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THE MOST COMPLETE LINE OF QUALITY TAPE RECORDING EQUIPMENT IN THE WORLD

® Sony Stereo Tape Deck 262-D—4 & 2 track stereo recording

and playback tape transport to add tape t

o your existing hi f

system. $89.50. (Also available, not pictured, the new SRA-2

stereo recording amplifier for the 262 D.
$89.50.) ® Sony Sterecorder 777—All-
transistorized professional 2 or 4 track
stereo recorder featuring the exclusive
Sony Electro Bi Lateral playback Head.
World’s finest tape recorder. $595. = Sony
Sterecorder 300—A complete professional-
quality hi fi stereo tape system with 4 & 2
track recording and playback in one por-
table unit, $399.50. = Sony Portable 101
—2 speed, dual-track, hi-fidelity recorder
with 7" reel capacity. $99.50. » Sony Stere-
corder 464-D —Dual performance 4 track s
built-in recording & playback pre-amps for

tereo tape deck with
custom installations

and portable use. $199.50. » Sony Wireless Microphone CR-4

SUPERSGOPE

ANVWW A

—Pocket size mike and transmitter providing complete [ree-
dom from entangling microphone cables. $250. ®» Sony Con-
denser Microphone C-37 A— For purity of sound reproduction,

the unqualified choice of professional stu-
dios throughout the werld. $295. » Sony
Sound on Sound Recorder 262 SL—The
perfect recorder for language, music and
drama students. With 4 track stereo play-
back. $199.50. » Sony Tapecorder 111-A
popularly priced, high quality bantam re-
corder for everyday family fun. $79.50.
» Sony Condenser Microphone C-17 B—
Miniature size (3% "x 54" diameter) and
exceptional background iselation unidi-
rectional cardioid pattern. $350. = Sony

Newscaster Portable EM-1-—-A profcssional on—thc—spot battery

powered portable recorder with precision spring wind con-

stant speed motor. $495. All Sony Sterecorders are Multiplex Ready!

For additional lilerature and name of nearest franchised dealer wrile Superscope, Inc.. Dept. 7, Sun Valley, California

The Tapeway to Sterco
%
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FOR FULL QUALITY
STEREO-MULTIPLEX
OR MONOPHONIC
FM RECEPTION

use

FINco

®

World’s most
£’ Complete Line of

Bl HiFi Phased
5“._-,\ FM Antennas...

THE TOP PERFORMANCE
FM ANTENNA LINE

@ No matter how well your FM unit
is performing, you'll hear the differ-
ence a FINCO makes, Rich, luxuricus
distortion-free sound is yours when
you pick just the right FM antenna
from FINCO's complete line.

FA2 KIT — $14.50

=

=
—

— $36.35

FM ELECTRONIC BOOSTER
Model T-AMB-AC — $34.95

FMT-1 Turnstife Kit — $14.50
Write for Catalog #20-213

THE FINNEY COMPANY
Dept. A

v

AUDIO CLINI

Joseph Giovanell

34 W. interstote Road Bedford, Chio '

Send gquestions to:
Joseph Giovanelii
3420 Newkirk Ave.
Brookiyn 3, N. Y.
Include stamped, self-nddressed
envelope.

Puplex High Fidelity Systems

Q. Over the years I have assembled a fine
musiz system. My system includez the
Marantz Model 7C preamplifier and the
McIntosh Model 275 power umplifier. The
power amplifier is remole from the pre-
amplifier and is operated through a relay.
My guestion iz this. My old preamplifiers
are MelIntosh Model C8. The Mcelntosh
amplifier iz the only one that I own. Can e
switching system be designed lo allow ne
to use either the Marantz (in the main
lister room) or the older preamps (in the
recreation reom) with the power ampli-
fier? Please advise if this is practical, Rob-
ert J. Dohnal, Lakewood, Okio.

A. First of all, before contemplating the
switching of either set of preamplifiers you
ghould remember that you will also have to
swit¢h the amplifier frem the set of speak-
ers in one room to the set of speakers in
the other room. This would have to be done
in conjunction with the preamplifier switeh-
ing.

The relay would lLave to be controlled
from either of the two listening rooms, and
this ean be done by merely paralleling the
switching which now actuates the relay
with the switeh located in the second listen-
ing room.

In order to switch the power amplifier
from one preamplifier to the other, all you
would have to do is to use a single-pole
double-throw switch in suel a way that it
can switeh the “hot” lead of the amplifier
inte either of the preamplifiers. (This, of
course, supposes only one channel, or sup-
poses a situation wherein the channels can
be switched independently. If the channels
are to be switehed simultaneously, then you
will require a double-pole double-throw
switch.) To prevent feedback, keep this
switeh away from the one used for switeh-
ing the speakers.

It would be desirable to lLiive bofh switeh
elements aetuated by a single shaft. If this
ig done, be sure that the decks are widely
spaced and that a metal shield is placed
between them. This metal shield should be
grounded to your high fidelity system. In
order to insert this shield, you must first
disassemble the switeh. Then mount the
metal shield on each support rod in such a
manner that the plate iz sandwiched be-
tween the two spacers which are mounted
on each rod.

As a precaution againat high level tran-
sient “clicks” which could canse damage
to your loudspeakers, do all this switching
with the power amplifier turned off. The
magnitude of these transienfs can be re-
duced by placing a 5-megobm resistor

across the output of each channel in the
preamplifier.

If all these precautions are followed you
should bave no trouble.

Pre-emphasis and the RIAA Curve

Q. I notice thal M pre-emphasiz (75
nsee) coincides with the high-end boost
called for in the RIAA recording curve.

In equalizing RIAA records for broad-
cast, can an FM station supply only the
low-end boost, belween 50 ops and 500 cps,
atlowing the high-end boost of the RIAA
recording curve to serve as pre-emphasis?

Thiz would do eway with the overlapping
functions of high-end cuf for RIAA play-
back and high-end boost for FM pre-
emphasis, and it would justify the HIAA
in choosing 2182 ops insiead of the easier-
to-work-with 2000 cps normally used for
compensation compulations. Roderick 8.
Oakley, Jr., LT. JG. FP., New York.

A. Theoretically an F'M station could use
the unattenunated high-frequency response
of the RIAA dise to obtain the proper pre-
emphasis, and the listener would hear the
program properly. The one serious draw-
back te the scheme, however, is that the
other program material would not conform
to this standard. True, compensation could
be introduced into the speech ehanunels of
the console, but this compensation would
have to be added channel by ehannel. This
ig logical when youn realize that if it were
added to the eutput of the control console,
it would be boosting all the time as is true
in conventional practice, regardless of the
setting of the record player—attenuated or
unattenuated highs. If the record player
were set 1o have a flat respouse at the high
end, and if there were added boost at the
output of the console, the result would be
an exaggeration of the highs and over-
modulation of the transmitter. Examina-
tion of a modern broadeast console will
show that there iz a considerable number
of channels, and it would be a costly proe-
ess to convert eaech channel in the manner
required. In other words, just to remove
the necessity of having high-end equaliza-
tion of the reeord-playing channels, you
would liave te boost the response on all
other channgls, so more would be lost than
gained. Although I understand what you
are trying to do, I do not think that the
dual equalization nsed today when records
are being played over PM will cause any
deterioration of the sound quality heard by
the ligteners.

When I refer to the channels of a
broadeast console, I do not mean the tern
as applied to stereophonic sound reprodue-
tion. A channel might consist of a miero-
phone input, phonoe input, tape input, or
ramote line input, all of these inputs feed-
ding a common mixer buss in such a way
that any or all of them can feed the com-
mon output connection.

Effects of a Load on Cartridge Damping

Q. I plan to build a transistor preampli-
fler for use with one of the new high-com-
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p\i ‘?&:\g@ Can I use a professional cartridge

with this arm?

Do the tumtdble

i

In automatm posztzon

will it start, track,
| and trzp as safelv

s the best

. meet the NARTB standards?

_Smgle'—play equipment ?

S g

T

and motor

THE ANSWER: Absolutely Yes!

These are some of the questions people ask their dealers when
they learn, to their surprise, that the Garrard Type A Automatic
Turntable costs only §79.50, Some have assumed this must be the
price of the turntable alone...certainly not the complete unit.
These are intelligent questions, since a few dollars do not really
matter when you are investing hundreds in a high fidelity system,
expecting to be able to enjoy music free of distortion, and to pro-
tect your substantial investment in records, [ Chances are, for
example, that you may want to use one of the ulira-zensitive
cartridges developed originally for separately-sold tone arms
because of their high compliance. Now, Garrard has integrated
precisely such an arm into the Type A. It is counterweighted and
dynamically-balanced...will bring out the best in the cartridge
of your choice...tracking at the lowest stylus force prescribed

by the cartridge manufacturer. Best proof of its capabilities is {¥

that the Type A tone arm is on the recom-
mended list of every important manufacturer
of professional-type pickups. [ The Type A
turntable and its double-shielded motor

were designed for each other, The cast turntable itself is some-
thing special ... full-size, heavy (6 lhs.), bhalanced and non-
magnetic. You will hear no wow, no flutter, no vibration, O] Many
people consider Garrard’s pusher platform the most important
exclusive Type A feature, This is unquestionably the gentlest
device ever designed for its purpose, and gives you the incom-
parable convenience and pleasure of automatic play whenever
you want it, [] With all this to offer, it is small wonder indeed
that Garrard’s Type A, in a single year, has become America’s
number one high fidelity record playing unit. It is proudly owned
by a growing legion of diseriminating people who, originally
amazed at the price, have come to realize this superb instrument
could have been expected only from the Garrard Laboratories.
TFor illustrated literature, write Dept, GX-12

Garrard Sales Corporation, Port Washington, N, Y. &=
RARRE ARG LABORARY TV ID
Loy Y, ' a2 SERIES Ir ) § LJI‘ ﬁ

AUTOMATIC TURNTABLE

Canadlan iaguicles o Chas W, Poloten, Lid, 66 Tacine oad, Rexdsie, Oolads
Teretlozies olbers 1han IRE.4 acd Cabiada 16 Garraid Eogtocering and Mfp O Led., Seindeo, Wils., Eapasd
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Music . . . soft and caressing . . . vibrantly
alive . . . inspiring. The pure sound of
Grommes stereo recreates each mood . . .
with fidelity and presence of infinite su-
periority. Prices are sensible . . . quality
unsurpassed.

= = N

Model 101M FM multiplex-stereo tuner. Magic bar
tuning with exclusive Stereo Sentry to indicate
stereo broadeasts. ... ... .. ... ..$139.85

Model 102M EM and AM multiplex tuner with all
features of above. ... ... ... ..........5159.95

Write GROMMES
Division of Precision Electronics, Inc.,
9101 King St., Frankiin Park, Iii.

gkmnmez_

sets the
scene...

pliance stereq cartridges. I tntend to oblain
treble rolloff by loading the cartridge with
w low value resistance. Will this adversely
affect the compliance of the pickup in the
way o neler shunt will demp ¢ sensitive
meter? Bob 6. Mahvenholz, Tullahoma,
Fennessee.

A. The stiffness of tlie stylus is mueh
greater than the stiffness provided by a
meter spring. Therefore, any damping
which will result from the action of a load-
ing resistor placed across the cartridge will
be nominal as compared to the mechanical
(damping within the ecartridge, and the
added damping provided hy the stylus
heing in contaet with the record.

In addition, and possibly more impor-
tant, the magnetie field of a magnetic car-
tridge is considerably less thau that found
in meter movements. The effect of this is
to limit mutnal ¢oupling between the moy-
ing mass of the cartridge and its eleetrical
cireuit.

Voltage Across Volume Controls

Q. How do you measure the voltage at
the volume control of an amplifier? My
meter has a sensitivity of 20,000 ohms/volt
d.c. The scale shows no indicalion at all.
Wowld the indication—if I had gotfen one
—be 1g-wolt awe. or de.? D. M. Aunglin,
Seattle, Washington.

A. If the resistance of our velmme con-

trol is 500,000 olims, and if the meter is
set to the 10-volt range, the resistance
offered by the meter is 200,000 ohms which
iy in parallel with the 500,000-0hm (or 0.5-
megolm) volume control. This will auto-
matically cause some voltage reduction be-
cause the total load resulting from the
combination of the meter and the volume
control 1s mueh smaller than the stage
feeding this combinativpn was supposed to
see. Probably the voltage which appears
across the volume eontrol is only one volt,
or even less. If the meter is switched to the
one-volt range, the instrument will have
a resizstanee of only 20,000 ohms. This will
completely load down the volume control,
siving vou an intirely erroneous indiea-
tion, if, indeed, you can get an indication
at all.

Yon simply cannot tse n meter of this
type when reading high-impedance eir-
cuits: A VTVM is the only kind of instru-
ment which ean be used. The loading by a
VTVM is very small heeause it has a re-
sistance of perhaps 11 megohms, which is
considerably more than the 500,000 olms
we have been considering.

The voltage developed across most vol-
ume control eireunits is an a.e. voltage, but
this iz not alwawvs the case. In radio re-
coivers, for example, there is some d.c.
along with the a.c. There is usually a ea-
paeitor which removes the d.c. component
from the signal and allows only the a.c. to
enter the andio seetion of the receiver. ZE

THIS MONTH'S COVER

This month we glimpse the system as
assembled by James C. Valestin of St.
Louis, Missouri. An interesting aspect
of this audio eenfer is that the ecabinets
were all designed and constructed by
Mr. Valestin. Another unusually infer-
esting faet is that the low-frequency
speaker system 15 a CW folded horn
built from plans presented in Novembher,
1955, issue of Aupio. Apparently some
of those early designs still satisfy the
critieal audiofan. In building the eabi-
nets, followed the unusual procedure of
sementing Y4-in. eork te 24-in. plywood
and then bonding walnut vencer on top
of the cork. The thought behind the cork
lining was to prevent resonances, and
according to the builder, it is quite sue-
cessiul.

The equipment concealed behind those
non-resonant panels is:

MeIntosh C-20 preamp
(2) Dynakit 80-watt amps

WWW ammerieaniadimhietary com

H. H. Scott 330B tuner
Thorens TD-124 turntahle
Grado arm and cartridge
Ampex 960 tape recorder
{2) CW folded horns

{2) JBL 175 tweeters

A fan is built in below the C-20 and
3508 to keep ambient temperatures low.
The photographer of the system is Bill
Sollis, an electronies instruetor at O'-
Fallon Technieal High School, and a
photography  enthusiast. Mr. Valestin
asked us to especially eommend his long
suffering wife who put up with raw
speaker enclosures, exposed components,
wire leads, and all the difficulties of
being an audiofan’s wife.
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thé-~"new

From the first moment of its appearance, the Classic Mark ||
won instant and unanimous acclaim as the most exciting
new instrument in the world of music repreduction. lts
range, its presence, its spaciousness and dimension are
truly outstanding, even when compared with the so-called
“‘world’s bests." lts reputation, however, posed this immedi-
ate challenge: Could University now create a speaker sys-
tem with the essential qualities of the Mark II, but in a
more compact size...and at a more moderate price? Could
University now bring the pleasure of uncompromising big
system high fidelity to a broader range of music lovers?
The challenge has been answered with the new Classic
Dual-12, created by a totally new approach to the design

V13

;sm Dual -12

the three-way system with two 12" speakers—plus!

of speaker systems. Instead of the conventional 3-speaker
arrangement, University's Dual-12 incorporates two 127
speakers...plus the Sphericon Super Tweeter! One 127
speaker is a woofer specifically designed for optimum re-
production of the ultra-low frequencies (down to 25 cps);
the other, a woofer/mid-range, reinforces the woofer, re-
moves the peaks and valleys that cause harsh, strident
sounds in ordinary systems and provides flawless mid-range
performance. The renowned Sphericon is included to as-
sure silky, transparent highs soaring effortlessly up to
40,000 cps! Power Requirements: 10 watts. Size: 233/s"x
31%"x 152", Qiled walnut finish. $229.95 Hear it at your
hi-fi dealer, or write:Desk R-12,

UNIVERSITY
LOUDSPEAKERS

B0 SOUTH KENSICO AVE., WHITE PLAINS, N.Y.
A& Division of Ling-Temco-Vought, Inc.

WWW_akmerieaniadimhictary com
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SPACE
BREAKTHROUGH!

How the New Fairchild Integra/Series*
Puts 100 Complex Audio Control
Components in a Space 28" x 30".

20 Compressors

20 Pre-Amplifiers

20 Equalizers

20 Noiseless Attenuators

20 Noise Reduction
Systems

100 Audio Control
Components in a
space 28" x 30"

The new Fairchild Integra/Series, a group of miniature
audio control components (1% narrow) is the first
and only space breakthrough in recording, broadeasting
and speech reinforcement systems coupled with higher
quality performance. The Fairchild Integra/Series,
brought about through the use of the most recent
advances in zolid state design, allows you to build the
most complex console entirely within the reach of your
fingertips. Now you can have an individual ne-distortion
compressor, an autormatie attenuator (AUTO-TEN#*), a
50 db high output, low distortion transistorized pre-
amplifier, a new attenuator (LUMITEN#¥) guaranteed
noiselezs, and a flexible program equalizer for every
channel, All Fairchild Integra/Series components com-
plement each other yet each component can be bought
separately and worked as an independent unit with all
existing conventional equipment. Included in the
Fairchild Integra/Series:
*Tracde Mark

Meodel 663 — A no distortion compressor

Model 661 — An automotic attenuater (AUTQ-TEN)

Model 662 — A 50 db high output, low distortion

fransistorized preamplifier
Model 668 — A new type attenuator—the LUMITEN,
guaranteed noiselass
Model 664 — A flexible program equalizer

Qnly with the FAIRCHILD INTEGRA/SERIES
can you make a sound investment in the fufure.

Send for dala on the complate FAIRCHILD INTEGRA/SERIES SYSTEM.

FAIRCHILD

RECORDING EQUIPMENT CORP., 10-40 45TH AVE., LONG [SLAND CITY, N.Y.

See advertisement
page 60 for data on
the FAIRCHILD
LUMITEN . . . an

Integra/Series
Component

LETTERS

Belt Slippage?

