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TRANSISTORS OR TUBES FOR HI-FI? N

Five leading design engineers discuss the problems.

NON-DIRECTIONAL STEREQ EFFECTS

Simple listening tests prove stereo is superior.

SERVICE TRANSISTOR SETS WITH V.T.U.M.
NEON BULB FLIP-FLOP CIRCUITS WD
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“TELSTAR” COMMIINIL‘A TIONS

High above the earth, a 342" diame-
ter, 170-Ib. experimental microwave
repeater satellite is now relaying tele-
vision and telephone signals between
the United States and Europe. Com-
plete technical details on the satel-
lite, the system, and its operation.
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World’s Largest Selling
POCKET SIZE V-O-M

FEATURES:

Hand size and lightweight, but with the features of a full-
size V-O-M.

0 20,000 ohms per volt DC; 5,000 AC.

3 EXCLUSIVE SINGLE SELECTOR SWITCH speeds circuit and
range settings. The first miniature V-O-M with this exclusive
feature for quick, fool-proof selection of all ranges.

SELF-SHIELDED Bar-Ring instrument; permits checking in strong magnetic fields ¢ Fitting
interchangeable test prod tip into top of tester makes it the common probe, thereby freeing
one hand * UNBREAKABLE plastic meter window ¢+ BANANA.TYPE JACKS—positive connec-
tion and long life.

B Price—only $37.50; leather case $3.20.
Available For Immediate Delivery From Your Triplett Distributor's Stock

THE TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO

The most comprehensive test
set in the Triplett line is Model 100 V-0-M
Clamp-On-Ammeter Kit, now available at dis-
tributors. The world’s most versatile instru-
ment—a complete accurate Y-0-M plus a
tlamp-on-ammeter with which you can take
measurements without stripping the wires.
Handsome, triple-purpose carton holds and
displays all the components: Model 310 min-
iaturized V-0-M, Model 10 Clamp-On-Ammeter,
Model ‘101 Line Separator, No. 311 Extension
leads, and a leather carrying case, which neatly
accommodates all the components. Model 101
literally makes it possible to separate the two
sides of the line when using Model 10. Exten-
sion leads permit use of Model 10 at a distance
from the V-0-M. Complete Model 100 is only

MANUFACTURERS OF PANEL AND PORTABLE INSTRUMENTS; ELECTRICAL AND ELECTRONIC TEST EQUIPMENT

630 630-A 630-PL 630-APL 630-NA 630-T
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666-HH 625-NA 666-R
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Service Technicians supply the happy endings!

Capacitor success stories are no novelty at Sprague. The “Hidden 5007,
Spraguc’s behind-the-scenes staff of 500 experienced rescarchers, have
authored scores of them! And customers add new chapters every day. But
none has proved more popular than the 6 best sellers shown here. Developed
by the largest research organization In the capacitor industry, these 6
assure happy endings to service technicians’ problems.

¢ DIFILM® BLACK BEAUTY’ MOLDED TUBULAR CAPACITORS l

The world’s most humidity-resistant molded capacitors. Dual

= dielectric—polyester film and special capaciter tissue—com-
bines best features of both. Exclusive HCX® solid impregnant

produces rock-hard section—nothing to leak. Tough case of
non-flammable phenolic—cannot be damaged in handling.

@ DIFILM® ORANGE DROP™ DIPPED TUBULAR CAPACITORS l
!
|

L ooy Especially made for exact, original replacement of radial-lead
—Wg tubulars. Dual dielectric combines the best features of both
(

}i polyester film and special capacitor tissue, Exclusive HCX®
© TWIST-LOK?® ELECTROLYTIC CAPACITORS

solid impregnant—no oil to leak, no wax to drip. Double ‘
The most dependable capacitors of their type. Built to “take '

dipped in bright orange epoxy resin to beat heat and humidity.

it” under torrid 185°F (85°C) temperatures—in crowded
TV chassis, sizzling auto radios, portable and ac-dc table
% radios, radio-phono combinations, ctc. Hermetically sealed
in aluminum cases for exceptionally long life. Withstand high
surge voltages. Idcal for high ripple sclenium rectifier circuits.

O ATOM® ELECTROLYTIC CAPACITORS s
The smallest dependable electrolytics designed for 85°C opera- i
%Y 7 tion in voltages to 450 WVDC. Small enough to fit anywhere,

A
. * FTANS : .
3 /%“ O work anywhere. Low leakage and long shelf life. Will with-
{I \ stand high temperatures, high ripple currents, high surge volt-

ages. Metal case construction with Kraft insulating slceve.

T

=
i

@ LITTL-LYTIC® ELECTROLYTIC CAPACITORS
Ultra-tiny size for use in transistorized equipment. High de-
/,/ gree of reliability at reasonable price. All-welded construction

~ 3 —no pressure joints to cause ‘‘open” circuits. Withstand
/ temperatures to 85°C (185°F). Hermetically scaled. Extremely l
low Jeakage current. Designed for long shelf life—particularly |

important in sets used only part of the year.

( CERA-MITE? CERAMIC CAPACITORS
Tiny, tough, dependable in practically every application. Low
self-inductance of silvered flat-plate design gives improved
by-pass actien in TV r-fcircuits. Higher self-resonant frequen-
cy than tubular ceramics or micas. Tough moisture-proof
. coating. Designed for 85°C operation.

sk The * Hidden 500 are Sprague’s 500 experienced researchers who staff the lurgest re-
search organization in the electronic component industry and who back up the efforts of
some 7,000 Sprague employees in 16 plamis sirategically located throughout the United States.

e e - — - ————

SPRAGUE

Handy Hanging Wall Catalog C-457 gives complete service part list-

. AR RELIABIL
ings. Ask your Sprague Distributor for a copy, or write Sprague Prod- THE MARK, OF Ty
ucts Company, 51 Marshall Street, North Adams, Massachusetts.

65987 Ry CIRCLE NO. 149 ON READER SERVICE PAGE
ELECTRONICS WORLD Is pubilshed monttuly by ZIF-Davis Pubilshin: Cor Se 7 o~ n i o r "
S R Lty § llish e aus g Company at 434 Seuth Wabush Avenue. Chicage 5. llitnok suliseriptl ies: e ye: s
Inrnenabolls ERO0T Canaa A Fan American il cotntrles 85,500 all other o e e o Clirs st e matd At Cnienza ol i S bional
es. Authorized as sccond class mail by the Fost (MREe Department. Ottawn, CuRada and for payment of postafe In canli. Oetaher. 1962; Vol. G&, No. t.
<€~ CIRCLE NO. 155 ON READER SERVICE PAGE 1
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Here's why Audio Magazine says Scott Kits are
“Simplest to build...” and have
“Engineering of the highest calibre” *

The exclusive Scott full color instruction
book shows every part and every wire in
natural color and in proper position. To
make the instruction book even clearer,
each of the full color lllustrations shows
only a few assembly steps. There are no
oversized sheets to confuse you.

There are certain areas in every profes-
sicnal high fidelity component where wir-
ing is critical and difficult. FM front ends
and multiplex sections are an example, In
Scott Kits these sections are wired at the
factory, and thoroughly tested by Scott
experts, assuring you a completed kit
meeting stringent factory standards.

Each full color illustration is accompanied
by its own Part Chart . .. another Scott ex-
clusive. The actual parts described in the
dlustration are placed in the exact se-
quence in which they are used. You can't
possibly make a mistake.

Tuners are aligned with the unique Scott
Ez-A-Line method using the meter on the
tuneritself. This assures perfect alignment
without expensive signal generators. Am-
plitier kits require no laboratory instru-
ments for perfect balancing.

When you finish your kit you'll be delighted by its handsome good looks. And when you tirn
your Scott Kit system on you'll know for yourself why the expert editors of leading high fidelity
magazines like Audio say . . . "only the most sophisticated engineering thinking could design

a kit as simple and foolproof as this ... *

www americanradiohistorv com

Much of the uninteresting mechanical as-
sembly is completed when you open your
Scott Kit-Pak. All the terminal strips and
tube sockets are already permanently
riveted to the chassis. To insure accuracy
all wires are pre-cut and pre-stripped to
proper length,

S

The new Scott Warrantee Performance Plan
guarantees that your kit will work perfectly
when completed. If you have followed all
recommended procedures and your kit
fails to work Scott guarantees to put your
kit in working order at the factory at mini-
mum cost,

*Audio — February 1961, Pages 54-56

SCOTT"

H. H. Scolt, Inc., 111 Powdermill Road, Dept. 160-10, Maynard. Mass.

FREE STEREO RECORD

(R ’ demonstrating new FM Multiplex

Stereo and explaining all

i) portant technical specifications.

SEND ME FREE STEREO record plus 20 page
1963 “‘Guide to Custom Stereo’”, new Scott kit

brochure.

Name

Address

City State
Include names and addresses of any interested friends

Exporl: Morhan Exporting Corp., 458 Broadway. N. Y. C.
Canada: Allas Radio Corp., 50 Wingold Ave., Toronto

CIRCLE NO. 146 ON READER SERVICE PAGE
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Operational Amplifiers .......... ... .. ... ... .......... .. Alvin F. Rymsho

Flow Measurement—Electronic Techniques & Devices Walter H. Buchsbaum
Several different electronic principles and devices are used to accurately
gauge liquid flow. We discusy cach and ity application in industrial proc-
esses, rocket fuel measurement, and the control of blood during surgery.

Recent Developments in Electronics ... ................ . . ...,

Neon Bulb Flip-Flop Cireuits .. ........................ Maurice E. Scherer, Jr.

Constant-Current Power Sources—Their Characteristics &
Applications. . ... ... ... ... Gene H. Lleichner & K. C. Smith

Transistor Sine-Wave Generator . ....... ... ... .. ....... Thomas J. Barmore
EW Lab Tested (Precision ES-150 Oscilloscope).............................

EW Lab Tested (Eico ST84 Stereo Preamplifier, Shure 245 Series
““‘Uniplex” Microphones, Fisher MPX-100 Multiplex Adapter) . .. .. ....
Transistors or Tubes for Hi-Fi? (EW Symposium) Charles S, Tepfer
Five of the country’s leading hi-p component design engineers offer their
answers in an open debate exclusively for readers of EvrcrnoNics Wontn,
Non-Directional Stereo Effects R Charles J, Hirsch
More music is reproduced with less distortion when tico channels are used.

Results of simple. casily duplicated experiments and listening tests show

stereo provides reduced cancellation of tones and reverberation effects.
Unique Output Circuit in Transistorized Hi-Fi Amplifier. . . .Norman Kramer

Close Talking with a Ribbon Mike . ...... ... ... ... ... ... ... lee Beeder

Qur New Look (Editorial) - ... ... ... .. .. ... ... ... ... ........ W. A. Stocklin
Electronic Aids for the Blind ... ... ... ... .. .. .. .. ... .. ..., ...

Service Transistor Sets with a V.I.LV.M. ... .. .. J. B. Straughn
When the receiver goes dead. this single instrument can be used for many
checks and also provide a voltage source for disturbance-technique tests.

Should You Pull the Chassis? .. ... .......... ... Art Margolis

Adjustable Current Fuse ... .. ... ... ... ... Michoel H. Kaufman

Short History of Semiconductors . ... ... ... ......... . ... . Don Taylor
“Telstar’’ Communications Satellite (Cover Story) . ...... .. .. R. H. Shennum
Coaxial Cable Communications Systems. .. ...................... Lee Craig
Coming Next Month. ........... Radio & TV News . ...........
Letters from Our Readers. .. ..... Electronic Crosswords ........
Mac's Electronics Service ....... Technical Books . .....coueunu.

Angles Quiz ................. Calendar of Events . .........
New Products and Literature. . ..

Copyright © 1962 by Zili-Davis Publishing Company. All riRhis reserved.
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THE INDUSTRY'S

ONLY COMPLETE
“LOOK-ALIKE"” LINE

OF BOTH NEEDLES
AND CARTRIDGES!

150 Exacl
Replacement
Cartridges

300 Exact
Replacement
Needles

Speeds your phono
service . . . assures consistent
high quality and complete
compatibility of needles and
cartridges. Inventory and handling
costs are cut to the bone. And the
industry’s greatest array of sales tools
~ cross-reference catalogs, wall charts,
displays and merchandisers — is
available to suit your requirements.
Ask your E-V distributor, or send
coupon for profitable details, today.

ELECTRQ-VOQICE. INC,, Dept. 1027N

Buchanan, Michigan

Please send my free needle and carirldge catalogs I
plus name of nearest distributor,

Name.

|

|

|

|

l Address_
I

L

|

-

- |
State_________ I
________ —d
PAGE
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Electromes World

COMING
NEXT MONTH

Special
Feature

Integrated Circuits—A Revolution in Electronics—Details on an exciting new
manufacturing technique in which an entire circuit is fabricated without the
use of conventional components. Extremely small size, greater reliability, and
longer life are only a few of the advantages claimed for these components.
Eventually reduced circuit costs will expand their applications in electronics.
An exclusive story from Motorola Semiconductor Products Division, Phoenix, Ariz.

i VIBRATO SIMULATOR
Here is a simple, low-cost transistorized
circuit that anyone who plays a musieal
instrument will want to add to his oun
amplifier or hi-fi system to impart an
interesting and unique vibrato effect.

| THREE-TRANSISTOR CB TRANSCEIVER

A compact, low-pouer, hand-held unit
using inexpensive transistors. A modn-
lated oscillator and superregenerative
detector are used in order to keep the
circuit simple to build and operate. No
license is needed to build or use this unit.

DESIGN FOR A HIGH-GAIN

V.H.F.-U.H.F. ATTIC ANTENNA

You can pull in weak signals nicely on
all TV channels, uhf. as well as v.h.f.,
and FAM transmission too, with a single
antenna. What is more, vou can assembie
it of wire and wood and then hide it in
your attic. A simplified adaptation of the
log-periodic concept provides exception-
al pick up from 54 to 890 mc. with su-
perior direclivity.

|
|
| WHITE NOISE

| Since “white noise” is a term frequently
| used but not always understood, Lon Ed-
] wards of Solitron Devices, Inc. develops

| the theory in detail. The construction of

« white-noise generator and ils uses in
testing hi-fi components and systems are
also covered in this article.

EVOLUTION OF THE

COMMUNICATIONS RECEIVER

Part 1 of a 2-part series tracing circuit-
design trends in amateur communica-
tions receivers from the very earliest
crystal and regenerative sels up to the
present-day sophisticated unit. Of in-
terest to hams, service technicians, and
everyone concerned with circuit tech-
niques, the series covers the entire gamut
of radio-receiver design.

VERSATILE PROGRAMMED TIMER

Build this handy multi-purpose thyra-
tron timer which can take a lot of boring
waiting and watching tasks from your
shoulders.

FM STEREO MULTIPLEX ADAPTER

A simple switching-type adapter you can
build—it requires no special coils or
ceritical components and uses inexpen-
sive general-purpose “p-n-p* transistors.

All these and many more interesting and
informative articles will be vours in the
November issue of ELECTRONICS
WORLD ...on sale October 25th

e ——————————
ZIFF-DAVIS PUBLISHING COMPANY

William B. Ziff
Chairman of the Board (1946-1953)

| William Ziff
Prestdent

| W. Bradford Briggs
Execntive Viee President

Hershel B. Sarbin
Vice President and General Manager

M. T. Birmingham, Jr.
Vice President and Treasurer

Robert P. Breeding
Circulation Director

Charles Housman
Finaneial Viee President

Stanley R. Greenfield
Viee President
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‘ Member L) )
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Audit Bureau of .
Circulations ‘e .‘
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| Radio & TV News » Radio News s Radio-Electronic Engineering Trademarks Reg. U.S. Pat. Off.

[ SUBSCRIPTION SERVICE: All subscription correspondence

culation Department., 434 South Wabash Avenue. Chicago

should be addressed to Electronics World, Cir-
5. Illinois. Pleasé allow at least six weeks for

change of address. Include your old address, as well as new—enclosing if possible an address label from
a recent issue.

EDITORIAL CONTRIBUTIONS must be accompanied by return Postage and will be handled with reasonable
care: however publisher assumes no responsibility for return or safety of art work. photographs. or
manuscripts.
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COUPLED TO
YOUR SPEAKERS

Gre 44 TRANIATON STARNO anemvih m—‘ IJ
BALANCE SEPARATION

C C ¢ ¢

| | A

WOLUIME Bams tRAEALE

roll

SR el | PLTER OF®  BOAST Cm E i
—_ =

incomparable K6-60 |all-transistor|50 watt stereo amplifier kit

Here is the amplifier of the future—yours today. ..years-
$ 9 5 ahead all-transistor stereo hi-fi circuitry featuring
ONLY — 50 watts of music power directly coupled to your speakers
Ca.

There is no other amplifier kit like it. Know the

enjoyment brought you by every advance in up-to-the-
NO MMY DOWN minute audio technology. The precision circuit, using 20
only $5 per month on transistors and six diodes, develops a full 50 watts of
Allied’s Credit Fund Plan IHFM music power. No transformers or DC blocking
r - capacitors are used. This engineering breakthrough gives

‘ PROOF OF SUPERLATIVE VALUE you unbelievably clear, true and pure reproduction, even in
' * Features direct-coupled output—no transformers or DC the extreme low-frequency range. Plays instantly —

blocking capacitors in output stage « 4-ganged volume no warm-up time; no microl?homcs: virtually no hum or
I control for virtually linear operation at all levels « Dual- noise; minimum current-drain; cool operation. Check the

concentric clutch-type bass and treble controls « Inde- | incomparable specifications (box at left). See why there's
pendent recording outputs . Regulated power supply « nothing like the KG-60 for quality and value. Order it
Separation control for optimum stereo effect « Separate today —no money down {(just check coupon). $

channel balancing control = Rumble and scratch filters Shpg.wt., 8 1b. Outstanding value at only .. 7995

» Taperecording outputs - Response, 1 + db from 20-20,000 {less case)

(Metal Case for KG-60; 5 Ibs.; enly $4.95)

cps at full rated output « Harmonic distortion, below 19, (Wood Case for KG-60—illustrated—5 Ibs: only $9.95)

at 50 watts « Hum and noise: Tuner, —90 db; magnetic |
phono, —60 db « inputs: Tape Head (NAB); Mag phono

e oo phoes i uner Seowrien xeeees | ALLIED RADIO oroER
° w ] o N
| Easy-to-build modular design « Handy plug-in transistor 100 N. Western Ave., Chicago 80, IIl. TODAY
sockets « Specially engineered printed circuit board « [ Ship me the following:
With all parts, transistors, wire, solder and famous Knight- Knight-Kit KG-60 Atl-Transistor Amplifier Kit 83 YU 659BN

Kit step-by-step in'strue!ions. Maximum- compactness, ‘ (7 Metal Case 83 YX 644 ) Wood Case 38 YX 645
only 2% x 11 x 9%". Precision-look styling; handsome

Sierra Gold panel, with black-accented selector and vol- Ship No Money Down on Allied's Credit Fund Pian

New Credit Customers Only: Send name and address present employer, how

ume escutcheon. Less case. For 110-125 volts, 60 cycle AC. long employed, position, monthly salary: rent 6f own home, how long at present
- address; give age (21 minimum for credit account).
SATISFACTION GUARANTEED OR YOUR MONEY BACK R T enclosed (check) (money order)
typical of the quality and value of over
100 other great KNIGHT-KITS Name. — S S I

PLEASE PRinT

manufactured by

KNIGHT ELECTRONICS CORP. Address. - - R
A DIVISION OF

ALLIED RADIO

October, 1962 5

City_ Zone_____ State
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DESIGNED FOR COLOR TV

PERFORMANCE GUARANTEE IN WRITING

100 MPH WIND TESTED

SUNFAST GOLD ANODIZED

“Pat. Nos. U.5. 2,700,105; 2,955,289 + Conada 511,934 * Others panding.

EVOLUTIONARY — The finest TV an-
tenna design ever engineered is the time-
proven Electro-Lens all channel Yagi.
This patented basic design. with its cross-
phased driven elements and intermixed
director svstem, was introduced by
Winegard to the industry in 1951 and
has never been surpassed. Now. through
continuous research and product devel-
opment. a new, improved Electro-Lens
Yagi has evolved—the NEwW WINEGARD
CorortroN—bhringing this acknowledged
design to a new peak of perfection.

4 COLORTRON MODELS $24.95 to $64.95
There are 4 new COLORTRON vagis to
cover every reception need. from suburbs
to distant fringe areas . . . setting new in-
dustry standards for reception results

e,

e |

Winegard

the only outside antennas that carry a
written factory guaraniee of performance
with full factory back-up of consumer
satisfaction.

PERFECT COLOR ANTENNA — CoLoR-
TONS have an almost flat frequency
response (plus or minus Yy DB across
anv 6 MC channel). no “suck-outs™ or
“rolt-off " on end of bands . . . accurate
300 ohm impedance match. (VSWR 1.5
to 1 or better) ... unilobe directivity for
maximum ghost and interfercnce rejec-
tion. They deliver today’s finest TV re-
ception—CoLOR or BLacKk axp WHITE.

RUGGED CONSTRUCTION — SUNFAST
GOLD ANODIZED —C01.0RTRONS are built

—

COLORTRON

tubing for rigidity and stahilitv. New
locking devices keep the elements
aligned—straight as a die. This guality
of construction will satisfy a perfeetion-
ist! Insulators have a triple moisture
barrier to insure top performance, rain
or shine. Every Cororteox is Gorp
ANODIZED the WINEGARD for the
best tooking. most corrosion-proof and

wav

permanent Gold finish known for alumi-
num.

POWERFUL ELECTRONIC ANTENNA —
Because the CoLoktroy and the Nu-
visTor amplifier were designed to match
each other perfectlv. clectronically and
mechanicallv, together thev make the
most efficient electronie TV antenna yet

and mechanical construction. They are to last . .. made of high tensile aluminum devised .
CIRCLE NO. 159 ON READER SERVICE PAGE
7,
s Ve
"C”' i -~ S // - /
LEA : . 2 P e —E Yy e
% "‘;AI,,,’,_; SR =~ e {/ i - T /}"4»/’ 3 s~
. e i —~ 55 i -
¥ = - e //"‘I' o
7 S f’i - ’I
b — N
MODEL C-44 MODEL C-43 MODEL C42 MODEL C-41

GOLD ANODIZIED $64.93

GOLD ANODIZED $51.90

www americanradiohistorv com

GOLD ANODIZED $34.95

GOLD ANODIZED $24.9S
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USES 2 LONG LIFE NUVISTORS
STRONG SIGNALS CAN'T OVERLOAD IT
COMPLETELY WEATHER-SEALED

“ANTENNA and COLORTRON AMPLIFIER

REVOLUTIONARY—Now a revolutionary
new circuit. using two NUVISTORS en-
ables the WINEGARD COLORTRON ampli-
fier to overcome the limitations of other
antenna amplifiers. For instance. oscilla-
tions. strong signal overloading and cross
modulation picture interference are not
problems with a COLORTRON AMPLIFIER
because it will take up to 400.000 micro-
volts of signal input. 20 times more
signal than other antenna amplifiers.
You can use it to amplifv weak signals
[rom far-away stations even though vou
have strong local signals from TV and
I'M stations. The CoLortiiox NUvISTOR
Amplifier (s the only antenna amplifier
that can do this!

'LIFESAVER" CIRCUIT GIVES NUVISTORS
4 TIMES THE LIFE OF ORDINARY TUBES—
A special “LIFESAVER” circuit has been
designed to give the rugged Lox¢ Live
NUVISTORS an operating life many times

AMPLIFIER WORKS
ON ANY ANTENNA,

TENNA IN SECONDS.

SPECIALLY DESIGNED
AMPLIFIER CLAMP SNAPS
ON COLORTRON AN-

that of tuhes, and superior to transistors
in similar use. The CoOLORTRON NU-
VISTORS will operate perfectly for vears.

PERFECT COLOR TV AMPLIFIER—The
CovrortroN amplifier has what it takes
to give CLeax, CrLrar CoLOnr PICTURES.
sharp and bright without smear. On weak
signals. it will effectively reduce snow
and interference. often making the dif-
ference between a very good picture and
a poor one. It has an ultra low noisc
cireuit ., high amplification . . . flat fre-
quency response . , . accurate impedance
match (VSWR 1.5 to 1 or better. input
and output) ., . and no phase distortion
You can bhe confident it will improve
color and black and white TV reception
in any location. This amplifier is so
powerful, it can easilv drive 6 sets at
once with gain to spare!

