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“low noise and low hum" characterize the performance of this
RCA'7025 » » » high-mu twin triode—ideal for your pre-amplifier designs.
“versatility” keynotes the applications for this tube—a sharp-

cutoff pentode and a medium-mu triode in one envelope—for
RCA '71 9 9 = »u low-level stages.

“compact, but powerful” can describe monophonic and stereo-

phonic power amplifiers designed around this 9-pin miniature
RCA'6973 m s s —a pair in Class AB1 can deliver up to 20 watts output.

“power deluxe”—up to 76 watts with only 2% distortion from

a pair in Class AB1 audio service—new structure design pro-
RCA'7027'A vides exceptional electrical stability and reliability.

ANOTHER WAY RCA SERVES YOU THROUGH ELECTRONICS
‘v”.] RADIO CORPORATION OF AMERICA
v Electron Tube Division Harrison, N. J.

)

From pre-amplifier 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
K-91-DE, Harrison, N. J.

EAST:

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

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

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



NOVEMBER, 1959 VOL, 43, No. 11
Successor to RADIO, Est. 1917,

UDIC

ENGINEERING MUSIC SOUND REPRODUCTION

(.. G. McProud, Editor and Publisher
Henry A. Schober, Business Manager
Harrie K. Richardson, Associate Editor
Linda Sueskind, Assistant Editor

Janet M. Durgin, Production Manager

Edgar k. Newman, Circulation Director

Sanford L. Cahn, Advertising Director

CMEMBER- Midwest Representative—

o h“',y;/' W.A. Cook and Associates
59 70 PALLI 161 East Grand Ave., Chicago 11, 11l
\_-; = West Coast Representative—
9, _5' A g James C. Galloway

¥ INe-© Count 6535 Wilshi ‘

. ilshire Boulevard, Los Angeles 48, Calif.
CONTENTS
\udioelinie—Joseph  Giovanelli 2
Letters 6
\udioman of the Month 12
Audio ETC—Edward Tatnall Canby . 14
liditor’s Review . 16
Universal Stereo Control Center—Francis A. Gicca . . 19
Caleulation Chart for Vented Cabinets—1icior Brociner . 22
Puzzled About Amplificrs?®—~Norman H. Crowhurst 24
Defense and the Hi-Fi Bachelors—C. H. Malmstedt—Part 11 29
Tape Guide—Tape Recorder A(’ccsﬁ(mos—llennan Burstein 32
A Figure ot Mevit for Output Tubes—~Robert M. Milchell 40
Visual Stereo Monitoring—Burwell Graham and George L. Ioster 45
Series-Tuned Push-Pull Oseillator—E. J. Cuddy ‘ 48
Transistorized Microphone Preamp—Horace FE. 1West 50
Speaker System for Perfectionists—James A. Mitchell . 52
Kquipment. Plofllt‘—H H. Sco/t 299 and 222 s/e)eo amphfers—Koss Stereo-
59

Record Rovuu—]ﬂ'(lu*m'(/ Tmnall Canhy 66
Jazz and All That—Clharles A. Robertson 70
New Produets . 82
New Literature 84
About Musie—Harold Lawrence 86
Coming 1Ii-Fi Shows 87
Advertising Index 108

COVER PHOTO—The Fovceast Musie Sphere, latest in Aluminun Company
of Ameriea’s continuing series of designs in aluminum for tomorrow. This nnit,
created by industrial designer Lester Beall, was on display at the recent New
York High Fidelity Show. The components installed in the Sphere are: Pickering
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The “‘complete matching home music center”

- monophonic of stereophonic.

Again another year—recornmended 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
doliar than many competitive products sell-
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 lover. Cabinetry

of quiet elegance that blends with any decor.

And Sherwood, unmatched at any price, is

Fair Trade priced for your assurance that once =y
you have bought Sherwood, you didn't m%;s:%’@s :

a better ‘‘deal”” someplace else. Sherwood

is only for those who want the £ l
For further details write; Sherwood
tronic Laboratories, Inc., 4300 N. Galifornia

Avenue, Chicago 18, tl. =

Burion Browne Advertising

FOR COMPLETL SPECIFICATIONS WRITE DEPT, A-11T,



A Stereo Adaptor

Q. My problem concerns conversion 1o
stereo. I have the following equipment: a
Fisher 80-R AM-FM tuner, an Eico HFT90
FM tuner, a Fisher 80-C audio control, a
60-wailt Mclntosh power amplifier, a Scott
210C preamplifier, a Ferrograph tape re-
corder, and f(wo speaker systems. I know
that I could build a stereo adapter which
would suffice to mate my equipment if cer-
tawn questions were answered. These are
the questions:

1. How can I design « single volume
control for both channels after they have
been balanced wusing the controls on the
| Seott 210C and the Fisher preamplifier?

2. Where do I tap off the signal from
the Scott and the Fisher, and into what
kind of potentiometer and resistor, and
80 on do I lead it?
| 8. Nexrt—how do I feed the signal back
| to what place in the Scot! and Mclntosh?

. Monophonic playback I'm not worried
about since the Mclntosh will do mnicely
without help. However, nowhere have I
seen how you can parallel two dissimilar
amplifiers. John A. Timm, Boston, Mass.

A. 1. The problem of adjusting the vol
ume of both channels with one potentio-
meter is a difficult matter. The best solu-
I'tion is the use of a two-deck step switeh
made up as an attennator. The maximum
number of switeh positions vou ean find
will probably be 24. This will mean that
vou must design your attemuator in 3 or
5 db steps. With sueh an arrangement
ere may be times where you might desire
having a voluine control setting somewhere
| between these positions. This can be done
by using a potentiometer having a fairly

T
NOT FOR EVERYONE

... perhaps for you

N

Tandbery

3-SPEED, 4-TRACK
RECORDER 1
STEREO | ., AvBACK

The Tandberg 5 is not cveryman’s
tapc recorder. It is an instrument
built to incredibly rigid standards of
perfection, designed to provide the
discriminating listener with a life-
time of listening pleasure. To the
cducated car, the difference be- ;3'
tween Tandberg reproduction and |
conventional recorder playback is
immediatelv apparent.

Yet, the difference is subtle. It is re-
flected in shadings and nuances that
most recorders ignore. If your car is

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

Ny
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JOSEPH GIOVANELLI"

low registance compared to that of the at-
tenuator, and place it in series with the
hot side of the uttenuator. The potentiom-
eter sections should be wired as rheostats.
(The reason you eannot use a potentiom-
eter to do the entire job is that ganged po-
tentiometers whieh track uniformly be-
tween gangs are difficult to obtain.) Of
course, the attenuator sections will not
track unless all resistors making up the at-
tenuator are l-per-cent units. The use of
the series potentiometer may be justified in
two wavs: (A) Although this potentiom-
eter is plaeed in series with the load, thereby
causing the load to see different impedances
with different control settings, the effect
will be negligible sinee the total resistance
of the pot section is small compared to that
of the total into whieh the load works. (B)
There will he some error in tracking be-
tween the two sections of the potentiometer
hecause the total resistance of the potenti
ometer is simall compared fo that of the at-
tenuator. The amount of tracking error
cannot be severe enough to cause sufticient
unbalance between channels to be detected
aurally, and that is the only kind of de-
tection which really mutters.

It should have heen stated that the total
resistance of the potentiometer should be
figured in such a way that it can give a
total variation of perhaps 3 db when
placed in series with the attenuator.

2. There are two wavs of tupping the
signal: (A) The easicst is simply to feed
the output of each preamplifier into the
series combination of uttenuator and po-
tentiometer, the output of each preampli-
fier going to its respective gang. The arm
of the attenuator would be connected to
the input of its appropriate power amph-
fier. In some instanees, low ecapacitance

finely attuncd to musical perfection

. if you relish the certainty that

v 3 N 5
1911 Iob“r'l tl;c ﬁl‘thta"-: ._thcn th_e AL
andberg will give you more SELECTOR
pleasure-per-dollar than any other SWITCH

tape recorder, anvwhere.

See and hear the Tandberg 5 at your high
fidelity dealer. The instrument iflustrated here |

For full information, write Dept. A-11.

T:"“H’erg of America, Inc.

8 Third Avenue * Pelham, New York

CHANNEL B
SELECTOR ~ ©
| SWITCH

/
° v

is the Tandberg Model 5-2. Complete with two GANGED : POTENTIOMETERS*

TM-2 microphones for home stereophonic re- POTENTIOMETER 24-STEP GANGED| (ON PREAMP)

cordings, input-output cords, reeis and hand- I PR ATOR

some Transport luggage case, $513.95. Other |

Tandberg models from $249.50. | ! 2 -

ol il LT ]

i *MAY HAVE TO BE REPLACED BY LARGER UNITS

7
7 VOLUME CONTROL
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for top stereo quahty,

says
W ')< (‘z @%M

Vice-President, Sales, Electro-Voice /nc.

“Garrard changers performed magnificently
during the months of testing and development
of our new 31 MD stereo cartridge. We knew
that this was to be expected because, in fine
component systems, more Electro-Voice
sterco cartridges are used in Garrard changers
than in all other turntables and changers
combined. Our new cartridge is designed for
the most critical stereo performance. The
Garrard changer insures this performance.”

| In thanking Mr. LeKashman and Mr. Wirth,

we also wish to emphasize the reasons why Garrard
changers are so popular for stereo with all outstanding
manufacturers of stereo cartridges, including

Shure, General Electrie, Pickering, Fairchild, ete.

.

Vibration-free turntable.

Vertical and lateral rumble completely inaudible. Wow

and tlutter far below exacting "broadecast tolerance” standards.

I xelusive Aluminum tone arm precision-mounted at

engineering works for optimum tracking angle, perfect sound

reproduction.

= Unrestricted choice of stereo cartridges—any of them will
track at the manufacturer’s lightest specitied weight.

+ Record handling gentler than the surest human hand.

The important convenience of manual play plus completely

automalie operation without compromise in performance.

.

These are the FACTS, no one can deny them with cuthority—
and they are backed by the 36 years of experience that have
created Garrard's unique reputation for unsurpassed quality.

‘““We receive compliments,
not complaints, from
Garrard /EV users,”

says JON WIRTH
Chief Englineer, Cartridges
Electro-Voice Imc.

For the best in Stereo.
Insist on a

“We're the first to hear when
a cartridge and player
combination doesn’t give the
kind of stereo performanee
expected. But Garrard owne:s
usualily write to tell us how

i excellent their stereo systems
sound. There is no distortian
or rumble. The Garrard
changer tone arm
tracks perfectly
at the pressure
we specify.’”

CHANGER
THE WORLD'S FINEST!
or G
ur Na S

= = State
Mail to Depl. GS5-19 at address below.

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

SED B
RC98 RCES & TPA/12 — 301 AHF Model TAT
Super Oeluze Sleno YVlnurIp!Ion ,' Transcription Manual
Changer \ Changer Manual Player Player
X $69.50 $59.50 ‘S 3!9 50 < 389 00 559 50 $32.50

GARRARD SALES CORPORATION, Division of British Industries Corporation, PORT WASHINGTON, N. Y.
Canadian inquiries ta Chas. W. Pointon, Ltd., 66 Racine Rocd, Rexdale, Oni.
Territorles other than U.5.A. and Canada to Garrord Engineering & Mfg. Co., Ltd., Swindon, Wilns., England




shielded eable should be used. This is true
when the attenuator load is 1 megohm or
higher. (B) An alternative method would

he to make wiring chuanges in the preampli
fiers themselves. Tap the signal from the
arms of the selector switehes in the pre-
amplifiers. Feed the signals to the proper
gangs of the attenuator network, feed the
arm of the attenuator hack to the volume
controls of the preamplifiers. This ean be
made clearer by schematie of Fig. 1. No
values are given for the components since
their values will be determined by the
impedance of the output circuit and b
the impedance of the ecirenit into whieb
the attenuator feeds.

t. I do not believe it necessary to paral-
lel two dissimilar amplifiers. Merely ar-
range sonte switching on your proposed
stereo adaptor in such a manner that it
will feed the sume signal simultaneously
to the inputs of the two power amplifiers.
The outputs ot the amplitiers are connected
to their respective speukers.
As stated in your letter, the sound in
cach channel ecan be balanced by means of
the separate volume controls of the pre

in your city...

HIGH FIDELITY

with the newest and latest in stereo high ﬁde"f)' | amplifiers. You ean, however, inelude an
o . a other refinement to your adaptor—namely,
from leading high ﬁdellfy manufacturers a halance control. This consists merely of

a ganged potentiometer, with each section
wired backward to the other. This means
that as the potentiometer rotates, the
level of one channel will be raised while
that of the other channel will be lowered.
Tracking error of the pots is of no im-
portance.

i The idea of this type of balance control

Don’t miss these public showings e Amplifiers — Pre-Amplifiers —
of hi-fi equipment . . . from the FM-AM Tuners — Turntables | cireuit is an interesting and simple one.

most economical units for the — Record Changers — Phono If this method is used, however, consider
able gain will be lost. Therefore, if there

budget - minded to spectacular Cartfldges — Microphones — is insufficient reserve gain in your equip-

home music theaters . . . compare Music Control Centers — Speak- ment, adoption of this cireuit is inad

and enjoy them all. ers — Speaker Enclosures — | visable. In this event, you may wish to

Equi t Cabinet Finished trv the more elahorate stereo balance con

quipment Labinels — rinishe | trol eircuit shown in AUploCLINIC for June

e Complete Stereo and Mono- and Assembled or Do-It-Your- 1959, under the heading, “Stereo Balance
phonic High Fidelity Systems self Kits Coutrol.”

Tonea:m Chatter

Q. I have a Livingston Universal play

THREE FULL DAYS OF CONTINUOUS DEMONSTRATIONS ing arm and a GE magnetic pickup which I
use solely to play 78-rpm records. When

FRIDAY, SATURDAY, AND SUNDAY playing  12-inch  records, an excessive

FROM 1 P.M. to 10 P.M. FOR EACH SHOW amount of chatler or wibration of the

needle occurs which is wvery undesirable

when playing the outer grooves. As the

needle moves an inch or so toward the cen-

ter of the record, the annoyance gradually

| dimintshes and disappears. The mneedle

RIGO HICH FIDELITY MUSIC SHOWS, FaII 1959 | force is as recommended by GE, and in
| creasing the force does not eliminate the

trouble. Eccentricity of the outer grooves

seems to be one cause of the trouble since

Buffalo, New York October 30-31-Nov. 1 Statler Hotel | it does not occur on all records and

. seldom on 10-inch discs. What is the cause

Seattle November 6-7-8 New Washlngton Hotel of thisx condition? How can it be corrected?
IToward J. Murray, Philadelphia, Pa.

Portland November 13-14-15 New Heathman Hotel E, I i Soun G, By lhe

Philadelphia November 20-21-22 Benjamin Franklin Hotel opuiseu: Iy 10sc sile screpe: Hihiese: canl be

tichtened by first loosening the locknuts,
tightening the screws slightly, and reset-
ting the locknuts.
ADMISSION 75¢ When following this procedure, be sure
| that the screws are not tightened too much.
By so doing, the freedom of the arm to
move vertically will be restricted. This vi-

brati ay also be ecs d by the ecar-
RIGO ENTERPRISES, IN(. 500 N. Dearborn, Chicago 10, I | e q(zCoit;:;S; on };)agee 1(:16r)
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NEW SOUND EXCITEMENT
FOR THE HI EREQ AGE!

Never before, so many quality features in
loudspeakers — yet priced for the modest
budget! ¢ Dual cones for breathtaking wide

HEAVY DUTY d . ok
range performance! ¢ Twin voice coils in 12"
CASTC?)Lfiusn#IFQNU%h#I(?I\llRDER loudspeakers with flexible 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 cli-
mate ¢ For stereo or monaural — singly or
in matched pairs.

MAGNET ASSEMBLY

, NEW! Lorenz $-1288 II
Consists of Lorenz S-1288
with twin tweeters on rigid
metal bracket and high pass
crossover. Duat cones and
voice coils with 4, 8 or 16
ohm impedances. Frequency
response: 18 to 18,000,
Power rating: 35 watts peak.
A system in itself! $67.50

-

v

4, 8 AND 16 OHM =

IMPEDANCES NEW! Lorenz S-868

Spacious sound with real
economy! Outstanding 8”
speaker with dual cones and
high efficiency 8 chm voice
coil. Frequency response:
30 fo 14,500 cps. Power
rating: 18 watts peak. Mag-
net assembly weight, 285
oz. $21.50

TWIN VOICE COILS

NEW! Lorenz S-388

Armored horn-type 24”7
tweeter with plastic cone for
120-degree high frequency
A sound dispersion. New fer-
\.,. rite magnet hermetically
sealed. Frequency response:

2,000 to 18,000 cps. Impedance: 5.5 ohms.
Power rating: 2 watts peak. The perfact mate
for Lorenz 12”or 8” speakers. $8.50

HP-1 High Pass Crossover

Crosses over at 2,000 cps at
rate of 3 db per octave —
feeds highs to tweeters,
lows to woofer. Extends

NEW! LORENZ S-1288

Value-packed basic 12” loudspealer with dual cones — for stereo or bril-
liant monaural. Twin voice coils provide 4, 8 and 16 ohm impedances on

one speaker! Frequency response: 18 to 15,000 cps. Magnet assembly
weight: 61.5 oz. Power rating: 30 watts peak. $44.50 ToeRket iy Fas use
. with 2 or 3 way systems. $4.95
i 1__SChi_a _TEES D i ol

NEW! AUDETTE IIL

. : ) Blg performance In small space! Use
NEW! OMEGA I AUDETTE ?n_glg c'or palfr for .steretf:u. Completely
_ R n four s i-
Completely finished on four sides for Comyact for bookshelf or table — or at- zlt?rlliaﬁy :r vert;’caHlfesFea%reusseLor:g:‘lz L
use horizontally or vertically. Inside, a tach brass legs for consolette. Houses 8” woofer with matching tweeter and .
full spectrum Lorenz 12” spzaker, two superb Lorenz 8” woofer, tweeter and crossover. ¢ 30-17,500 cps. + 8 ohms E
tweeters and high pass crossover. e crossover. * 35-17,000 cps. ¢ 8 ohms. o 18 watts peak. <117 x 233" x 10” NEW! AUDETTE SR
18-18,000 cps. © 1’5’ chms. 3 40 watts e 18 watts peak, « 117x 233”7 x 10”, 20 |bs. Infinlte baffle construction for
peak. ¢ 27” x 1434” x 11Y2”. + 46 lbs. e 16 Ibs, Unfinished Birch ...$57.50 ‘'big system'"performance. Com-
Unfinished Birch ... ..$109. Brown or Blond Leatherette..........$49.50 Assorted Finished Woods 64.50 plete with 4” legs. Houses fa-
Assorted Finished Woods... Matching Brass Legs .. 5.95 Matchlng Brass Legs 5.95 mous Lorenz 87 woofer and
tweeter with crossover. « 30-
At High Fidelify Dealers Everywhere. FREE Catalog—Write Dept. A ke sl g e
4 x 10127 « 37 lbs.

PRODUCTS, Ltd. 514 Broadway, New York 12, N. Y. « WOrth 6-0800  satin Mahogany .
Exclusive U. S. Distributors for Lorenz High Fidelity Loudspeakers Blond or Walnut...
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one
word
more
about
the

Amperex

6CA7/EL34
OUTPUT
PENTODE

NOW ITS  vijfn
RATED POWER OUTPUT
s ¢

WATTS

(Class AB1)

We are pleased to
announce that as a result of the further
exploration of the 6CA7’s capabilities
...its power output rating has been
raised to 60 watts in a distributed load
circuit. This was achieved by increasing
the screen grid voltage to S00V. The
screen voltage rating now equals the
plate voltage rating, thus greatly sim-
plifying the design of power supplies.