SIR:

Mr. Vilchur has been eorrect in many of his theories. Hoxw-
ever, this time he is really reaching. On page 38 of the
October issue he states, “It may seem illogical that belt slippapge
will cause a turntable to run fast.” It is illogical to use the
ratio of diameters of the pulley and platen. If he had used
the ratio of diameters at the neutral axis of the belt, he
would have found that caleulation of the pulley diameter with
accuracy is very simple and does not require a theory of
belt slippage. : )

We have no difficulty in caleculating a pulley diameter which
will give an accuracy of plus or minus one second in half an
hour at a tape speed of 15 ips. Even this deviation from true
speed can be explained in terms of variation of tape thickness,
because the speed of the tape is determined, not by the capstan
diameter, buf by the diameter at the neutral axis of the tape.
We can speed up the tape by using thicker tape or slow it
down by using thinner tape on the same capstan. Thus it can
be demonstrated that the diameter of a pulley or eapstan
is not the determining factor in establishing true speed. Ac-
curate caleulations must be based on the diameter at the
neutral axis of the belt or tape.

L. 8. SUBBER
Audiomation Laboratories
7230 Clinton Road

Upper Darby, Pa.

Tape Sync Standardization

Sk

Mr, Hal Magargle's interesting contribution “Let's talk about
tape synchronization (Aupio, November, 1962) prompts some
comment fror this deparfment. We do agree with Mr. Magargle
that the high-frequency carrier method (14-ke syne signal)
has disadvantages when used at low recording speed with
portable equipment. However, it seems to ug that he over-
egtimates the head-contact and track-position diffienlties of
the three other systems deseribed in the first part of his article.
For our extensive location operations, we have selected the
Pilof-Tone system for the following reasons: 1. The advantage
of a biased control track recording is self-evident; 2. excellent
portable recorders are commercially available with Piloi-Tone
heads and associated cireuitry already instalied at the factories;
3. Pilot-Tone heads ean be obtained at low cost from several
manufacturers; they ean be installed easily on location and
transfer equipment; 4. a German DIN standard covering this
system i8 nlso aecepted in many other European countries and
precise ealibration tapes are available.

With hundreds of rolls of syne scund tapes recorded on
eight different location units and reproduced on two fransfer
channels, not a single ease came to our atfention in which the
synchronization was lost due to track placement er head con-
tact difficulties. Recording and playback heads are pre-set
with the calibration tape; no vernier adjustments are required.
Pilot-Tone recordings from other Canadian or U. 8. studios
can be reproduced without changes of playback-head track
position. Qur recordings can also be reproduced without
specigl handling in the foreign studios, provided they are re-
corded at approximately the same power frequency.

The National Film Board, an ageney of the Federal Govern-
ment of Canada, does not endorse produets of specific manu-
facturers or support one particular methed, but it seems to
ns that some standardization in this field would be to great
advantage. We feel that the Pilot-Tone solution is very prae-
tical and quite suifable for motion picture dialogue recording.
It should be considered seriously for internaiional standardiza-
tion.

We understand that the system advocated by Mr. Magargle
hag been in use for several years on a wide scale in the
Russian film studios. As the Soviet Union utilizes the European
power standard of 50 eps, the control frequency is 25 eps.
Undoubtedly, playback synchronizers were installed in these
studios, which are designed for this 25 cps system.

Your article does not state what equipment is available in
the United States for the synchronous transfer of Mr. Ma-
gargle's 30-cps recordings tc perforated film. A cirenit diagram
of his playback synchronizer would be of interest.

RunoLrH RoLr EPSTEIN

Chief, Sound and Projection Div.
National Film Board

P. 0. Box 6100 -

Montreal 3, Quebec, Canada

(Continued on page 62)
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THE €3-3 SOUND COLUMN SOLVES EXTREME REVERBERATION
PROBLEMS WITH EXTREME EASE AND ECONOMY.

I

e

Here’s the newest way to rid yourself of P.A. instalia-
tion headaches in problem areas. Use the new Uni-
versity £S-3 Sound Column! It's specially designed to
meet moderate power requirements—ALL AT A PRIGE
FAR LOWER THAN YOU'D EVER EXPECT FOR SUCH
PERFORMANCE.

1How? Easy—and with the same superb engineering
and quality control that goes into all the Uniline
products. With the CS-3 you get: [ superb speech
reproduction in moderate-size areas; [ excellent
music in high reverberation areas; [] extremely wide
sound coverage: [ the complete answer to feedback
difficulties. And, as with all Uniline Sound Columns,
the 0S-3 is ACOUSTICALLY TAPERED to prevent high
frequency beaming...a University exclusive!
vAnd don't forget another important characteristic
of the CS-3: High ‘A’ (High Audibility), which is evidenced
by a considerable decrease in distortion, improving intel-
ligibility and increasing listener comfort. This is particu-
larly noticeable when standing or sitting close to the sound
source, for, as you know, conventional joudspeakers tend
to ‘blast’ under similar circumstances.

So, for optimum dispersion (at all frequencies), for uni-
form sound levels (within the beam), for speech and music . A Division of Ling-Temco-Vought, Inc.
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UNIVERSITY
PROUDLY
ANNOUNCES
ANOTHER
SOUND
SOLUTION:

THE
UNILINE
(S-3
SOUND
COLUMN!
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L,
in high reverberation areas auditoriums, terminal
waiting rooms, industrial areas, gyms, pools and
churches)...FOR UNILINE SOUND QUALITY AT IN-
CREASED SAVINGS...choose the CS-3, University's
newest (and lowest-priced) addition to the Uniline
Sound Column family. $89.95 dealer net.

DATA (compare the foliowing specifications point
for point with other products in the same class, then
you decide which sound column will be your best,
most trouble-free buy): .
MODEL CS-3—(equipped with special elliptical hi-fi
speakers and two tweeters for music and speech appli-
cations; tapered for use in clusters)

Frequency Range . ................. 150-10,000 cps
Power Capacity 25 watls
Impedance
Vertical Angle
Horizontal Angle
Dimensions
Shipping Weight

33 Ihs.

For complete specifications and instructions on the
entire Uniline Sound Column saries, write: Dask R-124,
University Loudspeakers, White Plains, New York.
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Demonstration and
Sound Effects Awudio Fidelity DFS 7013
Sound Effects (U.S. Air Forece Firepower)

Audio Fidelity DFS 7012

The Audio Fidelity command post moves up
its heavy artillery in this pair of releases.
In the Stereo Spectacular Demonstration al-
bum are to be found several intriguing mor-
sels that are sure to precccupy sound fans
during the long winter nights ahead. About a
third of the way through Side One of DS
7013, even the mildly skeptieal listener iz apt
to reach for his meter toward the end of a
aweep of audio freguencies, The sweep gets
under way conventionally enoungh from a
gtarting polnt of 50 cps. As the sweep pro-
gresses upward in easy stages, ne eyebrows
will be ralsed during the trip up to 13,000
cps. Most mass-produced, regular-price test
and demo records purport to go up to 15,000
and all of them manage to limp home at that
point in one way or another. (CI38 Labora-
tories STR-100 frequency-test record goes out
te 20,000 eps, but that's a custom joh selling
for a firm $8.530.} As n rule, both the stereo
cartridge and o fresh copy of n mass-praoduced
tegt record will look healthier on & meter
with some advance in gain beyond 12,000 cps.
The rssertion on this record that will do a
fast job of eyebrow ralsing is the nnnounce-
ment heard at the end of the 15,000 tone, At
the point where the average demo record s
ready to call it guits, this sterco dise carries
the anncouncement that you are about to hear
a gweep from 15,000 to infinjty. If you check
this segment of the record on & meter (assum-
ing, of course, that & stereo pickup of the
latest generation is used), rou will notice
that the neadle will elimb back to the spot on
the dial it occupied while you were taking a
reading at 13,000 cps, After lingering a while
In that position, the needle then fades away
gradunily, Indicating that Audio Iidelity has
enough ou this dlse above 15,000 {o activate
any up-to-date stereo cartridge. Just what
manner of recording curve they employed
above 15,000 will probably remain a closely
guarded secret, Consldered as harmiess fun
or the Real Thing, thiz sweep does point up
the fact that four-track tapes have a long
way to go before they ean cateh up to sterec
diges In giviog us the top of the frequency
gpectrum on a mass-produced basis. On DS
7013, musical samples taken at random from
earlier AF stereo records ofler significantly
better freguency range than we had in the
original pressings, The =aound effects heard
here are some of the choicer bits found in
Audio Fidelity’'s "Sound Effects, Vols, 1, 2
and 3" as well as its grimly mirthful “Car-
toons in Sound."

The companion sound releaxe is &t compre-
hensive rundown on the liréepower on auoral
dleplay at the Air Proving Ground Center, Alr
Force Systems Command, Eglin Air Force
Base, Florida. The sonic boom of an 1-104
"Starfighter” sets the stage for a long parade
of alrcraft heard in various sounds of attack.
The soft “plump’” of napalm hombs is mixed
with the hard crack of 500 pounders as they
kit the ground not too far away from the
gtereo mikes. Automatie cannon, 30 and 50
caliber machine guns, even a gatling gan of
the Spanish-American War iry to unseat your
cartridge. The 38 episodes in this potently
realistic record offer almost unlimited oppor-
tunity for demonstration of motion in stereo
with fresh challenges for all components in a
sound system at almost every tnrp of the
table.

Stereoc Spectacular
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Sounds Unheard Of
Contemporary 5-9006
This label deserves o vote of thanks from
any progressive audio component dealer. Here,
at last, is & demonstration stereo record capas-
ble of proving to a customer thut there is n
difference between the industry’'s very top llne
of components and those in the category just
below. In all the important technical features
that dellneate a truly cutstanding record, this
release is tops. The unusually low distortion
alone would be c¢nough to set this disc apart.
According to Contemporary Records, the spe-
clal recording nmplifier developed for this
project will be made available to other labels.
The two dozen Instrzments of exotic percus-
gion are played by Shelley Manne and Jack
Marshall, Disdaining the elaborate trickery
used by some labels these days, Contemporary
went directly to master tape at this session.
They have a great record with which to prove
the wisdom of their way.

Oliver (Original Broadway Cast)
RCA Victor L50D 2004

Is there a race in progress among theatrieal
producers to see who can find the unlikeliest
story for a new musical? The adventures and
misadventures of Oliver Twist form the basis
of this musical which Lionel Bart derived
from the famous novel by Charles Dieckens,
The idea of a roce for unlikely material sug-
gests Itself because Bart, who did the bhook,
music and lyries of “Oliver,” is already work-
ing on a musical adaptation of “The Hunch-
back of Notre Dame.” T reckon I'm as broad-
minded in these matters as the next men in-
terested in the thenter but I find it diflicuif
to lmagine (he grotesque figure mndde famous
to two generations of moviegoers by Lon
Chaney and Charles Laughton actually burst-
ing into song as he swings about the facade
of Notre Dame, Or will the producers mevely
ask him to gruot in time with the music? If
one speculates on these posstbilities, the char-
acters of Dickens begin to seem less out of
place on n musical stage.

“(liver” represents England’s answer {o
the Iong streamm of American musicals that
hinwve been successful on both sides of the Atf-
antie. It has been a source of some annoy-
ance to British theatergoers that so maay of
the musicals that have played London in re-
cent years bave been imports from Ameriea,
Taking a leaf from our own great musicals
sueh ag Oklaboma and Carousel, Lionel Bart
decided to draw upon loeal color for the set-
ting of this show. On the premise that nothing
conld be more Dritish than the England of
Dickens' ¢day, the producers azsembled n fine
cast of Loodon-trained actors to reconp the
fortunes of their own musical theater. It's
gtill too early to tell how Brondway will re-
act to “Oliver” hecause this original cast al-
bum has been released some three months
hefore the New York opening of the show, My
own goess js that some theatergoers will find
the early scenes in the boy's workhouse rather
depressing but things should get more inter-
esting on stage as soon as Dickens' famous
characters, Bill Slkes and Fagin, enter O11-
ver's lfe. Certainly the show appears Dretty
statie on records until Fagin, in the person
of Clive Hevill, advises his boys that Yeou've
Got to Pick ¢ Pocket or Two.” This show
miutkes little eMort to follow the usual pattern
of a musieal; the only number that even ap-
proaches & conventional romantie ballad is
Az Long As He Needs Me sung by Bill Sikes
girl, Nancy. Georgia DBrown, as Naney, has

been wirh the show since it first opened in
Londen June 30, 1960. She fills the only major
female role with graceful assurance. Bruce
Prochnik was a logical choice for the part of
Oliver, having played the title role in a
thirteen-part serial of the stralght verslon of
“Oliver Twist” oo British televislon. The
songs from “Ollver” won’t dislodge many
favorites on the Hit Parade but they are
serviceable enough in conveying the atmos-
phere of the Dickens' novel. David Merrick,
by far the busiest producer on Broadway in
recent years, has displayed great faith in
“{Miver” by lining up a five-month pre-Broad-
way tour that is taking the show to such out-
of-the-way tryont eities as Los Angeles, San
Francisco, Detroit and Toronto. RCA Victor's
Hollywood studios were selected to play hosi
to the original ecast in this recording. The
sound on the dis¢, while adeguate, iz not as
bright as the label's Itast Coast shiow record-
ings.

Command RS 843 5D

When the ad c¢ampajga for this record first
appeared in print some monthg ago, several
new peaks were hit in the coining of phrases
of self-praise. Any new recording of a good
Brondway musical arouses some degree of
interest in this corner but this relepse pigued
more than avernge ¢urlosity because it didno't
hesitate to hill itzelf as something super-
special. This was to be the first venture in
which IEnoch Light was to apply the flashy
technigues of Command’s Persuasive Percus-
sion and Stereo 35 MM to a standard produc-
tion of the musical stage. Not only was the
sound to be different in this new production
of Rodgers and Hammerstein's “Carousel,”
the show on this record was to feature—and
we gquote—“an unparalleled east in which
each song was recorded by lts greatest con-
temporary interpreter—aAlfred Drake, Roberta
Peters, Clnramae Turner, Lee Yenora, Norman
Treigle and Jon Crain,” The firsi-named are
certainly top-drawer artists and I looked for-
ward with considerable interest to see what
they would do with the leading roles of this
story of the New England fishing coast of
bygone days., After all that soticipation, it 1s
depressing to report that the weak point of
this album lieg in the nature of the perform-
ance handed in by the entire ecast. Many lis-
teners have felt that the Carousel score is
ong of those rare documents of the theater
that towers over itg fellows no matter who
performz it. After listening to this record,
I'm not so sure, ¥For the first time, Carousel
gounds almost humdruom on records. It's not
the fault of the recording engineers, The sing-
ers simply seem to have had all the splrit
drained out of them by the time each song
went through its final “take," Conslder the
situation facing this ecast. To the easnal ob-
server, the man in charge of the recording
session was the veteran musical director, Jay
Blackton, who had guided on Broadway such
great shows as “"Oklahoma,” “Annfe Get Your
Gun” and “Call Me Madam.” "There iz every
regson to suppose that the first few run
throughs of each song had some life in them.
Unfortunately for the listener expecting a
normal amount of spontanelty in a show al-
bum, matters were not allowed to rest in the
completely capable hands of Mr, Blackton.
Stationed in the controel room during the four
arduous sessions that stretched over a period
of two weeks was Command’s president and
final authority on reprodoced spunil-—Enoch
Light. Io his first full recreation of a Broad-
wiay show, Mr. Light bas chosen to carry for-
ward the formula of hiz well-known instru-
mental recordings @ almost endless repetition
of a phrase until he was satisfied that maxi-
mum effect had beex achieved. While his
“Carousel” cast may not bave been called
upon to re-record an item 39 times (the total
claimed for “tnkes” of one tune in the first
Command disc), Alfred Drake was asked to
record one ninety-second *“Carousel” =ong al-
most continuously for 30 minutes. Throughout
this dise, every “i” Las been dotted to & “t"
bt the flavor and fervor of & great Amerlcan
classie is only suggested.

Billy Bigelow, the hero of the play, emerges
us a far more matore individoal in Alfred
Dirake's charncterization than he did in pre-
vious recordings. This iz hardly a disadvan-
tnge in the musing Selileguy but there are

Carousel
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If you don’t own
a fine AM-FM tuner,

you're lucky.

(Because now you can buy the finest ever designed!)

Introducing the Fisher R-200 AM-FM-Muiti-
plex stereo tuner: an instrument 50 close to
the perfectionist's ideal that you'll be espe-
cially glad if you haven't made a permanent
tuner choice yet.

The Fisher engineering team that created the
world’s most sophisticated FM Stereo Multi-
plex designs has outdone itself. Here is a
tuner that combines the latest Fisher ideas
on FM Stereo with an AM section of the high-
est attainable fidelity. For those who require

able circuitry. Five wide-band IF stages, four
stages of limiting and an extremely linear
wide-band ratio detector complete the basic
FM section. The Multiplex section utilizes the
time-division system — found superior to all
others in extensive field tests. The exclusive
Fisher STEREQ BEACON instantly turns on
an indicator light when a Multiplex broadcast
is being received and automatically switches
the tuner to FM Stereo operation. The AM
section incorporates a tuned RF amplifier,

is 5 microvolts for 2 voits cutput; the AM
bandwidth (in the 'Wide' position) extends to
7 kc. After all this the price will be an agree-
able surprise: $299.50.*

(———

FREE! $1.00 VALUE! The Fisher
Handbook, a lavishly illustrated
40-page re{erence guide, ldea
book and component catajogue
for custom stereo Installations.
FISHER RADIO CORPORATION
21-29 44th Drive

Long Island City 1, N. Y.