WEATHER-SEALED POLYSTYRENE CASE
... CORROSION-PROOF—The CoLORTRON

e
Impaunn )

f
"
- A M
L
UNRETOUCHED PHOTO COLORTRON

OF AMPLIFIER GAIN
CURVE —FLAT RESPONSE

ALL CHANNELS. COUPLER.

www americanradiohistorv.com

POWER UNIT WITH
BUILT-IN 2 SET

Nuvistor amplifier is completely
weather-sealed! Nothing is exposed to
corrode and cause trouble—even the ter-
minals are protected. A rubber hoot over
the twin-lead keeps moisture out. A
built-in heat sink controls temperature
of Nuvistors. Everything possible has
been donc¢ to eliminate maintenance
problems. It comes complete with an all
AC power supply with huilt-in 2 set
coupler. (Mod. No. AN-220, $39.95). The
CoLorTrRON amplificr will give trouble-
free performance for vears. Install it
and forget it!

OTHER ANTENNA AMPLIFIERS
FOR TV—2 Transisier {Mod. No. AT-220, $39.95)
C avoiloble. Will tcke up to 80,000 cr
ynol input without over ood. T is 3
times the inbwi of other tronsisior ontenng omp-

OR FM=Super sensitive 2 Nu
M 1 1—%$39.95

Virite for information

, 200,000

Write for technical bulletins

ANTENNA SYSTEMS
3003-10 KIRKWOOD * BURLINGTON, 1OWA
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Becauce you've got to
GEE it - to BELIEVE it
- - -we will eend you
a FREE cample!ll

KILOWATTS

DRY TRANSFER TITLES
FOR PROTOTYPES AND
ELECTRONIC PANELS

Imagine lettering that transfers DRY to
almost any surface — paper, wood, glass,
metal, plastic — with just a quick, light
pressure! Not just any lettering but the
finest, most meticulous lettering in the
world transfers from the carrying sheet
to your prototypes, electronic panels, or
engineering drawings.

NOT A DECAL—NO WATER—NO TAPES
NO SCREENS — GOES ON INSTANTLY
JUST PRESS AND (T'S THERE

MAKES PROTOTYPES LOOK LIKE |
FINISHED EQUIPMENT!

s ”

... for the Record

~ .

By W. A. STOCKLIN

Editor

Our New Look

T IEAS been three months sinee our

July issue was distributed and by
now all of our readers have heen ex-
posed to our different covers, new type-
taces, new layouts. The response has
been most gratifving and, although we
originally hoped to auswer all vour let-
ters personally, the task has become too
great and we would ke to devote this
space as a kind of “thank-vou note” to
all who have taken time to send us your
conunents,

As we had hoped. most of the letters
were (uite complimendary, but  there
were a few who posed the guestion:
Why a change?

Outside of our name change from
Ravio & TV News to Erecrrosics
WouLp, there have been major
changes in our appearance in all the

Hno

years we recall—anel that has been some
twenty vears. Up to onr Julv issue we
were still using the same typetace and
the -colmmn page as we did
twenty vears ago.

The decision to make a change wasn’t
just an overnight inspiration. We had
been planning for over a vear, experi-
menting  with different lavonts, tvpe-
fuces wndl art work, with one thought in

same

mind—can we improve our magazine?
We came to the conclusion that the edi-
torial content should remain the same.
But in view of the availability of more
modern  tvpefaces and  improved  art
techniques, there was no reason why we
shonld not give vou a more attractive
and impressive package. People’s tastes
vary to a degree, but evervone appreci-
ates good looks. There is absolutely no

| need tor any publication. whether it e

COMPLETE TITLE SETS |

Set contains 24 Sheets with thousands |
of preset words and phrases researched
to give you the greatest variety and
flexibility.

No. 958—Biack ..
No. 959—White

$4.95
. 4.95

WRITE - WIRE - PHONE FOR FREE SAMPLE!
THE DATAK CORPORATION
63 71st STREET GUTTENBERG, N. J.

N.J. 201—UN 4.6555 N.Y. 212—LA 4.0346
CIRCLE NO. 114 ON READER SERVICE PAGE
]

a service, hi-fi. or any other type of
magazite, to be unattractive and difficntt
to read. Certainly a service technician
and an engineer can both appreciate

| neatness and attractiveness,

Ounr typefuces have been modernized
and made a little larger with the idea
of making our editoriul material easier
to read. There is a psychological lift.
resulting in greater appreciation, when
eye fatigue is reduced. Enjoymeut and
comprehension are in an inverse ratio

www americanradiohistorv com

to the amount of evestrain of the reader,

We lave also changed from a 3-
colunin page to a 2-cohunn presenta-
tion, which, in itselt, is not new as many
of our old-time readers will recatl. In
the past, we have reserved this type of
presentation for special issues or special
articles, We don’t think anvone would
disagree with us in that this type of
Livout is much casier on the eves. looks
better, and therefore makes it casier for
the reader to assimilate the information
contained in our articles. This, in itself,
has done more to alter the appearance
of our publication than any other change
we have made, and this may lead some
to believe that our editorial content has
changed.

This situation is quite similar to
putting np vertically striped wallpaper.
Were this paper to be hung horizon-
tally, the room would look entively
different. bt yet. it is the same paper.
Similarly. our editorial content remains
the same and we will continue to keep
our readers up-to-date on the newest
cirenits and  developments in areas of
interest vocationally  or avocationally.
We will also continue our efforts to pub-
lish the most authoritative material avail-
able on any given subject.

The change in our covers
come, as we had plarmed, as a surprise
to our readers. In place of onr usnal
1-color photographic covers, we are now
using technical illustrations, in full color.
This does not prechude future use ot
photographs, but the emphasis will be
more toward the technical presentation.
We feel that there is so much that can-
not be shown in a photograph. It is our
hope to convey a photographic image
along with onr own thoughts on the sub-
ject. Certainly our July, August, Sep-
tember, and October covers are good
examples of what we are doing. We do
not belicve that anv single photograph
could have presented the subject more
clearly. This type of presentation takes
not only a good artist, but a lot more
time and effort on our part, but we be-
lieve the results are worth it. We hope
you agree. A

shonld

ELECTRONICS WORLD
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Electronics is the ouistanding career field of
the 1960's. There are more better-than-aver-
age opporiunities in Electronics than in any
other field—openings for which you could
qualify through NRI training. Thousands of
men like yourself have stepped up to good
money in Industrial Electronics, Radio and
TV Broadcasting and Radio and TV Servicing
with NRI training.

Make More Money Soon

If you decide to be a Radio-T'V Service techni-
cian, NRI training can help you step up your
income soon after you enroll. We show you how
to apply your knowledge to make extra cash in
spare time doing Electronic repairs or servicing
radios and TV sets for friends and neighbors. If
desired NRI assists you in job placement when
you’re ready. In short, whatever branch of
Electronics you select, NRI is well qualified to
help you grow in your new career . . . in useful-
ness, in prestige, in monetary gain.

Train With The Leader

NRI is America’s oldest and largest home-study
Radio-TV, Electronics training school. For
nearly half a century NRI has maintained the
confidence and respect of students, graduates
and the Electronics Industry by constantly sup-
plying practical, complete, up-to-date home-
study training at a cost most everyone can
afford. Read the capsule descriptions of NRI
courses on the other side of this page. Then, mail
the postage-free card today for the FREE NRI
CATALOG. National Radio Institute, Wash-
ington 16, D. C.

rm RADIO T
JCURONICS

by Practicing at Home
in Your Spare Time

Equipment You Get Makes
Training Faster, Easier

NRIG

The NRI ““train-by-doing” method, using special training equipment, is the
time-proved way to assure advancement or to turn your hobby into a new and
profitable career in the fast-growing field of Electronics. All NRI courses, except
FCC License training, includes special equipment at no extra cost. You build
circuits and work experiments. Theory you study comes to life in an interesting,
easy-to-grasp manner. NRI catalog pictures and describes equipment you get.
Mail the postage-free card for more facts about NRI training and opportunities

| awaiting you in Electronics, Radio-TV.

Turn Page For Facts On NRI Courses »

r—————————————— ——————————— - — — —— — .

Cut Out and Mail—No Stamp Needed

LT

'The Amazing
Field of

Hlectronics

NATIONAL RADIO INSTITUTE
WASHINGTON 16, D.C. EM

Please send mc your Electronic, Radio-TV catalog |
without cost or obligation. I am interested in the Course |
checked below. (Nosalesman will call. PLEASE PRINT.) |

|

1 FCC LICENSE
COMMUNICATIONS |

INDUSTRIAL ELECTRONICS
RADIO-TV SERVICING

Name__ _ Age
Address.
City Zone. State

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL A -
Approved for Veleran's under Korean Gl Bill

WWW.arhericanradiohistorv.com
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PICK THE CAREER YOU WANT

IN THE WONDERFUL FIELD OF ELECTRONICS
TRAIN AT HOME WITH THE LEADER

INDUSTRIAL ELECTRONICS

Ny

Prepare for a career as an Elec-
tronic Technician in industryv.
business, government, the mili-
tarv, with this NRI course in
Etectronics-—Principles,  Prac-
tices, Maintenance. Computers,
telemetry, automation, missiles,
rockets all employ the same
basic principles and that is
what this NRI course stresscs
with illustrated lessons, special

traimng cquipment.

TV-RADIO COMMUNICATIONS

4l SEE OTHER SIDEEK

In the NRI Communications
course you get actual experience
as NRI prepares you for vour
choice of Communications fields
FCC License. Com-
mercial methods and techniques
of Radio and TV Broadcasting;

teletype; facsimile; microwave;

and an

radar; mobile and marine radio;
navigation devices, FM sterco
mmultiplexing are some of the
subjects covered. You work with
special training equipment.

TELEVISION-RADIO SERVICING

(INCLUDES COLOR TV)
NRI’s time-tested course in

Servicing not only trains you to
fix radios, TV
but also shows you how 10 earn

sets, hi-fi, etc..

spare-time money starting soon
after enrolling. Fast growth in
number ofsets, color-TV  stereo
means money-making oppor-
tunities in your own spare-time
or full-time business or working
for someone else. Special train-
ing equipment included

FCC COMMERCIAL LICENSE

FIRST CLASS
PERMIT
NO. 20-R

(Sec.

34.9, P.L.&R)

W ashington, D.C.

r

‘ BUSINESS REPLY MAIL

I NO POSTAGE STAMP NECESSARY IF MAILEQ IN THE UNITED STATES

POSTAGE WILL BE PAID BY

NRI National Radio Institute

3939 Wisconsin Avenue
Washington 16, D.C.

% For men with Radio-TV expe-
rience who want to operate or
service transmitting equipment
used in broadcasting, aviation,
marine, microwave, facsimile or
mobile communications. A Serv-
ice Technician is required by law
to have an FCC License to work
on C-Band, other transmitting
equipment. From Simple Cir-
cuits to Broadcast Operation,
this new NRI course trains you
quickly for your Government
exams,

Job Counselors Recommend

Today, a career in Electronics offers unlimited oppor-
tunity, Job counselors advise, ‘“‘For an interesting
carecr, get into Electronics.” The National Associ-
ation of Manufacturers says, “There is no more in-
teresting and challenging occupation in American
industry.”

When you train for a carcer in Electronics through
NRI home-study methods your home becomes your
classroom, and vou the only student. You pick your
own study hours, study when you want, as long as
you want. No need to give up your job or go away to
school. And there are no special requirements of pre-
vious Electronics experience or education. Train
with the leader. Your NRI training is backed by
nearly 50 years of success. Mail the postage-frec
card. National Radio Institute, Washington 16, D.C.

{ Mail Postage-Free Card

www americanradiohistary com
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+0 -/adb from 1 to 1,000,000 ¢cps.That's the band-
width of the new Harman-Kardon Citation A—the world’s
first professional Solid State (transistorized) Stereo Con-
trol Center. It is totally new in concept, design and per-
formance. When you hear it, you will share the experience
of its creators—the experience of genuine breakthrough
and discovery; the experience of hearing music as you've
never heard it before. Citation A represents a towering
achievement for Stewart Hegeman and the Citation
Engineering Group. It will change all of your ideas
about the reproduction of sound. Visit your Citation
dealer now for an exciting premiere demonstration.

For more complete technical information on k d
Citation A write to the Citation Division, araon
Dept. EW-10, Harman-Kardon, Inc., Plainview, N.Y.

QOctober, 1962 CIRCLE NO. 125 ON READER SERVICE PAGE 1
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The sweep and magnificence of a full
orchestfra . . . the intimacy of a lovely
voice. The pure sound of Grommes faith-
fully reproduces the mood and expression
—with the elusive quality of ‘‘presence’’
You are there!
= :— . — \
GG OoOOTD
g...: L] - - ’ - = "t
g A
Model 24PG 24 watt stereo amplifier. .. ..$ 89.95
Model 36PG 40 watt stereo amplifier, .. .. $129,95
Model 70PG 70 watt stereo amplifier. .. ..$199.95
Write GROMMES

Division of Precision Electronics, Inc.,
9101 King St., Franklin Park, Ill.

g/uswn med
sets the
scene...

H FROM OUR

TEST EQUIPMENT FOR 2-WAY RADIO
To the Editors:
On page 44 of vour June issue, there
was a very fine article entitled “Test

| Equipment for Conmunications Servic-
| ing”. Our organization has been o this
business for sixteen vears and we are
constanthy setting np and working with
service stations that handle mobile 2-
way radio.

We would like permission to reprint
this article and pass it ont to some of
our service stations in order that thev
will have a better idea of the test equip-
ment required and its nse.

Tnoxtas F. Carren, President
Carter Communications Corp.
‘ Dallas, Texas

We are always glad to grant such
permission. All we ask is that the souree
| be credited.—FEditors.
3 ° L]
‘ TECHNICIANS AND AUTOMATION
[ To the Editors:

Mr. Jones™ article "Teelmicians in the
Computer Industry,” which appeared in
vour June 1962 issue. was trune enough
as far as it went. I order to be com-
pletely: fair to the peoptle who might like
to become computer technicians though,
vou wust present the other view,

The other view being that all is not
roses with the teehnician, There is a very
real danger that the techmician and per-
haps even the engineer will one day find

| they are no longer in demand. This does
not mean that there will not be some-
one called a “technician™ or “engineer”.
This means that there will not he a need
for as many.

This seems evident from two things.
First. the speed of the computer, and

| second, the reliability,

The newer machines are nueh faster
than the machines made five vears ago
(in some cases, perhaps by a factor of
7). Transistors are now very reliable. 1
understand that the Naval Ordnance
Test Center (NOTS) has amachine that
clocked 10,000 hours without a com-
ponent faihure,

These two things taken together paint
a black picture for the technician and
the engineer.

Dovann A, Gruex
Burbank, California

Automation does produce some cut-
hack in cmployment in certain areas.
This is an important problem and many

12
<¢— CIRCLENO. 124 ON READER SERVICE PAGE
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companics and our goverioment are pres-
cently muel concerned. In the long run,
however, automation has incariably in-
creased cmploygment and raised the level
of the worker. We feel that as equip-
ment becomes wore automated  Hhere
will be a greater not a lesser need for
technicians to operate, service, and main-
tain i, As « matter of fact. were it not
for antomation a good mey of the tech-
wician and engincering jobs would not
ceen exist today.—Editors,
o e <

LOW-EFFICIENCY SPEAKERS
To the Editors:

i amn a great booster of Mr, Villehur
and of the speakers he designs. How-
ever, after reading his article on speaker
distortion (" Distortion in Loudspeakers”
in the June issue), 1 am beginning to
have my donbts,

in the paragraph on page 68 which
starts "At anv one moment ... the
statement is made: “To throw away half
of the voltage is to throw awav three-
quarters of the power since power varies
as the square of the vohage.”

it is quite trne that one-half of the
voltage falls aecross the dead part of the
coil, but this voltage is being developed
across one-half the impedanee which
gives us one-half and not three-quarters
of the power being thrown away.

ANTHONY McGOOKIN
Chicago, Hlinois

Reader MeGookin is quite right. This
was one of those statements that sounded
so logical that wo one stopped long
enough to ficure it out. Mr. Villelao's
conclusion is still valid, howeeer, namely
that voice-coil overhang, which is uscd
for decreased distortion, involves a major
sucrifice in efficiency.—Editors.

o e a
TRANSISTORIZED TV COMPENSATOR
To the Editors:

This letter is in reference to the comn-
ments of Mr. Co WL Martel (June “Let-
ters” colinm ) concerning my article A
Transistorized Television Compensator,”
which appeared in vonr March issne.

While the conments of NMr. Martel
are trie to o certain extent, it is evident
that he has overlooked one fact.

The idea of using the unbypassed
cathode of the output stage to feed andio
to the hi-fi svstem is a reasonable and
sound idea. However, this does not take
into account the poor guality of the
stages that precede it, or the poor low-

ELECTRONICS WORLD
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~ Find it and Fix it in 14 the time!

EASILY SOLVES “TOUGH DOGS'"...INTERMITTENTS ... ANY TV _TROUBLE

TIEViSion

ANALYST

N
i TeLevision ANALYST

Just As Easy to Use As a VOM!

By Easy Point-to-Point Signal Injection, You see the Trouble SIMPLIFIES COLOR TV SERVICING, TOO
on the TV Screen and Correct it—Twice as Fast and Easy!

Simplified technique stops lost hours never recovered on
“tough dogs’’, intermittents, and general TV trouble-
shooting. This one instrument, with its complete, accurate
diagnosis, enables any serviceman Lo cut servicing time in half
.. .service more TV sets in less time . . . satisfy more custom-
ers . ..and make more money.

With the Analyst. vou inject vour own TV signals at any timne,
at any point, while you watch the generated test pattern on
the picture tube of the television set itself. This makes it quick
and easy to isolate, pinpoint. and correct TV trouble in any
stage throughout the video, audio, r.f.. i.f., syn¢ and sweep sections
of black & white and color ielevision sets—including intermit
tents. No external scope or waveform interpretation is needed,
Checks any and all circuits—-solves any performance problem.
Gives vou today's most viluable instrument in TV servicing
proved by thousands of professional servicemen everywhere.
Available on Budget Terms. As low as $30.00 down. Nel, $29995

Enables you to troubleshoot and
signal trace color circuits in color
TV sets, or facilitate installation.

Generates white dot, crosshatch
and color bar patterns on the TV
screen for color TV convergence
adjustments.

Generates full color rainbow dis-
play and color bar pattern to test
color sync circuits, check range
of hue control, align color de-
modulators. Demonstrates to
customers correct color values,

Time-Saving, Money-Making Instruments Used by Professional Servicemen Everywhere

- o

Model 960 Transistor Model 360 V O Matic Model 375 Dynamatic Model 700 Dyna-Quik Model 440 CRT
Radio Analyst Automatic VOMW Automatic VTVM Tube Tester Rejuvenator Tester

BaK MANUFACTURING CO.

See Your B&K Distributor Division of DYNASCAN CORPORATION

or Write for Catalog AP20-N K 1801 W. BELLE PLAINE AVE. + CHICAGO 13, ILL.

Canada: Atlas Rodio Corp., 50 Wingold, Toronio 19, On!.

Export: Empire Expoariters, 277 Broodwoy, New York 7, U.S. A.
CIRCLE NO. 107 ON READER SERVICE PAGE i3

October, 196
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THORENS

BTD-12S Tone Arm

The new Thorens BT D-128 sterco tone arm will outlast
and outperform them all.

Like the incomparable Thorens TD-124, still the top high
fidelity transcription turntable for more than four years,
the BTD-12S is a product of Thorens engineering skill
and unsurpassed Swiss craftsmanship. For cxample »
The almost frictionless bearings of instrument quality
on all pivots * The exclusive Thorens cueing device that
raises and lowers the arm, making it unnecessary to touch
the arm while it is in contact with the record * The
specially designed pivot that maintains continuous verti-
cal stylus position no matter what the height adjustment
* The balancing that makes thie arm independent of level-
ing * The accurate gram-calibrated stylus force adjust-
ment * The quick-change plug-in shells for all standard
cartridges —and best of all *The braking action when
the arm is raised which eliminates the danger of broken
or bent styli caused by free swinging arms.

As in turntables, you’ll find that Thorens has thought of
everything in the BTD-128. Sce and hear it at your
franchised Thorens dealer’s today, or write for complete
specifications. $50 net

& Guaranteed for One Full Year.
r
\ Now! The BTD-12S in an integral
THORENS DIVISION

unit! The Thorens TD-135 is the
only integral unit to combine a truly
quality! Thorens TD-135—-$110 net,
ELPA
ELPA MARKETING INDUSTRIES, Inc.
New Hyde Park, N. Y. -

professional arm — the BTD-128 —
In Canada: Tri-Tel Associates Ltd., Willowdale, Ont.

with a 4-speed, 8-1b, nonmagnetic
transcription turntable of "TD"

14

CIRCLE NO. 118 ON READER SERVICE PAGE

frequency response obtained because of the use of small
coupling capacitors. In some cases the roll-off due to these
small capacitors could be 16 db at 100 cycles.

The compensator was designed with the express intent
of eliminating these problems by providing an alternate audio
path properly compensated, casily installed, and providing
excellent quality for connection to high-quality systems,

RoxaLp H. WacsER
Franklin Park, Illinois

Reader Martel suggested that Author Wagner's TV com-
pensator was an unduly complicated and expensive way of
getting good TV sound since all one had to do was to remoce
the bypass capacitor across the cathode resistor of the audio-
output stage and pick up audio here. In addition to the loss
of lows mentioned aboce, some TV sets have excessice high-
frequency roll-off due to the use of de-emphasis networks
hacing time-constants greater than the normal 75 psce.—
Editors.

o -] °
TECHNICIANS IN COMPUTER INDUSTRY
To the Editors:

I have recently seen the cover of your June issue. It is a
very excellent color-reproduction job. We were glad to be
able to eontribute an article to vour publication, and were
happy to see it selected as a feature story in vour June issue.

I have endorsed your check in payment for the article over
to the general scholarship fund of the Student Aid Associa-
tion at Broome Technical Comnumity College in Bingham-
ton, New York. Under the IBM matching-grants program to
educational institutions, the college will be eligible for an
equivalent amount from the IBM Co. Perhaps these contri-
butions will aid some deserving voung man to graduate as a
qualified technician.

D. N. JoNEs

Director of Personnel
General Products Div.. IBM
White Plains, New York

Mr. Jones was the author of the article “Technicians In
the Computer Industry.”—Editors.

© L3 °

SHIELDED IGNITION SYSTEM
To the Editors:

I was especially interested in the article “Reducing Citizens
Band Ignition Noise” which appeared some time ago in vour
magazine although at that time 1 didn’t have a need for the
shielded ignition system described by the author. Now 1 do.
Where can 1 get the Hallett shickded ignition system men-
tioned?

PavL Branronrn
New York, N.Y.

Hallett Manufaeturing Co. is located at 5910 Botwcroft
St., Los Angeles. In addition to this firm, E. F. Johnson Co.,
Waseca, Minn., and Sprague Electric Co., North Adams,
Mass. are offering such shiclded ignition system kits through
their regular distributor outlets.—Editors.

° ° 3

ANODE-FOLLOWER PREAMP
To the Editors:

There is an error in the parts list in my article “Anode-
Follower Sterco Preamp,” appearing in the July 1962 issue
of vour magazine.

Potentiometer Re should Dhe a 250,000-chm dual linear-
taper potentiometer rather than the audio-taper control spee-
ified. This is important so that the channels are balanced
at the mid-position of the control.

Cruanves P Boecrr

Director of Engineering, Acting
The Bendix Corporation
Cincinnati, Ohio A

ELECTRONICS WORLD
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GET YOUR First

F.C.C. LICENSE

A high percentage of our fulltime resident students
get their Ist class licenses within 12 weeks from the
time they start the course. Intensive FCC license
training is our specialty — not just a sideline.

The Grantham course covers all the required subject
matter completely. Even though it is planned prima-
rily to lead directly to a first cluss FCC license, it does
this by TEACHING you electronics.