Class AB, Audio Amplifier
Distributed Load Connection
Typical Operation
(Fixed Bias—Two Tubes Push Pull)
Plate Supply Voltage. ............ 500V

Grid No. 2

Supply Voltage ... .. (See Note) 500V
Grid No. 1 Bias. ...... (approx.) —44.5V
Plate to Plate Load Resistance. .. .7000 Q
Plate and Grid No. 2 Current

(Zero Signal) ... ... ... 2x57 mA
Plate and Grid No. 2 Current

(Max, Signal) .......... ... 2x112 mA
Input Signal Voltage (rms)......... 32V
Power Qutput
Harmonic Distortion
NOTE: Screen voltage is obtained from
taps located at 43% of the plate winding
turns. An unbypassed resistor of 1KQ in
series with each screen grid is necessary
to prevent screen overload.

ask Amperex

about detaiied data and
applications engineering
assistance on hi-fl tubes
for hi-fi circulits.

AMPEREX ELECTRONIC CORP.
230 Dufly Avenue, Hicksville, L. I.,, N. Y.

Y ”
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LETTERS

Validity ¢f IM Measurements

SIk:

The October issue contained two rather
indefinite “knocks” at IM distortion meas-
urement: (1), the IHI'M standard on am-
plifiers omitted any reference to this form
of measurement, without stuting why; (2)
Leon Kuby detailed methods for making
accurate measurements of this tvpe, and
also showed that sueh ineasurements are
often completely invalidated because an
indication is obtained, but not ulentified
—by using a ‘scope.

For a long while IM distortion figures
have enjoyed a superior social status over
harmonic figures. It is true thut the IM
kinds of distortion are more representative
of some forms that happen on musieal pro-
grams than is harmonic measurement. At
the same time, the writer feels they have
been given an exaggerated importance, due
to failure to correlate the different “vari-
ables” involved.

First there are at least three 1M stand-
ards: the CCIF difference tone, the SMPTE
4:1 and a similar 1:1. These represent two
specifie kinds of musieal distortion. The
CCIF test is directly relatuble to a trans-
fer charaecteristic that produces in-phase
second harmonie. But this is the kind of
distortion produced by single-ended stages,
or push-pull ones working out of balance.
As most people feel distortion measure
ments should indiecate what is left when the
amplifier operation is optimized to balanece
out this ecomponent, the SMPTE test is
more popular in the U. S. This is the test
Mr. Kuby detailed.

The SMPTE test has been shown to
produce a rather unpredictable relationship
to harmonice tests, for which reason it has
been felt that the SMPTE is probably the
better test. What seems to have been over-
looked in this area is that harmonic tests
are usually taken at 1000 cps, while the
IM test is basically a measure of distortion
to the low-frequency echaracteristie.

This is why the IM test eun be very
dependent on the low frequeney chosen. As
Mr. Kuby points out, this may be anywhere
between 30 and 100 eps. If harmonie meas-
urements are made at the sume low fre-
quency, the results are mueh closer. The
IM test is then ouly slightly more sensitive
to the order of distortion than the harmonie
method. But the result of either test is apt

to be quite critical of the precise low
frequency used.

The present trend in amplitier specifica-
tions is to give frequency response (mot
neeessarily at maximum power), power, and
distortion figures. Even if the distortion
stated is IM, it indicates little about the
low-frequency power eapability of the am-
plifier unless the measurement frequency is
also specified. Standardizing this frequency
would set an arbitrary industry standard
for low-frequeney power requirement. in
effect limiting the specification of fidelity.

Under the eircumstances, I feel the new
term that the THFM Amplifier Standards
Committee introduced (Section 2.1.5
called PowER BANDWIDTH, as there defined,
is highly commendable. It gives a consistent
basis for measurement and comparison that
will tell more than a single IM test has
ever been able to.

True harmonic measurement of a single
tone does not “cateh” all forms of distor-
tion. Nor does any known IM test. As we
do not yet have suitable test(s) to evaluate
gsome of these elusive but important forns
of distortion, I feel the IHFM standard is
a very definite step forward, as it provides
a simple means for giving consistent indiea
tion of the relative magnitude of “known”
tforms of distortion.

NorMaN H. CrowHUrST, Consultant
216-18 40th Avenue,.
Bayside 61, N. Y.

(NotE: The Amplifier Standards Com-
miltee had prepared a paragraph stating
the IHFM position on 1M measurements to
the effect that the standardizalion in this
area was being studied and an addendum
wounld be presented as soon az possible. Un
forlunately, wneither the official IHIFM
booklet nor our reprint of the Standards
carried this paragraph. Eb.

Wrong Picture

SIR

Inasmuch as the Leak preamplifier in the
FEquipment Profile in the September issue
was in aetuality a Varislope III mono-
phonic preamplifier and not a Leak Stereo
Point One preamplitier, as described, we
would greatly appreciate it if a pieture
of the re-stvled Stereo Point One pre-
amplifier could be shown in a forthecoming
188u1e.

Leak Stereo Point One preamp.
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HEATHKIT

- style
» performance

MONAURAL-STEREO PREAMPLIFIER
KIT (Two Channel Mixer)

MODEL SP-2 (stereo) $56.95 Shpc. Wt. 15 Ibs.
MODEL SP-1(monaural) $37.95 Shpg. Wt. 131bs.

MODEL C-SP-1 (converts SP-1to SP-2) $21.95
Shpg. Wt 5 Ibs.

Special *‘building block™ design allows you to
purchase instrument in monaural version and add
sterco or second channel later if desired. The SP-1
monau-al oreamplifier features six separate inputs
with 4 input level controls. A function selector
switch on the SP-2 provides two channel mixing.
A 20’ r:mote balance control is provijed.

PROFESSIONAL STEREO-MONAURAL
AM-FM TUNER KIT

MODEL PT-1 $8995

The 10-tube FM circuit features AFC “automatic
frequency control) as well as AGC. An accurate
tuning m2ter operates on both AM and FM while
a 3-position switch selects meter functioas without
disturbinz stereo or monaural listening. Individ-
ual flywheel tuning on both AM and FM. FM
sensitivity is three microvolts for 30 db of quieting.
The 3-tube FM front end is prewired and pre-
aligned, and -he entire AM circuit is on one printed
circuit baard for ease of construction. Shpg. Wt.
20 Ibs.
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STEREO EQUIPMENT CABINET KIT
MODEL SE-1 (center unit) $1 4995

Shpg. Wt. 162 Ibs.

MODEL SC-1 (speaker enclosure) $3995

Shpg. Wt. 42 Ibs 2ach

Superbly designed cabinetry to house your complete sterco system.
Delivered with pre-cut pancls to fit Heathkit AM-FM tuner (PT-1),
stereo preamplifier (SP-1 & 2) and record changer (RP-3). Blank
panels also suppl‘lcd to cut out for any other equipment you may now
own. Adequate space also provided for tape deck, speakers, record
storage and amplifiers. Speaker wings will hold Heathkit SS-Z or
other speaker units of similar size. Available in untinished birch or
mahogany plywood.

World's largest manufacturer of
electronic instruments in kit form

HEATH COMPANY

Benton Harbor, 25, Michigan

U@bsﬂﬁary of Daystrom, Inc.

HIGH FIDELITY
RECORD CHANGER KIT

P MODEL RP-3 $6 495

Turntable quality with fully automatic

features! A unique “turntable pause™ allows

record to fall gently into place while turntable is stopped. The tone

arm engages the motionless record. and a friction clu:ch assures

smooth start. Automatic speed selector plays mixed 3334 and &5

RPM records regardless of sequence. Four speeds availab.e 16, 3313,

45 and 78 RPM. Changer complete with GE-VR-1I carridge with

diamond LP and sapphirc 78 stylus, changer base, stylus pressure
gauge and 45 RPM spindle. Shpg. Wt. 19 lbs.

“EXTRA PERFORMANCE" 55
WATT HI-FI AMPLIFIER KIT

A real work horse packed with top quality
features, this hi-fi amplifier represents a
remarkable value at less than a dollar per
watt. Full audio output at maximum
damping is a true 55 watts from 20 CPS
10 20 ke with less than 2% total harmonic MODEL W7-M $5495
distortion throughout the cntire range.

Featuring famous “*bas-bal" circuit, push-

pull EL34 tubes and new modern styling.

Shpg. Wt. 28 lbs.

* &



NOTE THESE OUTSTANDING SPECIFICATIONS: Power Output:
14 watts, Hi-Fi; 12 watls. Professional; 16 watls. Utility. Power Response:
:1: 1db 1rom20<:p- 1020 ke at 14 watts output Total Harmonic Distortion:
less than 2%, 30 cps to 15 ke at 14 watts output. intermodulation Distor-
tion: less than 1% at 16 watts output using 60 cps and 6 ke signal mixed 4:1
Hum and Noise: mag. phono input, 47 db below 14 watts; tuner and crystal

phono, 63 db below 14 watts,

14-WATT HI-FI ECONOMY AMPLIFIER KIT
MODEL EA-3 $2995

From HEATHKIT audio labs comes an exciting new kit . . . New
Styling. New Features, Brilliant Performance! Designed to function
as the ‘“‘heart” of your hi-i system, the EA-3 combines the pre-
amplifier and amplitier into one compact package. Providing a full
14 watts of high fidelity power, more than adequate for operating the
average system, the EA-3 provides all the controls necessary for
precise blending of musical reproduction to your individual taste.
Clearly marked controls give you finger-tip command of bass and
treble “boost™ and “cut’™ action, switch selection of three separate
inputs, “on-ofl™" and volume control. A hum balance control is also
provided. The convenient neon pilot light on the front panel shows
when instrument is on. Styled to blend harmoniously into any room
surroundings, the handsome cover is of black vinyl coated steel with
gold design and features the new “eyebrow™ effect over the front panel
to match the other new Heathkit hi-fi instruments. The panel is satin
black with brush-gold trim strip, while the contro! knobs are black

with gold inserts. Shpg. Wt. 15 Ibs.

ram sources. Equ ization i
nd"::g 78 records. Shp

MODEL TR-1A: Monophonic half-track record/play-

back with fast forward and rewind
tunctions. Shpg. Wt. 24 Ibs. $9995

MODEIL TRb1AH Halff track monophonic and stereo
record /playback with fast forward

and rewind function $1 4995
Shpg. Wt. 35 Ibs.

MODEL TR-1AQ: Quarter-lrack monophonic and
stereo wnth record /playback fast forward and rewind

Suhnncé WH. 35 bs. $1 4995

NOW! TWO NEW STEREO-MONO TAPE
RECORDERS IN THE TR-1A SERIES

Offering complete versatility. the model TR-1A scries tape recorders
cnable you to plan your hi-fi system to include the functions you want.
Buy the new half-track (TR-1AH) or quarter-track (TR-1AQ) versions
which record and playback stereo and monophonic programming.

or the haif-track monophonic record-playback version (TR-1A).

Precision parts hold flutter and wow to less than 0.359,. Four-pole,
fan cooled motor. One control lever selects all tape handling functions.
Each tape preamplifier features NARTB playback equalization, scpa-
rate record and playback gain controls, cathode follower output.

mike or line input, and two circuit boards for casy construction and
high stability. Complete instructions guide assembly.

HIGH FIDELITY AM TUNER KIT
MODEL BC-1A $2695

Designed cspecially for high fidelity applications
this AM tuner will give you reception close to
FM. A spccial detector is incorporated and the
IF circuits are “broadbanded’ for low signal
distortion. Sensitivity and sclectivity are excellent
and quict performance is assured by a high
signal-to-noisc ratio. All tunable components
are prealigned before shipment. Your “best buy™
in an AM tuner. Shpg. Wt. 9 Ibs.

MODEL FM-4
$3495

{with cabinet)

L
HIGH FIDELITY FM TUNER KIiT (FM-4)

The all new model FM-4 incorporates the latest
advancement in circuit design. Features include
better than 2.5 microvolt sensitivity for 20 db
of quieting, automatic frequency control (afc)
with defeat switch, flywheel tuning and prewired,
prealigned and pretested tuning unit. Prealigned
IF transformers and prewired tuning unit assure
easy .assembly with no further need of alignment
after unit is completed. The five tube circuit fea-
tures a generous power supply utilizing a silicon
diode rectifier. Shpg. Wt. 8 Ibs.

“UNIVERSAL' 12 WATT
HIGH FIDELITY AMPLIFIER KIT
MODEL UA-1 $2195

Ideal for stereo or monaural applications, this
12-watt power package features less than 29
total harmonic distortion throughout the entire
audio range (30to 15.000 CPS) at full 12-watt
output. Use with preamplifier models WA-P2
or SP-1 & 2. Taps for 4, 8 and 16 ohm speakers.
Shpg. Wt. 13 Ibs.

HEATHKIT

YOU'RE NEVER OUT OF DATE
WITH HEATHKITS

Heathkit hi-fl systems are designed for maximum flex/-
billty. Simple conversion from basic to complex systems
or from monaural to stereo is easlly accomplished by
adding to already existing units. Heathkit engineering
skill-Is your guarantee against obsolescence. Expand

your hi-fi as your budget permits . . . and, If you like;
spread the payments over easy monthly Instaliments
with the Heath Time -Payment Plan.
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CONTEMPORARY
Model CE-1B Birch
Model CE-1M Mahogany

e No Woodworking Experience
Required For Construction.

¢ All Parts Precut & Predrilled
For Ease of Assembly.

¢ Maximum Overall Dimensions:
18" W.x 24" H. x 35%" D.

IT'S EASY .. . IT'S FUN
AND YOU SAVE UP TO ¥
WITH DO-IT-YOURSELF HEATHKITS

Putting together your own Heathkit can be one of the most
exciting hobbies you ever enjoyed. Simple step-by-step in-
structions and .arge pictorial diagrams show you where
every part goes. You can't possibly go wrong. No previus
electronic or kii building experience is required. Ycu'll
learn a /ot abou' your equipment as you build it, and, of
course, you will experience the pride and satisfactior of
having done it yourself.

DIAMOND STYLUS HI-FI
PICKUP CARTRIDGE

MODEL MF-1 $2698

Replace yous present pickup with the MF-1
and enjoy the fullest fidelity your library of
LP’s has to offer. Designed to Heath-specifica-
tions to offer you one of the finest cartridges
available today. Nominally flat response from
20 to 20,000 CPS. Shpg. Wt. 1 1b.

“*“RANGE EXTENDING'' HI-FI
SPEAKER SYSTEM KIT

The SS-1B employs a 15" woofer and super
tweeter to extend overall response of basic
§S8-2 speaker from 35 to 16,000 CPS +5 db.
Crossover circuit is buiit in. Impedance is 16
ohms, power rating 35 watts. Constructed of
34" veneer-surfaced plywood suitable for light
or dark finish. Shpg. Wt. 80 Ibs.

MODEL SS-1B

SEND FOR FREE cATALoc

Describing over 100 easy-to-bulld
kits In hi-fl, test, marine and ham
radio fields. Also contains com-

plete specifications "and sche-
matics.
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TRADITIONAL

Mode! CE-1T Mahogany

CHAIRSIDE ENCLOSURE KIT
MODEL CE-1 $4.395 ...,

Control your complete home hi-fi system right from
your easy chair with this handsome chairside en-
closure in cither traditional or contemporary mod-
els. It is designed to house the Heathkit AM and
FM tuners (BC-1A and FM-3A) and the WA-P2
preamplifier, along with the RP-3 or majority of
record changers which will fit in the space provided.
Well ventilated space is provided in the rear of the
enclosure for any of the Heathkit amplifiers de-
signed to operate with the WA-P2. The tilt-out
shelf can be installed on cither right or left side as
desired during the construction, and the lift-top
lid in front can also be reversed. All parts are pre-
cut and predrilled for casy assembly. The con-
temporary cabinct is available in cither mahogany
or birch, and the traditional cabinet is available in
mahogany suitable for the finish of your choicc.
All hardware supplied. Shpg. Wt. 46 lbs.

*‘BASIC RANGE' HI-FI SPEAKER SYSTEM KIT

MODEL SS-2 33995
Legs: No. 91-26 Shpg. Wt. 3 Ib. $4.95

The modest cost of this basic speaker sys-
tem makes it a spectacutar buy “or any
hi-fi enthusiast. Uses an 8° mid-range
woofer and a compression-type twgeter to
cover the frequency range of 50 to 12,600
CPS. Crossover circuit is built
in with balance control. Im-
pedance is 16 ohms. Power rat-
ing 25 watts. Tweeter horn ro-
tates so that the speaksr may
be used in either an upright or
horizontal position. Cabinet is
made of venecr-surfaced fur-
niture-grade plywood suitable
for light ordark finish. All wood
parts arc precut and predrifled
for” easy assembly. Shpg. Wt.
26 Ibs.

LEGATO HI-FI SPEAKER SYSTEM KIT
MODEL HH-1 $289995

The startling realism of sound repro-
duction by the Legato is achicved
through the use of two 15" Altec
Lansing low frequency drivers and a
specially designed exponential horn
with high frequency driver. The special
crossover network is built in. Covers
2510 20,000 CPS within +5db. Power
rating 50 watts. Cabinet is constructed
of 34" veneer-surfaced plywood in
either African mahogany or white
birch suitable for the finish of your
choice. All parts are precut and pre-
drilled for easy assembly. Shpg. Wt.
195 Ibs.

RO

pioneer in

COMPANY - BENTON HARBOR 25, MICH.

“‘do-it-yourself”’ [ 8

electronics

Enclosed find$. ... ..,

[
U a subsidiary of Daystrom, Inc.

O Please send the Free Heathkit catalog.

Please enclose postage
for parcel post—express
orders are shipped de-
livery charges collect.

All prices F.O.B. Benton address

Harbor, Mich. A 20% de-
posit is required on all
C.0.D. orders. Prices

subject to chanoe with-  City & state

out notice.

QUANTITY ITEM

MODEL NO. PRICE




Yes, AUDIO is publishing a cookbook—
not that we intend to extend the subject
of gastronomy to include recipes in fu-
ture pages of AUDIO.

You may ask...why?

And we would answer—Simply because
we feel that people who read AUDIO,
and enjoy the finest quality music repro-
duction also enjoy really good food on
their tables.

Your next question may be...Is it a dif-
ferent kind of cookbook?

Of course our reply would be—Yes! Oh,
it doesn’t have a revolutionary format
and it appears to look like any ordinary
cookbook. But, the secret of its goodness
is the recipes that fill its 148 pages...
recipes responsible for the heart warm-
ing, flavorsome, homespun aromas expe-
rienced only in the kitchen of an Adiron-
dack country home.

The name of the book is PLACID
EATING, and it is chock full of palate-
tempting recipes compiled by Climena
M. Wikoff, owner of the Mirror Lake Inn
...at (you guessed it) Lake Placid, New
York.

Actually, the first edition (now out of
print) was discovered by Mr. AUDIO
(C. G. McProud) during his stay at Mrs.
Wikoff’s Mirror Lake Inn, where, in Mr.
McProud’s own words—*...every meal is
so tasty that eating becomes a real joy,
where each night’s dessert excels the one
from the night before, where one has to

ORDER TODAY...$3.95

You
Say
AUDIO

Is
Publishing
A
Cookhook?

push himself away from the table before
upsetting the daily calorie count.”

Here is a cookbook that will enable you
to recreate in your own homes superb
dishes experienced only at the Mirror
Lake Inn—dishes like Lake Trout Baked
In Wine and Adirondack Apple Pie, rec-
ipes for which are reproduced below—

LAKE TROUT BAKED IN WHITE WINE

Remove heads and tails from a 2-pound fish. Split open down
back and rinse well. Remove backbone and rub inside with lemon,
salt, pepper and thyme to taste. Knead 1 tablespoon of butter
and anchovy paste the size of a large pea; placing mixture inside
fish. Place fish in a greased baking pan and cover with 14 cup
of white wine. Bake 25 to 30 minutes in moderate oven, 350
degrees. Baste frequently. Garnish with parsiey and lemon
and serve with plain boiled potatoes.

