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PLUS in tubes

for hi-fil

“low noise and low hum" characterize the performance of this
high-mu twin triode—ideal for your pre-amplifier designs.

RCA 7025 “versatility” keynotes the applications for this tube—a sharp-
s en cutoff pentode and a medium-mu triode in one énvelope—for
low-level stages.
RGA 71 9 9 “compact, but powerful” can describe monophonic and stereo-
T e »n s phonic power amplifiers designed around this 9-pin miniature
—a pair in Class AB1 can deliver up to 20 watts output.
RcA 6973 “power deluxe"—up to 76 watts with only 2% distortion from
N s » 8 3 pair in Class AB1 audio service—new structure design pro-
vides exceptional electrical stability and reliability.

-7027_A ANOTHER WAY RCA SERVES YOU THROUGH ELECTRONICS

° RADIO CORPORATION OF AMERICA

Electron Tube Division Harrison, N. J.

AmericanRadioHistorv.-Com

)

From pre-amB‘l;f-ier to power amplifier, mono
or stereo, you can design a comprehensive line
of high-fidelity products around these 4 RCA
tube types. And your designs with RCA tubes
add up to recognition .. . for quality, perform-
ance, prestige. Contact your RCA Field Repre-
sentative for details. For technical data, write
RCA Commercial Engineering, Section
L-91-DE, Harrison, N. J.

744 Broad St., Newark 2, New Jersey,
HUmboldt 5-3900

EAST:

Suite 1154, Merchandise Mart Plaza,
Chlcago 54, Ill., WHitehall 4-2900
MIDWEST:

6355 East Washington Boulevard. Los
Angeles 22, Calif.,, RAymond 3-8361

WEST:
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FOR COMPLETE SPECIFICATIONS WRITE DEPT A-12.

Mode! S-5000, 20+4-20W Sterea Dual Amplifier—$189.50
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Model $-3000 TI, FM Tuner—$105.50
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Model S-4400, Stereo Preamp.+36W Amp.—$158.50
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Model $-2000 I, FM-AM Tuner—3$145.50
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Mode! §-1000 I, 36W Monaural Amplifier —$108.50
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The "‘complete matching home music center”™
~—monophonic or stereophonic.

Again another year—recommended by one of
the most respected and authoritative Re-
search Testing Organizations as embodying
more numerous, more advanced engineering
"firsts”’—-more inherent quality for trouble-
free operation—more real Value for every
dollar than many competitive products seil-
ing for more. PLUS: Features that in their
unsurpassed engineering win- the most dis-
criminating audio-hobbyist; but also features
that in their simplicity and ease of opera-
tion appeal to everyone—housewife, audio-
novice, or just plain music iover. Cabinetry
of quiet elegance that blends with any decor.
And Sherwood, unmatched at any price, is
Fair Trade priced for your assurance that once
you have bought Shkerwood, you didn’ t
a better ‘'deal’”” someplace else
is only for those who wan
For further details wrif

tronic Laboratories, Ing;
Avenue, Chicago 18,

Hurdza Blfmwr = Advertising

LS S S




ITS BEST

Electro-Sonic Laboratories, Inc.

Dept. A « 35-5 4 Thirty-sixth Street « Long Island City 6. N.Y.

FOR LISTENING AT

Hear it in the world-famed ESL Gyro/balance arm—only $34.95.

Does.your stereo system sound as you'd hoped? Is reproduction

clear, undistorted, and natural? If not, replace your present
plus longer record and stylus life. Best yet, the Micro/flex

These years-ahead advances assure you listening at its best,
costs only $49.50. Write today for free information.

pickup with the rugged new ESL C-39 Micro/flex, and enjoy
new worlds of pleasure. Superior to all others (except its big
brother, the ESL Byro/jewel), the C-99 utilizes two patented,
inherently linear D’Arsonval generating elements and the
superb new Micro/fiex frictionless stereo coupling system.
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JOSEPH GIOVANELLI*

D.c.“ Filament Supply

Q. What is the best way of obtaining a
d.c. filament supply for preamplifier and
power amplifier tubes from my homemade
power supply? My power transformer has
two 6.3-volt windings, a 5-volt winding,
and a center-tapped 800-volt CT winding.
Julian Reis, San Francisco, Calif.

A. Figure 1 shows one method for ob-
taining d.c. for your filnment supply. You
mentioned that you wished to use d.c. on

my recently bwilt Ullra-Linear amplifier.

With the speaker (6-ohm voice coil) con-
nected to the 8-ohm tap and signal applied,
measured voltages, from the 16-ohm out-
put to chassis, run 0.1 to occasional peaks
of 1.5 v. (orchestra music signal applied),
and the needle “wiggles” constantly. Also,
the voltage falls constantly as the gain
control is turned down.

However, with the speaker connected to
the 4-ohm tap, the voltage measures 3.5 v.
under the same conditions and varies only

63V

400 ma
CONNECT IN =

SERIES AIDING

PRIMARY

6.3V

LOW-VOLTAGE
DIODES

+ 25y
b———0
‘ml’, -—3600';[—
25V Tzsv
-

Fig. 1

the filaments of your power amplifier as
well as on the filaments of your preampli-
fier. Let me assure you that it is usually not
necessary to use d.e. for the power ampli-
fier, especially on the heaters of the output
stage. You see, power amplifiers are usually
low-gain devices, and therefore, are not
especially susceptible to hum. Further, it
is costly to apply d.c. to that many fila-
ments, partly because of the rectifier needed
te supply sufficient filament current, and
partly because of the value of the filter
capaeitor associated with such a high-
current supply.

As Fig. 1 shows, conneet the leads of
vour power transformer in series aiding.
To be sure that yvou have them properly
connected, measure the voltage across the
extreme ends of this network. You should
obtain a reading of approximately 12.6
volts. It goes without saying that your
preamplifier should he wired for 12-volt
operation.

Amplifier Instability
Q. I have the following problems with

* 3420 Newkirk Awve., Brooklyn 3, N. Y.

AmericanRadioHistorv.Com

at intervals, and then only plus ar minus
0.1 volt. Furthermore, when gain control
is turned down, voltage falls until about
10 per cent rotation i3 reached, whera it
suddenly rises to approximately 5 wvolts;
from there on it falls again. Erie Barnitz,
Northport, N. Y.

A. The peculiar voltage readings you
experience when the speaker is connected
to the 8-ohm tap is produced by instability
of the amplifier. The reason that your am-
plifier is more stable when your 6-ohm
speaker is connected to the 8-ohm tap than
it is when this same speaker is connected
to the 4-ohm tap is simply that under the
former condition, the amplifier is loaded
down more heavily, thereby reducing the
feedback to a point where performance is
stable. I recommend that you reduce your
feedback by 6 db or that you check to see
whether it is optimized by the correct
value of shunt capacitance.

A.c. or d.c.?

Q. I mnotice that I get an a.c. voltage
as measured from B plus to ground. This
veltage behaves strangely. When I connect
the positive lead of my a.c. vollmeter to

AUDIO e DECEMBER, 1959



Model 210
R RS [ New Deluxe Changer

. Built in tbegroud Garrard Tradition

an advanced automatic intermix changer and single-

play turntable, developed to meet and surpass today's i

stereophonic requirements. This truly beautiful unit, sparkling

in white, black and chrome, incorporates the most distinguished qualitics of Garrard enginecring
and prevides sensitive performance with any stereophonic cartridge, regardless of type. Compact
in size, the new 210 is easily mounted in any cabinet space; and conveniently levelled and
adjusted from the top with Garrard's exclusive snap-spring assembly

LISS CARTRIOCS

Now, jJoining the Garrard family . . . \m' 3'% $ 50
this entrely new four-speed player combining A
. ”
S

o New stylus pressure adjustment, to within a fraction of a gram, with knuried
chrome knob conveniently set on top of arm. Garrard’s arm suspension keeps
@ variation in pressure from one record to full stack less than 0.5 gram.

o New cast aluminum tone arm, a Garrard exclusive, assures freedom from reso-
nance, vibration and structural distortion. Plug-in shells accept all stereo
cartridges.

New protective tone arm lock prevents accidental damage to cartridge or record.
New selector controls, completely separate for manual and automatic operation.
Instantaneous, convenient and positive.

Garrard's True-Turret Drive with oversized ''soft-tread”, seli-neutralizing idler,
eliminates wows and flutter caused by flat spots. Sensimatic feature makes tnis
changer track and trip at pressures far lower than required by any cartridge.
Garrard-built four-pole Induction-Surge motor minimizes vibratien and rumble
This is an essential for stereo reproduction. Dynamtcally balanced rotor--no hum
even with the most sensitive pick-ups.

®
@
©@ 0006

For the best in Stereo,
insist on The World's Finest, the

CHANGER

E Send for free Garrard comparator guide g
L Name._ . :
% Address i o :
" City State 5
'.-. Mail to Dept. GX-19 at address below. 4
LI R N e R e e e e N N A R R

There's a Garrard for every high fidelity system...all engineered and wired for Stereo and Monzural recors3s.

RCOS /‘F .. RCS8 NG, Model 210 7 % RCI2M/M e TPA/12 301 e AHF

Super )% Dehnn - Detune intormin 372 Imermia P, Stereo < Transcription 5 Transcrip*ion
Changar —— 7/ Changer \ /' Changer Changer r , Tone Arm. Turntable Manual Plager
$69.50 o/ $59.50 T $49,50 2 $42.50 #$19.50 ' $89.00 $59.50
GARRARD SALES CORPORATION, Division of British Industries Corporation, PORT WASHINGTON, N.Y.

Canadian inquiries to Chas. W. Pointon, Ltd., 66 Raclne Road. Readale, Ontario
Territories other than U.S.A. and Canada to Garrard Engineering & Mig. Co., Ltd.. Swindon. Wilts., England




Ferrograph Series 4A

Fitted with three independent motors, including
synchronous main drive to capstan, with record-
ing level meter and interchangeable plug-in
heads. Two speeds (33/74 or 73/15 i.p.s.) with auto-
matic changeover to correct compensation net-
work. Fitted with Brief Stop, gear-driven Turns
Counter and with provision for additional
stacked Head for stereo playback conversion.
24 watts of undistorted output through high
quality elliptical speaker. Auto Stop instantly

stops motor drive when spoo!
is empty or tape breaks. $399-50

Ferrograph Stereo 808

An all-purpose instrument permitting full
stereophonic recording and playback together
with conventional half track monophonic record-
ing and playback. The output of all channels
(stereo and mono) ends at low level so that
owner can conveniently make use of his existing
hi-fi amplifiers and loud speaker systems.
Genera! specification and mechanical
features similar to Ferrograph Series 4A, $5 95

Ferrograph Stereo 808/4

An all-purpose Model for conventional stereo-
phonic and monophonic recording and playback.
Additionally, it provides facilities for the replay
of pre-recorded four-track stereo commercial
recordings.

General specification and mechanical

features as Ferrograph Series 4A. $595

list !

Yes, it’s quite true. Rarely has
it been possible for anyone in
Britain to walk into a shop and
buy a Ferrograph from stock. In
fact, never since we began ten
years ago have we been able to
make enough Ferrographs to
satisfy the insistent demand.

The reason is simple and under-
standable. Those who know the
Ferrograph know that by reason
of its high standard of perform-
ance it is in a class by itself.
: It is, indeed, the incomparable
Ferrograph.

- Having won such a reputation we
will do nothing to hazard it.
We do not believe that a Tape
Recorder built to such impeccable
standards can be mass produced in
large quantities without some com-
promise with quality. And quality with
us is almost an obsession.

This deliberate policy of controlled
production has inevitably made the
Ferrograph one of the most sought
after Tape Recorders in the world. It
has beenwidely chosen by broadcasting
organisations, by gramophone record
manufacturing companies, by leading
personalities in music and drama, by
industrial research authoritites, in fact
by all who demand the highest stand-
ardsof performanceirrespective of cost.
There are few countries today to which
it is not being regularly exported.

All this may be cold comfort to our
would-be customers in Britain but
even they know that the valuable
markets of North America must receive
top priority from us in deliveries.

Why not take an early opportunity to
contact your Dealer. See and hear the
Ferrograph for yourself. It may be a
revelation to you.

T luconparadl
errograp

Manufactured in England by

BRITISH FERROGRAPH RECORDER CO. LTD
131 SLOANE STREET, LONDON, S.W.l and SOUTH SHIELDS, ENGLAND

U.S. DISTRIBUTORS : Ercona Corporation, 16 West 46th Street, New York 36, N.Y.
CANADIAN DISTRIBUTORS : Astral Electric Co. Ltd, 44 Denforth Road, Toronto 13
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B plus, and common to ground, no voltage
is present. When these two leads are inter-
changed, I obtain an indication of 750 v.
This is peculiar because mazimum d.c. volt-
age is supposed to be 430 v. Please explain
this behavior. FEric Barnitz, Northport,
N. Y.

A. The meter indicates as it does for two
reasons, When the meter is connected in
the cireuit in one direction, the diode
circuit is biased in the nonconductive
direction, and hence, the meter receives no
voltage. When the meter is connected cor-
rectly as far as the diode is concerned, you
will get a reading which is 1.414 times that
of the actual voltage. This is because the
meter would, if nothing were done to it,
indicate rms voltages, but the designer of
the meter evidently wanted his instrument
to indicate peaks. Ilenee, he adjusted the
multipliers so that they would indicate a
reading 1.414 times that of the rms value.
Since the signal being fed in was really d.c.
and not a.c., there was no difference be-
tween peak and rms, If this meter were to
be used to measure d.c., it would have to be
recalibrated. Also, the diode would have
to be removed.

Crosstalk and Pops

Q. The inputs and outputs of the pre-
amplifier, power amplifiers, and tape re-
corders that are used in my stereo system,
plus another tape recorder for monophonic
dubbing, are all connected with a switckbox
for complete flexibility in connecting the
various units with one another, to permit
cither preamplifier to be used in a record-
ing operation while the other is used in a
listening operation, to permit dubbing from
one tape to another while listening to radio
or records, and so on. The two identical
preamplifiers through which stereo tapes
and records are played are in addition to
two dissimilar  preamplifier-control-units
used for radio, monophonic record playing
and monophonic tape recording.

This switching arrangement is very con-
venient and works admirably in most re-
spects. However, there is a certain amount
of crosstalk that can be annoying on oc-
casion. For example, if a radio program is
being recorded silently through one of the
monophonic control units at the same time
that a record or tape is being played
through the rest of the system, there is a
leakage of sound from the program being
recorded which becomes noticeable during
quiet portions of the program being listened
to. Since this occurs even when the volume
control on the control unit used in record-
ing is turned to zero, I assume that the
leakage is coming from the tape recorder
output of the control unit; but that the
audio output also contributes if the volume
is turned up.

All of the shielding of connecting cords
is grounded to the aluminum control boz,
and only the “hot” wires are connected to
the switches themselves. Is this the reason
for the crosstalk? Could it be avoided if
double-pole switches were used, and the
shielding switched rather than grounded to
common?

In some of the switching I found it
necessary to use shorting switches (three-

(Continued on page 83)
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NEW SOUND EXCITEMENT FOR THE HI-FI STEREQ AGE!

Al-New and

Incomparable

OMEGA I

NEW! [ it
KAL
Compact for bookshelf
! ' or table, this cabinet
N £ of high impedance
i port construction be-
H comes a consolette
simply by attaching matching brass legs. Houses
a superb Lorenz 8” woofer, tweeter and cross-
over. Frequaney response: 35-18,000 cps. Imped-
ance: 8 ohms., Power rating: 18 watts peak.
Size: 117 x 23%4” x 10”. Gross weight: 16 lbs.

Brown or Blond Leatherette ........ $49.50
Matching Brass Legs «.v...covieienn 5.95

Big performance in small space! Use singly
or pair for stereo, Completely finished on 4 sides
for use harizontally or vertically. Features
Lorenz 8” woofer with matched quality tweeter
and high pass crossover. Frequency response:
30-18,000 cps. Impedance: 8 ohms. Power rating:
18 watts peak. Size: 11”7 x 2334” x 10”. Gross
weight: 20 lbs.

Unfinished Birch

(sanded, ready for finishing) ...... $57.50
Oiled Walnnt, Mahogany, Walnut,

Blond.or EBONY «vvvvesererennnnnn. 64.50
Matching Brass Legs ............ ... 5.95

SENIOR

A superior system of
advanced audio engi-
neering and decorator
beauty. Infinite baffle
construction for ‘big
system’ performance, Complete with elegantly
proportioned 4”7 legs, Contains famous Lorenz
8” woofer and tweeter with high pass crossover.
Frequency response: 30-18,000 cps. Impedance:
8 ohms. Power rating: 20 watts peak. Size:
2214”7 x 224" x 10%"”, Gross weight: 37 lbs.

Satin Mahogany ..........cevvnenens $69.50
Blond or Walnut .............c0veuien 74.50

Angdon.

At High Fidelity Dealers Everywhere.
PRODUCTS, Ltd.

or the connoisseur with an ear

for true fidelity—and an eye
for true value! The Kingdom
Lorenz all-new OMEGA I is a
masterpiece of engineering skill
and rare decorator beauty —spe-
cially designed to be used in pairs
for stereo, or singly for brilliant
monaural.
Modern slimline cabinet com-
pletely finished on four sides for
use horizontally or vertically —
ideal for bookshelf, table top or
floor. Constructed of 1%~ solid
lumber core with selected face
veneers of genuine African rib-
bon mahogany, American black
walnut and other choice woods.
Joints meticulously crafted for
air-tight stability.
Inside the OMEGA 1 is a bril-
liantly matched combination of
advanced Lorenz speakers: a full-
spectrum 12" woofer with two
quality tweeters and high pass
crossover. The ‘“infinite baffle”
principle provides a thrilling real-
ism found only in the largest
most expensive systems.

e 18 to 18,000 cps e 16 ohms
e 10 watts peak e 27" x 14%” x
112" o 161bs. At any price,
you simply can’t buy better!

Unfinished Birch (sanded,
ready for finishing) ...$109.50

Oiled Walnut, Mahogany,
Walnut, Blond or Ebony 119.50

Never before, so many quality features in loud-
speakers—yet priced for the modest budget ! Dual
cones for breathtaking wide range performance!
Twin voice coils in 12” loudspeakers, with flex-
ible impedances of 4, 8 or 16 ohms, enabling you
to select the impedance you require! Non-
resonant cast aluminum girder -constructed
frames! Fully tropicalized for finest operation
in any climate, For stereo or monaural—singly
or in matched pairs.

NEW! Lorenz S-1288

Value-packed basic 12” loud-
speaker of advanced design,
with dual cones and twin
voice coils. Choice of imped-
ances of 4, 8 or 16 ohms on
one speaker! ® 18 to 15,000
cps. ® Magnet assembly
weight: 61.5 oz. ® 30 watts
peak, ... ool $44.50

NEW! Lorenz S-1288 Il

A complete system — consists
of Lorenz S$S-1288 with twin
tweeters on rigid metal
bracket and high pass cross-
over. Dual cones and voice
coils with 4, 8 or 16 ohm im-
pedances, ® 18 to 18,000 eps.
® 35 watts peak. A “system”
in itself! .......... $67.50

NEW! Lorenz S-888

Spacious sound with real
cconomy ! Outstanding 8”
speaker with dual cones and
high efficiency 8 ohm voice
coil. ® 30 to 14,500 cps. ®
18 watts peak. ® Magnet
assembly weight, 28.5 oz.

$21.50

NEW! Lorenz S-388

Armored horn-type 2%” tweeter
with plastic cone for 120-degree
high frequency sound dispersion.
New ferrite magnet hermetically

E sealed.

® 2000 to 18,000 cps. ® 5.5 ohms. ® 2 watts
peak, The perfect mate for Lorenz 127 or 8"
EJ RGN aaa0nan0anaaaa000a0aaaaaaaas $8.50

HP-1 High Pass. Crossover
Crosses over at 2,000 c¢ps. at rate
of 3 db per octave—feeds highs to
tweeters, lows to woofer. Extends
speaker system range to limit of
audibility. For use with 2or 3 way

systems. ....... $4.95

FREE Catalog. Write Dept. A.
514 Broadway, New York 12, N. Y. « WOrth 6-0800

Exclusive U. S. Distributors for Lorenz High Fidelity Loudspeakers

AUDIO: : @ 'DECEMBER, 1959
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6V60TA Rantam beam power amplifier with high
oower sensitivity and high power output with low
supply voltages. Two in push-pull up to 14 watts,

6BQ5 Nine pin miniature power for low power re-
quitements. Two in push-pull deliver upto 17 watts.

Tung-Sol announces
two new additions to
line of matched pairs

Now Tung-Solis packing more of their quality
audio-hi-fidelity-sterco power tube line in dy-
namically-balanced pairs. The same kind of
precision balance and premium power deliv-
ery you've been getting from factory-matched
pairs of 5881’s and 6550’s is also available from
two more twin-packed tubes in Tung-Sol's
growing selection of dynamically-matched
audio tubes—clectrically balanced 6V6GTA's
and 6BQ5's.

With these twin-packed additions Tung-Sol
now fills all of your premium audio require-
ments up to 100 watts while maintaining an
exact and reliable current balance between
tubes. And with each of these premium push-
pull audio drives you not only climinate the
need for bias compensating circuitry but you
also benefit from the finest in sound repro-
duction.

And remember, for cominercial sound equip-
ment or for the finest entertainment de-
vices, Tung-Sol tubes provide an ideal combi-
nation of the most sought-after characteristics.

Tung-Sol Electric Inc., Newark 4, N. J.

Also availabie in matched pairs

Beom power amplifier,
5881 Up to 50 watts.

Beom pbwer amplifier,
6550 Up to 100 watts,

& TUNG-SOL

6

LETTERS

| Measuiement Standards

SIR:

Establishment of the THFM Standard
Methods of Measurcments for Tuners and
Amplifiers, as printed in the May, June,
and October ixsues, was surely a big step
toward meaningful specifications of hi-fi
equipment. However, one glaring omission
casts a shadow of worthlessness on the
specification of frequeney response. The
Standards define Frequency Response of
Amplifiers solely on the bhasis of tests with
“GAIN, LEVEL, and other controls whose pri-
mary funetion is the adjustment of gain

. preset to the position of maximum
gain,” (See, 1.10.1) whereas a hi-fi system is
rarely operated with all controls wide open.
Drastic ¢hanges in frequency response are
possible when control settings are reduced
from maximum, especially in poorly de-
sigued equipment, but a rating by these
standards provides no e¢lue to respouse
when the controls are set for normal opera-
tion. The tuner standards mention this pos-
sibility of degraded response but fail to
include it in a firm definition of frequeney
response.  (Sees. 6,01, 6.03.07, 7.01 and
7.05.05.)

As an example, the writer’s $190 Glovi-
ons-Name (no longer made) AM-FM tuner
could legitimately c¢laim response of its FM
output as “tlat + 1 b to 15 ke” when rated
by these standards even though measure-
ments for a perfectly normal setting of the
level control showed a 10-db loss at 15 ke.

Specifieations, product tests, and maga-
zing reviews which omit essential facts,
such as those eited, are unfair not only to
the econsuming public but also to the manu-
facturers who carefully design and thor-
oughly test their products before releasing
them tor the market.

HaL M. Davison,
3119 Connecticut Ave, N.W,,
Washington 8, D, (.,

Distortion Reduction
SIR:

I read with interest Mr. Joseph Gio-
vanelli’s AUDIOCLINIC column in the Oecto-
ber issue. Mr. Giovanelli should be heartily
commended by manufacturers and high

fidelity enthusiasts for his consistently ac-
curate and informative replies to rather
diffieult questions.

I can’t refrain, however, from taking ex-
ception to his reply to Mr, John Kelly’'s
question on IM distortion and detectability.
It 18 my feeling that any reduction of dis-
tortion (intermodulation, harmonie, tran-
sient, phase shift, ete.) in any link of the
recording or playback chain will manifest
itself in cleaner and more realistic sound.

Lowering distortion results in less list-
ener fatigue. Proof of this theory can be
found in careful listening tests. By direet
comparison, using the same tape deck, pre-
amplifier, and speakers, two amplifiers of
the same manufacture can sound different
if one has 0.8 per cent harmonic distortion
and another unit offers only 0.3 per cent
distortion. Certain subtleties in the high-
and low-frequency response will be imme-
diately apparent to trained ears.

Lrox Kusy, Sales Manager,
Citation Kit Division,
Harman-Kardon, Incorporated
520 Main St.,

Westhury, N.Y.

Audio Societies

SIk:

We would like to make contact with
audio societies in other localities, and
would like to exchange monthly meeting
notices with them.

I might add that your subseribers in
Washington, D.C., and vieinity might like
to know that we meet the last Tuesday of
each month at 8:00 p.m. in the Carnegic
Institution auditorium, 1530 P Street.
N.W., and that we have both a regular and
a student membership.

ANTARES PARVULESCU, Secretary

Washington Audio Society,

c/0 Washington Academy of Scicences

1530 P Street, N.W.,

Washington 5, D.C.
(We would be pleased to publish a regular
and continuing list of all audio societies
throughout the world if we could only find
out about them. So far, we know of about
five, and that is all. Ep.)

ERRATA

As it oecasionally seems to do, a sche-
watic in the November issue developed a
bad case of gremlins. The figure shows the
lower left corner of the original drawing
corrected to what it should have been. In

should have been connected to B+2 and
the plate load resistor ov ¥V;; should have
been conneeted to B+ 1 instead of the
reverse, The letters “A” and “B” of the
switch section 8, should be interchanged.
Aside from these minor errors, the sche-

addition, the plate-load resistor of ¥V,  matic was apparently correct.
Pl A B+
B —pp+2
AMPHENOL
4PN MALE |5 P83 - vsD.c. FILs
165- T {vz { §6 { l
(165-31) E . cu 3
H T 1
L
J
HEQ T T B8]
T0 L — 2a
POWER M = A.C. FILs
SUPPLY R '3 o
A E— e
P —
J L s o
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A happy reel of spirited classics
...available in a special Audiotape bonus package

DETAILS OF THE PROGRAM

“High Spirits” includes these
bright selections:

Strauss . . . Frisch ins Feld

Strauss . . . from Fledermaus Waltz
Beethoven . from Symphony No. 1 in C
Tchaikovsky . . . from Capriccio Italien
Bizet . . . from Carmen Suite
Bertioz . . . Rakoczy March

DETAILS OF THE OFFER

This exciting recording is available in a spe-
cial bonus package at all Audiotape dealers.
The package contains one 7-inch reel of
Audiotape (on 112-mil acetate base) and the
valnable “High Spirits” program (profes-
sionally recorded on standard Audiotape).
For the entire package, you pay only the
price of two boxes of Audiotape, plus $1.
And you have your choice of the half-hour
two-track stereo program or the full-hour
monaural or four-track stereo versions. Don’t
wait. See your Audiotape dealer now.

AUDIO e DECEMBER, 1959

Like your classies bright and melodic? Do you enjoy
music of the toe-tapping variety? Then “High Spirits”
is just for you. This reel of sparkling classics shows
you how vibrant and colorful music can be when it’s
recorded on Audiotape.

The makers of Audiotape have not gone into the
music business. They are simply using this reel to allow
Audiotape to “speak for itself.”

“High Spirits” is available RIGHT Now from Audio-
tape dealers everywhere. (And only from Audiotape
dealers.) Ask to hear a portion of the program, if you
like. Then, take your choice of a half-hour of two-track
stereo, a full hour of four-track stereo, or an hour of
dual-track monaural sound — all at 7% ips. Don’t pass
up this unusual opportunity to
put yourself in high spirits.

“High Spirits” makes an
ideal companion to Audio’s
first bonus reel, ‘“Blood-and-
Thunder Classics,” still avail-
able at Audiotape dealers.