T’I‘BI:LBIIE

HANDBOK)

[ i e e e e . e B

oot Please send free 40-page Handbook, complete
superb AM reception in addition to the ulti-  followed by a converter and two IF ampiifiers; with detailed specifications on the R'200 funer, li
mate in FM-Mono and FM-Stereo, the R-200 cther .‘QM fea_tures include a thrge—DOSftlon s I
is the tuner — regardless of price. bandwidth switch and a 10-kc¢ whistle filter. |
Address_

The FM front end is of the new Fisher Goiden  Performance? The FM sensitivity of the R-200 e o Ay <At |
Synchrode design, a remarkable new devel- is 1.6 microvolts (IHFM Standard); the cap- _'_Y_______ie_____e____uﬁp_
opment that permits the greatest possible ture ratio is 1.8 db. Even Fisher engineers

overload margin and rejection of unwanted  find these figures difficult to believe — but I H E FISHER
signals, as well as amazingly simple and reli- test instruments don't lie. The AM sensitivity

WALNUT OR MAMGGARY CABINET, 324, %% METAL CADIMET, F1% 9%, PRICES SLIGHTLY MUGMES 1M THF FAR WEST, CXPORT: FETHEN MALIO INFEMMATIONAL, INC_, LOKG IRLAMO CITY 1, N. ¥, CANWARA: TRI-TEL ASSROCIATLE, LT10., WILLOWDALC, ONT.
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i THIS IS THE NEW*

COIL CARTRIDGE
: ' WITH
k. REPLACEABLE STYLUS

Professionals acknowledge the moving coil cart-
| ' ridge as the “world’s finest!” But, only pro-
| fessionals or discriminating audiophiles who
demand professional quality regardless of incon-
wvenience have found it practical. Until now, a
moving coil cartridge required return to the
manufacturer for stylus replacement. To the
professional, this “inconvenience” merely called
| for an additional investment in a spare. How-
l ever, few music lovers could afford this luxury.
| Those who could would have no other, for the
|
|
|

| MOVING
|

moving coil cartridge represents the ultimate in
cartridge design. Now, with the NEAT VS-1000D
. Replaceable Stylus Moving Coil Cartridge, yvou
{*New to America . . . but proven ¢an enjoy the superb frequency and transient
e e Pt ut Ty cusands response characteristics of the moving coil cart-
{{Pat’s. pending—U.5.A.) ridge — without “inconvenience”, Price $49.50

NEAT ONYKO DENKI CO., LTD.

4-1 chome, Kanda, Hatago-cho, Chiyoda-ku, Tokye, lapan

- SOLE US. AGENT: | HAROLD D. WEILER WEST STREET, HARRISON; N.Y.
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plenty of other occasions when John Reitt
(the Origlnal Cast Decea Album) and
Gordon MacRae (the movie soundtrack on
Capitol) betier realize the very essential
vouthful boastfulness that’s the keystone of
the character the composger and lyriclst had
in mind. The rest of the ecast, along with
Drake, works very hard but the characters
never really come to life. The atudio accous-
ties in which they perform add very little in
the way of stage illusion. Put this one down
a5 an elaborate try by two many cooks.

Christmas with Rita Ford’s Music Boxes
Epic BN 26022

An unbeatable combination at Christmas-
time ig a music box heard on a good, up-to-
date recording. Stereo isn't a4 vital factor In
this Eplc release because a single box cannot
gsound much better than it would on a mono
record played through a stereo system. The
important differeoce in this music box re-
lense lies in the fact that it was processed in
the plant of a major label, As some listeners
hnve discovered to their sorrow, not all music
bLox records issued in the past bhave recelved
adequate pressing. The collection on display
at Rita Ford's shop In New York Clty happens
to be the enly group of music boxes currently
available in stereo.

Andre Kostelanetz: Star Spangled

Marches Columbia Stereo Tape CQ 470

Hail Sousal (University of Michigan Band)
Vanguard Stereo Tape VTC 1650

How do you like your marches these days?
Between them, these two recent reels should
take care of just about any whim entertained
by those seeking fresh band material for the
tape section of thelr sound system. The pre-
ponderance of novel effects is to be found ia
the Kostelanetz tape with its deliberate ma-
nipulation of dlrectional stereeo attack. The
Columbia reel enjoya a specific advantage in
bedazzling the llstener becanse the program
does not confine itself to the cutput of one
composer. Some of the glitterlng products of
the theater (Strike Up the Band and Seventy
Six Trombones) rub élbows with Colenel
Bogey and American Patrol. If you like n lot
of alternating action fn your channels as part
of a hopped up band arrangement, Kosty has
the fleld pretty much to himself in this release.

If, on the gther hand, you're looking for a
traditional approach, a more conservative
flair in your band musie, I think you'll find
the Vanguard reel a tooic experience long
after the novelty of the Kostelanetz recording
has worn off. The University of Michigan
band, 100-meun strong, is just the cutfit to put
new meat on the sturdy hones of the more
famons Sousa marches. In his direction of the
band, Dr. William ID. Revelll haa heen able to
work out a firin yet outwardly light-hearted
discipline ; the ebullience of youth makes the
difference in the beat of this sersoned organ-
ization. Sousa's association with the Unlver-
sity of Michigan is underlined 1o the cholee of
the march, Northern Pines, written by Sousa
to sulute the University’s summer camp.

Enoch Light and Orch Play Irving Berlin
Command RS 840 SD

Melachrino Strings: The Waltzes of Irving

Berlin RCA Victor LSP 2561

Here are two contrasting approaches to the
mugic of Irving Berlin who is returning to the
Broadway limelight this season with his new
show, “Mr, President.” The Command dise iz
a virtnose job of recording that sgueezes every
last ounce of showmanship out of the old Ber-
lin tunes. . . . RCA’s Melachrine album is
content to settla for the orthodox virtues of
the DBerlin waitzes. The englineering crew
working with the silxty-man orchestra Enoch
Light assembled on the stage of Carnegie Hall
really turns in an amazing job here. It seems
that each session held by Command in this
hall in recent months has shown specific im-
provement in the dynamic range aof the fin-
ished record. The sensational dynamle elfects
gchieved here had their start, of course, in the
special arrnngements cunningly worked out
by Lew Davies. He hasn’t missed a trick in
converting some of the brighter Berlin tunes
into spine-tingling productions. The brass sec-

(Continued on page &9)
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THIS
IS NO
COMPACT!

54 inches high
2 feet around the middle

That's a lot of speaker system. Enough for what pleases
you. It can whisper or it can bellow. It does both
superbly, and anything in between. So much so that
Hollywood’s famous United Recording Corp. (sound
studio for record, tape, film, and tv industries) employs
15 of them. As does Ray Heindorf, musical director of
Warner Bros! production “The Music Man’ and holder
of 2 Oscars, who has four right in his living room.

No, this is definitely not a compact. It’s a giant, this
A-7 “Voice of the Theatre” by Altec. A full-size speaker
system with quality to match. That’s why it belongs in
your home. Unless you are willing to settle for a com-
pact “book shelf” speaker...and compact sound. Of
course if you are a critical listener, you’ll want your
sound brought to life by Altec; sound so realistically
repreduced, you'll find its equal only in the concert hali.

That much the A-7 will give you, and more. Almost
in direct proportion to your own desire for perfection.
If you insist on hearing the “full sound;’ the most subtle
contribution of each instrument, the effortiess reproduc-
tion of massive orchestrations at concert-hall listening
levels, then the A-7 is for you.

Now here is a hint: you can’t make it any smaller, but
you can make it a lot prettier. All it takes is a bit of effort,
some grille cloth, some veneer or paint and you can
transform the A-7 into a custom furniture piece. For
built-in installation, there’s nothing so perfect. At only
$285.00 each, it's a wonderful do-it-yourself project. ..
for the critical listener.

However, if you prefer your A-7 sound coming from
a more civilized version, we have several solutions, in
walnut or mahogany. There’s the 831 A “Capistrano;’ a
full-size beauty that offers speaker components identical
to the A-7 in a classically styled cabinet. It stands 30”
high, 477 wide, and is priced at $399.00.

The modern 838A “Carmel” is also a full-size, fioor-
standing system. It features two 12" low frequency
speakers (instead of the one 15-incher in the A-7) and
the same high frequency section. It's priced at $324.00
with decorator base (shown) extra; standard model
comes with round legs. The “Carmel” is also available
with one low frequency speaker in a model called the
837A “Avalon]’ priced at $261.00.
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ALTEC B31A "CAPISTRANO"

NEW! ALTEC 841A

“CORONADO" SPEAKER SYSTEM
Apartment-size version of the full-size Altec speaker
systems, the “'Coronado’ is styled to match a pair
of “"Carmels” when used as the center speaker in
an Altec 3-channel stereo system. Recommended
for small apartments where space will not tolerate
larger speakers. The “Coronado’ is 30" H, 18" W,
14" D and is priced at $129.50.

Go ahead, convince yourself! The A-7 (and its prettier
mates) are ready to tantalize you now, at your Altec Distrib-
utor’s. Or, for latest sterco catalog, write Dept. A-12,

[TI[T] corForaTiON

157N\ A Subsidiary of

Ling-Temco-Vought, Inc.
Ener auTec LaREING GORPORATION 1515 South Manchester Ave., Anaheim, Calif,
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AUDIO ETC.

Edward Tatnall Canby

STEREC FOR TV?

Press velease from GI, says that the
big company is proposing a TV stereo
sound transmission system to the FCC.
GE’s pilot work on this idea, it says, is
intended to lead: A, To a compatible TV
stereo arrangement; B, a system that
would be inexpensive in the receiving
equipment and so put TV stergo “within
reach of the entire publie”; and C, sin-
ilarly, a system that would not bhe too
expensive for the average TV station to
install. (In TV terms that means, let’s
guess, not over a half million bucks or
50 . . .) Worfhy and interesting objectives
on GE's part and much of the spade work
is evidently already done. Just have to
persuade the PCC. And maybe, as an after-
thought, me.

Neo dispute with the GE technical ob-
jeetives. Hardly, alwayvs assuming that
technical transmission standards, as in
the case of steree FM radio, aren't too
far compromised. (Some people think our
present FM multiplex system is dismally
compromised—~but it isn’t a tenth as com-
promised as some of the systems initially
proposed.) Clearly, we are all of us likely
to be pro-economy and, most likely, pro-
compatibility as well. Receive the stereo
signal, as in radio, via 2 monoe TV tuner.

I am slightly eonfused, I'll admit, as
to whether a wholly separate and possibly
quite different technical set-up is in the
works for TV stereo sound and its sepa-
rate M channels, If you'd asked me
awhile back, I weuld have assumed that
the present maultiplexing system would
merely be extended to cover the TV sound
bands. On the other hand—is there a
similar “storeeast” problem in the TV
sound area—that is, the need for an addi-
tional multiplex channel or twe, not re:
ceivable on home equipment? If no such
need arises, then perhaps a simpler (and
hess expensive) multiplexing system eould
be instituted for TV, straight from the
beginning. In actual practice, as we are
now set up, there is little prospeet of any
overlap between FM-rudio and FAM-TV
sounds. Different bands but, more impor-
tunt, a different home-equipment approach,
one system operating on the old econ-
tinuous-tuning band, the other on fixed
switched numbered channels, unidentified
as to frequeney location. Unless our entire
broadeast system js tossed into a huge
melting pot, the FM-radioc and FM-TV
sound transmissions are going to continue
in effect almost totally separated.

Separate, too, of course, in standards
of audio quality, unofficially if not other-
wise. The average TV sound-tuner isn't
exactly a superb piece of audio equipment.
The average home-type FM tuning seetion,
in FM-AM pocket radios, table models,
portables, isn't very superb either—but
on the othier hand, we do have in the hi-f
component equipment area, and in a con-
siderable overlapping expanse of higher-
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AM-FM
decidedly lofty standard for home I'M
quality. Not so in TV. Well, not in most
TV sets, anyhow. There’s no need for it.

priced console equipment, a

The Avdio-visual Blend

No need for high quality in TV sound?
That's what 1 said.

Strangely enough, I have felt for a
long time that TV sound is precisely what
it should be for best blending info the
TV video picture,

The purpese of the TV set is to bring
home to you a unity of sound and sight.
As anyone e¢au understand, this involves
a maximum of apparent or effective com-
patibility between the two basie elements,
in every respeet, that directly invelves the
listener-viewer. Like hi-fi musie, TV pro-
duces a trieky and highly exact illusion.
It does not reproduce the “live” material
literally.

In order to achieve this effective com-
patibility, we've developed a vaft of ox-
tremely ingenious technigues for TV.
Take mike technique versus camera tech-
nigne. Wonldn't it be dandy if you ecould
mount vour mikes on the eamera housing
and just forget them, with instant eom-
patibility at all times? Nice idea, but
it doesn’t work. In order to have sound
and sight that seem to be one, we musi
us¢ wholly different techniques for the
two, Neither technigue is ‘natural.”
Video lighting and placement are highly
specialized, as anybody who has stared
at & TV camera knows, TV sound i3 even
niore speecialized than broadeast and re-
corded sound since its “ears” must be all
over the place yet, as far as possible,
must remain unseen. Take these two “un-
natural’” techniques, for sipght and for
sound, figure out a complex and very
tricky relationship between them—and you
have our masterful television transmission,
a remarkably effective blending of the two.

Therefora note this well. Any undue in-
compatibility between sight and sound
that is perceivable by the TV viewer is
going to make trouble, but quiek.

Qur TV picture, though very effective,
is not technically “hi fi.” With its present
number of lines (exceeded in European
systems) it achieves only a fair sharpness.
Doesn’t matier how good your set is, nor
how large the screen, of course. The maxi-
mum sharpness is a fixed limifation. I
would rate it, aesthetically, as roughly
equal to a “clean” standard AM broadeast
sound-reception, as heard on moderately
good AM equipment. (Discounting static,
and discounting TV interference, ghosts,
and such.) Your TV picture is clearly not
the equal of a sharply reproduced slick-
paper magazine phofograph in ferms of
plain “fi.” Nor of the even sharper original
photo print, at its potential best.

Therefore, it seems to me, present TV
sound reception, via so-so tuner equipment
and definitely so-g0 speakers, i highly

compatible, matching the picture quality
itself. Unless the picture is dramatically
sharpened and, perbaps, greatly enlarged
as well, our present grade of TV sound is
the best for a proper blend between sight
and sound.

I am highly skeptical of *hi fi”* TV
sound, reproduced flawlessly through expen-
sive andio equipment, including speakers.
Destroys the blend, breaks the fusion be-
tween the two elements, by sheer difference
in respective 'fi"—quite aside from an
even worse diffieulty, the spatial discon-
tinuity.

At least, your present TV sound seems
to come from the screen. ¥You don’t even
think abont it, of eourse, and for a good
reason. You don't have to. The illusion of
identity, sound-and-sight, is extremely well
produced. But via “big"” hi-fi spenkers your
sound suddenly iz huge, loud, wide, broad,
tall, space-filling. And the TV picture!
Suddenly, you have a fuzzy liftle thing
by ecomparison, lost within its extremely
narrow angular dimension. Not good at
all. Incompatibility between big sound and
small picture, between sharp, wide-range
scund and soft, unsharp picture, defeats
the entire purpose of the over-all TV
transmission, doesn’t it?

And Over on the Left . _.

How about stereo sound for TV I think
you can see the problem. It is simple
cnough, in terms of plain effectiveness.
Will stereo sound in TV add new incom-
patibilities, to the detriment rather than
the improvement of the TV blend?

What else? The most glaring incom-
patibility, blithely ignored by those who
are promoting the wonders of stereo sight-
and-sound, is that of sheer dimension. Al,
how lovely to hear the great Philadelphia
Orehestra, they say, in the glory of true
stereo sound. . . . The violing play away
over there on the left, and—Ilo and behold
—vyou can actually see them, playing on
the left!

Oh yeah? T ean just see it myself, and
s0 can you. Beauteous hi-fi component in-
stallation. Left speaker, say off over there
at an angle, on one side of the room, right
speaker on the other side of you, the two
making perhaps a 60- to 90-degree angle.
And spang in the middle, in front, the
TV set. What a spread! Left side of the
picture almost five degrees from the right.

Mogt amusing. Your andible Philadelphia
Orchestra appears to occupy the whole
side of your living room, out to and beyond
your hi fi speakers; the ‘“virtual” image,
taking into aceount the apparent audible
distance, is mueh larger, somewhere off in
the mystical stereo-space we know how fo
create so effectively. And the visible ac-
companying image is at best something
over a foot wide.

Where, I ask, is the compatibility? What
are you supposed to de about blending
that huge, sharply audible violin section
‘way over to your left and that tiny, inches-
wide miniature vielin seetion somewhat
fuzzily visible straight ahead? More than
I can figure out. And the hi-er the audio
fi, the worse it will be, nateh,

“ * ®

Well, T do see a hidden eompatibility. You
won't, think me cynieal if I mention it here,
sinee we all are aware of it. The answer
to TV sterec sound is ultra-simple. Just
bring the speakers elose together. Compress
the stereo to TV smize. (And, while you're
at it, limit the stereo andio quality to a
suitable level of fi, more or less like that
prevailing right now for TV.)

This, you see, is highly commereial and
extremely practical. Morever, it will pro-
duee—quite seriously—the best possible
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New Eico Stereo FM Multiplex Tuner ST 97

Semi-Kit $99.95

BUILDING THE SEMI-KIT:

The two most critical sections, the front end and 4
IF's through to the detector, are entirely pre-wired
and pre-aligned for best performance on weak sig-
nals {fringe area reception).

For the third most critical section, the heart of the
stereo demodulator, you simply mount and solder the
components on a high quality circult board. Pre-
aligned coils eliminate all adjustments. The rest is
non-critical and easliy accomplished with the clearest
pictorial drawings and most thorough-going step-by-
step procedure in the industry.

THE cClRCUIT

the front end Consistent and reliable printed cir-
cuit, Ultra-sensitive, stable, and low-noise. Wide-band
design. Rugged plated steel housing for protection
and shielding. Meets FCC radiation reguirements,
Precise temperature-compensation for freedom from
drift without AFC. AFC provided with defeat for con-
venience. Indirect gear drive is backlash-free and
eliminates possibility of microphony.

the IF strip Four IF amplifier-limiter stages (all that
will do any geod) and an ultra-wide-band ratic detec-
tor, all pre-wired and pre-aligned. Designed with the
utmost practicality so that the simplest aiignment
is dlso the alignment for highest sensitivity and prac-
tically lowest distortion. (Important to you if a serv-
ice alignment is ever required.) Output is flat to the
limit of the composite stereo signai frequency spec-
trum to eliminate any need for roll-off compensation
in the stereo demodulator.

the stereo demodulator Ten stages for unequalled
performance capabilities. EICO's brilliantly-engi-
neered zero phase-shift, filterless detection circuit

Wired $149.95

{patents pending} eliminates loss of separation due
to phase-shift in the stereo sub-channel before re-
covery, Complete rejection of slorecasting interfer-
ence. Cathode follower driven, sharp cut-off 15ke jow
pass filters in each output channal.