ADIRONDACK APPLE PIE
3 thsps. white corn syrup
6 to 8 tart apples, thinly
sliced
pastry

I ¢ sugar

2 thsps. sifted flour

1% tsp. grated nutmeg

Y c. orange juice

Y5 c. melted butter

Mix together the sugar, flour, nutmeg, orange juice, corr

syrup and melted butter. Add the sliced apples and mix thorough-
ly- Butter a pie pan heavily before putting in your pastry. Fill the
pie shell with the apple mixture and make pastry strips for the
top which should be dipped in melted butter before putting on
the pie. Bake in 400 degree oven for 15 minutes; reduce heat to
250 degrees and hake 35 to 40 minutes longer.

This colorful book, plastic bound for easy
handling, will contribute many wonder-
ful adventures in food for everyone in
the family. Order a copy today, the Lady-
of-the-house will adore you for it. Inci-
dentally...it makes a wonderful gift for
anyone. PLACID EATING, 152 pages,
Plastic Bound: $3.95.

RADIO MAGAZINES, INC., Dept. L99
P.O. Box 629,

Mineola, New York
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Rocrr DANIEL,
British Industries Corporatiou,
‘0 Shore Road,
Port Washington, N. Y.
(The correct pictiure appears on page 6,
and thanks for correcting us. Eb.

Open House

Sir:

Acoustie Research, Ine, (AR) will hold
its annual “open house” this vear on Fri
day, November 27. Tours of inspeetion of
the AR plant, which is loeated at 24 Thorn
dike St., Cambridge, Mass, will be econ
ducted at 10:00 :m. and 2:30 p.m. Visitors
will have the opportunity to watch pro
duetion and (uality control test procedures,
ineluding speaker checks in AR’s anechoie
chambers.

Coffee will he served, and all visitors
are welcome.
Rov 17. ALLISON
Assistant to the President
Acoustic Rescarch, Tne,
Cambridge, Mass.

More on Doppler Effect

SIR:

This is in reply to the letter by I.. D
Dalessandro and Larry 8. Rogers IT ques-
tioning the audibility of Doppler distortion
in loudspeakers. (Published in the Septem
ber issue.) 1 assume they fed to a loud
speaker a 40-eps and a 10,000-eps signal
(and wot u 10,000-cps sine wave, the way
the letter read) and listened to the com
bined output, switehing the low-frequeneyv
signal in and out. This test method is un-
tenable, because it compares unlike signals.
The correet way of testing for Doppler
distortion is to place a microphone in front
of the speaker, and then filter out the 40-eps
tone so that the reproduced signal of the

-IB test will always be 10,000 cps. This
distortion hecomes the more objectionable
the more reflected sound is picked up by
the microphone, hecause the interference
pattern of the sound in the room is changed
by frequency modulation, due to phase
shift, the frequency modulation distortion
assuming the character of amplitude dis
tortion.

The
‘elean,

resulting sound is ‘“rough,” mnot
P Yswinuning.”
VIKGINIA RETTINGER

5007 Haskell Ave.,

Eineino, California
| Errors Again
Sii:
Several errors crept into the artiele
ten-watt all-triode amplifier,” by Robert

| the amplifier cutting off at about

Ellis and the writer, in the September issue.
1. The frequeiey response curve shows

15 ke

instead of 50 ke. (Mistale in drawing.

2. The power output curve extends Jdown
to only 30 eps instead of 20. (Mistake in
draving.)

3. Tn reference to Fig. and the asso
cinted text, one other chauge is necessary
for variable damping. The eathode resistor
of the first stage must now be connected to
the “0” output terminal instead of ground
in order to eomplete the eurrent feedback
loop. This was an omission of the authors.

4. One other matter of interest is that
after submission of the manuseript Mr.
Ellis and T found that we eould inerease the
low-frequency stability by using larger
coupling capucitors to the output stage. We
found 0.25 pf to be optimum.

The authors would appreciate vour call
ing these errvors and additions to the at-
tention of vour readers.

RorErT M. Voss
697 West End Avenue
New York 25, N. Y.
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Collarg

[
stereo gg‘g
record players
with typical
British precision
steadfastly
guard your
records and
stylus from
wear and
accidental
damage

The Coronation |1, Model TSC-740—$42.50
*The Conquest 11, Model TSC-640—%$38.50

ROCKBAR
Coypedlion

Every Collaro stereo record player is built with typical British attention to every detail. They are precision engineered and rigidly tested to give truly
professional performance and the ultimate in operating convenience. Here are some of the important features that make Collaro the logical choice for stereo
or monophonic records. « Performance specifications excesd 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% 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 ultimate in noise 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 finished 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: Rockbar Corporation, Dept. A-11, Mamaroneck, N. Y. (*Hot shown. Similar in appearance 1o The Coronation.)

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




BEYOND COMPARE

/-/\ 7
maraniz ;ﬂm 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 matchiess
reproduction quality. Yet, this fine
instrument offers an order of versa-
titity 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 effortiessly
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.

A

30-WATT AMPLIFIER

Net $147 Grill 7.50
Slightly higher in West

% Selected for demonstration at the
American Natl, Exhibition in Moscow

maaar-ammiiw

C o M P A N Y
25.14 BROADWAY, LONG ISLAND CITY 6, N.Y.
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- AUDIOMAN NO. 2

Ellett N. Shepherd, of Denver, Colorado, Deputy District At-
torney, music lover, criminologist, and—by his own admission
—"Audio Ham” becomes the second Audioman of the Month

J

|

HEN A MAN DESIGNS o house to con
Wtuin a listening room and components

which create reproduction us near
18 possible to perfection—or us far as the
state of the art will permit—then he well
deserves to become an Audioman. His lis-
tening room is 16 by 28, with a 10-foot
ceiling, and one end has a corner right in

[ its center, to accommodate the folded horn
built by Ben Drisko, crstwhile Aunro eon-

tributor. The other eud ot the room eon-
sists of windows that slant outward ut the
top at an angle of 22 deg. so auy retlected

| sound is absorbed in an ucoustical ceiling.

The eomplement of speakers in the horn
are an Altee 515 for the low end and an
Altee 802D with a Drisko sectoral horn for
the highs, with an oceasional switeh to a
pair of JBL D-175’s in parallel, For stereo,
the second channel is an AR-3.

FFor amplifiers, Mr. Sheplierd uses a
hoine-constructed Willinmsou for ehannel |
and a 30-watt McIntosh for channel 2.
For records, he uses a Garrard 301 turn-
table with a 22-in. lLiome-eonstructed arm
which has an agate pivot, with a Grado
Drofessional Stereo pickup for microgroove
and a Diekering for 7%s. Tlis tupe muchine
1s an Ampex 960, and he uses an Altee
M20 condenser microphone system for re-
cording.

Aecording to Leonard Rose, cellist (Co-
lumbia Records), Mr. Shepherd’s sound is
“better than any he has heard, ineluding re-
cording studios.” Sinec Mr. Shepherd is a
devotee of ehamber musie, he attends all he
can get to from Denver to the eoast, per-

| haps ten a year, and he assisted in six

chamber musie festivals in his home town,
as well as others in Colorado Springs,
Sewanee (Tennessec), and in Salt Lake
City. He seldom goes a month without
demonstrating his system, and some of the
best systems in Denver were planned by
him. He gets calls alinost weekly from
strangers who want to know how to get
the best results for themselves.

Mr. Shepherd onee Iaid ont an installa-
tion for an aequaintanece, and the cost was
determined in the vieinity of $1900. The
aeqnaintance halked to the point of huying

The attractive

speaker system af

the end of Mr.

Shepherd’s speci-

ally built listening
room

a package set for some $450, was dissatis-
fied, and had someone else set up essentially
the same system that had been recom-
mended. But now the aequaintance doesn’t
speak to him.

Since the listening room is sueh a good
studio, particularly for echamber musie, Mr.
Shepherd often records these groups and
Le made the tape that won 4-year 'cellist
schiolarships at both Oberlin College and
Curtis TInstitute this year. And with this
background, he offers a1 few suggestions to
manufaeturers:

1. Make better power supplies.

2. Develop less-noisy input tubes.

3. Make funetional purts, with easy-to-
read knobs like ham equipment rather than
faney eyve-catchers.

4. Realize that the real musie lover and
the Audio Ham buys most of the expensive
parts. Madison Avenue doesn’t sell tlie real
Han.

5. Promote tape of good musie.

A"
N el
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precision loudspeaker systems

DESIGNED AND ENGINEERED BY

specifically for stereophonic reproduction

Consummate stereo ... the fabled JBL
Paragon integrates through radial
refraction two JBL theater speaker
systems mounted in folded exponential
horns to reproduce music with the
ultimate stereophonic realism.

JBL RANGER-PARAGON

JBL RANGER-MINIGON
Newest stereo system by JBL
is the Minigon, an “infinite baffle”
enclosure of minimal dimensions
designed for the new JBL Linear-
Efficiency Loudspeakers. Hangers

JBL RANGER-METREGON
Stereo distributed smoothly over a wide area
through radial refraction is available in a bass
reflex acoustical enclosure of moderate dimensions
—the JBL Metregon. Seven different speaker
systems may be used with the Metregon.

for suspension on wall are built in.
Small enough for placement on bench
or in book cases. Halves may be
separated. Choice of grilles.

JBL MADISON

AUDIO e

JBL DALE Model C49

is an elegant minimum
volume enclosure for table
orshelf. Dale and Madison
are provided with brackets
for wall mounting.

NOVEMBER, 1959

. Model C48

measures just 2334 “ x
13147 x 1134 ", yet re-

. produces bass tgnes

magnificently #hen a
JBL Linear-Eff ciency

! Loudspeaker is enclosed.

Finished five sides so it

i may be placed vertically
¢ or hotizontally.

Owners of JBL sifigle channel speaker systems

may obtain for their second channel identical sys-

tems that are matched for stereo. In enclosures

such as the JBL C37, C40, C34, in which drivers are
asymmetrically mounted. a mirror-image arrangement
for the second system is advisable and available

Write for the name of the Authorized JBL Signature

Audio Specialist in.your community, free catalog, and new
bulletins describing JBL Linear-Efficiency Loudspeakers.

JAMES B. LANSING SOUND, INC.

3249 Casitas Avenue

Los Angeles 39, California
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RCA’S CARTRIDGE
TAPE RECORDER

. . . And now we come to the much-her-
alded and long-postponed RCA Vietor car-
tridge stereo tape recorder, which has
reached commercial form in an initial
model, SCP-2, that I’ve been trying out.
(Don’t ask me about SCP-1, if there was
such an animal.) It is a home-type re-
corder and player, complete with ceramic
mikes for making your own stereo and an
extension second-channel speaker box. I've
had two of these machines on hand, which
has given me a chance to average out my
observations on this particular subspecies
of the genus cartridge. There'll be other
examples later on, needless to say.

This SCP-2, let me note first, has done
a great deal to clarify for me the inten-
tion of the tape cartridge (Aupio prefers
to call it a magazine, but so long as “tape”
precedes “‘cartridge” we will probably have
to go along. Ep.) as RCA conceives it—
for as you can imagine, the specific size,
shape, features and décor that a manufue-
turer drapes around a basic deviee betrays
his thoughts and intentions better than any
press release or advertisement. There’s no
purely theoretical reason why the tape
cartridge should not be built into a super-
recorder with dual VU meters, multiple
mike inputs, mixers, circuits for monitor-
ing and so on. Needless to say, the SCP-2
is not a recorder of this type, for the sim-
ple reason that RCA’s marketing intentions
are not in the direction of the professional
engineer. (For that trade, RCA might want
to sell its fabulous eartridge tape dupli-
eator with the air-jet pulleys, deseribed in
a reeent technical journal.)

Ready to Play

What you will find lhere, instead, is a
large, somewhat gaudy semi-portable home
instrument of the semi-suitcase type,
tweedy looking with faney heavy gilt trim
ingide (made of plastic) and a high-style
set of modern clear-plastic saucer-shaped
controls to cateh the eye as well as the
fingers. Everything is done by pushbutton
and if you make a mistake the machine
lets out a loud squawk (below) and stops
you before anything happens. There is
nothing whatsoever of the technieal in this
“look,” not even in usual hi-fi terms. The
only eryptie indication at all was some-
thing called sTkR. My musieal mind read
“strings” but, of course, it meant STEREO.

There aren’t even the ordinary hi-fi in-
puts and outputs on this machine. A pair
of phono inputs looks standard, and two
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sockets take the ceramie mikes; but if you
want to play tapes through your regular
hi-fi components you must use the phono
inputs for outputs—a double-purpose cir-
cuitry I’ve never run into before. No faney
terms to confuse the button-pusher, no
HI LEVEL, LO LEVEL, PREAMP OUTPUT and
so on—no “hi-fi stuff” at all. Only one vol-
ume eontrol, ganged for both channels, for
both playback and recording; the nominal
playbaek balance (to eope with speaker
vagaries) is actually just an extra volume
control on the second channel, over and
above the main control. The balance on re-
cording is fixed—you aren’'t supposed to
know anything about such things. There’s
a simple flashing-light record-level indi-
cator, normal and overload, combining
both channels (it flashes on pliyback too
but you are told to ignore that) and vou
can’t make a1 mechanieal mistake with the
pushibuttons beeause you uiust always push
the sToP button between all other fune-
tions—the buttons are interlocked.

The whole thing is clearly designed to
be worked by the man, woman, or child
who has never seen tape and probably
never wants to, who wouldn’t know a hunk
of Sounderaft, Irish, Scoteh, or Audiotape
from a piece of sticky tape or ticker tape,
or maybe elastic tape for underwear,

The machine eomes complete and ready
to play, that is, if you've bought the “ex
tras” that complete it. You get built-in
speakers, a mike, all eords, controls and
the rest, and just like Daddy’s big new
eur, the radio and heater are extra—i.e.,
your stereo isn’t stereo umtil vou bny an
“extra” mike and an “extra” speaker sys-
tem. This is perfeetly normal standard
praetice in the package-goods industry
these days, of course. Al well, no use
grousing about such ingrained Ameriean
habit!

For all the “extra” funetions beyond the
basie one of .playing and reeording ear-
tridge tapes, RCA lists more extra aceces-
sories, cables to connect to particular RCA
phonographs for taping your dise reeords,
for example—one end plugs into the spe-
cial jack on the phono’s rear, and so on.
These accessory cables are wired at both
ends to mateh only specific RCA instru-
ments. There's no mention of, say, a cable
that might conneet a Columbia reeord
player to the RCA tape recorder. (You
ean do it, nateh, but nobody is going to
tell you so in so many words.) This, too,
is merely standard praetice in the industry
and is surely not exclusive to RCA Vietor
—it’s just an indication as to where this
cartridge tape machine finds its intended
place in the home scheme.

You'll find the same thing retlected in
the good looking instruction booklet, which
is replete with three-color diagrams and
art work. For each likely major funetion
there’s most of a page, telling you what
cable to plug where, which buttons to push,
always assuming you know nothing—hut
nothing. Reminds me, somehow, of those
careful instruetions that come with new
cars—*“to place the car in motion, depress
the cluteh pedal (A), move the gearshift
lever (B) forward, and . . .” you know
what T mean. Depressingly elementary anr
therefore dismally complicated. When you
start from the beginning, man, you start
from the beginning. These instruetions are
well-nigh incomprehensible for the ordi
nary hi-fi man, until the accessories and
the switchings are translated into the
terms that we know so well.

The Pushbutton Mind

Proceed no further. You can now quite
accurately infer the gist of RCA Vietor's
main attitude and intent with this tape
cartridge. It is meant for the pushbutton
mind, for the person who doesn’t want to
know why or how—and there are millions
of them. The cartridge will doubtless ap-
peal to the soul who falls for electrie tooth-
brushes and power can-openers, spray-can
enamel, and automatic ear windows; it’s
ingenious. But more likely this new form
of tape is aimed, very simply, at the grand
old-fashioned market we used to eall “or-
dinary” or “mass-production” home musie
equipment (now ecuriously labeled hi-fi, to
nobody’s confusion). That is the muarket
whieh has supported the bulk of the home
musie entertainment business straight up
from the days of the morning glory horn
and the mantel radio and it still does, hi fi
or no, in this age of the tramsistor, the
pop-up TV and the all-in-one stereo port-
able.

(Pop-up TV? Iaven't you seen the new
folding TV sets? Convenient as a folding
chair and muech less collapsible.)

I beg you to note that, up to this very
day, the tape recorder for all its terrifie
progress and expansion has not really in-
vaded the big mass market for home music
in foree. It has spread widely, it is spread-
ing fast—but this ean’t hide the faet that
millions of people have not even thought
of trying tape, have shied away from it,
refuse to touch it. There's the cateh! Mil-
lions of them never will bring themselves
to touch if.

But these people will buy the tape ecur-
tridge. It fits their needs, their eoucept of
a workable home machine, as no reeled
tape will ever do.

Ask any of vour ecasual friends and
dow’t just blame me for seeming to take
sides. I’'m on the other side. I use tape on
reels and always will. I was shocked, the
other day, when my own brother, who has
played disc records these 25 years and has
a speeies of hi-fi installation (with
changer), saw a roll of tape in my home
for the first time in his life. So that’s what
it looks like, he said. What’s it made of?
T was so surprised I said right baek, why
tape, of eourse. I mean plastie—what did
vou think? IHe didn’t know. Hadn't even
thought, had no reason to.

(Continued on page 76)
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and Mono Hi-Fi...
your best buy is

he experts say

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

— Hirsch-Houck Labs (HIGH FIDELITY Magazine)

Adwanced engineering e Finest quality tomponents
‘‘Beginner-Tested,’’ easy step-by-step instructions

LIFETIME service & calibration guarantee at nominal cost

IN STOCK — compare, then take homre any EICO equipment
— right "‘off the shelf" — from 1500 neighborhood EICO dealers.

INPUT SEL Tare  FUNGYION SEL

Cauriiiaan
LRI TS

+

TREBLE

Stereo Amplifier-Preamplifier HF81

HF81 Stereo Amplifier-Preamplifier selects,
amplifies, controls any stereo source & feeds it
thru self-contained dual 14W amplifiers to a
pair of speakers. Provides 28W monophonically.
Ganged ieve! controls, separate balance control,
independent bass & treble controls for each
channel. Mentical Wiltiamson-type, push-pull
EL84 power amplifiers. *'Excellent’” — SATURDAY
REVIEW; HI-FI MUSIC AT HOME. '‘Qutstanding
quality . . . extremely versatile.” -ELECTRONICS
WORLD LAB-TESTED. Kit $69.95. Wired $109.95.
Inctudes caver.

HF85 Stereo Preamplifier is a complete, master
stereo preamplifier-control unit, self-powered for
flexibility & to avoid power-supply problems. Dis-
tortion borders on unmeasurable even at high
output levels. Level, bass, & treble controls inde-
pendent for each channel or ganged for both
channels. Inputs for phono, tape head, mike, AM,
FM, & FM-multiplex. One each auxiliary A & B
input in eacn channel. Switched-in loucness com-
pensator. “Extreme flexibility . . . a bargain.”"—
HI-FI REVIEW. Kit $39.95. Wired $64.95. Includes
cover.

New HF87 70-Watt Steree Power Amplifier: Dual
35W power amplifiers of the highest quality.
Uses top-quality output transformers for undis-
torted response across the entire audio range at
full power to provide utmost clarity on full
orchestra & organ. IM distortion 1% at 70w,
harmonic distortion less than 1% from 20 to
20,000 cps within 1 db of 70W. Ultra-linear con-
nected EL34 output stages & surgistor-protected
silicon diode rectifier power supply. Sefector
switch chooses mono or stereo service; 4, 8
16, and 32 ohm speaker taps, input level con-
trols; basic sensitivity 0.38 volts. Without exag-
geration, one of the very finest stereo amplifiers
available- rezardless of price. Use with self-
powered stereo preamplifier-control unit (HF85
recommended). Kit $74.95. Wired $114.95.

