive transients at the beginning of
each note.

Instead, as 1 figure it, we hear a kind
of “break” for a micro-instant, as the
fingers move over the holes and the
pitch changes. The air-column length
and the overtone patterns shift and the
jump from one mode of vibration 1o
another makes a very mild “accent.”

When these unusual musical sounds
are played backwards there is bound to
be very little change in quality. No back-
wards transients, as in reversed piano
music—which is utterly unrecognizeable.
(It sounds Ilike a harmonium with a
cough.) The quick shifts of vibration
mode that mark out the bagpipe melody
probably sound the same in either direc-
tion.

And so bagpipe music backwards is
simply more bagpipe music. Or, more
accurately, cisum epipgab. Does that
make EMI (and the National Review
and the un-named correspondent and
“Tuke Five”) feel any happier?

P.S. This is pure speculation. 1 don’t
own any bagpipes and can’t find a bag-
pipe record in my collection. So I
haven’t actually tried the cisum epipgab,
to see. If you hear any, let me know how
it sounds. pa s
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What do Neumann microphones
have in common

\ \\'\.%.
and this...

g o

Gotham Audio

Surprised? So are a lot of other sound engineers when
we tell them. That's why it's time we set the record
straight.

Gotham Audio is the sole U.S. importer of Neumann
— the world’s finest microphones. And we're proud
of it. '

But Gotham Audio is also proud of the more than
300 other quality sound products and services we
offer. Including tape recording equipment. Disk re-
cording lathes. Disk cutting systems. Disk reproduc-
ing equipment. Studio and control room equipment.
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Test equipment. And other products.

These products are made by Europe's best-known
companies. Beyer. EMT. Studer. And Neumann. Com-
panies whose products have consistently made sig-
nificant contributions to the technical excellence of
American audio.

So, if you want the very best in professional sound

e.q uipment of all Gotham Audio Corporation
kinds, C,O”taCt, Goth- 2 W.46th St N.Y. N.Y. 10036
am Audio. We've got Telephone (212) CO 54111

In Canada: J-Mar Electronics Ltd.

a lot in common.
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We could rave about the many features
and superb performance of this
BSR McDonald 500 automatic turntable.

AAAAAAAAAAAAAA



But don't take our word for it
...read what the experts say!

Electronic’s World says -

“...the BSR McDonald 500 auto-
matic turntable is priced with the
least expensive record changers. . .
has many of the features heretofore
found only in the more expen-
sive players . . . the changer was
mechanically smooth and quiet in
operation, easy to handle, and lived
up to all the claims made for it.
It is a very good value...rivaling
other more expensive instruments
in performance and features.”

Audio Magazine says-

“The BSR McDonald 500 . . . has
all the desirable features and some
which we believe to be unique . . .
Up to now a high quality turntable
was an expensive item, but the
McDonald 500 comes with a con-
sumer price tag which puts it in
reach of the most budget-con-
scious audio buff. Most lower
priced record changers were use-
able only as record changers and
were notequipped with the niceties
which the high fidelity enthusiast
has come to expect such as coun-
terbalanced tone arm, fine adjust-
ment of stylus force, finger lift and
soon...”

Hi-Fi/Stereo Review says—

“...Now, the large British record-
player manufacturer BSR has in-
troduced into this country their
McDonald 500 automatic turn-
table. It is heralded as offering the
features and performance of the
$75-class turntables for less. And,
we are happy to note, it does just
that...Notonly is it difficult under
most circumstances to distinguish
sonically from much more costly
players, but it incorporates some of
their most useful design features
...it is a very good buy.”

Here are just a few of the expensive quality features
of the BSR McDonald 500 to which the experts refer:

1. Resiliently mounted, coarse and fine vernier ad-
justable counterweight. 2. Cueing and pause con-
trol lets you select the exact band on the record.

Pause at any point, and lower arm into same groove.
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3. Micrometer stylus pressure adjustment permits
1/3 gram settings from 0 to 6 grams. 4. Automatic
lock secures pickup arm when machine is in “off”
position. Jam-proof design eliminates readjustments.
Before you buy an automatic turntable you must see
the BSR McDonald 500. Write for free literature.

Check No. 116 on Reader Service Card.

www.americannadighistarny.com

McDONALD
S00

Precision crafted in Great Britain
BSR (USA) Ltd., Blauvelt, N.Y. 10913
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Erratum
SiR:

In your April issue, I am misquoted in
the formula given for the relationship of
speaker enclosure size to low frequencies.
The formula should have read:

1

T 20 UMC

HEers HorowiTZ

Empire Scientific Corp.