THE OPERATION

Two slide-rule dials in a line: one, a station fre-
guency dial with the famous EICO “aye-tronic'®
tuning-eye travelling along it to indicate the exact
center of each broadcast channel; the other a log-
ging dial with an automatic stereo indicatar lamp
travelling along it in tandem with the tuning-eye to
n;dicate when the station funed in is broadcasting
stereo.

THE LOOK

Massive extruded aluminum panel and side rails, ex-
quisitely brushed and anodized pale gold, with baked
epoxy Drown, perforated steel cover.

PERFOARAMANCE

Pre-production field tests brought back the report
‘“‘Definitely a fringe-area stereo tuner,” which is
simply the meaning of our laboratory measurements.
We know, for example, that full limiting is achieved
at 10uY¥ input signal, meaning that the low distortion
and noise specifications (the full benefits of FM)
will apply to all but the most distant and difficult-to-
receive stations. The sharp selectivity you need when
a tuner is that sensilive is here alsp (a strong local
station and a low-power station 100 miles §istant
sgparated by only 0.4 mc, each had its own sharp
tuning-in_point on the dial). While signal levels as
fow as 2.5V will produce phase-locking for full
stereo separation, very strong local signals will pro-

Includes Metal Cover ano FET

duce no higher output from the FM detector than a
10u¥ signal and will not be degraded in guality by
overloading the stereo demodulator. Distortion is
very low, both in mono and stereo, so that the sound
you hear has that sweetness, clarity, and freedom
from grating harshness that results from absence of
distortion, The sterec culput signals are so clean
that there is not a sign of the 19kc pilot carsier or
the re-inserted 38kc sub-carrier visible on a scope
presentation,

SRECIFICATIONE

Antenna Input: 300 chms balanced. IHFM Usable Sen-
sitivity: 3uV (30db quieting), 1.5uV for 20db quiet-
ing. Sensitivity for phase-locking (synchronization} in
stereo: 2.5 u¥. Full limiting sensitivity: 10u¥. IF
Bandwidth: 280ke at 6db points. Ratio Detector Band-
width: 1 megacycle peak-to-peak separation, Audio
Bandwidth at FM Detector: Flat to 53ke discounting
pre-emphasis. IHFM Signal-to-Noise Ratio: —55db.
IHFM Harmonic Distortion: 0.6%. Stereo Harmonic
Distortion: less than 1.5%*. IHFM 1M Distortion:
0.1%. OQutput Audio Frequency Response: ==ldb
20cps-15ke. IHFM Capture Ratio: 3db. Channel Sepa-
ration: 30db. Audic Output: 0.8 volt. Oulput Imped-
ance: low impedance cathode followers. GControls:
Power, Separation, FM Tuning, Stereo-Mono, AFC-
Defeat. Tubes: 1-ECCBS, 5-GAUS, 1-BALS, 1-12A77,
2-12AU7, 1-6D10 (triple triode), 1-DM70 (tuning-eve),
1-EZ80 rectifier, 6 signal diodes, 1 neon [amp.
Power Source: 117V, 60cps; 60 walts drain; extrac.
for pust fuse. Size (HWD): 514" x 157" x 113"
Weight 17 Ibs.

*Actual distortion meter reading of derived left or
right channel output with a stereo FM signal fed
to the antenna input terminals.

- o
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70-Watt Integrated Stereo
Amplifier STT0

Kit: $59.95 Wired: $149.95
Includes Metal Cover

40-Watt Integrated Stereo
Amplifier $T40

Kit: $79.95 Wired: $129.95 =S moe
includes Metal Cover - {Qf
Over 2 MILLION EICO Instruments in use.
Most EICO Dealers offer budget terms.

Listen to the EICO Hour, WABC-FM, N. Y. 95.5 MC, Mon.-Fri., 7:15-8 P.M.
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FM-AM Steren Tuner STS6

Cover Optional $2.95

WWW. aimerieantadiahistary com

EICO, 3300 N. Bivil., L.I.C. 1, N.Y,A-12. !

|
Transistorized O Send rfree 32-page catalog &
Steren/Mono | dealer's name. |
4-Track I [J Send pew 36-page Guidebook to I
Tape Deck RP100 [ HI-FI for which | enclose 25¢ for .= l
(Patents Pending) postage & handiing. 5
Kit: $48.95 Wired: $129.95 Semikit: $299.95 =]
Includes Metal Cover and FET = Wired: $399.95 Name =
. Carrying Case $208.95 | 2 |
- Siwzmeen FM Multiplex £ Rack Maount $9.95 | Address ] |
W Aot 3
MX99 (Palenl | city Zone_State <]
Pending) —— i —— ——— i ———
Kit: $39.595 .
Wired: $64.95 @ 1962 EICO Electronic Instrument Co., Inc.

3300 Northern Boulevard, L. L. C. 3, N. ¥,

s Export Dept., Roburn Agencies Inc., 431 Greenwich $i., New York 13, N, Y.
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_ ANOTHER
Jdandberg
ACCOMPLISHMENT!

I SPEED — & TRACK

Complete STEREO Music System |

Designed particularly for those who
demand renowned Tandberg quality
performance and versalility in a
self-contained, complete stereo
music system! Incorporates power
amplifiers, preamplifiers, matched
speakers, microswitch operated tape
stop, free position tape load, start/
stop/pause conirol, precision lami-
nated combination record/playback
head, erase head and many other
features consistent with Tandhberg’s
undeniable exeellence in eraftsman-
ship and design. This new addition
to the Tandberg family is available
in four track with Sound-on-Sound,
Track Adding and Source Monitor,
Frequency response is unsurpassed,
wow and (lutter virtually non-exist-
ent. Yes, this is another fine ex.
ample of Tandberg leadership in
“Better, Clearer, More Natural
Sound™! List $399.50
| A S|
' MODEL 64

2 SPEED — 4 TRACK

Stereo Record /Playback Deck

America’s highest rated record/
playback deck for incorporalion
inlo new or existing high fidelity
sysiems. Fealures 3 separate heads;
direct monitor facilities; built-in
filter for FM muliiplex stereocasts.

List 3498.60 |

IMPORTANT: The free Tandberg offer of
2 CM-6 microphones and 1 TC-56 carry-
ing case with the purchase of a Modsl 64
remains effective for a limited time only.
Ask your dealer for details.

“Ta"dbe_rg@olr AMERICA, INC,,

P.O. Box 171, 8 Third Avenue, Pelham, N. Y.
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fusion of the audio and video elements in
the TV fusion. Deny me if you dare.

I'm even willing to admit that, given a
pair of stereo speakers—Ilittle ones, placed
a foot or two apart—there could be a real
improvement in TV sound definition and
a distinet fusion between right and left
elements in the sound and in the sight.
Indeed, it would seem likely, don't you
think? My thought is that this is the
hard-core, practical future of stereo sound
orn TV, realistically. That is, until we have
wall-to-wall TV in ultra-sharp definition.

‘Course we can’t falk about it in these
terms—iear me no. Can you imagine a TV
ad that would claim lo-fi as beiter than
hi-fit And so, as is now already happening,
we’ll have the usual high-wide-and-hand-
some language, the big ballyhoo about the
Philadelphia Orchestra (and maybe Jack
FPaar too) right in your living room. Also
the Piel Brothers, in Animated Sfereo. So,
I suggest, put all this in the back of your
mind and don’t forget it. Don't forget for
an instant that lo-f TV stereo sound is
the only transmission that holds real
promise for genuine TV improvement via
twin-channel audio.

SPACE PERSPECTIVE

This is a commercial follow-up on the
“Bauer ecircuit” for earphones discussed
at various times in this department—the
eross-feed, phase-shift eircuit that simu-
lates for the ears the effect of stereo loud-
speskers, each ear (in its phone) hearing
elements of both channels, re-phased to
give two opponent righf-and-left sources.
Some months ago, Jensen took a license
on the circuit and set out to develop a2
couple of phone boxes for the earphone
trade in which it would be incorporated.
One box is the basic cireuit itself, econ-
nomieal, unadorned. The other is a more
complete control unit, the Jensen CC-1
Stereo Center. Stereo center for speakers
and earphones. I've just tried it out and
hasten to report. For once, this really is
stereo, via phones, Jensen calls it “Space
Perspective.”

It works, this commereial version of the
Bauer circuit, and it works beautifully.
Better than I would have thought likely,
somehow, (I turn eynie, between fits of
optimism.) I had not tried the eircuit af
g0 much leisure in home circumstances
before; now, I see that there are aubtle
but real fringe benefits to be had from the
improvement in the parcel of sound in-
formation that goes to the ears.

An old principle in my experience is
that any improvement whick tends to
satisfy the ear’s natural sound-needs in
one area provokes the illusion of greater
“fi" in other areas, and vice versa. A good
speaker in a poor location often seems to
distort—se realistically, that many a
person has torn hair in vain looking for
an electrical cause. The same speaker in
a fine listening spet may sound superb.
Indeed, a relatively punk speaker can fool
you into thinking it is pretty goed, given
the right listening place. Similarly, good
recording acoustics, good mike pickup, can
make a recording sound better than it is,
covering up so-so technical quality. A poor
mike pickup, on the other hand, can make
you swear you hear distortion, though
you ean’t pin it down. Carefully trained
eard, of course, can diseriminate between
these natural illusions and real distortion
-——or real quality—but the principle is
always there, just the same.

“Sterec” via earphones is, varyingly
(aceording to the type of mike pickup),
a serious natural distortion of the musical
offect. There is a (varyingly) severe lack
of correspondence and fusion between
elements in the two channels. This leads

to listening fatigne, Hke so much eoye-
strain; a careful listener notes unpleasant
disparities and diserepancies in the space
perception, a sort of “ringing” two-ness
to the sound, instead of a two-eared ome-
ness with spatial dimension. The more
mikes 1n the recording, the further they are
separated, the worse is the aural confusion
via phones. -

That much is a restatement of a point
T've made before. It should be restated,
becaunse we still find it commercially profit-
able to deny the whole thing—to say that
stereo via phones is marvellous, or “better”
than stereo via loudspeakers.

For a few moments—yes. The impaet is
extreme. It socon fafigues. But when the
phone cirenits are treated to simulate the
ear's natural reception of loudspeaker
stereo, we get not only a more realistic
approximation of stereo sound but, oddly,
a cleaner sound, less “distorted.” There is
no aetual difference, of conrse. Same
signals, same amplifiers. (The ecross-feed
actually clutters up the two signals with
new elements of complexity.) This was
the first thing I noticed when I began sys-
tematically to switch Jenzen's CC-1 Space
Center between REa (straight two-channel)
and SpPACE PERSPECTIVE (the Bauer eir-
cuit). On Space Perspective, the sound was
noticeably clearer, crisper, less edgy,
more comfortable. An intereating illusion.

Gray Noise

Moreover, in addition, the baekground
noise, general hiss-rumble, was in many
cases noticeably reduced in the Space Per-
speetive position. Is that an illusion? If
50, it’s a very nseful one. (Oppositely, the
illusion of edgy musieal distortion, on
straight two-channel, is undesirable any
way you look at it.}

- This background noise reduction has me
bemused, I know that a normal phenomenon
when we are subjected to two separate
and simultaneous gray-neise gignals is that
the noise level seems much higher than it
ought to be.

We often experience this on large loud-
speaker systems with wide separation, as
in demonstration halls, ball rooms, and the
like. Many an engineer will testify to itl
Two channelsful of gray noise seem at
least five times as objectionable as one.
It is the lack of blend that does if, of
course. Your ears can’t bring the two into
any sort of ‘focus,” can't fuse the two
sounds—and so they react violently by
bringing the noise into the forefront of
your consciousness. It's an unmistakeable
effect.

Without a doubt, stereo heard via
straight two-channel phones exaggerates
recorded mnoise econtent on this very prin-
ciple. It should be logiecal, then, to expect
the Bauer eirenit's cross-feed feature to
reduce the apparent noise level. But there
are complications. In this esse there is a
synthetic phase difference introduced by
the cirenit.

Perhaps (I'm theorizing), it is possible
for the ear to “fuse” the noise smignals,
same noise but sent to the two eara slightly
removed in phase, for a right and a left
noise loeation corresponding to that of
the musieal signals. Instead of hearing
two unrelated gray-noise sounds, one ex-
clusively in each ear, we hear two apparent
gray-noise sources, in gimulated space.

I suggest that thig in itself is enough
to partially “satisfy” the ears and allow
them, consequently, to push the mnoise
towards the background levels of conscious-
ness. We should never umlerestimnte the
tricks that ears can play on “factual”
signals. After all, aren’t there dozens of
noiges, like refrigerators, air conditioners,

(Conlinued on page ¥3)
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NEW PRODUCTS!

High-performance
in 2a modern design of sense

40W Stereo Tuner-Amplifier SM-Q3008B
Here is a new amplifier further improved in appearance and performance
over SM-Q300, which is widely recognized as the best seller of the vear.
The newly designed front panel is deluxe in appearance because of the
use of a gold-colored fretted material. The frame and the knobs are ar-
ranged in perfect harmony with the panel. The outputis as high as 40W.
The power supply circuit is a voltage-doubling rectifying system using
silicon diodes. The main amplifier is provided with a phase-reversing cir-
cuit originated by PIONEER engineers to obtain highly stable and distor-
tion-free output.

The tuner is a FM/AM-AM/SW all-wave system with very high sensitivity
and selectivity. For FM a multiplex adaptor can also be used. In addi-
tion to the use of PIONEER's unique mode-blend control and the 4-gang
volume contro! for cutting down residual noise, the amplitier is provided
with rumble, scratch and whistle filters. Itis, in fact, a highly versatile
stereo amplifier since it is provided with terminals, such as for tape re-
corder and center channel, for broadening the scope of its application.
Specifications

Vacuum Tubes: 19 tubes 6 diodes; Tuning Range. MW 535-1605Kc, SW 3.8-12Mc,
FM 80-108Mc; Input and Gain: MAG. PU 34mV, XTAL. PU 38mV, AUX. 160mV,
MIC. 4mV¥:; Egualizer: NF type, RIAA curve; Fregquency Response. 20 cps— 50kc;
Maximum Qutput: 20W x 2; Qutput Terminal: 4, 8, 16 ohm for speaker {(gach chan-

nel), extra output for center channel amp. and for simultaneous tape recording;
Dimensions: 18% (W) x 14 (D) x 5% (H) inches

Handy Stereo Amplifier

14W Stereo Tuner-Amplifier

sSM-Qi141

Our new stereo amplifier SM-Q141, designed and manufactured with
an eye to easy operation, is now available at a low cost.
Specifications

Vacuum Tubes: 15 tubes 3 diodes; Tuning Range: MW 535— 1605Ke, SW 3.8— 12Mc,
FM 80—108Mc: Input and Gain: MAG. PU 2.8mY, XTAL. PU 28mY, AUX: 500mV;
Equalizer: NF type. RIAA curve, Frequency Response: 40 cps— 100kc: Maximum
Cutput: 7W x 2; Output Terminal: 4, 8, 16ohm for speaker (each channel} and
extra output for simultaneous tape recording: Dimensions: 16% (W) x 13% (D) x
5% (H) inches

O PIONEER

PIONEER ELECTRONIEC CORFORATION

S Dtowacho 6-chome, Bunkyo-ku, Tokyo, Japan

Distributors Canada: Importhouse of Canada, 2939 Eglinton Ave. E., Scarboro, Ont.
Singapore & Malaya: Hwee Seng & Co,, 252 Beach Road, Singapore 7
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EDITOR'S REVIEW

Uhristmas Present for the Component Indusiry

HIGH FIDELITY DEFINITION

One of the behind-the-scenes stimuli for much
conversation this year has been the attempt by the
Federal Trade Commission to arrive at a definition
of the term ‘‘high fidelity.”’ Activated by this
stimulus, the Electronic Industries Association has
been attempting to arrive at a definition first. In a
previous editorial we noted our belief that this
whole search was treading on dangerous ground in
view of the difficulty of establishing meaningful
standards,

A short time after our editorial appeared we re-
ceived a copy of the definition proposed by the
EIA, wherein they stated that if a set met the ount-
lined standards it would receive cerfification as
being of high-fidelity guality. Upon first reading
this definition we were highly amused; this was the
greatest joke we had seen in a long time. Imagine a
standard for high-fidelity certification with only
two salient conditions: 1. the amplifier must have a

mustc power output of 5 watts; and 2. the over-all
system must have a minimum acoustical output
which is within 3 db down at 100 eps, and within
6 db down at 8000 c¢ps, from a reference of 80 db
(referenced to 0.0002 dvne/em?) at 1000 ¢ps. Imag-
ine a certification standard which states:

““ All other characteristies, e.g., hum, rumble,
wow, stylus tracking, etc. that various people
have assoeiated with the term ““‘High Fidelity'’
have been placed in the category of ‘‘Individual
Manufacturer’s Quality’’ just as we would con-
sider quality in cabinet construction, trim, ete.””

After reading this amazing proposal our humor
turned to anger. This proposal is most assuredly the
largest bunch of hokum to hit the fan in many a
year. How in the world can anybody even attempt
to define a term which means ‘‘as near the original
as possible’” without even mentioning distortion?
It’s the same as if we defined a high-quality car as
one which had at least a 10-horsepower engine and
could attain at least 20 mph—and nothing more!
But we will not attempt to point out all the obvious

YEAR-END REFLECTIONS

raditionally December is the month wherein editors

look back over the year just past and sum it all up

in several well-chosen words. We feel that this tradi-
tion has virtue for several significant reasons: First of
all we can take a look at the events of the year in the
perspeetive of the events which led to it in the preced-
ing years ; secondly we can free ourselves from momen-
tary enthnsiasms; and finally we can delineate a trend
if a series of events seem so related.