HF86 28W Stereo Power Amplifier Kit $43.95.
Wired $74.95

FM Tuner HFT90: Prewired, prealigned, tempera-
ture-compensated “‘front end'’ is drift-free. Pre-
wired exclusive precision eye-tronic® traveling
tuning indicator. Sensitivity: 1.5 uv far 20 db
quieting; 2.5 uv for 30 db quieting, full limiting
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from 25 uv. JF 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.E.T. Incl

New AM Tuner HFT94. Matches HFT90. Selects
"hi-fi"" wide (20c — 9k¢ @ -3 db) or weak-
staticn narrow (20¢c - 5kc @ —3 db) bandpass.
Tuned RF stage for high selectivity & sensitivity;
precision eye-trenic® tuning. Built-in ferrite
loop, prealigned, RF & IF coils. Sensitivity 3 uv
@ 30% mod. for 1.0 V out, 20 db S/N. Very low
noise & distortion. High-Q 10 kc whistle filter.
Kit $39.95. Wired $65.95. Incl. Cover & F.E.T.

New AF-4 Stereo Amplifier provides clean 4W
per channel 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-
piete ““front-end' facilities and true high fidel-
ity performance. Inputs for phono, tape head, TV,
tuner and crystal/ceramic cartridge. Preferred
variabie 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-buiit 34" veneered plywood (4
sides) cabinet. Bellows-suspension, full-inch ex-
cursior 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: 2614”, 1378”,143%”. Unfinished
birch $72.50. Walnut, mahogany or teak $87.50.

New HFS5 2-Way Speaker System Semi-Kit com-
plete with factory-built 3” veneered plywood (4
sides) cabinet. Bellows-suspension, 58" excur-

-

70w Stereo Power Amplifier HF87
28W Stereo Power Amplifier HF86
5y

Over 1 MILLION EICO instuments in use throughout the world,

FM Tuner FFTS0
AM Tuner HFT94

feer AF4

12W Mono integrated £mpliZier HF12
Other Mono Integrated Amplifiers:
50, 30, & 20W (use 2 for stereo)

2-Way Bookshelf
Speaker System HFS1
3-Way Spezker System HFS3
2-Way Speaker System HFS5

sion, 8” woofer 45 cps res.), & 32" cone
tweeter. 1%a cu. fi. ducted-port enclosure. Sys-
tem Q of 14 for smoothest frequency & best
transient response. 45-14,000 cps clean, useful
response. HWD: 247, 1214”, 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
11”7 x 9”. Price $39.85.
LGS-1 Brass Tip Matching 14" legs — $3.95.
HFS2 Omni-Directional Speaker System (not iilus
HWD: 36”, 15%4”, 112" “Eminently musical”
HIGH FIDELITY. “Fine for stereo’'' — MODERN
HI-FI. Completely factory- built. Mahogany or wal
nut $139.95. Blond $144.95.

EICO, 33-00 Northern Blvd., L.1.C.-1, N. Y.

SHOW ME HOW TO SAVE 50% on 65
models of top quality:
[ Hi-Fi 7] Test Instruments )

[J “Ham" Gear [] Free STERED Hi-FI Guige
Send FREE catalog & name of neigh-
borhood EICO dealer.

NAME - A-11
ADDRESS .

ciTy ZONE .. ".ETATE

Add 5% in the West.

Copyright 1958 by Electronic Instr. Co., Inc.
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EDITOR'S REVIEW

POWER RATINGS vs. DISTORTION

ONSIDERABLE FOOD FOR THOUGHT was contained in

a recent announeement in the columns of Houue

Furnishings Daily telling of the intent of the
Electronie Industry Association to adopt a power
rating figure based on a distortion of either 5 per cent
or 10 per eent. In this meaty announeement, it ap-
pears, the basie difference between real high fidelity,
as represented by the entire component industry, and
“hi-fi’” as presented in the daily newspaper advertise-
ments with various complete systems being offered
anywhere from $49.95 up, is brought ont. Since no
performance standards have been aceepted by whicl
the true quality of reprodueing equipment can b
assessed. who is to say that the stufl labeled ““hi-fi”’
is not high fidelitv? Even in the area ol real high
fidelity—components——neither the manufacturers in-
dividually nor the Institute of ITigh Fidelity Manu-
facturers have atteinpted to set performance stand-
ards; the amplifier and tuner standavds that have
already been adopted by the ITIFM refer only to the
methods of measurement and the ways in which the
results of the measurements may be set fortli. Not
once do the standards specify a minimum performauce
Lo entitle the produet to be called ‘‘high fidelity.”’

In attempting to corrclate the standards of the
THFM with the EIA—a practice that is common
throughout all industry—-it beecame apparent that the
idea of one per cent distortion was not at all accept-
able to the ETA, whereas practically all high fidelity
components are rated at the one-per-cent point, some
even lower. For vears, the tube handbooks have rated
output tubes at 5 per cent, but with the better designs
of feedback amplifiers tubes are worked to abont the
same outputs with distortions ot exceeding one per
cent.

The horsepower race among antomobile manufac-
turers is quite closely paralleled by the radio, TV.
and ““hi-fi”’ manufacturers. Whereas many fine com-
ponent amplifiers are rated at, for example, 30 or 40
or 50 watts, many of the other amplifier produets on
the market employ mueh higher figures in rating their
equipment. No one who has ever built an amplifier
or who has ever made any measurements on one will
believe it when he reads of a 40-watt amplifier which
employs a pair of 6V6’s, but such statements appear
m ads at times. Even the rating of ‘‘Music Power
Output’” which is specified as the ‘‘greatest single-
frequency power that ean be obtained without exceed-
ing rated total harmonie distortion’” becomes a large
figure with good equipment, and if everyone used
the same method of measurement the performance of
different amplitiers eould be compared fairly. The
terni ““Peak Power Output’’ gave a higher numerieal
figure to use in advertiseinents, sinee it is by definition
exactly two times the normal power output. However,
this rating is not included in the new standard. Tf
some manufacturer should decide to use ‘‘Peak Musie
Power Output,”” he would have some astronomical
figures to advertise, particularly if his rated distor-
tion were to be 10 per cent.
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Since the power output figures have achieved an
importanee all out of proportion to their actual mean-
ing with respeet to quality of reproduction, we be-
lieve that a brand new term should be employed by
all eompotnent high fidelity manufacturers to rate
their amplifiers, and this rating wonld be in—

HI-FI WATTS

which would, by definition, be the music power out-
put, in accordance with the IIIFM Standard, at one
per cenl distortion. This wonld automatieally differ-
entiate ordinary phono equipment from true high-
fidelity equipment, and ratings given in Hi-Fi Watts
would almost invariably indicate the quality of equip-
ment that was being deseribed in the ads.

Not everyone needs 50-watt amplifiers, but even
when listening at one-tenth or one-quarter watt levels,
the critical listener still wants his distortion held
down to less than one per cent. And that there is
difference praetically anyvone who has listened to pro.
fessional-gnality equipment will agree.

STEREO vs. HIGH FIDELITY

The fact that stereo has burst onto the advertising
pages of the daily papers has made stereo the one
thing that attracts people, and we believe that the
component industry has been a little lax in allowing
the importance of stereo to overshadow the real end
object of high quality sound reproduction—hich fi-
delity. Anything can be stereo, as we all know from
the ads, but only high quality equipment will sound
good. It is as thongh the automobile industry decided
to push the station wagon as the greatest thing in the
world. Anybody can make a station wagon, but only
Rolls Royece can build a Rolls Royee.

SPEAKING OF ROLLS ROYCE—

In case you didn’t win the one Shure Brothers
offered in their recent contest, you may at least be
interested in who did. Kenneth E. Shutts, of Chagrin
Falls, Ohio, was the lucky man. But anyway, try
again next time.

AES CITATION

While we realize that it is not considered in the best
of taste to blow one’s own horn, we also realize that
Auplo readers are not likely to see any mention of it
elsewhere. On the oceasion of its HEleventh Annual
Banquet, October 8, the Audio Engincering Society
honored us with a Citation

‘o recognition of the contributions of
Avunio magazine to the education of the
audio fraternity under owr editorship.”’
We are indeed pleased, and we trust we may continue
to enjoy the esteem of the Society.
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Shown is PICKERING's Collectors’ Ensemble, Model! 380E with 3 styli for stereo-microgroove-78's

The extra measure of quality in every
V PICKERING product adds extra value...
‘ extra convenience...to any high fidelity system!
\ The beautifully simple sculptured lines...the low,
sleek profile...the new look in quality stereophonic
pickups—this is the shape of good things to come—this is
the PICKERING Collectors’ Series.

Without question, the 380 is the finest—

with more features and more flexibility than any other
stereo pickup in the world. For example— the 380 is fully
encapsulated in precious mu-metal

for absolutely hum-free performance.

Visit your dealer for a demonstration today, you will
tove the live, eager response to every nuance in
the record groove...you will find yourself
listening to a bright, delightful quality...second
only to the original live performance.
The only true way to judge a high fidelity component
Only the Stanton Stereo FLUXVALVE features the safe, is to compare it with another... measure

comfortable, easily replaceable stylus assembly. its performance with the most vital instrument of
all...the ear. Those who can hear the difference. ..
choose PICKERING*

COLLECTORS' SERIES

Totally new and unique to high fidelity is the ““Collectors’ Ensembie”...a
complete quality “'pickup-package’’ for reproduction of all records—stereo
—microgroove—78’s.

Model 380E—Collectors’ Ensemble, includes the Stanton Stereo FLUXVALVE
with 3 “V-GUARD" styli for stereo, microgroove and 78 rpm records $60.00

Model 380A—Includes Stanton Stereo FLUXVALVE with D3807A “V-GUARD""

stylus for transcription arms . ... ........ ... .. $34.50

Model 380C—Inciudes Stanton Stereo FLUXVALVE with D3807C “V-GUARD"

RPICKERING — for more than a decade — stylus for auto-changer arms .. .................... ... $29.85
the world's most experienced manufacturer

of high fidellty pickups ... supplier to the
recording industry. It may interest you to know that in one short year, PICKERING'S Pro-
Standard Series has become an industry standard...the universal choice
of professionals. Now, the new and revolutionary PAC* technigue developed
by PICKERING has effected economies in manufacture which permit a

reduction in the price of the Pro-Standard Series.
FOR THOSE WHO CAN HEAR THE DIFFERENCE Model 371 A Mk Il 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 (o, .5. .50, e e 03 dmaaa b s eams ... ... %49.50
*PICKERING AUTOMATED CRAFTSMANSHIP

PICKERING & CO., INC., PLAINVIEW, NEW YORK FLUXVALVE, 'V-GUARD:- *‘T-GUARD.' UNIPOISE,PAC O
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At Bell Laboratoriés, Holmde!, N. J., a horn reflector antenna is beamed skyward by scientists Edward Ohm, David Hogg and Robert DeGrasse. The maser ampiifier,
which employs a ruby cooled in liquid helium, is inside building at right. Over-all “noise” temperature of antenna, amplifier and sky is only 18°K at 5600 megacycles.

ANOTHER STEP TOWARD

The above antenna is part of a new ultra-sensitive radio
receiving system under development at Bell Telephone Lab-
oratories. It has extraordinary directivity. Beamed skyward,
it ignores radio “noisc” from the ecarth, yet picks up ex-
tremely weak signals from outer space.

The signals are amplified by the latest Bell Laboratories
“maser” amplifier. The maser principle was first demon-
strated, using gas, by Prof. C. H. Townes and his collubo-
rators at Columbia University. Bell Laboratories scientists
applied it to the solid state guided by a theoretical proposal
of Prof. N. Bloembergen of Harvard University. Their latest
traveling wave maser amplifier employs a ruby mounted in
a waveguide. The ruby is excited to store energy. As signals
pass through, they absorb this encrgy and are thus amplified.

BELL TELEPHONE LABORATORIES

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT

SPACE COMMUNICATIONS

The device uniquely combines the characteristics necded for
practical space communication: extremely low inherent noise
and the ability to amplify a broad frequency band.

At present the receiving system is being used to pick up
and measure minute radio noise gencrated by the atmos-
phere. It also foreshadows important advances in long
distance communications. For example, it could extend the
range of space-probe telemetering systems, could help make
possible the transatlantic transmission of telephone and TV
signals by bouncing them off balloon satellites—and has nu-
merous applications in radio astronomy and radar.

This pioncer development in radio reception is one more
example of the role Bell Laboratories plays in the pursuit
of better communications technology.
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Universal Stereo Control Center

FRANCIS A. GICCA®

Not for the absolute novice, but the more experienced constructor will find this preamplifier-con-
trol unit gives practically everything necessary in the way of flexibility to the modern stereo system.

HERE WAS A TIME when the audiofan

could feel fairly secure that his audio

system would not become obsolete.
The last two years have created quite a
bit of doubt. Dise stereo has so revolu-
tionized high-fidelity and there can he
no doubt that stereo will dominate the
industry from now on. Everyone wants
to participate in this revolution and
so many have quickly added another
speaker and power amplifier to allow
them to play stereo discs. Frankly, the
sudden rapid growth of inexpensive
stereo has caught nearly everyone un-
awares and so the early problems of
high-fidelity are re-oceuring. To the dis-
may of long-suffering wives, once eahi-
netted audio systems are now over-run-
ning the living rooin with additional
amplifiers, loudspeakers, and “tempo-
rary” eabling.

Perhaps the most urgent need is for
a stereo control eenter from whieh all
stereo and monophonie sources can be
controlled conveniently. This would al-
low all temporary wiring and switehing
to be renioved and amplifiers to be
hidden. Over a year ago the author
realized the need for such a control cen-
ter and began its design, testing and
constrnetion. The resulting eontrol cen-
ter meets all the original design objec-
tives and provides performance which
exceeds many monophonie control cen-
ters.

Design Consideration

When design was first started it was
decided that there should he no skimp-
ing in this eontrol center. No short-cuts
would be taken to either simplify the
cireuit or reduee its cost at the sacrifice
of quality. It was also decided that the
unit should be as flexible as possible in
order to prevent obsolescence.

The most eritical and important see-
tion of any control center is the pre-
amplifier, particularly since records and
tape predominate as stereo sources. An
ideal phono preamplifier must provide:
(1), extremely aceurate playback equal-
ization throughout the audio spectrum;
(2), high signal-to-noise ratio; (3), low
hum level; (4), low harmonic and inter-
modulation distortion; and (5), high
gain. In order to preserve low distor-
tion, it is important that the first stage
be devoted to wide-band, low-noise volt-

* 46 Notre Dame Rd., Bedford, Mass.
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RIGHT FUNCTION
TONE CONTROLS SWITCH
o BASS  TREBLESSSS o,

b ¥ - :
-

BALANCE(
R3s ~,
R7s

A : .
o 'LEVEL-SET POTS e

i v

SELECTOR
SWITCH

CEFT :
SWITCH ONE CONTROLSSE

M (REBLE SS &

LEVEL-SET POTS - "

Inside view of the preamplifier. The two halves of the circuit are essentially identical
_one is mounted with the tubes upward, the other with the tubes downward.

age amplilieation without any attempt
at. playbaek equalization. Similar re-
guirements obtain for the tape-head
preamplifier.

Because of its extremely low noise
capabilities, the ‘“caseode” eirenit so
often used in TV tuners was chosen for
the first stage (V, and V, i Fig. 1).
The ecascode ecireuit uses two triodes
connected grounded-eathode, grounded-
grid whieh gives the high gain of a
pentode with the low noise of a triode.
This high gain is very useful sinee it
supplies the capability to handle all
magnetie cartridges and allows the use
of feedback to reduce distortion. In
order to further enhance the low-noise
capabilities of the cascode circuit, the
12AY7 double-triode was chosen for this
stage.

Unfortunately, the caseode amplifier
has one main disadvantage. Since the
cathode of the grounded-grid stage is
“floating” above ground {(pin 3 of V,
and V.), any stray voltage induced on
this eathode will appear at the output.
Therefore, the heater supply can easily
produee hum due to heater-eathode leak-
age. This disadvantage can be overcome
by using a d.e. heater supply, at least

for the easeode stage, and making cer-
tain that the d.e. supply is adequately
bypassed to ground.

The final easeode preamplitier has a
signal-to-noise ratio of over 80 db and
a signal-to-hum ratio of ahout 65 db.
Tahle 1 lists a figure of 63 db, which
is predominantly hum. Aectually, this
represents the worst condition measured
and an aetual figure of over 70 db ean
he obtained by careful lead dressing. In
any event, this spurious noise level can-
not be heard with even the lowest level
mputs.

Following the ecaseode input stage is
a conventional triode voltage amplifier
with feedbaek equalization. Unlike many
equalization eircuits, however, at least
10 db of negative feedback is main-
tained throughout the frequency range
(feedhack resistors R,, and R;, in Fig.
1). This is extremely desirable in order
to lower distortion at very low fre-
quencies where there is no equalization
feedback to help. Feedbuck equaliza-
tion requires reserve gain in the pre-
amplifier since feedback will remove at
least 50 db of gain if equalization is to
be maintained over the total audio band.
Sinee there is gain to spare in the eas-
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Fig. 1. The complete schematic of the stereo control unit.
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TABLE |
PERFORMANCE CHARACTERISTICS

INPUT SIGNALS FOR 1-VOLT OUTPUT—
High-level channels
Phono channel

20 mv
0.66 mv

FREQUENCY RESPONSE (tone controls set for flat response) —

High-level input:
Phono input:
TONE CONTROLS—
Bass, at 50 cps
Treble, at 15,000 cps
HUM AND NOISE—

10-20,000 cps + 0.5 db
RIAA + 0.5 db from 10-20,000 cps

12 db boost, 16 db cut
13 db boost, 26 db cut

High level inputs: 70 db below 1.0 volts output with gain control set for

100-mv input

Phono input: 63 db below 1.0 volts output with gain control set for 5-mv input

HARMONIC DISTORTION—

Measured at 2.5 volts rms output, and corrected for source distortion

20
High-level inputs: 0.32
Phono input: 0.83

INTERMODULATION DISTORTION—

1000 15,000 cps
0.17 0.23 per cent
0.24 0.44 per cent

Measured with 60 and 7000 cps, 4:1 ratio. Tone controls flat, gain control maximum, output
level control adjusted for required output. Phono input corrected for RIAA characteristic

Output level: 0.5
High-level inputs:
Phono input :

CHANNEL SEPARATION—
High-level inputs:
Phono inputs:

BALANCE CONTROL RANGE—
+ 10 db on each channel; + 20 db total

1.0 1.5 2.0 2.5 volts rms
0.18 0.28 0.35 0.58 0.67 per cent
0.48 050 0.52 055 062 per cent
60 db
50 db

code phono preamplifier, it is possible
for equalization to follow the RIAA
playback curve within + 34 db over the
entive range of 10 to 20,000 eps. Be-
cause of the universal acceptance of the
RTIAA characteristie, it is felt unneees-
sary to ineorporate equalization other
than RIAA, partieularly sinee older
nmonophonic eurves ¢an  be approxi-
mated with tone eontrols. The design
ohjectives for the preamplifier section
have heen met. Equalization is aceurate
to within + %5 db, hum and noise are
exceptionally low, and distortion is less
than 1 per eent (refer to Table I).

Ceramic and crystal stereo cartridges
need no preamplification or equaliza-
tion since their output is relatively high
and the cut of the piezoeleetric element
causes its response to approximate the
RIAA characteristic when loaded as
recommended by the manufacturer.