The streamlined Grantham course is designed spe-
cifically to prepare you to pass certain FCC exam-
inations. All of the instruction is presented with the
FCC examinations in mind. If your main objective
is an FCC license and a thorough understanding of
basic electronics, you want a course that is right to
the point — not a course which is “padded™ to extend
the length of time you're in school. The study of
higher mathematics or recciver repair work ts fine if
your plans for the future include them, but they are
not necessary to obtain an FCC license.

Some schools and individuals offer u “*coaching
service” in FCC license preparation. The wecakness
of the “coaching service™ method is that it presumes
the student already has a knowledge of technical
radio. On the other hand, the Grantham course
“begins at the beginning” and progresses in logical
order from one point to another. Every subject is
covered simply and in detail. The emphasis is on
making the subject easy to understand. With euch
lesson, you receive an FCC type test so you can dis-
cover daily just which points you do not understand
and clear them up as you go along.

Class Commercial

IN 12 WEEKS!

A FEDERAL COMMUNTCAT IS COMMDS ST

FIRST CLASS

(Besarai Rostasarenneas Coritiontal

e WS SAB bH T, Srteainitl HeBAST WP Mt DS, IBMMHatat RIS ol o
Ut Wiinte Y CLARS A LRIESE od
s commran
e surbsel g

19 ooy - Cases o
waus vastt Taa Sy Yue BHGniteens 00 tue FTO(AML
-

08018 geynateen B3 Bart 8 PAPY
SMENELLY 1Y QuT e Peia sag

SR T LIS BO8 1l g T CSOTIALE 16 mqdind Sambis BPRIEITL 1LALLIIAND 16 L5 gYitn FBasE

Sars aae 2aTH 07 mmwesce

81 rmoet equoen & b GaERres 1 sasane TOL

Accreditation by the National Home Study Council
is your assurance of quality and high standards.
Grantham is accredited.

No doubt you've heard rumors about “*memory
courses” and “cram courses” offering “all the exact
FCC questions.” Ask anyone who has an FCC license
if the necessury material can be memorized. Even if
you had the exact exam questions and answers, it
would be much more difficult to memorize this
“meaningless” material than to learn to understand
the subject. Choose the school that teaches you to
thoroughly understand — choose Grantham School of
Electronics.

THE GRANTHAM FCC License Course in Com-
munications Electronics is available by COR-
RESPONDENCE or in RESIDENT classes,

For further details concerning F C.C. licenses and our training, send for our FREE booklet

Grantham Schools

1505 N. Western Ave.
Los Angeles 27, Calif.

(Phone: HO 7-7727)

408 Marion Street
Seattle 4, Wash.

(Phone: MA 2-7227)

3123 Gillham Road
Kansas City 9, Mo.

(Phone: JE 1-6320)

FIRST CLASS F.C.C. LICENSE IN 12 WEEKS
Grantham resident schools are located in four major cities — classes in Nome == S Age

F.C.C. license preparation are offered at all locations. New day classes begin
every three months, and new evening classes begin four times a year.

MAIL COUPON NOW—NO SALESMAN WILL CALL =3

October, 1962

821-19th Street, N.W.
Washington 6, D.C.

(Phone: ST 3.3614)

Accradited by the Notional Home Study Council

— {Mail in envelope or paste on postal card}

- S
[ ';Rl
A} )| To: GRANTHAM SCHOOL OF ELECTRONICS

Wi NATIONAL HEADQUARTERS OFFICE
= 1505 N. Western Ave., Hollywood 27, Calif.
Gentlemen

Please send me your free boaklet telling how | can gel my com-
mercial F.C.C. license quickly. | understond there is no obligation
and no salesman will call,

Address =

City State __

1 om interested in:
0O Home Study, (] Resident Classes 26-R

CIRCLE NO. 122 ON READER SERVICE PAGE 15
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the three-way system with two 12" speakers—plus!

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

CIRCLE NO. 157 ON READER SERVICE PAGE

of speaker systems. Instead of the conventional 3-speaker
arrangement, University's Dual-12 incorporates two 12"
speakers...plus the Sghericon Super Tweeter! One 127
speaker is a woofer specifically designed for optimum re-
production of the ultra-low frequencies (down to 25 cps);
the other, a woofer/mid-range, reinforces the woofer, re-
moves the peaks and valleys that cause harsh, strident
sounds in ordinary systems and provides flawless mid-range
performance. The renowned Sphericon is included to as-
sure silky, transparent highs soaring effortlessly up to
40,000 cps! Power Requirements: 10 watts. Size: 233" x
31" x15'2". Oiled walnut finish. $229.95 Hear it at your
hi-fi dealer, or write: Desk S-10,

IUNIVERSITY
| LOUDSPEAKERS

80 SOUTH KENSICO AVE., WHITE PLAINS, N.Y,
A [ivision of Lina-Temco-Vought, Inc.
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| READER SERVICE PAGE

Please use the coupon at the bottom of this page to obtain more in-
formation about products advertised in this issue.

Simply circle the number on the coupon that corresponds to the
number at the bottom of the advertisement in which you are inter-
ested.

Additional information on items mentioned in “New Products & Lit-
erature” can also be obtained by following this same procedure.

PRINT your name and address on the coupon and mail it to:

ELECTRONICS WORLD
P.O. BOX 7842
PHILADELPHIA 1, PA.
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=

ELECTRON'CS WORLD TOTAL NUMBER Void After 10 :
P.O. BOX 7842 OF REQUESTS Oct. 31, 1962 H
PHILADELPHIA 1, PA. l o o

Please send me additional information concerning the products of the advertisers
whose code numbers | have circled. H

100 101 102 103 104 705 106 107 108 109 110 MM M2z N3 M4 N5 Nse N7z 1N N9
120 12v 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139
140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159
160 161 162 163 164 165 166 167 168 169 170 1A 172 173 174 W5 176 177 178 179

NEW PRODUCTS & LITERATURE 1 2 3 4 5 6 7 8 9 10 1M 12 13 14 15 e
7 o1 19 20 2 2 23 M4 25 2 7 WM 29 30 3N 32 33 3M¥ 3 3% 3y 38
39 40 41 42 43 44 45 46 47 48 49 SO 51 52 53 54 55 56 57 S8 59 40

(Key numbers for advertised products also appear in Advertisers Index)
NAME. I N . S
ADDRESS. _ N B
cary S __ ZONE____ STATE_ =

October, 1962 1
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how will

your stccess
In electronics
compare with
this man’s?

Will you have a rewarding
career, like Richard S. Conway?
Or will you never get beyond
a routine job? It’'s up to you.

LET'S LDOK AT THE FACTS. ‘I'here’s something wonder-
ful about understanding how a circuit works or what a
filter capacitor does. If you’'ve ever fixed a TV set, built
a radio or used a voltmeter, you've tasted the thrills of
electronics.

This excitement may have led yvou to a job in electronics.
But the glamour fades if you are stuck in the same job
vear after year. You'll be hored with routine and unhappy
ahout prospects for future earnings. You’ll discover, as
have many men, that simply working in electronics
does not assure a good future.

If electronics is the “field of opportunity,” how is this
possible? No question about it, electronics offers many
opportunities, but only to yuulified men. In any career
field, it is how much you know that counts. This ig
particularly true in the fast moving tield of electronics.
The man without thorough technical education doesn’t
advance. Even men with intensive military technical
training find their careers can be limited in civilian
electronics.

ELECTRONICS KNOWLEDGE YDU CAN USE. CREI liome Study
preparation gives . S, Conway the technical buckground to deal with Engi-
neers as Supervisor, fleetronic Test Dept., Wilcox Elcetric Co.

ADVANCED TECHNICAL KNOWLEDGE IS THE KEY to success In
electronics. If you have a practical knowledge of current engineer-
ing developments, if you understand “why” as well as ‘“‘how,™
you have what employers want and pay for. With such qualifica-
tions, you can expect to move ahead.

CRE] OFFERS YOU, for study at home, a complete program in elec-
tronic engineering technology designed to prepare you for a
rewarding, well-paying career in electronics. CREI equips you
with a practical working knowledge of advanced and up-to-date
electronic developments that will put you on the level of specializa-
tion where men are most in demand.

CRE| MEN LIKE RICHARD S. CONWAY hold positions as associate
engineers, engineering aides, field engineers, project engineers and
technical representatives. They work in every area of electronics,
from manufacturing to research.

WHEN YOU ENROLL IN A CRE! HOME STUDY PROGRAM,
you study courses to which a number of today’s leading engineera
and scientists have made substantial contributions. You are
guided and assisted by CRET's staff of experienced instructors.
You study texts that are specifically prepared for home study use.

www americanradiohicetorv com
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there is a CREI home study
program to meet your need

If you qualify, send for CREI Catalog at no cost.
If in doubt, let us check your qualifications for you.
Fill out and Mail Postage-Paid Card.

MAIL COUPON TODAY FOR FREF 58-PAGE BOOK

A A e THE CAPITOL RADIO ENGINEERING INSTITUTE
: € :n; i Founded 1927 —ECPD Accredited "
Yo Technical Institute Curricula oy,
...... . Dept. ET110K, 3224 Sixteenth St., N.W. ﬁg
Washington 10, D.C, g
send me details of CREI Home Study Programs and Free k081 1 J

Please
Book, "Your Future in Electronics and Nuclear Engineering Tech- s &7
nology.” My qualifications are noted to obtain immediate service. "= = = ==la
CHECK [ Servo and Computer Enginesring  [] Automation and Industrial Elec-
FIELD OF Technology tronic Engineering Tech ¥y
GREATEST (O Electronic Engineering Tochnology (0 Nuclear Engineering Technology
INTEREST: ([ Aero and Navigationsl Enginesring Technology

Employsd by i
Type of present work

Education: Years High School. Other

Electronics Experience_
Name_ - _ Age.
Address_

City. Zone. State.
Check: (O Home Study O Residence School 0O G.. Bili

.
\I\I\I\I\N,Hmel’l(‘.ﬂnl’a”lﬂl 1ISTOrV COMmMm
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this card is for the convenience of
men who want to improve their
opportunities in electronics.

Include full particulars on Reverse Side.

FIRST CLASS
Permit No. 288-R
Washington, D.C.

BUSINESS REPLY MAIL

No Postage Stamp Necessary If Mailed in United States

Postage Will Be Paid By

The Capitol Radio Engineering institute
3224 Sixteenth Street, N.W.
Washington 10, D.C.
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EMPLOYERS GIVE YOU SPECIAL CONSIDERATION for advancement
with CREI Home Study preparation. Quality Control Manager Ray V.
Smith of Wilcox Electric Co. explains this to CREI alumnus Conway.

PREPARE FOR A SECURE FUTURE in clectronics with a CREI Home
Study Program. Richard Conway is shown relaxing in his yard with his
children. CRE]! helped further his career, increase his income,

INCREASE YOUR PROFESSIONAL STANDING. A CREI Home Study
Program heips you gain new authority and respect. Examining a complex
installation with Conway is R. M. Soldanels, a technician at Wilcox Electric
Co. who is currently studying a CREI Program at home.

Through CREI, you have a choice of programs covering every
field of electronics:

RADAR ¢ COMPUTERS ¢ SERVOMECHANISMS ¢ INSTRUMENTATION o
AERONAUTICAL AND NAVIGATIONAL ¢« COMMUNICATIONS ¢ TELEVISION
e AUTOMATION AND INDUSTRIAL ENGINEERING TECHNOLOGY e
NUCLEAR ENGINEERING TECHNOLOGY

Programs are available for men, such as engineers, who already
have extensive technical knowledge, as well as for men with
limited technical training or experience.

THE HIGH CALIBRE OF A CRElI HOME STUDY EDUCATION is
attested to by America’s biggest corporations, where CREI
students and alumni attain positions ranging from engineering
technicians to engineers to top officials. Such companies are
National Broadcasting Company, Pan American Airways, Federal
Electrjc Corporation, The Martin Company, Northwest Tele-
phone Company, Mackay Radio, Florida Power and Light and
many others. They not only recognize CREI Home Study educa-
tional qualifications but often pay all or part of CREI tuition
for their employees.

CRE| HOME STUDY PROGRAMS are the product of 35 years of
experience. Each program has been developed with the same

YOUR WHOLE FAMILY SHARES YOUR SUCCESS. Living is better for
everyone when you get promotions and advancements through CREI Home
Study. Above, Mrs. Conway and their two children, Cynthia and David,
share Richard Conicay’s success.

painstaking skill and care that CREI put into its electronics
courses for the Army Signal Corps, its special radio technician
courses for the Navy, and its group training programs for leading
aviation and electronics companies. For those who can attend

classes in person, CREI maintains a Residence School in Wash-
ington, D. C,

YOU CAN QUALIFY for a CREI Program, if you have basic
knowledge of radio or electrenics and are a high school graduate
or the equivalent. If you meet these qualifications, write for
FREE 58-page book describing CREI Programs and career op-
portunities in advanced electronic engineering technology. NEW
1963 edition is now available. Use coupon provided, or write to:

?\TY-k/

“A_ A~ The Capitol Radio Engineering Institute

CRE. L  founded 1927
P >
'LWV VQ Dept. 1110-K 3224 Sixteenth St., N.W.

Viyeas”  Washington 10, D. C. #20A

CIRCLE NO. 111 ON READER SERVICE PAGE
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Eico ST84 Stereo Preamplifier

Shure 245 Series ‘“Uniplex’’ Microphones (page 26)
Fisher MPX-100 Multiplex Adapter (page 26)
Precision ES-150 Oscilloscope (page 101)

Eico ST84 Stereo Preamplifier
. 57 on coupon (page 17).

For copy of manufacturer's brochure, circle No

HE new Eico ST84 stereo preampli-
fier is a deluxe, highly flexible unit,
stvled to match other Eico audio com-
ponents. The ST84 has three high-level
inputs—for tape amplifiers, FM-AM tun-
ers, or multiplex FM tuners. 1t has low-
level inputs for microphones, tape heads,
and two independent phono cartridges.
The “Mode” selector allows all pos-
sible combinations of inputs and outputs.
There are settings for stereo (normal and
reverse), balancing settings with the
sum of both inputs going to either out-
put, monophonic settings with either in-
put going to both outputs, and finally,
for mono record plaving—the sum of
both inputs going to both outputs. The
bakuncing function is particularly useful
for matching channel gains.

The “Balance” control has a limited
range, —4 db to +8 db on cither chan-
nel. There are no individual channel or
input level controls so that all system
level adjustments must be made exter-
nally. Tuners or tape decks nsually have
their own output level controls and Eico
power amplifiers have input level con-
trols, Tf this preamplifier is used with
other power amplifiers, it mav be nec-
essary to insert level controls between
the preamplifier and the power ampli-
fier. The ST84 manual gives instructions
for doing this,

The tone controls use feedback cir-
cuitry, with sliding inflection points.
They can coutrol the frequency response
at the limits of the audio spectrum,

22
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where it is most likely to be required,
leaving the middle range unaffected.
Councentric knobs are used for the two
bass controls and the two treble controls.
One of the treble tone control knobs also
operates the power switch,

The preamp has rumble and scratch
filters, loudness compensation, tape-
monitoring facilities, and tape plavback
equalization for either 3.75 ips or 7.3 ips.
These functions are handled by a row of
slide switches across the upper part of
the panel.

The specifications listed below include
the manufacturer’s ratings (listed first)
and our measured performance data as
run on a kit which was assembled for us

+E

AUDIO PRODUC TS TESTED BY HIRSCH.-HOUCK LARS

(construction time: about 18 hours).
Frequency  response:  3-23.000 eps
= 0.3 db (tone controls electrically flat)
versus 20-20,000 cps 15 db (tone
controls mechanically centered).

Hum and Noise (re. 1 volt): low-level
input — 65 db, high-level input — 73 db
tersits —62 db and —83 db.

Seansitivity (at 1 ke., 1 v. out): phono
L6 mv,, high-level inputs 170 mv. as
against 2 mv. and 180 mv. respectively.

1M distortion: 04% @ 2 volts rated
versus approximately .06% {below the
residual distortion of our test equip-
ment).

Harmonic distortion: rated 037 @
2 volts as against approximately 0.06%
{below the residual distortion of our test
equipment).

Tone-control range: rated * 15 db at
both 10 ke. and 50 eps as against our
figures of + 17 db, —15 db at 10 kc.
and +13.5 db, — 14.8 db at 30 cps.

Stereo crosstalk: not rated by the man-
ufacturer, We measured —38 db @ 1
ke, and =29 db @ 10 ke.

The preamp makes extensive use of
negative feedback. Phono and tape-head
equalization is by means of feedback net-
works around the 12AX7 preamplifier
stage. High-level inputs go directlv to
the level control, so that the following
stages cannot be inadvertently over-
driven. A two-stage (12AX7) amplifier
with over-all negative feedback supplics
the required gain. The tone-control cir-
cuits are in the output stage (%-12AX7).
The feedback loop from the plate of this
stage includes the tone-control dircuits,

+

| FREQUENCY RESPONSE (TONE
- ] LI}

—

T REEEE Tvrrr
TROLS MECHANICALLY CENTEHED) ‘l

Ir1

1 H l i LI}

I e T e e S S R

o
0 T - +
i i |
o Pt 1
4 ! )
0 1
1 H -
& ‘
g I ]
20 s0 00 200 s00 ~e. 2KC, sKC. IOKC,  20KC.
+51—!—— I-:I---;—-—‘ T T 11‘11 — T T '1 — 1
= "+ ¥ ']‘* RIAA PHONO EQUALIZATION EHROR [ I
oA q T
- ot i i } 4 i J
mnssnguny T n i

FREGUE NCY-CPS

www americanradiohistorv com

ELECTRONICS WORLD


www.americanradiohistory.com
www.americanradiohistory.com

The only electronics home study program that guarantees® ..

A Commercial FCC License
...0r Your Money Back!

No other electronics home study program
can equal that offered by Cleveland Insti-
tute. And that’s why we make this ex-
clusive guarantee:

*Completion of our Master Course pre-
pares you for a First-Class Commercial
Radio Telephone License with a Radar
Endorsement. If you fail the FCC exam-
ination for this license after successfully
completing the Master Course, you will
receive a full refund of all tuition pay-
ments. This guarantee is valid for the en-
tire duration of your enrollment period.

This Course Is Designed Specifically
For Men With Previous Electronics
Training or Experience and Provides...

® Advanced electronic theory and math.
(You will receive a special 10"’ Elec-
tronic Slide Rule and complete in-
structions).

@ Special training in the practical ap-
plication of electronics skill in such

advanced fields as Computers . . .
Servo-Mechanisms Magnetic
Amplifiers . . . AC Circuit Analysis

. . Pulse Circuitry ... Color TV ...
Radar. .. Advanced Measuring Tech-
niques . . . Industrial Electronics . . .
Instrumentation . . . Automation . . .
Radio Telemetry ... Semiconductors.

" Get This Handy Pocket

Electronics Data Guide Free...

- Conversion factors, formulas,

i tables and color codes at your

fingertips. Yours without obli-

gation, simply for responding

| NOW to this opportunity to
A improve your future.

_——— Send This Coupon Today

Cleveland ¢
Institute n --"
of Electronics -

R
l
>
=
g
B
4

1776 E.17 St.,Dept.EW-70B,Cleve1and 14,0.

Accredited by the Accrediting Commission
of the National Home Study Council

(An Accrediting Commission Approved by
the U. S. Office of Education).

October, 1962

-.-tb'
=]
QO

Three Free Booklets Tell How CIE Training
Opens The Door To Unlimited Opportunities

More Reasons How CIE Will Help You Get

Ahead in Electronics

Job Service . .. every month, for three years, CIE
will supply you with a listing of hundreds of job
opportunities. High paying, interesting jobs . . . with
top companies throughout the world. See how CIE
training opens a whole new world in electronics
opportunity.

Electron Bulletin . . . every month, every student
receives a free copy of this informative bulletin.
Keeps you up to date on what’s going on in electronics.

gﬁiﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁg

I want to know more about your electronics home

ﬁ study training program. Please send me your free §

ﬁ booklets described above plus your handy pocket ﬁ

o Electronics Data Guide. I understand there is no %
obligation. I have had training or experience in

ﬁ electronics as indicated. ﬁ

rxf_ ____________ Mail Coupon To ________--——g

| Cleveland Institute of Electronics i

: 1776 E. 17th St., Dept. EW-70B. Cleveland 14, Ohio [

i O Military [0 Amateur Radio :

] [ itadio-TV Servicing  [J Broadcasting

| [ Manufaeturing O Home Experimenting

i O Communications O Other

|

] I'm now working in

{

1 I want to know about the following area of electronics :

! B

] {please print) :

| Name Age.

: Address

| City Zone State.

!L EW-70B

www americanradiohistorv com
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Uncompromising angineering + moderate price = best buy
w
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Semi-Kit $99.95

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

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

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

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

the stereo demodulator Ten stages for unequalied
performance capabilities. EICO"s brilliantly-engi.
neered zero phase-shift, filterless detection cCircuit

“e5e e @ @ (® e e

- waw

70-watt Integrated Stereo
Amplifier ST70

Kit: $99.95 wired: $149.95
{ncludes Metal Cover

40-watt Integrated Stereo -

Amplitier ST40

Kit: $79.95 Wwired: $129.95

Includes Metal Cover 0
Over 2 MILLION EICO instruments in use.
Most EICO Oealers offer budget terms.

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

FM-AM Stereo Tuner $T96
Kit: $89.95 Wired: $129.95
Includes Metal Cover and FET

e mom FM Multiplex

W
- T

3 0 Mx i FM BB

Wired $149.95

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

Two slide-rule dials in a line: one, a station fre-
quency dial with the famous EICQ 'eye-tronic”®
tuning-eye traveiling along it to indicate the exact
center of each broadcast channel; the other a log-
ging diat with an automatic stereo indicator lamp
travelling atong it in tandem with the tuning-eye to
indicate when the station tuned in is broadcasting
stereo.

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

Pre.production field tests brought back the report
"Definitely a fringe-area stereo tuner,” which is
simply the meaning of our laboratory measurements.
We know, for example. that full limiting is achieved
at 10uv Input signal, meaning that the low distortion
and noise specifications (the full benefits of FM]
will apply to all but the most distant and difficult-to-
receive stations. The sharp selectivity you need when
a tuner is that sensitive is here also (a strong local
station and a low-power station 100 miles distant
separated by only 0.4 mc, each had its own Sharp
tuning-in point on the dial). While signal (evels as
low as 2.5uv will produce phase-locking for full
stereo separation, very strong local signals will pro-

] ® 4.Track

MX99 (Patent
Pending)

Kit: $39.95
Wired: $64.95

Cover Opticnal $2.95

Transistorized
Sterea/Mono

Tape Oeck RP100
(Patents Pending)
Semikit: $299.95
Wired: $399.95
Carrying Case $29.95
Rack lount $9.95

<:§.!uu i faese ]

Inciudes Metal Cover ano FET

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

Antenna Input: 300 ohms balanced. IHFM Usable Sen-
sitivity: 3uv (30db quieting), 1.5uV for 20db quiet-
ing. Sensitivity for phase-locking (synchrenization) in
stereo: 2.5 uv. Full limiting sensitivity: 1Quv. IF
Bandwidth: 280kc at 6db points. Ratio Detector Band-
width: | megacycle peak-to-peak separation. Audio
Bandwidlh at FM Detector: Flat to 53kc discounting
pre-emphasis. |HFM Signal-to-Noise Ratlo: -55db.
IHFM Harmonic Distortion: 0.6%. Stereo Harmonic
Distortion: less than 1.5%°'. IHFM IM Distortion:
0.1%. Output Audio Frequency Response: ==1db
20cps-15kc. IHFM Capture Ratio: 3db. Channel Sepa-
ration: 30db. Audio Output: 0.8 volt. Output Imped-
ance: low impedance cathode followers. Controls:
Power, Separation, FM Tuning, Stereo-Mono, AFC-
Defeat. Tubes: 1-ECCB5, 5-6AU6, 1-6AL5, 1-12AT7,
2-12aU7, 1-6D10 (tripte triode), 1-DM70 (tuning-eye),
1-€280 rectifier, 6 signal diodes, 1 neon lamp.
Power Source: 117V, 60cps; 60 watts drain; extrac-
tor post fuse. Size (HWD): 5%” x 157" x 113"
Weight 17 lbs.