]
it speaks for itselt'®
TRADE MARK

AUDIO DEVICES, INC., 444 Madison Ave., N. Y. 22, N. Y.
in Hollywood: 840 N, Fairfax Ave. ¢ In Chicago: 5428 N. Milwaukee Ave.

AmericanRadioHistons.Com. .
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BEYOND COMPARE

maranlz%m console

Consumer Net $249
Cabinet 24
Slightly higher in West

In pre-amplifiers and power ampli-
fiers, Marantz has set today’s highest
standard of quality.

Consider the Marantz Stereo Console.
Here is the essence of uncompli-
cated, beautiful styling. So simple to
use, even the most non-technical
person can easily achieve matchless
reproduction quality. Yet, this fine
instrument offers an order of versa-
tility that pleases the most discrimi-
nating professional users. Carefully
planned circuitry and wiring layout
result in unsurpassed freedom from
distortion, hum and noise.

Dedication to quality in every detail
is the reason why the Marantz 30-
watt power amplifier, too, is in a
class by itself. The Marantz circuit
permits this superb amplifier to re-
cover instantaneously from sharp,
musical transients — to effortlessly
drive loudspeakers of all types — to
consistently outperform amplifiers of
considerably higher ratings.

For both stereophonic and mono-
phonic programs, Marantz is your

assurance of long, carefree operation
and unprecedented performance.

30-WATT AMPLIFIER

Net $147 Grill 7.80
Slightly higher in West

% Selected for demonstration at the

American Natl. Exhibition in Moscow |

mmaaar-amniw

C o M P A N Y

25-14 BROADWAY, LONG ISLAND CITY 6, N. Y.
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AUDIOMAN NO. 3

William M. Mueller, of Parma, Ohio, by vocation a microwave
maintenance man for AT&T and by avocation—obviously—an en-
thusiastic audio hobbyist chosen as third Audioman of the Month.

installation, William M. Mueller says

his next rig will be bigger and better
—his idea of a proper home being “a sys-
tem with a roof over it.” But he still has
time for model airplanes, radio and TV
DX, photography, and hi-fi building for his
friends, and he is an ardent baseball and
football fan.

Bill, who is only 35, is quite adept with
all sorts of tools, as indicated by his cabi-
net work, and he takes hi-fi seriously—so
much so that his present home, built four
years ago, was wired during construetion
so that he can switch stereo to all rooms of
the house as well as the basement and
future garage (which he hasn’t had time to
build, and we can guess why) and yet he
is never satisfied. Even one addition has
been made since the photograph of the
control center was made—sixty colored
pilot lights are now mounted in a wooden
molding across the top of the console and
connected to function as a color organ.

The present system is almost entirely
enclosed in the cabinet shown, and consists
of a Garrard RC88 changer with a Picker-
ing Fluxvalve for monophonic use; a Gar-
rard TA/Mk. IT with a Stereotwin 200
pickup for stereo use; a Bell Model T-203
tape recorder; four Fisher products—a
Model 80R tuner, MPX-10 multiplex
adapter, and two 80-C preamps; a Bogen
STA-1 stereophonic adapter; two 60-watt
Dynakit-type amplifiers modifiel to pro-
vide means to measure and balanece plate
currents; and, at the right end of the con-
trol assembly, a home-made switeh center,
with position indicator pilot lamps to show
which room(s) stereo is switched to, and to
reverse phase on one channel, as well as to
cut in a third speaker for center-channel
operation. The control also allows the use
of a modified Craftsman Xophonic rever-
beration unit on the second channel while
he is playing monophonic programs on the
first. To the right and left of the main
cabinet are home-made Karlson-type en-
closures with JBL D-130’s inside and JBL
075’s for the top end. Several other pairs
of speakers are located in other rooms all
in home-made Karlson-type enclosures and

N OW LIVING WITH HIS FIFTH HOME hi-fi

Compact, elegant,
and completely
functional, with a
control for every-
thing, all in one
place.

AmericanRadioHistorv Com

b

)

all JBL equipped. The cabinet provides
for record and tape storage, and in the
lower compartments are the manual record
player and the power amplifiers. The
Xophonie unit is behind the TV set. Both
power amplifiers have regulated supplies,
and all units plug together with Jones
plugs. The entire system is so construeted
as to be serviced from the front, with every
component arranged to slide or hinge out-
ward.

In the past few years, Mr. Mueller has
helped more than thirty of his friends with
the planning and installation of systems,
and he has personally worked on seven
separate rigs. He'll probably be on his
sixth system for his own home before long
—just as soon as one of his friends talks
him into selling No. 5. And then, as in the
old saying, “here we go again.” And we
say, “More power to him.”

R
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Collaro |

stereo
record
players
are built with
typical British
precision...
they are even
tropicalized
to perform
perfectly
in the maddest
noonday sun

The Coronation 11, Model TSC-740—$42.50
*The Conquest 11, Model TSC-640—$38.50

Pl

Transcription Turntable, Model 4TR-200—$49.50 Manual Piayer, Model TP-59—$29.95

Every Collaro stereo record player is built with typical British attention to every detail. They are precision engineered and rigidly tested to give truly profes-
sional performance and the ultimate in operating convenience. Here are some of the more important features that make Collaro the logical choice for stereo or
monophonic reccrds. « Performance specifications exceed NARTB standards for wow, flutter and rumble — with actual performance test reports accom-
panying each model TC-99. + Extra-heavy, die-cast, non-magnetic turntables (weighing up to 8%z Ibs.). Extra-heavy weight is carefully distributed for flywheel
effect and smooth, constant rotation. « Shielded four-pole motors are precision balanced, screened with triple interleaved shields to provide extra 25 db reduction
in magnetic hum pick-up. * Detachable five-terminal plug-in head shells (on TC-99, TSC-840, TSC-740, TP-59) provide two completely independent circuits, guaran-
teeing ultimaté n foise reduction circuitry. « Transcription-type stereo tonearms are spring-damped and dynamically counterbalanced to permit the last record
on a stack to be played with virtually the same low stylus pressure as the first. » All units are handsomely styled, available with optional walnut, blond and
mahogany finisked: bases or ‘unfinished Utility base. There's a 4-speed Collaro stereo record player for every need and budget! Prices slightly higher in the'~
West. For free catalog on the Collaro line, write to: Rockhar Corporation, Dept A-12, Mamaroneck, N. Y. (*Not shown. Similar in appearance to The Coronation.) &

AmericanRadioHisters--Com -
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THREE CHANNELS?

Last month’s striking Aubio cover photo,
something ealled the Forecast Music
Sphere, was an inadvertent foreeast of the
subject-matter of this month’s discussion
here, an area that will probably keep me
and everybody else intermittently busy for
a long time to come. I've been worrying
behind the scenes for months already with-
out any public showing of distress; I
hereby take off with a first stab at the
whole interesting question of the Speaker
in the Middle, that may, or may not, fill
up the famous hole which may, or may not,
bo there in the first place, and/or which
may, or may not, provide satisfactory
stereo out of a single bass source.

That’s a messy sentence but it expresses
the indecision that now reigns all over the
place. It’s hard to find a proper name for
this new trend away from two speakers
towards three, since there are a number of
overlapping aims involved, hoth technical
and economic. Will it make for a cheaper
and simpler stereo—with, say, one woofer
instead of two? Or will it make for more
expense—with three units instead of two?
Do you get better stereo in the same space,
or just-as-good stereo in a smaller space,
or is the idea to provide, without limit of
cost, the absolute ultimate stereo in an
even larger spatial set-up? Let the com-
parisons dangle! Does it cost “more”—or
“less”? Phew. I'm really confused myself,
having interviewed a number of different
promoters of variants on these themes and
having studied some literature and a lot of
advertising.

I’'ll end up, this month, with observations
on one particular eommerecial embodiment
of the three-speaker principle, but in gen-
eral my approach, so far, has been to play
my cards close, to avoid foreign entangle-
ments, so to speak, to do my own experi-
menting, such as it is, via home-made ap-
proximations of the various principles
being promoted. I'm scarcely beginning,
even now, though as early as last winter
my assistant and I were tinkering in utter
ignorance with a center-speaker hook-up
that finally produced precisely no sound
at all, when we got the two amplifiers in
balanee, The good old A - B prineiple!

You can find this neatly described, along
with a number of decidedly better ways to
go at things, in our October issue, thanks
to the boys at Pilot (p. 23, and see the big
ad on p. 39). That article is a required
technical addendum to this discussion and,
may I say, we have just completed here in

® 780 Greenwich St., New York 14, N. Y.
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Edward Zatnall (: anby

my home-and-castle a Pilot-type alteration
of a non-Pilot amplifier whieh should pro-
vide three bona fide channels for three
equal speakers, with the middle one A + B,
non-cancelling. But T haven't had a chance
to try it yet.

Indeed, I'll have to pass quietly by at
least fifty nine other fine arrangements,
for now, and that includes Paul Klipseh's
resplendent three-channel systems, the CBS
satellites, Fisher’'s new baby speukers—
satellites too in that they are minus low
bass—University dual-voice-coil woofers,
Motorola Three-Channel, Aero Third Chan-
nel, “magnificent” Magnavoxes and all the
rest. I still must absorb, too, a monograph
by Klipsch giving ten—count ’em, ten—
ways to derive an electrical third channel
from two sterco tracks. All quite fascinat-
ing, intriguing, confoosin’ and the question
is, where to begin. Where to end

Well, I should say at once that, fasei-
nating or no, I am as yet, practically speak-
ing, unconvinced by any of these heady
three-way possibilities and “it” is still end-
ing where “it” began, with two fine speak-
ers playing two tracks.

For listening, that is. I'm not persuaded
—not yet—that a good stereo set-up needs
any sort of enhancement (short of a three-
track system straight through), whether to
remove holes, widen the listening area, con-
serve cash or reduce bulk. My stereo system
remains basically two-piece and I revert to
that arrangement—I have so far—after
every excursion into three-way experiment.

Maybe I'm just Incky. My streo is just
fine, thank you. But ... you never can
tell, and so while 1 continue to listen two-
way, I continue, on the side, to experiment
three-way. For it’s always possible that
there could be something better; I might
be wrong. And in addition, there is an ex-
tremely practical matter: if and supposing
your stereo for any reason is unsatistactory
—and there are plenty of such situations
—then isn’t it possible that one or another
of these ingenious three-point systems
could make it better? Or make it cheaper,
smaller, more convenient? A big question
and nobody has the final answer.

One-Woof

Let's categorize. There are two general
approaches to this multiplying of the
stereo output. They overlap by about 50
per cent, but you can tell ’em apart, more
or less. One line of thought involves a sim-
plifying, space-saving, cost-cutting opera-
tion, that seeks to combine the bass end of
both stereo channels into one outlet, on the
theory that bass is not involved in the

AmericanRadioHistorv. Com

stereo effect. This leads to the satellite
approach. Keep your highs properly sepa-
rate, in two speakers, but remove the bass
out of them (how far down?) and thereby
make them much smaller and simpler. Two
little speakers for the stereo, all the bass
in one hig woofer in the middle, or under
the couch or any old place.

Some of the little speakers are semi-
microseopie, implying that only the upper
middle and the high frequencies are really
of any use—ualso implying that all the rest
can he safely put in the neutral middle.
Others, more conservative and, I suspect.
on sounder theorctical ground, simply
shave off the bottom hundred-odd eyeles
ot the full range, leaving everything from
perhaps 150-200 eps upwards in the side
speakers. Good, beeause there is a remark-
able gain in speaker simplicity here, at a
relatively small loss in tonal range. A
speaker that responds neatly down to 150
eps and np to the top can be astonishingly
compact without serious compromise. As
always, it’s those last low cyeles in the sub-
cellar that make all the trouble for us, and
always have since we started asking for
them.

So, you see, there are quite fascinating
possibilities in this first approach, the One-
Woof deal, provided you are really con-
vineed that (a) low bass really, practi-
cally, audibly, does come out non-direec-
tional and non-stereo; and provided (b
that you have discovered an adequate way
to combine the bass tones from the two
stereo tracks into that one-woof middle.
Ah—what complications here! The mere
faet that one company has put out a
double-voice-coil woofer, combining the two
tracks mechanieally, and that another
sends the tracks through a matrix and a
complete third power “re-amplifier” shows
that things aren’t as simple as they scem.

Three-Tweet

The other approach I will call, for sym-
metry, the Three-Tweet. The basic idea
here is not to fuss with the bass, but to
spread out the top, redistributed into three
equal channels. The bass may go along for
the ride and probably will. It could even
be one-woof, and oceasionally is. But the
interest, the ear-appeal, is in the three
upper-end channels, two “regular” and a
third one in the middle. That interest is,
of course, heightened by the faet that
many a stereo recording, though two-chan-
nel in its commercial form, had three chan-
nels to begin with an includes direet
center-channel information from separate
mikes, just waiting—perhaps—to be reas-
sembled into that middle channel.

This Three-Tweet way of thinking is
quite democratie, for we find it in the
Motorola beach portables (and more of the
same), in Pilot stereo consoles and com-
ponents, and we find it also in the rela-
tively giant Klipsch three-way stereo sys-
tems, definitely not in the bargain base-
ment. (I haven’t a doubt that these gentry
feel themselves quite mutually exclusive
and might well deny any similarity be-
tween their systems; but for my own cate-
gorizing purposes T lump all three as three-
tweet threats.) All in all, the general idea
of three channels out of two has an exhil-
eration about it that keeps it very muech

(Continued on page 58)
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and Mono Hi-Fi...the experts say
your best buy is

*The overall design of the HF-81 is conservative, honest and
functional. It is a good value considered purely on its own merits,
znd a better one when its price is considered as well."”

— Hirsch-Houck Labs (HIGH FIDELITY Magazine)

Advanced engineering e Finest quality tomponents
“Beginner-Tested,"’ easy step-by-step instructions

LIFETIME service & calibration guarantee at nominal cost

I STOCK — compare, then take home any EICO equipment
— right ““off the shelf'’— from 1500 neighborhood EICO dealers.

INPUT SEL e FUNCTION SEL

TREBLE

Stereo Amplifier-Preamplifier HF81

HFB81 Stereo Amplifier-Preamplitier selects,
ampldies, controls any stereo source & feeds it
thru self-contained dual 14W amplifiers to a
pair & speakers. Provides 28W monophonically.
Ganged level controls, separate balance control,
indemendent bass & treble controls for each
chansai. Identical Williamson-type, push-pull
EL84 power amplifiers. *‘Excellent’” — SATURDAY
REVIEW; HI-FI MUSIC AT HOME. ‘‘Outstanding
quali® . . . extremely versatile.”” —ELECTRONICS
WORLB LAB-TESTED. Kit $69.95. Wired $109.95.
Includes cover.

HFBS stereo Preamplifier is a complete, master
stere= preamplifier-control unit, self-powered for
flexitsdity & to avoid power-supply problems. Dis-
tortio- borders on unmeasurabie even at high
outpue levels. Level, bass, & treble controls inde-
pendemt for each channel or ganged for both
chanrels, Inputs for phono, tape head, mike, AM,
FM, & FM-multiplex. One each auxiliary A & B
input @ each channel. Switched-in foudness com-
pensador, “Extreme flexibility . . . a bargain.""—
HI-FI =EVIEW. Kit $39.95, Wired $64.95. Includes
cover

New WF87 70-Watt Stereo Power Amplifier: Dual
35W sower amplifiers of the highest quality.
Uses p-quality output transformers for undis-
torted response across the entire audio range at
full mawer to provide utmost clarity on full
orchezira & organ. IM distortion 1% at 70w,
harmemic distortion less than 1% from 20 to
20,00® cps within 1 db of 70W. Ultra-linear con-
nectes EL34 output stages & surgistor-protected
silicor diode rectifier power supply. Selector
switck chooses mono or stereo service; 4, 8,
16, ard 32 ohm speaker taps, input level con-
trols; ®asic sensitivity 0.38 volts. Without exag-
geratimn, one of the very finest stereo amplifiers
availasie regardless of price. Use with self-
power=d stereo preamplifier-control unit (HF85
recom=iended). Kit $74.95. Wired $114.95.
HF86 =8W Stereo Power Amplifier Kit $43.95.
Wired 374.95,

FM Tu=er HFT90: Prewired, prealigned, tempera-
ture-cempensated ‘“‘front end'’ is drift-free. Pre-
wired 2xclusive precision eye-tronic® traveling
tuning indicator. Sensitivity: 1.5 uv for 20 db
quietit g; 2.5 uv for 30 db quieting, full limiting

from 25 uv. IF bandwidth 260 kc at 6 db points.
Both cathode follower & FM-multiplex stereo
outputs, prevent obsolescence. Very low distor-
tion. ““One of the best buys in high fidelity kits.”
— AUDIOCRAFT, Kit $39.95*. Wired $65.95*%.
Cover $3.95. *Less cover, F.ET. Incl

New AM Tuner HFT94. Matches HFT90. Selects
‘hi-fi’* wide (20¢ — 9ke @ — 3 db) or weak-
station narrow (20c — 5ke @ — 3db) band-
pass. Tuned RF stage for high selectivity &
sensitivity; precision eye-tronic® tuning.
Kit $39.95. Wired $65.95. Incl. Cover & F.E.T.
New FM/AM Tuner HFT92 combines the re-
nowned EICO HFT90 FM Tuner with excel-
lent AM tuning facilities. Kit $59.95. Wired
$94.95. Includes cover & F.E.T.

New AF-4 Stereo Amplifier provides clean 4W
per channe! or 8W total output. Inputs for
ceramic/crystal stereo pick-ups, AM-FM stereo,
FM-multi stereo. 6-position stereo/mono selec-
tor. Clutch-concentric level & tone controls. Use
with a pair of HFS-5 Speaker Systems for good
quality, low-cost stereo. Kit $38.95. Wired $64.95.

HF12 Mono Integrated Amplifier provides com-
plete “front-end” facilities and true high fidel-
ity performance. Inputs for phono, tape head, TV,
tuner and crystat/ceramic cartridge. Preferred
variable crossover, feedback type tone control
circuit. Highly stable Williamson-type power
amplifier circuit. Power output: 12W continuous,
25W peak. Kit $34.95. Wired $57.95. Includes
cover.

New HFS3 3-Way Speaker System Semi-Kit com-
plete with factory-built 3" veneered plywood (4
sides) cabinet. Bellows-suspension, full-inch ex-
cursion 12” woofer (22 cps res.), 8" mid-range
speaker with high internal damping cone for
smooth response, 312" cone tweeter. 214 cu. ft.
ducted-port enclosure. System Q of 2 for smooth-
est frequency & best transient response. 32-
14,000 cps clean, useful response. 16 ohms
impedance. HWD: 262", 137%",14%". Unfinished
birch $72.50. Walnut, mahogany or teak $87.50.

New HFS5 2-Way Speaker System Semi-Kit com-
plete with factory-built %" veneered plywood (4
sides) cabinet. Bellows-suspension, $8” excuf-

Ask your dealer about EICO’s exclusive Stereo Records Bonus.
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78W Sterea Power Amplifier HF87
23W Sterea Power Amplifier HF86

“FN Tuner HFT90 FM/AM Tuner
AN Tuner HFIQ HFT92

12w Mano Intzgrated Amplifier HF12
Otkter Yono rtegrated Amplifierss
5¢, 3, & 2w (use 2 for stereo)

2-4¥ay Bookshelf
Speaker System HFS1
3-Way Speaker System HFS3
2-Way Speaker System HFS5

sion, &7 woofer (45 cps res), & 312" cone
tweeter. 14 cu. ft. ducted-port enclosure. Sys-
tem Q of Y2 fer smoothest frequency & best
transient response. 45-14,000 cps clean, useful
response. HWD: 24", 121%”, 10%2". Unfinished
birch $47.50. Walnut, mahogany or teak $59.50.
HFS1 Bookshelf Speaker System complete with
factory-built cabinet. Jensen 8~ woofer, match-
ing Jensen compression-driver exponential horn
tweeter. Smooth clean bass; crisp extended
highs. 70-12,000 cps range. 8 ohms. HWD: 23" x
117 x 9”. Price $39.95.
HFS2 Omni-Directional Speaker System (not illus.)
HWD: 36°, 15Ya™, 11v2”. “Eminently musical’”
HIGH FIDELITY. "“Fine for stereo’’ — MODERN
HI-FI. Completety factory- built. Mahogany or wal-
nut $139.95. Biond $144.95,

EICO, 33-00 Morthern Bivd., L.1.C. 1, N. Y.

SHOW ME HOW TO SAVE 50% on 65
models of top quality:
Hi-Fi [J Test Instruments
“‘Ham’’ Gear [J Free STEREO Hi-Fi Guids
Send FREE catalog & name of neigh-
torhood ESCO dealer.

MAME....
ADDRESS. ccomeiriemiinns o
cITy. - o ZONE . STATE coren

Listen o the EICO Hour, WBAI-FM, 79.5 MC
Mon., Thurs., Sat. 7-8 P.M_; and Sat. 3-4 P.M.

A-12

Over 1 MILLION EICO instruments in use throughout the wor!d.

Add 5% in the West.
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Copyright 1959 by Electronic Instr. Co., Inc.
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EDITOR'S REVIEW

RECORDING PERSPECTIVE

engaged in by those interested in the art of sound

reproduction, the question came up about the
perspective in which a particular recording was made.
And with it, came the discussion about how recordings
made with different perspectives will sound in various
rooms.

Now it is fairly well known in the sound movie
business that the sound must appear to be creditable
to the scene which accompanies it. For example, an
intimate two-shot must have a close-up quality to it,
completely free of any ‘‘room sound’’—which is an-
other name for reverberation. Similarly, an orator on
the rostrum in a large hall must sound as though he
were actually there—even if the camera moves in for
a close-up, there should be some room sound remain-
ing. Sound picture engineers, directors, and pro-
ducers have become so accustomed to these require-
ments that it is rare that you hear a sound which is
not in keeping with the picture. The one exception is
likely to be the case where the camera alternates be-
tween long-shots, medium-shots, and close-ups on a
singer performing on a stage. Here, in order to keep
the singing voice consistent throughout, the sound
quality is usually a cdmpromise, and does not change
from one camera position to another.

In orchestral recordings, in contrast, there is no
pieture to guide the listener. However, when one pays
close attention to the amount and type of reverbera-
tion, he should be able to approximate the microphone
positions, particularly with monophoniec recordings.
Some orchestras are microphoned so that they sound
as though they were in a large hall, and the listener
seems to be back about 25 rows. A prime example of
this type of recording can be heard in practically any
number by the Pittsburgh orchestra under Steinberg.
The opposite of this gives the impression that the
microphones are distributed throughout the orchestra,

DURING ONE of the habitual talk-fests commonly

at no time more than a foot or so from the instruments,
and most of the dises from the Westminister Labora-
tory series are in this group.

In the distant microphoning, the dynamic range is
reduced by the ‘‘flywheel’’ effect of the large hall; in
the close-up technique, the dynamic range is high. As
we see it, therefore, this means that in the home, the
distant type of microphoning can be listened to com-
fortably in a small room, since the reverberation of the
performing location is added to that of the listening
room, and in this case the reverberation of the hall is
sufficient in itself. However, with the close-up tech-
nique, listening in a small room gives the impression
of being crowded amongst the musicians. On the other
hand, if the listening room is larger, one gets the im-
pression of being on the stage with the orchestra, yet
not being crowded.

Short of providing some reverberation device in
the home, there is very little that can be done about
this problem—except to be careful to choose records
suited to his particular listening conditions. We have
always felt that the close-up quality, such as that of
the Westminster Lab series, was interesting, because
we do not hold that it is necessary to be transported
into the 25th row of some auditorium to hear our
musie. If the nearness of the performance makes it
more interesting to the listener, that is what he should
have. But we realize that in most instances we have
listened to the Lab records in a rather larger listening
room than usual, and that furthermore, we usually
have several speakers throughout the house playing
simultaneously, giving an increased reverberation, in
effect, in the listening area.

Makes an interesting experiment, though. Just try
listening to extremes of reverberations in both large
and very small rooms. Should provide the subject for
a whole cvening’s experimentation—and enlighten-
ment,

And that is practically our last word for this year,
except that

jée é)c[iford anc{ &a// 0/ AUDIO widé you a
Werry C)Aridfma:} anc{ a ﬂappy nw ear
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THE

DIFFERENCE

Here is more for the best of everything in quality
record reproduction—the more that makes the differ-
ence! more output!...more channel separation!...
more response...more record life! In short—more to
enjoy because there's more quality for more listening
pleasure. Without question, Pickering’s Collectors’
Series 380 is the finest—with more features and more
flexibility than any other stereo pickup in the world.

COLLECTORS' SERIES 380. Totally new and unique to high
fidelity is the ““Collectors’ Ensemble”...a complete quality “pick-
up-package” for reproduction of all records—stereo, micro-
groove, 78’s,

OUTPUT: 15 mv per channel. CHANNEL SEPARATON: 30-35 db.
FREQUENCY RESPONSE: 4+ 2 db 20-20,000 cycles. SIGNAL TO
NOISE RATIO: —65 db below reference. TRACKING FORCE: “A"
type stylus—2-5 grams; “C"” type stylus—3-7 grams.

Model 380E Collectors’ Ensemble includes the Stanton Stereo
FLUXVALVE with 3 “V-GUARD" styli for stereo, microgroove and
78 PP reCOrdS. . oL i it et $60.00
Model 380A includes Stanton Stereo FLUXVALVE with D3807A
“VY-GUARD" stylus for transcription arms. ., ........... 34.50
Model 380C includes Stanton Stereo FLUXVALVE ‘with D3807C
“V-GUARD" stylus for auto-changer arms. ._........... $29.85
~ Only the Stanton Stereo FLUXVALVE
D e o features the safe, comfortable, easily
~ - ¢ replaceable stylus assembly.

¢«PICKERING—for more than a decade—the world’s most experi-
enced manufacturer of high fidelity pickups...supplier to the
recording industry.

4 PICKERING AUTOMATED CRAFTSMANSHIP
FLUXYALVE, ''V-GUARD'® ''T-GUARD’* UNIPOISE PAC (T™M)

AUDIO e DECEMBER, 1959

Royat System Wall Cabinets designed by Poul Cadavius.

For example, the 380 is fully encapsulated in radia-
tion-proof precious mu-metal for absolutely hum-free
performance in any record player regardless of type—
make—mode!l. The only true way to judge a high
fidelity component is to compare it with another...
measure its performance with the most vital instru-
ment of all...the ear. For—those who can hear the
difference choose PICKERING*.

PRO-STANDARD SERIES 371. Now, the new and
revolutionary PACT technique developed by
PICKERING "has effected economies in
manufacture which permit a reduction in the

price of the Pro-Standard Series...an industry
standard and the universal choice of professionals.
Features four coil push-pull hum rejection circuit.

OUTPUT: 10 mv per channel. CHANNEL SEPARATION: 20-25 db.
FREQUENCY RESPONSE: 20-15,000 cycles. TRACKING FORCE:
“A" type stylus—2-5 grams; ey type stylus—4-7 grams.

Model 371A Mk 11 Stanton Stereo FLUXVALVE Pickup now $26.40
Model 371C Mk Il Stanton Stereo FLUXVALVE Pickup now $24.00

Model 196 Mk Il UNIPOISE Arm with integrated Stanton Stereo
FLUXVALVE Pickup now ,.... N G0N00000a0a0R0008R0RA0 $49.50

FOR THOSE WHO CAN HEAR THE DIFFERENCE
@ - k .
gNEWYORK

PICKERING & CO., INC., PLAINVIEW,

AmericanRadioHistern-GCom -
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The Low-Loading Self-Biased

Amplifier

L. B. DALZELL"

Low loading has been suggested as a means of improving self-biased amplifiers. The
author discusses the modification of conventional amplifiers to this mode of operation.