Now that we have laid some groundwork, let us pro-
ceed to the matters which are really of moment: FM-
stereo and transistors.

FM-Stereo

There seems to be little doubt now that this new

16

inadequacies of this definition, but rather we will
take note of the apparently deliberate attempt to
foster what they must know is a grossly inaccurate
definition. We will not speculate as to motives, but
we will speculate as to the effect. If this definition is

accepted by the EIA and/or the I'FC, a large num-
ber of consumers are going to be led astray by an
official certification. It will not fool the dyed-in-the-

wool audiefan, but it may fool the novice, We who

know better cannot afford to permit such a deliber-
ately misleading definition to come into being un-

protested. We urge every audiofan to write to the
FTC and register a strong protest. The address to

write to is:

Hon. Paul Rand Dixon
Federal Trade Commission
Washington 25, D. C.

While on the topic of definitions and standards,
we would like to note onee again our feeling against
the proposed standard-rating system(s) for loud-
speakers. This proposal is again an BIA affair,
which received the original idea from Lincoln
Walsh. The weakness of the idea is implicit in the
type of thing that happens when one tries to define
“High IPidelity '’ as indicated in the previous para-
graphs, Somehow or other the lowest common de-
nominator becomes the standard. For instance, take
the Walsh proposal which we previously character-
ized as contaiming much science. Even if one agreed
with the standards proposed by Mr. Walsh, it takes
a great deal of expensive equipment and highly
competent personnel to put into effect. This was
pointed out by another recent proposal before this
same EIA committee, Now it is suggested that since
most companies do not have adequate equipment
for the Walsh system, why not use a simpler method
of testing? Next of course, we might expeet a pro-
posal to use only two simple parameters, similar to
the ones we reported earlier. The point of all this is
not to be eynical and be convinced that we oughtn’t
to have standards, but rather that the standards
should be methods of measurement and standards of
“quality.”’

broadcast medium has faken its rightful role in the
hierarchy of the high-fidelity field ; I"M-stereo is now
just one out of the many topics which concern the
audiofan. Surprising as it may sound, this medium has
run the gamut from ‘‘earthquake’’ to ‘‘minor ripple’’
in less than a year and a half. This is as it should be.
After all stereo was not new, nor was FM multiplex
all that happened was that already existing techniques
were put in operation by FCC order. We do not wish
to minimize the importance of this newly approved
broadeast medium, but certainly the rapid decay of
excitement speaks for itself.

Strangely enough, the most significant effect of FM-
stereo broadcasting has not yet been highlighted: the
emergence of 'M radio as a national advertising me-

(Continued on page 59}
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*Throughout the
entire world...
more people

listen to stereo

records reproduced

by the STANTON

Stereo Fluxvalv?e

than any other

magnetic pickup!

*More stereo records are quality
controlled and reviewed by
professionals using STANTON
Stereo Fluxvalves.

*More high quality phonoegraph
consoles use STANTON Stereo
Fluxvalves than any other
magnetic pickup.

*More commercial background
music systems use
STANTON Stereo Fluxvalves than
any ether magnetic pickup.

*More automatic phonograph
systems use STANTON Stereo
Fluxvalves than any other
magnetic pickup.

And now...new dimensions
for stereo from the
world’'s most experienced
manufacturer of magnetic
pickups—

STANTON 481

Callbration Standard Stereo Fluxvalve™

Model 481AA STANTON Stereo Fluxvalve—an ultra-
linear professional pickup for use with ullra-light-
weight tone arms capable of tracking within ‘the
range from 1/4 to 3 grams. Supplied with the
0400544 V-GUARD diamond stylus assembly.

AUDIOPHILE NET PRICE $49.50

Model 481A STANTON Stereo Fluxvalve—an ultra-
linear professional pickup for use with manual tone
arms; recommended tracking force is from 2 to &
grams. Supplied with the D4007TA V-GUARD dia-
mond stylus assembly.

AUDIOPHILE NET PRICE $48.00

Model 4B1E STANTON Stereo Fluxvalve Sel—same
as the Model 481A but includes two additional
V-GUARD styli: the D4010A 1 mil for LP's and the
D4027 2.7 mil for 78's.

AUDIOPHILE NET PRICE $60.00

STANTON 400

Professional Stereo Fluxvalve™

Model 400AA STANTON Stereo Fluxvalve—an ultra-
linear professional pickup for use with ultra-light-
weight lone arms capable of tracking within the
rarige from: 1/4 to 3 grams. Supplied with D4005AA
V-GUARD diamond stylus assembly.

AUDIOPHILE NET PRICE $40.50

Model 400A STANTON Stereo Fluxvalve—an ultra-
linear professional pickup for use with manual tone
arms, recommended tracking force is from 2 to 5
grams. Supplied with D4007A V-GUARD diamond

stylus assembly.
AUDIOPHILE NET PRICE $39.00

Model 400C STANTON Stereo Fluxvalve—an ultra-
linear professional pickup for use in automatic rec-
ord changers, recommended tracking force is from
4 to 7 grams. Supplied with D4007C V-GUARD
diamond stylus assembly

AUDIOPHILE NET PRICE $33.00

“Fine audio components from the Professional Products Division of”

] n
€ Pu:karmg T e e R

%The hermetically sealed STANTON Sterec Fluxvalve is warranted for a lifetime and is covered under the following patents: U.5. Patent No. 2,917,590;
Great Britain Mo. 783,372; Commonwealth of Canada No. €05,673; Japan No. 261,203; and other patents are pending throughout the world,
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The pace-setting new
S-2100 FM Multiplex/AM
stereo tuner

THE EXTRAS THAT ARE f
STANDARD ON SHERWOOD

bt LR < ¥ §-2100 Tuner: $199.50. (Fair Trade). With Walnut
broadeasting stereo programs. Special Leatherette Case, $207.00. Full year warranty.
sensing circuitry (pat. pend.) prevents
fzlse indication due to nolse
impulses, etc.

. Who cares whether

oy e s : -
R the coils are wound on Mylar™?

effect of 2.4 gh,

Only Sherwood—and you.

Electronically locks and holds the
exact center of separation of the
FM stereo signal.

Fly Wheel Tuning . . . Made with A good mod_em slgrgo funer may con?am over 1,000 component‘ parts. Amopg
turntable accuracy for easiest, those especially critical to scund quality are a dozen or more coils. These coils
fastesbiining: are the “nerve ends”. They can make or break performance on drift . . . dis-
FM Interchannel Hush . . . Eliminates tortion . . . selectivity . . . sensitivity.

irritating “'rushing"” sound between " "

Stalfone whar (0T nE. Mo place for a “standard” part, we feel. i ‘ ]
That's why Sherwood—and Sherwood alone—custom designs all its coils.
Dialispreadl . . Onlysherwood offers Only Sherwood winds them on low-loss Mylar forms. And Sherwood employs

communication-type 20%-longer

scales, with professional calibrations temperature-compensating ceramic capacitors across all its IF coils,
- for slide-rule accuracy. These refinements cost-more, but the resuit is worth it: Complate freedom
specifications frt_m_1 tempe_ralur_e and hurnl]dlty fvanat‘l;)_nhst guaranteeing precise tuning . . .

FM Sensitivity: 1.8 v, for — 30 db. noise and minimum d:stortmn_.‘. - mo loss of sensitivity. . ‘

dis;o(rjtionFMUHF?ﬁ].t FM isoelﬁcﬁvityﬁ t200 k!:(:. K The Sherwood Coil is just one reason why we say “the care {hat goes in deter-

—3 db. Detector: 1.0 Mc peak to peak. : - . "

Distortion: 1% at 100% mod. 14 tubes plus mines the quality that comes out™.

rectifier plus 9 diodes.

For complete brachure, write Dept. A-12.
SHERWOOD MODEL SL-1

Sherwoed Electronic Laboratories, Inc. « 4300 North Califarnia Avenue, Chicage 18, lI.

___ STEREO INDIGATOR LIGHT

? The only indicator light that re-
jects all false signals and iden-
tifies only true stereo broad-

casts. Adjustable sensistivity — functions
with any FM tuner. Small enough (2% x
216" x 71"} to mount inside cabinet,
$29.50.

Stereo Receivers « Tuners » Ampliliers « Multiplex Adapters

Stereo Light Adapters s« Contemporary Cabinetry

*DuFPont Reg. T.M.
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Another Word on Multiple

Speakers

JOHN W. WARD*

The natural fall-off of frequencies above 4500 cps and below 200 cps, plus
smooth kandling of frequencies between, make this 12-speaker parallel-series
array valuable as a mid-range speaker with a minimum crossover network.

OVAK} HAS DISCUSSED in some detail
the performance of a 32-speaker
series-parallel array of “replace-
ment-quality” 6-inch units, in compari-
son to commercially available conven-
tional speaker systems of comparable
over-all price. He eoncluded, and rightly
so, that as a full-range system the vir-
tues of the mulfi-speaker array have
been highly overrated. His major points
were: 1. The high-frequeney response is
compromised; 2. frequeney response is
ragged in the 1000- to 3000-eps range;
3. low-frequency response is very poor;
4. polar pattern is unsatisfactory
(when mounted horizontally).
Although Novak convineingly demon-
strated these points with excellent sup-
porting data, there ave some faets not
yet uncovered, which have become ap-
parent to some of us who have lived a
length of time with these systems and
who have subjected them to some tests.

Preliminary Observations

The first system was constructed by a
group of scientists and engineers here
at Los Alamos who were intrigued by
the early articles on the subject. This
system was esgentially identical to the
28-speaker array described by Mahler.?
Although the rig sounded very nice, re-
sponse studies with a test record (and
later more elaborate equipment) showed
that response was flat only to 200 eps
and that 100 cps was decidedly weak,
with no really usable sound much below
this frequency. Also, the high-frequency
response fell rapidly above 4500 cps
(without tweeters) and the response
curve was very ragged above 1500 eps.
These results essentially duplicate those
already noted by Novak.

Actually it should be intunitively oh-
vious to anyone who gives this any seri-
ous thonght that the high frequencies
would fall off in this manner. Olson® has
shown that a typical cone radiator be-
gins to eut off above 6000-7000 cps (due
primarily to cone mass). Therefore, an

*2ii1 New

Mezico.

Lead BSE, Albuquerque,
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b
¥ PLYWOOD BACK
THIN RUBBER GASKET

HEAVY JUTE RUG PADDING, CEMENTED TO
BAFFLE WITH LIMNOLEUM CEMEMNT, SPEAKER
SCREWED |MNTO BAFFLE USING PADDING AS
THE SEAL.

Yex % TRIM STRIP FOR

Fig. 1. Details of speaker mounting and construction of the enclosure for a 3 x 4 array.

array of such units must cut off some-
what sooner, because the speaker spac-
ing begins to approach the wave length
of sound at about 2500-3000 ecps, and
cancellation will ocenr.

However, the low-frequency behavior
is another and considerably more com-
plicated prohlem.

Tests

Most if not all the data on maltiple
speakers has been reported on series-
parallel arrays of varying size. Now it
again should be evident, with a little
thought, that such an array ought to be
connected in parallel-series, in order
that the speakers may “see” each other

and exert some damping. The 28-speaker
(22 6-inch speakers) array deseribed
above was rewired in this manmer, and
two immediate improvements resulted:
first, almost 5 db was knocked off the
hump at the resonant frequency of the
system, and second, comsiderably
smoother response (¥4 db) was noted
above 1000 eps.

It was therefore decided that a con-
siderably more refined array should be
constructed, This system consisted of
24 3.16-0z. magnet speakers in a 3x8
array. These higher-quality speakers
were obtained at about $2.00 each by
carefully watehing for spesker sales.
Several different brands were purchased,
and the resonant frequency of each

19
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Fig. 2 (left), Frequency response of a closed-back system. Fig. 3 (right). Frequency response of system in very large enclosure.

speaker was measured. Speakers were
then selected so that in each group of
three {wired in parallel), three decided-
ly different resonant frequencies were
used, as for example 86, 97, and 111 cps.
Each group of three was then put in
series with the next, to make up a tofal
impedance of abont 8 ohms. These speak-
ers were mounted on a baffle of 34-in.
plywood, 22 x 60-in., which was serewed
and glued to a 2 x 4-in. frame with each
group of three speakers isolated by a
2 x 4-in. cross brace. Therefore, with the
back closed, each group of three
speakers was effectively enclosed in a
small box, which was filled with Fiber-
¢las. The front surface of the baffle
was covered with heavy jute rug
padding, and the speakers were mounted
externally. Thus reflections of the emer-
gent wave off the baffleboard were mini-
mized, and refractions normally oceur-
ring at the edge of the speaker mounting
hole were eliminated. Details of mount-
ing and eonstruction are shown in Fig. 1.

The frequency response of the closed-
hack system (measured on-axis, suspend-
ed 10 feet off the ground) is shown in
Fig. 2. BEquipment used for this fest and
subsequent tests was as follows: Altea
21D condenser microphone, Hewlett-
Packard model 200C audio oscillator,
Hewlett-Packard model 400C andio volt-
meter, Heathkit DModel OM-3 oseillo-
seope, and a Knight KN-85 power am-
plifier. This response curve generally
corresponds to that found by Novak,
with the exception that the high end is
very much smoother, and no really meas-
urable resonant-frequenecy hump was
found. These improvements we atiribute
to the parallel-series wiring and the se-
laction of speakers with regard to their
resonant frequencies. To what extent the
generally higher qualily of these speak-
ers and the heavier magnet adds to this
result cannot be easily evaluated. The
system behaves as a closed-box bhafile
should, dropping off at about 12 db/
octave below the apparent resonant fre-
quency (about 200 eps). Attempts to

20

boost the bass of this array produced
audible doubling below 85 eps. This was
checked with Lissajous patterns on the
oseilloscope, and doubling set in at just
ahove 90 eps.

Next, the back was removed from the
array, and the hafile was mounted in the
doorframe of a 10 x10 x 8-foot outdoor
shed. The frequenecy response (ignoring
spikes dne to building reflections) is
shown in Fig. 3. There was clean bass at
reéasonable (typical audiofan!) wvolume
levels to 50 c¢ps. This can only be ex-
plained by the coupling phenomenon
that has been proposed and/or discussed
by several authors.* ® The response rose
slightly at 45 eps, indicating a resonance.

At this frequency the sine-wave output
as viewed on the oseilloscope began to
look a bit ragged, and the 24 cones were
moving vigorously for a loud signal, Be-
low 45 eps the response fell very rapid-
ly, and attempts to hoost in this region
produced first doubling, and finally rau-
cous breakup. At “background musie”
levels the response below 45 eps fell less
violently, as also shown on Fig. 3.

The array was then mounted in place
of the door of a large (about 100 cubic-
foot) closet, and, if one ean truthfully
sort out the room resonances at these
low frequencies, the bass performance
seemed almost as good as that noted
in the outdoor test. It should be

FIBERGLAS BEHIND TILE

Y MIG-RAMNGE AMND TWEETER UNETS
11 FEET ARART QN CENTERS

==l
"_/”5‘\\

B\

PREAMF
COMTROL
CJERTER

i
Ll

Fig. 4. Floar plan of the listening room.
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mentioned at this point that the owner
of the original (28-speaker) array,
after seeing these results, added vol-
ume hehind his baffle to make a total
of 10 cubic feet, and also achieved us-
able bass to 50 cps, although a slow drop
totaling about 3 db was noted between
200 and 50 ¢ps, for this system. Also, his
rig would not handle as much low-fre-
quency power without doubling as the
24-speaker array with heavier-magnet
speakers.

It might be well at this point to sum-
marize the main conclusions of these
tests:

1. It is of at least academic interest
that, under proper conditions, the low-
frequency coupling phenomenon does o¢-
cur. The primary prerequisite is a low
enough effective resonant frequeney so
that the coupling may take over. Thus
as has been demonstrated, a large baffle
volume is needed, further helped by
speakers of naturally low resonant fre-
quency and with heavy magnets. The
average resonant frequency of the speak-
ers in the 3 x 8 array was at least 40-eps

Fig. 5. Photograph
of the sound wall.

lower than that of the cheaper speakers
used in the first system tested.

2. In wiring the array in parallel-
series, very smooth response was ob-
tained for the closed-back modal over

GEMERAL DIAGRAMITWO REGUIRED FOR STEREC)
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o
St CI5HT
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-
4 | pID-RANGE
aear ’
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HALF-SECTICN FILTER DETAILS(TWO REQUIRED FOR STEREO)
o ©

SPECIFICATIONS

CROSSOVER FREQUENCY: 200 cps
FILTER CUTCFE: 12 db/OCTAVE
COIL VALUES:
§I I§ IMDUCTANCE: 9.0 mh
WIRE: 418 EMAMELLED COPPER
3 # TURNS, RANDOM WOUND
fe—3 Jyr——] WINDING: 5
EORM—MADE OF 1/8" MASONITE SIDES, 1" WOODEN
DOWEL ROD, BRASS BOLT, 5/16" DIAMETER @Y 2 1/2"
LOMG, BEST MADE BY MOUNTING HAMD DRILL IN A
WISE, AND THEN PUTTING PROJECTING BOLT IN THE
CHUCK,
: CE=EF
= - ——- CAPACITOR VALUES:
- o e CAPACITANCE: 70, Apf
2
DETAILS—MAKE UP MOST OF THE TOTAL VALUE USING
ELECTROLYTIC CAPACITORS WIRED BACK-TO-BACK, FILL

ot o]

*FINISHED CAPACITOR AND INDUCTOR SHOULD BE MEASURED AND ADJUSTED TOQ SPECIFICATION,

OUT WITH SMALL NON-ELECTRGLYTICS TO FULL MALUE,

Fig. 6. Schematic and construction details of crossover network.
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the range 2004500 cps. The eontribu-
tion (in this frequency range) of the
heavier magnet and/or generally better
quality is difficult to evaluate.

3. Even with eoupling oecurring, the
3% 8 array is useful to only 50 eps, a
ficure attained by many smaller and sim-
pler systems, Perhaps a 4x6 array
would be moze efficient, buf in the main,
it appears as if many more than 24
high-quality 6-in. speakers would be
needed to realize response to 20 eps.