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

€10, 3300 N. Blvd,, L.I.C. 1, N.Y, EW10}

| [ Send free 32.page catalog &
dealer's name.

I [] Send new 36.page Guidebook to
l HI-FI for which | enclose 25¢ for =
| postage & handling.

| Name. .

| Address
l City. Zone___State

1962 EICO Electronic Instrument Co., Inc.
3300 Northern Boutevard, L. 1. C. 1, N. Y.

o Export Dept., Roburn Agencies Inc., 431 Greenwich St., New York 13, N. Y.

VISIT EICO ROOMS 518 & 522. NEW YORK HI-FI & MUSIC SHOW, OCT. 2-7.
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An EW Symposium cConducted by CHARLES S. TEPFER

Five of the country's leading high-fidelity component
design engineers offer their own answers in an open
debate exclusively for the readers of Electronics World.

EDITOR’S NOTE: Will transistors replace vacuum tubes in
hi-fi equipment? To answer this question and to tell our
readers the present and future role of the transistor, we so-
licited the viewpoints of a number of audio designers. After
each man presented his case, he was asked to comment on
or rebut the views set down by the other engineers. These
additional comments and rebuttal are on page 33.

shell into the electronics industry with the an-

nouncement of the transistor. The fallout has not
all settled yet, but the revolution in design nurtured by
the transistor and its semiconductor cousins has touched
all aspects of electronics—all, that is, except for high-
fidelity.

To date, the number of manufacturers who have used
transistors in their high-fidelity components can be
counted on the fingers of one hand. To date, the sale
of all transistorized high-fidelity components combined,
from all manufacturers, has not made a significant dent
in the marketplace. Why? This is what Evecrronics
WOoRLD set out to answer.

I N 1948, Bell Laboratories” scientists threw a bomb-

O«ctober, 1962

It was evident from the beginning that the answer was
not to be found with the marketing people—they would
welcome transistor equipment because the market is
ready for it. The potential buyer now has transistors in
his portable radio, auto radio, intercom, depth finder,
tachometer, in fact almost any electronic item he uses.
He's heard testimonials to their indispensability in our
space exploration program. Now, salesmen could sell
transistorized high-fidelity components if they had them
to sell.

Where, then, is the bottleneck? All evidence pointed
to the design engineer. And indeed, the conflicting an-
swers given us by a large sample of design engineers
indicates that there exists a hotbed of controversy be-
hind the calm facade of the laboratory. ELECTRONICS
WorLp asked five top designers in the high-fidelity com-
ponents industry two questions:

“What role will the transistor play in component high-
fidelity?

“Will the transistor replace the vacuum tube?”

Their answers to these questions and the comments
each made on the answers of his colleagues follows,
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4. Amplitude distortion due to nonlinear device character-
istics cannot oceur in an FM tuner except in the stages after
detection. It is not too difficult to design a transistor amplifier
for multiplex operation with a flat frequency response to 75
ke. and harmonic distortion of less than 0.5%.

A class B power amplifier design ay at times show greater
distortion at lower signal levels than at maximum power, but
obviously this is not a disadvantage if the maximum distortion
at any power level is low. A properly designed class B tran-
sistor amplifier generally requires a little less feedback for a
given amount of distortion in the output than is required by
tube amplifiers. Transistors are not inherently more nonlinear
than vacuum tubes.

With some of the newer types of output transistors, such
as the drift-ficld type, it is not difficult to obtain full power
rating at frequencies as high as 50 ke, if this is desired. These
transistors are now available at low enough prices to permit
their use in high-fidelity equipment.

I do not mean to imply that transistors now solve all of the
design problems in producing improved high-fidelity com-
ponents. It is true that transistors create some new problems
to plague the design engineer. New and different techniques
are required for the design of transistor amplifiers. Greater
emphasis must be placed on incoming inspection and quality
control in order to assure the utmost in reliability and per-
formance. However, the transistorized high-fidelity compo-
nents on the market now, as well as the millions of transis-
torized pocket radios in use, demonstrate the economic
feasibility of using transistors.

Fred L. Mergner
Vice-President
Director of Engineering
Fisher Radio Corp.

e B
RANSISTORS are now available, at fairly reasonable
prices, permitting the design of practically any type
circuit presently used in tube-type high-fidelity com-

ponents.

Use In Amplifiers

Let’s start at the low-level input stages of an amplifier, for
which transistors are ideally suited. Transistors do not exhibit
hum or microphonics and can be operated as low-noise de-
vices, when matched to low-impedance signal sources such
as magnetic tape heads and magnetic phono pickups. In
addition, their small dimensions, low heat dissipation, and
adaptability to printed circuits encourage tight packaging
and component size reduction.

The use of transistors in the power amplifier is particularly
tempting. Ever since the tuner-amplifier combination was
introduced, one particular problem has plagued the design
engineer: the great amount of heat generated by high-power,
dual-channel, push-pull output stages. Replacing the output
tubes with transistors would, for an average power amplifier,
reduce the power requirement by approximately 80 watts
and, consequently, the heat dissipation by about 35 per-cent.
In addition, a transistorized power output stage makes it pos-
sible to eliminate the output transformer, always a problem
child and the weakest link in any amplifier. As transistors are
basically high-current, low-voltage devices, they can easily be
load-matched to the low-impedance voice coils of speaker
systems rated between 4 and 16 ohms. Elimination of the out-
put transformer greatly improves the transient response as
well as the over-all stability and power handling capabilities
of the amplifier at higher audio frequencies, where leakage
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inductance, stray capacities, and consequently, excessive
phase shift can render any feedback amplifier unstable.

Unfortunately, conversion of the output stages—the biggest
step forward—present, at the same time, the greatest prob-
lem, due to lack of transistors which both perform the task
well and are economically feasible to use.

Qutput stages with power levels considered adequate to
drive todav’s highly damped and low-efficiency speaker sys-
tems must deliver a minimum of approximately 23 watts per
channel. This, in turn, requires transistors capable of handling
currents of at least 1 ampere, based on 40 volts and 63 per-
cent efficiency. Germanium alloy-junction power transistors
can perform this job easily and are obtainable at prices com-
parable to those of the bigger power pentodes. Their large
junction areas, however, exhibit a high capacitance and thus
reduce the available power gain at higher audio frequencies.
Germanium allov-junction transistors normally have a cut-off
frequency of between 3 and 10 ke. (This is the frequency at
which the cuirent gain in a common-emitter configuration
drops to 70 per-cent of the maximum gain available at lower
frequencies.) Circuit refinements permit extension of the use-
ful power range bevond this frequency, but the distortion, for
equal power output, greatly increases for frequencies higher
than 3 to 10 ke. Recent advances in production techniques
have resulted in diffused-junction r.f. power transistors which
do not possess this draswwback, but they are not vet as reliable
and stable as the vacuum tubes used today.

The solution to all these problems is readily available—~Dut
only to the designer of military equipment, for only he can
afford the price of diffused-junction silicon power transistors.
The situation, however, does not look as bleak as it would
seem, because manufacturers of the germanium diffused-
junction (drift-field) power transistors are on the verge of
solving the problems of stability and a phenomenon called
secondary breakdown. We can therefore expect to find ampli-
fiers in the near future using these new transistors, which are
definitely capable of supplying high power outputs com-
bined with low distortion at frequencies considerably higher
that those obtainable with even the present-day highly re-
fined vacunm-tube amplifiers.

Use in FM Tuners

Tuming now to transistorized FM tuners will reveal quite
a different picture. \Whereas in amplifiers the output stages
present a major problem, in tuners it is the front-end which
imposes limitations. Transistors, in general, are more prone
to overload than are tubes, usually by a factor of 10:1. Over-
load, and consequent distortion in the r.f. and mixer stages of
FM front ends due to strong antenna signals, results in cross-
modulation, interference, and repeating of the same station at
several points on the dial. Application of forward a.g.c. and
antenna signal attenuation alleviate this problem greatly, but
do not eliminate it completely.

One property inherent in transistors--their change of base-
collector junction capacitance with a change of the collector
voltage—is particularly bothersome in FM oscillators. This
change in capacitance alters the frequency of the associated
oscillator circuit, thus causing detuning and frequency drift.
To prevent this, a voltage stabilized power supply must be
used, increasing the price of the tuner. One further disad-
vantage of transistors is their low input impedance at the high
M frequencics. Power matching this impedance to the tuned
circuits to achieve the highest possible gain will, in turn,
greatly reduce their “Q,” resulting in image and spurious
response rejection figures substantially lower than those avail-
able from comparable vacuum-tube front ends. Strangely
enough, the sensitivity of FM-transistor front ends can be
made equal to that of today’s highly sensitive tube front ends.
This can be done using very low noise transistors, which are
now available at fairlv reasonable prices. The remaining sec-
tions of a tuner (including any multiplex circuits that may
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be used) do not present any particular design problems.

As we have seen, the situation at present is one in which
transistors might be used in certain restricted sections of high-
fidelity equipment, but without advantages in performance,
on the whole, over comparable vacuum-tube circuits. The
specific applications in which transistors would be clearly
superior to vacuum tubes, such as amplifier power output
stages, are heyond the reach of presently available, econom-
ically feasible transistors. Nevertheless, the near future could
see the introduction of hybrid designs in which transistors
and tubes “co-exist” side by side.

Ultimately, as new and better transistors become available
at lower prices, all-transistor designs will dominate the high-
fidelity field. This process will probably take a few years. In
the meantime, it would be extremely unfortunate for the
industry if hasty designs were to flood the market in the rush
to get on the transistor bandwagon. The aim in the conver-
sion to transistors should be part of the over-all search for
increasing quality and refinement in design rather than a de-
sire to “cash in” on an inviting promotional gimmick.

Edward 5. Miller
Vice-President
Sherwood Electronic Labs., Ine.

h -

O UR research at Sherwood has brought to light several

idiosyncrasies peculiar to transistor high-fidelity ain-
plifier and tuner design.

Despite the fact that transistors offer one of their greatest
advantages over vacuum tubes in high-powered audio ampli-
fiers (their lower heat dissipation), the problem of heat dis-
sipation remains one of the greatest design headaches. Our
experience and also evaluation of existing equipment on the
market seems to incicate that in designs up to dual-20-watt
music power, the heat dissipation problem can be ade-
quately handled by practical heat-sinking techniques (usually
mounting tightly to an aluminum chassis or laminated or ex-
truded aluminum-finned heat dissipators).

Since today’s market calls for higher powered designs, such
as dual 30-, 40-, or even 50-watt amplifiers, we must con-
sider them as well. Inevitably, in this more sophisticated
design, we now find the additional heat load presented by a
transistor regulator in the power supply. When the unknown
environment (will it be mounted in a poorly ventilated, en-
closed bookshelf near a vacuum-tube tuner?), plus unknown
load conditions (will it be called upon to drive multiple low-
cfficiency speakers somewhat mismatched to the amplifier?)
plus unknown signal conditions (will it be operated for a
long duration with a continuous-tone test record to check out
its high-frequency performance?) are all taken into consid-
eration, the output transistor heat sink soon rises above the
maximum design range of the low-level transistors in the same
chassis. The reason for this seemingly anomalous situation is
that althongh as much as 100 watts of wasted power may
have been saved over an equivalent vacuum-tube design,
there still remains 50 or more watts of power being dissipated
directly as heat, which is sufficient, when continuously added
to a 100 degree F ambient, to offer trouble in the more sensi-
tive low-level transistors. Perhaps in this case, the design
engineer will be forced to resort to a small cooling fan, a
cut-ont thermostat, or else severe operational restrictions.

Of the varied reasons offered for the superior sound of a
transistorized amplifier, when compared to its vacuum-tube
counterpart, the most obvious one is when the comparative

(Continued on page 114)
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ADDITIONAL COMMENTS & REBUTTAL

Daniel R. von Recklinghausen
Chicf Research Engineer, H. I1. Scott, Inc.

A high-fidelity music system is generally assembled from com-
ponents coming from three or more different manufacturers.
Through formal and informal standardization of voltages and imped-
ances, all this equipment operates well together. Transistorized
equipment, for the foreseeable future, will have to operate and be
capable of installation with existing components and temperature rise
caused by the other equipment.

Transistor tuner drift, due to junction capacitance change with
temperature and voltage, is more than an order of magnitude higher
than with tubes and remains a serious problem. FM front end cross-
modulation, because of nonlinear transistor input impedance, is at
this time at least 30 db poorer than in a well-designed tube tuner.
Here, new linear devices are sorely needed.

It is true that high-input-impedance transistorized amplifiers can
be designed. However, lowest noise results if the optimum source im-
pedance, on the order of 1000 ohms, is used. This may be increased
to somewhat higher values if collector current is reduced almost to
the point of instability. Lower noise devices are needed and the field-
effect devices are promising, although their very high price precludes
their use in high-fidelity applications.

As long as high-fidelity equipment is operated from an a.c. power
line, magnetic induction is the major cause of hum in tube and tran-
sistor equipment alike. Therefore, completely hum-free transistor-
equipment operation is possible only from batteries.

Robert E. Furst

Vice-President, Engincering, Harman-Kardon, Inc.

I have followed with considerable bemusement the wide range of
opinions expressed in this symposium. Our experiences are not in
agreement with many of the arguments raised and | should like to
mention some important ones.

1. Lack of transistor uniformity occurs only when standard tran-
sistors, designed basically for switching applications, are applied to
audio circuits. We have been successful, in cooperation with some of
the major transistor manufacturers, in developing and defining appro-
priate parameters. As a result, production transistors have equaled or
exceeded the uniformity of the best tubes.

2. Transistors in preamplifier front ends are less noisy than tubes.

3. We have not found transistors to be more nonlinear than tubes.
However, since they lend themselves to application of greater amounts
of feedback with the same stability margin, there is an over-all net
gain in linearity.

4, No difficulty was encountered in accurately matching any com-
mercial loudspeakers between 4 and 16 ohms to the same transform-
erless output circuit.

Fred L. Mergner
Vice-President, Dir. of Enginecring, Fisher Radio Corp.

AII participants in this symposium seem to agree on several points:
1. Transistors would be preferable to tubes in power output
stages, because this would reduce the amount of heat generated and
allow the elimination of bulky and costly output transformers, with
resultant improvement in stability, frequency and transient response.

2. The over-all reduction in heat is an important factor in designing
long-life and stable equipment.

3. The FM front end still defies transistorization, if performance
equal or superior to existing tube front ends is required.

4, Reduction in size is desirable and possible, but of secondary
importance.

Here are some points on which | am in disagreement with one or
several of the participants:

1. FM front ends should be able to handle more than 100,000 micro-
volts of signal without intermodulation distortion. We measured sig-
nals as high as 1 volt in many different places in the New York City
area. This will present a problem even if not tuned to such a high
powered station, due to the very low r.f. selectivity necessarily found
in transistorized front ends.

2. There is no doubt in my mind that transistorized equipment, de-
signed to equal in every respect the performance of presently avail-
able tube equipment, must be much more expensive. The example of
transistor pocket radios is not indicative of the economic feasibility
of conversion to transistors in high-fidelity equipment.
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TELSTAR

COVER STORY

COMMUNICATIONS SATELLITE

By R. H. SHENNUMY/ Head, Satellite Design Dept., Bell Telephone Laboratories, Inc.

Complete technical details on the experimental microwave repeater satellite and the
system that is now relaying TV and telephone signals between the U.S. and Europe.

T 3:35 on the moming of July 10th, a giant “Delta”
rocket roared away from its launch stand at Cape
Canaveral. Carried in the nose cone was a satellite

that, before the day had ended, made possible the transmis-
sion of television pictures and telephone messages between
the United States and Eurape. On July 23, in the late after-
noon, a live television program prepared jointlv by the three
U.S. TV networks was beamed to Europe by wav of the
satellite. A few hours later, a live European TV program,
through the facilities of Eurovision, was seen in millions of
American homes after having heen relaved by the satellite.
These historic, highly successful feats were called hv some
the first steps in establishing a world-wide communications
svstem tia space by wav of a station that is orbiting in space.

The “‘Telstar* communi-
cations satellite is
shown here mounted on
a laboratory test stand,
The satellite has 72
facets, 60 of which are
covered with 3600 solar
cells that provide the
charging current for
the nickel-cadmium stor-
age battery that is used
to power the electronic
equipment in the unit.
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The National Aeronautics and Space Administration pro-
vided the rocket, launching facilities, und initial tracking for
“Telstar.” NASA was paid back some $3-million for these ex-
penses by the system sponsor, American Telephone and 1ele-
graph Co. Bell Telephoune Laboratories designed and huilt the
satellite and the ground stations at Andover, Maine and Holm-
del, New Jersev.

The satellite has been called a “microwave tower in the
skv.” Its primary purpose is to receive broad-band microwave
signals from a ground station, amplitv them, and re-trausmnit
them so that they can be picked up at another gronnd station
thousands of miles away. The microwave signals can handle
TV, voice, data, facsimile, or any other service commonly
handled by ground microwave circuits.

Wide-cleviation FM is used to impress the desired informa-
tion on the microwave carrier. From the ground station to the
satellite, a center trequency of 6390 mc. is emploved. From
satellite to ground, the center frequency is 4170 me.

Bandwidth tor the hroad-band TV channel is about 3 mc.,
with a peak-to-peak deviation of 14 me. Sound for the TV
program is handled by a separate subcarrier which js fre-
quency modulated and then multiplexed onto the main car-
rier. Usable bandwidth of this audio channel is § ke.

When used tor two-way telephony, separate carrier fre-
quencies, spaced 10-inc. apart, are emploved for euch direc-
tion. For example, if telephone conversations are being carried
on between the U.S. and Englund, the carrier frequency trom
the U.S. ground station may be 6381 me. and from the Eng-
lish ground station 6394 me. Both of these signals are received
by the satellite, amplified, and re-broadcast so that both
gronnd stations receive both signals,

In the experimental set-up used with “Telstar,” it is pos-
sible to carry on 12 simultaneous two-way telephone con-
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versations, or to carry an equivalent amount of data, teletype-
writer, or facsimile circuits, or a mixture of all of these.
With one-way, broad-band transmission, up to 600 voice
circuits or their equivalent could be carried if suitable ground
equipment were installed.

The “Telstar” satellite orbits the earth approximately nine
times a day. The orbit has a perigee (lowest point, closest
to earth) of 393 miles with an apogee (highest point, farthest
from carth) of 3302 miles, with an inclination of 44.8 degrees
with respect to the equator. The period of rotation is 157.8
minutes, which means that the nine passes are completed in
just under 24 hours.

For a short time during four or five of these passes, it is
“visible” from the ground station at Andover, Maine. Two or
three of these passes have periods in which “Telstar” is also
visible to Western Europe. Total visibility at Maine is us
much as 230 minutes a day, and mutual visibility with
Europe, 102 mimites a day.

The system was designed to be operative with the satellite
as far as 3000 miles from the ground station, although satis-
factory operation has been achieved at distances as great as
6100 miles. An automatic gain control circuit in the satellite
holds the output constant with input signal variations of as
much as 20 db. To prevent larger variations of the input sig-
nal, the output of the ground transmitter is varied accord-
ing to the distance to the satellite. At a range of 3000 wmiles,
power output at the ground is about 2000 watts; this power
automatically decreases when the satellite is closer.

Ground facilities for the “Telstar” project are located at
Andover, Maine and at Holindel, New Jersey. The Andover
station is the control point, and can both transmit and receive.
Holimdel can receive only. Two foreign stations are in opera-
tion and both can transmit and receive. The British station,
designed and built by British engineers, is at Goonhilly Down,
England. France has a station at Pleumeur-Bodou which
closelv resembles the Andover station. These are the two
stations which have been used so successfully with Andover
for demonstrating transatlantic TV, telephony, and other data.

The Satellite

The “Telstar” satellite is roughly spherical in shape, with
a diameter of 34% inches and a weight of 170 pounds. It has
72 facets, 60 of which are covered with solar cells which keep
the storage batteries that power the electronic equipment
charged. The satellite receives wide-hand communications
signals at one microwave frequency and transmits them back
to the ground stations at a different microwave frequency.

In addition to the communications repeater, the satellite
has scveral electronic subsystems: (a) microwave beacon,
() telemetry system, (c) v.h.f. beacon transmitter, (d) com-
mand receiver, (e) solar power plant, and (f) radiation
experiment.

These systems provide ground control of the satellite, aid-
ing the ground station in its tracking operation, and providing
qualitative and quantitative experimental data.

Two broad-band microwave antennas girdle the satellite—
one to receive the communications signals at 6390 mec. and
the other to transmit these signals to the ground at 4170 mc.
These antennas are actually 2 belts of probe-excited cavities
which are opened at the satellite’s outer surface and produce
omnidirectional radiation and reception patterns. The incom-
ing signal is converted down to an i.f. center frequency of 90
me, and amplified in a broad-band solid-state i.f. amplifier. It
is then converted up to the output frequency of 4170 mc. and
fed to a special broad-band, ruggedized traveling-wave tube
amplifier. This is the only vacuum tube in the entire satellite,
which also uses 1064 transistors and 1464 diodes. The tube
provides an r.f. output of about 2} watts.

The local oscillator frequencies are produced from two rela-
tively low-frequency crystal oscillators (13.9 and 17.3 mc.).
These outputs are fed through transistor frequency multipliers
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aned varactor diode multipliers to give the necessary frequen-
cies—6300 mic. to beat with the incoming signal and 4080 mc.
to beat with the 90-mc. i.f. and give the output of 4170 mc.

The bandwidth of the i.f. amplifier is 80 me. It is provided
with an automatic gain control to hold the output constant
with input variations. The over-all bandwidth of the complete
repeater is 30 mc, at the 1-db points. Total amplification
of the communications channel is 10 billion times,

A microwave beacon transmitter (using the 4080-mc. os-
cillator) permits precise tracking from the ground, This trans-
mitter puts out a signal of about 30 mw. at 4080 mc, when
comnmnmications are being sent through the satellite and 80
mw. when the traveling-wave tube is on but no commnmica-
tions are being sent.

Much information on the space environment on and in the
satellite is transmitted back to the ground station by means of
the telemetry system which is located in the satellite. The te-
lemetry transmitter operates at 136 me. with an output power
of 200 mw, A helical antenna is used to radiate this signal.

Narrow-band PCM-FM-AM is emploved in the telemetry
svstem. Pulsed FM at 3 ke, = 225 cps s used to amplitude-

Cutaway drawing of satellite interior. The belt of smalier an-
tennas around the equater of the salellite receive bread-band TV
signals from the ground at 6390 mc¢. The belt of larger antennas
refransmit these signals with a power level of 2V, watts at 4170
me, A 4080-mc., 50-mw. precision beacon signal is also transmit-
ted. The helical antenna atop the satellite transmits telemetry
information and a coarse beacon signal at 136 mc. In addition,
it receives coded pulses from the ground at 120 me, for 2 command
receivers that control communications and telemetry transmitters.

Technicions mating satellite to third stage of the ‘‘Delta’ rocket.
b SN |
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Artist's drawing of the earth station near Andover, Maine, showing
some of its operating systems as used with the “Telstar'’ satellite.

Inside the huge radome at Andover is the 177-foot-long horn antenna.
A similar installation is located at Pleymeyr-Bodou in Brittany,
France. Another elaborate ground station, using o large parabolic
dish antenna is located in Goonhilly, Cornwall, southwest England.

modulate the 136-mc. carrier. A total of 115 different items
are measured once each minute. Typical measurements in-
clude density and energy of electrons and protons, tempera-
ture of satellite skin and interior, condition of battery, and
condition of electronic cireuits.

The v.h.f. beacon transmitter radiates a constant 200-mw.
signal at 136 me. through the helical antenna to assist in ac-
quisition and tracking. This transmitter is equipped with a
timer which will turn it off after two vears to avoid inter-
ference with future satellites operating on this frequency.

To conserve power and to operate the communications
transmitter and telemetry equipment only when they are
useful, 1 command receiver is provided to turn these circuits
on and off as desired. Actually, two identical systems—each
consisting of a receiver and a decoder—are employed to im-
prove reliability.