In these days of universal 45/45 stereo
releases, it i1s huportant that any eon-
trol eenter have the capability of play-
ing conventional menophonie recordings
without any loss in quality. This re-
quires that the vertical eomponent of
conventional lateral monophonie LP’s be
removed from the output of the con-
trol unit. Recent monophonie reeordings
have carefully controlied vertieal out-
puts which are low in distortion. How-
ever, in older monophonic LP’s, vertieal
modulations eonsist primarily of highly
distorted signals and groove noise. Un-
less the output of the stereo eartridge is
converted to vertieal-lateral coordinates
and the vertical eommponent removed
when monophonie LP's ave played, the
distortion apparent on older LP’s is ob-
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jeetionable. Tests were made with mouo-
phonie frequeney-test records in ovder
to determine how much distortion was
present as vertieal modulation. Distor-
tion as high as 60 per eent was meas-
ured. Obvionsly, it is important to re-
move this distortion component if we
expeet older reeordings to sound as well
as they onee did.

Luekily, the eonversion of 45/45 out-
put into vertical-lateral coordinates is
relatively simple. If the 45/45 left-
right modulatious are in-plase, that is;
one groove wall moves inward while the
other moves outward, and vice versa,!
the stylus will only move laterally.
Therelore, if the 45/45 left-right ont-
puts are added, the result 1s the lateral
component of the 45/45 groove modula-
tion. Conversely, it the 45/45 left-right
modulations are owut-of-phase, that is,
the groove walls move inwards and out-
wards together, the stylus will move
only up-and-down, or vertically. There-
fore, if the vight 45/45 output is sub-
tracted from the left output, the result
i3 the vertical component of the 45/45
groove modulation. These relations ean
he readily eheeked by drawing a sketeh
of groove wall motions.

A phase-inverter in the right channel,
Vsp, produces two outputs, + R and —R.
+ IR on the eathode of the phase-inverter
and — R on the plate. Correspondingly,
+L output is present on the eathode of
an 1dentieal phase-inverter, V,g, in the
left channel. Resistive mixers combine

1 By industry agreement. in-phiuse signals
in the two chaunels resuit in purely lateral
movement of the stylus.

these signals and produce L+ R and
L-R, or lateral and vertical outputs
accordingly. The lateral component is
then fed to the left channel and the
vertieal ecomponent 1s fed to the right
channel. For monophonic dise playbuck,
hoth speakers are connected to the left
channel thereby playing only the lateral
conponent of monophonie LIs.

The sclector switeh, S, is arranged so
that the vertical or lateral outputs ean
only be selected in the “Phono” position
thereby avoiding inadvertent ecombina-
tion of left-right signals from other
stereo sourecs, such #s tape or tuner.

Tone Controls

Following the vertieal-lateral mixing
civeuit is a fairly eonventional tone-con-
trol ecirenit. Tt is important that each
channel have individaal bass and treble
controls so that tone eorreetions may be
nade separately in each channel sinee
there is no guarantee that both ehannels
will requure equal adjustment. However,
tone eontrol must he used with reserva-
tion so as not to destroy the delicate
sterecophonie phase relationships. With
most tone-econtrol ecireuits, the flat re-
sponse region is diffieult to locate and
small control rotations produece large
tonal variations, The tone-control eir-
cuit decided upon uses a shunted linear
control which produces a hroad middl
control region where eontrol rotation
only shightly atfects frequency response.
This allows the flat response region to
he readily loeated.

A ganged volume control and separate
halunee contvol for both channels is es-
sential. Nothing is more annoying than
a eonstant juggling of separate ehannel-
gain controls to adjust volume and
stereo halanee.

Two eathode-followers form the out-
put stages of the control eenter. The out-
put impedance of these eathode-follow-
ers is about 500 ohms, so as much as a
100 ft of shielded cuble may be used
between the control center and stereo
power amplificr without loss of high-
trequency response.

Evaluation Tests

Several stereophonie eontrol centers
have been built by audiofans at the
Raytheon Manufaeturing Company dur-
ing the past few months allowing exten-
sive evaluation tests on several models.
Table I gives the performance figuves
of the control center as verified on sev-
eral units.

It might pay to eompare these speci-
fieations with the speeifications of com-
mereially available sterecphonice control
centers. Certainly, few eommereial units
will produce one volt rms output with
only 0.66 millivolts phonograph input
while maintaining a signal-to-noise ratio
of 63 dh. This specification alone char-

(Continved on page 89)
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Calculation Chart for
Vented Cabinets

VICTOR BROCINER"

Calculations for port area or duct length are not difficult, but to fit a specific case it is much

easier to refer to a chart so as to accommodate a number of

ITH THE INCREASING POPULARITY

of high-mass, high-compliance

speakers, and their use in small
enclosures, the vented cabinet! has been
enjoying a new wave of popularity. The
vented cabhinet is a Helmholtz resonator.
Conventionally, its resonanee 1s made
equal to the freec-air resonance of the
speaker being used. \With high-compli-
ance speakers having free-air resonances
as low as 15-20 eps, it is considered de-
sirable by some designers to tune the
cabinet to about 30 eps, there bheing
virtually no program material below this
frequency.

For resonance, the reactance of the
mnertance of the air in the vent must
equal the reactance of the compliance of
the box.

* Staff Consultant, University Loudspeak-
ers, Inc., 80 So. Kensico Ave., White Plains,
N. Y.

1T, S,
Thuras.

Patent No. A. L.

(Z

1,869,178

Fig. 1. University C-12HC woofer, typical
of the high-compliance speakers com-
monly used in small enclosures.
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]7
Compliance C =

(1)
Pc
where p=density of air, grams per
cubie centimeter
¢ =velocity of sound, centime-
ters per second

1!
p—

S

Inertance M (2)
where 1+ = effective length of the air
mass in the port, in centimeters
S =avea of the port, in square
centimeters
At resonance:

v M= 3
W] .0 (3)
Therefore
1
©, = = ( 4
e Sy D
or
C N
= 5
T x\ UV (%)
The eiftfective length of the port
V=1+Al (6)
where [=the physieal length of the
port

Al=the end correetion.
The end correction 1s somewhat approxi-
mate. A good intermediate value is given
in eonvenient form hy

Al=0.8/5 (7)
Inserting this into (3) we have
fo : (8)

2\ V (1+08VS

Transforming this formula to permit
dimensions to be cxpressed in inches:

S —
NV (1+08VS

Usually, we know 1V, and assign a
value to f,. We then want to know S.
For a simple port, [ is the thickness of
the cabinet wall. Since S oceurs twice in
the expression for f,, the expression is
diffieult to solve. A graphical solution
would facilitate design.

The aceompanying chart covers a wide

fo=2145

variables with one solution.

range of designs. It involves no approxi-
mations? and includes data for the
design of duets as well as ports.

The use of the chart comnprises the
steps outlined below.

If small vent openings are indicated
by the chart, the use of a duet should be
considered. Small orifices involve some
undesirable effects. The high air veloe-
ity produced by them results in audible
“rushing” noise; non-linearity can also
oceur, causing distortion. If the use of a
simple port requires an area around 5
sq. in. or less, a duct can be used to
provide a greater area. Examination of
the chart will indicate that tuning a
small enclosure (less than 3 cu. ft.) to
45 cps or less, requires the use of a duet.

It might be well to add a word of

caution. The chart tells how to tune a
vented cabinet to a selected frequency
of resonance. It does not provide eom-
plete design data for design of a system
comprising speaker and cabinet. Selec-
tion of optimum cabinet size for a given
speaker, correct damping, shape of cabi-
net, its material and construction, shape
and location of the port or duet, are
matters that require careful considera-
tion for good performance.
Ezample: A University C12HC high-
compliance woofer, Fig. 1, is to be
mounted in a 1.8 cu. ft. cabinet made
of 34" thick wood. Resonance is to he at
30 eps. Find the port size.

Starting at 1.8 cu. ft. on the top,
center, CU. FT. scale, move to the right
to intersect the inclined line at B, then
down to the inclined line marked 30 eps
RES. FREQ., at C. Then projeet hori-
zontally to the left until you reach the
inelined DUCT LENGTH line marked
34”. The intersection is slightly off the
chart, at D, indicating a port area less
than 1 sq. in. This is below the desivable

2In some charts sreviously published,
a simplifying assumption is made that !

is negligible compared to 0.8\/§. Then

¢ /8 )
o= En\l <7 For wood thicknesses of 1%
to 34 in.,, the error introduced is not

negligible.
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frequency.

(3) From this point, move

and proceed as in (1) above.

USING VENTED CABINET CHART
For a given volume? of cabinet (in cubic inches)
(1) Find intersection with inclined line f(lower right) for desired resonant

(2) Carry point of intersection to the left to meet the inclined line for the
duct length selected,® in inches.

(a) down to find area, in square inches
or (b) up and to left for diameter of circular aperture or duct, in inches.

|f the cabinet volume is given in cubic feet, start with this figure on the appropriate
vertical scale at the top of the chart; move to the right to intersect the inclined
line and so obtain the equivalent number of cubic inches. Now move downward

lower limit given in the text, so the use
of a duet is indieated. A 3’ mailing tube
is easily obtainable and convenient to
use.

At the upper left, find 3” on the

DIAMETER scale. E, move to the right
to intersect the inclined line at F, then
downward to cross the previous hori-
zontal line from C, at G. This is near on
the inclined DUCT LENGTH line for

10”. The eorrect length of 3” diameter
duet is 915",

3 Strietly speaking, the cabinet volume
should have deducted from it the volume
occupied by the speaker itself. The table
below gives approximate figures for speak-
ers of various nominal diameters.

Diameter, in. Volume, cu. in.

6 13
8 41
10 100
12 227
15 507
18 1050

4 This duet length includes the thickness
of the cabinet wall. If a port is used
instead of a duet, it ¢s the thickness of the
wall. It may be more convenient to select
the duet area first, instead of the length.
In this case, the length will be given by
intersection of the vertical “area” line with
the liorizontal line of step (2) above. Z&E

DIAMETER—INCHES

DUCT LENGTH—INCHES

YOLUME—CUBIC INCHES
4 5 6 8

10,000 2 3 4 56 8

1000 2 3

10 T

]

2 |

56 !

aiy |
v

Y A

5j 4 l
(o)

CUBIC FEET

RESONANT FREQUENCY—CPS

VENTED CABINET DESIGN
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VENTED CABINET CHART
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Puzzled About Amplifiers?

NORMAN H. CROWHURST

Is a triode amplifier better than a pentode amplifier, or vice versa? The author
shows you that either type of tube can be incorporated into an excellent amplifier
if the design is correct—and then he tells you about some of the design problems.

F YOU rOLLOW the reports of certain

consumer testing organizations, you

may be puzzled why it is a eertain
manufacturer’s product ean be rated as
“best buy” one year, while the following
year the same produet is rejeeted as “un-
aceeptable, not worthy of further test.”
The answer to that question does not ap-
pear to be a technieal one so we won’t
attempt it here. However, there are dif-
ferences in amplifier performance which
make a very similar question—that s
teehnical-—quite pertinent. What really
is the best type of amplifier cireuit?

This question repeatedly oceurs in
various guises, so it is not untimely to
review it. One still hears from people
who have triode amplitiers and who tell
us that their neighbors and friends
testify the “good old amplifier” still
gives performance ecomparable with the
hest modern one.

Others who hear reports like this want
to know just what the score is. If the
“good old triode” was the best kind of
output stage for an amplifier, why is it
that manufacturers universally adopted
pentodes or tetrodes in varions types of
output ecireuits?

When we examine the diiference be-
tween the two types of tube we find that
the pentode is more efficient and conse-
quently, for a specifie amount of dissi-
pation, or dollars’ worth of tubes, it is
possible to deliver a larger output
power. Also, having a higher guin than
the older triode tubes, it is easier to ap-
ply a greater amount of feedbaek and
thereby reduce distortion to a lower
figure. Consequently a modern amplifier,
using the same dollars’ worth of com-
ponents, ean guote a higher power out-
put with lower distortion than the “cood
old triode” amplitier.

One would imagine that sueh statisties,
which are measurable objectively, should
be more reliable than the opinion of a
number of people who listen to modern
amplifiers  against  the older triode
counterpart and who still aver that the
triode sounds as though it does a better
joh. Iowever, a serious investigation of
the technieal performance of amplifiers,

* 21615 40th Awve., Bayside 61, N. Y.
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beyond just the simple speeifications
usually quoted, turns up a number of
reasons for this difference.

In the first place, the transfer charae-
teristic of pentodes contains much
higher order harmonies than the triode
type ehavaeteristie whieh, single-ended,
produees predominantly seeond har-
tonie and. in push-pull, produces a rela-
tively small ainount of third and not
much above this. A pentode-type output,
in contrast, produees third and fifth har-
monics and sometimes even seventh in
quite sizable proportion. True the feed-
haek reduces these dramatieally, but the
amount of feedback necessary to do a
real cleaning up job on the harmonie
and intermodulation distortion ean also
produce other troubles. These occur
under a variety of circumstances.

Blocking

One of them is what happens at over-
load. Measurements merely tell how pure
an amplifier is up to a certain point.
They do not say what happens when a
sharp peuk momentarily drives the am-
plifier beyond this point, as can often

happen with program naterial. The
average “good old triode” amplifier

merely lopped off the high peak and
carried on working. More reecent work
with transistor eireuits, which achieve
the same results by somewhat different
methods. has shown that such peak elip-
ping can become quite drastic before it
is appreciably aundible.

But many amplifiers employing a
lurge amount of feedback, partieularly
those using pentode output tubes, do
more than elip off the peak. When such
a high peak cowes through, it throws
the amplitier oul of balance in sueh a
way as to block the signal that immedi-
ately follows it. This produecs a notice-
able interruption or breaking up in the
program. As the amplifier comes baek
into action, after the bloeking, it dis-
torts because the tube that was hlocked
does not suddenly come haek to its cor-
reet opevating condition. Thus the effect
of the sudden peak is to bloek the ampli-
fier and allow it to come bhack with a
sort of strangled effect. This is generally
given the name “break up.”

Let’s take an example. A 25-watt am-
plifier is eapable of handling a peak
power of 50 watts. The average power
in a program signal may not be more
than 2 to 5 watts. But sueh average
program material may well inelude a
peak here or there that runs up to what
should be 60 watts, 10 watts beyond the
maximum handling capacity of vhe am-
plitier. This is whaf causes the trouble.
liaeh sueh peak momentarily overloads
and blocks the amplifier so that, for a
fraction of a seecond thereafter, it will
not even haudle one watt and then it
comes back into action distorting the 2-
to S-watt level that follows the momen-
tary peak.

Obviously sueh an amplifier will not
appear to give as muaeh good, elean out-
put as one that handles say 15 watts and
then elips for a moment. Even though
the corresponding peak may still run up
to what would be 60 watts, this just gets
lost and the following 2- to 5-watt level
is amplitied without further distortion.
Using the latter amplifier, the level
could probably be turned np so it runs
at from 6 to 15 watts instead of 2 to 5
watts, an inerease in level of ahout 5
db, whieh is quite noticeably louder,
and yet will still sound clean as com-
pared with the 25-watt amplifier work-
ing at an average output of 2 to 5
watts. This comparison is illustrated at
Fig. 1.

Are we to conclude then that, in spite
of the better figures a pentode will give,
it does not really produce better results
than the triode? Not at all. A pentode
properly unsed can produece quite good
results and still retain the advantages,
apparent in the figures, of hetter effi-
ciency and improved gain which also
enable the distortion to he satisfactory
reduced.

The twin-coupled amplifiert deseribed
in these pages in November, 1957, is an
exammple of this. A great many readers
have written in saying that they have
compared this amplifier with others,
using mueh larger nominal outputs. and

t Louis Bourget, “Sterco-monaural com-
panion amplifier for the Preamp with Pres-
ence” Aunio, Nov., 1957.
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that the twin-coupled gives superior
performance, both as to apparent undis-
torted output and general cleanness.
And yet the twin-coupled ecircuit uses
the output tubes strictly as pentodes
with a variety of unity coupling. This
well illustrates that pentodes can be op-
erated in such a way as to achieve the
benefits of their improved efficiency and
give performance that is quite accept-
able to critical listeners.

The Best Circuit

What then is the best of the modern
output eireuits? This is a question quite
often asked and one to which there is no
direet reply. It depends on how well
each type of output cireuit is designed
or used.

For quite a while, there seemed {o he
a belief among amplifier designers that
optimum performance is achieved if all
the stages reach overload point at about
the same level of amplifiecation. Another

school of thought reecommends that the
carliest stages have quite a nice margin
(which is ecasier to do), while the drive
and output stages should run into over-
load pretty well at the same point. Often
it has been recommended that the out-
put stage should overload before all
eavlicr stages, heeause this means that
only one stage is responsible for pro-
dueing distortion instead of many stages
running into distortion conditions at the
same time.

Eaech of these recommendations may
have its point, eonsidering the amplifier
without feedback. But when feedback is
applied, as it is on all modern amplifiers,
the situation is econsiderably altered.

Feedback theory is usually confined
to the condition where the amplifier is
assumed to have all its gain. Unfortu-
nately, as soon as clipping oceurs the
amplifier does not have all its gain. This
does not necessarily introduce any in-
stahility, but it can result in the sudden

appearance of signals having excessive
amplitude.

For example, suppose, at maximum
output, the input is really 1 volt but is
held down at the grid of the first stage
to an effective 0.1 volt because there is
0.9 volts of feedback. Then the onset of
clipping results in a signal that suddenly
looks like the 1 volt it really is hecause
the 0.9 volts signal gets chopped off
short. This results in a high peak being
amplified by the early stages of the am-
plifier until some stage fails to handle
it. An inerease of actual input from 1
volt to 1.1 volts in a waveform at the
first grid that suddenly shoots up from
0.1 volt to 0.2 volts, and proportionately
through suceessive stages. (Fig. 2)

What happens due to this sudden peak
then depends on further details in the
amplifier design. If this sudden peak
produces overload at a point where there
is direet. coupling, say between an ampli-
fier and phase-splitter stage, the ampli-
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Fig. 1. Comparison of the same transient waveform amplified by (left) a 25-watt amplifier with bad overload characteristic,

and (right) a 15-watt amplifier with good overload characteristic. In each case, the solid line represents the actual waveform,

while the dashed line shows the correct waveform where the amplifier departs from it. The 15-watt amplifier is handling the
same waveform at three times the power level.
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Fig. 2. What happens in any feedback am
the waveforms associated with the input
maximum undistorted signal level. Solid |

fier will not be disturbed by it. As soon
as the peak disappears the amplifier re-
verts to its normal operating condition
and carries on amplifying normally.

But if this peak reaches its limit of
amplification at a stage that is resist-
ance/capacitance coupled, a grid may
be driven a long way positive, causing
a negative charge to appear on the grid
side of the coupling eapacitor after the
peak disappears. This biases that stage
momentarily back heyond ecutoff and
causes blocking. As the stage drifts hack
into its normal operating condition some
distortion is evident before the amplifier
resumes proper operation,

Another place where the trouble ean
oceur, if the amplifier is “held up” right
through to the grids of the output stage,
is that the sudden removel of amplifiea-
tion due to elipping results in an ex-
cessive postive drive at the grids of the

CATHODE OUTPUT
FOLLOWERS STAGE
B+
-~
>
3
2 3
$
REG. O/P <
BIAS —a—4 NEG. —ut—4
CONTROL SUPPLY

Fig. 3. One way to obviate output-stage

blocking is to use direct-coupled cathode

followers between drive and output, as
shown here.
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plifier when clipping occurs. This shows
stage. Dashed line is the waveform at
ine at a level 10 per cent above this.

output stage. These are almost invari-
ably resistance/eapacitance coupled and
cousequently, immediately following the
excessive peak, the output stage is mo-
mentarily over-biased so as to produce
crossover distortion if not complete
bloeking for the momnent.

The Cures

There are two ways of obviating this.
Oue is to use a cathode follower, direct
coupled to the output stage with ap-
propriate negative supply to enable the
cathode follower to have an even more
negative return than the neeessary bias
voltage for the output stage (Fig. 3).