Therefore, it would seem that to build
& really good full-range multi-speaker
system the requirements are: 1. many
good speakers; 2. fest eguipment; 3.
large baffle volume (or a closet, between
room mounting and so on); 4. a good
tweeter. This is clearly an expensive,
bulky, time-consuming proposition, and
just isn't worth it! The polar response
of an even larger array should be very
poor.

The Multiple Array as a
Mid-Range Unit

It was noted above that the cloged-
back 3x8 array gave very smooth re-
sponse in the range 200-4500 cps. T di-
vided this baffle into two identical 3 x4
arrays (for stereo). To each was added
(but on a separate, heavily padded
board} one of the mew wide-dispersion
University T-202 “Sphericon” tweeters.
These combined units have been A-B
tested and compared with many fine hi-fi
systems here (encompassing small sealed
box, small ported box, reflex; and horn-
type systems). On program material
with severe transients (guitar, percus-
sion, jack-hammer, and such) the differ-
ence is quite marked. It is my contention
that the array can follow the true input
signal, in the midrenge, to a degree of
exactness not possible with a conven-
tional unit. Also, of course, the distor-
tion becomes much smaller by dividing
the signal among many speakers, a fact
already diseussed in earlier arficles.
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Let us then list the advantages that
the parallel-series multiple array in a
closed baffle offers as a mid-range unit,
especially for stereo: 1. excellent tran-
sient response; 2. very low distortion;
3. slim baffle, suitable for inconspicuocus
wall mounting; 4. broad sound source;
5. natural fall-off at high frequeneies,
making the addition of a fweeter very
simple; 6. natural fall-off (12 db/oec-
tave) helow 200 eps, eliminating the need
for a full erossover network associated
with the mid-range, thus preserving the
transient response, which might he com-
promised by an induector.

I have crossed over at 200 ¢ps into a
common-bass system, using a University
C15HC 15-in. high-compliance dual-
volee-coll woofer and half-section (12
db/octave) filters in front of the woofer.
Since the University tweeter comes in at
3000 eps, a 2-uf capacitor was added to
bring the high-frequeney ecrossover fo
the 3-db point of the midrange. There
are of course L-pads associated with
hoth the tweeter (built in) and mid-
range.

I therefore have a direct-radiator
speaker systemn from about 30 ¢ps on up,
and Lhe aetual measured response of this
ecomplete system outdoors was 3 db
from 21 to 22,400 cps. Of eonrse such
response can never be accomplished in
the average living room, but it is an im-
pressive system, both aurally and on pa-
per. Total cost of all speaker units and
erossover components, slightly under
$200.

I will freely admit, however, that if
one assigns value to the countless hours,
“blood, sweat, and tears,” and so on,
that went into the understanding of how
these things work, the system is price-
less.

Installation in a Music Wall

As indicated earlier, the mid-range
unif, by virtue of its slim eross-section,
is ideally snited for wall mounting. These
units were built into a “musiec wall” in
my home, as shown in the photograph.
The tweeter baffle boards are located di-
rectly below the mid-range speakers
along with the L-pad controls. The
tweeter boards are covered with 34-in.
Fiberglas. Between the two speaker units
is a decorative wall made up of acousti-
cal tile. The tiles are mounted in a saw-
tooth arrangement, and the space behind
is filled with Fiberglas. The television
sef, centrally mounted on a cantilevered
shelf, can be played through the system.
Sound was brought off the top of the
volume control and over to the preampli-
fler by means of two sub-ouncer high
fidelity impedance-matching transform-
ers. General details of the room are
shown in Fig. 4 and 5.

Although saw-tooth wall construetion
13 often msed in speecial sound chambers,
I suspect that in this application the ef-

22

fect is primarily decorative. However,
the tile and Fiberglas construction has
a significant effect on standing waves of
all but the lowest frequencies, and in the
region from 150 to 400 cps these waves
rapidly diminish in intensity. Above 500
eps the room is very “clean” though still
reasonably live, and the very high fre-
quencies come through with especially
good clarity. The side walls were delib-
erately left hard, with the idea that the
stereo sound can “wash” down these
walls and spread into the room, as indi-
eated in Fig. 4.
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IN EACH GROUP OF THREE SPEAKERS
{IN PARALLEL) DIFFERENT RESOMNAMT
FREQUENCIES WERE CHOSEM, AS IMN-
DICATED,

Fig. 7. Parallel-series wiring of array.

The mid-range units are isolated from
the building by virtue of being wedged
top and bottom into the alloted space on
foam-rubber pads (see detail of Fig. 1).
Since all speaker baffles and the wall he-
lween are covered with acoustical ma-
terial, most of the mid- or high-frequen-
cy sounds that are heard must emanate
from the speakers or the reflections from
the side walls, with essentially no reflec-
tions of the emanating wave from the
source wall.

The woofer is mounted in a 10-cubic-
foot baffle located under a half-closet on
the right side of the room. This box is
constructed of 34-in. plywood and heav-
ily braced. The entire interior is covered
with a glued-on layer of rug padding,
further covered with 3-in. of Fiberglas.
Because of the large volume, a 3 x 4-in.
port (duet length 34 in.) could be used.

. Half-section filters nsed with this woofer

were-constructed. using data drawn from

a book on crossovers by Tremaine.® Val-
nes for a 200-eps erossover looking into
an S-ohm impedance, construction de-
tails, and cireuit of the entire system are
shown in Fig. 6 and 7.

Mhe stereo effect is most rewarding.
The whole listening end of the room pro-
vides good stereo, and one cannot ever
locate sound as coming from one speaker
or the other. Rather, the total effect is
that of a large aunditorium, and as one
moves back and forth in the room the
feeling is that of moving from one side
to the other of the concerf hall.

T believe that this feeling of spacious-
ness and realism is due to three specific
things: 1. the arrangement of the listen-
ing room; 2. the broad source presented
by the mid-range units; and 3. the wide-
dispersion point-source tweeters,

A number of manufacturers now sell
this type of tweeter, and for lack of
coloration, wide frequeney response, ex-
cellent dispersion, reasonable power re-
guirement, and moderate cost they are
hard to beat. When used with the multi-
speaker mid-range unit an excellent
sound fransducer is achieved.

T should also like to recommend the
moderate efficiency long-throw woofer of
15-in, size, mounted in a properly de-
signed ducted enclosure, Novak” has dis-
cussed in detail the theory and prineiples
of operation of this kind of sysfem. A
number of manufactnrers market such
speakers, the University being especially
nice for stereo hecause of the dual voice
coil features.

Summary and Recommendations

Although not acceptable as a full-
range system, the multi-speaker array
makes an extremely fine reproducer of
the vifal mid-range fraquencies. Of spe-
cial inferest is the elimination of compli-
cated and expensive crossover nefworks.

For those who would contemplate
building such units, T would strongly
suggest that time be taken to measure
and match the speakers as outlined
above, before wiving in parallel-series. 1
realize that lack of test equipment and/
or know-how might make these tech-
nigues unavailable to many people. Al-
ternatively, I would suggest buying dif-
ferent speaker brands, and assembling
these while trusting to luek.

Ifor those people who may have huilt
multi-speaker systems and are unhappy
with them, I would of course recommend
breaking them down into mid-range
units, and adding a good woofer and
tweeter. I believe the results are well
worth the effort. E
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A 125.5-db 1-Megacycle
Audio Attenuator

WEAVER DODGE*

Utilizing completely independent pi sections, this 125.5-db 600-
ohm attenuator costs 1/3 to 1/6 the price of a commercial unit.

EW PIECES OF TEST EQUIPMENT are
F easier to build and none more useful

than our old friend, the attenuator.
Unfortunately, few home experimenters
have them, due in part to the lack of any
kit company marketing one and the for-
biddingly high price of commercially
available ones. This is really a shame since
the amateur seldom has at his disposal
test equipment with truly linear ampli-
tude response. Response measnred as
3 db down on a home scope may be only

* IV14E Glen Keith Blud., Baltimore 18,
Md.

approximately corrveet depending on how
much of the sereen face is used. When
equalization curves are checked the re-
sults can be very inaccurate since utili-
zation of quite a large portion of the
sereen face is necessary. Kit VIVMs
are scarcely better as can be appreciated
when one has an attenuator to check
them out.

To overcome this limitation the author
has built a 125.5-db 600-ohm attenuator
for the purpose of calibrating test equip-
ment and checking equalization aceuracy,
amplifier capabilities, and the like. The
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Fig. 2. Schematic

representation of pi section and switch plus

attenuator can also provide an accurately
confrolled and preecise signal of suffi-
ciently small amplitude to feed into low-
level input stages to measure input noise
and hum. This is the only way you will
ever know for sure whether your hiss
is 1 or 100 mierovolts.

Tror eonstruction, 10 toggle switehes
were used, one for each attenunation step.
As shown in Fig. 1, all ten ave laid in a
line on a 3% by 19 inch rack panel. This
construction provides minimum capaei-
tance between sections and hence maxi-
mum accuracy at higher frequencies.
Actually, when loaded with 600 ohms on
both ends, the nneompensated response
rises only slightly at 1 megacycle with all
switches thrown. For this reason very
little frequency compensation is used
since little is necessary. Compensation
consists of one 150-pf capacitor placed
across each 40-db pad, This capacitor
was chosen more or less empirieally with
hoth 40-db switches thrown and a scope
of 20-pf input impedance connected to
the attenuator output. This capacitor
acts as a voltage divider and tends to
lower the response as much as stray
capacitance raises it. No compensation
is needed on the other db pads since the
series vesistors are smaller and swamp
out eapacitive effeets. The switehes are
wired as shown in Fig. 2. The basie
building bloek is the pi section, and the
series and ftwo shunt resistors are so
wired that they are bypassed when the
switech is off and properly grounded
when the switeh is thrown the other way.

The complete attenunator, then, would
look like Fig. 8 if every switch were
thrown. The only serions diffieulty to be

{Continned on page 64)
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Fig. 3. Schematic of 125.5-db attenuator.
AUDIO e DECEMBER, 1962 23


www.americanradiohistory.com

Leakage Inductance—

A Useful Circuit Component

NORMAN H. CROWHURST*

The leakage inductance of audio transformers are useful in filter circuits, stereo output frans-
former combined with a crossover network, and improving transformer-to-speaker matching.

HERE SHEEM TO BE two reasons why
leakage inductance is not utilized very
much more than it is for audio work:
1. It’s a subjeet about which there 1=
mueh misunderstanding; 2. its utiliza-
tion involves a rather specialized oecu-
pation, performed mostly by people with
little interest in exploring such avenues,
transformer manufacture, The fact re-
mains that, for a variety of applications,
it has unique advantages, making it well
worth giving consideration. In varying
combinations; use of leakage inductance
can improve efficiency, reduce infer-
action, give better performance, cut cost,
reduce size, and simplify production.
The usual coneept of leakage induet-
anege is derived from mutual induetance.
If two coils are wound on the same core,
they will each have an inductance, which
we may designate by L, and L,, propor-
tional to their respective numbers of
turns squared. They will also possess a
mutual indnetance which, using the same
proportionality, would be a funetion of
the turns product, in theory multiplied
by a constant &, which iz very nearly
equal to unity—of the order of 0.999.
As the three quantities, L, L, and M
{(mutual inductance) are each funetions
of the non-linear magnetizing character-
istic of the core material, which causes
their value to vary by several orders of
magnitnde greater than the difference

* Gold Beach, Oregon.

of this theoretical & from unity, & is
usnally assumed to be unity in such a
component. However, it never is unity,
and iis difference from unity makes itself
known in the form of leakage induct-
anee,

Because k is 50 close to unity, it seems
inevitable that it must be very close to a
constant value, even though quaniities
L, L, and M deviate quite widely due
to core nonlinearity. Therefore, aceord-
ing to a sort of mathematieal logic, one
would expeet (I- k), which is a factor
of leakage inductanee according to this
coneept and definition, to have a similar
deviation, or lack of it. What gets over-
looked is the possibility, which turns out
to be a fact, that leakage induetance can
he extremely close to constant, while I,
Lo, 3L, and (1 — 1) are having the wildest
deviations!

To see why this is, take a look at the
physical basis for the quantities, shown
i Fig. 1. At (A) observe that the mag-
netic flux (dashed lines stays in the core
material and encloses both windings. It
i this flux that is a non-linear funetion
of magnetizing current in the primary.
Until some eurrent is drawn from the
socondary winding, there is no leakage
flux, and the e.m.f. generated in the two
windings is strictly proportional to their
respective turns, even to the nonlinearity
of waveform.

When current is drawn from the see-
ondary, a balaneing eurrent flows in the

WINDINGS PRIMARY

PRIMARY

SECONDAKY SECOMNDARY
R \
|r___\_)-_—\| (‘ l:?f/—_‘ -\l
i Hm &
=Ll E—re—r
CORE

T

HHH
T
T

{#) (B}

)

Fig. 1. The basic difference between

main magnetic flux (A),

and leakage flux (B)

and (C).
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LEAKAGE FLUX
AND POTEMTIAL
| DISTRIBUTION

EEEEE

Fig. 2. The geometry of leckage flux
through the windows (see textl.

PRIMARY SECONDARY

{A)

PRIMARY

SECOMDARY

(8)

Fig. 3. Two simple ways of arranging

windings in standord window shape

makes leakage inductance change in
ratio 9:1,

by
i

§0

(A}

(B)