These receivers operate in the neighborhood of 120 me.,
and serve to turn the equipment on and off by means of prop-
erly coded signals from the ground. Both the communications
transmitter and telemetry equipment are normally turned on
when the satellite becomes “visible” to the Andover ground
station, and are turned off just before the satellite disappears
below the horizon. The same helical antenna which serves as
the radiator for the telemetry transmitter also serves as the
receiving antenna for the command receivers.

Power for all of the electronic equipment is obtained from
a 19-cell nickel-cadmium storage battery. This battery is kept
charged by the 3600 silicon solar cells mounted on the ex-
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terior of the satellite, These cells are divided up into 50
parallel groups of 72 cells in series, providing a total output
of close to 13 watts initially and about 13.5 watts after a
number of weeks of operation. Although these solar cells are
shielded with sapphire, some radiation damage is expected
and the output will gradually decrease with time.

With all electronic equipment in the satellite turned on,
the total drain on the batteries is about 34 watts. Therefore,
if this equipment were to be left on for a prolonged period
of time, the storage batteries would become completely dis-
charged. The planned duty cycle is more than adequate to
keep the equipment performing properly and to prevent the
batteries from becoming discharged.

A number of radiation experiments are being carried out
by “Telstar” and these will produce valuable information
about the effects of Van Allen belt radiation on various clec-
tronic components. Several p-n junction particle detectors are
employed to measure protons with energies from 2 to 80
m.e.v. and electrons with energies from .2 to 1,25 m.e.v. Sev-
ceral transistors are used to measure the effect of radiation on
their short-circuit current gain. Various thicknesses of shield-
ing are emploved on the transistors. Three solar cells, also
with various amounts of shielding, are monitored to determine
the degradation with continued exposure to Van Allen helt
radiation. Six pre-irradiated solar cells are mounted in such a
manner that the outputs can be used to determine the orienta-
tion of the satellite spin axis with respect to the sun.

The entire electronics package, with its components pro-
tected by foamed plastic, is suspended by nylon cords to pro-
vide thermal isolation from the frame and for protection from
shock and vibration.

The Ground Station

The principal ground station is at Andover, Maine. As men-
tioned previously, reception is possible at Holindel, N.J. and
two foreign stations are in operation, but we will confine our
discussion to the Andover site. It includes a means for track-
ing the satellite, computing its orbit, sending commands, re-
ceiving telemetry information, and carrying out hroad-band
comnrunications experiments.

To scoop up as much of the energy radiated by the satellite
as possible, and to keep out unwanted radiation, the largest
horn antenna ever built was constructed. It has a mouth open-
ing of about 3600 square feet, is 177 feet long, and weighs
about 380 tons. It tracks the satellite smoothly to a precision
of better than a fiftieth of a degree. It is covered with an
inflated radome to protect it from wind and weather.

The same horn is also used as the ground transmitting an-
tenna. By means of suitable diplexing equipment, a very weak
incoming signal and a very powerful outgoing signal are kept
from interfering with each other.

To get the necessary 2000 watts of r.f. power for the trans-
mitter, a special high-power traveling-wave tube was devel-
oped. The driver for this output stage consists of modified
microwave radio-relay equipment. Power can he adjusted
manually from .2 watt to 2000 watts, or the power output
can be adjusted automatically to compensate for the distance
to the satellite.

The minute energy picked up by the hom antenna (per-
haps a fraction of a billionth of a watt) is first amplified by a
ruby maser, which has the ability to amplify very weak sig-
nals while introducing a minimum amount of noise. In fact,
the over-all noise temperature, including losses in the radome
and antenna, and sky noise, is about 50° K when the antenna
is pointed 4.7° ahove the horizon.

Other equipment at the ground station includes two track-
ing antennas, One is a quad-helix which picks up the satel-
lite’s 136-me. beacon and telemetry and transmnits commands
on about 120 mc. The other antenna, an eight-foot dish,
tracks the microwave-beacon signal at 4080 me. The main

(Continued on page 93)
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A typical two-tube operational amplifier,

T is comparatively easy to block-diagram a control cir-
cuit, but filling in the blocks could be a real problem
but for one simplifying component; the operational

amplifier. Originally: developed for computer application, it
has become an all-purpose electrenic tool. Need a decade
amplifier? A slow sweep? Comparator? Want to add two volt-
ages in different ratios? This is only a partial list of possible
functions.

What It Is

Defined briefly, un operational amplifier is a d.c. amplifier
of very high gain, whose output polarity is inverted with
respect to the input. Leaving, for this article, the problems
involved in designing an amplifier with a gain of over a mil-
lion, a response from d.c. to 250,000 ¢ps (or more), and a
drift of possibly 10 millivolts (or less) per day, how does the
anplifier do its job? Let us draw a block diagram of an ampli-
fier, with a feedback loop between output and input (Fig. 1).

By Olun’s Law:

k. E, E.— E.

"R R,
and A (gain) is: F. AE.or (E./E.=—A). A is shown as
negative because the amplifier inverts the signal. Now 1., the
input current, is very small; for all practical purposes it is
zero. (In a vacnum-tube amplifier, the input will be an open
grid.) The two equations can be combined:

E. — R, « E,

R by R,
1 () (1 g)

and if A (gain) is in the range of 10' to 10%; and the ratio
R/R. is comparatively small (say, less than 100 or possibly
1000}, the equation can be written:

R,
— x E

R, ‘
or in other words, the output (E.) is strictly determined by
the ratio of the input and feedback resistors times the input
voltage. The high gain of the amplifier reduces the error to a
negligible value.

1,

E. =

Applications

Vacuum-tube amplifiers will commonly use resistors in the
range of 100,000 ohms to 10 megohms, one megohm heing
the common “gain-of-one” resistor. Transistor amplifiers oper-
ate in the region of 10,000 ohms. Of what use is an amplifier
with a gain of one (or rather, minus one)? For one thing, it
can provide a high input impedance, as a cathode-follower
would, without loss of gain. It can add two sources: in Fig. 2
the output is the algebraic sum of the inputs. By changing
ratios, the gain may he increased or decreased (Fig. 3). The
gain of the aumplifier is — R//R.. Not only can we easily ar-
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OPERATIONAL

AMPLIFIERS

By ALVIN F. RYMSHA

Description, applications of small plug-in
direct-current amplifiers that are widely
employed in industrial control circuitry.

range a decade amplifier with gains of 0.1, 1, 10, or 100, hut
its response will go down to d.c. Of course, by making R/ a
variable, the gain can be changed without affecting inupnt
impedance.

Now we come to the most interesting (and useful) of ap-
plications; the integrator. If we substitute a capacitor for R,
the output E. will rise at a uniform rate for a step input, de-

(Continued on page 80)

Ry
R
O T - S o
1, /
£ €y Es
|
o Y o
Fig. 1. Bosic amplifier circuit diagram.
IMEG.
IF E) = +ISV., AND
IMEG Ez = +20V., THEN
£, 0— WA D—‘Hio Eo =-35V.
IF E, =+I5V., AND
Ez ==20V., THEN
IMEG. Eg =+5V.
E2
Fig. 2. Using amplifier to add voltages.
IMEG.
MEG IF E =415V, AND
5 e €, = +20V.,, THEN
E €o  gg=-rv.
{IXE + 75 X Ep3-Eq)
10 MEG.
£20—vwwawn—

Fig. 3. Changing resistors alters gain.

Fig. 4. Schematic diagram of a typical operational amplifier.
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A single coax cable can carry two-way multi-channel communications
as well as TV and data information. Recent developments make coax more
versatile and less expensive than many present microwave systems.

OAXIAL cable looms on the horizon as a formidable

competitor of microwave systems. Recent develop-

ments make coaxial cable systems less costly than
microwave in many cases and far more versatile.

A single coaxial cable is capable of simultancous two-way
multi-channel communications and TV and data transmission.
Unlike a microwave system, it can be tapped at any point.
But, to use a coaxial cable system, a right-of-wav is needed.

Coaxial cable systems will appeal to railroads, pipe lines,
rapid transit systems, and express highway authorities bhe-
cause the need for off-line microwave repeater station sites
is eliminated. Furthermore, maintenance is confined to the
right-of-way,

The use of coaxial cable systems is not necessarily limited
to organizations possessing a right-of-way. A major university,
for instance, is planning a two-way, intercity closed-circuit TV
transmission system utitizing coaxial ¢able buried along the
right-of-way of a railroad. A kuge manufacturer is looking
into the possibility of utilizing the right-of-way of three rail-
roads for a long-haul coaxial cable svstem which is to be
used for two-way TV transmission. A community TV antenna
company is considering the installation of a coaxial cable
along a railroad right-of-way to pipe TV programs from a
mountain-top TV receiver to the community it serves.

More than 500,000 miles of coaxial cable are in use. But,
until recently the cost of coaxial cable svstems was so high
that only major telephone companies conld afford to nse them.

Most of the existing couxial cable transmission systems
cemploy two cables for duplex transmission, one cable for
each direction of transmission, as illustrated in Fig. 1.

At regulur iutervals, an amplifier is inserted into each

Fig. 1. (A) Two-cable and (B) single-coble duplex system.

N —— L I . ] > ouT
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cable circuit to make up for the cable transmission losses.
Duplexed Single Cable

Now, however, it is possible to transmit in hoth directions
through a single coaxial cable. Signals below 11 me. are trans-
mitted in one direction and signals hetween 12 me, and 22
me. are transmitteel in the opposing direction,

Simultaneous two-way transmission through a single co-
axial cable is made possible by means of a unique cable re-
peater amplifier.

Only a single amplifier is required for providing 20 (b gain
in both directions simultanconslyv. Filters swithin the cable
repeater assembly separate the casthbound and westhound
siguals, route them through the single amplifier, and leed
them back into the cable in the appropriate direction.

Eastbound signals under 1 mc., as shown i Fig. 2. pass
from the cable through low-pass filter LP-1 into the amplifier
and through LP-2 into the cable on the other end of the
repeater. Westhound signals between 12 me. and 22 me. are
blocked by LP-2 from entering the output of the amplifier,
and are routed through high-pass filter HP-1 to the input of
the amplifier. The amplificd 12-22 me. signals appearing at
the output of the wplifier are passed through HP-2 around
LP-1 to the cable leading west.

One of these repeaters is inserted into the cable at intervals
of one-half to several miles, depending on the attenuation
characteristics of the cable used.

A cable repeater of this type can be built into a tubnlar
easing less than a foot long, Since it can be totally encapsu-
fated, the cable repeater can be buried with the cable, or sus-
pended in the air when aerial cable is used. When submarine

Fig. 2. Single-line duplex coble repeater block diagram.
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SIGNAL INPUT
AND QUTPUT

SIGNAL INPUT
AND OUTPUT

REPEATERS
CONSTANT
CURRENT ¢ v I
POWER 12 VOLTS 12 VOLTS 12 VOLTS 12 VOLTS 12 VOLTS

CABLE SHIELD

Fig. 3. The d.c. power supply circuit in simplified form.

Fig. 4. Simultaneous voice and TV over a single cable.
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«uble is used, the repeater may be submerged with the cable.
Equalization and Regulation

Equalizers are included in the cable repeater to offset the
frequency characteristics of the cable. The loss in the cable
increases with frequency and varies with temperature. To
further improve the frequency response, mop-up equalizers
are inserted in the cable at various points as required. To
maintain constant signal levels, automatic regulators are also
inserted in the cable at various points, as shown in Fig. 3.

The cable, when equipped in this manner, appears to have
zero end-to-end loss over its intended transmission frequency
band. Changes in cable characteristics due to temperature
ariations are corrected by the automatic regulators and
mop-up equalizers.

D.C. Power Cireuits

Unlike a microwave system, a local source of electric power
is not required for operation of repeaters. Instead, d.c. is
transmitted through the cable itself, as shown in Fig. 3, from
a constant-current power supply at one end of the cable. The
transistorized repeaters are conmected in series for d.c. The
voltage drop across each repeater is
about 12 volts d.c. and power consump-
tion is about 12 milliwatts,

.CABLE SECTION

Multiplexing 0 seross
Conventional single-sideband sup-
pressed carrier telephone multiplex
equipment may be utilized to derive in-
dividual telephone channels. As shown
in Fig, 6, eastbound signals (left) f.
and f: from a carvier telephone terminal

REPEATER
20 0B GAIN

. S
/ _

Eastats P - (<G - it <t - D - {meomaron] - £t - st - 4>~
DUPLEX

Because of the wide transmission band, it is possible to em-
ploy other types of frequency-division multiplex equipment,
such as FM and double-sideband AM.

Telegraph, data, and other digital information may be
transmitted by employing frequency-shift keved or “on-off”
tone transmitters and receivers. Up to 18 tone channels may
be transmitted over a single voice channel.

Since only a part of the available transmission band is
utilized by even a 600-channel SSB multiplex system, there
is ample space for a TV channel or high-speed data channels
in each direction. When TV is to be transmitted, the video
signal may be transmitted above or below the voice channels.
Consideration must be given to the cffects of modulation
products of the multiplex voice signals and TV signals on
each other. Fig. 4 shows the equipment requirements at one
of the terminals.

Voice, data, teletypewriter, and TV signals may be dropped
and inserted at any point along the cable by providing suit-
able blocking filters and multiplex equipment.

Cable Types

Many kinds of coaxial cable, including foam tyvpes. are
available for wse in coaxial cable transmission systems. For
aerial suspension, coaxial cable (similar to RG-8/U, RG-11 U,
and RG-38/U) is available equipped with a steel messenger.
The cable is suspended by clamping the messenger to poles
or other supports.

While ordinary antenna lead-in type coaxial cable mav he
buried, special cables with an additional wrap of copper alloy
over the insulation covering the shield braid outer conductor
are sometimes used. The copper alloy tends to keep vermin
from eating through the cable. Sometimes an additional wrap
of steel is provided to insure magnetic shielding.

While cable may be buried to a depth of several feet,
trenching it in the ground to a depth of only several inches
mukes it easier to retricve the cable when repairs are required.

Cost

The cost of burving cable varies greatlv. Estimates run as
low as $300 per mile. Cost can run much higher when pipcs
have to be installed to run cable under roads which are inter-
sected by the right-of-way. Cable costs vary from a few ceuts
a foot to more than a dollar per foot depending on the type of
cable selected.

Recent cost studies reveal that the over-all cost of a coaxial

{Continued on page 76)
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Fig. 5. A simplified block diagram of a single coaxial cable transmission system.

Fig. 6. Block diagram of the multiplexed single coaxial cable transmission system.
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.IMAC'S

—~ELECTRONICS
SERVICE

By JOHN T. FRYE

The Thing that Counts

USINESS was a little dull in the shop. Warm weather
B lingered. and folks were taking full advantage of the
dwindling nuumber of porch-sitting evenings. All too
soon the cold would drive them indoors to start their winter
TV watching, but they were not worrving abont that vet,

Mace was cleaning up the hench, checking and calibrating
test equipment. beefing up the parts stock, and in general
getting ready for the influx of work he knew would start with
the first fow frosty nights. Barney, his assistint, was frowning
as he doodled on a seratch pad.

“What's the matter? Einstein’s theorv giving you a little
tronble?” Mac asked symipathetically.

“No. I'm just being tortured by my new love affair,” Barney
replied.

“Ieyv! What's this? Yo mean vou and Margie have split
up?”

“Oh no: she doesn’t even know about this new affair,”
Barney replied simugly.

“This doesn’t sound like vou at all” Mac said with a
frown. “When did this thing start?”

“Last Armed Forces Day when T attended the open house
out at Bunker 1Ll Air Force Base. They had displays of
various cquipment vsed on the base, and one of these was the
clectronic booth. When 1 saw a Hewlett-Packard Model
324C Electronic Digital Counter in operation, 1 fell head
over heels in love with it; and I've spent most of my spare
time since trving to understand it.”

“Well.” Mace said with obvious relief, “that’s better, What
[ascinates vou so about the counter?”

“The precision and speed with which it works, for one
thing. In my sheltered service technician and radio amatenr
life. 1 never came in contact with anvthing like that, Fre-
quency measurement in my experience has ahwvays been a
tedious, painstaking, complicated affair with dubious end
results—especially when the frequiency measured is in mega-
cveles, But with this counter all vou do is run the unknown
frequency into it and watch the display read-out. In one sec-
ond it will actually count the cycles of any frequency from
10 eps to 10.1 me. and show the total number of cveles taking
place in that second. Measuring a frequency with this instru-
ment is as casy and quick as taking a voltuge reading with
our v.o.m.

“But how accurate is the result?”

“Before going into that. let me give vou a rough idea of
how the thing works, 1 wrote Hewleti-Packard and asked for
some dope on the operation of the 324C, and they sent me
a lot of literature. Some of it is over my head, but 1 think I've
managed to grasp the basic operation of the gadget.

“Actually it consists of three major parts: a time-base sec-
tion, n gate section, and eight cascaded counter units. The
time-base section generates accurate reference frequencies
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for frequency and period measurements. The gale section
opens and closes the signal path to the connter units, con-
trols display time, and resets the connter wnits to zero, The
commters total sigual eveles or pulses applied to them and
display the total on the front panel.

“The electronic ¢ircuits for doing all this are pretty hairy
with Schmitt triggers. phantastron frequency dividers, delay
lines. ete.: but 1 believe Pve got a toe-hold on the theory be-
hind it all by recalling how miy retired railroading unele nsed
to check the speed of his old steam locomotive that had no
speedometer, 1Te comted telegraph poles whizzing past his
caby window for six seconds. He knew that on his division
these poles were set 32 to the mile, or ronghly 100 feet apart.
A count of a little better than five poles in the six seconds
meant e was going 60 mph, A more accurate method was
to check the time elapsing between mile posts. e had a
chart that translated  seconds-hetween-posts into miles-per-
hour. Sixty seconds was 60 mph: 120 sccomds was 30 mph,
cte. Counting the poles or mile posts was casy. Measuring
the time involved precisely was where error was likely to
creep in.

“The same is true with the clectronic connter. Counting
pulses and adding them, even up to ten million a second,
is easy for those eight lightning-fast cascaded counter units.
But making sure the signal gate is held open to the counters
for a precise mnmber of seconds or fractions of w0 second is
something clse. In the Hewlett-Packard counter, the time-
base reference is a crvstal-controlled, oven-regulated T-me.
oscillator. Fregnueney dividers and multipliers operate on this
to produce available frequencies of 10 eps. T ke, 100 ke,
and 10 me, The oscillator is stable to within 3 parts in 10°
per week or within 3 parts in 10" for a short term. This ac-
curacy makes the output frequencies excellent secondary
frequency standards,

“Interesting testimony to the stability of this oscillator
is contained in the instructions for checking it against WV,
Since WWV frequency is maintained within several parts in
10" at the transmitter, vou might suppose it would ber per-
fectly safe to adjust the commter oscillator so a harmonic fell
precisely on WAVV, bhut this is not the case uless vou are
within 150 miles of Beltsville, Marykuul, where yon can ve-
ceive the ground wave from the 3-me. transmitter of WAWV,
Beyond the range of this ground wave, Doppler frequency
shifts caused by atmospheric conditions reduce the accuracy,
often by several parts in 107, Yon can average ont these Dop-
pler shifts by comparing the 324C with WWY lor several
ditys runming and plotting the resalts, When paossible, read-
ings should be taken when noon or midnight is micway be-
tween WAWV and the receiving station, as minimmn Dop-
pler shift ocenrs then. By comparing the oscillator with the
20-me. freguency of WAV, any crror in the 524C is multi-
plied twenty times.”

*Is 10.1 wme. the upper limit of [requencies you can meas-
ure with the 524C?”

“With the basic unit, yes; but three additional frequency
converter units extend the range to 300 me. In w freguency
converter unit, the input signal is mixed with a selected
harmonic of 10 me. so that the difference hetween the signal
and the harmouic is not more than 10.1 me, The diffevence
frequency is counted and displayed. Adding the displayed
cownt to the kirown 10-me. harmonic gives the measured fre-
quency. The accuracy is still that of the basic unit. For ex-
ample, to measure an input frequency of 100 me,, you would
tune the ninth harmonic of 10 me. with a frequeney converter
unit and mix this with the input frequency. The 10-me. dif-
ference frequency would be counted and displayved. Adding
this 10 me. to the 90-me. harmonic frequency would produce
the 100-me. measured frequency, The accuracy would be
plus or minus 8 eyvcles in the week following calibration or
plus or minus 13 cycles in the second week, To this must be

{(Continued on page 113)

ELECTRONICS WORLD

www americanradiohistorvy com


www.americanradiohistory.com
www.americanradiohistory.com

Non-directional STEREQO Effects

By CHARLES J. HIRSCH / Corporate Staff for Engineering, Radio Corporation of America

STEREO

The mono listener hears a composite disterted sound, while the
stereo listener is able to hear the two instruments separately.

More of the music is reproduced with less distortion when two channels are employed.
Results of simple, easily reproduced experiments and listening tests indicate that
stereo reproduction provides reduced cancellation of tones and reverberation effects.

l INTIL very recently, our knowledge of stereophonic
reproduction was limited to its directional effects;
its non-directional effects were largely unknown, al-

though they are at least of equal importance. The stereo
reproduction of music played by a large orchestra is so much
richer than the best monophonic reproduction that it ap-
pears to be playved by an orchestra having a greater number
and variety of instruments, which play more completely in
tune, in a hall with better reverberation. This superiority oc-
curs because some of the tones heard on stereo are annulled
when reproduced monophonically. Stereo is better because
it reproduces more of the music with less distortion.

In the recent past, the superiority of stereo was attributed
to a mental image which helped to locate each instrument
among many, produced a sense of direction to the reverbera-
tion, and thereby gave the ambience of being in the concert
hall. The term ambiophonic was coined to describe this effect.
While stereo can create such an image, often to good advan-
tage, this explanation is believed to be an incomplete reason

QUR AUTHOR was chairman of Panel | of the National Stereophonic Radio Commiitee,
which examined and recamniended various systems of stereo broadeasting to the FCC.
He was also chatrman of the U.S. Department of State delegations to international
meetings on color-TV standards. At present, he is chairman of boih the El4 Broad-
cast Television Systems Commuitee and the [RE Television Systems Committee. Prior
to his present position as Administrative Engineer on the Corporate Stafl of the
Vice-President for Rescarch and Engincering of RCA {with special interest in home
instruments), he was Exccutive Vice-Presidemt of Hazeltine Research Corporation.
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for stereo’s superiority, which is enjoyed by many music
lovers who never go to concerts and who cannot tell one
instrument from another. The superiority of stereo is also
evident in large orchestras where the ability to locate in-
struinents by their sound is blurred or even absent. Music
heard in the concert hall, or by stereo, is superior to its mono-
phonic reproduction, not because stereo reminds the listener
of the concert hall, but because the same desirable effects
occur in both cases.

The greater enjoyment provided by the concert hall is not
due to technical limitations in the quality of sound reproduc-
tion. High-fidelity phonographs can reproduce as wide a
gamut of bass, middle, and treble tones, and as high a ratio
of fortissimi to pianissimi as the ear can perceive; and they
can do so with negligible distortion. Yet lovers of orchestral
music prefer stereo, even when its range of tones and in-
tensity are limited, to the best monophonic hi-fi. Older, more
experienced listeners, who cannot hear the highest notes of
mono hi-fi, enjoy stereo. Stereo is not necessarily hi-fi, but
hi-fi can add to the enjoyment of stereo.

For the purpose of this article, the non-directional effects
of stereo are those which are produced in addition to, and
independently of, its ability to create a spatial image. These
effects are stressed because they have been appreciated and
understood only recently. They are largely responsible for
the more complete reproduction of all tones and for the
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superior reproduction of the reverberation in the record.
They are desirable for all kinds of music.

Directional effects are wanted when it is important to
knosw the approximate location of performers on the stage. A
spatial image is desirable for operas and plays because it
reveals “who is saying, or doing, what to whom.” The loca-
tion of voices or instruments is important for music that tells
a story as, for example, "The Scheherazade Suite” in which
each instrument symbolizes a different person. It enhances
the pleasure of hearing small orchestras, such as chamber
music, especially for people who listen intellectually to dis-
cern the structure of the music and to evaluate the virtuosity
of the performers, Only those who know an opera or a play
well can distinguish one actor or singer from another on a
monophonic recording. The monophonie reproduction of a
round-table conference or a house party is confusing. One
gets all mixed up when several people talk on a party tele-
phone line; it is almost impossible to tell who is talking. Sterco
separates one voice from another by making each appear
to come from a different direction.