N A SERIES of articles on amplifiers for
high-quality sound reproduction pub-
lished in Wireless World for May and

June, 1955, W. A, Ferguson of Mullard
of Britain presented some thoughts on
what he cailed “low loading” as a means
of improving the performance of a self-
biased push-pull output stage.

In the booklet “Philips Hi Fi Ampli-
fier Circuits,” published in 1958 in Hol-
land, the same statements on low load-
ing are covered, and are expanded into
more concrete form.

The following is quoted from the
Philips bocklet: “The operating condi-
tions for class AB normally recom-
mended and published by the tube manu-
facturers are based on measurements
with continuous sine-wave drive. The
cathode resistor is so chosen that under
zero-signal conditions the tubes are op-
erated in class A, whilst at full drive the
working point is shifted to class-B set-
ting. The anode-to-anode load resistance

® S

N

14 16 18 20

L

8 W 12

HARMONIC DISTORTION—%
a2 o

0 2 4 6
WATTS
Fig. 1. Distortion of push-pull EL84's.
(A), cathode-bias, 8000-ohm load; (B)

fixed bias at same bias and load as

(A); (C) fixed bias, 6600-ohm load, op-

timum bias. All measurements made
with continuous sine-wave input.

is chosen for optimum performance in
class-B setting at full drive. The shift-
ing of the working point is due to the
influence of the increased anode and
sereen-grid currents on the cathode bias.
For a typical output stage with two
ELS84 pentodes on a supply voltage of
310 v. the increase in cathode current,
and hence the control-grid bias, is about

* 1162 Fleetridge Drive, San Diego 6,
Calif.
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in Fig. 1, but on

logarithmic graph. 0.
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40 per cent with a sinusoidal input volt-
age.

“When, however, such a power stage
is used for the reproduction of speech
and musie, operating conditions are
rather different. The mean-amplitude
signal is now very small compared with
the peak value which occurs from time
to time, and the mean variations in
cathode current are therefore also very
small. Due to the relatively long time
constant of the cathode resistor and its
bypass ecapacitor, the shifting of the
working point, even under peak-signal
conditions, is small enough for the stage
te be considered as working with a
virtually fixed bias. If the normal eclass
AB stage (cathode biased) is measured
under the corresponding fixed-bias con-
ditions with a sine-wave input, it is
found that at high output levels the
distortion is greater than when cathode
bias is used. . . . In practice, a cathode-
biased class-AB stage designed on a
sinusoidal-drive basis will produce in-
creased distortion when peak passages
of speech or music are being repro-
duced.”

The foregoing thoughts have presented
a challenge to the author for some time,
and so it was decided to attempt to
verify or refute the low-loading idea

AmericanRadioHistop.Com.

through experiment. Mr. Ferguson pre-
sented a graph to illustrate his points,
and tests were undertaken to verify the
claims. Finally, similar results were ob-
tained and are presented in Fig. 1. The
conditions under which the measurements
were made may be of some interest. The
push-pull EL84’s were resistance loaded
and driven from an extremely pure dual-
phase source. Adjustments were made at
the zero-signal econdition to maintain
exactly 300 volts between the anodes and
cathodes of the EL84’s. Harmonie distor-
tion was measured from anode to anode
of the push-pull pair, as was the power
level. There was no feedback. Curve A
depicts the output stage distortion with
a common 130-ohm bias resistor and an
80-uf bypass capacitor, with 8000 ohms
anode-to-anode load. Curve B represents
the same load, but with the bias fixed at
the same point as zero signal for A.
Curve C covers the optimum fixed bias
condition with a 6600 ohm load. The
voltages for the curves were:

A B C

Anode voltage 310 300 300
Cathode voltage 10 0 0
Grid voltage 0 -10 -12
Screen voltage 300 290 290
A-A load, obhms 8000 8000 6600
19



As logarithmic scales are usually used
to illustrate power and distortion as the
ear hears them, Fig. 2 is simply Fig. 1
redrawn on logarithmie form, which
tends to reduce the apparent difference
in the three modes of operation. Never-
theless there is a substantial difference
in the curves above the 8 watt point, and
as power peaks could fall in that area,
it was considered worth pursuing the
subject further.

The quotation continues, “One method
of improving performance is to adjust
the quiescent operating conditions in the
output stage so that they are nearly
optimum for fixed-bhias working, although
cathode bias is still used. This entails a
smaller standing current and lower
anode-to-anode load resistance.”

Proof of the Theory

An amplifier using EL84 output tubes
was constructed using a 8000-ohm Triad
S142A output transformer in the eireuit
of Fig. 3. The IM distortion was under
0.6 per cent up to 14 watts. A KL Six
speaker was used, and a recording volt-
nieter was connected to the comnmon out-
put-tube cathodes. Music was then played
at increasingly lounder levels until audi-
ble distortion was evident on extremely
loud dynamic peak passages. It was
found that the maximum deviation of
bias was about 0.25 volts under these
conditions, so that for practical purposes
the bias was fixed. Audibly, distortion

appeared at the same output level when
either pentode or tapped screen output
was used.

The amplifier was then converted to
“low-loading” by substituting a 6600-
ohm Triad S146A output transformer
for the S142A. The self-bias network re-
sistance was increased to 220 ohms to
reduce the total cathode current in the
EL84’s to about 50 ma. Up to one watt
output, IM distortion was under 0.1 per
cent, and when tested with a steady in-
put, distortion rose drastically as the
drive was increased. At zero signal, bias
was 11 volts. The same music as before
was played over and over again at com-
parable and even higher levels, using
the same speaker and input. A group of
experienced listeners could deteet no
“break-up” or distortion. In this case the
bias deviation was under 0.5 volt.

The amplifier was then arranged with
both output transformers connected
through a multicontaet transfer relay
that also changed the bias network when
operated. This made possible almost in-
stant switching between conventional and
low-loading modes of operation. Listen-
ers were allowed to switeh back and
forth at will, but with only the knowl-
edge that they were trying two ampli-
flers. At low levels, there was no definite
pattern of choice. At high-level listening,
all 24 listeners chose the low-loading am-
plifier. Later, pentode and tapped sereen
“low-loading” modes were compared,
with a fairly even split of choice. These

trials were spread over a two-week in-
terval.

A second amplifier, using EL34’s and
a 4000 ohm Triad S152A output trans-
former was built to check low-loading
with more powerful tubes. The total
EL34 cathode current was adjusted to
92 ma. See Fig. 3. At up to four watts
this unit measures less than 0.1 per cent
IM distortion, which rises quickly as
steady sine wave input is increased, and
as the bias increases. With musie, the
maximum bias deviation was 0.5 volts
when driving the KLH Six, and 0.9 volts
when driving an AR-1—again at levels
near the testers’ limit of tolerance.

This more powerful amplifier has been
repeatedly A-B tested against the au-
thor’s 60-watt fixed-bias amplifier, which
was described in the March, 1959, issue.
There is no detectable difference between
the two in listening tests, although the
author feels that the tapped screen con-
nection improves the low-loading unit.

As a final series of tests, the AR-1
speaker was used with the convention-
ally loaded EL84 amplifier of Fig. 3. As
the recording meter available was a two-
trace device, the first channel was con-
nected to monitor the power delivered
by the amplifier, and the second channel
was connected to a push button to aet
as a distortion-point indicator. Once
again music was played at loud levels
with the observers concentrating on op-
erating the push button as they detected
“break-up” or distortion. Even with this
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Fig. 3. Schematic of the amplifiers tested. See parts for values not on the schematic. The circuit is derived from the pap_;.vlal—'
Mullard amplifier, and may be adapted for EL84 or EL34 output tubes.
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very low efficiency speaker and moderate
power amplifier, the average power re-
quired for musie is quite low, running
between two and four watts. Peaks where
distortion occurred are a different case
however, for they could not be measured
aceurately. but apparently ran fre-
quently into the upper thirty watt level.
The duration of peaks, however, was ex-
tremely skort, and to the author’s dis-
gust, was onee again unmeasurable with
the test equipment available. The evi-
dence of the meter indicates that ex-
tended periods of distortion, up to a
second, are actually a series of peaks
and not continuous high power.

Summary

From tlLis last series of tests it was
concluded that an ideal amplifier is one
that will ceast along with average sound,
yet reach effortlessly and successfully
for the peaks. Thus far it must be con-
cluded that a fixed-bias amplifier, or a
comparable low-loading unit, best meets
this requirement. Of course the ampli-
fier should be matched to the speaker in
potential power to efficiency, and a pair
of EL84’s is not quite enough for the
AR-1 or AR-3, but they will handle
almost everything else available today if
properly loaded.

To recapitulate:

1. Self-biased class AB amplifiers re-
quire cathode bypass capacitors,
henee have a bias time constant, and
with masic and voice are effectively
operating with fixed bias.

2, If such amplifiers are loaded and the
current adjusted as for fixed-bias
conditicns, they appear to sound
clean, but they cannot be measured
with steady-state signals except at low
levels.

3. Low-lozding reduces current through
the output stage, hence the output
tubes are at a low dissipation level.

4. The low current reduces power-supply
requirements, and transformers run
cool by comparison.

5. Low-loading retains the simplicity
and safety features of self bias.

The author realizes full well that em-
pirical data from listening tests are far
from conclusive. It has not been possible
to measure transient or high-level dis-
tortion in low-loading amplifiers thus
far, and it could be argued that we need
a new method of distortion measurement
using random signals similar to music
wave forms. It could also be said that
the effects of feedback are neglected in
comparing the value of low-loading with
conventional operation, but in this area
it is difficult to refute the practical
demonstrations previously cited, and
which can be readily duplicated by any-
one so minded.

It would appear appropriate to close

-‘AUDIO e DECEMBER, 1959

ParTs DIFFERENCES BETWEEN EL84 ANDp EL34 AMPLIFIERS

Part EL84 EL34
C,C, 30 uf, 450 v 30 uf, 500 v, electrolytic
Cs 60 uf, 450 v 60 pf, 500 v, electrolytie
C,, C; 50 uf, 50 v 50 pf, 160 v, electrolytie
Ly Triad C10X Not used
R, 39k ohms, 2 watts 100 k ohms, 2 watts
R, 15k ohms, 2 watts 39k ohms, 2 watts

By, R, (1 %)

R, B; (wirewound)
R, (wirewound pot)
Ry (Low Loading)
R, (Conventional AB)

T, (Low Loading) Triad S-146A

6600 ohms p-to-p

T, (Conventional AT’ Triad S-142A

8000 ohms p-to-p

500 k ohms, 2 watt
100 ohms, 3 watts
100 ohms, 4 watts
160 ohms, 10 watts
70 ohms, 5 watts

300 k ohms, % watt
50 ohms, 3 watts
200 ohms, 4 watts
300 ohms, 10 watts
200 ohms, 10 watts
Triad S-152A

4000 ohms p-to-p
Triad S-146A

6600 ohms p-to-p

MISCELLANEOUS DaTa
T, 350-0-350 v at 200 ma; Triad R-20A or B

Silicon Rectifiers

Four required with minimum P.I.V. of 400 v and minimum

d.c. output current of 0.5 a.

v, ECC82/12AT7, 6CG7 (pins 8 and 9 strapped), 6SN7, or
ECCS83
VeV, ELS84 or ELL34; when EL34's are used, pins 1 and 8 should

be strapped.

with a final quotation from the Philips
booklet, “The low-loading adjustment
provides reduced distortion at peak
levels, although the improvement may
be hard to detect until the ear is aec-
customed to high-quality reproduction,
because it affects such short intervals of
time.”

Notes on the Amplifiers

The two amplifiers used for low-load-
ing experiments derive directly from the
60-watt unit described in the March,
1959, issue. While these amplifiers use a
full-wave center-tapped power supply,
the voltage-doubler supply deseribed in
the earlier article is recommended for
the larger amplifier using EL34 output
tubes.

The circuit derives from the “Mullard”
510 and 520 circuits, and borrows the
Ampex front end. The d.c. balance net-
work is a variation of Williamson’s
original, and appears to be the most
satisfactory arrangement yet devised.

D.c. balance of both units is simply
checked with a meter across the test
points, the shunting key is opened, and
the balaneing potentiometer adjusted
for zero indication.

A.c. balance is best set with a distor-
tion meter. The shunt key is held open,
signal is applied, and output distortion
is adjusted to the minimum point with
the 50,000-ohm potentiometer. Alterna-

IF YOU ARE MOVING

Please notify our Circulation Department
at least 5 weeks in advance. The Post Office
does not forward magazines sent to wrong
destinations unless you pay additional post-
age, and we can NOT duplicate copies sent
to you once. To save yourself, us, and the
Post Office a headache, won’t you please
cooperate? When notifying us, please give
your old address and your new address.

Circulation Department
RADIO MACAZINES, INC.
P. O. Box 629, Mineola, N. Y.
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tively, the following method may be
used :

1. Reduce the value of R, to the con-
ventional value.

2. Load the output with a power re-
sistor load.

3. Connect a voltmeter to the test points.
Use a 3-volt scale or lower.

4, Drive with 50- or 60-cps input to
near maximum power.

5. Open the cathode shunt key.

6. Adjust the 50,000-ohm potentiometer
to zero the meter.

A third and least accurate method is
to adjust the 50,000-ohm potentiometer
to 105,000 ohms between pin 6 of the
phase splitter and the arm of the poten-
tiometer.

The smaller amplifier, Fig. 3, makes
use of a full wave center-tapped power
supply, with an inductive input filter for
good regulation. It is interesting to note
that the same power supply may be used
for the larger EL34 amplifier by simply
eliminating the choke and changing the
60-uf capacitor to a 500-volt unit, thus
delivering 450 volts with capacitor-only
filtration. It is the author’s opinion that
additional filtering is superfluous.

The units run cool because they are
idling most of the time. Hum and noise
cannot be measured on the 0.01-volt
scale of the a.c. meter available, and no
hum or noise is detectable in any
speaker that has been connected.

Both units are designed on an ex-
tremely conservative basis, and if at
least 100 per cent dissipation margin is
used in seleeting resistors, both low noise
and long life can be expected. In the
test amplifiers, 2-watt carbon resistors
were used at all points unless wire
wound or 1 per cent resistors are speci-
fied. The perfectionist will probably use
low-noise deposited carbon or metal film
resistors.

There is some difference in components
between the large and small unit, and
these are covered in the parts list. Z
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Hi-Fi Performance from Small

Speakers

CHARLES F. MAHLER, JR.*

Everyone talks about multiple-speaker systems using an array of
small speakers, but hardly anybody does anything about them. This
author is an exception, and the results seem to warrant the effort.

T 18 OF INTEREST to observe the rela-

tively small amount of information

available concerning the use of small
speakers for high fidelity sound repro-
duction. The author has spent the last
two years experimenting with these small
speakers. A great deal of mis-informa-
tion exists relative to the merit of inex-
pensive speakers.

The speakers selected for use during
our tests were the six-inch size. These
speakers were purchased for about two
dollars each. The magnet sizes were gen-

* 958 Arguello Drive, San Leandro, Calif.

5 WATT SOURCE

W,
A w,-g? o

0.5 WATT W, =POWER DISTRIBUTION
(EACH SPEAKER)
W, =POWER OUTPUT
Snr =NUMBER OF SPEAKERS
0.5 WATT

0.5 WATT
0.5 WATT

0.5 WATT

——— TOTAL POWER =5 WATTS
(DISREGARDING
EFFICIENCY

0.5 WATT
LOSSES)

0.5 WATT

ANDZEN

0.5 WATT

0.5 WATT

0.5 WATT

speakers
divided

Fig. 1. Arrangement of ten
showing how the power s
among them.
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Fig. 2. A thirty-
two speaker array
divides the power
into infinitesimal
portions for each
speaker. Note po-
larity of connec-
tions.

COHOHAHOAHOAOAC

25.6 OHMS

EACH SPEAKER 3.2 OHM NOMINAL IMPEDANCE

IMPEDAN CE - %‘L=-6.4 OHMs

ro

TO 8 OHM
SOURCE

¢rally under one ounce. The voice-coil
diameter was 9/16 in. They were rated
by the manufacturer as two-watt speak-
ers, and the type generally found in in-
expensive table-model radios. We se-
lected this type of speaker hecause we
felt that it represented the one easily
obhtained from many outlets at a rea-
sonable cost.

To qualify as high fidelity, a loud-
speaker should be able to reproduce the
entire audio range without exceeding a
distortion level of 5 per ceent. It also
must reproduce this range at volume
levels that may equal the original per-
formance. The frequency response should
not bhe less than from 30 to 15,000 eps
within 5 db. The speaker should bhe able
to reproduce sharp transients without ex-
cessive ringing or overshoot. The speaker
resonance shall be below 100 ¢ps in order
to assure us of adequate bass response.

The above specifications are considered
by many people as conservative and per-
Lkaps not good enough to be considered
high fidelity. However, it is interesting to
note how very few high-quality speaker
systems on the market today do meet
these specifications. In any case, we can
safely say that the six-inch speaker de-
scribed earlier will not be able to qual-
ify under the terminology “hi-i.” So it
seems as if we have talked ourselves out
of considering six-inch speakers for hi-fi

AmericanRadioHistorv Com

applications. Let us explore the possi-
bilities of using more than one six inch
speaker. Why not five, ten, or twenty?
Why not as many as one hundred ar-
ranged as a large bank? We must then
consider the six-inch speaker in a much
different light than we did as a single
untt.

Multiple-Speaker Systems

Before we get into the details of mul-
tiple speakers as used for h-fi, let us first
review some of the problems encoun-
tered in reproducing the low bass fre-
quencies. Many speaker systems which
hoast of reproduction down to 30 cps
or lower simply do not reproduce these
frequencies at a sound level that can be
heard. True, they will reproduce these
lower octaves of bass but the sound in-
tensity or volume level is not sufficient
to be heard unless you place your ear
close to the speaker cone or cabinet. Be-
cause of this problem, most hi-fi users
will add artificial bass boost in one form
or another with their amplifier. This
artificial bass emphasis cannot achieve
the natural sound of true bass. Even the
very finest systems available suffer from
lack of bass power. The quality of the
bass response might be excellent but the
ability of the speaker system to drive
this bass power into the listening area
is almost always sadly inadequate. This
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is especially true at room listening levels
encountered in the home. It is one thing
to reproduce bass in a theatre at high
volume levels, but another thing indeed
when you try to move this into the home.
[Tnless room acoustics are near perfect
and unless the system is strategically
located, we cannot hope to get natural
hass response below 40 ¢ps with single
fifteen- or twelve-inch speakers. Again,
may I emphasize that T am speaking of
hass response you can kear without hoost-
ing of the bass.

It has already been shown by many
cxperts in the fleld who have written
about this subject before, that the cone
exeursions necessary for a fifteen-inch
speaker to reproduce a 20-cps funda-
wental at a level whiech would be audible
at a distance of twenty feet from the
speaker, exceeds the design limitations
which have been considered practical.
This means that it is not possible to
hear a 20-cps tone on a system that has
the volume or gain control set for nor-
mal level of listening. Of course, we
could turn up the volume and hear it,
hut the volume would be ear splitting
for the rest of the frequency range. Bass
hoost or loudness correction or a little
hit of both are the only alternatives if
vou like your bass to be heard. It is evi-
dent that the problem is one of “moving
#ir” at these lower fundamental bass fre-
quencies.

The answer to adequate bass response
is not one of speaker size. The author
has had a great deal of difficulty in con-
vineing skeptics that a six-inch speaker
will respond to a 10- or 20-cps tone. The
only way to convince these people is to
show them with their own ears. Suppose
we take one of the small speakers men-
tioned and eonnect it to the output of a
¢zood audio amplifier. Then we connect a
signal generator to the input of the am-
plifier. My generator happens to go
down to 10 ¢ps. When we apply this 10-
¢ps signal to the speaker, we can see the
cone move. We must be careful to keep
the level down low so as to avoid over-
loading the speaker. 1t will be possible
to count the vibrations of the cone at
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10 eps. We cannot hear this 10-cps tone
but we can see the cone move. Once we
have established that this is true then
the skeptic no longer doubts us and we
have advanced further along in our ex-
periment.

Cone Movement

This small movement by a single six-
inch speaker is not enough to be of any
value hy itself. If we were to increase
the gain of the amplifier so as to try and
hear this tone from the speaker we would
drive the voice coil out of its linear flux
region. When this happens, the cone may
he forced to move twice for every single
cycle. This is called doubling. Instead of
hearing 10 ¢ps we will hear what seems
to be a distorted 20-¢ps tone. Operating
this small speaker at more than its rated
ability will possibly result in damage to
the voice coil.

The non-linear movement of the voice
coil in the wmagnetic gas 1s the prime

source of distortion at low frequencies.
In order to use these small six inch
speakers suecessfully we must operate
them well within the linear portion of
the magnetic gap or flux. If we keep
the operating level below one watt we
can be assured that the voice coil will
stay within this area under all types of
wave shapes likely to be handled. Let us
now connect ten of these speakers across
the output of the amplifier, If we adjust
the output of the amplifier for a five-
watt level, then we can assume that only
one half a watt appears at any one
speaker (see Fig.1). We divide the num-
ber of speakers into the wattage. Let us
carry this a step further and connect 32
of these six-ineh speakers across the am-
plifier, as in Fig. 2. At this same output
level of five watts from the amplifier,
each speaker then only handles about
0.15 watts of power. At a 32-watt oper-
ating level, each speaker would only re-
produce about one watt of the total
power output. With 32 of these speakers
as shown, it would seem that for all
practical applications in the home, it
would not he possible to overload this
system. After all, who ever plays his
system at a 32-watt level?

The effect of operating all 32 of these
speakers from the output of an ampli-
fier 1s no different than operating two
or three 15-inch speakers. As far as the
amplifier is concerned, it still is looking
into an inductive and resistive load. If
we connect the speakers in a series-
parallel arrangement as F'ig. 2, we can
keep the impedance within acceptable
levels. It is indeed possible to achieve a
near-perfect impedance mateh, just as it

(Continued on page 92)
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Fig. 4. Suggested cabinet construction for the thirty-two-speaker system.
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Determining Screen Grid Dissipation
in "Ultra-Linear” Amplifiers

A difficult parameter to measure, screen dissipation yields to this method. Designers should
know what the dissipation is if ampliers are to operate satisfactorily over long periods.

N IMPORTANT CONSIDERATION in the

design and adjustment of ampli-

fiers using beam power tubes in
sereen-grid (grid No. 2) feedback cir-
cuits (“Ultra-Linear” amplifiers) 1is
sereen grid dissipation under maximum-
signal conditions. In amplifiers of this
type (see Fig. 1), grid No. 2 of each
tube receives a fraction of the a.c. plate
voltage of the tube, as well as a d.c.
voltage, and contributes a portion of the
power output. As shown in Fig. 2 the
sereen grid dissipation varies with the
signal amplitude, and is always less than
the produet of the d.c. sereen grid volt-
age and cwrrent. If this dissipation is
less than the permissible screen grid in-
put for the tube type used, it may be
possible to obtain higher power output
from the amplifier by an increase in the
d.c. supply voltage E;;,. If this dissipa-
tion exceeds the permissible screen grid
input, it will be necessary either to re-
duce E,;, or to inerease the fraction of
the a.c. plate voltage applied to grid
No. 2 to assure that the permissible in-
put is not exceeded.

Determination of Screen Grid Dissipation

Although the sereen grid dissipation
in an “Ultra-Linear” amplifier circuit
can he caleulated by an involved integra-
tion procedure, a much simpler ap-

* Electron Tube Division, Eadio Corpo-
ration of America, Ilarrison, New Jersey.

LEONARD KAPLAN*
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Fig. 1. Simplified circuit of amplifier
using screen grid feedback.
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Fig. 2. Typical screen grid voltage, cur-
rent and power waveforms in a screen-
grid feedback amplifier.

proach is to apply a sine-wave signal
of maximum amplitude to the cireuit,
measure the a.c. and d.c. components
of the resulting sereen grid voltage and
current, and then determine the dissipa-
tion from the relationship

P=EI-ei (1)

where P is the grid No. 2 dissipation,

E and I are the d.c. screen-grid volt-
age and current, and ¢ and ¢ are the rmns
values of the a.c. sereen-grid voltage
and current.

A method for separating the a.c. and
d.c. components of the sereen grid volt-
age and current by the use of a blocking

capacitor and high-impedance choke
was suggested by F. Langford-Smith in
Radiotronics for July, 1955. It is much
simpler, however, to use the arrange-
ment shown in Fig. 3.

In this arrangement, the d.c. screen
grid voltage is assumed to be equal to
Eyp, and measured with the d.c. volt-
meter M,. The d.c. secreen grid current I
is measured with the d.c. milliammeter
M,, and the rms value of the combined
a.c. and d.e. screen-grid currents I, is
measured with the thermocouple milli-
ammeter M;. The power-output meter
is used to measure the maximum-signal
power output P, delivered by the am-
plifier into its rated load resistance Rp.

Procedure

The circuit is adjusted to provide the
desired operating conditions, and the
maximum-signal values of P,, E,,, and
I, determined from the indications of
the corresponding meters. The rms a.c.
screen-grid voltage ¢ may then be deter-
mined from

e =

=

1N |RLP, (2)
aa

and the rms a.c. screen-grid current ¢
from

i=\VI2-1I? (3)
(Continued on page 98)
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The Parabolic Attenuator

An approach to multiple loudspeaker volume control, with a table
showing values for attenuators with various numbers of steps.

T 18 SOMETIMES desirable to separate a

loudspeaker from it driving source by

a considerable distance, Public address
systems and domestic audio systems hav-
ing speakers in various parts of the
house are two common examples. The
Iatter belongs to a class of equipment in
which it is often desirable to control each
speaker output independently and/or at
the speaker location. The simplest ap-
proach to this problem is to equip each
speaker with an attenuator and main-
tain a eonstant signal level on the line
connecting the speaker with the ampli-
fier.

The design of such attenuators is sub-
jeet to numerous considerations, and a
guide to taeir design can very much
simplify the procedure. This article dis-
cusses an approach to step type “L” at-
tenuators.

The ear has a logarithmic sensitivity
characteristie. That is, it is sensitive not
to changes in the power level as such,
but to percentage power level changes.
Ideally, then, an andio attenuator should
change power output logarithmieally.
Thus it would add a given number of
decibels to the output level for each step
advanced.

A logarithmic step attenuator does not
allow a mathematically (or acoustically)
smooth characteristic which includes an
off setting, (infinite attenuation). The
question arises, how many decibels at-
tenuation per step? This can be deter-
mined by various rules of thumb or by
experimenting to deternmine the Jowest
desired output level.

Actually, all we want is an attenuator
which has a good chance of containing a
setting which is desirable at the moment.
(The element of chance enters in since a
step attenuator has a limited number of
possible settings, but “desirability” is
“continuously variable.”) This suggests
that an attenuator characteristic which
is not logarithmiec but which only re-
sembles the logarithmic curve should
produce the required result.

The Solution

In the active area the parahola has a
shape resembling that of the logarithmie
curve but it inecludes zero. This latter
faet relieves one of making measure-

* 1166 Staiford Dr., Encinitas, Calif.
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ments or of making assumptions which
may not be realistie, but it automatically
results in an attenuator with character-
isties close enough to the ideal to suit
almost any requirement. We shall, then,
assume that the attenuator characteristic
is to be paraboliec.

If we let N equal the total number of
attenuator steps available (number of
switeh positions), and K equal the num-
ber of the step to which the attenunator

power to the load is:
LET)
Po=Pin (N— 7 (1)
(Note that the off position is given the
step number K of one.) This is an equa-
tion for a parahola.