Fig. 4. Twe arrangements for combina-
tion of tight and loose coupling between
different windings (see text).
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What should a good turntable do? Easy 1o put inte words...move the recoril at the exact specified speed, without variation, and without inducing distor.
tion. Hert.s how the Empire Troubador turntable achieves that goul: * l:.mp:n, 208 beli-driven 3-speed “silent™ turntable ® There are only two moving
paris in the 208, the motor and the turntahle plulter—-prcmsc bearing tolerances in those parts ® Each motor and cach 1urntable are mdn:dually adjusted
to perfect d)n:muc balance ®* Complete rumble isolation is provided by the motor suspension, flexibie belt drive and the resilient nylon “seat' which sup-
ports and cushions the thrust of the main bearing ® A case-hardened, lapped steel shaft fits precisely into the bearing well (hened to a micro finish)—
a hardened steel polished ball on the underside of the shaft rests an the nylon seat in the Empire 208 ® Total vibration limited to less than 1/1,000,000t1
of an inch * 3 speeds, 3314, 45, 78 rpm *® Constant speed, heavy duty hysteresissynchronous motor operates independent of variations in current fluctua.
tion * Continnous flexible belt—perfectly ground to constant thickness 2 0001 inch, conples lurntable directly to the motor pnlley—no intermediale
idlers ® Acoustic isolation motor suspension ® Fine speed comirol ® Push button power control with on-off light ¢ Optimum distribution of turniable
mass; 6 pound heavy machined aluminum, individually balanced to precise concentrivity ® Machined heavy aluminum base plate * Safety suspension
rubber mat ® Retractable 45 rpm adepter * Rumble better than —65 db * Wow and flutter less than 055 * Satin-chrome or satin-gold finish turn.
table, 110, (slightly higher west of the Rockies) ® Handsome walnul base for 208 turntable, §15. ®* The *American Record Guide™ (Larry Zide
column) zays of the Empire Troubador wrntable: *I found speed variations —that is, flutter and wow—1o be inaudible...vibralion was extremely low
..tumble figures have not been hettered by any turntable I have tested...the heavy turniable is driven via a belt by a synchronous motor, thus assuring
the user of constant speed, regardless of minor line variations...just as a lire is smoolked at high rpm, so the turntable's vibration is reduced and kept low
by carefully balancing it...it is attention to this and & number of similar features that make the 208 the value it is” * Don Hambly, stalion manager of
KRE AM/FM, Berkeley, Calif. said; “We have long realized that belt driven tables would he the best to use, but had not been impressed with those on the
market...the Empire wbles, however, have all the hasic requirements of design and simplicity of operation and maimenance that we bave sought”
* “Andio” magazine’s “Equipment Profile” of the 208 said: *“A massive turntable with precise pecformance...individually balanced...the trath of the
latter may he observed by lifting the platter up and away from the mounting plate and turning it ever...notice the holes drilled to balance the platter in
# procedure similar to the way automobile tires are balunced...the turntable platter rides on a ball bearing at the end of un accurately honed 7/16” diameter
shaft...the shaft-rides in dn equally aceurate well, while the ball bearing rides on a nylon thrust bearing...a spiral oil groove is eut into the shaft o
ensure lubrication of the bearing surfaces...the motor is mounted to the plate by means of three soft rubber shock-mounts which prevent the vibration of
the motor from being transmitted to the platter...thus, hecause of the compliant drive belt, the motor is completely jsolated from the record-bearing
clemenis...the entire turntable system is acoustically isolated by means of ball-shaped soft rubber feet...we tried to induce acoustic feedback by placing
the turntable on tep of our large speaker system and turning up the gain: we were unsuecessful ... total rumble measured better than —62 db, and wow and
flutter were less than 0.1% rms, quite accurate” * (Still with us? Empire’s advertising agency said people wouldn’t read this much copy...the company
felt that the seriovs music lover would) * “High Fidelity” magazine said of the 208: “Bold appearance which suggesis massive and reliable construction—
un impression which is quite borne oul by ils performance tests...the various picees of the turntable are l'drb[llI])" machined aluminum castings, thick
enough to provide extreme rigidity...finely machined shaft...wow and flutter, with the ‘Troubador’, were completely undetectable by ear...rumble
also was completely inandilile, even at high listening levels...the hum field above 1he platter was completely negligible...sturting torque was good...
speed accuracy very good™ ® What should a goed arm do? 1t should held the cartridge in place as the stylus follows the record in the groove...without
detructing from the performance of the caricidge ® Here's how the Empire 980 Arm achieves this objective; * Better dynamic balance achieved by
lovaling the pivet points at the precise center of the arm’s mass — equal mass on both sides of axis. Once in balance in one plane it is balanced in all planes.
This permits the 980 arm to track at lowest levels, gives it its rock.like stability that will allow perfect tracking at any angle — even upside down * Lowest
inertia achieved by eritically calenlated distribution of arm mass ¢ Maximum eomplinnce means it vields to the slightest impnlse, responds and moves effort.
lessly, even with a tilted table, a badly warped record, or with the turntable turning upside down. There's no need 1o level your turntable. The only problen:
you wonld have in playing this arm with the tarntable upside down would be keeping the record up there * Free suspension — Incredible responsiveness
would be another way of saying thiz same thing * Precision ball bearing suspensions —both the vertical and lateral pivet bearings of the 980 are suspended
in precision steel-ball races, precision manufuciured to instrument telerances .. . vertical and lateral friction are both virtvally unmeasurable, permitting
high compliznce and minimum hysteresis ® Lowest fundamental resonance frequency: 8 eps (the lowest ever achieved in any arm), achieved by increasing
the rigidity of the arm structure through weight distribution, and by making the cartridge shell an inegral part of the arm * 5 wire circait eliminates
ground loops, henee eliminates the hum that ground loops induce * Easy plug-in installation...no wiring or soldering necessary ® Self-latching arm
rest...a slight push downward on the arm wube latches the grm in position ® (Yeu're making our advertising agency look silly by reading this far—
score yourself a faicly serious mnsic lover} @ Precise stylus foree adjustment ... calibrated knob dials any stylus foree from 0 to § grams with an accuracy
of 0.1 gram. The application of siylus force does not upset the delicate hulance of this arm, hecanse stylus force is not adjusied by moving a counterweight
{1thus shifting the center of mass). Rather, o linear-torque coil spring acts directly an the pivot shall a1 the center of the arm’s mass * Arm offset angle:
23.8° * Satin chrome or salin gold finish, §30. * Lowest tracking force possible, hecaunsze of exireme complisnce and low inertia * Counterweight zero
Lalance adjustment for any ecartridge from 2.25 grams * Maximum tracking error = 650" * No acoustic feedback * Exael cariridge positioning,
quick-release hracket-mount secures cartridge to arm shell. Stylus is aligned with fronl edge of cariridge mounting plate for exact overhang dimension,
* Dyna Lift (Patent Pending) lifts arm from record at play out * “High Fidelity™ magazine’s equipment report said: *The spring-loaded 12.inch 980
Arm moves exceptionally freely ahout its pivel points, indicating very well-made bearings™ ® “American Record Guide” (Larry Zide celumn} said: “One
of the best available. .. substantiul rednction in vertical mass...a cartridge of any dimensions can be aligned in the head for minimum tracking error...
calibralion is extremels rate...Dyna Lift most useful.., lateral and vertical friction is exceptionally low...exceplionally stable...steady even with
shak ﬂoors..." * “Audio” magazines equipment prorlc said: “Much thicker walled tubing in the arm to reduce the fundamental rezonant frequency,
which is now below the lower limit of our test record™ * (This settles it, onee again the client knows better 1han the agency —score yourself a dedicated
music-loving audiophile for reading this fur) ®* What sheuld a good cartridge do? This, the most complicated componenl in a record playback system, has 2
job to do that can be stated with 2 simplicity that belies the complexity of |accomplishing it. 1t should translate mechanical energy into electrical energy
without introducing distortion. And for maximum life of the stylus and your records (not 1o mention reduced distortion) it should perform this function at
as slight a stylus foree as possible ® Here's how the Empire 880p cariridge achieves these objectives: ® Lowest dynamic mass, less than 5 x 10—3 grams
* Highest compliance, 30 x 10— em/idyne. .. Lower dynamic mass and higher compliance than any other cariridge made—eliminates distortion and makes
possible many of the cartridge’s other accomplishments * Performance runge 6 10 30,000 cps, well beyond the range of human hearing ® Channel sepaca.
tion more than 30 db — grealer separation than any other cartridge means greater enjoyment of stercophoenic sound ® Tracking force as low as % gram—
lowest in the industry —at such low tracking force, the 880p not only eliminales record wear, bot alse eliminates distortion * Longest possible cariridge life
insured by lightness of stylus and the low dynamic mass of the magnetic element. It's the last cartridge you're cver likely to buy ® The amazing “Dyna-
Life™ Stylus (Patent Pending) —ultra-sophisticated hand-polizhed .6 mil dismonid — world’s lightest * Complete freedom from hum pickup: the Empire
88Up incorporates a camplete mu-metal shield to prevent stray hum in the caricidge ® Fully compatible for stereo or mono ® “Moving Magnet” principle
... the superiority of this type of design lies in the extremely light and flexible stylus assembly it permits, in the unusvally :mooth frequency response and
the high eleetrical output of the cartridge * Balanced b output, 10 millivolis per channel == 3 db, ete. ® Perfectly translates and responds 1o the in-
tricate movements of the record groove * Stylus inertia approaches the irreducible minimum ® Smooth, wide response ® [nspected at each phase of ils
manufacture ® Faithfully responds, instantly, effortlessly, favoring neither one wall nor the other ® Empire 880p, $47.50 * Nuural performance * The
Empire 880p is so new, the coum hi fi magazines have not had an apportunity to test and publish their opinions...in the meantime, here’s what a happy
new owner of the 880p wrote us recently : *Most musicul, noise non-existentt, the sound is transparent, spacious, airy, exceptionally musical, vielins sound like
violins not cellos or steel wires, in a class by itself” ®* The Empire 880p is the cartridge that renders every other cariridge on the market today obsolete * 1f
you've read this far you are by all means amusic lover most seriously interested in lighest quality recerd playback eguipment. Above you have read a “few”
of the reasons why we believe the Empire Troubador is for you. You've got the facts about the Empire 208 turntable, the Empire 980 Arm, and the Empire
380p Cartridge. But what about the integration of these three compenents? What about the system az a whole? ¢ Every Empire component was designed
and built for maximum integration with the Troubador systen:...no other manufacturer makes all three. You will never have a “matching™ problem when
vou purchase all tliree Empire components ® “High Fidelity” magazine said: “A precision-engincered product of the highest quality...in sum, the paris
of the ‘Troubador’ — taken scpuralnly —stand up as first-rate audio components. Taken together, they form one of the finest and handsomest record players
available™ ® “Audie™ magazine said; “Precise in appearance and performance...as a system, the ‘Troubador’ Model 398 iz not inexpensive [$222.50 in-
cluding base], but it just rm:ﬂlrms something we all know: higher quality means higher costs. The Model 398 is an excellent buy for those who want the
quality” ® To you determined readers we can only say that we rest our case. (sigh...now you don’t have to wrile for our brochure...you’ve just read it),

Here are a few of the reasons why the EMPIRE TROUBADOR
is called the “World’s Most Perfect Record Playback System”

EEMPIRE

SLIENTIFIC CORP - A4S STOWANT Aui « CARDEN CITY L1 NY

EXPORT: CANADA. Emgore Scienlilic Corg., Lid, Teronto, Canaga o EXPORT EXCEPT CANADA EMEC, Ptawwiew, L I N 1
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Fig. 5. Electrical derivation of the filter that was an early subject for experimentation
in the use of leakage inductance.

primary, to maintain substantially the
same mmain magnetic flux. It is the com-
bined effect of these eurrents that pro-
duces the leakage flux, whose path takes
the form shown at (B) or (C) of Fig. 1.
Note that, where the main flux makes a
loop round both ccils entirely in the core,
the leakage flux merely uses the core as
& return path. Actually, the part of the
c¢oils not enclosed by the core (out in the
air) also have just as much leakage flux
passing between them. And whether in
air or through the core, the return path
hag an infinitesimal part of the magnetic
reluetance of that between the eoils.
Compare the path between the coils
with the magnetic air gap in a choke coil.
A relatively small air gap can linearize
the magnefizing characteristic consid-
erably. The air gap dimensions are very
short along the direction of the flux,
and of area equal to the core itself,
across the flux path. But the leakage flux
path is many times the length of an air
gap, at least an order of magnitude,
while its area is very constrained in com-
parisen. So the effect of the magnetic

core as a return path ean be ignored.
Even the return path in air has negligi-
ble reluetance, compared to that hetween
the coils,

In fact leakage inductance, as a cirenit
component, ¢an be considered as linear
as that of an air-cored coil. But its cper-
ating Q can be an order of magnitude
greater than that of an air-cored coil of
comparable size, and it has essentially
no external field.

Leakage inductance is proportional to
the leakage flux and to the number of
turns in which this flux induces a volt-
age. At first viewing the leakage flux as
being enfirely concentrated in the very
minnte gap between the primary and
secondary windings (usually only the
thickness of a piece of insulating paper),
the area occupied by the flux is this
thickness multiplied by the length of the
insulation as a wrap around the core.
The length of the flux path increases its
reluetance and thus reduces flux. This
is the length of the interwinding space
as shown on (B) or (C) of Fig. 1.

Note that the leakage inductance of
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Fig. 6. Physical arrangement of the leakoge inductance version of the filter of Fig. 5.
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arrangement (B) is several times that of
arrangement (C) in Fig. 1.

Leakage flux is not entirely restricted
to the interwinding space, as illustrated
by Fig. 2. Starting at the left hand edge,
outside of both windings, there is no
leakage flux, and thus no voltage induc-
tion. As we progress through the pri-
mary (left hand) winding, we accumnu-
late ampere turns of leakage magnetiz-
ing current, which reach a maximum at
the interwinding space. As we progress
through the secondary winding the mag-
netizing current ampere turns taper off
linearly again, until at the far side we
again reach zero.

Leakage flux density through the wind-
ings is proportional to the magnetizing
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Fig. 7. Derivation of simple high-pass
filter using leakage inductance.

current ampere turns inducing if. And
the voltage the flux induces is propor-
tional fo the number of furns linked by
each elemenf of flux. This again is pro-
portional to the distance from either out-
side of the windings. Integrating the
effect of this flux distribution and its
induced voltage, it is equivalent to & uni-
form flux equal to the denmsity in the
interwinding space, of one third the
thickness of the windings, and linking
all the turns.

So leakage inductance contains a fae-
tor consisting of the interwinding space
plos one third of the total thickness of
the two windings. Sectionalizing the
windings by mixing, using the optimum
distribution, redunees leakage inductance
in proportion to the square of the effec-
tive number of se¢tions.? Such techniques
are used to minimize or optimize leakage
inductance effects in normal transformer
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The World's Best FM/Multiplex Tuner?

Fifteen hours. That’s all it takes to build the world’s best
FM/Multiplex tuner.

Citation has the “spees” to back the claim but numbers alone
can’t tell the story. On its real measure, the way it sounds,
Citation III is unsurpassed. And with good reason.

After years of intensive listening tests, Stew Hegeman, director
of engineering of the Citation Kit Division, discovered that the
performance of any instrument in the audible range is strongly
influenced by its response in the non-audible range. Consistent
with this basic design philosophy — the Citation III has a
frequency response three octaves above and below the normal
range of hearing. The result: unmeasurable distortion and the
incomparable “Citation Sound.”

The gualities that make Citation 11T the world’s best FM tuner
also make it the world’s best FM /Multiplex tuner. The multiplex
section has been engineered to provide wideband response, ex-
ceptional sensitivity and absolute oscillator stability. It mounts
right on the chassis and the front panel accommodates the
adapter controls.

‘What makes Citation IIT even rore remarkable is that it can
be built in 15 hours without reliance upon external equipment,

To meet the special requirements of Citation III, 2 new FM
cartridge was developed which embodies every critical tuner
element in one compact unit. It is completely assembled at the
factory, totally shielded and perfectly aligned. With the cart-
ridge as a standard and the two D'Arsonval tuning meters, the

Build the Very Best CITATION KITS by m kardon

problem of IF alignment and oscillator adjustment are eliminated,
Citation III is the only kit to employ military-type construc-
tion. Rigid terminal boards are provided for mounting compo-
nents. Once mounted, components are suspended tightly between
turret lugs. Lead length is sharply defined. Overall stability of
the instrument is thus assured. Other special aids include pack-
aging of small hardware in separate plastic envelopes and
mounting of resistors and condensers on special component cards.
For complete information on all Citation kits, including re-
prints of independent laboratory test reports, write Dept. A-12,
Citation Kit Division, Harman-Kardon, Inc., Plainview, N. Y,
The Citation III FM tuner—kit, $149.95; wirea. $229.95. The
Citation HI MA multiplex adapter—factory udred omly, $79.95.
The Citation III X integrated mulliplex tuner — kit, $219.95,
factory wired, $299.95. All prices slightly bigher n the Wast,

The
Citation
I
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design. But here we are concerned with
other ways of using leakage induetance.

Take a winding window whose dimen-
sions are in a ratio of 3:1, which is typi-
cal of many transformer laminafions.
Division of the winding space as shown
at (A) of Fig. 3 results in 9 times the
leakage inductance of the arrangement
of (B), using the same turns, and assum-
ing the interwinding space is the same
proportion of the total space in each
case.

If we set out to divide winding space
20 as to give different leakage induet-
ances between different pairs of wind-
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Fig. 8. Leakage inductance version of 12
db/octave crossover.

COMMOR
CORE

WINDINGS FOR
RIGHT CHAMMEL

WINDINGS FOR
LEFT CHAMMEL

Fig. 9. Early idea for economy stereo
ouiput transformer.

ings, consider Fig. 4. At (A) we have
three simple windings. The leakage in-
ductance between windings 1 and 2 is
half that of a pair fo windings whose
total outline is square. The leakage in-
ductance between windings 1 and 2 re-
garded as coupled together, and 3 is
three times that of a pair of windings
whose tofal oufline is a square. So, re-
ferred to any specific number of turns
in an individual winding, the leakage in-
ductance between the combined 1 and 2
and winding 3 is 6 times that between
windings 1 and 2 themeselves,

Now we intermix windings 1 and 2, as
at (B) of Fig. 4. Note that in each of the
arrangements, all three windings occupy
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put and crossover transformer.

RIGHT MAIN
WINDING S

Fig. 10. A practical combined stereo out-

LEFT MAlN

/ WINDINGS

PRIMARY
THIRE

~ SECOMNDARY HNINDING

equal cross section, which is someiimes
a condition for maximum efficiency. With
the intermixed arrangement, the leakage
inductance is one-eighth of that between
two simple (not intermixed) windings
whose tofal outline is a square. So the
ratio between the leakage induetances,
referred to the same number of turns, is
now 24:1. Almost any desired ratio ean
be figured by selection of appropriate
zeometry of the coil space.

Note also that the leakage inductance
given by the higher figure is effectively
that between either winding 1 or 2 and
winding 3, due to the different arrange-
ment, apart from the tighter coupling
effected between 1 and 2, beeause of the
distribution of the windings vertieally
(on the page). In the arrangement at
{(A), the disposition of either 1 or 2 rela-
tive Lo 3 has vertieal asymmetry, so in
addition to the leakage inductance due
to flux paths running vertically, there
will be a component due to some hori-
zontal component of flux, This is negligi-
ble at (B) due to symmetry,

Filter Design

An early application of leakage in-
ductance to filter design chose the m-
derived cirenit shown at Fig. 5. The fop
schematie shows the basic sections and

the bottom one combines adjoining ele-
menis in adjacent sections into single
induetance values, a practice followed
in electrical filter design. This project?
merely converted the same low-pass filter
into leakage elements, and the physical
form of the windings is shown at Fig. 6.

The ratio between L, and L, in the
prototype is 0.3:0.267. So the total
space marked L, and L, (note that the
middle winding is part of each) in Fig.
6 has to conform to this ratio. If the
number of turns on the left winding is
such that L, is correet for a filler to
mateh a 500-ohm circuit, this will be the
input impedance of the filter. If we as-
sume the interspaces are each one-twen-
tieth of the total space, and the center
winding is 0.3 of if, then solving for the
remaining spaces gives the left as 0.344
and the right as 0.256, to give the correcl
inductance ratio.

The extreme right winding uses a
number of turns sueh that ¢, can use a
convenient eapacitor value and refer the
correct ¢ffective capacifance (by simple
transformer aetion} into the eireuit.

The middle winding uses any con-
venient number of turns to fill the space,
because it merely has to couple to the
bottom assembly left winding, whose
turns can be selected to suit.
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SPECIAL PRE-PUBLICATION OFFER!
SAVE 95¢ = Ready Decemibey 15t

Pay only $3 for this new volume published
at $3.95. . . we pay the postage*!

The SIXTH AUDIO ANTHOL-
OGY includes articles on two most
significant milestones in the field
of high fidelity: FM STEREO and
TRANSISTORS IN AUDIO
EQUIPMENT.® The FM STER-
EQO articles which appeared in
Aupio — the original magazine
about high fidelity — were written
by the men who actually worked
on the system approved by the
FCC. The articles pertaining to
TRANSISTORS IN AUDIO AP-
PLICATIONS cover interesting
aspects of designing with the semi-
conductor. MAs in previous edi-
tions of the AUDIO ANTHOL-
OGY, the SIXTH is a compilation
of important articles which ap-
peared in AubIio over a period of

ANTHOLOGY-RADIO MAGAZINES, INC.
about two years. And, all of the B EDE e
articles were written by knowl- MINEOLA, NEW YORK

edgeable and experienced authori-
ties in the field. EThe SIXTH

. Please send

Enclosed is my remittance for $

me the items checked below:
AUDIO ANTHOLOGY 1is a 0 copies of the 6th AUDIO ANTHOLOGY @ $3
meaningful reference for everyone POSTPAID*.
in the diverse fields of audio engi- [ copies of the 5th and 6th AUDIO ANTHOLOGY
: : . at the special combination price of $5.50
neering, recording, broadcasting, o e
manufacturing and servicing of e
components and equipment, and
for the audio fans who made this NAME
business of high fidelity what it is
today. ADDRESS
Save another $1 by ordering the 5th
SAVE MORE! Aubio ANTHOLOGY at the same time. W city ZONE
Both the 5th and 6th sent postpaid* at the special low price of
$5.50 . . . regular price of both js $7.45!

STATE

A GOOD IDEA' Tk£ Alulu} Anﬂu}‘&}% m/akﬁ I #POSTPAID anywhere in the U.S.A. Add 25¢ per hook

for foreign orders. This offer expires December 31, 1962.

o swell Gilt... Lor Ximas on any occosion.
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In the bottom assembly, using the
same technigue, the proportions of total
space work out te, 0.506:0.25:0:144,
with 0.05 interwinding spaces. This gives
the correet induetance ratio hetween L,
and L,

As these two assemblies oceupy similar
spaces, actual inductance values must he
matehed by the ratio bhetween the furns
in the coupled windings, the middle top
and bottom left. Based on the space
ratios and inductance ratios (I, and
Ly;) the turns in the bottom left winding
have to be the square root of 2.08 times
those in the top middle, or 1.44 times.