Stereo, because of the non-directional effccts, reproduces
more of the recorded music with less distortion. Notes are
heard by stereo which are unheard monophonically. The in-
struments are more clearly identifiable and the reverberation
of the recording studio is superior. The more complete re-
production of musical tones by stereo is especially desirable
when listening to large orchestras where the sense of direc-
tion is unimportant and often disturbing.

When listening to “absolute” music, the listener often oh-
jects to exaggerated directional effects. He may not care if,
for example, a violin is at the left or right; and, if the violin
reveals its position too blatantly, his attention is diverted
from the sheer abstract beauty of the music to the practical
mechanism of its creation. For this reason, some music lovers
who have bheen exposed only to the more spectacular direc-
tional effects of stereo, such as ping-pong games, often state
that stereo is a musical sacrilege. They are very mistaken!

“Live music” or stereo adds greatly to the pleasure of listen-
ers who are happiest when they feel totally immersed in the
pure abstraction of disembodied music, who are unconscious
of the instruments, and who don’t care where they are. For
this kind of music, the fuller reproduction of all tones, the
reduced dissonances, and the deeper studio reverberation
are provided by the non-directional effects of stereo.

Both the directional and non-directional effects of stereo
are caused by the independence of our two ears. Differences
in the time, or amplitude, of the reception of a sound by the
two ears are interpreted by the brain and produce psycho-
logical clues to the location of the source of the sound. The
independence of the two ears from each other prevents the
cancellation and interaction of two sounds heard by them in-
dividually, The non-directional effects are due to the physio-
logical properties of hearing in a manner to be described later.

Listening Tests

In order to establish in what way stereo reproduction is
superior to monophonic reproduction, listening tests were
made on a stereophonic phonograph to compare: (1) a sterco-
phonic disc reproduced stereophonically, (2) the same disc
reproduced monophonically by interconnecting the left and
right outputs of the stereo pickup, and (3) a monophonic
disc, reproduced bv a monophonic pickup, of the same
selection recorded from the same tapes as the stereo disc.

The outputs of all pickups were reproduced by the same
music system consisting of two amplifiers and two loudspeak-
ers. Switches allowed the listener to select at will any one
of the three forms of reproduction. The test setup is shown
in Fig. 1. The selections chosen were symphonies recorded
by large, well-known orchestras.

Little, if any, difference could be detected between the
monophonic disc and the stereophonic disc played mono-
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phonically; both were excellent. However, the stereophonic
reproduction of the stereophonic disc was so superior to its
monophonic reproduction that it seemed to be playved by
another orchestra. More notes were heard; the bass and re-
corded reverberation were richer; and the instruments were
more clearly identified. By contrast, the monophonic repro-
duction seemed to consist of fewer, but more powerful and
less readily identifiable instruments. In addition, the mono-
phonic music, although reproduced by two spaced speakers,
seemed to come from a hole in front of the listener; while
the stereophonic music was spread out over the entire dis-
tance between the speukers.

The adcantages of stercophony were lost when one ear
was closed or when the distance hetween speakers was
greatly reduced, such as by placing one speaker above the
other.

Since both the mono and stereo were produced from the
same stereo disc, the reduced quality of the mono version
must be due to the cancellation of some tones and of the
recorded reverberation which are reproduced when the disc
is plaved stereophonically. That this might be the case was
first suggested by the results obtained from field tests con-
ducted by the National Stereophonic Radio Committee
(NSRC), on the broadcasting of stereophonic programs by
the FM-multiplex system later adopted by the FCC.

In this system, the signal intended for reception by mono-
phenic receivers consists of the sum (L + R) of the left (L)
and right (R) outputs of a stereophonic pickup or of tiwo di-
rectional microphones. For stereophonic receivers, a second
signal consisting of the difference (L — R) of these outputs
is also transmitted. Stereo receivers intercept both signals and
can reproduce the original left (L) and right (R) signals in
many ways such as by adding and subtracting the transmitted
signal as follows: (L + R) + (L — R) = 2L; and (L + R)
- (L — R) = 2R.

It was soon found that a sizable number of stereo discs,
made in the early days of stereo recordings, gave very poor
monophonic reproduction when the outputs of the left and
right tracks were added to produce (L + R); the tone was
abnormally thin, most of the reverberation was lost, and whole
instruments were occasionally missing. Yet the stereo repro-
duction of the same disc was acceptable. Investigation re-
vealed that the left and right tracks were recorded acciden-
tally with opposite polarities so that the combined signal
became (L — R) instead of (L + R) and tones on the two
tracks partly cancelled each other. The error was not dis-
covered earlier because the discs were only tested stereo-
phonically.

The field test suggested that tones which can cancel each
other when mixed into a single (L. + R) signal do not cancel

RIGHT
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Fig. 1. The listening test setup that is discussed in the text.

when heard individually by each ear, as is the case in stereo.

Stereo is freer of these cancellations because the two ears
are independent of each other and produce two non-inter-
acting channels directly to the brain. To determine the nature
of this independence, experiments made long ago and half
forgotten were repeated.

The first experiment is illustrated in Fig. 2. An audio-
frequency generator produces a single tone in two earphones.
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Fig. 2. The first experiment, showing result of phase reversal.

The polarity of the input to one earphone can be reversed
with respect to the other by a switch, When both earphones
are applied to the same ear, as in Fig, 2A, reversing the ex-
citation to one of them causcs the intensity heard to increase
or decrease as the two polarities are made to add or subtract.
When the earphones are applied to separate ears, as in Fig.
2B, the intensity does not change, no matter whether the
polarities add or subtract,

The second experiment is shown in Fig. 3. Two audio-fre-
quency generators are connected to individual earphones and

@Je)

2% i |
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A.F. GENERATORS

[{:}]

Fig. 3. The second experiment which concerns itself with beats.

their frequencies adjusted to differ by only a few cvcles,
say 3, from each other. When the two earphones are applied
to a single ear, as in Fig. 3A, a strong beat note, whose fre-
quency is equal to the difference in the original frequencies,
is heard. When the two earphones are applied to separate
ears, as in Fig. 3B, no beat note is heard; instead, there is a
sound of constant intensity which travels within the skull
between the two ears at a rate equal to the difference-fre-
quency.

The third experiment is shown in Fig. 4 and produces two
results: (1) A single note of constant frequency applied to
one ear prodnces a subjective pitch whose apparent frequency
depends on the intensity. (2) In addition, a single note can
produce a subjective pitch in the left ear which is different
from the subjective pitceh it produces in the right ear even if
the intensities are equal. In most cases, this difference
amounts to only a few cyeles; 0 to 3 to 4 cycles. In some lis-
teners, one ear produces different harmonics than the other
so that true comparison of pitch is not possible. Moreover,
the difference in subjective pitch between the two ears does
not produce a beat note between them.

Experimental Results

The result of these experiments can be summarized as
follows:

October, 1962

1. A tone picked up exclusively by one ear does not add
or subtract, or modulate, or in any way interfere with the
tone picked up exclusively by the other ear except that the
two tones give the sensation of traveling between the two
ears at the rate of one complete round trip for each phase
change of 360 degrecs.

2. A tone picked up by one ear may produce in some lis-
teners a sensation of pitch which is different from the sensa-
tion produced by the sume tone in the other ear.

Interpretation

The result of these experiments is used to expliin why
stereo reproduces more of the tones on the record with less
distortion and with better reverberation.

Two sine waves of equal frequency and amplitude can only
double their intensity when their phases add, but they can

A F GENERATOR

©e
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293

REVERSING
SWITCH

(a 18)

Fig. 4. The third experiment, which shows that pitch is not the
same as excitation frequency. In (A} a constani-frequency sig-
nal is applied to one ear. As the intensity is raised, the
pitch is lowered. (B) indicates that the pitch perceived by
the left ear may be different from that perceived by the right
ear, even though the same frequency and intensity are used.

completely annul each other when their phases oppose.

When several waves are transmitted over a single channel,
the result is the sum of all the instantaneous values of the
waves, many of which oppose each other in polarity and tend
to cancel. It does not matter if the single channel is produced
by a single electrical path, as when a single microphone is
used to pick up disseminated sounds, or when the outputs of
several microphones are added to produce a single output;
or by a single acoustic path, as when the two speakers are
placed close together; or a single aural path as when one ear
is closed.

The phase with which the sound of identical instroments
playing the same note reaches the microphones is random
with frequency changes because the phase for each instru-
ment depends on the instant of attack, such as the moment
of application of the bow to a string, and obviously two musi-
cians cannot synchronize this instant within the millisecond
or less required to reverse the phase of a 500-cvele note. The
phase also depends on the distance of the instrument to the
microphone. A difference of path length of only two feet
in the distance of two instruments will completely reverse
the phasc of “middle C” (261.6 cps).

When playing the same note over a single channel, two
instruments, such as a violin and a clarinet, may cancel their
fundamentals and leave only their overtones. The result is
neither violin or clarinet, but an emaciated composite of the
two which sounds like neither, as shown in the drawing on
page 41. Since the phase of each instrument varies frequently
and randomly, such cancellations are numerous. For a large
orchestra this alters the continuous nature of the music.
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In the case of stereo, two identical notes, differing only
in phase, so that one is heard mainly by the left car and the
other mainly by the right car, do not cancel when their phases
oppose. They are heard individually and the relation of the
fundamental to the overtones is not disturbed. Thus a violin
on the left and a clarinet on the right are clearly heard as
individual instruments with their character undisturbed even
when thev play the same note, no matter what their phase
happens to be.

Studio reverberation is preserved more fully by stereo-
phonic reproduction because those sound waves that are re-
flected out-of-phase from opposite walls reach the ears sepa-
rately and therefore do not cancel each other.

When one ear receives two notes which differ in frequency,
the tones add or cross-modulate each other to produce a beat
note whose frequency is equal to the difference in frequency
of the originals. Beat notes of very low frequency are espe-
cially rough. For example, let two instruments attempt to
play middle C, at 261.6 cps, but let one instrument be off-
tune and play 265.0 cps instead, together they produce a
beat whose frequency is 265.0 — 261.6 = 3.4 cps, which is
very unpleasant. Discords are unpleasant hecause they pro-
duce such beats.

In the case of stereo, if the two tones (261.6 and 263.0
cps) are heard by the two ears respectively, they are per-
ceived individually as 261.6 and 265.0 cps and do not produce
beat notes with each other, even if the difference in their fre-
quencies (3.4 cps) is small. The fundamental, overtones, and
chords heard exclusively by one ear do not interfere with
those heard exclusively by the other ear. Therefore, two in-
struments slightly mistuned, as in the case cited, do not
produce unpleasant heats when they are heard by the two
ears separately.

As stated previously, a single note may produce a different
subjective pitch when heard by one ear than when it is heard
by the other. The difference helps further to separate identical
notes coming from the left and right. Since the two ears do
not cross-modulate, the difference in pitch produces no beat
note. The harmony in each ear is consistent with itself and
with that in the other ear.

The cause of the diffcrence in the tonal guality of mono-
phonic and stereophonic reproduction can be summarized
as follows:

In onophonic reproduction all tones occurring simulta-
neously are added together in a single channel. Pairs of these
tones at the same frequency often cancel each other and,
when they differ slightly in frequency, produce beats which
may be rough and unpleasant.

In stereo the music is divided into left and right channels
that are applied to the left and right ears respectively, The
tones heard predominantly by the left ear cannot cancel or
produce beats with those heard predominantly by the right
ear. It is true that all tones heard simultaneously by the left,
or right, ear can and do produce the effects just mentioned.
However, stereo suffers appreciably fewer annulments of
tones and creates appreciably fewer beats. This difference
produces the tonal difference between mono and stereo re-
production.

Stated another way, stereophony uses binaural hearing to
produce two unrelated effects. One effect is psychological; it
isolates individual sources of sound from each other by pro-
viding clues about their directions from the listener. The other
effect is physiological; it prevents interference between tones
by separating them until they reach the brain.

The spatial image is only incidental when listening to the
stereophonic reproduction of orchestral music; although it is
essential for the reproduction of operas, theater, parties, and
conferences. The directional effect is only a byproduct, and
not the cause, of superior orchestral reproduction; it must
not be exaggerated into a stunt.

Stereo systems and equipment have, up to now, becn
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evaluated solely for their ability to create a spatial image.
This effect is only a part, perhaps the least important, of the
contribution stereo makes to the pleasure of listening.

Inferences

The foregoing discussion permits us to make the following
inferences:

1. Except for greatly enhanced directional effects, there
seems to be no reason to use more than two electrical, or
acoustic, channels for stereo because we have only two chan-
nels from the ears to the brain.

2. Binaural reproduction by means of earphones should
result in better tonal reproduction than stereo because it
results in even fewer cancellations and beats. In the case of
stereo. each ear picks up sounds from both loudspeakers to
some degree and, to that extent, the reproduction is partly
monophonic,

Because the two ears arc independent, it should be pos-
sible to write special music which would be hiarmonious when
heard binaurally with earphones but which would be discord-
ant, and less fully reproduced, when heard monophonically
and, to a lesser degree, stereophonically.

However, many people find binaural listening with ear-
phones distracting because the whole orchestra seems to move
when the head is turned. In that case the spatial image is
actually distracting,.

3. The tonal (non-directional) improvements of stereo
reproduction are maximized when the listener locates him-
self midway on the line between the two speakers which are
made to face each other, because this position, although not
critical, results in the maxitmun binaural separation.

However, this position results in an impaired sense of di-
rection. A compromise position for the listener, which should
result in tonal improvement and maintain a fair sense of di-
rection is at the apex of a 120-degree (or greater) isoceles
triangle formed by himnself and the two speakers which, in
this case, are made to face the listener.

4. Because the direction from which very low tones arc
heard is not readily perceived, some so-called “three-channel
stereo” phonographs mix the bass tones, occurring on the left
and right chamnels, and reproduce them by a single loud-
speaker located in the center. However, the tones of a bass
viol and contrabassoon, for example, can and will cancel
each other when mixed into a single channel but will be
unaffected if each is heard respectively by one ear. For this
reason, the practice of so-called “three-channel stereo” mix-
ing of bass results in poorer bass than does the usual two-
channel stereo.

5. A distorted spatial image may result in better inusic by
providing more binaural separation and therefore fewer can-
cellations and less distortion. This point may be at the bottom
of the controversy between coincident and spaced micro-
phones. The use of coincident microphones, preferred in
Europe, is claimed to give a truer spatial illusion. Spaced
microphones are favored in the United States and are claimed
to give better music.

6. A stereo system recently proposed in Great Britain con-
sists of a monophonic signal which is differentially propor-
tioned in amplitude and in the time of arrival, between two
spaced loudspeakers to produce directional information. This
one-channel system cannot give as good a stereo service as
two-channel systems which make fuller use of the independ-
ence of the ears to reduce the cancellation of tones and the
number of dissonances.

7. Extension of the tonal range into the highest register,
which is demanded vociferously by hi-fi enthusiasts, can be
achieved with less distortion and dissonance with stereo be-
cause it produces fewer beats.

8. The addition of stereophonic sound to television was not
considered practical because the small screen does not provide

(Continued on page 66)
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FLOW MEASUREMENT

ELECTRONIC TECHNIQUES & DEVICES

By WALTER H. BUCHSBAUM, Industrial Consultant, ELECTRONICS WORLD
Precise gauging of liquid flow is essential in many industrial processes and in such
diverse applications as control of fuel to rocket motors and of blood during surgery.

meters are found in such widely divergent applica-

tions as regulating the fuel flow to the rocket motors
of the “Nova” super-missile and in the delicate control system
that governs the flow of human blood during an artificial-
heart—lung operation. Flowmecters are not new devices and
do not necessarily employv electronics, With the advent of
automation. however, the measurement of flowing liquid had
to be more precise and controllable by an electrical signal.
A survey of the flowmeters now in use shows that there are
two types that employ electronics: those which are really
mechanical and convert a mechanical motion into an electrical
signal and those that use electronic principles to measure the
flow as well as indicate it with an electrical signal.

Many technicians who work in industrial electronics will
come into contact with these flowmeters as part of an elec-
tronic control system. Understanding how a particular type
of flowmeter works will enable vou to at least determine if
it is working correctly or not. The troubleshooting and repair
of some specific floswmeters require special training in this
type of equipment.

3. LTHOUGH not spectacular devices, electronic flow-

Mechanical Flowmeters

The most obvious way to measure the flow of a liquid is to
insert a propeller or turbine into the stream and measure
how fast the flowing liquid turns it. Turbine flowmeters com-
bine a mechanical motion with an electronic sensing device
to produce an electrical signal output. As shown in Fig. 2,
the propeller inside the pipe is turned by the liquid or gas
flowing through it. A sensing coil is located outside the pipe
to pick up the magnetic flux variations due to the motion
of the propeller vanes. When the Hlow is fast, the propeller
turns rapidly and the frequency of the output signal is high.
The stationary vanes at both ends of the metering section are
necessary to prevent the swirling effects of the liquid which
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would affect the propeller speed and result in false, low
readings. Turbine meters are available in a wide range of
sizes from the miniature version shown in Fig. 2 to units
several feet in diameter. They are used in many industrial
installations, but one of the more spectacular applications is
measuring the flow of liquid oxygen (“lox”) to missile engines.
A 14-inch turbine flowmeter which controls the fuel going to
the F-1 engine, one of eight, of the new “Nova” super-rocket
is shown in Fig. 1. One obvious drawback of turbine flow-
meters is that the vanes and propeller obstruct the flow of
liquid. Another is that they are limited in their applications
to non-corrosive liquids because their bearings and the pro-
pellers will corrode.

Another mechanical-type flowmeter is the differential-
diaphragm type shown in Fig. 4. By varving the cross-section
of a length of pipe. making one section narrower than the
rest, a pressure difference is developed. The muagnitude of
this difference, which determines the position of a sensitive

Fig. 1. A 14-inch turbine flowmeter controls rocket-motor fuel.
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Fig. 2. Cutaway drawing of typical small turbine flowmeter.
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Fig. 3. Typical flowmeter application, Signals from flow-
meters are tompared to generate a control signal that adjusts
valves 1 and 2 which maintain desired flow into mixing vat.

diaphragm, depends on the flow rate. An arm is attached to
the diaphragm and the position of the arm is measured elec-
tronically, The most frequent method of measuring the armn
displacement is by connecting it to the movable core of a
differential transformer. Diflerent circuits are in use hut
essentially they just measure the output-voltage variation be-
tween the two windings, If cach of these windings is con-
nected to the inputs of a differential amplifier, the amplifier
output will be an a.c. signal whose magnitude is proportionat
to the diaphragm displacement or to flow of material in the
pipe. The creation of an area of pressure difference means
that the flow itself is reduced. This tvpe of meter is suitable
for non-corrosive liquids and gases,

In another type of mechanical Howmeter called a “rota-
meter,” (Fig. 3) a specially shaped float rides within a tapered
tube in which the differential pressure determines the posi-
tion of the float, {The float guide-rod assembly is held in
position in the pipe by perforated dises.) Flow determines
the position of the float and, in electronically sensed rota-
meters, the float controls the inductance of an external coil
so that either the frequency of an oscillator or the output
amplitude of a transtormer will be proportional to the flow
rate. The rotameter is widely used for non-corrosive liguid
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metering and in relatively small-diameter pipes and tubes.

The electronic portions of the control and indicating sys-
tems usually contain a servo amplifier, differential amplifiers,
milliammeters, and other conventional devices, Signals are
either 60 ¢ps or below 10 ke, which means that transmission
over ordinary cables is possible and r.f. or high-frequency
pulse techniques are not involved. This greatly simplifies
system design, installation, and servicing.

Ilectronic Flowmetors

Although manyv tvpes are in use and more are being de-
veloped, there are three basically difterent types of electronic
flowmeters, One type is used for electrically conducting
liguids, such as salt water, and is generally called a magnetic
flowmeter. Another tvpe uses ultrasonic techniques, and the
third type is really a temperature-sensing device. The mag-
netic flowmeter’s operation is based on the principle of the
clectric generator: when a conductor moves in a magnetic
field, a cirrent will be induced in the conductor. Fig. 6 shows
the elements of a magnetic lowmeter. A magnetic flux B is
produced between the upper and lower coils. When the con-
ducting liguid V moves through this flux, a voltage E will be
produced at right angles in that portion of the liquid moving
through the field. With a fixed conductivity and cross-section,
this voltage will be proportional to the speed of the liguid flow.

In order to measure a voltage across the liquid, the inside
of the pipe must be insulated over a short length to avoid
shorting out the small induced potential. The frequency of
the excitation field will depend on the conductance of the
wmetered liquid. For poorer conductors, a higher frequency
will produce a greater signal voltage,

The flonmeter illustrated in Fig. 6 uses an a.c. field and
is found in many liquid-flow control systems in the chemieal
industry especially where strong acids are used. The Teflon
or fiberglass pipe lining and the lack of internal obstructions
makes this flowmeter ideal for such applications. Surprisingly
many liquids are sufliciently good electrical conductors to he
measured with an a.e, Howmeter. Human blood, for example,
is an electrical conductor and is monitored by magnetic tlow-
meters during artificial-heart—lung operations,

In addition to a.c. magnetic flowmeters there are also some
that use a d.e. excitation field, usually produced by perma-
nent magnets. In order to he effective, the liguid, such as
liuid sodium, must have a relatively high electrical con-
ductance, One of the more recent applications of d.c, flow-
meters has been in nuclear reactors where the flow of lquid
metal is to be measured,

The second tyvpe of clectronic flowmeter uses ultrasonic
techniques to measure flow, In this area there are several
different designs and mamy meters in the field are enstomn-
made rather than mass produced, Ultrasonic techniques have
been applicd to flowmeters only recently and it seems too
carly for standardization, The principle underlying any of
these meters, however, is basically the same: a flowing liquid
produces changes in a beam of ultrasonic energy.

The simplest configuration of ultrasonic flow measurement

Fig. 4. Principle of operation of a differential flowmeter.
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is shown in Fig. 7. An ultrasonic signal is beamed from the
transmitter to the receiver. The transit time is simply the
distance divided by the speed of sound in the particular
liquid. If the liquid flows in the direction of propagation then
the transit time is modified by adding the velocity of the flow
to the speed of sound. This is somewhat similar to the well-
known Doppler principle and, in fact, the measuring circuits
are similar to those used in Doppler radar systems. The trans-
mitted and the received signals are compared in frequency;
the difference signal is proportional to flow in the pipe.

Because the transit time changes over a distance of ten
inches are relatively small, a more sophisticated arrangement
than the one shown in Fig. 7 is usually used. Fig. 8 is typical
of a more complex measuring system. This system is pulsed,
with the pulse-repetition rate dependent on the transit time
since each received pulse starts a new transmission,

Each received pulse is fed to an amplifier which drives the
transmitter. This closed loop oscillates at a frequency de-
pendent on the transit time through the liquid. Note that the
two sets of transmitters and receivers are opposed in direction
so that one pulse rate will increase as the other decreases. The
measurement of flow is a function of the difference between
the two pulse-repetition rates.

Still another configuration is shown in Fig. 9 where one
transmitter feeds two receivers. The difference in signal
amplitude between the two receivers is then & measure of the
flowv. Naturally this arrangement will be most effective in
larger diameter pipes,

All ultrasonic flowmeters suffer from one major drawback:
The liquid must be homogeneous because air or gas bubbles
or particles of any kind alter the sound transmission character-
istic of the liquid and cause considerable inaccuracy. On the
other hand, most ultrasonic flowmeters do not have internal
flow obstructions and can be used with any liquid irrespec-
tive of its electrical conductance or viscosity. In actual prac-
tice, ultrasonic flowmeters have so far been used mostly in
defense applications and special purpose industrial installa-
tions. They have not yet found universal industrial acceptance.

Electro-Caloric Flowmeters

The third type of electronic flowmeter is generally referred
to as an electro-caloric or boundary-layer type and is little
more than a thermocouple and a heat source.