The final consideration is that the in-
put impedance of the attenuator with
load be a constant to match the amplifier
output. Let this impedance be Z,. The
actual load impedanece, It,, must then be

is set (position of the switch), then the equal to Z,.
2 3 4 5 6 7 8 9 10 1 12 -+N | K
@ @ @ @ @ @ @ @ @ @ @ R '
1 1 1 1 1 1 1 1 1 1 1 Ro |
0 0 0 0 0 0 0 0 0 0 0 Po
@ @ @ @ @ @ @ @ @ @ @ db
0 1 2 3 4 5 6 7 8 9 10 Rg
® 2 1.5 1,33 | 1,25 | 1,20 | 1.7 [ 134 | a2z | |10 Ro | 5
1 0.25 | 0.111 | 0,062 | 0.04 | 0.028 | 0.02 | 0.016 | 0.012 [ 0.01 | 0.008 | P,
0 6.0 | =9.5 |=12.1 |[-14.0 |-15.5 |-17.0 |-18.0 |-19.2 |-20.0 |-21.0 db
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 Rs
© 3 2 1.67 | 1.5 1.4 1.33 [ 1,29 | .25 | 1.22 Ro | 3
1 0.444 | 0.25 | 0.16 | 0.111 { 0.082 | 0,062 | 0.049 | 0.04 | 0.036 | Po
0 -3.5 | -6.0 | -8.0 | -9.5 [-10.9 |-12.1 |-13.1 |-14.0 [-14.5 db
0 0.333 | 0.667 1 1.33 | 1.67 2 2.33 | 2.67 | R
© 4 2.5 2 .75 | 1.6 1.5 1.43 | 1.38 Ro | 4
] 0.563 | 0.36 | 0.25 | 0.184 | 0.141 | 0,111 | 0.09 | 0.074 | Po
0 -2.5 | =45 | -6.0 | 7.4 | -8.5 | =9.5 |-10.5 |-11.3 | db
0 0.25 | 0.5 0.75 1 1.25 | 1.5 1.75 Rs
® 5 3 2.33 2 1.8 1.67 | 1.57 Rp | 5
1 0.64 | 0.444 | 0.326 | 0.25 | 0.198 | 0.16 | 0.132 | P
0 —2.0 | -3.5 | -4.9 | =6.0 [ -7.0 | -8.0 | -8.8 | db
0 0.2 0.4 0.6 0.8 1 1.2 Rs
© 6 3.5 2,67 | 2.25 2 1.83 | Rp | 4
1 0.694 | 0.51 | 0.391 | 0.309 | 0.25 | 0.206 | Po
0 -1.6 | -3.0 | =41 | =5.1 | -6.0 | -6.9 db
0 0.167 | 0.333 | 0.5 | 0.667 | 0.833 | R,
© 7 4 3 2.5 2.2 Rp | 7
1 0.735 | 0.562 | 0.445 | 0.36 | 0.298 ‘ Po
0 -1.3 | -2.5 | -3.5 | 4.5 | -5.3 db
I
|
0 0.143 | 0.256 | 0.429 | 0.572 | Rs
© 8 4.5 3.33 | 2.75 Ro | g
1 0.765 | 0.605 | 0.49 | 0.405 | Po
0 -1.2 | -2.2 | -3.1 | -3.9 db
0 0.125 | 0.25 | 0.375 I Rg
© 9 5 3.33 Ro | o
] 0.79 | 0.64 | 0.528 | Po
0 -1.0 | -2.0 | 2.8 | db
0 0.111 | 0,222 | R
© 10 5.5 Rp | 10
1 0.81 | 0.669 | Po
0 -1.0 | -1.8 db
TABLE 1| 0 0.1 Ry
The total number of attenu- ® n Ro [ 1
ator positions available is located (‘) °~08286 d”g
in the top row to the left of N. .
The vertical columns list the normalized 0 R
values of the series and parallel branch ® Ro | 12
resistors and the normalized load power for each 1 Po
attenuator position K. Loss in db is shown for each step. o e
25
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Fig. 1. Basic “L* attenuator circuit. Note
that the input impedance must equal the
load impedance.

From the foregoing it can be shown
that R« of Fig. 1 is given hy:

teble are the values of Ru/Zo, Rp/Zos and
Po/Pin for the various switch positions,
K. (In the example, under 5 in the row
K=3:Rs/Zo is found to be 1, (Rs sub-
row) ; Rp/Zo is found to he 2, (Rp sub-
row); and Po/Pix is found to be 0.25,
(Po sub-row).)

6. Multiply the values in the Rs and
Rp sub-rows by Zo as per step 1 to obtain
the actual values of the series and par-
allel branch resistors for the various

MU switch positions. (In the example, Rs=
Rs=2Zo <K — I) - Zu (&) 750x1=750 ohms and Rp=750x2=
: o 1500 ohwms.)
It can also be shown that Rp is given by: 7. Multiply the values in the Po sub-
N-1 rows by Pin as per step 2 to obtain the
LIS (A - 1{) (3)  actual values of load power. (In the
5
50 — — g —— —— 1_() —— Z _>[
5 A | £ R 2 .
< <

Fig. 2. Distribution system involving two attenuator-controlled speakers and one
uncontrolled speaker as discussed in the text. In this case the input impedance to
the system is one-third the impedance of each individual load.

The power dissipated by Kp is:

Pry=Pin— 1
g n i (1)
and the power dissipated by Rs is:
Pl.‘s =DPin—-D"n— ])I.’p (.’7)

Use of Table

These five relations provide the de-
signer with all the tools necessary to
design a parabolic attenuator. However,
for convenience the values of Rs/Zo,
Ru/Zo and Po/Pin are given in Table 1.
The table is used as follows:

1. Determine the attenuator imped-
ance, Zo, so as to match the line or am-
plifier, If two or more loads are to be
operated by the same amplifier at the
same time, the impedance of each attenu-
ator should be multiplied by the number
of loads involved. (For example two at-
tenuator-controlled speakers and one un-
controlled speaker to operate from a
250-ohm amplifier output. Zo for each
attenuator and for the uncontrolled
speaker is 750 ohms.)

2. Determine the maximum value of
average power delivered to each load.
(For example, assume an amplifier capa-
ble of 15 watts average. Each of the
three loads receives 5 watts.)

3. D:termine N, the total number of
attenuator positions available. (Assume
5 positions.)

4. Follow the horizontal eolumn of
numbers to the left of N in the table to
the value eorresponding to N as per step
3. (In the example, 5.)

5. Listed below this number in the
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example Po=025x5=1.25 watts.)

8. For each value of K substitute the
values for Pin, Zo and Rp into Eq. (4)
to find the power dissipated in each of
the various parallel branch resistors (In
the example, Pr, =5 x 750/1500 = 2.5
watts.)

9. For each value of A substitute the

—————— NCOﬁ
1500 1.88 w

500 25w

167 1.87w N\

10w
O
-

i
e 500 10w i
S & 4
& |
z ., 865 7.5w 3
z -
g s
A [
13
< I
- -

Fig. 3. A five-step attenuator. The ohmic

values of the resistors and the power

dissipated in each is determined from
Table | and is given for one case.

values of Pin, Py and Pr, into Eq. (5)
to find the power dissipated in each of
the various series branch resistors. (In
the example, Pr, =5 - 1.25 - 25 =1.25
watts.)

All the values for the attenuator in
the foregoing example are listed with
Fig. 3 along with values for a 500-ohm,
10-watt attenuator. Values for any at-
tenuator with more than twelve positions
will have to he calenlated from the equa-
tions.

Small deviations from the caleulated
values should be acceptable in all cases.
The RETMA value nearest a given caleu-
lated value will generally work virtually
as well.

(Continued on page 83)
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Fig. 4. Graph showing the difference between the characteristics of a ten-step
parabolic attenuator and that of a comparable logarithmic attenuator. The para-
bolic type gives infinite attenuation at the first switch position.
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There is one way to be
of

COMPLETE STEREO SYSTEMS

NCOMPROMISING STEREO because each unit, components and speakers, has been

designed to a single set of standards —FISHER quality standards—to produce the
world’s most perfectly matched stereo systems. Compare! Hear all the conventional, casually
assembled stereo “packages” you desire. Then listen to any of the five FISHER STEREO PER-
FECTIONIST Systems. You will hear hitherto unattainable tonal purity, stereo depth and realism
—a panoramic sweep of living sound that will envelop your entire room. Even to the untrained
ear, THE FISHER makes the difference obvious. .. instantly,

THE FISHER gtuo P sl | Complete with the renowned
FISHER 600 Stereo FM-AM Receiver (stereo FM-AM Tuner, stereo Master
Audio Control and stereo 40-Watt Power Amplifier,) PLUS—two FISHER
XP-1 Free-Piston Three-Way Speaker Systems. $626.45

Other Systems Priced To $900.35
WRITE TODAY FOR THE NEW STEREQO PERFECTIONIST BROCHURE!
FISHER RADIO CORPORATION ¢ 21-29 44th DRIVE « LONG ISLAND CITY 1, N. Y.

Export: Morhan Exporting Corp., 458 Broadway, New York 13, N. Y.
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A Stereophonic Tape Recorder

Control

R. A. GREINER*

If your tape recording facilities do not offer sufficient flexibility for your requirements, this unit may
be the solution. Easy to build, it offers all the necessary switching for most recording operations.

HE CONTROL CENTER described in this

article serves three important uses.

First, it provides for very flexible
use of the record-play operations of a
stereophonic tape recorder. Second, it
provides complete monitoring facilities
for binaural headphones. Third, it pro-
vides a third channel consisting of a
mixture of the two normal channels
which may be used to augment stereo-
phonic playback or which may be used
to give balanced monophonic playback of
stereo or mono tapes. While the author’s
tape machine is provided with monitor-
ing facilities on each channel, it was
desired to have a control center which
would give added versatility to the ma-
chine.

There are several operations which
have been found to be desirable when
recording or playing stereophonic tapes.
One is the ability to readily interchange
the channels. Another is to be able to
play either Channel 1 or Channel 2
through both of the speaker systems. If
monophonic recording is desired, it is
useful to be able to feed both record
channels from a single source. Another

* College of Engineering, The University
of Wisconsin, Madison 6, 1 is.

e

Fig. 2. Rear view shows the very short connections to the tape machine amplifiers.

feature which is convenient, is to have
sound-on-sound facilities available. The
latter is readily accomplished with a
stereophonic recorder by recording on
one channel and at the same time re-
recording the information from the sec-

Fig. 1. Tape Recorder control shown in place in the carrying case.
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ond channel to the first. To accomplish
all of the above operations requires a
bagful of patch cords and a great deal
of inconvenience. The control amplifier
deseribed below accomplishes all of the
above operations with the simple twist
of a control knob.

We might stop for a moment to con-
sider the worth of a third channel in
normal two-channel stereophonic play-
hack. It has been found by the author,
in agreemeint with others, that the in-
troduction of a third source of sound
located between the two normal play-
back speakers frequently enhances the
quality of the reproduction. The third
channel contains a mixture of the two
normal channels and is usually played at
a considerably lower loudness level than
the main speakers. Several serious de-
fects found in stereo tapes are rectified
using the third channel technigque. The
“hole-in-the-middle” effect for example
can be cured completely without loss of
spatial effects. In fact, tapes with dis-
tinctly different channels, that is, ex-
aggerated stereo effect, can be made to
sound better than some normal tapes.
Well-balanced tapes sound as though

AUDIO e DECEMBER, 1959



on the

RECORD
GUIDE (Larry Zide)

“Given a good stereo source, a pair of AR-3's comes as close to musical

realism in the home, | believe, as the present state of the art permits . . . In sum, until
someone comes out with something better that doesn't take up the entire house,
the AR-3 is for me the reference standard.”

The American

high fidelity s

“A major problem of tweeter design has been the beaming effect of very high
frequencies . . . The “fried egg” [nickname for the AR-3 tweeters] appears to be a
major step forward in the smooth dispersion of sound at extreme high frequencies.”

HI-Fl

SYSTEMS

“In terms of bass response, these two speakers [the acoustic suspension AR-1
and AR-2] represent a phenomenal improvement in the state of the art.

“The complete AR-3 speaker system, in addition to containing a superb acoustic
suspension woofer, which has enjoyed wide acceptance by professionals as well as
audiophiles, constitutes, in our opinion, a mid and high frequency system which

is in every way complementary to the bass quality. The new AR-3 rivals in

overall quality the very best woofers and combinations.”

The AR-3 is priced from $203 to $231, depending on cahinet finish ($216 in mahogany or hirch).
Literature is availahle for the asking.

ACOUSTIC RESEARCH, INC. 24 Thorndike St., Cambridge 41, Mass.
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Fig. 3. Bottom view shows uncluttered construction and the cutaway front edge which
fits the carrying case.

there were a more unitorm spatial distri-
bution of the sound source. The reasons
for the latter enhancement of the spa-
tial effects, so desirable with sterco-
phonic¢ reproduction, are ohscure. This
is not surprising, sinee stereophonic au-
dition is itself not well understood at
present. Many authorities on sound re-

production, however, testify to the en-
hanced quality of three-speaker repro-
duction of two-channel tapes. For ex-
ample, the concept of the ghosted third
channel introduced by E. T. Canby may
be applicable in this case. We have, how-
ever, an electronie mixing with complete
control of the loudness of the third

channel 1n this system as opposed to a
purely acoustical effect which he de-
scribes.

The equipment

The complete control center is shown
in Fig. 1. The control was built in a
standard 3 x 6 x 17 in. aluminium chassis
which happens to fit in the Concertone
carrying case along with the two ree-
ord-play amplifiers. The front edge of
the chassis 1s noteched up ahout § in. and
hack about an inch to allow the control
chassis to protrude forward from the
front of the recording amplifiers. Very
short cables are provided to go to the
amplifiers as shown in Fig. 2. All ex-
ternal cables conneet to five microphone
Jacks on the rear of the control, Three
of the cables go to the three speaker
channels and the remaining two are in-
puts at line level to the recording am-
plifiers. The wiring arrangement is
shown in Fig. 3.

The complete schematic diagram of
the circuitry is shown in Fig. 4. It is
clear that the major portion of the con-
trol cirenit is involved with switching.

(Continued on page 95)
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250 volts. All tubes are 12AX7's,
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85ESQ HEAD ASSEMBLY, WITH QUARTER-TRACK SHIFT. o
(Tapelifter and pads not shown.)

The Viking 85 Series deck and Viking recording amplifiers provide the
perfect memory for your high fidelity music system. Record monaural or
stereo programs at the flick of a switch. Record with the full perform-
ance provided by laminated heads. Record quarter track if you prefer,
but better still, use the brilliant, ultra short-gap quarter-track head for
simultaneous monitoring from the recorded track.

All Viking 85 Series decks now feature laminated (not single laminar)
half-track and quarter-track record and playback heads; the same heads
used on the professional 95 Series. A laminated head permits a substan-
tially higher recording level without saturation, requires less equaliza-
tion for brilliant high-end performance and provides much longer head
life.

All Viking “Q” model decks may be used equally well for playing the
new 75 i.p.s. four-track tapes and the 335 i.p.s. tapes featured in cart-
ridges. Cartridge tapes may be removed from the cartridge and played
reel-to-reel on the Viking 85.

Viking tape components are sold
through high fidelity dealers, exclu-
sively. Further technical information
may be obtained by writing directly
to Viking’s Customer Service Depart-
ment.

1 NG oF MINNEAPOLIS, INC.
9600 Aldrich Avenue South, Minneapolis 20, Minnesota

EXPORT DIVISION: 23 Warren Street, New York City 7, New York
Cable: SIMONTRICE, NEW YORK (All Codes)




Kinds of Tape

HERMAN BURSTEIN®

A compendium of information about all the kinds of tape that are available for the home and pro-
fessional recordist with respect to the playing time, print-through, output, and backing material.

AGNETIC TAPE is in essence a coat-
M ing of iron oxide on a plastic base.
The base may range from about
0.5 to 1.5 mils (thousandths of an inch)
in thickness, while the coating may range
from about 0.35 to 0.65 mil. By varying
the chemiecal formulation of the coating,
the type of base material, and the thick-
ness of the coating and base, and by
suitable attention to such factors as
uniformity of ecoating and base, fine
dispersion of the magnetic particles that
constitute the coating, lubrication, and
so on, the tape manufacturer controls
the physical and magnetic properties of
his product.
The magnetie properties of the tape
principally concern the following:

1. Frequency response

2. Output (for a given level of dis-
tortion)

3. Noise

4. Print-through

The physieal properties of the tape
principally concern the following:

1. Playing time
2. Strength

3. Smoothness
4. Limpness

For selling purposes, manufacturers
classify their tapes on the basis of the
following four characteristics: playing
time, strength, output, and print-through.
For a given combination of the above
characteristics, the purchaser may then
decide what brand to buy, or which one
of several tapes within the same brand
to buy, on the basis of the following
characteristics:  frequency response,
noise, smoothness, limpness, and other
attributes to be discussed later. Ilis

* 280 Twin Lane E., Wantagh, N. Y.
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choice may rest upon personal experi-
ence with various tapes, upon the recom-
mendations of others (including adver-
tising), or possibly upon priee alone.

The extent to which differences may
be observed among brands or within
brands depends in part upon the tape
equipment employed. To illustrate, the
fact that one tape is less noisy than
another may not be apparent in a low
cost tape recorder which generates a
substantial amount of noise, thereby
over-riding tape noise. On the other
hand, a high-grade tape machine may
permit differences in tape noise to be
obvious.

The likelihood of perceiving differ-
ences among tapes also depends upon
how the tape equipment is used. For
example, print-through may never bother
some recordists because they record only
at moderate levels or because they do not
store recorded tapes for long periods
before playing them (print-through in-
creases with storage).

Before proceeding with the discussion
of tape characteristics, it should bhe
pointed out that it is not possible to
produce a tape which produces maxi-
mum performance in all desired respeects.
Frequently, it is necessary to sacrifice
performance somewhat in one respect in
order to improve performance in an-
other. On the other hand, it sometimes
happens that an improvement in one
direction also brings an improvement in
a second direction.

The next four sections will deal with
the characteristics generally employed to
classify tapes. The fifth section will
classify several leading brands of tape
according to these characteristies. The
last section will discuss other important
characteristics.

AmericanRadioHistorv.Com

Playing Time

A very simple and obvious, as well as
important, distinction among tapes con-
cerns playing time. We are speaking of
different lengths of tape, depending upon
their thickness, that may be accommo-
dated on the same reel size. For conven-
ience, we shall refer to the 7-in. reel,
which is virtually standard for home use.
Tape may be sorted into three categories:

1. Standard-play
2. Long-play
3. Double-play

Standard-play tape is about ®®" mils
(.002 in.) thick; the plastic base is about
1.5 mils and the coating about 0.5 mil.
A 7-in. reel can accommodate 1200 feet
of such tape; this translates into 32 min-
utes playing time if the tape is operated
in one direction at 7.5 ips, which is the
speed commonly used in the home for
high fidelity reproduction. If the reel is
reversed and the tape also recorded in
the opposite direction—in the case of
mono half-track or stereo four-track re-
cording—the playing time is 64 minutes.

Long-play tape has a base of about 1
mil and a coating of about 14 mil, for
a total thickness approximately two-
thirds that of standard-play tape. Since
tape length on a given reel size is in-
versely proportional to tape thickness,
tape length can be increased by a factor
of 3/2, which means 50 per cent more
playing time on a reel. Hence one ean
obtain 48 minutes of playing time from
a 7-in. reel of tape operated in one
direction at 7.5 ips: or 96 minutes in
both directions.

Double-play tape uses a base in the
region of 0.5 mil; including the coating,
total thickness is about 1 mil, which is
cne-half that of standard tape. Thus one
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~ AMPEX 960

STEREOPHONIC /\ RECORDER/REPRODUCER

o S

\

_ Plays Both 2- &
™, 4-Track Tape

RECORDS STEREO
OR MONOPHONIC

3 " % ABOVE--860 PORTABLE STEREO

O RECORDER/REPRODUCER
Stereo i SEESY oo
STEREO SYSTEM CONSISTING OF

960 AND PAIR OF 2010
or a e AMPLIFIER-SPEAKERS
PLUS! v

Guiding the Ampex engineers who created the 960 was a dual objective—

that of building a machine which was not only a superb example of
engineering skill, but one which would also offer its user

a range of capabilities far exceeding that of any other recorder made today.

The result was not merely an improved stereo recorder,

but an entirely new concept in home entertainment.

The STEREO 960 fits into family life in literally dozens of ways, contributing many
tangible benefits in musical, educational and recreational fun. You'll use it to keep up the
family correspondence by sending “letters in sound”, to tape stereo programs off the air,

to preserve your best monaural and stereo discs on tape, and to acquire new musical and language skills.
You'll have endless fun exploring the 960’s many fascinating recording capabilities, including
sound-on-sound, echo chamber effects, and other advanced techniques.

AMPEX STEREO SIGNATURE OF PERFECTION IN SOUND

— AmericanRadioHistory Com  — = = —— - = e P——



RECORDER/REPRODUCER

SPECIFICATIONS

The true values of a recorder are best assessed through careful evaluation of its performance specifi-
cations and operating features. It is worthwhile noting here that these specifications are based not on
theoretical design parameters but on actual performance tests. They are specifications which the
recorder not only meets or exceeds today, but which years from now will still hold true.

The Ampex Model 960 Stereophonic Recorder/Reproducer is capable of essentially distortionless
frequency response from 30 to 20,000 cycles per second at the operating speed of 7V2 inches per
second, and from 30 to 15,000 cycles per second at 33 inches per second. Its precision-engineered
timing accuracy is such that it offers perfection of pitch held to tolerances of less than one-third of a
half-tone. Playing times, using standard (.002"'), long play (.0015"’), and extra-long play (.001"’) tapes
are as follows:

(a) 4-Track (b) 2-Track (¢) Monaural Tapes,
Stereo Tapes Stereo Tapes _half-track
1200 foot reel 3% ips -2 hrs. 8 min. 33 ips - 1 hr. 4 min. 334 ips « 2 hrs. 8 min.
_ 7V2 ips - 1 hr 4 min. 72 ips - 32 minutes 7V2 ips - 1 hr 4 min.
1800 foot reel 334 ips - 3 hrs. 12 min. 334 ips - 1 hr. 36 min. 33 ips -3 hrs. 12 min.
— |72 ips -1 hr 36 min. 7Y2 ips - 48 minutes 7Y2 ips - } hr 36 min.
2400 foot reel 33 ips - 4 hrs. 16 min. 33% ips - 2 hrs. 8 min. 334 ips - 4 hrs. 16 min.
7V2 ips - 2 hrs. 8 min. 7V2 ips - 1 hr. 4 min. 7V2 ips - 2 hrs. 8 min.

RECORD INPUTS: High impedance line inputs (radio/TV
high impedance microphone inputs

'phono /auxiliary) 0.3V rms for program level;

PLAYBACK OUTPUTS: Approximately 0.5V rms from cathode follower when playing program level tapes

PLAYBACK FREQUENCY RESPONSE: 30-20,000 cps at 72 ips; 30-15,000 cps at 3% ips
Within +2 db 50-15,000 cps at 7V2 ips, 55 db dynamic range
Within +-2 db 50-10,000 cps at 3% ips, 50 db dynamic range

FLUTTER AND WOW: Under 0.2% rms at 7V2 ips; under 0.25% rms at 3% ips

HEADS: Manufactured to the same standards of precision that exist in Ampex broadcast and recording
studio equipment. Surfaces are lapped to an optical flatness so precise that they reflect specified
wavelengths of light, resulting in uniform performance characteristics and greatly minimizing the
effects of head wear. Azimuth alignment of stereo head gaps in the same stack is held within 20
seconds of arc, equivalent to fess than 10 millionths of an inch — a degree of precision achieved
through use of a unique process involving micro-accurate optical measurements within a controlied
environment. Head gap width is 90 millionths of an inch #+5 millionths of an inch.

KEY TO THE EXCITING FUN FEATURES OF THE 960 --

THE AMPEX STEREO-GRAPH

Here’s the simplest, quickest answer
to almost every question about how to
petform the operations illustrated at
right and numerous other recording
functions. The Ampex Stereo-Graph
shows you, quickly and clearly, the
proper dial settings to make for more
than a dozen of the most popular uses
for the 960 . . . including sound-on-
sound, language and music instruction,

and other special effects. A convenient
tape footage/playing time indicator fs
included on the reverse side.

MODEL 2010
MATCHING AMPLIFIER-SPEAKER

-

The Ampex Model 2010’s ten-watt (20 watts peak) ampli-
fier section provides operating characteristics (unequalized)
flat within 7 0.1 db, with total harmonic distortion fess
than 0.5 of 1%, throughout the maximum range of human
hearing ability, at rated output. Noise and hum are 80 db
below rated autput, and input sensitivity is 0.18Y to
develop rated power. 4
The specially designed 8’ speaker provides smooth, peak-
free response thraughout a remarkably wide audio range.
Such superior design features as its massive die-cast frame
and edgewise-wound ribbon coil contribute effectively to
higher levels of performance than ever before achieved
with a speaker this size.

MODEL 960 DIMENSIONS: Portable cases 9 x 15 x 17%". Unmounted recorder
13 x 15" x 6%" depth below top plate, 13%” above. Recorder weight 36 Ibs,
speaker amplifier 31 Ibs.

AMPEX AUDIO. INC. ¢« SUNNYVALE. CALIFORNIA
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Relax and erjoy the show—
let your Amgex do the
narration! With the

commentary 21 tape, your
colar slide skows are more
professional, more complete,
and more fuat

You- favorite .P's cnd Ste-ec
Ziscs are at tha&r exxitnc
923t while t1ey re new ecnc
vrscraxched. Taat's wher te
tape them cr your Ampex
aed preserve her origiva
qua ty for keeps

“off the
air’ your only cost is for
blank tape. Yet your musical
repertoire can soon equal
that of all tha stations

you tear!

1

The-e’s a real fu-yre in family '\r‘
fur like this—with your
Ampexr you zar live ssch
13pgy momznts ove® and
ove agcin, w th a quality sa
lifeldoe yau're almost litercity
sarcied bazk. ‘
in.the Ampe» “Speech Testing
Game”’, you pi# your wits
against the tégger-quick
memary of the Ampex
recorder/sep-aducer. You
can’t . win, but ¥'s fun trying.

iyl

Let-er-writing iz nc longe: a
aroblem, with on Ampex

i the touse ... vowitza
Fami y praject. And even
more “un thaa sending letters
i cound is meseiving them!

For “letters ir zound”’, the
3’ tape reel helds as much
os a 10-page letter, mails
first class anyanere in the
United States far 8c.

The Ampex, ia arivate
rehearsal, cam be a wonderful
canfidence-builder for

peaple who nommally develop
rubber knees when faced
with the prosgect of
speaking befere a group.

CW e e o

L ]

&
o

Learning to soeak a mew
langJage is madz
‘mmecsureably exsier o~

the £mpex; veL can recors
yeur omn phrases zide-by-:id=
with “hose of th= irstrudon, N
a1c play tiem sack far N

,\\\
campariscn ot any tine. /’:\ & 7
i NS

When you strite up the band
in stereo, you den’t need
professional muzicians to
make a profes:sienal
recording. Adwanced «
techniques are emazingly
easy on the Ampex.