Garden City, N. Y.

(Quotee Horowitz is correct, of course.

We omitied the marhematical svinbols.
Ep.)

f

Reverberation Devices
SIR:

Can you tell me of any books or man-
uals that show experiments with reverber-
ation or delay mechanisms for electronic
organs. I do a lot of experimenting and
would like to build some of this appa-
ratus.

JOSEPH R. MATTESON,
6 Roberts Lane,
Latham, N. Y.

(Suggest vou write Fisher Radio Cor-
poration, 11-35 45th Roud, Long Island
Citv, N. Y. 11101. To our knowledge, this
company is the only one now making
any reverberation equipment for hi-fi per-
formance, although some others are avail-
able for use with auto radios. Several
articles appeared in 1961 on the subject

Letters from Readers

of reverberation and the list follows:
Aupio, April; AES Journal, July; Radio-
Electronics, December; Electronics World,
January; Photofucts, January, ED.)

Unknown Company
SIR:

You carried an article by W. A. Rhein-
felder of the Dickson Electronics Corp.
of Scottsdale, Ariz. on FET’s. I am in-
terested in using these transistors in build-
ing an amplifier for the play circuit to
use in my new Viking 87 tape recorder.
I wrote the company at the address given
in the magazine, but the letter was
promptly returned marked “Unknown.”
Can you help me locate the company?

ERNIE GARRISON,
Box 2055,
Lakeland, Fla. 33803

(We had the sanie trouble, but yvou can
reach Mr. Rheinfelder at Anaconda As-
troduta Co., Box 3772, Anaheim, Cali-
fornia. ED.)

Another Organ Enthusiast
Can you please give me the address of
the American Association of Theatre Or-
gan Enthusiasts—both the headquarters
and the New York Chapter addresses?
JOSEPH V. VANECEK,
100 Winding Way,
Little Silver, N. J.
(AATOE  Headquarters  may  be
reached at P.O. Box 7404, Biner Lakes
Station, Seartle, Wash. 98133; the New
York Chapter secretary is Allen W. Ros-
siter, 250 Harrison St., Passaic, N. J.
07055. ED.)

About the Cover

Our cover star is dynamic Robert
Preston, recently awarded the An-
toinette Perry “Tony'" as best actor.
in a musical comedy. Our cover
was shot in his ‘I Do, | Do,’" dress-
ing room just before preparing for
a performance. The cake on the
cover was very real and very deli-
cious. A personal interview with
Mr. Preston is on page 38. Photo
by Mano Mehanian of Philadelphia.
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Loudspeaker Design
SIR:

Interest in audio reproduction has led
to the purchase of several books on the
subject, but in all but one, Radiotron
Designer’'s Handbook there is a definite
lack of technical material dealing with
loudspeakers. The book lists many refer-
ences, but none later than about 1955. I
would appreciate it if you would give me
some ideas on where to look for really
detailed literature on loudspeaker design.

Roy V. CHiLDs,
1495 45th Ave.,
San Francisco, Calif. 94122

(Most definite information on loud-
speaker design is proprietary, and remains
on the files of the various manufacturers.
The definitive work on the subject is sim-
ply titled “Loudspeakers” by McLachlan.
A British publication, it can probably be
obtained from lliffe Books, Ltd., Dorset
House, Stamford St., London, S.E. 1,
England. Another useful book on the
subject was authored by Gilbert Briggs,
and Olson’s *“Acoustical Engineering”
should also be of some help, though not
dealing so much with the actual design
of the speaker mechanisms. ED.)

Where is Grundig?
SIR:
Will you do an old subscriber a favor?
I am trying to locate the address in Ger-
many of the manufacturers of Grundig
tape recorders. Can you help me out?
HENRY 1. TAMBARA,
5505 S.E. Firwood,
Portland, Ore. 97222
(Grundig tape recorders are made by
Grundig Werke, G.n.b.H., 851 Fuerth/
Bay, Kurgartenstrasse 37, West Germany.
Ep.)

Capacitor Microphone
SIR:

1 am very much interested in con-
structing a capacitor microphone system
as in the article by Robert B. Schulein in
the October. 1966. issue. Could you
please advise me on where to get more
information on constructing the conden-
ser capsule, and where to get the Ya-mil
aluminized Mylar for the diaphragm?
Also, any other information that might
help in its construction.