A heated element is cooled by the flow of liquid or gas
which itself has a lower temperature. If we measure the
amount of this cooling effect, a measure of the flow is ob-
tained. Fig. 10 shows the basic circuit of a widely used ther-
mal-flowmeter. Inside the pipe are three thermocouple junc-
tions two of which, A and B, are heated by the a.c. source.
The cooling effect of the gas or liquid in the pipe causes a
change in the temperature of thermocouple A and B and
therefore causes a change in the d.c. voltage across the meter.
The third element, C, is unheated and is included to com-
pensate for slight changes in ambient tempcrature, Since it is
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Fig. 6. Flow of human blood,
a conductor, is measured with

_ LAMINAR VELOGITY

flowmeter.

FLOW PROFILE

unheated, any change in ambient temperature will have the
opposite effect on C and tend to cancel d.c. changes which
are due only to ambient temperature. Element C is at what-
ever temperature the metered liquid or gas is and is therefore
not part of the actual floww measurement.

Fig. 11 shows a complete thermal flowmeter, typical of
those used in small pipes. These flowmeters are especially
useful for gases, including pneumatic systems, and are found
mostly in laboratory, pilot plant, and special metering in-
stallations. They are not suitable for outdoor piping where
large temperature variations can occur, nor will they be
found in industries where the liquids contain coarse particles,
are corrosive, or where large pipe diameters are used.

(Continued on page 85)
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Fig. 8. Circuit of pulse-difference ultrasonic flowmeter.
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RECENT DEVELOPMENTS
in ELECTRONICS

Gasoline-Run Thermoelectric Generator
A light weight (10-pound), portable thermoelectric generator
which runs on ordinary gasoline is being developed by General
Instrument Corp. for the U.S. Army Signal Corps. Designed as
a compact power source for field applications, the new unit
will produce 45 watts of electricity for 12 hours on 1%z quarts
of ordinary gasoline. The supply is silent so that it cannot be
located by enemy sound-detection devices, and it will operate
at arctic-to-tropical temperature extremes. A specially de-
signed burner, used to avoid lead fouling, provides the heat
that is converted to electricity by thermocouples.

Thermometer p
for Fishing
The “Fish-o-therm” is a
Minneapolis - Honeywell
electronic instrument that
focates for the angler the
depth at which he is most
likely to find the type of
fish he is after. The device
consists of a temperature-
sensing element at the end
of a line marked to show
depth. The fisherman sets
the dial for the proper tem-
perature and then lowers
the line into the water un-
til the indicator comes on.
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4 Dead Room Used to Check Car Radios

An anechoic or “echoless” room is being used here to
check the performance of an automobile radio. All room
surfaces use 30-inch fiberglass wedges to swallow sound
reverberation. Walls are more than five feet thick. In addi-
tion to the wedges, walls also have 2-inch dead air space,
12-inch concrete blocks, 4-inch fiberglass, 1-inch plaster,
and 12-inch concrete blocks. A “floating” floor, used for
sound isolation, supports the entire 100-ton structure.
The room is air-conditioned with four ducts equipped with
special noise silencers. This laboratory is part of a new
132,000-square-foot research and engineering building
opened by Delco Radio at its headquarters at Kokomo, Ind.

Microwave TV Relay Tower
Microwave tower in the network TV relay system used by
KOAT-TV, Albuquerque, N.M., supports both off-the-air
pickup equipment (top) and a microwave transmitting
antenna. Signals originating in Phoenix, Ariz,, 70 miles
away, are received at this station on 7850-foot Pinal Peak,
amplified, and sent along to another mountain peak relay
station 305 miles away. The system was designed and
built by RCA in conjunction with the station’s engineering
staff. The repeaters have automatic fault reporting and
standby switching equipment.

ELECTRONICS WORLD


www.americanradiohistory.com
www.americanradiohistory.com

Underwater »
Sound Source
Experimental six-ton hydro-
acoustic transducer is hauled
from the waters of Seneca Lake,
N.Y., where it is undergoing
tests and evaluation. To be
used as a massive source of
sound in antisubmarine warfare
research, the new device, de-
veloped by General Dynamics
for the U.S. Navy, employs pres-
surized hydraulic fluid to pro-
duce vibratory energy which is
transmitted through water as

acoustic waves.

- Lunar TV Satellite
Pictured is a model of a “Ranger” spacecraft
with 350-pound, six-camera television pack-
age that will provide close-range pictures of
the moon's surface. The cameras are housed
in the tubular superstructure of the space-
craft with apertures for each camera. The TV
sub-system was designed and manufactured
by RCA for the Cal Tech Jet Propulsion Lab
satellite, the first of which is to be launched
in 1963.

Electronic Drafting Machine 3
Drawings for aircraft and missile parts and assem-
blies are produced automatically by this new nu-
merically controlled engineering drafting machine
recently put into operation at General Dynamics/
Fort Worth. From information fed into it by punched
paper tape, the device can make design and full-
scale drawings more quickly and accurately than
can human draftsmen, and at less expense.

- -~ . | N ™

< 200-Ton Radiotelescope Antenna
Workmen put finishing touches on the new Philco-built 85-
foot radiotelescope antenna at the University of California’s
radio astronomy laboratory in Hat Creek, Calif. The truss
structure, mounting ring, and polar-axis drive, able to point
the dish at any spot in the sky, are all shown. The project
is largely supported under a contract with the U.S. Office of
Naval Research. If you look closely, you may be able to

o e . make out the tiny figure of one of the workmen atop the

— -, ey e pedestal at the extreme right.
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AIDS FOR
THE BLIND

Ultrasonics and photoelectric techniques are
used in new guidance devices. Auditory test
equipment can open jobs for blind technicians.

HE WIHITE cane and heavily harnessed gnide dog,
familiarly associated with our sightless citizens, may
soon be replaced by small, hand-held electronic de-
vices that will accurately locate obstacles ol provide a
greater degree of safety and freedom for the blind triveler,

Exact figures aren’t available, but it has been estingted
that there are about 370,000 blind people in the country
today. Roughly 10% are under 21 vears old, and over 504 are
over 63, Perhaps their greatest difficulty is traveling conbi-
dently on their own. It is difficult to know wliat this problem
is really like. However, von might get an idea of it by blind-
folding vourself and walking in a strange roone Notice Low
quickly obstacles get in your way and how eversthing snd-
denly closes in.

Electronics has made great strides as a medinn of enter-
tainment and in helping to restore hearing and the voice, Now
there are devices on drawing hoards, in laboratories, and in
the ficld being tested which will someday nike travel lor

50

the blind freer, safer, and considerably less of a problem.

Recent demoustrations at the hiternational Congress on
Technology and Blindness, in New York, showed that several
anjdinee aids hold promise for the futnre. Errcrroxies
Worto attended the Congress and witnessed the operation
ol three aids and examined a nnmber of electronic test instru-
ments designed especially for use by blind electronics tech-
s,

Gridance Aid Requirements

While both the guide dog and cane are a great help, the
dog canmot be used by the very voung who are not matare
cuough to assume the responsibility of working with it, or
by older people who may not have the physical stnina to
undertake the training programn or to maintain the normal
walking speed of the dog. The cane caunot warn the blind
person of obstacles beyvond its lengtl.

Ideally, an electronic gnidance aid, to be of wy help he-
voud that of @ cane or dog, should be able to locate many
different vbstacles and indicate their distance, shape, and
direction with respect to the nser. Larger obstacles, such as
walls can be easily detected by auditory sensing, buat chairs,
posts, fire hydrats, mailboxes, and doorsteps canse consider-
able apprehension in the blind traveler. The aid should also

ELECTRONICS WORLD

www americanradiohistorvy com


www.americanradiohistory.com
www.americanradiohistory.com

be able to detect step-ups and step-downs, such as stairs,
curbs and holes, edges of train platforms, open manholes, and
cellarways. Another very important consideration is that if
the aid is to provide auditory information about the surround-
ings to the user, it do so in a way that will not interfere with
his normal hearing. Also, it must be able to operate well in
noisy or crowded environments where other normal auditory
cues are absent or useless. Last, but not least, the guidance
aid must encourage the blind person to develop strong psycho-
logical factors such as courage and the desire to travel inde-
pendently.

Ultrasonic Guidance Aid

One of the demonstrations at the Congress was conducted
by Leslie Kay of the University of Birmingham, Birmingham,
England. Mr. Kay has made a study of the guidance methods
used by bats and has applied his findings to the design of a
guidance aid that operates on similar principles.

As is well known, bats produce an inaudible tone and em-
ploy a system similar to radar in which an echo determines
the distance to nearby objects. As a result of laboratory ex-
periments, Mr. Kay found that a wide-band, continuous FM
system was superior to a pulsed system. The reason is that
the human ear can discriminate between signals that differ in
frequency more easily than it can between signals that arrive
at different time intervals.

The principle of operation is based on the fact that a beat
note, produced by heterodyning the transmitted signal with
that of an echo, will have a pitch proportional to the distance
of the reflected object. Information about the surroundings
in the form of simple and complex sound patterns produced
by the instrument can be interpreted or made into a “picture”
by the blind person.

The guidance aid transmits a 10° beam at one of two sweep
rates to provide a 10- or 30-foot detection range. The circuit
transmits a signal that sweeps from 60 ke. to 30 ke., and pro-
duces a maximum-frequency audible tone of 3 ke. The system
is silent until an echo is received. The character of the audible
signal indicates the distance and direction of obstacles.

Ordinary hearing-aid phoues are worn but instead of
placing them over the ears, a small-diameter plastic tube is
used to feed the sound directly into the outer ear. Thus,
normal hearing is not affected. Both ears are used to maintain
auditory balance and nornal binaural perception.

The aid can detect a smooth wall 30 feet away, a two-inch
diameter post at ten feet, or a one-millimeter wire at four
feet. In addition, it will detect ascending and descending
steps, shrubbery, and other pedestrians. Several blind people
have used the aid after only a short training period and found
no difficulty in determining the distance of an object by the
frequency of its echo. Obstacles of different shape and size
produced what could be called a “sound picture.” Further
work, however, must still be done before the aid can be
marketed.

Infrared-Optical Cuidance Aid

An infrared obstacle detector was described and demon-
strated by T. A. Benham of Haverford College, and J. M.
Benjamin, Jr. of Bionic Instruments, Inc. The detector, whose
operating principle is based on infrared/optical triangulation,
is now being evaluated by several blind people. The hand-
held device (Fig. 1) contains, among other things, a lamp-
drive circuit and a xenon lamp which produce bright pulses
of light that are focused on the ground ahead of the person.
Some of the light rays striking an object are reflected back
and are concentrated by a lens on one of two photo diodes.
If the obstacle and the detector are brought closer together,
the reflected light strikes the other photo diode. If the obstacle
is, say, 30 feet awayv, the upper photo diode will be struck by
some of the reflected light. If the distance is less, the light
will strike the Jower photo diode. The output of the photo
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diodes is amplified to actuate a stimulator, in the instrument’s
handle, which pokes the holder’s finger.

By depressing a switch in the handle, the far-range photo
diode is removed from the circuit to facilitate traveling in
crowded areas. A shortcoming of this guidance aid is that it
cannot detect step-ups or step-downs.

The Electronic Cane

An experimental “clectronic cane” was demonstrated by
Robert J. Gibson of the Franklin Institute, Philadelphia, Pa.
It is adjusted so that when its tip is two inches away from
the ground it does not produce an auditory signal. If the
ground drops away more than two inches at a curb or a hole,
a signal warns the holder.

Special Test Equipment

In the area of special test equipment, Robert W. Gunder-
son, an instructor in electronic theory and practice at the
New York Institute for the Education of the Blind, has de-
signed special auditory test equipment that can be used effec-
tively by blind electronics technicians. Bob, who has been
blind since birth, won the 1935 General Electric Edison

(Continued on page 102)
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Fig. 1. Operating principle of infrared obstacle detector is
optical triangulation. Hand-held prototype is shown below.
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NEON BULB

FLIP-FLOP CIRCUITS

By MAURICE E. SCHERER, Jr.

Inexpensive, readily available neon glow lamps can be employed to
construct simple counters using design data collected by author.

N commercially built flip-flop circuitry, the familiar frae-
tional-power neon lamp is often used merely to indicate
the conduction state of the tubes or transistors which

are the active elements of the bistable cireuit. However, these
same small indicating lamps can be used as flip-flop circuit
elements themsclves, and quite economically if performance
at high frequencies is not important.

Such arrangements may be put to various slow-counting
tasks or may also be slightly modified and used for storing
binary information cither permanently or as self-erasing de-
vices. When designed with transistor compatibility in mind,
neon bulb flip-Hops are particularly useful in combination with
conventional circuits. For example, since the frequency of a
specific flip-flop stage as a counter or an accumulator is low-
cred below the input frequency as a negative exponential
function of the number of preceding stages, the last few
stages operate at a comparatively slow rate.

The use of ncon lamp flip-flop counters in the last permis-
sible stages is quite practical since they perform adequately
and cost little more than the indicators and diodes for the
other stages alone would cost. Hybrid logic circuits, consisting
of neon bulb flip-flops supplied with transistorized gates and
pulse inverters (gating and pulse inversion can be accom-
plished using only gas-bulb and diode networks, but the cir-
cuits are complex and costly), are easily constructed and
provide incxpensive units for digital computer experimenta-
tion and game theory mockups.

In these applications the bulbs rival their transistor coun-
terparts for compactness and low current drain and, of course,
they require no external indicator lamps because the glow

Printed-circuit version of a basic neon bulb flip-flop counter
constructed by author from circuit shown at the left in Fig. 2.

produced by the active lamps is suitable even for direct panel
display in such permanent gear as counters, numerical con-
verters (binary-to-decimal, octal-to-binary, etc.), and accu-
mulators.

Bulb Characteristics

To determine the exact limitations of the ncon bulb in an
unbuffered bistable circuit, as well as to fix cirenit parameters,
several characteristics of the easilv obtained NE-2 were inves-
tigated. Important among these are firing time, firing and
cut-off voltages, and current drain. This data is not availuble
to the required accuracy in manufacturers” hulletins, so it was
determined experimentally in the Tab,

Firing time was measured with a Tcktroniv 545 scope by
pulsing the bulb under test with the horizontal sweep output
throngh a series resistor. The vertical input was connected
across the resistor, and the trace was externally triggered so
that the resultant enrve wonld show bulb current versus time
for any desired time interval. As an arbitrary standard. when
the curve reached 80% of its maximum value, the bulb was
considered to be “conducting” and the firing time was read
directly below this point from the horizontal axis.

At 100 volts pulse voltage across the bulb a tvpical NE-2
could fire in as little titne as 4 wsec., operating at 2 maximum
frequency of 20 ke. At 83 volts the same bulb would fire in
3 wsec. at 10 ke, IMowever, at voltage around 10 volts above
cut-off, most bulbs fired in 10 gsec. but could operate only up
to a frequency of 200 cps. Beyond this frequency the energy
of the input pulses was not enough to jonize the neon and
allow the bull to conduct.

Since the firing time measurement setup also measured
bully current, a precision resistor was used in the circuit and
the current read directly from the scope. A large sampling of
NE-2's showed surprisinglv little current variation from bulb
to bulb. Careful testing proved a random collection of fifty
lamps to be rated at 0.4 ma. =0.03 ma. at firing voltage.

Voltage characteristics, on the other hand, cover quite a
wide range, as shown in Table 1. E, is the minimum firing
voltage and E- is the cut-off voltage. E: could be called the
“operating” voltage hecause it is the potential across the hulb
after it has started drawing current through a load resistor.
The importance of di and ¢, which are simply the diflerences
(E.—E:} and (E:— E:) respectively, will be seen later.

In order to construct neon bulb Hip-fop circuits having
predictable specifications, the reader will want to determine
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Output of series of neon bulb flip-flops counting in binary. Output of ‘“‘nor’” gate gives high positive pulse (centerl when
Note small positive pulses which leak through te the ouiput flip-flop inputs are simultaneously negative. Other combi-
from preceding stage. Negative pulses from preceding stage nations produce insignificant voltages which appear in the
couse the flip-flop to change state. {1 em.div.=5 volts) waveform photo as a number of randem pulses. {1 ¢em.div.=5 v.)
E., E., E., and d. and d: for purposes of bulb matching and tional current drain through Ri causes the voltage across bulb
capacitor selection. A simple testing arrangement is shown in A to fall below cut-off, and bulb A goes out. However, bulb
Fig. 1. If a regolated d.c. supply is not available, a potentiom- B remains on since the other bull is no longer conducting and
eter voltage divider connected across a 90-volt battery can be it, in turn, keeps the potential of bulb A below firing. C:
used, although the results will be slightly erroncous because charges again, this time in the opposite direction as before
of imperfect regulation. E: is the voltage registered by the because the bulbs’ states are reversed, and the process can be
v.0.m. the instant before the bulb fires and is determined by repeated every time a suitable pulse is fed into the input.
trial and error by increasing the supply voltage very slowly Each time the flip-flop state is shifted, an exponentially
until the bulb fires. As soon as the bulb starts to conduct, the damped impulse of initial magnitude equal to i and a polar-
v.o.m. reading will fall to the level of E: with no change in the ity altermating as first one and then the other bulb conducts
supply voltage because of the voltage drop across the 27,000- is developed at the output. The positive output pulse will not
ohm load resistance. E. may then be found by decreasing the affect the following stage, but the negative pulse acts as a
supply potential until the bulb flickers off and noting the trigger. Therefore, the circuit shown in Fig. 2 will count neg-
meter reading at that point. ative input pulses in binary, each stage firing the next every
. . other time it receives an input impulse. Bulbs A, C, and E are
The Cireuit indicator lamps for the binary registers; they glow to indicate
In the flip-flop configuration the bulbs are biased so that a “one” in that register, or do not glow to indicate a “zero.”
only one of them can he “on” at a time. Suppose that bulb Other counting circuits are similarly devised using one or
A of the fundamental counting circuit (Fig. 2) is conducting. more feedback loops and gates, but these usually require flip-
The load resistor common to both bulbs (R:) has a voltage flop circuits with additional inputs.
drop across it equal to E=1IRs, where I is the bulb current. A more sophisticated Hip-flop device has “set” and “reset”
This drop holds bulb B below firing potential. Another poten- inputs as well as a single “trigger” input, The functions of
tial difference, the voltage difference between the circuit these inputs (see “Computer Registers and Accumulators,”
which is conducting and the unloaded “open” circuit of the ELectroxics WorLn, November 1961) are easily obtained
unionized bulb, charges the capacitor Ci. Now if a sufficiently by a slight modification of the basic counter circuit. The set
large pulse is fed into the flip-Hop input, raising the potential and reset pulses are simply fed to appropriate sides of the
difference across bulb B and causing it to fire, bulb B starts to flip-lop, as shown in Fig. 3A. Irrespective of the previous
conduct, discharging C.. Attempting to recharge, C. draws state of the circuit, a standard negative pulse fed into the set
current for an instant from the circuit of bulb A. The addi- input will fire bulb B; similarly, the state of bulb A is con-
TD A VARIABLE SDURCE B+ B+ B+
OF REGULATED D.C.  + i 1
27x | ) + . I ? 3
3 cnl 28pt. § 3 1 t 3
NE-2 UNDER TEST El ) \L K K K—cou-rpu'r
A 8 c ) €
uz-z@ NE-2 @ @
S o3 B
= vom AT oz 3 =§m, ) : -T- b
- s A
Fig. 1. Test setup for checking voltages. NPUTO I :&‘ +[ni s + + H :%‘
c2fispt. - - e
Fig. 2. Neon bulb flip-flop circuits em- ’ 2%!:( é— é_
ployed in binary counting arrangement.
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E, E. | E. i ] d:
74 65 56 9
73 63 55 10 8
73 64 55 9 9
72 61 56 11 5
72 64 57 8 7
72 60 56 12 4
71 63 55 8 8
70 63 54 7 9
70 62 55 8 7
70 60 55 10 5
70 59 54 9 5
69 60 54 9 6
69 60 53 9 7
69 60 54 9 6
68 60 56 8 4
68 58 55 10 3
67 58 53 9 5
67 55 50 12 5
67 57 52 1 5
67 57 52 10 5
67 57 54 10 3
66 57 52 9 5
66 56 51 10 5
66 56 51 10 5
64 55 52 9 3

Table 1. Characteristics of random sampling of G-E NE-2
neon bulbs. All figures given in table are in d.c. volts.

8+ 80V, B+ 80V,
Al " 23 ¢2
27K 21-( _r.,q 2 27K2 Byt
Ifi
bl e i >
cajl2zs v CIjl.zapt. A
n g ouTPUT s ! CATE/ouTPuT
cna CR3
ot 191

6I<l +
“RESET" 3 “SETT
WPUT 3% gm INPUT
13
TricoER I
k1)

)
“TRANSFER'
INPUT

(&)

Fig. 3. (A) Neon bulb flip-flop with ‘"set’’ ond “‘reset” in-
puts. (B) Circuit of o self-erasing neon bulb memory circuit.

trolled by the reset input. But as in the counter circuit, the

bulbs are biased so that it is impossible for both of them to

conduct at once. In the basic counter, the diodes CR: and CR:

prevent instability and oscillation caused by small backwash

voltages; however, in the set-reset flip-flop these diodes keep

the set and reset signals from getting mixed up. The values

of R: and R. are increased to prevent resistive feedthrough.
Other modifications of the basic bistable circuit include

the self-erasing memory unit shown in Fig. 3B. A pulse to be

stored, either positive or negative (high level or low level)

is fed, depending on its polarity, to bulb A or bulb B. As in

the set-reset flip-flop, the appropriate bulb fires and remains

on. When the transfer pulse arrives, the

circuit changes state and generates an

output signal whose polarity depends on

what the polarity of the stored pulse was.

Depending on the choice of bulb for

“output bulb,” i.e., the bulb in the circuit

which feeds the output capacitor, the

memory unit will store pulses and re-

lease pulses of the same polarity as the

input pulse or automatically invert its

“memorized” binary bit. A
Additional alterations of the neon flip-

flop for numerous flip-flop applications

are limited only by the ingenuity of the LT

experimenter, especially since the volt- sox

age pulses which the neon bulb circuits 3

Fig. 4.

author especially for use with neon bulb devices are shown
in Fig. 4 as models for interested readers, although going into
details of their operation would be straying from the topic.

One circuit is a pulse inverter (Fig. 4A) which merely
changes the polarity of an mput sngna] with very little delay.
The other circuit (Fig. 4B) is a “nor” gate which generates a
positive output pulse if and only if it receives two simulta-
neous negative input impulses. (Note that an inverter-fol-
lower connected to the output of this “nor” gate would
convert it to an “and” gate, suitable for accumulator con-
struction.) The transistors used by the author were a special
computer edition which will probably be unavailable to most
readers; however, less-rare prototvpes may be used just as
well as long as biasing conditions are met. The Raytheon
2N662 is one possible substitute.

All the neon bulb circuits described will operate at a
maximum frequency determined essentially by their R.C.
networks, but limited by the characteristics of the bulb. Ob-
viously smaller values of C. will increase the frequency capa-
bility of the systems, but speed must be compromised for the
sake of reliability, as the capacitor must be large enough to
cut off the appropriate bulb completely when it charges.
Calculating the optimum value of capacitance for a given
circuit involves an exercise in integral calculus which can be
reduced to a simple formula for finding approximately values
of C. This is: Ci=2I.t/3d: where L. is the current drain of the
bulbs, ¢ is the reciprocal of the desired frequency (1/f), and
d: is E:—E:, found by experiment. After C, has been calcu-
lated it is substituted into: T=R.C,. This equation checks the
feasibility of the calculated capacitance. If ¢ is smaller than
T, the circuit cannot possibly work, simply because the capac-
itor is too small to do its job in the circuit.

From these equations it is seen that for higher frequency
work, bulbs with low values for d: are desirable if not neces-
sary. Do not try to increase the operating frequency of a neon
bulb flip-flop by increasing the value of R: and R: as this will
upset the approximate transfer impedance match inherent in
the author’s suggested circuits and cause poor performance.
And keep in mind that circuits pulsed at rates greater than
their allowed frequency of f=1/R.C: will generate electrical
garbage which is unintelligible to following stages.

Construction Hints

Modular printed-circuit design was preferred because of
the ease of interchangeability and mounting convenience it
afforded. Although this type of construction has good mechan-
ical strength per se, epoxy resin was used for additional com-
ponent rigidity and insulation of the printed-circuit backside.
By using tantalum capacitors, the author was able to keep the
neon bulb units fairly small. However, physical layout is not
important and the reader has complete freedom to c¢xpand

(Continued on page 89)

(A) Transistor inverter circuit ond (B) tronsis-
“nor’’ gate circuit for use with neon bulb flip-flops.
Olpt.