—




TABLE |
TAPE PLAYING TIME

7-in. reel operated in one direction

TAPE KIND OF TAPE
SPEED
ips STANDARD-PLAY LONG-PLAY DOUBLE-PLAY
1.875 2 hrs., 8 min. 3 hrs., 12 min. 4 hrs., 16 min,
3.75 1hr., 4min. 1 hr., 36 min. 2 hrs., 8 min.
7.5 32 min. 48 min. 1 hr., 4min,
15 16 min. 24 min. 32 min.
NOTES: A — For a 10-in. reel, double all playing times
B — For a 5-in. reel, divide all playing times by two
C — For a tope operated in two directions, double all playing times

can double the amount of tape on a reel
and therebr double the playing time.

Table 1 shows the playing time ob-
tainable from a 7-in. reel of each kind of
tape operated in one direction at the
various speeds encountered in home use
—15, 7.5, 3.75, and 1.875 ips. For
standard-play tape, the time ranges
from a minimum of 16 minutes at 15 ips
to a maximuom of 2 hours and 8 minutes
at 1.875 ips. For long-play tape the
range corresponding is from 24 minutes
to 3 hours and 12 minutes. For double-
play tape the range is from 32 minutes
to 4 hours and 16 minutes. If the tape is
cperated in two directions, all the above
figures are doubled; then the minimum
playing time would be 32 minutes at 15
ips for standard-play tape, and the
maximum -vould be 8 hours and 32
minutes at 1.875 ips for double-play
tape.

It may be noted at this point that the
three kinds of tape are oftep identified
in terms of their (approximate) base
thickness. Hence the expression “1l%
mil tape” signifies standard-play tape;

BREAKING FORCE—POUNDS
w»
MYLAR

ACETATE

| —

0

Fig. 1. Comparison of breaking forces for
acetate and Mylar (DuPont brand of poly-
ester film). (Orr Industries.)
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“1 mil tape,” long-play; “V, mil tape,”
double-play.

In going to a thinner hase in order to
permit more playing time per reel, there
is of ecourse a sacrifice in tape strength,
of which more will be said later. Hence
the long-play and double-play tapes may
be more easily subject to hreakage or to
elongation, which entails distortion. On
the other hand, improvements in base
materials, particularly the use of poly-
ester film—Dupont's Mylar—instead of
cellulose acetate as a base has made it
possible for the long-play and double-
play tapes to hold up satisfactorily. In
addition, improvenients in tape machines
with respeet to their handling of tape
Lkas made it possible to get away with
weaker tapes.

Another disadvantage of the thinner
tapes is inereased print-through, hecause
the thinner hase offers less of a barrier
to this magnetic phenomenon. To indi-
cate how much the print-through in-
creases as the base thickness is decreased,
one may refer to the specifications for
Reeves Sounderaft tape. Sounderaft
long-play tape is stated to have 3 db
more print-through than its standard-
play tape, while its double-play tape is
stated to have 6 db more print-through.

On the other hand, the thinner tapes
have advantages as well as disadvantages.
One henefit is that a thin tape tends to
contour better to the shape of the head,
which means intimate contact with the
gap and therefore better high-frequenecy
response. Moreover, the thinner coating
tends to emphasize the high frequencies.
The reason is that the lower frequencies
penetrate the tape more deeply than the
high ones do, so that reducing the thiek-
ness of the eoating reduecs the low fre-
quencies more than the high ones; in
rclative terms, the high frequencies are
emphasized. Altogether, the thinner tapes
may be superior in frequency response
at the very high end to the extent of
2 or 3 db or more.

Another advantage of the thinner
tapes is that improved contact between
the tape and the head tends to reduce

AmericanRadioHiston.Com

dropouts, namely sudden, brief drops in
sound level.

Tape Strength

Although at one time tapes with a
paper base were quite common, these
have virtually disappeared, and today
the hacking is either cellulose acetate or
Mylar. In distinguishing between tapes
as to strength, one is essentially distin-
guishing between those having an acetate
base and those having the stronger Mylar
as a base.

Tape undergoes various stresses as it
is shuttled back and forth by the trans-
port. During normal operation the tape
is under tension due to the opposing
pressures of the supply and takeup reels.
There are other stresses during rapid
wind and rewind, particularly when
shifting quickly between these two modes
of operation. And there are the stresses
of quick starts and stops. Tape must he
able to endure all these without break-
ing or stretching.

In addition to ecusiderations of hreak-
ing and stretehing, the term strength
has to take into account the extent to
which the tape is impervious to humidity,
temperature, and age.

The differences hetween Mylar and
acetate are indicated by data supplied
by Orr Industries for its 1.5 mil tapes
with each type of base. The force re-
quired to break the tape (Fig. 1) is 94
pounds for Mylar compared with 5.3
pounds for acetate. Mylar can he
stretched 150 per cent before breaking,
whereas acetate can be stretched only
25 per cent before breaking (Fig. 2). A
force of 5.6 pounds is requived to streteh
the tape 10 per cent in the case of
Mylar, and of 4.5 pounds in the case of
acetate (Fig. 3). Thus, although Mylar
may seem more suseeptible to stretehing
(it can bhe stretched 150 per cent hefore
breaking), actually a greater force is
required to produce a given amount of

>
=3

g 8 8 B8 B8
MYLAR

N
o

~
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PER CENT THAT TAPE CAN BE STRETCHED BEFORE
BREAKING

ACETATE

Fig. 2. Ability of 1.5-mil tape to stretch
without breaking. (Orr Industries.)
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-POUNDS

MYLAR

ELONGATION FORCF
~
ACETATE

Fig. 3. Force required to elongate 1.5-mil
tape ten per cent. (Orr Industries.)

elongation than in the case of acetate,

Moreover, Mylar recovers to a greater
degree from stretching, as indicated by
data on “residual elongation.” This re-
fers to the elongation after the tape has
heen stretched for a given period of
time and then allowed to recover for
another given period of time. Orr In-
dustries indieates that residual elonga-
tion is hut 0.75 per cent for the 1.5 mil
Mylar compared with 2.75 per cent for
the 1.5 mil acetate (Fig. 5).

Mylar is less subject to expansion due
to heat and humidity. The Orr data in-
dieate that Mylar expands to the extent
of 2 parts in 100,000 per degree Fahren-
heit, compared with 3 parts in 100,000
for acetate. In brief, acetate expands
50 per cent more under the same eondi-
tions of change in temperaturve. With re-
spect to effects of humidity, Mylar has
a very distinct edge over acctate. It ex-
pands to the extent of 1.1 parts in 100,-
000, compared with 15 parts in 100,000
for acetate.

The greater resistance of Mylar to the
effects of humidity and temperature
changes means it is more proof than
acetate against the ravages of age.
Hence Mylar does not tend to chip,
crack, become brittle, dry out, stretch or
shrink. In sum, the individual desiring
a tape that can best withstand the
stresses of normal tape recorder opera-
tion and the effects of age should con-
sider investing in a tape with a Mylar

30 —

2.5 =—

20 —

ELONGATION—%
&
ACETATE

0.5 ——

MYLAR

0

Fig. 4. Residual elongation of 1.5-mil
tape. (Orr Industries.)
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base. On the other hand, if cost is an
important consideration, the savings ob-
tained through the purchase of acetaic
tape may outweigh other considerations.
Where an individual uses the same reel
of tape over and over, a premium for
Mylar tape may be of no consequence.
But if he uses many reels of tape (for
example in building up a library of re-
cordings), the savings afforded hy ace-
tate tape can be considerable. Still, if
this library is to be preserved for a sub-
stantial period of time, a minimum of
deterioration requires a hase of poly-
ester film.

High-Output Tape

At the time of writing, to the hest of
the author’s knowledge, only one com-
pany—DMinnestota Mining and Manu-
facturing Company (3M)—offered the
so-called high-output tape, which en-
ables one to record a substantially higher
signal level at a given amount of distor-
tion than in the ecase of conventional

pears that high-output tape is more sub-
jeet to print-through because of the
greater intensity of the magnetic field
recorded on it.

It may well be that the individual
possessing a tape recorder of mediocre
quality in terms of hum and noise will
find that the increase of about 7.5 db in
signal-to-noise ratio possible through
the use of high-output tape is a consid-
erable blessing, well worth the slight
drop in high-frequency response and the
possible inecrease in audible print-
through. But the individual owning a
fine tape machine that generates virtu-
ally no audible hum and noise may find
that the increase in output signal does
not outweigh the other consequences of
using high-output tape.

Low Print-Through Tape

Print-through (the transfer of the sig-
nal on a layer of tape to the adjacent
layers, resulting in “pre-echo” and
“post-echo”) increases with recording

SOURCE: Audio Devices' Audio Record,
September, 1957, p. 7.

40
RATIO FOR CONVENTIONAL
1.5 MIL TAPE
45 .
© /

557,4 __________ .;____

NOISE OF A PROFESSIONAL TAPE MACHINE

SIGNAL/PRINT-THROUGH RATIO—db

60
65—t —t t :
8 1 1 1 1 10 100
RS, DAY WEEK  MONTH YEAR YEARS YEARS

TIME AFTER RECORDING

Fig. 5. Ratio of audio signal to print-through at normal recording level (8 db below
3 per cent harmonic distortion level).

tape. The increase in recorded signal
level is claimed to be about 7.5 dh (133
per cent).

This is achieved in part through the
type of oxide used as a coating and in
part through a coating of extra thick-
ness. Whereas the 3M Company employs
a 0.55-mil coating for its regular tape,
the coating is 0.65 mil for the high-out-
put tape. An increase in output level
takes place in two ways: (1) For the
same amount of signal (magnetic field)
applied to each kind of tape, a higher
recorded level is obtained on the high-
output tape. (2) For the same amount
of distortion, the high-output tape ecan
accept a greater applied signal than
regular tape.

In exchange for higher output, there
is some sacrifice in relative high-fre-
quency response. That is, high-frequency
output relative to low-frequeney output
is about 3.5 db lower for high-output
tape than for regular tape. It also ap-
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level and with age of the recorded tape.
To the extent that the recordist secks to
impress as much signal as possible on
the tape without incurring appreciable
distortion, thereby maximizing the sig-
nal-to-noise ratio, the print-through
problem increases. Even though print-
through may not be initially apparent—
that is, when playing back the tape im-
mediately or a few hours or days after
the tape has been recorded—it may he-
come apparent after a substantial period
of storage. Figure 5 shows how print-
through increases with time.

The data in Fig. 5 are for a 1000-cps
signal recorded on conventional tape at
a normal level (8 db below the level pro-
dueing 3 per cent harmonic distortion).
The figure also shows the noise level of
a tape recorder of professional quality.
It may be seen that about one week after
recording, print-through has reached
the point where it is at the same level
as tape-machine noise and therefore is
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SCINY CR-4

L4
R

MICROPHONE

The Sony model CR-4 is a com-
plete professional wireless micro-
phone with an all-transistor FM
transmitter, a dynamic lavalier
microphone and an 8-tube FM
receiver.

TRANSMITTER

« Self powered with 2 inexpensive
-miniature batteries

+ Detachable small dynamic
micrephone

« Can be hand held, used as lavaljer,
or concealed

« Flexible, detachable antenna

« On-off switch

RECEIYER

« Small size and light weight, very
attractive for desk use

* Detachable telescoping antenna

« Wide vange AFC for stable
operation

* High sensitivity and low noise

« Squelch circuit for elimination
of interference

« Neon light for sefective tuning

* 2 output jacks

« Built-in monitor speaker with
volume control

Ideally suited for all applications
where freedem from wired commu-
nicatiors is desired, Operates on
FM band of 27.12 MC. No FCC li-
cense i3 required.

The professional Seny CR-4 wirelass
microphone is the outstanding value
in the field!

~4 $250%

Complete with carrying case
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_Sterecorder

The famous Sony Sterecorder is
a complete 2 speed professional
Stereophonic Tape Recording and
Playback System designed for cus-
tom installation and portable use.

FREQUENCY RESPONSE: (per channel)
30-18000 cps @ 7V2 ips
--2 DB 50-15000 cps
30-12,000 cps @ 3% ips
Signal to noise ratio (per channel)
50 DB or more

FLUTTER AND WoOW

Less than 0.2% @ 7V2 ips
Less than 0.3% @ 334 ips

SPECIAL FEATURES

Built-in stereo pre-amplifiers and
power amptlifiers (can be used for
other components)

Two V.U. meters for professional
level indication

Separate stereo outputs for loud
speakers and connection to exter-
nal amplifiers

Separate inputs for live stereo
and ‘‘off the air” stereo record-
ing

Automatic tape lifters (eliminates
head wear in fast forward and
rewind)

4 $395%

*Also available with an additional
head to reproduce the new 4-track
stereo tapes (Mode! DK555A-4).

AmericanRadioHistorv.Com

Three Engineering
Masterpieces

From World Famous
SONY

Tokyo, Japan

SOINY C-37A
CONDENSER |
MICROPHONE

Acclaimed
The World's
Finest! o

Designed to meet
exacting
professional
standards where
utmost
performance,
dependability

and fidelity is
essential.

The exceptionally
smooth frequency
response of
20-20,000 CPS* is
completely free
of resonant

peaks and dips

curve and descriptive
brochure available upon
request.

CP-2 POWER SUPPLY
Custom

each 3
microphone /&8

DIRECTIONAL CHARACTERISTICS:
Uni-directional and omni-directional:
Maximum front to back sensitivity of
more than 15 db provides unequalled
Cardioid pattern.

OUTPUT {MPEDANCE:

200 ohms balanced

OUTPUT LEVEL:

Uni directional —50 db
Omni-directional —52 db

7 $295%
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TABLE |l
TYPES OF TAPE SOLD BY FOUR COMPANIES

Based on data supplied to the author by the manufacturing companies

BRAND OF TAPE ——»  AUDIOTAPE IRISH SOUNDCRAFT SCOTCH
STANDARD-PLAY
Acetate:
Conventional X X X X X X X
High Output X
Low Print X
lear:
Conventional X X X X
High Output X
Low Print X X
LONG-PLAY
Acetate X X X
Mylar X X X X
DOUBLE-PLAY
Myl ar X X X X X X

no longer obscured by such noise. Print-
through continues to increase so that it
becomes more and more audible.

On the other hand, if tape machine
noise were greater than portrayed in
Fig. 5, it would take longer for print-
through to become noticeable. Therefore
it is to be realized that the print-through
problem concerns ysers of high-quality
tape machines more than users of
medium- and low-quality ones.

To reduce or eliminate the print-
through problem, two tape manufac-
turers—Audio Devices and the 3M
Company—have introduced tapes with
especially low suseeptibility to print-
through, about 8 db less than for regular
tape. Figure 6 shows the extent to which
Audio Devices’ “Master Audiotape” re-
duces print-through. According to the
company’s estimate, it would require
over 100 years before print-through ap-
proached the level of tape machine noise,
based on a normal recording level (8 db
below 3 per cent harmonic distortion).

Low print-through is achieved by a
combination of a special oxide, a rela-

tively thick base, and a relatively thin
magnetic coating. The thin coating lim-
its the extent of the recorded magnetic
field, while the thick base acts as a
barrier between this field and the ad-

ST SR
FROMTAL VIEW

the thin coating, for reasons previously
explained).

Comparison of Some Well-Known Brands

Without getting into the question of
the merits of one brand of tape com-
pared with another, Table 2 simply seeks
to classify the varieties of tape offered
by four prominent manufacturers. Their
tapes are classified first by playing time,
next by base material (cellulose acetate
or Mylar), and then according to high-
output and low print-through character-
isties. An “X” indicates that the manu-
facturer produces a particular class of
tape. Two or more “X’s” indicate that
the manufacturer produces a corre-
sponding number of tapes within a par-
ticular category; there are quality dif-
ferences among these tapes of the kind
to be deseribed in the next section.

Table 2 shows that no two manufae-
turers make exactly the same assortment
of tapes. They all make tape of standard
playing time in both the acetate and
Mylar versions. Also, they all make the
long-play and double-play tapes with
polyester base. Three of the four make
the long-play tape available in an ace-

BACKING -

Fig. 7. Photomicrograph of an oxide flake imbedded in the coating of magnetic tape.

jacent layers of tape. The output level
of this kind of tape compares with that
of regular tape, while high-frequency
response is somewhat better (because of

SOURCE: Audio Devices' Audio Record, September, 1957, p. 7.
Based on recording level 8 db below 3% harmonic distortion level.
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6. Reduction in print-through obtained through use of a low-print tape.
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tate base for extra economy. None makes
double-play tape with an acetate base
because this would be too fragile.

Only one company produces a high-
output tape. This is available only in
standard-play tape, with either an ace-
tate or Mylar base.

Two produce a low print-through
tape. In each case this is available only
in standard-play tape; in one instance
the base is acetate or Mylar while in the
other it is Mylar only.

In several instances a company has
more than one tape in a given class. For
example, Orr Industries offers three
kinds of standard-play acetate tape, at
varying prices and of varying quality.
Two of the companies offer two kinds of
double-play tape; in each instance the
principal difference lies in the use of
a superior form of Mylar with extra
strength. Again, one pays more for the
extra strength.

(Continued on page 86)
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Choose 4-track, 7% ips stereo for music with a new high in fidelity, a new
low in cost. Choose your machine from among the 19 makes of 4-track
recorders available today, your tapes from among the hundreds offered
by 22 leading recording companies. For list of tapes and dealers write

1032 Kifer Road, Sunnyvale, California UNITED STEREO TAPES Y7

54 MACHINES: AMPEX BELL CONCERTONE CROWN EKOTAPE
ERROGRAPH HEATH MAGNECORD NORELCO PENTRON ROBERTS
SUPERSCOPE TANDBERG TELECTROSONIC UHER UNIVERSA
IKING V-M WEBCOR WOLLENSAK® 4 MUSIC: AUDIC
IDELITY BEL CANTO CONCERTAPES DECCA DOT ELEKTRA
VEREST HIFITAPES KAPP LIBERTY M-G-M MERCUR
OMEGATAPE ROULETTE STEREO FIDELITY S-M-S VANGUARD
ERVE VOX WARNER BROS WESTMINSTER WORLD PACIFIC

SIDJAKOV  ~
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Stereo Recording Techniques

RICHARD S. LEVY™

Practical and tested information about microphone placement in a variety of
situations which will save hours of experimentation and many reels of tape.

HE WRITER is not a professional re-
cordist. Using techniques outlined
below, recordings of professional
calitbre have been consistently produced
for various eritical uses ineluding a
weekly radio series, dubbings, pressings,
and demonstrations.
Ilere, insofar as it is possible to com-
pile, are the prerequisites for stereo re-
cordings of “pro” quality:

I. ADEQUATE EQUIPMENT

Most of the recording projects dis-
cussed in this article were recorded with
two Altee “Lipstik” condenser miero-
phones and an Ampex 601-2 stereo re-
corder and mastered, when necessary,
on a Berlant series 30.

Less elaborate equipment may be used
to produce effective stereo recordings,
but with inereasing probability of in-
ferior fldelity, greater “wow” or flutter,
and poorer signal-to-noise ratio. The re-
sults, in other words, may fall below
true professional standards.

Recording tape should be selected with
the ultimate use in mind. Low print-
through tape has heen found hest for
mastering and long-term storage. Many
recordists advocate storage of valued
tapes in “wound on" position and re-
winding prior to each playback.

With any new tapes, be certain to re-
move the adhesive label at the head of
the reel plus the entire ficst layer to in-
sure against adhesive heing transferred
to recorder drive parts. In re-using tape
it is good practice to bulk-erase existing
material. which also lowers background
noise.

If your machine or brand of tape has
ever developed “tape skip” (a tighten-
ing spasm followed by a slack period
which may repeat) it is good practice to
rewind each raw reel prior to recording,
which will exercise and free up most
sticky tape.

The recordist must also be prepared
with a good assortment of cahles for
microphone and power connections. All
types of nierophone stands may be
called for as well as spare reels, spare
tubes, ard ecommonly used -electronic
parts. A “tube caddy” such as used by
TV technicians—available at parts
houses—is  well compartmented and
holds a generous supply of boxed 7-in.
tape reels.

* 89 Oak St., Buffalo 2, N. Y.
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MUSICIANS OR VOCALISTS
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“BEST SEAT"

Fig. 1. Stereo microphone placement in
school auditorium.

li. REHEARSAL TIME

It’s wise to record for test purposes
almost as much material—preferably
the same selections—as you intend to
include in the final recording.

If a choice exists, schedule recording
sessions without an audience. You'll col-
lcet fewer coughs and less random noise
and you’ll experience less pressure to
“get it right” the first time.

If your only opportunity to record is
at a performance it’s still possible to
secure a very worthwhile recording but
you'll find a few more obstacles. Musi-
cians will probably do their best when
facing a “live” audience.

Ill. PROPER TECHNIQUES

(1) Microphone placement

The new recordist may experience his
greatest difficulty in proper placement
of mikes because of several interrelated
factors:

(A) Stereo effect
tion)

(B) Natural halance (loudness of in-
struments in relation to each other)

(C) Reverberation time and natural
“brightness” of hall

(D) Physical facilities for mounting
mikes and stringing cables.

(channel separa-

Few hard and fast rules for mike

AmericanRadioHistorv.Com

placement may be found because vary-
ing conditions require different tech-
niques. We shall, however, cover a few
general rules and refer the reader to ac-
tual accounts of specific recording proj-
ccts reported in detail later in this
article,

General rules for miking

a) Ask permanent personnel at hall
where other successful recordists or
broadeast technicians may have placed
microphones previously for similar pick-
ups. Consider their logic in the light of
information presented here and vour
own experience.

h) Select the “Best seat in the house.”
This should be the point at which desired
sound blends hest without annoying
‘bounces” or other unnatural effects.
This is the seat for which you’d pay a
premium to hear the same program.

From this seat, sight lines to the posi-
tions of the musicians or vocalists at the
extreme right and left. It may help on
your first try to mark these lines with
spare cords laid across the tops of seats.

As an ideal situation, visualize a tri-
angle with yourself at the vertex, the
two longest legs pointing at the far right
and left performers, and a third side
Lalf as long connecting the two legs in
front of you. (See Fig. 1).

The purpose of the triangle is to place
the mierophones on a line with a 30- to
40-degree angle embracing the whole
musical group as viewed from the “best
seat.”” For the ultimate stereo effect the
listener should duplicate this angle, with
right and left speakers forming the same
angle from his chair.

The actual dimensions of sides .\, B,
and C (distance between mikes) will
vary with the size of the musical group
and characteristics of the hall.
¢) Place mikes in best vertical plane. It's
often advantageous to “fly” (hang) mi-
crophones. If ceiling area seems to pro-
duce a relatively “dead” sound try low-
ering mikes closer to ear level. If no
audience is present mikes may be placed
on floor stands on seats and extended to
maximum.

d) Direct microphones. These adjust-
ments must take three factors into ae-
count:

1) Polar pickup pattern of mike (see
manufacturer’s specification for axis and
diagram of pattern).
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2% MORE EFFICIENT! |7

ream—— For Floor

The Completely Revolutionary THRIEFE-Way

AUDIO e

FISHER A17P-/

Free-Pision Speaker System

The search has ended—and in blazing success! For years we have sought to make available a basic
speaker system that would do justice to the electrical quality of FISHER components and at the same
time meet the decorative and space re juirements of the average home. Compactness-plus-quality was the
goal. Speaker efficiency was the problem. The breakthrough came with the development of a special
magnet assembly that is 92% more efficient. In practical terms. the XP-1 combines in one compact
assembly the best features of high compliance with those of high efficiency. The magnetic lines of force
driving the woofer are totally captured in the air gap. where they belong. and where they can be put
to work toward unexcelled bass and transient response. Want proof? Hold a metal object near the
magnet of any conventional speaker; it will be drawn out of your hand. Then hold the same object near
the FISHER XP-1 magnet; nothing happens! Because there are no stray, wasted magnetic fields in the
XP-1. Designed for hookshelf or floor installation. In Mahogany, Walnut, Cherry or Blonde, $129.50

In Unfinished Birch, Ready for Staining, $124.50

POWER REQUIREMENTS: Can be used with any amplifier, 10 watts to 60 watts. SPEAKERS: One
12” woofer. one 5” mid-range and one super-tweeter. FREQUENCY RESPONSE: 30 cps to well beyond
the range of audibility. IMPEDANCE: 8 ohms. SIZE: 13 %" x 24" x 11%” deep.

WRITE TODAY FOR THE coMPLETE XP-1 sToRY!

FISHER RADIO CORPORATION - 21-29 44th DRIVE - LONG ISLAND CITY I, N. Y.
Export: Morhan Exporting Corp., 458 Broadway, New York 13, N. Y.

DECEMBER, 1959
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"BEST SEAT"

Fig. 2. Directing stereo microphones for
typical orchestral pick-up.

2) Reverberation characteristics of
room.
3) Types of instruments or voices in-

volved.

High flown mikes may be pointed al-
most downward with a slight tilt toward
the musicians. Medium-high mikes may
be directed almost horizontally, while
low mikes on stands may be aimed
slightly upward. In a top view, mikes
may often be directed with their axis
forming a diamond with the 30- to 40-
deg. “sight lines” from the best seat.
(See Fig. 2). You will find exceptions,
however, in some of the actual practice
deseribed below.

If increased reverberation is desirable
(as in pipe organ pickup) try to vary
the angle of the microphone axis to-
wards the sidewalls to bring in a pro-
portion of “bounced” sound. Caution:

This may distort certain vocal or orches-
tral music and should be used sparingly.
(2) Bracketing dynamic (loudmness)
range.

a) Ask the conductor to rehearse the
loudest crescendo which will be heard
during the actual recording.

b) Set level controls to ‘“peak” both
meters just below 100 per cent or the
point indicating over-modulation.

¢) As rehearsal progresses check for any
quieter passages which do not raise at
least one of the meter needles from the
rest pin. If any such passages are en-
countered ask the conductor to call for
increased expression from the particular
musician(s) concerned. This concept
may secm strange, but a passage too low
to register on one of two meters peaked
as we have outlined will probably not be
heard properly in the hall. It may also
be obseured in the recording by the
background level of tape hiss.

(3) Balancing stereo channels

After peaking, a further fine adjust-
ment should bhe made to compensate for
any variations between channels because
one section of the orchestra may have
registered more strongly during peak-
ing.

A single sound, midway between mi-
crophones should be obhserved on the
volume indicators. Here are a few com-
mon sounds: Applause for entrance of
conductor, feedback of most P.A. sys-
tems, solo instrument or voice at center
stage, and so on. Merely reduce the level
of highest channel slowly until it is
equal to meter reading of the opposite
channel.

(4) Accept natural dynamics

After above adjustments are made
SETTINGS OF LEVELS SHOULD NOT—RE-
PEAT—LEVELS SHOULD NOT BE ALTERED.
Any further variation during program
will effectively change the listener’s po-
sition or perspective. If the effect is too

"BEST SEAT™

TWELVE FEET APART

EACH MIKE HUNG PERPENDICULAR TO WALL

Fig. 3. Microphone
placement and di-
rection for pick-up
of glee club sing-
ing in corner of
hard-walled room.
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SCHOOL CHORUS ON STAGE

=

SPEAKER POSITIONS FOR PLAYBACK
16 FEET APART TO MATCH MIKES

® &

FLOOR MIKES 16 FEET APART
FACING STRAIGHT AHEAD

\ /

"BEST SEAT"

Fig. 4. Stereo pick-up of school chorus
on stage.

pronounced it may require re-recording
to correct. A sterco performance will
sound more natural and more pleasing
without monitoring by the operator. (If
you were rceording on early dises, wire,
or tape the new “let alone” technique
might require unlearning, but the cor-
rective urge should be curbed).

(5) Plan your program routine

When the physical setup of all record-
ing equipment has been completed secure
a program or list of selections to be
played. Ask the concertmaster or con-
ductor for the approximate playing
time of each selection, noting the time
on the margin of your program or list
alongside the title.