DANIEL EICHNER,
R.R. #2, Box 344,
Storrs, Conn. 06268

(Suggest vou write Mr. Schulein di-
rectlv. His address is 1000 Austin, Evans-
ton, 1ll. 60202. ED.)
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For people who really listen,
we offer the first receiver with
$400 specifications that
sells for $279

ADC 606

90 watt, solid-state, FM Stereo Receiver

SPECIFICATIONS FEATURES

Amplifier Section Tuner Section First, true bookshelf depth: Musical instrument input
Power: Usable FM Sensitivity IHF: 17" wide, 5” high, 9" deep Automatic frequency control
90 watts (IHF) @ 4 ohms 1.6 uv Side panels eliminate need for (switchable) for FM

80 watts (IHF) @ 8 ohms Harmornic Distortion separale cabinet Independent control for 2
Total Harmonic Distortion: (100% modulation): .5% Large, readable, FM dial sets of speakers

@ rated output, 3% FM Stereo Separation: Complete tape playback and Each channel separately fused,
3 db below rated output, .1% 35 db at 400 Hz monitoring facilities plus main power fuse

IM Distortion: 32 db at 1,000 Hz Headphone jack Automatic FM stereo switching
@ rated output, .4% 20 db at 8,000 Hz 2-year warranty

3 db below rated output, .2% Signal-to-Noisc Ratio

Frequency Response: (100% modulation): 70 db

10-60,000 Hz +1 db Spurious Response Rejection: _
Hium and Noise: 80 db .
With volume control Capture Ratio. o
minimum, —78 db db

Magnetic phono input, —65 db
Musical instrument input, —60 db
Auxiliary input, —75 db
Input Sensitivities:
Magnetic phono, 3 mv
Musical instrument, 50 mv:
Tape, 100 mv
Auxiliary, 100 mv

Audio Dynamics Corp.

Pickett District Rd.
New Milford, Conn.

poc)
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EDITOR'S REVIEW

next 20. We must admit, however, that the past

20 have been singularly rewarding in that we
were able to watch the upsurge of an industry from
practically nothing to its present magnitude. It has been
intensely interesting and exciting, and we believe that
aspect of it will continue.

TWENTY YEARS ON THE SAME JOB! Now on to the

To be sure there was some good audio equipment
around in 1947—but most of it was in theaters, movie
studios, recording plants, and so on. Some very fine
equipment was in use for speech reinforcement and in
the better public address installations. But very little
was abailable for the home user. The old Western
Electric 10-A radio receiver was probably as good an
AM tuner as has ever been built since (provided one
increased the time constant on the a.v.c. bus) and the
excellent Miller wide-range tuner was available before
1947. Those who were engaged in audio professionally
usually built their own amplifiers, so there was some
good equipment. But you couldn’t go into a store prac-
tically anywhere in the U.S. and buy it over the
counter.

THE NEXT 20

It would be normal procedure for an editor in this
situation to try his hand at making predictions of what
the next 20 ycars would bring, but we chose the easy
way and asked a number of industry leaders to tell you
their ideas instead. Many of them have done so, as vou
will read in the compilation starting on page 44.

One of the fascinating aspects of these many years
in the audio industry is that there are so many applica-
tions of sound for which the hardware is already avail-
able. Some of the looks into the future suggest the
possibility of some form of remote control—such as
speakers turning on when one enters the room, or of
remote selection of stations on an FM tuner, or of
records from one’s collection. We have long felt that
some of the seemingly impossible manifestations could
have been accomplished easily enough—the need was
only to have the potentiai user specify what particular
action he would like to have and it could have been
provided. The speaker-turning-on bit, for example,
nceds only a capacitance relay—many of which have

22

been described in the literature further back than 1947.
A few years ago Fisher introduced a remote tuning ar-
rangement enabling the owner to select stations at will
from his armchair—as they have done with TV for
years. But for all the talk about the possibility of this,
it seems obvious that the public doesn’t feel it is suffi-
ciently important to warrant the extra cost. It is un-
doubtedly convenient for the channel-hopping TV
listener-watcher, but one does not need to change FM
stations every few minutes. The LP record eliminated
the need for the record changer—every 20 minutes the
listener nceds to get another glass of milk so while he’s
up he might as well turn the record over. Now with
the LP and the changer, one can program an entire
evening’s music listening.

In all seriousness, though, isn’t it easy to imagine
the facilities required to provide stereo music through-
out the home, and using the same speakers to provide
voice-actuated intercom over the system? Voice-
actuated, automatic-volume-controlled dictating ma-
chines are available now. Suppose a centralized bank
of tape recorders is desired for a dictating pool, so that
perhaps 10 recorders could take all the dictation of 30
or 40 people. It would be no problem to connect them
up to microphones on the desks of the dictators, with
an idle machine being selected automatically whenever
a mike was picked up. And after dictating one letter
or a string of letters, 