The other is mueh simpler and almost
as effective. It counsists of interposing
what at one time would have heen called
a grid-stopper resistor between each
coupling capacitor and the output tube
grids. It does not serve the one-time
funetion of stopping parasitic oseilla-
tion in the grid eireuit, but does prevent
the large grid-current flow that monien-
tarily oecurs during the high peak eondi-
tion and thus avoids the radical over-
bias eondition after the peak (Fig. 4).

These are some general measures to
obviate the sudden overload troubles
that beset high-feedback pentode-type
amplifiers., But what about some of the
other types of ecirenits, Ultra-Linear,
unity-coupled, Cirelotron, single-ended
push-pull, and so on? “Whieh of these
would you recommend as best?’ is a
not unecommon question. Here again it
is not so much a question of choosing
the best eireuit as seeing that the one
you do choose is correetly used.

In the case of Ultra-Linear the choice
of the tube operation is virtually one be-
tween pentode and triode. The tappings
on the transforner primary “split the
difference”  hetween  eonnecting the
screen to B t or directly to plates. The

first is pentode, the second is triode.
Connecting them to a tapping results in
Ultra-Linear. This achieves practically
the efficiency of a pentode while main-
taining the linearity or low-order dis-
tortion of a triode.

This would seem to be ideal. The diffi-
culty is that, to work perfectly, the
transformer must maintain the correct
tapping, both in voltage and phase, at
all audio frequencies. This is not too
difficult for the low-frequeney end but,
at the high-frequency end, stray leak-
age induetances between ditferent parts
of the winding, along with winding
intercapacitances, can really play havoe
with an Ultra-Linear ecirveuit resulting
in some quite weird waveforms at some
specifiec frequencies.

The solution to this is to have a cor-
rectly designed Ultra-Linear trans-
former that avoids any spurious devia-
tion from correct tapping up to a
frequency beyond the audio range and
also beyond the cutoff of the transformer
as a primary-to-secondary transformer.
This is not impossible, but only rela-
tively few transformers manufactured
under the name of Ultra-Linear achieve
this objective.

The MecIntosh version of the unity-
coupled ecireuit relies on the famous
bifilar-wound output transformer.? The
fact that the high-voltage and ground-
voltage primaries are wound with the
wire actually side-by-side achieves a very
intimate coupling hetween the winding
connected to cathode and that connected
to sereen of the same tubes. To try and
achieve this version of the unity-coupled
circuit without a bifilar-wound trans-
former wounld be asking for trouble.

Of course, it is also necessary to use
the various refinements developed with
that eireuit for avoiding the other kind
of blocking we discussed earlier. In the
case of the MeIntosh eirenit the output
tubes arve driven by cathode-follower
direet-coupled stages.

"2 Norman H. Crowhurst, “Realistic engi-
neering philosophy,” Auplo, Oect., 1959.
(Continued on page 88)

GRID CURRENT
LIMITERS

_"_
b
s
P
b3

BIAS ——a o/p

] L] TRANS.
2 v
3
3
s

———n

Fig. 4. A simpler method of at least re-
ducing the effect is the use of grid-cur-
rent-limiter resistors, shown here in the
output-stage grids. They can also be used
at any stage that causes blocking.
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“The new Citation Kits represent
for me the successful culmination
of years of research and experimen-
tation to achieve the ultimate in high
fidelity design.”

Stewart Hegeman, Director of Engineering,
Citation Kit Division, Harman-Kardon, Inc.

a conservative audio engineer. But
the proof is overwhelning. All that’s
necessary is a look at the technical speci-
fications of the new Citation I Sterco-
phonic Preamplifier Control Center and
Citation IT 120 Watt Stereophonic Power
Amplifier (We'll gladly send them to you.)
Hegeman is recognized as one of the
world’s great audio engineers. His original
designs tor the famous Brociner amplifier
and preamplifier, and the Hegeman-Low-
ther speakers, are still regarded as classics
by audio engineers and audiophiles. In
his capacity as head of the kit engineer-
ing group at Harman-Kardon, he has again
created new classics.

THESE ARE STRONG WORDS from

Easily Assembled—
Professional Performance

THERE ARE MANY exciting new concepts
built into the Citation Kits. The engineer-
ing is so wonderfully precise that the in-
strument constructed by the kit builder
will duplicate the precision of the finest
factory-assembled products. Here are
some of the remarkable new assembly
features that distinguish the Citation Kits:

Military Type Construction : For ease of
assembly and durability, rigid phenolic
boards are used. Special Cable Harness:
Unique harness template enables builder
to make a professional cable harness to
facilitate wiring and insure accuracy. Spe-
cial Aids: Resistors and condensers are
filed individually on special component
cards so that they can be quickly identi-
fied. Wire strippers are supplied free with
each kit to produce clean wire junctions.

The Citation |
Stereophonic Preamplifier
Control Center

Here 1s TaE FinsT brilliant expression of
the advanced design concepts which

Build the Very Dest
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sparked the new Citation Kit Line: the
incomparable Citation I, Stereophonic
Preamplifier Control Center.

Tlhe Citation I consists essentially of a
group of circuit blocks termed active and
passive networks. Active networks incor-
porate the vacuum tubes and furnish am-
plification; passive networks consist of
resistors and condensers and provide pre-
cise equalization. The active networks are
treated as one- or two-stage amplification
units, flat over an extremely wide fre-
quency range, and cach one of these net-
works is surrounded by a feedback loop.
This results in levels of distortion so low as
to prove unmeasurable. The passive net-
works are constructed of precision com-
ponents and are designed for minimum
phase shift.

controls are used on the new Citation

I. They overcome the limitations of
continuously variable potentiometers;
each pasition on a step control can be
engineered to perform a specific function
which is absolutely repeatable when nec-
essary. The flat position of the controls
by-passes all tone control circuitry, there-
by eliminating transient distortion and
phase shift.

Other features include: The new Cita-
tion Blend Control which introduces a
continuously variable amount of cross-
feed between the two channels to elimi-
nate the “hole-in-the-middle” effect of
many stereo records; DC heated preampli-
fier filaments; six silicon diode rectifiers to
provide imexcelled B+ and filament regu-
lation; separate turnover and rolloff con-
trols to provide precise equalization.

The Citation I is available with an op-
tional walnat hardwood enclosure which
sets oft its magnificent sculptured satin-
gold escutcheon. The Citation I...
$139.95, Factory Wired ... $239.95; Wal-
nut Enclosure, WW-1 ... $29.95.

The Citation 1i
120 Watt Stereophonic
Power Amplifier

ERE IS ALL the power required
H from a stereophonic amplifier. Two
60 Watt Channels—with a combined

peak power output of 260 Watts!

The Citation 1I reflects a dramatic new
approach to amplifier design. Audio en-
gineers have discovered that the charac-
teristics of an amplifier in the non-audible
range strongly influence sound quality in
the audible range. This can be determined
in critical listening tests where the pro-

P ROFESSIONAL STEP-TYPE tone

aram material for cach amplifier is labora-
tory controlled.

Because of this vital consideration the
Citation II is engineered to produce fre-
quencies as low as 3 cvcles virtually with-
out phase shift. At the high end—the am-
plifier has a frequency response beyond
100.000 cvceles without any evidence of
ringing ov instability.

Aupio ENGINEERS have also found that
the higher the degree of feedback—and
the consequent lower distortion—the more
apparent the improvement in sound qual-
itv and the greater the reduction in listener
fatigue. In order to increase the degree of
feedback in the Citation 1I, a “multiple
loop” technique is nsed in contrast to con-
ventional “single loop” techniques. This
results in a 20/1 to 30/1 reduction in dis-
tortion compared with the 10/1 to 20/1
reduction in conventional amplifiers.

Other important Citation II featurces in-
clude: video output pentodes in all low
level stages for exceptional wide frequency
response and low distortion; power supply
consisting of four silicon diode rectifiers,
choke and heavy duty electrolytics with
potted power transformer for superb regu-
lation and long life; bias meter to adjust
individually the plate current of each
KTS8S for balance and lowest distortion.

The Citation II is a handsomely styled
brown and gold instrument with an op-
tional Charcoal Brown protective cover.
The Citation II...$159.95; Factory Wired
...$219.95; Charcoal Brown Enclosure,
AC-2...87.95.

All prices slightly higher in the West.
For a complete report on the new kits write to

Harman-Kardon, Inc., Citation Kit Division,
Dept A-11, Westhury, N. Y.

Citation 11

ITATION KITS
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on the

The American

(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.”

'i' 1’] fl(i@] (TITH report)

"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-F

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 cabinet finish ($216 in mahogany or birch).
Literature is available for the asking.

ACOUSTIC RESEARCH, INC. 24 Thorndike St., Cambridge 41, Mass.
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Defense and the Hi-Fi Bachelors

C. H. MALMSTEDT"

Continuing the description of how the BOQ at the U. S. Navy Postgraduate School on the
Monterey Peninsula was the scene of a unique growth of an outstanding hi-fi system,

P TO THIS POINT, the system result-
ing from a joint interest in music
among the young bachelors at the

Navy’s Postgraduate School had just
arvived at a point where a third Ampex
had been added to the installation—the
latest addition being a second 601-2. By
this time, the system consisted of fifteen
major units, connected as shown in the
bloek diagram.

With the two tape recorders connected
in “series” it may seem a disadvantage
in that #2 must also be turned on when
only #1 is being used, but it was decmed

“ Carmel Valley, California.

3

In Two Parts—Part Two

that the advantages more than outweigh

this sceming disadvantage. For one
thing, the arrangement permits the

marking of two tape copies at parties
—and by now this hi-fi room was a fa-
vorite meeting place for all and sundry,
men and women, military and ecivilian—
without the use of extraneous nixing ov
switching facilities. For nnother, record-
ing from a multiple-mike setup was con-
siderably siinplified : with the output of
reecorder #1 fed into the Line input of
recorder #2, a four-mike setup could be
handled without external mixers. An-
other advantage, especially in an out-
side portable installation, wuas that both

— i

recorders could be fed from the pream-
plifiers with the use of only one set of
plugs. Most conveniently of all, one ma-
chine could rewind while the other con-
tinued the playback program after the
mere flipping of a couple of switehes.

Expansion

With the system now in full swing
stereophonically, it was not long hefore
it ranged out heyond the confines of the
BOQ. Although in some respects physi-
cally cumbersome, the system was still
largely portable and experimental. So
were the hi-li ideas of its owners. Why
confine their tape repertoire to AM-I'M

King Hall, interior. Its acoustic treatment mainly of slatted varnished wood, modern sound reproduction capability is combined
with the rustic motif so popular today. (Official photograph, U. S. Navy)
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King Hal! on the grounds of the U. S. Navy Postgraduate School. Low as a ranch house
outside, the auditorium interior is as spacious as the amphitheaters of old—with
ocoustic design as modern as stereo. (Official photogragh, U. S. Navy)

radio reeeption and to reeordings taped
frows avuilable dises? Weren’t there
loeal musteal goings-on that eould, with-
out ecmplications, be tuped for noneom-
merelal homme use? There were, any
number af them. But that wmeant one
additional and expensive item in tripli-
cate—nuerophones: and the present in-
stallation, with its almost 400 dises and
125 reels of recorded tape, was already
werth in the neighhorhood of $6000!
But again the community spirit on
hehalf of more aud hetter musie now,
and later at sea, paid off. On a loan,

30

in came three Alfec M-20 systems uti-
lizing Altee 21-D condenser mikes. They
didn’t have to wait long for an assign-
nent. In Carmel, the St. Paul's kKpis-
copal Chureh was presenting a Christ-
mas program sponsored by the Monte-
rey County Symphony Association. The
perforniers were the Fort Ord Soldiers
Chorns, the Carmel Womens Choir, a
harpist, and the chureh organ. What
could sound hetter in stereo!

Using one Ampex 601-2 and two of
the M-20 mike systems, the entire pro-
gram was taped in two-channel stereo.

3 LS =
g

i

e

Serting it “just se’ on the left—channel preamplifier. (Official photograph, U. S. Navy)

Results were even better than had been
expected. With excellent acousties pre-
vailing, a close-on-mike piek-up of the
choral groups gave the tapes not only
definition but as well a rich and mellow
perspeetive—beauty that has sinee then
cften filled the BOQ room and its en-
virons, snceessfully ecompeting with the
finest conunereial recordings available.

But a real test of this superb hi-fi in-
stallation wus still to come, in both re-
cording and playbaek. Meanwhile, it had
alveady inspired into heing some 14 or
16 other hi-fi installations, dise and tape,
within the naval faeility and ontside it,
among both men and women. Foreign
students returning to their homelands
carried with them not only the results
of their official academie and praetical
training but as well a rich memory-ae-
cumulation of the world’s finest musie,
perhaps all the more preecious because
of the friendly extracurricular manner
in which it had been acquired. Many
carried, in addition, hi-fi equipment
carefully selected after consultation
with Lt. St. Ville and sueh eolleagues
and hi-fi participants as lieutenants
John Coiner and Richard Avrit, eneh of
whon had contributed mueh in time and
equipment to the large installation even
while having smaller ones in their own
rooms; and two of whom had been
prime movers on the Sound Committee
of the highly successful Monterey Jazz
Festival of 1958,

The Proving Ground

The ultimate test of the big installa-
tion came at King Hall, where, upon the
invitation of Rear Admiral E. E. Yeo-
mans, superintendent of the Posteradu-
ate School, an all-Brahms conecert was
given by the Monterey County Sym-
phony Orchestra, Gregory Millar eon-
duetor. Featuring such Brahms numbers
as The Song of Destiny for Chorus and
Orchestra, opus 54; Double Concerto
for Violin, Cello, and Orchestra, opus
102; Rhapsody for Contralto, Bale
Chorus, and Orchestra, opus 53; and
the Academic Festival Overture, opus
80, the challenge to hi-fi reproduection
was a great one. There was also another
challenge: King [all, built in 1955 on
the grounds of the naval faeility, em-
bodied in eombination the best of the
old and the new. Sloping deep into the
ground toward the stage in the manner
of the amphitheaters of old Greece, the
auditorium design and construetion also
incorporated the very latest achieve-
ments in the seience of acousties. The
added echallenge, then, was this: sinece
the concert was not only to be recorded
in its entirety but would as well be
played back as a stereo demonstration
to the audience after the eoncert—would
even this fine hi-fi installation produee

(Continued on page 103)
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J'I'I'li-mIlllI'l'lli'lm{i;isii;f-ﬂﬂm | Pilot 232
'I'lll'ml ihih HHHHH] W 'I['|||'||l'| Basic 40-Watt Stereophonic
ARHLERE BB Amplifier $89.50
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Pilot 580
Stereophonic FM-AM Tunei $179.50

My resirer. v e s

Pilot 240
30-Watt Stereophonic
Preamplifier-Amplifier $129.50

Pilot 59C
Stereophonic FM-AM Tuner-
Dual Preamplifier $239.50

Pilot 216-A
Professional Stereophonic
Preamplifier $199.50

Don’t fall vietim to

Pilot 210

the myth that some of your .

stereo components can

be weak links without
Pilot 680

Deluxe Stereophonic
FM-AM Tuner $219.50

loss in performance.
A boy sent to do a

. . . o )
man’s job is still a T
40-Watt Stereophonic

boy no malter hO\\’ many | Preamplifier-Amplifier $199.50

men surround him.

Pilot stereo components Pilot 690-A

Deluxe Stereophonic FM-AM Tuner-

13 79
are HH men. Dual Preamplifier $289.50

Each is a strong link

in any system. | Piot 660
. . || Basic FM Tuner $149.50
each is as responsive

an instrument
Piiot PSV-1

5-Speaker, 3-Way Booksheif
System $139.50

as you could demand.

The components shown are
available as you see them, or in seven
magnificent stereophonic consoles.
Write for our 40th Anniversary
Brochures, indicating whether you
wish information on Pilot

components, consoles, or hoth.

PiLot Rapro Corroratiox,

37-04 36th St,, Long Island City 1, N, Y.

1 LOT

TFounpep 1919
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Tape Recorder Accessories

HERMAN BURSTEIN*

While you can dig a post hole with a tablespoon, you can do it much easier with the proper tool; simi-
larly, these accessories become the desirable “tools™ to the recordist, making his work much easier.

APE RECORDER ACCESSORIES are €on-

siderable in nuinber. As to their use-

fulness, an anology with automobile
accessories may be in order. Some are
a virtnal necessity (like a heater if you
live in the northern part of the coun-
try). Some are highly desirable (like a
radio or power steering). And some are
a matter of convenience (like the gadget
that squirts water on your windshield) ;
niee to have but not indispensable.

It is impractical to attempt to sort
the various accessories into these three
categories of usefulness. What is merely
a convenience to one tape recordist may
he & necessity to another because of the
manner or extent of use of his tape re-
corder. Therefore it should be clearly
understood that the order in which aec-
cessories are discussed below constitutes
only an extremely loose approximation
to their relative importanee. And this
order of Lmportance is purely the sub-
Jjective view of one person—the writer.

Tape Splicer

One of the aceessories most likely to
fall into the ecategory of necessities is
the tape splicer. Whether or not you
plan to go in for an appreciable amount
of tape editing, which involves the ex-

* 280 7101’» Lane FE., MWantagh, N.Y.

Fig. 1. A low-priced tape splicer—""Jiffy-
Splice,” by Rason Mfg. Co.
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Fig. 2. Robins Industries Corp’s. medium-
priced splicer—Model TS4A-STD.

cision of undesired portions and the
Jjoining of desived portions, you will still
find a tape splicer handy for the acei-
dental break that will inevitably occur.
True, you ean use a scissors for the job,
but it is rather difficult to do a preecise,
neat joh, whieh means bringing the two
sections of tape together in exaect align-
ment so as to avoid a thump when the
spliced portion passes the playhaek
head.

Tape splicers come in a great variety
of types and prices, ranging from as
little as approximately $1.50 to as high
as $50 or more. Figures 1, 2, and 3 show
three models, which ave respectively
low-, medium-, and high-priced units.
The expensive ones are more rugged,
have a greater degree of automaticity,
and operate more quickly. Yet one can
do a perfectly adequate joh of tape
splicing with the least expensive units.

If your only need for a tape splicer
arises from an occasional accidental
hreak, then a low-priced unit may be
your best purchase. But if you plan to
do a fair or substantial amount of edit-
ing, it is wise to investigate the more
sophisticated models as most suited to
your needs. One of the factors to be

taken into eonsideration is the faet thit
scine splicers are sufficiently eompact so
that with the aid of an adhesive they
can he mounted directly on the tape
machine, where they are always conven-
iently at hand.

It is vital that one use a splicing tape
specifically made for this purpose rather
than eonventional ceellophane tape. If
the latter is used, the adhesive is apt to
ooze out under the pressure exerted by
the eapstan and pressure roller, and will
be deposited upon these and other parts,
causing wow and flutter and otherwise
impairing operation of the machine.

As a further precaution against foul-
ing of the mechanism by the splicing
material, it is desirable to cut the tape
so that it narrows slightly in the avea
where the splice occurs. A number of
splicers make such a cut, as do those in
Figs. 2 and 3, which produce what their
manufacturer ealls a “Gihson Girl” eut.

In the event you rely upon a scissors
rather than a tape splicer, be sure to
make the cut at an angle of about 30 to
45 deg. rather than 90 deg. A eut of
right angles to the length of the tape
will result in a thump as the tape passes
the playback head.

3. A high-priced
Model TS-250-1000.

Fig. splicer,—Robins’
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AMPEX 960

STEREOPHONIC e RECORDER/ REPRODUCER

Plays Both 2= &
4=Track Tape

RECORDS STEREO
OR MONOPHONIC

ABOVE--960 PORTABLE STEREO
RECORDER/REPRODUCER

Stereo
Portable
PLUS!

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.