An elapsed-time stopwatch or timer
should be a part of the recordist’s equip-
ment on every job. [A large, easily-read
minute hand is an asset on the timer.]
The timer should be operated whenever
tape is rolling, showing minutes of re-
cording time from the head of the reel.

Observe the conductor in rehearsal to
learn how he gives the downbeat or start-
ing signal to his musicians. Roll tape at
least 10 seconds before the start of each
selection to ensure that drive mechanism
is operating with normal stability.

It’s easiest and often hest to allow
machine to operate continuously through
all movements and, unless an unusual
delay is anticipated, between selections.
Keep tape rolling throughout any ap-
plause. A prolonged ovation may be
faded out in mastering, but it’s difficult
to deal with a “bump” if the machine is
stopped abruptly during applause. A
manual fadeout on applause means re-
membering and re-setting controls care-
fully before recording the next selection.
Remember, too, that artists are heart-
ened by their applause, and in perma-
nent form it’s even more flattering!

AUDIO e DECEMBER, 1959



General Electrics all-new VR-22 Stereo Cartridge

money-back guarantee!

We bhelieve that once vou hear General Electric’s all-new
VR-22 in the privacy of your own home. on vour own
equipment, vou'll want to have this superb stereo cartridge
for yvour very own.

We're =0 sure of it. in fact, that we are making you an
offer virtually without precedent in the Hi-Fi field: Try
the VR-22 at home for 10 days. If vou don’t agree that this
is the =~ereo cartridge for you. bring it back and the full
purchase price will be cheerfully refunded. You have
notliing to lose and a whole new world of enjoyment to
gain! See vour participating General Electric Hi-Fi dealer.

Acclaimed
by the

Oliver P. Ferrell
Editer

Hi-Fi Review

as quoted

in issue

of Aug. 1959

the VR-227 is a top performer. The fre

The VR-22 is outstanding in all four critical areas of
stereo cartridge performance: Channel sepuration—
Response—Freedom from hum—~Compliance.

VR-22-5 with .5 mil diamond stylus for professional quality tone
arms, $27.95%. VR-22-7 with .7 mil diamond stylus for profes-
sional arms and record changers, $24.95*. TM-2G Tone Arm-—
designed for use with General Electric stereo cartridges as an
integrated pickup system, $29.95%. General Electric Co., Audio
Components Products Section, Auburn, N. Y.

*Manufacturer's suggested resale prices.

Wm. A. Stocklin
Editor

Electronics World
as quoted

in issue

of Sept. 1959

C. G. McProud
Editor

Audic

as quoted

in issue

of Sept. 1959

listening tests did not show up any is even better than 1ts predecessor

experts!

quency response is as flat as any cartridge
tested to date. Channzl-to-channel separa-
tion in the vital area between 700 cycles
and 8000 cycles was equal to the very best
stereo cartridges now offered the public.

flows. Frequency response from 30 to 15,000
cps {limits of our test) was within 2.25 db of
flat. Provides about the best channel sepa
ration available of any checked with the ex
ception of [cartridge selling for $65.00] in
the frequency range from about 5000 to
9000 cps

with respect to output, channel separation
and extended frequency response and the two
channels bolance within #2 db to 15 000
cycles. The shielding hos been improved and
the grounding of the shield and the method
of shorting the two ‘ground’ terminals are
well thought out

GENERAL @B ELECTRIC

AUDIO e DECEMBER, 1959
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STEREO MIKES

X

RECORDIST HERE
UNOBSERVED

N7 STRING
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COMPLETELY DRAPED
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VRN r=

COMPLETELY DRAPED

~
N

\ /

THEORETICAL "BEST SEAT"
(BEYOND WALL IN THIS CASE)

Fig. 5. Simultaneous stereo and mono pick-up of Sterling Quartet in livingroom studio.

TYPICAL RECORDING
PROBLEMS

The preceding information should be
helpful to the stereo recordist, but cir-
cumstances encountered will vary, re-
quiring some changes in techniques. To
iilustrate we shall cite twelve actual
stereo recording situations (one with ex-
clusively mono end results) experienced
by the writer, also the arrangements em-
ployed in each case.

I. ORCHESTRAL

(1) Symphony orchestra in fan-shaped

school auditorium: 80 pieces in conven-
tional arrangement on rectangular stage,
Microphones were suspended through
ceiling lamp holes ahove third row of
auditorium seats about five rows ahead
of theoretical “best seat.” Mikes 15 ft.
apart, dropped approximately 20 ft.,
flared slightly inward and forward to-
wards musicians as in Fig. 2. Serviece
catwalk provided access to avea ahove
auditorium ceiling, whieh was 35 ft.
high.

(2) Symphony orchestra in band shell
of music hall. 90 pieces. No catwalk

[ I

TRUMPET ORGAN

LEFT
PIPE CHAMBER

RADIO
_—-— STEREOCAST .___
g MIKES

| CONSOLE
TIPS T=Ty
CHOIR BALCONY

RIGHT
PIPE CHAMBER

\
\

\ PEWS /

\ (1ST FLOOR LEVEL)

/
STEREQ MIKES FOR RECORDING
ON, FULLY EXTENDED FLOOR STAINDS

"BEST SEAT"

/
/

Fig. 6. Positions of radio and recording microphones for stereocast of large Aeolian-
Skinner church organ,
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available, but a pulley line was provided
to fly mikes 38 ft. above podium on 12
ft. spacing. A T-shaped line arrange-
ment from balecony was used to draw
mikes a few feet towards audience,

Il. CHORAL

(1) Harvard Glee Club in concert for-
mation on stage. Procedure followed was
very similar to that in I(7), (similav
auditorium) except mikes were aimed
straight towards stage to pick up fewer
voices in each mike and improve stereo
effect. Almost every one of the 48 voiees
seemed to stand out in the recording.
(2) University Glee Club in assembly
room. 10 ft. ceiling. Voices arranged
around piano in eorner of room. Mikes
suspended 1 ft below ceiling from
louvres of lamps, 12 ft. apart and aimed
at sidewalls. (Sce Fig. 3). Results were
bright.

(3) Elementary School Chorus on small
stuge. 30 voices. Floor mikes placed 16
ft. apart, 10 ft. out from stage apron on
auditorium floor. (See Fig. 4). Playbaek
was later made for audience in same
anditorium, darkened, and with speakers
on stage apron spaced the same distance
microphones were in the recording.
Many persous believed they were listen-
ing to live chorus. A very elear LP
pressing was made by equal mixing of
both channels. The copies were sold to
parents, with some sent to Japanese
schools as part of an exchange program.
(4) Community Choral Society. In audi-
torium with band shell. Mikes placed 15
ft. apart on floor, 12 ft. in front of shell.
Recorded in rehearsal and, as an experi-
ment, a recorded stereo churell organ
accompaniment was played in the hall
and mixed into the rceording of their
final selection.

1ll. CHAMBER MUSIC

(1) String Quartet. Recorded, as an ex-
periment, simultaneously in mono and
stereo. Stereo playback was somewhat
more pleasing, casier for musicians to
follow individual parts, but it was not
spectacular in the full orchestral or
choral sense. (Solo efforts are often
wasted in stereo for the same reasons.)

Stereo microphones were placed on
stands 10 ft. apart in archways leading
into writer’s living room. Mono mike
suspended above center of group on
hoom. (See Fig. 3).

Members of the quartet were unaware
of stereo recording gear operating in ad-
jacent room. On playback, stereo and
mono transports were set in motion to-
gether but only the mono was repro-
duced for the first three movements., A
rapid cutover to stereo was made be-
tween third and fourth movements,
puzzling the musicians, none of whom
had previous stereo experience. None
could explain exactly what had taken

AUDIO e DECEMBER, 1959



Soundly engineered:
tion, cooler operation

&

Inputs and oulputs:

and luners
al 5

56 watts of power, soundly engineered, a versatile beauty.
From front to back, a remarkable achievement at $189.95*

Designed for beauty and value: Featuring a recessed front panel, the G-7700 comes
complete in a beige vinyl case. the G-7710 in a white vinyl case. The price is a modest
$189.95*, including case. (The G-7600 delivers 40 watts, 20 watts per channel,
$139.95*.) Other General Electric stereo amplifiers from $119.95, including case,

FM-AM Tuner, Series FA-10. Receives even weak signals with unusually
low distortion, hum and noise level. Drift-free. Visual meter for pinpoint
FM center channel tuning and optimum AM signal tuning. RF amplifier
stage in both FM and AM increases sensitivity, FM multiplex jack for
stereo adaptor. Built-in AM antenna: FM dipole included. $129.95*.
Colors match all General Electric amplifiers: Saddle Brown FA-10 matches
MS-£010: Willow Gray FA-12 matches MS-4000A, MS-2000A: Beige
FA-15 matches G-7700: White FA-16 matches G-7710; Saddle Brown
FA-17 matches G-7600.

* Manufactures s suggested resale prices. Slightly higher in the West.

See and hear General Electric Amplifiers and Tuners at your Hi-Fi dealer now.
Audio Components Section, Auburn, N. Y.

GENERAL @3 ELECTRIC
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"BEST SEAT"

Fig. 7. Stereo pick-up of Wurlitzer theatre organ in acoustically live house. Reverber-
ations excellent from domed ceiling.

place, but they did note some improve-
ment in reproduction of the musie,

22 ft. apart and dirvected towards ex-
treme front corners to pick up some
“bounce” from sidewalls. Organist later
timed reverberation at 2 seconds—aundi-
ble in each channel from opposite cham-
ber.

A radio stereocast was also in progress

IV. ORGAN

(1) $110,000 Aeolian-Skinner Church
Organ. Mikes placed about one-third
back in church on stands in pews about

LEFT RIGHT
PIPE CHAMBER DRAPERIES PIPE CHAMBER

| +

STEREQ MIKES
SUSPENDED FROM WIRE

g POINTED SLIGHTLY DOWNWARD
\ /
\ /

DRAPED
DRAPED

"BEST SEAT"

Fig. 8. Stereo recording of Marr-Colton five manual theatre organ in dead house.
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on two oceasions with station miero-
phones 10 ft. to the side of each chamber
of pipes. (See Fig. 6). A later A-B
comparison with air-check tape con-
vinteed a jury of musicians that, while
the broadeast reproduction had a slight
edge in stereo effect, it had lost almost
all of the powerful church-like rever-
berations.

(2) Theatre Organ—live house. Hard
plaster dome in ceiling bounced bright-
ness directly into orchestra seats. Mike
stands extended fully and placed on
seats about 25 ft. from each pipe cham-
ber, about 25 ft. apart. Unusually wide-
spacing of mikes increased the stereo
effect and produced longer reverberation
time from opposite chamber. (Fig. 7).
(3) Theatre Organ—dead house. The or-
gan was a superb instrument—a five-
manual Marr-Colton hrought to peak
condition—but sidewalls had been
heavily draped to improve motion pie-
ture sound. Ceiling was also of sound
absorbing material. Mikes finally sus-
pended on wires about 10 ft. from each
chamber, about 28 ft. apart and aimed
almest straight ahead to catch a portion
of sound from opposite chamber. (Fig.
8).
(4) Schober Electronic Organ in chapel
with absorptive acoustical properties.
This, of all projects deseribed, presented
the most problems and required the most
trials. The instrument was recorded in
mono because it has no interesting diree-
tional properties.

For the first attenapt a mono miero-
phone was placed in the center of the
50 x 80 ft. room. Pedal or bass notes
registered heavily, far out of proportion
to natural organ. Biting ualities of reed
family were almost completely absent in
playback.

The next attempt was to record an
output signal directly from the organ
bus feeding the power amplifier. No mi-
erophone was used. The reedy qualities
aud treble tones were recaptured, but
most of the bass and all of the room tone
had disappeared.

Tt was plain that a blend of output of
the organ and a room mike was best.
This was tried, but the heavy bass com-
pletely confounded the meter and monit-
oring headsets, and it was too difficult
to judge proportions on this trial run.

A stereo recorder was finally con-
nected, feeding organ ountput to one
channel at normal meter readings. A
room microphone, 10 ft. from rear wall
facing hard surface of rear doors, fed
the other clhiannel at customary levels.

The results were later blended at home
with two three-way corner speakers as
monitors and it was found that a blend
of approximately 25 per cent organ out-
put to 75 per cent room pickup produced
the most realistic effect on the composite
master tape.

(Continued on page 94)
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General Electric presents

Model G-5C1
QU x 137 x 22"

today's
ubic foot of sound

This dramatic new design brings you General
Electric’s famous Extended Bass performance
in an ultra-compact one cubic foot enclosure
ideal for stereo.

Hear it...and you’ll agree that here is
full, natural sound as good as, or better than,
many much larger and more costly systems.
The G-501 offers realistic, smooth response

within ==3 db over most of its frequency range
from 45 to 16,000 cycles.

Unusually clean low-frequency response re-
sults from the closed-type enclosure and
special high-compliance woofer. A new 3-inch
tweeter achieves maximum dispersion of highs
for full stereo effect. In walnut. ebony and wal-
nut, mahogany and cherry veneers. $85.00*

New General Electric 12-inch Speaker System |

The G-306 combines enclosure compactness with full, smooth re-
sponse from 40 to 18.000 cycles. The complete unit — with front.
mounted woofer. tweeter and crossover network — occupies only

s

two cubic feet of space.

But small size is gained through no sacrifice in sound! The
Extended Bass design puts out four times the low-frequency power
{+6 db) as standard 12-inch speakers in the same enclosure.
Complete G-506 in four most-wanted finishes. $129.95*

,wm..,..;

*Manufacturer’s suggested resale prices.
Slightly higher in the West.

hear both of these fine speakers at your Hi-Fi dealer now

Audio Components Section, Auburn, N. Y.

N5 GENERAL
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Model G-506
15 x 142" x 23%""

AmericanRadioHiston.Com. -



A Transistorized Hi-Fi Pre-Amp

ERNEST SEVERIN*

A simple preamplifier suitable for the home constructor who wishes to
experiment with transistors with some assurance of acceptable results.

HIS ARTICLE describes a three-tran-

sistor hi-fi preampliler for use with I e S TT

a magnetic cartridge. The proposed I~ --- PREAMP FQUAI}:ZED INPL':’ l:;OARAOCA;A AEUD(ISR?RSISGEJ’*L"” —
cireuit should provide lower hum, more 8 ! TRACKING RIAA TEST RECORD| | | | [},
freedom from microphonies, a smaller . 1 ! I l | /A——\
package, and greater reliability than a FULL BOOSTI [T~ | il T Pa ULL BOOST]
comparable vacuum-tube preamp. The 4 p Gésri > JI—F'*I'T
primary features of this design are a  Fig. 2. Frequency- ? 212 SIS ENE _S:l\\'" *%' ],:/z;ifffji‘
frequency response of +1 db from 30 to  fesponse curves | o | [ T1 {'"—_’ /‘\" s SRR
15,000 cps, less than 1 per cent total f°r. W UL THS é_z_j'-“_ ! ! /// 1 ‘R\m FLAT |
harmonie distortion, RTAA equalization, ECIACCIE g, T A | { \,[\1. N\
and separate bass and treble tone con- : =iz ' | T‘Ll/z cur
trols. The rated output is 1 volt peak K f” 1w T Il % i \ﬂ
into a 2000-ohm load. The power supply -8t Pzl - TTTT—x
voltage is not eritical and may bhe oh- —FULL cuT T r "'l’““* - *M'ﬂ"—FF'flEL C—UTw
tained from cither the high-voltage B | — N I l}l =

100 1000 10000

supply in any vacuum-tube power am-
plifier or a low-voltage supply from an

FREQUENCY IN CYCLES PER SECOND

all-transistor hi-fi system. These specifi-

cations should be acceptable to all but G.E. magnetic cartridge. Other car-

the most hypereritieal audio fan. tridges can he accommodated with a few
The schematic of Fig. 1 shows the pre-  imple resistor changes. The necessary

amp with proper cqualization for a  conditions for RTAA equalization are:

¥ Texas Instruments, Inc.. P. O. Box 312, R =22xRy; R,=100xRy; Ry;=L/5

Dallas, Texas. (where L is the inductance of the ear-
1000 A
~; —MWW O
&; = llOO xg i: 2
b - S< 2
=S + r5ov S :: ~
POINT X
10
-
+ 5= 20V
o
5V
j?_ ] INI8S | 1 20V
= s T3 33K
INPUT =3 3x2 « AAM—
=%-5 < hg 22K
o'
9 M-
I =
J v X > T I
o3 - 8 283 =3 x
82 = ==g TREBLF 2
X4 ~g 5V|+ 4
23 X3 most 3
b3 - =g b
o> s <
3 g3 ]
228 23 a
b3 5S
>
=015
o e} &
— o_
Io T I
- B 305y
+ |50V d”"9 ALL RESISTORS 5%
+ + * 10% CAPACITORS
B B+ =
ALTERNATE f1 ALTERNATE /2
POWER-SUPPLY CONNECTIONS

Fig. 1. Schematic of the complete preamplifier. A selector switch may be introduced
at point X for high-level inputs.
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tridge in mh).

If a selector switeh is placed at point
X. the volume and tone controls ean
also be used for tuners, tape players,
cte.,, provided the output impedance
from the auxiliary equipment is 25,000
ohms or less. For good performance, the
input signal should have a flat frequency
response with an amplitude from 0.5 to
1.5 volts.

In Fig. 2 the solid family of curves
shows the response of the preamp to
signals applied at point X with various
positions of the tone controls. The
dashed curve is the output response of
the preamp with tone controls in the
flat position and a signal from a G.E.
magnetic ecartridge tracking an RTAA
test record.

All specifications except frequency re-
sponse can be obtained hy using any
2N185/2N1274 type transistors with
components of the tolerances noted. The
frequency response will vary slightly
with the choice of transistors hut will in
all cases he hetter than =2 dh from 30
to 15,000 eps with a magnetic cartridge
source.

Those wishing to use the pre-up with
a vacuum-tube power amplitier should
use connection No. 1 in the schematic.
Connection No. 2 should he used with a
transistorized power amplifier or when
the preamp is battery-powered. The
same performance is realized with either
connection. y:
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AUDIO

The
Push-Button

Miracle

Jor stereophonic and

monophonic

high fidelity sound!

MIRACORD XS-200

= -
1
)

DECEMBER, 1959

The pushbutton miracle of high fidelity sound—with ecvery practical and proven
feature for the perfect reproduction of stereophonic or monophonic records.

® it's a neavyweight, professional-type ® Magic Wand spindles eliminate pusher
turntable — and a fully-automatic platforms and stabilizing arms!
changer! . 1O on .
. itel . ® intermixes 10”and 12”7 in any sequence;
® a special ::\\ltc] adapls Mn‘umzl 10 plays all 4 speeds, has a 4-pole motor.
stereophonie or monophonice reproduc- Plug-in head!
tion, with finest quality output on i
either system! ® shuts off automatically, returns tone
@® vibration eliminated by special mounts! arm to rest position?
® 5 push-buttons permit you to start, ® and many other outstanding features,
stop, pause, repeat or filter, without not found in any other record changer
touching tone arm! or record player!

—yet it costs 0)11y$6750

STEREOTWIN 210/D

a thrillng new standard in a stereo cartridge!

Acclaimed by engineers and audiophiles, STEREOTWIN 210/D is the finest
cartridge for the stereo age. “Moving-magnet” principle gives new high
in quality performance. Hum is eliminated by Mu-Metal casing.

Stylus replacement is instant, Phenomenal separation: 22 db at 1000 eps.
EXCLUSIVE ADJUSTMENT puts stylus in proper position both vertically and
horizontally for record changers or manual tone arms.

Truly an audio engineer’s cartridge at an audiophile’s price!

-
Nnow *345°
FAR AHEAD) THE FINEST BY FAR Available at selected dealers.

IFor Free catalogue, please write Dept. A

@ AUDIOGERSH CORP.

514 Broadway, New York 12, N. Y. WORTH 6-0800

AmericanRadioHistorv.Com N .
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A Heterodyne FM Multiplex

Adapter

Until some decision permanently stabilizing multiplex operation is handed down, a flexible
adapter like this one makes it possible to accommodate almost any sub-carrier encountered.

LIEN THE BROADCAST of stereo pro-
Wgrams by means of FM multiplex

was begun the problem of design-
ing and building a suitable adapter pre-
sented itself. One of the principal prob-
lems facing the designer was the lack of
standards for such a broadeast service.
This is still a problem. The possibility of
the change of any standards adopted for
experimental purposes makes it very de-
sirable to design the adapter so that
modifications ean be made easily and in-
expensively to permit reception of sig-
nals that conform to ultimately adopted
standards.

Sub-carrier frequencies of from 27.5
to 67.5 ke and bandwidths from just a
few kiloeyeles per second up to 50 have
been suggested by the advocates of the
various systems. In addition, it has been
suggested that two or more sub-carriers
might be accommodated with a single
primary program thus complicating the
design problem even more.

It seemed impractieal to design a unit
which would accomplish the filtering at
the sub-carrier frequency and would he
casily adjusted to any standard which
might be adopted in the future. There
were other problems associated with fil-
tering at the sub-carrier frequency which
it seemed best to avoid if possible. The
expense of high-quality inductors suit-
able for filters in this frequency range,
the difficulty of obtaining a suitable
phase response from a complex T- or
n-section filter and the difficulty of post-
detection filtering to prevent overloading
of audio systems which might have con-
siderable response at the sub-carrier fre-
quency were foremost in this category.

It was decided that the problems
stated could he climinated or at least
greatly minimized by heterodyning the
sub-carrier to a new frequency where
conventional eceoupled tuned ecircuits
could be used for hand pass filtering.
The block diagram of such an adapter is
shown in Fig. 1. The adapter can be
made responsive to any sub-carrier fre-
quency which can be used with the pres-
ent FM system by choosing the proper

* 3151 South Glebe Rd., Arlington 2, Va.
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W. B. BERNARD"
CAPTAIN, USN
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DISC.
osc.
Fig. 1. Block diagram of the author's

multiplex adapter.

beating oscillator frequeney and the
bandwidth of the filter system ean be
varied over wide limits by the choice of
Q of the tuned circuits and the coupling
between them. Such a system also allows
the use of conventional methods of am-
plitude limiting the sub-carrier and de-
tecting the modulation ecarried hy it.
Some experimental adapters were built
to prove out the principle.r They proved

Some of the parts used in the experi-
mental models were not easily available
and in some cases the required modifi-
cations could not he accomplished easily
without a well equipped shop. Further
work was carried out to develop an
adapter which could be constructed with
commonly available parts, the modifica-
tion of which would be held to a mini-
mum to permit the eonstruction of the
device using the facilities availahle to
the average experimenter. This goal was
nissed only in that the alignment of the
unit should he done with a frequency-
swept signal generator and an oscillo-
scope.

Circuit Description

The eirenit of the adapter is shown
in Fig. 2. The sub-carrier signal is fed
into the grid of the cathode follower
through the 100-unf capacitor. This ca-
pacitor and the 470-k resistor connected
from the grid of the cathode follower to
ground act as a simple high-pass filter
which reduces the amount of the primary

1W. B. Bernard, “Tunable FM multi-

plex adapter.” Electronics, April 10, 1959,
to be very satisfactory.

AmericanRadioHistorv.Com

program reaching the grid of the cathode
tollower. The output impedanee of the
cathode follower is sufficiently low that
the signal at that point ean be inserted
into a balanced mixer using a pair of
1N34 crystal diodes, It should be noted
that the diodes are so connected that
each of the two offers a different polar-
ity to the common connection point. The
carrier for the balanced mixer is fur-
nished by the other half of the 12AT7
connected as a Colpitts oscillator. The
mixer output is connected into 7', which
selects the components of the output
that fall in the vieinity of 455 ke and
impresses them on the grid of the 6AU6
amplifier. Capacitive coupling is used to
increase the bandwidth of T,. For a
10-ke bandwidth, a 6-unf capacitor is
used; for a 20-ke bandwidth a 10-uuf
capacitor; and for 50 ke a 17-upf eapaei-
tor. The secondary of the transformer
1s resistance loaded. For 10 ke the load-
ing resistor is 100 k; for 25 ke it is 47 k,
and for 50 ke it is 22 k.

The output of the 6AU6 amplifier
feeds a capacitance-coupled pair of
tuned cireunits consisting of one winding
each of Ty and T,. The other windings
of Ty and T, are used as traps to pre-
vent energy at the oscillator frequency
from loading up the limiter when a very-
low-frequency sub-cavrier is used. The
trap windings are coupled to their asso-
ciated active windings with 5-upf eapaci-
tors.

The active windings of 7, and T, are
coupled with the same value of capaci-
tors as is used to couple the windings
of I',. The limiter grid leak furnishes
sufficient loading on this coupling net-
work for all handwidths.

The output of the 6ATUG limiter passes
through the diseriminator transformer
and is detected by two 1N34 ecrystal
diodes. The output of the discriminator
1s passed through a de-emphasis network
consisting of a 68 k vesistor and a
1000-pnf capacitor,

The signal at this point is the modu-
lation which was carried by the sub-car-
rier and, in the case where this is a signal
independent of the primary modulation,
the signal is ready for the intended use.
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ways to desig

the cost and design around it. The other is the
Pilot way: produce the finest unit possible and
then price it accordingly. If we knew of another
useful feature to add to our Pilot 690-A, you
would find it in the List below. Not eﬂost for ﬂeg_st’s

L

sake, but for performance’s sake.

PILOT 690-A STEREOPHONIC $%8900
FM-AM TUNER-DUAL PREAMP:

Tuner Section: A deluxe, professional stereo unit offering
the ultimate in reception, even in difficult fringe areas. Its
independent FM and AM sections may be used individually
for FM or AM alone, or simultaneously for FM-AM stereo-
phonic broadcasts. With an external Multiplex demodulator,
the 690-A will provide FM Multiplex stereo reception. FM
tuner features include 1 microvolt sensitivity for 20 db of
quieting: low-noise, dual-triode golden-grid cascode RF am-
plifier with accurately tracked antenna and interstage circuit
tuning. Freedom from drift is assured by means of a tem-
perature compensated osciilator. Wide-band detector (1,000
kc wide) makes tuning completely non-critical. Audio cutput
constant and independent of signal level. 3 |.F, stages and
2 limiters, dynamic gated beam and saturation type. Inter-
station noise suppression (muting) with control for optionai
muting defeat. Independent FM tuning meter for true center-
of-channel tuning and precise station selection. Built-in FM
power-line-cord antenna, and facilities for 300-ohm twin {ead
and 72-ohm coaxial cable included. AM Section: Sensitivity,
2 microvolts; employs germanium diode detector for maxi-
mum efficiency, lowest distortion. Features high-gain pen-
tode RF amplifier, 2 steep-skirted I.F. stages with front
panel bandwidth control and 10 kc whistle filter. I.F. inter-
ference rejection trap. Separate AM tuning meter. Buiit-In
ferrite-core antenna. Dual cathode follower outputs permit
long cables without signal loss.

Preamplifier Section — The preamplifier has two identical
channels. Unique automatic shutoff enables record changer
to optionally turn off entire system after lasf record
has played. DC heater supply; feedback tone control cir-
cuits; audio and tape outputs. 4 independent tone controls
with Pilot TroLoK for optional ganging. 14 inputs. 3 pairs of
high level inputs for permanent simultaneous connection of
FM-AM tuner, Multiplex adapter and tape recorder. 4 pairs
of low level inputs for tape head, microphone and permanent
connection of record changer and turntable. All inputs non-
shorting to permit tape recording and playback without
short-circuiting tape recording signal or changing of plugs.
Electroni¢ crossover for monophonic operation. Mono posi-
tion on Mode switch automatically cancels out undesired
vertical stereo cartridge response when playing monophonic
records. 18 tubes, 5 diodes, plus rectifier, Size: 1458” wide
x 512" high x 141%” deep. Weight: 25 pounds. Complete with
enciosure. $289.50.