This method is pursued through the
design, so each inductance due to leak-
age 1s cerrectly referred, both by space
ratio and turns reference to adjoining
assemblies. If desired the output wind-
ing can again mafeh 500 ohms, or it
could equally well be designed to a high-
impedance grid, without changing any-
thing else, The windings to which capaci-
tors are connected have numbers of turns
that transform the actual capacitance
used to that needed in the cireunit.

By selecting a very compaet capacitor
from the available range, they may all
have the same value, making a conven-
iently small package, fixed-frequency
filter. Another design was developed,
using a four-seetion tuning capacitor
with solid dielectrie, thus resulting in an
extremely compact variable-frequency
low-pass m-derived filter. Rejection at
the points of “infinite attenuation” in
the theoretical design was measured at
better than 40 db, and the total volume
of the filter approximated a 3-in. cube,
to cover a cutoff range from 4000-
15,000 eps.

Leakage inductance appears to be par-
ticularly adaptable to low-pass filter de-
sign in this way. The method for high
pass was not immediately obvions. Note
that & convenient feature of the low-pass
type is one not obtained from its electri-
cal prototype: eleetrical isolation be-
tween input and output cireuits, like a
transformer,

Figure 7 shows the development of the
high-pass type. In the basic form shown
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here, it reverses the situation just ob-
served for the low-pass. The electrical
profotype gives d.c. isolation between
input and output—the leakage induct-
ance form does not. The operation of a
leakage induetanee high-pass filter ean
best be understood by considering the
high-frequeney oufput as bheing as a
winding null in normal transformer ac-
tion, and only getting output due fo the
presence of leakage inductance and other
elements (the capacitor in this case) that
invalidate simple transformer action.

With the exeeption that there is a low-
frequency limit to the pass range, set by
the operation of the filter cores as trans-
formers, this high-pass flter works just
as well as iits eleetrical prototype. A
simple {wo-winding arrangement, as at
Fig. 7, ean provide both low-frequency
and high-frequency outputs, equivalent
to a 6 db/octave crossover and in fact
formed the basis of such & design.® In
this case, each simple winding actnally
constituted a tightly coupled winding
assembly, with multiple ratio tappings,
to provide an extremely versatile ex-
perimental tool, capable of giving four
different crossover frequencies, and as
many push-pull input impedances and
independent low-frequency and high-
frequeney load impedances. With this
transformer it is possible to nse a 15-
ohm woofer with & 4-ohm tweeter, both
correctly matched~—or any other combi-
nation.

The basie arrangement for a 12 db/-
octave filter is shown at Fig. 8. This is
completely symmetrical, to give two
identical leskage inductances, one used
in the low-pass and one in the high-pass
action. Separate capacitors are needed
in this case.

Stereo Output Transformer

‘When stereo began as an experimental
production entity, the possibility shown
in Fig. 9 was suggested.* Its intention
was for use in an inexpensive dual chan-
nel amplifier, where the d.c. magnetiza-
tion of two single-ended output stages
could ecancel, push-pull fashion, and
there would be loss of separation at the

lower end of the range. To the best of
our knowledge, this arrangement has not
been used in this form.

However it led to the development of
an improved version, shown in Fig. 10.
This achieves a number of advantages.®
As in the simple form of Fig. 9, the
longer limbs carry a transformer each
for left and right ontpuf, which can be
single-ended just the same. But the end
winding provides common low-frequency
output, and uses a single shunt capaeitor
to complete the low-pass action in the
feed to this unif. However adding this
capacitor buys more than simple eross-
over aetion: it improves separation in
the region immediately above crossover,
as shown at Fig. 11.

Curve (B) represents the separation
obtainable with the simple two-winding
assembly of Fig. 9. With the third wind-
ing and its associated capacifor, curve
(A) represenis each output response to
its own winding and ewve (E) repre-
sents the response into the low-pass out-
put. Curve (C) represents the output
into left and right ontputs when differ-
ential turns from winding at the end are
eonneeted in series with the main second-
ary windings, while curve (D) shows the
separation resulting in these outputs,
due to a difference component (which
starts as a sum, bat is phase inverted in
the third winding) from this combina-
tion. The shading shows the improved
separation between left and right result-
ing from combined use of leakage induet-
ance for crossover and left-and-right
separation.

Amplifier-fo-Loudspeaker Matching

The final audio use of leakage induct-
ance we shall discuss here helps solve
an old problem in an extremely simple
way: amplifier to loudspeaker matehing.
Fig. 12 shows the pertinent points of the
problem, as well as illustrating how this
method solves if.

Curve (A) is the impedance curve of a
typieal dynamie londspeaker. Fled from a
true constant-current amplifier, this wounld
also be the power available curve, But
if a pentode is matched to the 600-cps
value of impedance, the available power
looks like curve (B), although the fre-
quency response (measured as output
voltage) may appear as eurve (A). Using
feedback may improve the frequency re-
sponse, but it still leaves the available
power as at curve (B). Using an im-
pedance-matched transfer, where the
source impedance is equal to a mid value
of loudspeaker impedsance, results in a
frequency response, in terms of ontput
power (not available power) of the form
at eurve (C), which is nearest to flat,
but has a fractional damping factor and
thus peor {ransient response. Also the
available power response is still that of
curve (B)—which is common for almost

(Continued on page 58)
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Who builds a tape recorder so perfect they guarantee it for a full year?

The finest home tape recorder on the market today is
the Ampex Fine Line 1200. No wonder: It's a product
of the engineering skills and magnetic recording tech-
nology that produce the standard-setting recorders of
the entire audio industry. So superior are
the materials used, so pracise the engineering
in the Fine Line 1200, that Ampex extends its
warranty to a rfull yvear. Now your new Ampex
recorder is protected by the new “Four Star”

AUDIO e DECEMBER, 1962

AMPEX

One-Year Warranty: Ampex will replace or repair any
defective part for a full year. Ask your dealer o demon-
strate the Fine Line 1200. And while you're there, pick
up a free copy of the Ampex booklet, “How to Tape It in

Stereo.” Or write the only company providing

S

St., Redwood City, Czalifornia. Sales
and service throughout the world.

WWW amerncarradioRietery. com

recorders, tapes and memory devices for every
application: Ampex Corporation, 934 Charter

| AMPEX ]
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{Note: To facilitate a prompf reply,
please  enclose a stamped, solf-ad-
dressed envelope with your question.)

Low-Frequency Mystery Solved?

In the January 1962 issue a reader
raised a question about a “strange low-
frequency sound,” which appeared to be
due to the oscillator. Several other readers
have taken the trouble to give their views
as to the cure of the trouble. J. H. Grob-
belaar of 52 Chamberlain Road, East Lon-
don, South Afrieca, has written the follow-
ing:

“I recently investigated this low-fre-
quency noise on a friend’s recorder, and
managed to cure it in the following man-
ner: Most oscillators used for erase and
bias have grid-leak bias on the grid, See
the accompanying diagram of an oscilla-
tor (Fig. 1), The signal on the grid is
large, and the grid is driven positive. The
capacitor € charges, and the grid is biased
negatively. If the grid current in this par-
ticular oscillator is too large, it may cause
the grid to be driven so far negative as to
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sfop the action of the valve for a very short
time. This is what appears as a ‘plop’ on
the tape. If a resistor of great enough
value ig placed in series with the grid, it
will limit the grid current, The charge on
the grid-coupling ecapacitor is decreased
and so is the bias on the grid. If E, in the
diagram is large enough, the plopping
should stop. I have solved the problem by
replacing &, (which had a value of 1000
ohms) with a 2200-ohin resistor. The owner
of the reecorder has noft complained since.
I hope that this hint may help some ex-
perimenters to get rid of this annoying
noise by trying different values for R,.”

Taping Old Phono Records

Q. I am trying to tape a collection of
classical 78's recorded by celobritics of the
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tast three decades, but unfortunately I can-
ot eliminate the excessive serateh and hiss,
although I have iried everything lo my
Lnowledge. Slightly better results are ob-
tained when I tape ihe records with one
maching and copy this tape with a second
machine. I have my audio preamp set to 78
equalization and the treble filler in the
H000-cps posttion when I copy the records.
Your advice will be appreciated.

A. First, let me give a probable reason
why you eliminate at least a slight amount
of noise by retaping, Hach time you record
and play back at 7.5 ips, you get a sharp
loss beyoud 15,000 eps. Actually, the loss
starts before 15,000 cps but is not pro-
nounced on a single gyele of recording and
playback., When you go through two such
cyeles, the treble loss prior to 15,000 cps
starts to become significant. On the other
hand, if you go through too many such
cycles, you will pick up enough tape hiss to
Lbeecome objectionable.

The records you seek te copy probably
do not have appreciable audio content
above 7500 eps and perhaps not even above
5000 eps. Therefore you want to use very
sharp filtering above 7500 eps or possibly
above 5000 cps.

The treble cufoff filter in an audio pre-
amp is generally located at a point beyond
the tape output jack, so that it does not
affect the signal fed to the tape recorder.
The treble filter is effective ounly when you
are playing back tbe tape. T suggest that,
for one thing, you turn the filter switeh
to a cutofl frequency lower than 9000 cps.

To take advantage of the treble filter in
recording you would have to obtain the sig-
nal from the regular output jack and feed
this to the tape recorder.

A tape playback head makes an exeellent
gsharp eutoff filter in the proper circum-
stances. Qutput of the head rises with fre-
quency, eventually approaches a maximum,
and beyond this maximum drops 25 db or
nmore within one octave. The frequeney of
maximum response depends on two things:
tape speed, and gap width of the playback
licad. By choosing a suitable tape speed
and, if possible, a playback head with a
suitable gap width, you can obtain very
sharp cutoff action. As a first guess, it
seems that if you employ the 3.75-ips speed
and have a gap no narrower than 0.00025-
in. (until 2 or 3 years ago most gaps were
of this width or even wider, althongh mod-
ern heads now boast gaps of about 0.0001-
in.} you ean aceomplish your purpose
completely or substantially., The frequeney
at which the playback head has maximum
response can be approximated by the for-
mula f:'—}'_;—(r,—,
tape speed in inches per second, and @ is
gap width; the factor 0.9 allows for the
typical difterence hetween the physieal gap
width and the magnetie gap width (the lat-
ter, due to imperfections in head construe-
tion, is always somewhat greater). On the

where £ is frequency, S is

WWW athercaanadioRistery. com

hasis of tape speed of 3.75 ips and a
0.00025-in. gap, it may be calculated that f
iz G750 cps. At this frequency there will be
about 4 db loss in playback. At half an
ociave above this frequeney (about 10,000
¢ps) there will be about 8 db loss. By
13,500 eps, respouse will be down 25 db or
mMOre.

On the other hand, if you play back at
3.75 ips with a modern head having a gap
of about 0.0001 in. you won't obtain appre-
cinble playback losses until about 16,000
Cpa.

1]'(0\\'@\'&1‘, vou can get sharp treble losses

in the recording proeess, provided that you
reeord at 3.75 ips. These losses do not de-
pend uporn gap width, but upon magnetic
phenomena associated with the tape. At
3.75 ips, the recording losses become quite
enormous above 10,000 eps or thereabouts,
much too great for treble equalization to
cope with them suecessfully. If you in-
crease bias eurrent beyond the value recom-
mended by the manufacturer, these treble
losses inenrred in recording become all the
greater. Therefore, if you do not get enough
treble cutoff by recording in the normal
manner at 3.75 ips, you ean further your
purpose by inereasing bias current. How-
ever, make sure you know what you are
doing so thaf you can subsequently restore
bias eurrent to its normal value. Usually,
this requires test instruments.

Before going to such lengths as substi-
tuting a 0.00025-in. playback head for a
0.0001-in. head and changing bias eurrent,
simply try recording and playing back at
3.75 ips, deriving the signal from the regu-
lar output jack of the audio preamp, with
the treble filter set to a low cutoff fre-
quency. By retaping, you can get additional
noise rednetion.

Taping Heartheats

. Some writers elaim that they can put
ligartbeats on tape. Does that call for a
special microphone or the use of a special
inglrument?

A, I understand that Altec-Lansing
makes a speeial microphone for the pur-
pose of picking up heartbeats, which eon-
tain ecomponents of very low frequency. 1
suggest that for further information you
write Altec-Lansing at 1515 South Man-
chester, Anaheim, California.

The tape recorder to be used in such an
application should be eapable of recording
very low frequencies. This might require
some slight changes, such as substituting
coupling capacitors of larger value for
those presently uwsed in the tape machine.
Attention would also have to be given to
playback equalization, to make sure that
bass boost is extended to the lower limit
of fhe audible range. A number of fape
machines do not provide complete equaliza-
tion at the low end, enabling them to re-
duce the problem of hum in playback. Of
course your tape machine should have a
very low hum level to avoid interference
with repraeduetion of the heartheats.

Microphones

Q. I would like to buy a micraphone with
response plus and minus 2 db belween 80
and 36,000 eps. Can you recommend some-
thing?

A. I doubt that you will find any model
of any brand of microphone with such re-
sponse. In a condenser microphone, if you
are willing to spend about 300 to $400,
you might find something with response
flaf within 2 db between 30 and 20,000 cps.

ZE
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And what response! Kopak Sound Recording
Tape is designed to give you unexcelled tone
reproduction over the entire audio range from
40 to 20,000 cycles. This response provides
vibrant sound reproduction lost in some other
tapes. Kobak Tape has a coating uniformity
that never varies more than plus or minus
.000014 inch. Without such uniformity you
can expect a loss in high frequencies that
can only be compensated for by setting bias

AUDIO e DECEMBER, 1562

YOu SPPI.Y THE FREQUENCIES . . . KODAK TAPE SUPPLIES THE RESPONSE

incorrectly. Result? Distortion! Kobak Sound
Recording Tape is lubricated on both sides
to minimize head and tape wear. That's not
all. Kopak Tape has maximum freedom from
drop-out plus a smooth flexibility that in-
sures intimate contact with the heads. The
tape reel practically threads itself and has a
built-in splicer. Make your next reel Kopax
Sound Recording Tape. it's as good as your
favorite color film!

WWW-atmercarradioRistery com
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TRARE MARK

BEastman Xodak Company MOMLXT

EASTMAN KODAK COMPANY, ROCHESTER 4, N. Y.
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Series Feedback

GEORGE FLETCHER COOPER

The classical formula for feedback conceals a factor which may
lead to transient intermodulation, especially in transistor amplifiers.

pp = pl (1= pP)

AM UTTERLY BORED with this quotation

whieh T have read and written count-

less times. It is not even eompletely
true. These statements are caleulated to
attract the attention of the reader and to
serve as a rather vielent introduetion
to some considerativn of the transient
behavior of feedback amplifiers. Just
how important the effects we shall be
considering are in the aectual nse of
amplifiers is rather diffieult to assess
beeause in general anyone who is ser-
tonsly concerned with really hich quality
reproduction makes nse of equipment
which is never fully extended. This
meanz tiat there is no need to examine
critically the limitations of the equip-
ment. The only thing is that this is not
good engineering: the system should do
what you want it to do and very little
maore, Af'ter all, you do not run a 10-ton
truck just to bring the groceries home,
although I'm sure there is at least one
man in Defroif trying to do the equiva-
lent for the 1964 models. We shall be
facing the problem more seriously soon,
as we try to get high fidelity in tran-
sistor amplifiers. Tt is going to hurt,
berause we moved up to decent quality
with tulies by easy stages with the pro-
fessional equipment leading the way:
transistor amplifiers must come right up
to our present standards at once if we
are to take them seriously.

Transistor power amplifiers of the
10-20 watt elass are not too diffienlt to
design and build. The problem is achiev-
ing low distortion. Unless the transis-
tors used in the ontput stage arve ex-
traordinarily expensive the designer is
faved with a frequeney cut-off some-
where in the range hetween 4000 and
10,000 eps. In general, the less power he
asks for, the higher the limiting fre-
quency. This limiting frequency domi-
nates the whole design of the feedback
loop and the over-all result is that we
are forced to design transisior ampli-
fiers very much nearer to.the actual re-
quirements heeaunse we must pay very
mueh higher penalties for overdesign.

We must now eonsider what happens
when we apply a large signal to a feed-
hack amplifier. Sinee we are engineers
we shall use a square-wave input to he-
gin with but the implications of vlher
waveforms will be examined later. We
shall first of all disconnect the feedback
so that we get from the input shown in
(A) of Fig. 1 the ontput shown in (B).

34

(A)

(8

H |

Fig. 1. The input square wave {A) is de-
layed cnd rounded off (B) before it
reaches the output.

(A)

(B)
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Fig. 2. As the initial signal goes through

the amplifier and is fed back, the first

passage resulfs in an input {(A) with a
corresponding output (B

i

Fig. 3. When the signal shown in (B} of

Fig. 2 gets through the feedback path

{second time around) the total input has
the form shown.

Beeause the amplifier has a limited band-
width the output lags a little behind the
input and does not rise instantly to its
final value.

Now let us conneet the feedback loop
and let us assume that it has a com-
pletely flat frequeney response. What
we see in (B) is returned to the input,
so that for this first trip the input will
become something like the shape shown
in (A) of Fig. 2 except that I have not

rounded off the corners. It we were to
have this waveform we should obtain the
cutput shown in (B) of Fig. 2. But if
this were the output, the input would
be the combination of this (multiplied by
the feedback coefficient () and the in-
put of Fig. 1 and would look something
like the waveform shown in Fig. 3.

I have varried this exoreise throngh
to the point where it reveals the basie
characteristics which are developing. We
gee the growth of that characteristie ring
which we often observe in earrying ont
square-wave tests on feedback ampli-
fiers and I do not think it unreasonable
to guess that if we went round the loop
o few more times the number of oseilla-
tions in the ring would inerease in pro-
portion. We Lknow that in amplifier de-
slgn  we modify this ringing