BELOW--MODEL 2560 PCRTABLE
STEREO SYSTEM CONSISTING OF
960 AND PAIR OF 2010
AMPLIFIER-SPEAKERS

-

jAXMpEX STEREO SIGNATURE OF PERFECTION IN SOUND



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 fo 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
Stereo Tapes

(b) 2-Track
Stereo Tapes

(¢) Monaural Tapes,
half-track

1200 foot reel 3% ips - 2 hrs. 8 min.

7Y2 ips - 1 hr 4 min. 7Y5 ips - 32 minutes

3% ips - 1 hr. 4 min.

3% ips - 2 hrs. 8 min.
7V2 ips - 1 hr 4 min.

1800 foot reel 3% ips - 3 hrs. 12 min. 3% ips - 1 hr. 36 mi

7Y ips - 1 hr 36 min. 7Y2 ips - 48 minutes

n.

3% ips - 3 hrs. 12 min.
7Y ips - 1 hr 36 min.

2400 foot reel

RECORD INPUTS: High impedance line inputs (radio/TV/phono auxiliary) 0.3V

high impedance microphone inputs

334 ips - 4 hrs. 16 min. 334 ips - 2 hrs. 8 min.
7V2 ips - 2 hrs. 8 min. 72 ips - 1 hr. 4 min.

3% ips - 4 hrs. 16 min.
7V2 ips -2 hrs. 8 min.

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 7V/2 ips; 30-15,000 cps af 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 less than 10 millionths of an inch — a degree of precision achieved
through use of a unigue process involving micro-accurate optical measurements within a controlled
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
perform 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,

MODEL 2010

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

MATCHING AMPLIFIER-SPEAKER

The Ampex Model 2010's ten-watt (20 watts peak) ampli-
fier section provides operating characteristics (unequalized)
flat within *=0.1 db, with total harmonic distortion less
than 0.5 of 1%, throughout the maximum range of human
hearing ability, at rated output. Noise and hum are 80 db
below rated output, and input sensitivity is 0.18V to
develop rated power. i
The specially designed 8" speaker provides smooth, peak-
free response throughout o 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.

[

g

MODEL 960 DIMENSIONS: Portable cases 9 -x 15 x 17%". Unmounted recorder
13" x 15" x'6%" depth below top plate, 1%” above. Recorder weight 36 lIbs.,

speaker amplifier 31 lbs.

AMPEX AUDIO, INC. ¢« SUNNYVALE,

CALIFORNIA
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Fig. 4. Recording head demagnetizer—
Audio Devices, Inc., Type 400.

Head Demagnetizer

The record and playback heads tend
to become magnetized gradually as the
result of the asymmetrieal wave-forms
contained in speech and musie; this
asymmetry is in effeet a d.e. component
producing magnetization. The heads
may also become magnetized due to
surges of current as the machine 1s
turned on or off. A magnetized head is
a source of noise; magnetized record
and playback heads inseribe noise on
the tape, while a magnetized playback
head also produces noise directly. More-
over, such heads may erase the higher
frequencies.

Therefore the individual wishing to
preserve his valued tapes in the best
possible condition should demagnetize
the heads on his machine at frequent,
regular intervals. About every & to 10
hours of use is a suitable period.

Figures 4 and 5 show several makes
of head demagnetizers. They operate
from house current and apply an alter-
nating magnetic field of decreasing in-
tensity to the head, accomplished by
bringing the pole pieces of the demag-
retizer in contact with the head and then
slowly removing them. The unit in Fig.
5 comes with three sets of removable
pole pieces, each shaped differently to
permit aceess to heads in various types
of housing.

If you are slightly handy and happen
to have an old, inexpensive, two-pole
motor, such as is commonly found in a
cheap phonograph of the $20 variety,
you can econstruet your own head de-
magnetizer, as shown in Fig. 6. First,
remove the armature, so that only the
field of the motor is left. Next, remove
portions A and B, which are respec-
tively a metal bar serving as a magnetie
link for the motor and a heavy copper
wire used as a short-circuiting ring.
Attach a strip of iron—a silicon steel
strip from the core of a junked trans-
former is fine—as shown, and you will
find there is sufficient magnetic field at
the end of this bar to demagnetize the
heads. The bhar i1s attached by one of the
serews holding the field laminations to-
gether.
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Cleaner for the Heads and Other Parts

As important as the demagnetizer is
head cleaner, frequently suitable for
cleaning other parts as well. Due to
frietion, a layer of tape oxide builds up
on the heads, capstan, pressure roller,
and guides. These and other components
may also become contaminated with oil.
As a general rule, a cotton swab dipped
in aleohol will serve effectively as a head
cleaner. Whether it serves effectively for
other parts depends upon the natuve of
the contamination.

One can purchase fluids speecifically
intended for removal of tape oxide from
heads and other parts, such as HC-2,

Fig. 5. Head demagnetizer with inter-
changeable pole pieces—Lafayette Ra-
dio’s Model PK-238.

made by Robins Industries. Or one can
obtain an all-purpose cleaner, such as
Long Life, made by KElectrical Chem-
leal Speecialty Company. The latter con-
sists of four different kinds of solvents,
one for oxide, the second for grease, the
third a general ecleaner, and the fourth
a diluting ageney to limit the poteney
of the aective solvents.

The acecumulation of tape oxide on the

Fig. 7. Walsco “Kleen-Tape,” designed
for cleaning heads.

heads prevents intimate contact hetween
them and the tape, resulting in high-fre-
quency losses. Extremely minute acecu-
mulations can produce signilicant losses.
Accumulation of oil and other materials
on the guides, capstan, pressure roller,
and soon tends to produce speed irregu-
larities, manifest as wow and flutter.
Also, they ean cause deviation from cor-
reet speed.

Another form of head cleaner is that
shown in Fig. 7, namely a tape which
bears not the usual magnetic coating,
but instead a special material that cleans
and polishes the tape. This comes in a
100-foot length on a conventional reel
and is operated past the heads in the
same manner as a regular tape.

Tape Conditioner

Some tapes, particularly after long
use, develop increasing friection as they
pass the heads, resulting in audible
squeal and distortion. Several compa-

|l -
A.C. L'N§4_-.1 WINDING

SCREWS

SMALL MOTOR WITH
ARMATURE REMOVED

— — o

g

L

(8)

SECTIONS A AND B REMOVED
AND A STRIP OF IRON* ATTACHED

*SUCH AS AN |-PLATE FROM
A POWER TRANSFORMER

Fig. 6. Construction details for a head demagnetizer.
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Fig. 8. Applicator used to apply long

Life Conditioner to the tape.

nies have therefore brought out prod-
ucts to lubricate and clean the tape.
One is the Long Lile Tape Conditioner,
made by the same company that manu-
factures the Long Lile Cleaner previ-
ously deseribed. A special applicator, as
shown in Fig. 8, is used to make con-
tact with the tape as it is run from reel
to reel. Robins Industries produces what
is calls a Jockey Cloth, which is held in
contact with the moving tape and serves
to clean as well as lubricate the tape.

Head and Guide Lubricator

For minimum wow and flutter, mini-
mum distortion due to erratic tape
movement, and elimination of tape
squeal, it is desirable to lubricate the
heads and guides. One of the products
designed for this purpose is Long Life
Lubrieant (the third of a trio of eom-
panion produets), which contains sili-
cone. An important eaution is in order
here. Be sure that the lubricant does not
get on the eapstan or pressure roller,
as this will cause tape slippage.

Bulk Eraser

A bulk eraser is a powerful electro-
magnet that can completely erase a reel
of tupe in a matter of seconds and a
good deal more effectively than the erase
head does. The entire reel of tape is
brought into econtaet with the bulk eraser
and then slowly removed, meanwhile
deseribing a eircular motion so that the
magnetic field cuts all parts of the tape.
In some cases, the bulk eraser has a

handle, so that it rather than the reel
of tape may be moved.

The bulk eraser is useful when deal-
ing with a tape that has been heavily
over-recorded, because it is then diffi-
cult or impossible for the erase head to
coinpletely remove the signal, at least
on the first pass. The noise level on the
tape may be brought to a minimum by
subjecting the tape to a bulk eraser
prior to recording. The bulk eraser ean
prove a necessity rather than a mere
convenience in the event the tape re-
corder contains no erase head, which
oceurs in some instances where the erase
head has been removed to make room
for another head, sueh as a separate
record head, a four-track stereo head,
ete.

A major disadvantage of the bulk
eraser is that it erases the entire tape,
not just the one or two tracks that one
wishes to eliminate. Another disadvan-
tage is that one cannot confine erasure
to a given length of the tape with the
same precision as when using an erase
head.

(As an incidental note, a bulk eraser
can be useful in other ways than in con-
nection with tape recording. Thus it ean
be employed to magnetize or demagne-
tize tools, to demagnetize tubes, to de-
magnetize tube shields, and so on.)

One should not attempt to bulk erase
a reel of tape as it lics on the tape ma-
chine, particularly if the machine em-
ploys a meter as a record level indi-
cator. Bringing the bulk eraser into the
vieinity of the meter is apt to upset its
calibration or perform even greater in-
jury.

Bulk erasers, several of which are
shown in Fig. 9, are a relatively expen-
sive aceessory, generally costing hetween
$20 and $40. However, it is not difticult
for the recordist to make his own at a
very little cost. This assumes he can
obtain an old power transformer, such
as is found in a power amplifier, TV
set, or transformer-operated radio; these
are often to he had in a surplus radio
parts store for a few dollars. The pro-
cedure then is as follows. Disassemble
the transformer by removing the nuts

Fig. 10. The Tape Strobe, a product of
Scott Instrument Labs.

and serews that hold the ecasing and
laminations together. Remove the E-
shaped and I-shaped plates from the
transformer core. Reinsert the E-plates
so they all face in the same direction;
put the I-plates aside (you can use one
of these as the metal strip for a head
demagnetizer, as previously deseribed).
Bolt the E-plates together, using the
serews and nuts previously removed; do
not replace the casing. Attach lamp
cord and a plug that mates with the
house socket to the leads of the primary
winding. Be sure that you know which
are the leads of the primary winding
before you start on this job. Snip all
other windings and tape them so they
will not make contact with each other.
Wind the bulk eraser with rubber tape
to proteet the core and windings. Insert
the plug into the house socket, and you
have a powerful electromagnet that can
erase a tape in seconds.

Do not leave this bulk eraser con-
nected to the house line for more than
about one minute at a time, because it
heats up fairly quickly. However, in one
minute you can erase several reels of
tape. If your needs call for the bulk
eraser to he operated an appreciable
length of time, you should consider the
purchase of a commercial unit.

Test Tapes

Test tapes will be discussed in detail
in a later article concerned with the test-
ing, alignment, and adjustment of tape
machines. It may be briefly stated here
that it is desirable to have one or more

Fig. 9. Various types of bulk erasers—left to right, Lafayette Radio ML-120, Rason Mfg. Co. “Jiffy-Rase,”” and Robins Industries’
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UHER

STEREQ RECORD IHi
includes

2 self-contained

plus

6 speakers in
2-in-1-carrying-case
external units that

) speakers and 2 halanced separate
stereo amplifiers ° ' for wide-range
in fully portable 3 channel,

stereo playback

CHANNEL STERED

4-track, 3-speed

STEREO RECORD /STERED PLAYBACK

self-contained

The UHER STEREQ RECORD Il brings you “center aisle”
sound . . . wide-range high fidelity stereo with a new
dimension . .. in the middle. Not onme, but TWQ central
channels. 8 speakers in all... 30 to 20,000 cps of wall-
¢ to-wall stereo with UHER.

central unit

- Models 760 and 764 have the ‘‘key” to sound-on-sound; super-
impose any number of sounds, any number of times. This group
Models 750.754 — 2 Speed; of UHER monaura! record/stereo playback Tape Recorders aiso Models 760-764 — 3 Speed;

4 track and 2 track gg'eorooulgss.s unusually wide range frequency response: 30 to 4 track and 2 track

For name of nearest dealer
Write Dept. A . choose wisely from 5 NEW STEREO MODELS

4} ﬂxe makm a/ chmMy aeclaimed

UHER UNIVERSAL

Hl FI MUSIC = DICTATION * TRANSCRIPTION

TAPE RECORDER

WARREN WEISS, sole U. s. Agent 1650 Broadway, New York 19, New York
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Fig. 11. Orr Industries’ Stroboscopic Tape
Disc.

test tapes that provide test tones to
check the following:

1. Azimuth (a tone of ahount 10,000
eps is desirable).

2. Frequeney response (tones cover-
ing the range of 50 to 15,000 eps).

3. Wow and flutter (a tone of about
3000 cps, at whieh frequeney wow
and flutter tend to be most notice-
able).

4. Correspondence ol the record level
indieator with the maximum per-
missible recording level. (The test
tape should have a test tone at a
frequency hetween 250 and 500
eps, recorded at a level resulting
m 1, 2, or 3 per cent harmonie
distortion,

Tape Stroboscope

It is desirable to have a means of
checking whether the tape is running at
reasonably aceurate speed. Of course,
what is “reasonably accurate” depends
upon one’s acuity in deteeting depar-
tures from true piteh. In the case of
semi-professional and professional users,
aceuraey in timing programs also be-
comes important. To most human ears,
a speed error not greater than 1 per eent
will be unnoticeable; in fact, many per-
sons can tolerate errors as great as 5
and even 10 per cent. Thus the 1-per
cent criterion will be acceptable in the

Fig. 12. Audio Devices’ "“Echoraser.”
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Fig. 13. Typical leader tape, Minnesota Mining and Manufacturing Co.

majority of instances. On the other
hand, professional practice ecalls for
speed error to be kept within limits of
+ 0.3 per cent. Thus the deviation in a
half-hour program would be no more
than 3.6 seconds.

At least two stroboscopie devices are
now on the market. One is the Tape-
Strobe made by Secott Instrument Labs,
shown in Fig. 10. The deviee is placed
on a convenient part of the tape deck
and pressed slightly against the moving
tape, causing the strobe to turn. The
TapeStrobe has sufficient weight so that
it will remain in the position where it is
placed. The strobe markings are viewed
under the light of a bulb operating on
60-cyele ecurrent. This may be an ordi-
nary light bulb; to obtain a sharply de-
fined strobe image, however, a neon or
fluoreseent lamp is preferable, If the
pattern appears stationary, speed is eor-
rect. If it appears to be moving for-
ward, that is, in the same direction as
the tape, speed is fast. I{ the pattern
appears to be moving backward, the
speed is slow. To judge the degree of
speed inaecuracy, count the number of
bars that appear to be passing a fixed
point during one wminute (hold a peneil
point over a fixed spot on the strobe).
If the number of hars is 72, speed ervor
is 1 per cent. A greater or smaller num-
ber of bars denotes a proportional error.
To illustrate, 36 hars would signify a
speed error of 0.5 per eent; 144 bars
would signify an error of 2 per cent,
and so on. This holds true for ull speeds.

Another stroboscopic device is the
Stroboscopic Tape Dise made by Orva-
dio Industries, Ine., shown in Fig. 11.
This operates in exaetly the same fash-
ion, except that it is held by hand
against the moving tape instead of be-
ing positioned on the tape deck.

Print-Through Remover

When a tape has been heavily re-
corded and/or stored for a considerable
length of time, the phencmenon known
as print-through tends to oeeur, namely
the transfer of the signal on one layer
of tape to the adjacent layers. IIence
one may hear what is known as “‘pre-
echo” and “post-echo.” This effect is
more severe for the long-playing and
extra-long-playing tapes than for the
standard tape, because the former are
thinner and therefore present less of a
barrier to signal transfer,

Of quite recent vintage is a deviee
known as the Kchoraser, devcloped by
Audio Deviees, Ine, that ean remove

print-through from a tape without suh-
stantially atfecting the original audio
signal. As shown in Fig. 12, it is de-
signed to be slipped onto pins that are
permanently attached to the tape deek.
The tape contacts the Echoraser, and as
the tape passes through the magnetic
field of this device the print-through is
reduced by various amounts. depending
upon the age of the recording, the mag-
netie properties of the tape, conditions
under which the tape has been stored,
and the signal frequencies.

Echorasers are supplied in two
strengths. One strength, according to
the manufacturer, achieves up to 9 db
removal of print-through without sig-
nificantly affecting high frequeney re-
sponse. The other strength, intended for
the most serious cases of print-through,
achieves up to 18 db removal and in-
volves losses of ahout 2 to 3 dh at high
frequencies.

Other Accessories

There arve a number of other tape re-
corder accessories which require a mini-
mum of comment. These include the fol-
lowing.

1. Write-on labels for identifying the
contents of a recorded reel of tape.
These come on a dispenser in the same
fashion as cellophane tape.

2. Leader tape (Fig. 13), which mayv
be attached to the beginning, end, or
intermediate portions of the reel of
tape. This can serve at least three im-
portant purpeses: (1) it can proteet
the ends of the tape from wear and tear.
(2) It permits one to write in the con-
tents of a reel of tape. Although the
reel may bear a label, it is quite possible
that one may negleet to rewind the tape
back onto this reel after it has been
played, particularly in the case of a one-
way stereo tape. Such negleet may lead
to accidental erasure of a valued tape,
unless one takes the preeaution identi-
fying the contents on a strip of leader
tape. (3) The leader can he used to
separate various portions of a tape,
permitting quick and aceurate location
of desired sections.

3. Tape clips (Fig. 14), which pre-
vent the end of the tape from unravel-
ing oif the reel.

(Continued on page 107)
i
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Fig. 14. Robins Industries’ Tape Clip.
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THE BIGGEST NEWS

IN STEREO IN YEARS!

CONCERTONE

STEREO RECORDER

for the first time...a modestly
priced stereo recorder with all the
professional features found only in
the finest instruments.

Check these outstanding quality
features in such a low cost unit:

FEATHER TOUCH PUSH-BUTTON
OPERATION

4 HEADS, INCLUDING SEPARATE 2-
TRACK & 4-TRACK PLAYBACK HEADS

3 MOTORS, INCLUDING HYSTERESIS
DRIVE

MECHANICAL FLUTTER FILTER PLUS
DYNAMIC BALANCED FLYWHEEL

Faaf vt

umpw i 2 Gms PE : INSTANT SOURCE/TAPE MONITORING

& @ ® @ e = Qe
LR3) J £ = AR SEAEC1R :

*rzoax oo 4 : SEPARATE RECORD/PLAYBACK PRE-
VAT !E’ﬂl)}"n‘& wresT o gL ¥ Tup T AMPL]F'ERS

== - e 6866

INSTANT START/STOP
AUTOMATIC CUT-OFF SWITCH
334-71% 1PS SPEEDS
AUTOMATIC TAPE LIFTERS
s e M ORDIEIR TAPE LOCATION INDICATOR

* MONAURAL RECORDER SEPARATE MICROPHONE/LINE IN-

PUTS, EACH CHANNEL
» SOUND ON SOUND RECORDER

» PLAYS MONAURAL AND STEREO 2-TRACK These are only a few of the many
AND 4-TRACK TAPES features of the Concertone 505. See

/t and hear it demonstrated at your

S SEEIE
“ AMERICAN ELECTRONICS, INC. eaier
. @ AMEIRICAN CONCERTONE DIVISION : CONCERTONE

8449 WEST JEFFERSON, BOULEVARD, CULVER CITY, CALIFORNIA ... THROUGH THE YEARS, THE UN-
MATCHED STANDARD OF EXCELLENCE
IN TAPE RECORDERS.
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A Figure of Merit for
Output Tubes

ROBERT M. MITCHELL"

The right approach in making any selection of anything is to have all the infor-
mation about it. Then, if you weight the information correctly, you will come out
with the correct decision. The author tells you how to go about the weighing.

at one time or another with the proh-

lem of choosing tube types for a de-
sign. Since the design of an audio
amplifier normally commences with the
power stage, the audio output tubes
are usually the first to be investi-
gated. If the designer had available
a method which helped him to select
invariably the best tubes, it would reward
him in both performance and pride, not
to mention time and effort. How such se-
lection may be readily done is described
helow.