Write for our Brochure describing in detail the Pilot 40th
Anniversary Stereophonic Component Series: Stereophonic
Tuners —$179.50 to $289.50. Stereophonic Preamplifiers —

$89.50 to $199.50. Stereophonic Amplifiers —$89,50 to =
$139.50. Stereophonic Preamplifier-Amplifiers —$129.50 to

$199.50. All prices slightly higher in the West.

PILOT RADIO CORP., 37-04 36th St., Long Island City 1, N. Y.
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Fig. 2. Complete schematic of the heterodyne multiplex adapter.

Where, as in the Crosby System, the
multiplexed and the primary channel sig-
nals are interrelated it is necessary to
run the two signals through a matrix to
recover the two stereo signals. For ex-
planation the individual stereo channels
are labeled A and B. The sum of the
two channels (A +B) is carried on the
primary ecircuit and is detected and fur-
nished by the FM receiver as andio.
This is fed into J, and thence into the
primary-channel level control. From the
level control the signal is fed into an
amplifier consisting of one half of a
6CG7. In the plate circuit of this tube
the phase of the signal is reversed so we
have —A-B. This is fed to contacts 5
and 6 of S, through 120 k isolating re-
sistors. The multiplex signal is the dif-
ference of the two stereo channels
(A-B). This signal is passed through
the multiplex level control and into the
grid of the other half of the 6CGT7 which
is used as a phase splitter. The signal in
the cathode cirenit of the phase splitter
is in phase with the input signal (A-B).
This signal is fed, through a 120 k iso-
lating resistor, to contact 5 of S, where

52

it eombines with the —A-B signal from
the primary I'M signal to give —-2B.
The plate cirenit signal of the phase
splitter 1s -\ + B which is fed through
a 120 k resistor to contact 6 of S, where
it combines with the —A-B primary sig-
nal to give —2A. Since there is a minus

Fig. 4. Plan view
of heterodyne mul-
tiplex adapter.

sign in front of hoth of the signals they
are in the correct relative phase for
stereo reproduction and the winus quan-
tity has no meaning. When S, is thrown

Fig. 3. Side view
of adapter chassis.

AmericanRadioHistorv.Com

so that contacts 3 and 5 are connected
and contacts 4 and 6 are connected,
these reconstituted stereo signals appear
at jacks J; and J,. When S, is thrown
so that contacts 3 and 1 are eonneeted
snd contaets 4 and 2 are connected, the
primary channel audio signal appears at

J, and the multiplex audio signal ap-
pears at J;.

Construction

The physical layout of the unit is
shown in Figs. 3, 4, and 5. It is con-
strueted on a 5% x 9% x 14 ineh aluminum
chassis. Starting at the left of Fig. 3
we have T, the 6ATU6 limiter, T,, T,.
the 6AU6 awmplifier, and T,. Looking at
Fig. 4 at the left center of the chassis
we have the 6CG7 matrixing amplifier
and at the right center we have the
12AT7 cathode follower and oscillator.
The power transformer is loecated in the
center of the chassis and T; at the upper

AUDIO e DECEMBER, 1959



A Truly “Complete’_’d‘S‘t‘ngEp implifier

STEREOMASTER [ S TR

e R LY TIC Y
e R WY

T

Now on the market is the PIONEER's stereo amplifier model SM-Q140.  This amplifier
is a truly “complete” stereo amplifier incorporating two entirely independent tuners, one
an AM-Shortwave tuner and the other an AM-FM tuner. Thus, in addition to high
fidelity reproduction of disc records or tape recordings, stereophonic broadcasts of all
types can be tuned in. Since the two channels are entirely independent of each other,
the two speakers may be placed in separate rooms to enable simultaneous reception
of two separate programs.

NOTE THESE FEATURES !

1. Provides reception of AM-AM stereophonic broadcasts. Since the two channels are independent of each other,
the speakers may be placed in separate rooms and two entirely different programs tuned in simultaneously.

2. Simultaneous reception of AM medium wave broadcasts and AM shortwave broadcasts, or AM and FM broad-
casts is possible. Two programs can therefore be tuned in simultaneously and so the SM-Q 140 will serve the
role of two amplifiers at the cost of one.

3. In monophonic operation, the output circuit functions as a EL84/6BQS5 pushpull circuit, while in stereophonic
operation, the output circuit is transformed automatically into two independent circuits.

4. Tape recordings of radio programs or disc recordings can be made simultaneously while listening to the
program or recording in progress.

' - #
:
.

S e
sl W

£
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FUKUIN ELECTRIC, TOKYO, JAPAN

5, Otowacho 6-chome, Bunkyo-ku, Tokyo
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e,_:)_:?'nc;ﬁé__q of periormarce tests in cr= or
.aa.q s moa acvarcec e'estronie /ekoratcries.

SARGENT-RAVMENT has ihe
 LOWEST COMBl_N~EB» DISTORTION

of any stereo system available loday,

at any price!

It is easy to claim sup=arior ty—d Ficu't to prove it. But there is
on2 proof that passes every tes:—th2 proof of performance. This
is what SARGENT - RAYMENT has tc offer, and is why
SARGENT-RAYMENT compone-tts are fast becoming
the stereo standard of compearison. 7o enginzer and music lover
alike;, SARGENT-RAYMENT Ste-eo offers performance alk
out of prepartion to its price. Judce t yoursels, with the bre test
tiat's undisputablz—youLr own 2ars. Hear it at your
Component Hi-Fi Deale-'s today.

4926 East 12th Straet,
Oakland 1, Celiforria
Please send FREE 1z -page technical broclture
HI-FI's BEST GUARANTEE desc-ibrg S-R Steres Reproducars.
S-R Stered Reproducers are backeo
by the industry's best Puarantee .

15 MONTHS Addrzes
City &« Stata.__
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Fig. 5. Underside

=f adapter chassis

showing parts
placement.

right. Figure 5 shows the general place-
ment of the parts under the ¢hassis.

T, and T; must be modified. The mag-
netie eoupling between the primary and
secondary of 7', must he increased. The
simplest means of accomplishing this is
to wind a 9-turn link of #26 DCC wire
next to each of the windings. The phas-
ing should he as shown in Fig. 6. A
50-uf capacitor is connected from the
“hot” side of the primary to the center
tap of the secondary to {inish the con-
version to a diseriminator transtformer.
I the ease of T, the finish end of each
winding is earefully broken loose from
the terminal lug to whieh it is connected.
It is then rerouted and connected in
parallel with the start ot the other wind-
ing thus connecting the two windings in
parallel. The wire used in the windings
of these transformers are heat stripping
so the insulation need not he stripped
from the wire before soldering to the
new terminal lug. An ohnuneter may be
used to check the connections.

The larger eapaeitor C,, built into the
hase of 7, is used as part of the tuning
capacitanee and the other, C;; is used as
the grid capacitor of the oscillator. A
50-uf trimmer may he connected as
¢hown in Fig. 2 if it is desired to make
frequent ehanges of oscillator frequency.

The power supply consists of the
transformer, seleniwmn rectifier, and an
RC filter system as shown in Fig. 2.

After the construction of the unit is
completed it is necessary to align it. The
12AT7 should be lett out of the socket
during alignment. As wmentioned at the
beginning of the article it is necessary
to have a swept frequeney signal gen-
erator covering the vieinity of 455 ke
and an oscilloscope and, if available, a
marker generator. First the diserimina-
tor transformer is aligned. The signal
generator is conneeted to the grid of the
6ATUG limiter, the oscilloscope is con-
neected to the output of the diserimina-
tor and the signal generator is set to give
a +100-ke sweep centered at 455 ke, The
secondary of 7, 1s adjusted to give the
zero crossing at 455 ke and the primary
is adjusted to make the curve synimetri-
cal, Next the signal generator is moved
to the grid of the 6AUG amplifier and
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the oscilloscope is connected to the
upper end of the limiter grid resistor.
The generator should be switched to
amplitude modulation and set to the fre-
quency of 455 ke plus the lowest sub-
currier that it is desired to receive.
Should this he 50 ke, for instance, the
cenerator should he set for 505 ke. The
trap windings of T, and T, should be
adjusted to give minimum output on the
screen of the oseilloscope, After the
traps are set the signal generator is set
again for +100 ke centered at 453 ke
and the other windings of T, and T'; ave
adjusted to give the pattern shown in
Fig. 7.

Next the signal generator output is
moved to the cathode contact of the
cuthode follower socket and the windings
of T, adjusted to give the pattern shown
in Fig. 7. Now the 12AT7 may be in-
serted into the socket and allowed to
warm up thoroughly. After it is warmed
up one of the oscilloscope amplifiers
should he connected aeross either of the
2500-puf capacitors in the oscillator eir-
cnit and the signal generator should be
connected to the other oscilloscope am-
plifier. The signal generator is then ad-
justed to 455 ke plus the desired sub-
carrier frequeney with no modulation.
The slugs of T; are then adjusted until
the adapter oscillator frequency coin-
cides with the [requency set up on the
signal generator as shown by the pattern
on the sereen of the oscilloscope.
Connections

The adapter i= now ready to connect
into the system. It your FM tuner has a
multiplex jack it is simply connected to
J,. It it does not have such a jack it
will be necessary to connect a cable into

9TURNS —mmmm 8

;

Y

9 TURNIZ

Fig. 6 Phasing of link on discriminator
transformer.
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the audio system of the tuner ahead of
the de-emphasis network to furnish the
signal to the adapter. The output of the
adapter may then be connected into one
of the high-level inputs of your pream-
plifier or control amplifier system. At
this point you should bhe able to hear the
multiplexed progranm. The frequency ot
the oscillator may be adjusted precisely
by connecting a VTV between the top
of the diseriminator load and ground
and adjusting either of the slugs of 7,
or the trimmer capacitor if used for
zero voltage making certain that it is the
zero hetween the positive and negative
peaks.

It a very low sub-carrier frequenecy is
used it may be necessary to jnerease the
coupling of the trap windings in T, anl
75 This is hest done by eonneeting a
sweep signal generator and oseilloseope
ax for the alignment process and wateh-
ing the result of inereasing the conpling
on the oscilloscope. The eoupling capaci-
tors between the signal windings and the
traps of the two transformers may he
inereased until a reduetion of response
in the desired pass band is observed.
Should this still not give sufficient sup-
pression of the oscillator frequenecy an
additional transformer can he conneeted
to T, to give a transformer pair similar
to I'; and T,. Also in the case of a very
low sub-carrier freguency the balance
hetween the two 820-ohm resistors and
the  2500-uut  eapacitors should be

AUDIO WINNER ROY R. MUMMA

in which ecase the change to the new
standards can he made in a few minutes
at the cost of two small eapacitors and
one resistor. If there is no service in the
reader’s listening area which would re-
quire the matrixing amplifier the unit
nay be operated without it with the
knowledge that there is space reserved
for it on the chassis and that it may be
added when needed. By building this
adapter the reader is pretty well assured
that whatever happens to the multiplex
standards his adapter ean he adapted
and therefore will not become ohsolete.

PARTS List

C,C, 100 uuf, 500 v, mica
Cv Cs; Cw; Cu

015) CIG} 18

0.1 uf, 400 v. paper

; ALTEC

Audio magazine last month pre-
sented its first award for “interest
and activities in the field of compo-
nent high fidelity” to Roy R. Mumma
of Pittsburgh, Pennsylvania. We at
Altec Lansing salute you, Mr. Mumma.
Congratulations on being the first
“Audioman of the month.” We are
proud that you made Altec sound com-
ponents your first choice in an award
winning sound system.

“Audioman’ Roy R. Mumma chooses these

Altec components for his sound system,

Altec 306A AM-FM Tuner

Altec 445A Stereo Preamp

Altec 340A Power Amp

Altec 350A Power Amp

2 Altec 604D Altec Duplex Speakers

-

ALTEC LANSING CORPORATION

| curmigpzrarinee |

1515 S. Manchester Ave., Anaheim, Calif.
161 Sixth Ave., New York City 13, N. Y.
A subsidiary of Ling-Altec Electronics, Inc.

ALTEL

checked in order to insure that the mini-
mun amount of carrier is present in the
output of the balanced modulator.

The adapter deseribed here was not de-
signed to he switched to all types of
services as a matter of routine; for such
use the previously deseribed unit! is
hetter suited. Tt is designed for use on a
specific system wheve there is a possibil-
ity that the finally established standards
will be different from those now in use

T R A g e

Fig. 7. Typical 'scape traces obtained during alig

5 Cis 50 puf, 500 v, miea

¢, C, 6, 10, or 17 uuf, ceramie
dise, see text

C,, Cs 5 pwf rgimmick”—4 turns
insulated wire wrapped
around one transformer
terminal lug hut not
conneeted; wire sol-
dered to other ter-
minal

C, 270 puf, ceramic dise

C, 1000 puf, 500 v, mica

Cy 12 uf, 150 v, electrolytie

Cp 30 ppt, trimmer; see text

Cuy 150 put, silver miea, 500
v

Ca, Co2 2500 uf, 500 v, miea

C,s 3000 puf, 500 v, mica

Cuy Cs part of T,; sce text

%a. b 10-40 uf, 150 v, electro-
Iytie

D, D, IN34 germanium diodes

Iy dyds d, phiono jacks

b 10 mh, r.f. choke

R, 470 k ohms, Y% watt

R, Ry 1000 ohms, Y5 watt

Ry By, Ry, Ry
R

100 k ohms, 14 watt
22k, 47 k, or 100 k ohms,
Y5 watt; see text

R4, R,y 470 olims, 4 watt
R;, R, R,y Ry 100 k ohms, % watt
R, 22 k olms, Y4 watt
R, 68 k ohms, 15 watt

(Continued on page 98)

e

nment. (A), discriminator respanse;

(B), amplifier respcnse at 50-kc bandpass; (C), response at 25-kc¢ bandpass; (D),
response at 10-kc bandpass.
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address needs yo
hoGse microphones deve
: 0
TEC'S experience and researc}7.

MODEL 661A, B, o mnidirectional

The 661 dynamic brings vou an exclusive new principle of microphone sound-entry,
Altec’s sintered bronze filter. This new filter development provides Acoustic Front
Damping to the niicrophone diaphragm to extend high frequency response and
eliminate high frequency peaks. The sintered bronze filter completely protects the
pressure element against harmful iron filings, dirt and moisture for extra long life.
Its superior performance, durability and reasonable price make the 661 a popular
choice where quality is a must.

MODEL 680A, omnidirectional

A peripheral sound entrance channel or “acoustic gate” provides Acoustic Front

Damping in the Altec 680A. High frequency response is extended over a wider range

; 3 without high frequency peaks. The narrow sound entrance channel protects the pres-

» sure element against harmful dirt and moisture. The 680A is the world’s finest
professional quality dynamic microphone.

Other outstanding Altec microphones to fit your needs.

B ™20 “Lipstick” Condenser
w30, Cardioid Microp] Syst ”5’ Ommnidirectional
, Cardioid Microphone System ‘9’# Microphone System

The exceptional M30 Cardioid Condenser . s
Microphone System has a frequency re- The qu is the ‘.'V(’rld. s smallest aqd
most versatile quality microphone. Itis

zsggisoeigfpza(ltzeor’gogfcglﬂ:;:é?;; g‘:ﬁ:ﬁ:ﬁ:i widely us(?d in recoyding, broadcast and public addrgss

tion. It is the first miniature directional work and is chosen in medical and laboratory recording

microphone capable of translating the units bgcag;e of its extreme sens:'.uwty, smooth response

entire frequency and dynamic range with- and reliability. The military version of the Altec M20 is

out false accentuations. ased in many missile development projects because it
operates efficiently even under extreme temperature and
moisture changes and punishing vibrations.

MODEL 661A, B

Pickup
MODEL 670B pattern

Variable frequency
response

The rugged 670B broadcast outputl

microphone provides a ribbon I

element plus a controllable ;
acoustic labyrinth for vari- 53¢ “a8dbm 10
able pickup including the dynes cm
three basic directivity pat- output A-30/5( ) lanced
terns: pressure, cardioid and impedance | 125 2 B-30/50, 150, 600 &
velocity. The 670B’s frequency 150/250. 2 anced 30, Ao 2
range covers the complete 20,000 ohms ! j50 g 00 of 0 & 600 ohms
audio spectrum.

cticnal

61/2'x21/2
x 3 3/¢

dimensions 1'% 11/2”x 7" 153/6"x15/8"1 25/32""x3 31/8'x5/8

price $99.00 - $49.50/$59.40 ' $334.00 $236.00 $138.00

ALTEC LANSING CORP., Dept. 12A 1289
AI_TEE 1515 S. Manchester Ave., Anaheim, Calif.
161 Sixth Avenue, New York 13, New York

a subsidiary of Ling-Altec Electronics, Ing
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alive and isn't likely to let vou rest in
peace for long with your stuffy old two-
speaker stereo. The only trouble is, again,
that the center channel poses some formid-
able complications in the unraveling, the
derivation of one, convincing, natural, ac-
curate sound out of removed parts of two
other sounds, supposedly complete in them-
selves. Redundancy, duplieation, caneella-
tion, confusion, all are serious dangers.
Theory and practice must move hand in
hand or, better, handeuff to handecuff.
Sometimes they are—or seem to be—at
diametric odds. Some people make their
center channel from out-of-phase elements
in the two main channels, for instance,
elements that in theory ought to he every-
where but in the center—and the darned
thing sounds quite reasonable in the listen-
ing, sometimes. Differences that you'd
think ought to be huge turn out to be
trivial. Theoretically zany systems sound
pretty good; theoretically correct arrange-
ments just don't pan out. ... Nope, it
isn't easy, all this.

Constructive Questions?

Sometimes the best approach to clarity
in this sort of area is not to make state-
ments but to ask questions. There’s noth-
ing like a question, unanswered, to clear
up the thinking process. Therefore, before
I deal briefly with something specific called
Triophonie Stereo with Equalized Sound,
I‘ll pose a few compound questions and
toss in some tentative answers, here and
there, as the spirit moves.

1. Does a center-channel (full-range)
speaker help to widen the effective listen-
ing area in which spatial relationships are
heard as reasonably natural?

Well, I dunno. I suspeet that it does
help in putting a close-up solo instrument
in the center for people listening off to-
wards the sides. It doesn’t do a thing for
the ends of the sound-spread and I doubt
if it really helps the side listeners to hear
the background center—the center of the
orchestra in a symphony—in any truer
relationship.

If a center channel is out of balance, or
the speaker too far forward, it can do
much more harm than good, destroying the
illusion of space towards the rear that is
produced by the cooperating outer speakers.

2. What happens to the listening when
the phase of the center components is jug-
gled? A+ B, or A —B? Ideally, the center
channel should contain the sum of the
identical elements in the two channels—
those sounds which ought to, and will ap-
pear automatically in the middle; what
effect do you hear when instead of A + B,
there is A — B in the central channel? Does
this “inside-out” condition, with the center
speaker carrying elements that ought to
be on the outer edges, sound as bad as it
ought to?

Darn it, no. Sometimes I think that any
old sound will do in the middle, so long as
it's the same piece of music. Tentative
reasoning suggests strongly to me that
most stereo sound is already so hashed up
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(from page 14)

by room refleetions and general acoustie
confusion that the ear doesn’t even notice
a few discrepancies in the center area, un-
less called sharply to attemtion. We fool
ourselves all the time, anyhow; the idea is
to do it with the best aesthetic effect and
for the most pleasure.

Note well that stereo sound is far more
positive in a dead listening situation than
in live acousties—though generally we
rather like the reverberation of the live
room. As mentioned last fall here, a really
live room brings you no audible sterco
whatsoever. Just a jumble, if a nice one.

3. Is the rgihtness—or wrongness—of a
central channel reproduction enhanced by
three-track stereo originals (via two-track
commercial stereo, of course) ?

That's a very interesting question with
a theoretically answer that should be no,
but probably isn't. The third-track stuff,
in phase and identical on the two com-
merecial channels, appears automatically in
the middle in any good two-speaker stereo
system, in phase. If the speakers are re-
versed, it is thrown to the ends and all is
chaos. Most people rather like this ehaos—
it's “stereo” to them, i.e. and exaggerated
separation. Just like the dealer said.

In an ideal three-chanuel reproducing
system the original third-track stuff should,
in the same way, appear at the center
speaker. In theory, it should sound exactly
the same as with two speakers, at least
from a central listening point. From the
sides, as suggested previously, it should,
maybe, have a slightly greater centraliza-
tion.

But can you tell a two-track original
from a three-track original on such a
Three-Tweet system? Well, can you tell
the difference on a standard system? I can
—sometimes. Nevertheless, T can’t lielp sus-
peeting that a good three-way system will
respond gracefully to a three-channel re-
cording, restoring a good part of the origi-
nal center segment to an independent, if a
fused life. Fusion is taken for granted as
essential in stereo. Lots of people don’t
like it.

4. What if the phasing of the original
third channel was out, or partly out, due
to multimike mix-ups? Ilas happened, can
happen.

Answer: utter confusion in the listen-
ing, and you can't do a thing about it. But
you'll probably love the sound.

5. Does a center speaker and channel
really full up the famous hole in the mid-
dle?

What hole? If there's a hole, maybe the
record producer wanted it that way, so
why fill it up? If your speakers are out of
phase you'll get a fine hole, and you'll find
that your guests will ooo and aah at the
superh stereo separation.

6. Can you gyet Fusion with a regular
two-speaker set-up?

Sure. Just pick vourself two identical
speakers with good high distribution for-
ward (not up), find a medium-live living
room and pick a symmetrical wall for the
speakers, with conditions on both sides the
same achitecturally, opposite right to left;
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set ’em at least five feet apart and maybe
more, set yourself at the point of a rough
equilateral triangle, choose a well-made
stereo record. . . .

7. Is the bass in stereo music really
nondirectional? Can it really come from
any old place?

The lower you get, the less direction and
less stereo effect there is—it doesn’t just
happen all of a sudden. Down at the bot-
tom, bass is surely non-stereo, non-direec-
tional and the prineciple is clearly solid
enough to put into practice in the One-
Woof manner, as above.

But remember that bass music is full-
range, that “bass” sounds, like a bass
fiddle, are definitely directional because of
the overtones present. Too many of us are
casually confused on that. To make a bass
fiddle non-directional you must remove its
very soul, its highs. If you can manage to
extraet only the bottom, from 200-or-so cps
down, for your One-Woof speaker, you can
let. the fiddle’s top overtones go out where
they belong and the entire instrument will
seem to be out there, bass and all.

But let the slightest trace of lower-
middle sound get into your “Woof” speaker
and it becomes a point source. Bad. Unless,
of course, that’s where the sound is sup-
posed to be. Say, under the couch.

TRIOPHONIC

And with that, and with apologies to
Weathers for lack of remaining space, I
come to that company’s tricky three-
speaker system, two books and a box, that
yowll see advertised as TrioPhonie. It’s
not a three-channel system at all in the
sense of my arguments above; it's a pure
One-Woof, and so intended. The two side
speakers arc amazingly small, and the
company has got them so they look like
books, with rounded rear and a gold metal
screcn where the spine ought to he. A big
book, about the size of a small dictionary,
and it contains a tricky cone speaker
around nine inches long and two inches
wide, damped by a piece of cottony stuff in
front. The frequency range of these little
satellites is quite astonishing, ranging
down into the very low hundreds of eycles
and up to the top. They produce a lot of
volume, too, with good efficiency, and you’ll
find it surprisingly hard to make them
blast in overload.

Now maybe I'm running counter to the
company’s intentions, but I found these
little book-speakers extremely useful as
two-channel playbacks, for portable sterco
listening in great convenience and also for
general stereo of surprisingly good over-all
quality. Yes, the bass was “thin”—i.e. miss-
ing at the bottom. But there was a lot
more of it than in most portables, and the
usnal boomy, peaky bass quality was en-
tirely absent. No doctoring for false bass.
I find that for a second system, easily in-
stalled or moved about, these two speakers
are quite invaluable. Their tone is clear, the
range wide, their slight tinniness is mainly,
I think, an aural effect of the bass roll-off

(Continued on page 90)
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cncther Presto precision recording tool
to nake your job easter.

AUDIO

-
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2. Slide out Y4”gnides.

The new Presto 850 is the only professional tape
recorder that converts in seconds from %” to

” tape, and vice versa-and it’s from Presto,
makers of more professional sound-recording
equipment than any other manufacturer in the
world. The new, flexible 850 ends the need to
keep expensive equipment sitting around idle.
Conversion from %" to 14 ” tape head assemblies
requires only a screwdriver and a few seconds.

Based on the successful 800, the use-proved 850
provides such exclusive features as: an edit
switeh for one-hand runoff during editing and
assembly of master tapes, eliminating messy
tape overflow - a molded epoxy-resin drum brake
system with double shoes to end brake-main-
tenance headaches - four-position plug-in head
assemblies instantly interchangeable without
realignment - three-track stereo master control
(optional) for special recording etfects « three
Presto A908 amplifiers stacked on an easy-to-
work-at console, in portable cases'or for rack.

The 850 delivers a high production editing rate
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at significantly lower operating costs. Separate
switches provide correct tension even when reel
sizes are mixed. Pop-up playback head shield fot
right-hand head disappears in STOP and FAST,
completely exposing all heads for easy sweep
loading and fast, sure editing. Safe tape han-
dling attop speed isassured. Interlocks prevent
accidental use of RECORD civeuit.

PRESTO

Lo e o on T e e - — = S — . — —
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: To get complete specifications on the new 850, :
t which is available in console, portable and rack-
! mounting models, mail this coupon today. :
|
: BOGEN-PRESTO, Dept. AD-229, Paramus, N. J. }
: A Division of The Siegler Corporation. :
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EQUIPMENT

stalled and counnected to Channel 1, to-

L LROFILE

In the realm of tape recorders, you can
take your pick all the way from around
$100 to whatever your budget will stand,
and in every case you are likely to pur-
chase more and more facilities as the price
goes up. Whatever your needs, there is at
least one machine on the market which will
fulfill them, but it is reasonable to pre-
sume that for optimum performance you
will have to go well above the lowest figure.
Not that some of the lower-priced tape
decks are inadequate for certain purposes,
particularly for playback only, where the
modern preamplifier is capable of furnish-
ing all the necessary electronic equipment,
but when you must have high quality, com-
hined with all the traditional faeilities of
the tape recorder/reproducer, $100 just
won’t do the job.

There are four models of Sony Sterecord-
ers: DK-555-A and 555-A, chassis and port-
able models respectively of a two-track
stereo and mono recording and reprodueing
unit; and DK-555-A4 and 555-A4, chassis
and portable models of a similar unit with
the addition of a four-track playback head.
None of the machines is able to record
four-track tapes. All models are arranged
for two speeds—7% and 3% ips—and all
have built-in power amplifiers; the portable
models have a monitor loudspeaker in-

o S o s o '_' A, N SR g '
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gether with space for storage of tapes and
mierophones. The DK-models may be con-
verted at any time to portables by purchas-
ing the model PC-2 case. In addition, two
types of cases are available for loudspeak-
ers—PSC-100-8 and PSC-100-12 for mount-
ing 8- or 12-in. speakers—and model PSC-
212 is furnished with two JBL D-123 ex-
tended-range 12-in. speakers mounted. The
two halves of the speaker cases fit together
to form one unit approximately the same
size as tlie portable recorder case, shown
in I'ig. 1, whieh is 19 in. wide by 157% in.
decp by 10% in. high. Aeccess to all cir-
cuits is through the jacks visible in the
opening in the front of the casec, while the
a.e. cord plugs into the left side of the
chassis. For deck mounting, there are two
brackets which attach to the side of the
chassis and permit the unit to he mounted
on a flat surface.