The usual procedure of choosing a tube
is to consult the mannals, and eompare
data by glancing back and forth among
the specification sheets, perhaps making
an ocecasional note. The infornation
thus gleaned is combined with the de-
signer’s personal knowledge of how some
of these tubes have hehaved in certain
equipment. On the basis of this infor-
mation a choice is made. In many cases
the choice thus made is a good one. In
other instances, however, events prove
that the second-best tube has bheen chosen.
In such cases the wrong tube was chosen,
not hecause the data sheet of a hetter one
was unavailable, but because the data on
the available tubes was not properly
evaluated.

It is therefore of considerable interest
to the designer to have available a method
of systematieally evaluating the charae-
teristics of various tubes, so that an in-
telligent choiee can be made.

The method discussed here consists of
grouping the various tube characteristies
so that substitution of proper values

* 13085 S.W. 124th Ave., Tigard, Ore.

TABLE |

INVENTORY OF
TUBE CHARACTERISTICS

EVERY AUDIO DESIGNER has been faced

UNDESIRABLE

DESIRABLE
Damping factor Distortion QUALITY
Power output Driving voltage
Efficiency Heater power QUANTITY

Cost

Mox. grid resistance

40

TABLE 11
BASIC FIGURE OF MERIT

All tubes in Class AB, with 400 volts or less on plates

TYPE | * | BIAS Ep P Egg(rms) | P/Egg D H F
6v6 |B |FIXED | 285 | B9 054 | 0072 | 35 | 111
Eo4 | P |FixeD | 300 7| 20 | oss | o 4 23.4
si6 | B | SEF | 60 25 | 287 0.85 0.19 | 4 404

616 |5 | Fixep | a0 265 | 319 083 | 014 | 2 58.0

5881 |B | FIXED | 360 | 265 | 318 083 | 014 | 2 | 580
KT66 | B | SELF 3% 30 495 0.605 | 075 | 6 T 17.7
EL37 | P | SELF 325 35 43 0815 | 0.4 | 44 | 260
€37 | P | FIXED | 40 | 69 4 1.41 010 | 25 | 565
EL34 | P | SELF 325 35 4 083 | 0095 | 5 15.7
EL4 (P | FIXED | 400 | 55 | 54 1.02 0.095 | 5 19.3
6550 | B | SELF 400 4 37.5 109 | 007 | 4 19.0
6550 | B | FIXED | 400 55 325 169 | 009 | 3 50.7
a3 |1 seF | a0 | 10 | 100 0.09 3.1 5 56.5
243 [T | FIXED | 300 15 88 0.17 v | 25 | 1270
sczs|s | Fixeo | 30 | 215 33 065 | 0.1 | 65.0

* B =BEAM POWER P = PENTODE T = TRIODE

gives a result which ean be compared
numerically with that of any other tube.
Such an expression is called a Figure of
Merit, since it indicates the relative value
of the tube for a given application. The
phrase italicized is an important quali-
fication. A tube which may have a fine
Figure of Merit for audio output service,
may have a very poor one for class C
oscillator service, for example.

A TFigure of Merit must adequately
reflect the variations of its make-up fae-
tors so that significant differences ean he
seen. In order to achieve this, it may
sometimes be necessary to “weight” some
of the factors—that is, to assign them
arbitrarily a multiplying factor which in-
creases their relative value. This point
will he discussed later in greater detail.

Specifically, a Figure of Merit for audio
output tubes should be so arranged that
it indicates relative worth not only when
tubes operate under “tube manual” con-
ditions, but also under other praectical
and likely conditions. For example, if we
put tubes in parallel, or apply feedback
around the tubes, cur Figure of Merit
formula should stil]l be valid. We may
then determine the relative value of dif-
ferent tubes in parallel, or the relative
value of different tubes with the same
amount of feedback around each. We
may also, of course, compare two tubes
of type A without feedback with two
tubes ot type B with feedback, and so
forth.

In deriving any Figure of Merit it
must be understood that the cost of the
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tube is a parameter of primary interest,
even to the quality-minded purist. This
is so heeause almost any Figure of Merit
will inelnde the power sensitivity (watts
out per volt in) as one terny, and it is ob-
vious that the power sensitivily ean he
inereased ad infinituwm merely hy putting
more tubes in paralle! with the initial set.
However, sinee this cost facior can be
evaluated only by the user we will not
explicitly consider it. We will find,
though, that it tends to enter indirectly
in some of the other terns of the expres-
s101.

Important Factors

To formulate our Figure of Merit we
first take inventory of the various factors
which we wish fo eonsider. Among these
may be power output, driving voltage,
distortion at rated output, damping fae-
tor (ratio of load impedance to source
impedanee), efficieney, maximum grid
cirenit resistance, cost, size, and so on.
These may then be sorted quite arbitrar-
ily into two groups: desirable and unde-
sirable. The figure will he designed
so that a large desirable term makes
a hetter figure and a large undesirable
one makes the figure poorer. This will
mean our figure is a fraction with the
desirable factors in the numerator and
the undesirable ones in the denominator.
See Tahle 1.

In looking over this inventory of fae-
tors we may find terms which actually af-
feet the merit-figure of the driver tube
more than the output tube. Driving volt-
age and maximmm grid eireuit resistance
are two such terms. Low driving voltage
is desirable hecause it means lower dis-
tortion in the driver stage, or possibly
lower voltage for a given distortion. A
high permissible grid eircuit resistance is
desirable because it means that awkward
coupling methods, such as transformers,
are not necessary, or that the loading
on the preceding tube can be made less,
or that the size of a coupling eapacitor
can be made smaller for the same low-
frequeney time constant.

The terms of the figure might he
grouped, if we desire, in terms of quality
and terms of quantity. The distinetion
however, is not clear-cut and there is
overlapping of the groups. It is this
overlapping that the element of cost in-
variably creeps into, whether we want it
or not. If this cost element is neglected
to the greatest possible extent we can
make up a simple figure which is pre-
dominantly a quality figure and therefore
very suitable for home constructors or
experimenters.

A basie Figure of Merit is the follow-
ing:

rD
L GquUr Merit=F=——
Figure of Meri TII
where P =power output—a “quantity”

factor
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A new

40-watt
stereo
preamp-amplifier

in kit form
for only
$79.95

| by
PACO

also

available
factory wired
for $129.95

Ask your own
Audio-Radio-TV
Serviceiman about

PACO and PRECISION
products. He'll tell you that
they always live up to their
specs. That's why we can
say that the PACO SA-40
is the last preamnp-amplifier
you'll ever have to buy

Available at leading electronic
parts distributors and
wherever good sound is sold.

For complete information
write to:

- .
1
4

Electronics Co., Inc.
70-31 84th Street
Glendale27,L. 1., N. Y.

A Division of

PRECISION

Apparatus Company, Inc.

Export:

Morhan Exporting Corp.
458 Broadway
N.Y.I3,N.Y,US A.

Canada:

Atlas Radio Corp., Ltd.
50 Wingold Ave,
Toronto 19, Ontario

you'll ever
have
to buys

PACO is the kit division of PRECISION Apparatus Co.,
Inc., world famous manufacturers of laboratory electronic
instruments for over a quarter century. The new Model
SA-40 is the first of a series of component high fidelity kits
from PACO...engineered for utmost performance and last-
ing value —designed for maximum eye-appeal.

Whether you're an experienced audiophile or a newcomer
to the thrill of high fidelity, the factors you must consider
in choosing the amplifier you need are:

POWER, DISTORTION, FLEXIBILITY and VALUE.

The PACO SA-40 offers you greater reserve power capacity
than any other preamp-amplifier in its category. Its excep-
tional circuit design assures highly stable performance with
extremely low distortion. Step-by-step assembly instructions
and giant-size wiring diagrams are so clearly detailed and
simple that the technical difference between expert and
novice disappears. And...the SA-40 provides maximum
flexibility in any stereophonic high fidelity system...present
or contemplated.

For those interested in engineering details, some of the
more important technical specifications are listed below:

SEEEET

POWER OUTPUT:
Steady State Power Output: 20 watts per channel,
40 watts total.
Music Waveform Power Qutput: 25 watts per channel,
50 watts total.
Peak Power Output: 40 watts per channel,
80 watts total.
RESPONSE: 30 cps to 90 K¢, = 1.0 db.
DISTORTION:
Harmonic: Less than .2% at 20 watts per channel output,
Less than .19% at 10 watts per channel output.
Intermodulation: Less than 19 at full rated output.
FRONT PANEL CONTROLS AND SWITCHES: 14 controls
including separate bass and treble controls for complete
flexibility with any monophonic or stereo program source.
INPUTS: 14 total; 3 dual high-level and 4 dual low-level.
OUTPUTS: Duat tape outputs, separate preamp output as
well as standard dual speaker outputs.
HUM AND NOISE LEVEL:
High Level Input: 80 db below rated output,.
Low Level Input: 70 db below rated output.
Tape Input: 65 db below rated output.
SPEAKER CONNECTIONS: 4, 8, 16, 32 ohms.
SENSITIVITY FOR RATED OUTPUT:
Aux Input: .75V Phono 1: (Magnetic) 5 Mv.
Tuner: .75V Phono 2: (Magnetic) 5Mv.or Ceramic.3V
INVERSE FEEDBACK: 25 db
DAMPING FACTOR: 22
BASS TONE CONTROL RANGE: * 15 db at 50 c¢ps.
TREBLE TONE CONTROL RANGE: + 15 db at 10 Kc.
RUMBLE FILTER: 6 db per octave below 50 cps.
EQUALIZATION: Phono: “RIAA"; “EUR";
Tape: 3% and 7% ips, NARTB
TAPE OUTPUT LEVEL: 2 volts per channel.
POWER SUPPLY: Silicon diode, low impedance for minimum
distortion on extended high level passages.
EXTERNAL DESIGN: Gold and satin black hooded case, with
panel illumination and satin gold panel.
DIMENSIONS: 15%” wide x 113%” deep x 5%” high
Model SA-40: Complete with case and step-by-step
assembly-operating manual ... .. Kit Net Price $ 79.95
Model SA-40W: Factory Wired .. Net Price $129.95

—

=

COMING SOON — MODEL ST-45
AM/FM STEREO TUNER KIT
matching companion

for the SA-40
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D = Damping factor (load Z/
Souree Z),—a “quality” fae-
tor

E =Input voltage required to pro
duce P—a “quantity” factor

I =armonic distortion at power
P—a “quality” faetor

Damping factor is a quality factor for
three reasons. Not only does it indicate a
measure of the transient response of the
loudspeaker system, but it also indieates
frequency response, since a low source
impedance relative to the reflected load
means a wider response from a given
output transformer or (to let the factor
of cost ereep in) a cheaper output trans-
former for the same frequency response.
Low source impedance also means less
distortion due to the transformer itself.

The other terms are relatively self-
evident. Power is wanted, but we want
to get it at no expense to the preceding
stage, that is, with as little driving volt-
age as possible. Our quantity terms are
therefore :

power out ower sensitivit
——_— = = T sensiiivly,
driving voltage 2 Y

The distortion term needs no explana-
tion. If, because of the magnitudes of
the various terms, our figure ends up as
a deeimal, we may multiply the result by
some arbitrary number. In this case final
results have been multiplied by 1000.

Effect of Feedback

Let’s see how feedback affects this fig-
ure. If enough voltage feedhack (6 db) is
applied (around the output tubes only)
to inerease the required driving voltage

hy a factor of two, our quantity term in
the expression is reduced by two, making
the figure only one-half as good as he-
fore. Our quality term has heen increased
by more than two, however. The dis-
tortion has heen cut in half (for the
same power output, of eourse), and this
alone has brought the total figzure hack
to its original value. The change in the
damping factor, however, is eonsiderably
more than two to one, typical values for
a triode heing ahout two, and for a beam
power tube about 10. This is because the
plate resistance variation due to voltage
feedback is dependent on the amplifica-
tion factor, u, of the tube and not just
on the stage gain. Whether we agree thal
the merit of our system has gone up by
a factor of two (or ten) is a question of
how much weight we give the damping
factor term. The problem of what
weights should be assigned to any of the
terms is one which the designer must
decide on in advanece.

With this basic Figure of Merit at
hand, let us see how some of the well-
known power tubes fare.

Determining the F

Table IT lists not only the final Figure
of Merit but also the component terms
which go to make up that figure. The
ratio of the first factors is also given
separately as the power sensitivity (eol-
umn headed P/F), a sort of sub-figure-
of-merit.

Type 2A3, an obsolescent filamentary
type triode, has been deliberately in-
cluded i Table 1 sinee it helps demon-
strate a particular point. The point is
that the value of a Figure of Merit de-

pends on how important the designer
feels the individual factors arve. The 2A3
has the highest Iigure of Merit accord-
ing to Table II. There are many design-
ers who would not agree at all with this
rating. They would point out that the
2A3 achieved top rating almost solely on
the basis of its damping factor, and that
conversely the 2A3 is by far the hardest
fube of the group to drive.

A glanee at the columns for Power
Sensitivity P/k and Damping TFactor
will show that, in these two respeets,
they are right. It takes 88 volts rms or
125 volts peak to drive a pair of 243’ in
fixed bias. This is quife a large voltage to
achieve without distortion. It is therefore
quite possible that the distortion in the
driver stage will exeeed the distortion in
the output stage. There is no disputing
the fact that the 2A3 has a high damping
factor. Is the damping factor, however
as important as we have made it appear?

Let us compare the 6V6 tabulation
for a moment. The 6V6 gives about the
same power output as the 2A3 at almost
the same d.c. supply voltage. It is there-
fore a tube that may be fairly ecompared
with the 2A3. Let us suppose that we
have available a driver tube that can
supply 88 volts rms with low distortion,
say one per cent. Are we justified in
using 2A3’s in the output, or could we
do better with 6V6’s and how?

The 6V6 requires 26 volts drive. Let
us apply negative voltage feedback
around the 6V6 until it requires 88 volts
drive. Its power sensitivity will then be
equal to that of the 2A3. This requires
a feedback of 3.4 or 10.6 db. This appli-
cation of feedhack will reduce the dis-

(Continued on page 99)

TABLE 1V
TABLE 111 ADDITIONAL CHARACTERISTICS FOR TABLE I
COMPLETE FIGURE OF MERIT e | sas | i | PO g, Py [OVERALL
TYPE | BIAS Fi EXF; IC(IAEI\:Jng)Y Fo o8t [ s 223 | FXED | 15 | 44 34 50K | 6.25 30
. 6Vé) 2A3 SELF 10 » 33 500K | 6.25 275
6v6 | FIXED | T1.1 039 | 0.434 100 | 0.434 e T o n o | o . 0
EL84 | FIXED | 234 IS 272 i Ly L6 SELF 245 | 74?1 604 | so0K |KE 473
el Sl 404 236 | W8S 2:00 8L 5881 SELF 245 1 06 | 604 500K | 113 473
6L6 FIXED | 38.0 a2l i 244 2.00 1522 o6 | FIXED | 265 | 5155| sid | w00k | N3 | 4z
5881 | FIXED | 580 042 244 R0 07 5881 | FIXED | 26.5 5155 | 514 ok | M3 a2
KT66 SELF 17.7 215 3.8 3.50 1.08 el o o | 537 5 s0K | 160 | 43
EL34 SELF 157 274 43 3.50 1.22 [ e acieee | Bs 1200 | 46 0k | 226 | 386
EL34 | FIXED 19.0 .203 3.85 3.50 1.10 | 6550 SELF | 41 88 i T 465 | 250K | 26 | a0 |
6550 SELF 19.0 092 175 5.50 0.32 EL34 SELF 35 1 | a5 | 700k | 189 ] 390
6550 FIXED 50.7 019 0.98 5.50 0.18 £L34 | FIXED 55 1160 | 475 | 500k | 189 407
243 SELF 56.5 2375 | 777 255 | 3.05 ess | st | 17 | 342 | 497 | 1000k | 9.4 388
243 | FIXED | 1270 | 015 | 19 255 | 075 £l | FIXED | 17 U2 | 497 | 30K | 96 388
6cz5 | FIXED | 650 | 0475 | 3.1 127 | 245 | leczs | Fixep | 215 | 96 | 50 | 00k | ses | a7
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Industrial design by George H. Kress Associates. $225 less cabmei

COMPENSATOR

Simplicity, flexibility, and beauty have been integrated by careful engineering

STEREO
and design in the McIntosh C-20 Stereo Compensator. The greatest listen-

ing pleasure in stereo or monophonic reproduction is assured as a result

of over a year of careful and diligent research in the requirements of a new
preamplifier designed for stereo. Full stereo flexibility has been provided plus
built in protection for your investment in monophonic records. McIntosh has
designed in the C-20 Stereo Compensator the /necessary features required to give

the finest monophonic reproduction the keenest listener may require.

Complete satisfaction is yours in monophonic and stereophonic with the McIntosh

C-20 Stereo Compensator.




FACILITIES

6 positions including Stereo, Stereo
Reverse, Left channel on left speaker
only, Right channel on right speaker
only. Left channel on both speakers,
or Right channel on both speakers.
Internally parallels and decouples a
stereo phono cartridge to offer best
quality reproduction from mono-
phonic records.
Treble: boost 13 db at 20 KC
attenuate 18 db at 20 KC
Bass: boost 16 db at 20 cycles
attenuate 20 db at 20 cycles
Separate channel back panel con-
trols to balance the frequency re-
sponse of the system independent of
front panel controls.
Separate bass and treble 6 position
switches, including NAB tape and
flat for any low level flat source.
Fletcher-Munsen compensation, con-
tinuously variable.
Rolloff to reject low frequency dis-
turbances such as rumble.

Two positions, 9 KC and 5 KC to

Mode Selector:

Monophonic:

Tone Controls:

Trim Controls:

Equalization:

Aural Compensator:
Rumble Filter:

High Frequency

Cutoff: suppress hiss and noise.

Phase: 180° phase reversal to phase speak-
ers or source material.

Balance: Attenuates alternate sides of center
40 db each channel to balance for
unequal source material.

Tape: Front panel jacks, push button

controlled, to permit the use of a
portable tape recorder without dis-
rupting permanently installed equip-
ment.

To permit instantaneous monitoring
of tape while recording.

Tape Monitor:

BASS COMPENSATION

TREBLE COMPENSATION

% . ady

~16db

TREBLE

RUMBLE FILTER

SPECIFICATIONS
Power Requirements: 117 VAC; 35 watts

Auxiliary, Tape, and 2 Tuner 0.25 V

at 470K

2 Phono, Low: 2.5 MV at 47K
High: 125 MV at 47K
XTal: 0.1 V, very high

2 Tape Head, Low: 1.25 MV at 47K
High: 6.25 MV at 270K

Tape Monitor: 0.25 V at 130K

+0.5 db 20 to 20,000 cycles

Input Sensitivity
and Impedance:

Frequency Response:

Distortion: Less than 0.29% at rated output, 20

to 20,000 cycles

Hum and Noise: High level inputs: 85 db below rated
output
Low level inputs: less than 2 micro-

volts at input terminals (-—115 dbm)

Outputs: Main: 2.5 V with rated input
Tape: 0.25 V with rated input
Gain: Low level inputs: 1000-1 Main Out-
put
Low level inputs: 100-1 Tape Out-
put
High level inputs: 10-1 Main Out-
put
High level inputs: 1-1 Tape Out-
put

A.C. Aux. Outlets:

1 unswitched for tape machine or
turntable and 3 switched

Size: Chassis: 14V, inches wide; 414 inches
high; 12 inches deep
Front panel: 1434 inches wide; 414
inches high

Weight: 17 pounds
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LABORATORY INC., 4 Chambers St., Binghamton, N. Y,

IN CANADA: MANUFACTURED BY McCURDY RADIO INDUSTRIES, LTD.; 22 FRONT STREET WEST, TORONTO