The econtrols of the Sterecorder are
monnted on two panels. The forward see-
tion has, from left to hight, the stereo-
mono switch, channel 1 volume and tone,
the two meters, channel 2 volume and tone,
the monitor playback level control, and the
power switch., The channel controls consist
of a black knob, which controls recording
or playback volume, and a concentrie clear
plastic knol which controls high-frequency
equalization on playhack only, thus serving
as a tone control. Each machine is fur-

fe

Fig. 1. Sony Sterecorder Model 555-A shown in its luggage-type carrying case which
provides space for tape, microphones, and accessories.
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nished with a calibration setting at which
point the respouse is flat when reprodueing
a standard frequeney tape. Thus when the
knob is set to the calibration point, the
user is assured of normal respouse, yet if
the reproduction does not sound right, due
to a tape which was recorded on another
machine perhaps, he can change the equali-
zation easily without having to resort to
internal adjustments. The equalization
range is from — 10 to + 10 db from normal
at 10,000 cps. The two meters are con-
nected to the recording circuits with fixed
ealibration (internally adjustable) when
recording, and to the output eircuits when
in the playback mode. The monitor/play-
hack control is a dual unit, and affects
monitor or playback volume on both chan-
nels simultaneously. Thus the individual
channel controls may be used to balance
the two outputs, with the dual control
thereafter nsed as the volume-controlling
element. The stereo-mono switech makes all
necessary changes in circuitry between one
and two clannels; in the mono position
hoth monitor outputs are fed from channel
1, and the indicator lights under the chan-
nel-2 control and meter are extinguished.
In stereo operation, hoth dials and meters
are illuminated.

Along the front apron of the chassis, the
first two jacks are for channel 1 and 2
miceropltone inputs, acecommodating high-
impedance mikes; the next two jacks are
for high-level inputs; the next two are
line outpnts feeding from ecathode follow-
crs, The loudspeaker switeh is next, and in
the off position the amplifiers are termi:
nated with fixed resistors. This is followed
by the monitor jack—a three-circuit jack
to accommodate stereo headphones—and
the two speaker outputs. A switeh on the
underside of the chassis permits adjust-
ment of the output cireuits for 1-; 8-, or
16-ohm speakers,

Both channels are identical, with an
EF86 as a pentode for the first stage, fol-
lowed by one-half a 12AT7 (or 12AZ7) as
voltage amplifier, with the second half
serving as the equalized recording-head
driver stage in the recording mode. The
voltage amplifier stage drives the 6AQ5
output stage while recording, as well as
two halves of another 12AT7—one as meter
amplifier and the other as the ecathode-
follower line-output stage. In the playbaek
mode, the recording-head driver becomes a
second voltnge amplifier and feeds the out-
put stage. BRias and erase current are fur-
nished by a 6AQ5 oscillator, and a 5AR4 is
used as rectifier. The speed switch changes
the equalization of the recording head
driver to provide the correet curve. Any
variation in playback equalization ean be
anccommodated by an adjustment of the
“tone” controls.

The transport mechanism employs a hys-
teresis-synchronous motor, and the motor
capacitor, normally connected for 60 cps,
includes another section which is strapped
across the first for 50-cps operation.

The niechanism itself is ruggedly con-
structed, with all parts mounted on a east
aluminum frame. The drive is from the
motor shaft by frietion to the flywheel,
which rides on a single bhall thrust bearing.
The inside rim of the flywheel drives the
take-up transmission wheel, which in turn
drives the take-up reel through a belt. To
change speed, the flywheel and capstan are
raised mechanically so a smaller diameter
rim of the flywheel rides on a larger sec-
tion of the motor shaft, thus giving the
slower speed.

In the off, rewind, and fast forward posi-
tions, the head shields and pressure pads
are lifted eclear from the heads, allowing
free entry of the tape to the head assem-
bly. When the instantaneous stop lever is
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cartridge...

E/ecﬁ%r‘é;@’ NEW MAGNERAMIC| *31 MD7

has ceramic
elements!

For more than 35 years, Electro-Voice has been a leader in
the development and manufacture of dynamic microphones
and loudspeakers. Why then, with this extensive experience
in designing and producing electro-magnetic devices, is
Electro-Voice introducing the new Magneramic 31 Series
stereo cartridge using ceramic elements?

The reason is that Electro-Voice is genuinely convinced that
a precision ceramic cartridge is the finest type that can be
made today . .. definitely superior to the magnetic type.
The superiority of the Magneramic 31 is demonstrated in
these three areas.

GREATER FLEXIBILITY — The 31 Series cartridge will operate
perfectly at any stylus pressure from 2 to 20 grams. The
same stylus assembly can be used for operation on both
turntable and record changers; performance need not be
compromised by using a special, stiff stylus assembly for
record changers. Record wear is the only eriterion in setting
stylus pressure — cartridge operation is not affected. Thus,
when converting from a changer to a turntable, or vice
versa, replacement of the stylus assembly is not necessary
when using the Magneramic 31.

HIGHER OUTPUT — Along with the trend toward less efficient
speaker systems, more amplifier power has become a neces-
sity. While most stereo amplifiers are now designed with
input sensitivities to match the typical 5-millivolt output of
magnetic stereo cartridges, nearly all monaural amplifiers
were desigred for at least 8-millivolt input. These cannot
be driven to full output with a magnetic stereo cartridge.
The Magneramic 31 develops a full 8-millivolt output and
couples directly into any “magnetic” preamp unit. This
higher output should especially be considered by those
planning conversion to stereo utilizing existent monaural
amplifiers.

AUDIO e DECEMBER, 1959

FREEDOM FROM HUM — The increased amplifier gain required
to satisfactorily drive low-efficiency speakers coupled with
decreased cartridge output has significantly increased sys-
tem1 hum problems. Also, conventional methods of hum
elimination used in monaural magnetic cartridges become
difficult or impossible to apply to stereo magnetics. The
Magneramic 31 completely eliminates these problems — it
is non-inductive and has adequate output.

The Electro-Voice Magneramic 31 MD7 cartridge directly
replaces any monophonic or stereophonic magnetic cartridge
now on the market. It feeds into the preamp input-jack
specified for magnetic cartridges and does not require
adaptors or circuit modifications.

SPECIFICATIONS — MAGNERAMIC 31 MD7

Response Range: 20 to 15,000 eps + 2 db

Complianee, Vertieal: 3.5 x 10-* em /dyne

Complianee, Lateral: 3.5 x 10-% em dyne

Ixolation: 28 db @ 1000 cycles

Traeking Force: 2 to 4 grams in transcription arms
4 to 6 grams in changer arms

Styli: .7 mil diamond

OQutput: 8 millivolts

Recommended Load: 22,000 to 47,000 chms

(Magnetic phono inputs)

Elements: 2, Lead Zirconium Titanate (Ceramic)

Weight: 8 grams

Terminals: 4, standard .050" connectors

Mounting Centers: 4" and 7{;” fits both

Audiophile Net: $24.00

Want more information? Write to Dept. 129A for the booklet entitled,
‘“FACTS ABOUT THE ELECTRO-VOICE MAGNERAMIC CARTRIDGE"

EZW%;CS® INC.
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moved only part way, the pinch roller is
litted from the capstan, permitting manual
operation of the tape Lackward and for-
wurd for editing purposes. In case the user
wants to make aceurate markings on the
tape during editing, he shuply lifts off the
head eover which fits onto rriction pius,

Cperatien

Normal operation of the trausport is
Landled by a single kno's. The center posi-
tion is stop, which applies the brakes, re-
tracts the pineh roller, and lifts the head
shields and pressure padas. The left position
is rewind, and the right position is for-
ward, with the pineh roller engaged and
the head shields and pressure pads in
place. A lever operating conventrieally with
the control knob eugages tle fast-forward
nechanism awl remains in place until the
main control knobh is tarned to stop, at
which time the lever returns to normal.
Thus in ehngivrg from fast tforward to
piay, the control knob is simply turned to
stop and then immediately back to for-
ward, at practically no loss of time. Brake
action is exceptionally smooth, and stop-
ping from all modes of operation is prae-

Fig. 2. Head as-
sembly of Model
555-A4 Sterecor-
der showing posi-
tion of four-track
head.

tically instantaneous without any undue
stress on the tape. Tt is just not possible
to operate the control knob quickly enough
to break the tape when c¢hanging from re-
wind to forward, for example. As far as
we could determine, the only thing that
can causc a tape loop to be thrown is to
turn off the power switch during either of
the fast operatious.

To record, the left control knob is turned
to the record position (after depressing the
safety interlock) and the right eontrol knoh
turned to forward with the record inter-
loeck button depressed. For monophonic re-
cording, a single volume control knob is
used; for siereo, two. It recording mono,
only the ehannel 1 meter and eontrol are
illuminated; both are illuminated for
stereo. Monitor and speaker volume is con-
trolled by the playback knob without af-
fecting the recording at all, and if external
speakers are being used, they may he
switehed off, if desired, leaving only the
mounitor jack energized.

For playback, the left large knol is
turned to the play position and the trans-
port started. Channels may be balanced by
the individual level controls, and the play-

}
[

Fig. 3. Heavy cast chassis of Sterecorder is shown in this internal view of Model
DK-555-A.
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back control adjusts both line and speaker
outputs simultaneously. Thus the machine
may be left permanently counected to a
typical amplifier in a home installation
without need for any changing of external
counections. On the whole, the Sterecorder
is simple to operate, and would require a
minimum of instruection to operate.

Performance

Measnured response from a standard test
tape shows less than + 1.2 db variation from
flat from 50 to 10,000 cps on either channel
on two-track operation, with a maximum
variation between channels of slightly un-
der 1 db over the same range. On four-
track operation (requiring a slightly dif-
ferent setting of the eyualization control),
response varied no more than +1.7 db over
the same range, and channel-to-channel
variation was no more than 1.2 db, with all
nensureirents made at the line output
jacks. At the speaker output terminals,
aeross 1 16-ohm termination, the response
wag within +1 db from 100 to 10.000 eps,
with a 2.5-db droop at 59 ¢ps. The range
indieated—350 to 10.000 eps—represents
that of the standard tape used.t

From high-level inpul to line output,
which includes the amplifiers twice and the
tape, respouse mieasured within 2.2 dh
from 20 to 15,000 c¢ps at 7% ips, and
within +#2.4 «Jdb from 30 to 9.000 at 3%
ips; in both instunces, channel-to-channel
variation was less than 2 db throughout.

The internal amplifiers provided a 4-watt
output at 0.7 per ceut harmonic distortion,
and on the I'ne outputs the signal was
measured at 4.1 volts maximum, with har-
wonice distortion of 0.4 pev cent at 2.5
volts. Signal-to-noise ratio, measured by
NARTD standards, was 52 db., Specifica-
tions call for 0.2 per cont maximum for
fluiter and wow at 7% ips, and a maximum
of 0.3 per eent for 3% ips; although no
nieasureirents were made to substantiate
this, it must be sabd that no eudible flutter
or wow was ohserved, and we know that
0.5 per cent is readily detectable by ear.

Actual comparison recordings were made
from other sources, both records and tapes,
and on playback no diffe-ence could be
heard on direct A-B switching. We had
previously encountered this same faesimile
performance with an earlier model, the 555,
during some dubbing of material for a
demonstration, and measurements and fur-
ther listening bear out this impression.

Among the interesting features of the
Sony Sterecorder is the built-in head de-
magnetizing cireuit, which makes it pos-
sible to reliminate residual magnetism with-
out any additional equipment. The method
is sufficiently simple that it may be em-
ploved every time one starts a reeording
or playback session. A second interesting
feature is the fact that the capstan con-
tinues to turn for some two minutes after
the wotor is disengaged, which is one of
the reasons it is possible to shift from one
operation to another without tape damage.
A third featurc—and a very important oue
—1s the use of deposited earbon resistors
throughout for low-current applications.

The appearance of the Sterecorder is at-
tractive, the coutrols intelligently designed
and placed, and the performance leaves
little to be desired. The only disadvantage
we have been able to encounter so far is
that for portable use its 40 pounds make
it somewhat of a chore to transport it up
many flights of stairs. It is this very same
weight, however, which makes it such a
sturdy machine. The Stevecorders are dis-
tributed in the United States by Super-
scope, Ine., Sun Valley, California. M-27

1 Ampex #5563.
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We don’t pack an engineer into each new Citation Kit but. ..

...the engineering built into cach kit
is so precise that the unit constructed
in the home will be the equal of the
factory-produced instrument.

It is far more difficult to design a kit

than to produce a completely manufac-.

tured product. In the plant the engineer
can control his design from the moment
of inception until the final packaging. The
kit builder has only his tools, his ingenuity
and little, if any, test equipment.

Therefore, the complex process of in-
plant prodnction and control which guar-
antces the fine finished product must
somehow Le embedded in the kit design.
The Citation engincering group at
Harman-Eardon, headed by Stewart
Hegeman, has succeeded in doing just this
in the design of the new Citation I, Sterco-
phonic Preamplifier Control Center and
Citation II. 120 Watt Stercophonic Power
Amplificr.

Only heavy duty components, operating
at tight tolerances, have been selected for
the Citation Kits. As a result, even if every
component is operated at its limit — remote
as this possibility is — the instruments will
perform well within their specifications.

Build the Very Best

AUDIO e DECEMBER, 1959

Rigid terminal boards are provided for
mounting resistors and condensers. Once
mounted, these components are suspended
tightly between turret lugs. Lead length
is sharply defined. The uniform spacing of
components and uniform lead length
insure the overall stability of the unit.

Improper routing of leads, particularly
long leads, can result in unstable perform-
ance. To prevent this, the Citation I is
cquipped with a template to construct a
Cable Harness. The result: cach wire is
just the right length and in just the right
place to achieve perfect performance.

These truly remarkable achicvements in
Control Engineering are only a few of the
many exciting new developments in kit
design from the Citation Division of
Harman-Kardon.

THE CITATION 1, Stereophonic Pre-
amplifier Control Center, is a brilliantly
designed instrument, reflecting cnginecring
advances found only in the best professional
cquipnient. The control over program mate-
rial offered by the new Citation I enables the
user to perfectly re-crcate every character-
istic of the original performance. (The Cita-
tion I — $139.95; Factory-Wired — $239.93;
Walnut Enclosure, WW-1 — $29.93.)

CITATION KITS by m kardon

AmericanRadioHistory. Com

THE CITATION 11, 120 Wutt Stereo-
phonic Power Amplifier, has a peak power
output of 260 Watts! This remarkable in-
strument will reproduce frequencies as low
as 5 cycles virtually without phase shift, and
frequencies as high as 100,000 cycles with-
out any evidence of instability or ringing.
At normal listening levels, the only measure
able distortion in this unit comes from the
laboratory testing equipment. (The Citation
1I — $159.93; Factory-Wired — $219.93;
Charcoal Brown Enclosure, AC-2 — $7.95.)
All prices slightly higher in the West.

Harman-Kardon has prepared a free detailed
report on both of these remarkable new instru-
ments which we will be plcased to send to you.
Simply write to Dept, A-12, Citation Kit Division,
ITarman-Kardon, Inc., \Westbury, L. 1.
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Fig. 4. Madiscn Fielding Series 360 Master Stereophonic Console.

MADISOMN FIELDING SERIES 360
MASTER STEREOPHONIC
CONSOLE

Ruather a large mouthful of a nume, but
also rather a large handful of performance
is wrapped up in this latest preamp-ampli-
fier combination from one of the industry’s
newcomers, Madison Fielding, now a part
of Crosby Electronies, Inc. This dual 20-
watt amplifier incorporates some interest-
ing features in design along with its per-
formance.

This unit consists of two identical see-
tions ending up with a pair of 7189 beam
power output tubes in each, and powered
with a GZ-3 rectifier. A 12AX7 is used as
a preamp for phono and tape-head inputs
to each channel, followed by one-half a
12AT7 as a voltage amplifier which feeds
the tone control, noise, and rumble filter
networks. This is followed by the two
halves of another 12AX7 as amplifier and
phase splitter, and the latter drives the
7189’s direetly.

Phono and tape-head equalization is de-
rived from a feedback network around the
two sections of the preamplifier, with
switehing of source following the preamp
stages. Each channel has its own level con-
trol, panel mounted, which provides the
same function that a bhalaneed control
would without the need for the additional
knob, and besides it allows the user to set
the loudness compensation to any degree
that he wishes. Tone controls are separate
for the two channels, and output tubes are
balanced by the simple expedient of ad-
justing the bias on only one tube of each
pair of 7189s.

One unique and extreuwiely valuable fea-
ture of the amplifier is the “Aural Zero
Null'* eireuit which enables the listener to
adjust both channels of the amplifier to
exactly the same gain and frequency re-
sponse. This is effected by momentarily
connecting a resistor from the output cir-
cuit of channel 2 back to the feedback-
return point of channel 1, with the chan-
nel-2 amplifier disconnected from its loud-
speaker and terminated with a resistor. To
adjust the two channels to exactly the
same gain and frequency response, there-
fore, the user sets the mode switch to the
mono position, adjusts the channel 1 level
control for a comfortable listening volume
and then depresses the nulling switch. He
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then adjusts the channel-2 level countrol for
minimum signal from the loudspeaker, and
makes any final adjustments to obtain a
null with the tone controls. When he re-
leases the nulling switeh, he is assured
that both channels are in balance with
respeet to gain and frequency response.
This is most effective so long as identical
loudspeakers are being used, but would not
serve to adjust aural outputs if the loud-
speakers were different in sensitivity or
frequency response. However, since most
users will employ identical speakers for
both channels in a stereo system, the
niethod of nulling is quick and effective.

Another effective feature in the ampli-
fier is the use of a *‘pseudo ground” for the
preamplifier section of channel 2. All eir-
cuitry of the 12AX7 used for this preamp
are returned to the “pseudo ground” which
is then connected to the main ground of
the complete amplifier through a 68-ohm
resistor—a trick that eliminates most of
the hum troubles which have been en-
countered in installations where the stereo
cartridge and/or its wiring ended up with
two “hot” leads and a single ground. Prac-
tically all cartridges now have four leads,
as do most record players and changers,
so the troubles encountered so often in early
stereo conversions are seldom found now.
This circuit arrangement does improve sta-
bility of the amplifier, however, even with
four-terminal inputs.

Performance

The 360 has more than enough gain for
any installation, since it takes less than 1
millivolt of signal at thc magnetic phono
and tape-head inputs to produce a l-watt
output, while a 50-mv signal at the high-
level inputs will provide the same output
—in both cases with the volume and level
controls at maximum, where they would
rarely be operated. Both phono and tape
cqualizations measured within +1.5 db of
standard, and tone controls were capable
ot boost and cut of 20 db measured at 20
and 20,000 cps. Rumble and noise filters
are fairly gentle, with the former rolling
off approximately 12 db at 30 eps, and
the latter beginning at approximately 5000
and rolling off some 7 db at 10,000 eps.
While these figures may not appear to be
as severe as those often encountered in
amplifiers, it is felt that they are com-

AmericanRadioHistorv.Com

pletely adequate, since it is rare that any-
one ever uses the most severe positions of
these controls anyhow, particularly since
we no longer have to accommodate the
scrateh from 78-rpm shellacs.

Power output was measured (at 1 per
cent harmonie distortion) at 19 and 22
watls on the two channels, respectively,
with intermodulation distortion below 0.5
per cent up to 6 watts, below 1 per cent
to 11 watts, and at 2 per cent at 20 and
22 watts on the two channels. With con-
trols set for a 10-millivolt input signal and
a l-watt output on phono, hum and noise
was measured as 60 db down, and on tape-
head input with controls set for a 3-mv in-
put signal and a 1-watt output, hum-meas-
ured 57 db down. On high level inputs,
with controls set for a 1l-volt input and a
1-watt output, hum and noise measured 76
db down—all being good figures for an
amplifier with high gain. Part of this is,
of course, attributable to the use of d.c.
on the heaters of the preamp stages, whieh
are excited by the plate current of the
combined output stages.

The 360 is comparatively small, measur-
ing 14% in. wide, 57% in. high, and 12 in.
deep, and an individual ventilated cabinet
is available for those who do not wish to
mount the unit in other cabinetry. The
panel is brushed brass in finish, with desig-
nations in black. The channel and source
indicator lights, seen in Fig. 4, are of five
colors—one for each input. The upper row
refers to channel 1 and the lower to chan-
nel 2. In stereo or stereo reverse positions,
both lights of a given input are illuminated
at relatively low brilliance, since the two
lights are then in series across the a.c.
heater supply.

The 360 has practically every needed
feature for a control center, and we are
pleased to see a panel-mounted phase-re-
versal switeh, whieh we still feel is a defi-
rite necessity with any stereo system. The
unit is neat and attractively styled, and
provides a compaet amplifier in one chassis.

M-28

ACOUSTIC RESEARCH
AR-3 LOUDSPEAKER

Describing the listening qualities of a
loudspeaker is always somewhat like trying
to convey an impression of the gustatory
qualities of a culinary masterpiece in terms
which would create the same taste sensa-
tion in the reader that they did in the
mouth of the original taster. For what one
person likes in sound quality may not be
what another likes, and we have always be-
lieved that though the manufacturers all
undoubtedly attempt to put together a
loudspeaker which reproduces the original
sound as closely as possible, they do not
all sound exactly alike by any means.

The AR-3—though something over a
year old—is the newest of the Acoustic
Research loudspeakers. The original AR-1
woofer embodied a completely new prin-
ciple—acoustic suspension—in which the
cone is made to have a very low resonant
frequeney in free air, taking advantage of
the fact that an air-tight enclosure of small
dimensions will raise the resonant fre-
quency to somewhere around 40 eps with a
comparatively small cabinet. The air in the
enclosure serves as most of the restoring
force to the cone itself, and is thus applied

AUDIO e DECEMBER, 1959
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Fig. 5. Acoustic Research’s AR-3 loudspeaker, 25 x 14 x 1134 in. deep.

to the entire surface of the come rather
than to the voice coil and cone edge by
means of the spider and the surround. With
this type of enclosure, there are three basic
parameters to the design which can be jug-
gled to provide any given value for one
at the expense of the other two. These
parameters are resonant frequenecy, size,
and efficiency, and it should be possible
thicoretieally to produce a speaker of this
type in less than half a cubic foot with
a resonant frequeney of 30 cps, but it
might require 100 watts to drive it satis-
factorily.

Be that as it may, one of the reasons for
the success of the AR speakers is that they
are available only in the enclosure designed
for them, and it is not possible to buy the
speaker mechanism separately and heuse it
in whatever cabinet you sec fit. Therefore
when you do buy an AR speaker after de-
ciding in the showroom that you like it,
vou may be sure that it will sound the
same way in your own home, assuming the
room acousties are somewhat similar.

The AR-3 employs the standard type of
AR-1 woofer and with it two tweeters, also
of unique design. Both of the tweeters em-
ploy only a voice coil and an aluminum
deme, with the coil heing supported in
what would normally be called the air gap,
except that the gap is filled with a foamed
synthetic rubber material. There is no cone,
no spider, no surround, but ouly the alumi-
num dome which radiates the sound. Tle
entire structure—dome and voiece ecoil—
weighs just slightly more than one gram,
giving the desired lightness to the moving
part. Furthermore, the dome approximates
the ideal radiator—a pulsating sphere—
so that off-axis radiation does not show
the droop encountered with conventional
tweeter types. The dome of the larger of
the two tweeters is 2 inches in diameter,
while the smaller is 13§ inches across.

In listening quality, the AR-3 is similar
to the earlier AR-1 throughout the lower
ranges, with its well known solidity of bass
down to around 35 cps, and over-all re-
sponse is smooth without any audible peaks
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whatever up to the limit of our hearing
which is somewhere in the vicinity of 14,
000 cps, although measurable respounse,
using an unecalibrated microphone, is ob-
servable to at least 17,000 eps. Response
30 deg. off the axis of the speaker is down
less than 2 db at 10,000 ¢ps, and only down
about 4 db at 15,000 eps. At 45 deg. the
figures are 3 and 5 db respectively. The
speaker is not efficient, being approxi-
mately 10 db down from a high-quality
speaker system in a reflex eunclosure, but
adequate levels result from the use of a
20-watt amplifier in medium sized listen-
ing rooms. For large rooms somewhat more
power should be available. The AR-3 has
attained considerable popularity since its
introduction, and to most ears it is likely

-to be a very satisfactory loudspeaker.

M-29

EICO MODEL HF85 STEREO-
PHONIC PREAMPLIFIER KIT

Obviously, no stereo preamp can be really
simple, but ETC'O has done a creditable jobh
of making th's kit just about as simple as
possible without leaving out any really
necessary tunctions. Employing only five
12AX7 tubes and a 6X4 rectifier, it man-
ages to give a good account of itsclf on

NPUT BEL 0 TE L FANETION SEL

test, and together with the M and AXM
tuner kits HFT90 with IIFT94, or the new
stereo tuner, HFT92, all of which it
matches in size and appearance, it furnishes
the hasis for an effective stereo system at
an economieal cost.

The HF85 has low-level inputs for miero-
phone, phono, and tape head, and high-
level inputs for tuners, multiplex, and two
auxiliary sources. The tumer inputs pro-
vide for FM on channel 1 and AM on
channel 2 in one position, and for FM and
Multiplex on channels 1 and 2 respeetively
in the other. Low-impedance outputs (1400
ohms) are provided to feed a tape reeorder,
and the normal channel outputs are S000
ohms. The preamp seection, used for miic,
phono, and tape-head inputs, derives its
equalization from feedback around the sece-
ond half of the tube, with a separate slidc
switch accommodating 7% and 3% ips
tape speeds. The next 12AX7 in each chan-
nel follows the volume/loudness econtrol.
with unequalized feedback to reduce gain
slightly and to offer a low impedance to
the tape output and the Baxendall-type
tone control ecircuit. The output in each
channel is one-half of the 1 'maining
12AX7. The power supply is conventional,
using adequate filtering to ensure low hum
level. Clutch-type volume and tone controls
allow independent operation when desired.
vet either the inner or outer knob will
operate both sections simultancously when
the cluteh is engaged. A switeh is provided
tu seleet between flat and compensated
volume control action.

1t is the policy of this department to
review kits ouly when they are furnished
in standard kit form for our own econ-
struction because it is felt that for the
novice, the successful construction of any
kit depends very much on the quality ot
the instructions furnished. And sinee we
always seem to have a number of kits on
the backlog, it fell the lot of the assistant
cditor to assemble this one. Her comments:

“The writer and her equally novitiate
liusband built the HI'85 in 32 hours con-
struction time, which did not include the
time for testing the unit before putting it
into use. The amount of time previously
spent with a soldering iron hetween tlhe
two of us probably amounted to about 30
minutes, but off we went, phainged into the
hox of parts, and started to put little wires
into little lugs and solder them perma-
nently in place.

“Actually, for an

(Continued on page 99)

initial venture, we

Fig. 6. EICO HF85 stereophonic preamp-control unit.
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For integrity tn music...

A NEW
STROMBERG-CARLSON
SINGLE-SPEED
TURNTABLE

...t component systems
...in Integrity Series Ensemblzs

PR-500 SINGLE SPEED Here is a revolutionary con-

cept in turntable design: a dual-drive system con-

sisting of two hysteresis-synchronous motors operat-
! ing one belt drive.

The motors are spaced exactly 180° apart. Any
variation of speed is automatically corrected by the
interaction of the motors and the impregnated belt.
Rumble and noise are virtually eliminated by the belt
drive and a unigue suspension system in which the
tone arm and table, as<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>