INPUT 1K 27K =

HOK

RAYTHEON
31825
(SEE TEXT)

TSK OUTPUT
St

generate and to which they respond are
on the order of 10 volts, and therefore
fully compatible with transistorized cir-
cuits, Two such circuits designed by the
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UNIQUE OUTPUT CIRCUIT

in TRANSISTORIZED
HI-FI AMPLIFIER

By NORMAN KRAMER / Project Engineer, Allied Radio Corp.

Description of some of the unusual circuitry that is employed
in an 18-watt-per-channel all-transistor stereo amplifier unit.

MALL size, low power consumption, and low heat

dissipation have already been demonstrated in a wide

variety of transistorized cquipment, In the field of
high-fidelity equipment, however, the real advantages of
solid-state components have been very slow in coming to
the surface. Some of these advantages are: negligible phasce
shift with frequeney response practically to d.c., very low
hum levels because of the reduced pick up in the inherently
low-impedance circuits of transistors, and the elimination of
the output transformer, alwavs one of the primary limiting
factors in amplifier performance.

The purpose of the design used in the “Knight-Kit” KG-60
amplifier was to show that medium to high power is pos-
sible at low over-all cost in a complete stereo unit which
provides all the versatility and functions required by the
audiophile.

Outprr Circuitry

The amplifier design began with the clhwice of output c¢ir-
cuitry. Since conventional class B operation requires both
output and driver transtormers. it was to be avoided. Some
variations eliminate the use of the output transtormer while
still others omit the driver trunslormer as well. The use of
a center-tapped voice-coil conld not be considered trom the
standpoint of compatibility with existing hi-fi speakers. Ca-
pacitor coupling to the voice-coil was roled out because an
extremely large coupling capacitor would be needed to in-
sure frequency response down to 20 eps. In view of these
limitations. it was decided to use half-bridge circnitry.

It was further decided to use the driver transtormer. Since
the transistor is a current amplifier and power wonld De
needed to drive the output circnit, the ceffective gain of the
primarv-to-half-secondary  tums ratio would produce the
gain which would otherwise have had to be obtained else-
where in the amplifier. Proper choice of the output and
driver cirenitry circumvented the usnal design problems in-
herent in the use of a driver transformer, such as reduced
low-frequency performance due to nonlinearity and the ad-
verse eflects on high frequency due to leakage inductance
and interwinding capacitance.

Actually, transformer efficiency of less than 30% was all
that was required to drive the output circuit. This permitted
considerable copper losses and allowed many primary turns,
hence better low-frequency response. In addition to this,
transformer steel was better than that usually found in driver
applications. Bifilar winding of the transformer greatly re-
duced the leakage inductance and the undesirable effects
on high-frequency performance. The transformer emploved
was a special dual-secondary unit with a 66-ohm primary
and a B-chm secondary impedance.

Fig. 1A shows the basic circuit of a single-ended push-
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pull output-transformerless amplifier. Class B transistor out-
put circuits require some quiescent collector current to flow,
with no signal applied, to aveid crossover distortion. R: and
R: establish bias voltage for Vi while R. and R. bias V., The
value of this idling current is critical because too low an
amount could cause severe distortion in the crossover region
while too high an amount could result in excessive transistor
dissipation with the likelihood of permanent damage. R and
R: provide d.c. stabilization and set the trunsistors’ operating
points to levels where they are fairly independent of their
individual characteristics and ambient as well as junction
temperatures.

Both transistors are in common-emitter circuits and ap-
pear in series across the split power supply. They are, how-
ever, in parallel across the single-ended load. When a signal
is fed to the amplifier, cqual and out-of-phase voltages ure
fed from the driver transformer secondaries to the base of
each ountput transistor. Thus each transistor is driven to con-
duction on alternate half cveles of the signal. Both transistors
see their driving signal from base to emitter and deliver their
output signal rom collector to emitter, This parallel condi-
tion with respect to the load meuans that the load impedance
necessary to mateh the transistors is only a fraction of that
required by a conventional push-pull circuit.

In actual operation, reasonably balanced transistors and
supply voltages balance the bridge and no current flows
throngh R, If an input signal causes either transistor to
conduct more than the other. the bridge becomes unbalanced
and current floaws through the load. If R, is replaced by the
speaker voice-coil, the incoming signal will be faithfully re-

(Continued on page 92)

Fig. 1. (A) Basic circuit of half-bridge single-ended push-pull
output arrangement. (B) Circuit modified for d.c. stabilization.
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| TRANSISTOR SETS
l | WITH A VT.V.M
1' By J. B. STRAUGHN / National Radio Institute
. — When the set goes dead, this single instrument offers a
(& _ comprehensive set of checks, including stage isolation.

EW OF US have ever tried to skin a cat by any
method, vet it is known that there are many different
technigques that may be employed successfully. The
same is true in servicing, The method used by the technician
is the one he has found consistently successful. When it comes
to transistor radio troubleshooting, particularly when the
receiver is dead, the author has his own pet system,
Whatever the ultimate technique, there are certain pre-
liminaries that should always be followed. In a tube receiver,
there is a quick visual check to make certain that all tubes
light; in a transistor set, the battery voltage is measured
under load and, if possible, the load current is observed.
With the preliminaries out of the wayv, a method must be
chosen to localize trouble to a section or stage of the dead
receiver. Some form of signal tracing, signal injection, or
circuit-disturbance testing is used. Each of these systems
is based on the fact that a normal stage will act on a signal
in a specific way—that is, amplify it or change its frequency—
and then pass the signal on to the next stage.

Injection and Tracing

Fig. 1 highlights the signal-injection technique on a semi-
block diagram of a transistor radio circuit. By introducing
an appropriately chosen signal successively from points 1 to
8, somewhere along the line you will pass from a point where
injected signal produces output in the loudspeaker to another
where no output results. When this change occurs, you know
vou have just passed through the defective stage. As shown,
a multiple-output generator, whose output must be adjusted
from point to point, is used.

With a signal tracer, you observe signal first at the input of
the receiver or stage, then check to see whether it has arrived
at the output, amplified or otherwise altered in the way it
should be, to locate the defective stage. The tracer itself inust
be adjusted as you proceed from point to point, for amplitude
and for modulated or demodulated signal.

The Disturbance Technique

Perhaps the least familiar to the modern practitioner is the
third method, circuit-disturbance testing, although it dates
back to the mid 1920's. Some early genius discovered that
touching the grid of a grid-leak detector would produce a
sound in the speaker or headphone if everything following
the detector was in order. A further step was shorting the grid
of an amplifier tube to ground. Again, the resulting sharp
change in plate current would send a pulse traveling through
all operating circuits to the loudspeaker.

Plate current would not always change and results werc
therefore uncertain until the advent of tubes with top cap
connectors to the control grids, when it was only necessary
to remove and replace the top cap to cause the required dis-
turbance. Even when single-ended tubes became popular,
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touching the control grid with the metal shank of a screw-
driver produced the desired click in the speaker.

When transistor sets became popular, touching the base of
a stage, or even the volume control, was seldom of any avail.,
Circuit impedances were too low for such methods to disturh
circuit behavior. Shorting the base to the emitter would pro-
duce the desired click by changing collector current, but this
method was too tricky for fust work. The signal tracer and
signal generator came to be the accepted methods for local-
izing dead stages.

While preparing to take voltage readings on a transistor set,
the author once inadvertently left his v.t.v.m. set to its ohms
function and, touching the instrument probe to the hase of a
transistor, aoted a loud click in the speaker. The ohmmeter
battery had changed the transistor’s forward bias, producing
a sharp pulse in the collector circuit. The possibility suggested
by this occurrence was analyzed.

Similar oversights had occurred many times in the past on
tube receivers, where the voltages are considerably higher,
without damage to the v.t.v.m.; certainly the instrument could
not be damaged by the low voltages in a live transistor set. On
the other hand, the hattery-powered chmmeter circuit of the
v.t.v.m. could not damage a transistor, particularly if a high
enough resistance range were used.

Check the typical v.t.v.m. chmmeter circuit in Fig. 2. When
the external test leads are touched ucross a circuit, the 1.5
volts internally available divides between the external circuit.
and the ohinmeter’s internal calibrating resistor. Since tran-
sistor circuit impedances and resistances are low, the internal
10,000-chm resistor in series with the battery on the
“R > 1000" ohmmeter range permits only a very small and
safe portion of the battery voltage to reach the transistor.

Here was a means for introducing positive circuit disturb-
ances in a transistor stage to localize troubles. The v.t.v.m.
was already being used for such static checks as voltage and
resistance, This meant that a rapid method for making a comn-
prehensive series of checks on the receiver was possible with
nothing more than a single piece of equipment—the v.t.v.m.
Let us see how the v.t.v.m. alone can go through a receiver,

Preliminary Checks
First the instrument is used to measure the battery voltage.

Fig. 1. Stage localization by signal injection requires & serv-
ice-type generator whose output signal must be adjusied.
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The set is then turned on, to provide a load. If battery voltage
is low but within 20 per-cent of normal, the battery may be
used during subsequent tests before replacement after repair.
If output is too low, it is good practice to use a separate power
supply, if one is available.

A metered supply that can read either voltage or current
output is preferable. You should always be able to check cur-
rent drain. If you have a noisy power line and the supply is
not adequately filtered, obtain a commercial filter or make one
up to insert between the a.c. line and the supply.

If you have an unmetered supply, you can insert a 10-ohm,
I-watt resistor in series with one lead of the supply and the
transistor set. Then adjust your supply, with the v.t.v.m.
across the voltage input to the receiver, to produce normal
voltage. Next measure the drop across the 10-ohm series re-

O+
V.T.V.M,

SuPPLY
o—

OHMS
ADJUST

LESL {XN
[8-1'

Fig. 2, Ohmmeter circuit of the Conar 211 wv.t.v.m. is typical.

sistor. Read this voltage and move the decimal point two
places to the right to obtain current drain in milliamperes.
For example, .13 volt read across the resistor means 15 ma.
is being drawn, while .06 volt indicates 6 ma.

If the set is not dead, measure current with no signal ap-
plied for the most reliable indication and compare with the
minimum current given in the service data or anticipated in
the type of circuit. A 20 per-cent variation is within limits.

If drain is excessive, there may be a wiring short or a tran-
sistor is drawing too much current. If no wiring or ecircuit-
board shorts are noted, “remove” transistors, one at a time.
(How this may be done with wired transistors will soon he
noted.) Always turn oft power before removal. A large drop
in current when one transistor is removed probably indicates
collector-emitter leakage. The author simply connects a re-
placement temporarily. If current is still excessive, it is then
time to check base and emitter voltages. More on this check
later. No change in current at all suggests an open base.

As to removal, there is no problem with plig-in transistors.
With wired-in types, opening the collector lead provides
effective removal, On printed boards, simply cut the foil of
the lead cleanly with a razor or knife. You can flow solder
over this break later. In wired circuits, dont be afraid to
unsolder or resolder transistor leads. Despite contrary no-
tions, as long as vou keep solder or the iron off the case itself,
vou can usually work on the leads without a heat sink and
do no damage.

If the power supply is normal and there is no sign of excess
current, proceed to defect localization,

Finding the Stage

Consider the radio whose schematic is shown in Fig. 3.
The collector has the most negative voltage of each transistor,
so they are all p-n-p types. (A positive collector means an
n-p-n type.) With a p-n-p type like those shown, connecting
the ground or common (negative) clip of the ohmmeter (like
the one shown in Fig. 2) to receiver chassis and touching
the positive probe to the transistor base will decrease forward
bias. This will produce a sudden change in collector current.
To increase forward bins, reverse probe connections. Where
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a chassis is not employed, use the positive terninal of the
supply as the ground point. The frame of the tuning capacitor
can also be used.

First, with the set on and the chmmeter on its “R X 1000”
range, touch the positive probe to the base of V. and then V..
A click in the speaker should be heard in each case. If it
isn’t, trouble is between input to the push-pull stage and the
speaker. Check the following: collector voltages; Cu for a
short; and the secondary of TR: for continuity. The last check
should also produce a click, unless the voice coil is open.

If the output stage clicks properly, touch the probe to
the V. base. No click indicates the V. stage should be checked.
The transistor may be defective. Cu or the TR: primary may
be open. Check the values of Ru, R, R.. If this stage is
normal, the click is louder than at the output stage.

Now touch the probe to the V. base. A normal click here
will be less loud than at the V. base. If there is none, suspect
the following: an open condition in C., C., or TR:; a defective
detector diode, a short in C., a value change in R., R, Ri—or
a faulty transistor. If the stage responds, move to the V:
base. The click should be louder than the preceding one.

The next point for the probe is the base of V.. With no
dlick, check collector voltage. If it is present, there is no
open component from this point to the supply. Check emitter
voltage. If it is normal, normal current through the transistor
is indicated.

Oscillator Troubles

If a click is produced at the Vi base but the set seems dead,
suspect oscillator failure, To check, short out the oscillator
tank while monitoring emitter voltage. A change in reading
indicates the oscillator was working before the tank (tuning
capacitor) was shorted out. This change will be small. If
the high-frequency response of your v.tv.m., like the one
shown in Fig. 2, extends far enough to read oscillator fre-
quency, you can make a direct, positive check on a low a.c.
scale. Tank r.f. voltage, measured by touching the probe to
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Fig. 3, An exomple of the popular 6-transistor ““p-n-p*' circuit.

the stator of the tuning capacitor, reads about 2 volts in
most sets. If v.t.v.m. response is not adequate, you can use
an r.f. probe or check with a scope.

If the oscillator is working, check the loop for continuity
and the r.f. section of the tuning capacitor for a possible
short. If there is no oscillation, suspect open conditions in
C, C;, L, L, or L, or a short in the oscillator section of the
tuning capacitor. Sometimes lead reversal in a replaced coil
will prevent oscillation, as will an improperly installed re-
placement loop. Remember that a shorted turn or two in an
oscillator coil, which will not show up on an ohmmeter test,
can also kill oscillation. Before replacing Vi, go over all circuit
connections with a hot iron. Deteriorating solder joints often
cause oscillator failure.
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-8.8vV.

(a) (8) (3]

Fig. 4. Typical electrode voltages (A) in a transister stage.
Changes due to open conditions in the base (B) and emitter (C)
circvits are shown in boxes. Circles highlight type of fault.

Transistor Voltages

Suppose your disturbance tests have brought you to a sus-
pected stage. There are various ways of proceeding from this
point. One way is based on the fact that there are three
critical voltages involved—at base, emitter, and collector—
and the ability to interpret these can be most helpful. Take
a stage whose normal voltages are as shown in Fig. 4A. The
normal forward (base-emitter) bias is normally .1 volt. Since
this bias controls emitter and collector currents, it also deter-
mines emitter and collector voltages. Every deviation has
its own meaning.

Open in base circuit: If an open develops in its external
circuit (Fig. 4B), the base is floating, or disconnected from
its voltage source. Since the transistor’s internal base-emitter
resistance is low, the floating base will take on the potential
of the emitter. With bias removed, there is no emitter or
collector current flowing through R: or R. Voltages will thus
tend to be as shown in the boxes of Fig. 4B. If a base-to-
ground reading is taken, however, with a meter whose input
resistance is low enough, meter loading may produce con-
ditions close enough to normal so that the change can pass
unnoticed. This is a good argument for using a v.t.v.m. here.
There may be another cause for slight deviation from the

Table 1. Some common symptoms and causes. Refer to Fig. 3.

SYMPTOM

POSSIBLE CAUSES

Stations tune in only on low- V. defective.

frequency end of dial.

Stations tune in only on high-
frequency end of dial.

Tuning capacitor plates shorting.

No signal; no random noise in Open base in V,, V., V., or V..
speaker with volume control at

maximum.

V. not oscillating,
Open L., L. Gy, or C.. Check for
open leads or broken connections.

No signal; random noise in speaker
with volume control at maximum.

Very low volume on strong signal;
d.c. voltages normal.

Open C., C,, or Cy. Prodding them
may restore normal signal intermit-
tently.

Low or no voltage at battery
terminals.

Audio distortion.

Motorboating on stations with full
volume.

Dirty or corroded terminals; weak
spring contacts; weak batteries.

One side of TR, primary open.

V. or V, defective, poorly matched,
or unbalanced.

Weak batteries.

C., open.

Ris or R increased in value.
Speaker defective.

C: open or has high power factor.

abnormal readings in Fig. 4B. A small amount of emitter-
collector leakage current will flow.

Open in emitter circuit: See Fig. 4C. The stage is dead
because collector current cannot flow. Since there is no drop
across R, the collector potential goes to — 6 volts. The floating
emitter assumes the base voltage, which is about —.8 volt in
this case. The incorrect collector voltage, along with a lack of
forward bias between base and emitter, although base voltage
is fairly normal, throws suspicion on the emitter circuit.

Open in collector circuit: With the collector floating (Fig.
3A), there can be no collector current. The small base cur-
rent, now passing to the emitter, maintains a slight voltage
drop across emitter resistor R.. The open collector element
takes on the emitter voltage. Although base and emitter are
not far from normal (forward bias is still present), the highly
abnormal collector voltage and its correspondence to emitter
voltage provide the clue.

Open base lead in the transistor: A defect in the transistor
itself can also disturb electrode voltages. For example, if the
base lead opens intermally (Fig. 5B), the open base (bias
removed) causes a reduction in collector current. The ab-
sence of normal current through R: and R reduces the voltage
across these resistors so that the emitter goes nearly to zero
and the collector rises nearly to the supply voltage. Note,

-8BV, =8.0V. -5.5V.

1]'-

(A) [LH

Fig. 5. Normal electrode voltages are compared with altered
readings (in boxes) for an open condition in the collector
circvit {A), an open base lead (B), and internal leakage (C).

however, that base voltage, which can only be measured
outside the transistor case, is not far from normal. This clue
distinguishes the defect from the case of an open condition
in the external circuit of the base (Fig. 4B), in which the
abnormal readings at collector and emitter are similar. Read-
ings at the latter two electrodes show that the transistor is
not conducting even though it seems that it should because
base and- emitter readings indicate forward bias.

Under such conditions, a “diode” check of the transistor
{described later) is in order. That will be done with the
ohmmeter section of the v.tv.an., which means that there
will still be no need to involve any other instrument.

Leakage in the transistor: Sometimes excessive leakage
develops between emitter and collector (Fig. 5C). Increased
collector-emitter current produces a larger than normal volt-
age drop across emitter resistor R-, causing the emitter voltage
to rise. In fact, emitter voltage may go several tenths of a
volt higher (more negative, with the p-n-p tvpes shown)
than base voltage. This reverse bias will cut off the transistor
as far as signal is concerned, resulting in a dead stage in
disturbance testing. Nevertheless, leakage maintains high col-
lector current, 1., throngh R, causing collector voltage to
drop—unless no collector resistor is present. Relative changes
rather than typical abnormal voltages are indicated in Fig.
5C because actual rcadings will depend on the degree of
leakage.

As described, the preceding conditions may be difficult
to remember. These simple rules, then, will be useful when
checking transistor voltages: 1. Watch for proper relationship

(Continucd on page 113)
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T WHAT POINT and after how much effort, during
A a house call, do vou rise to your full height, sigh,
and break the sad news that the chassis must go to

the shop for further repair?

The TV service technician is caught in an ethical bind
between trying to charge no more than is necessary and
wanting to do a job he is proud of. Admittedly we can do
a better job in the shop, where we are surrounded by a
more favorable repair environment. But that job may cost
considerably more than would be the case if it were con-
fined to the customer’s home. Somewlere between these two
considerations, the decision to pull the set is made.

In the broadest terms, we pull all jobs that need more
than tubes, fuses, and adjustments to complete the repair.
There are inevitable exceptions to this rule. There are cir-
cumstances in which we will change components in the home.
There are others in which a TV set is pulled when tube re-
placement appears to be all that is necessary. Some of these
exceptions are dictated by common sense, based on a pe-
culiarity in the individual case. Others will be influenced by
the type of set under consideration. Let me show you what
I mean,

The “Monsters”

Many sets simply do not lend themselves to easy trans-
portability to the shop. These include color sets where you
have to pull the CRT assembly as well as the chassis, also
“home theater” units that have a power supply and other
circuits in common. In such cases, we go out of our way
to avoid a “pull.”

Take this three-way combination we service. It belongs to
an elderly fellow on the third floor of a walk-up, and, since
he rarely goes out, it is his main companion. It has a common
power supply, separately mounted CRT, and many connec-
tors and switches, as it comes apart into six sections. Re-
installation requires soldering.

The owner’s last call for service was handled this way:
getting a description over the phone that sounded like high-
voltage arcing, I took the schematic with me when I left for
his place. With the high-voltage cage open, the flyback was
found to be arcing out of its insulation—a clear-cut symptom.
A call to the shop established that the replacement was in
stock. I picked it up, returned, installed it, and left with
the receiver working.

About two weeks later the owner called again and de-
scribed the same symptom. Since the first replacement might
have been defective, I took another flvback with me. Sure
enough, I had to install it, as the fault had recurred.

But was some other defect causing fyback breakdown?
Now alert to the possibility, I noticed a low, ticking sound
in the high-voltage area when I turned the set on. The tick-
ing would stop only when the second-anode lead was dis-
connected from the CRT.

With suspicion thrown on the picture tube, I restored the
high-voltage lead and inspected the picture. Streaks resem-
bling ignition noise, in step with the ticking sound, could
just be perceived. Originating in the CRT itself, this arcing
drew enough excess current from the flvback to induce
gradual breakdown. The set has been fine ever since I in-
stalled a new picture tube,

The cause of transformer breakdown would not have be-
come more obvious if the set had been brought in to begin
with. Can you imagine pulling this monster, lugging it to
the shop, and re-installing it fwice? It was easier and more
sensible to handle it as we did.

Portables Pull Easily

On the other hand, consider the many compact models
around today. Their physical design does two things: it makes
them harder to work on but easier to carry. With any in-
ducement to pull them, we yield. We do so because the
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SHOULD YOU
PULL THE
CHASSIS?

By ART MARGOLIS

Whatever general policy you have laid
down on home and shop repairs,you can’t
rule out the need for judgment based on
the special circumstances of each case.

system we use for pick-up and delivery avoids building up
the charge to the customer. Let me show you how this works.

I was out servicing a 23-inch Sylvania whose owner had
experienced bad CRT’s before. As I entered, he said, “Hope
you have a picture tube with you, ’cause that’s what it is.”

Since there was nothing else to do, I nodded and turned
the set on. The picture came up, but dimly. Turning the
brightness control from one extreme to the other had no effect
whatsoever. The “experienced” customer nodded emphati-
cally and said, “See? Fixed brightness!”

He had a point, but there was no sign of gas or other
indicative symptom. Picture quality seemed good except that
it wasn’t bright enough. I checked tube condition with my
CRT tester and could find nothing wrong.

“Those machines are sometimes wrong, you know,” the
owner suggested. I knew, but I didnt fcel like making an
extra trip for a picture tube that might be unnecessary and
which would involve still more follow-up. I tested some other
tubes, announced the job could best be handled in the shop,
and carried the compact set out with one hand.

On the bench, the job went smoothly. A routine chmmeter
check of components in the CRT cathode circuit (Fig. 1)
showed the contrast control was open. The voltmeter showed
that this fault left 30 fixed volts at the cathode. With 5
volts on the grid, the 23-volt bias was almost enough to
cut the CRT off, but not quite. Hence the dark picture.

As Fig. 1 shows, the brightness and contrast controls are
in series in the cathode circuit. The open condition of the
latter blocked any effect the former should have in changing
bias to control brightness.

While this was a legitimate shop job in any case. it illus-
trates how transportability can cut costs to the customer.

(Continued on page 86)

Fig. 1. Symptoms suggesting a defective picture tube were
actvally coaused by a fault in the contrast control (circled).
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Fig. 1. Constant-curren! source prevents jumping
(dotted lines) from one point to another when
plotting curve of negative-resistance devices.

Not restricted to just circuit analysis, constant-current
sources, which are available as commercial instruments,
have several interesting and practical applications.

CONSTANT-CURRENT POWER

SOURCES / THEIR CHARACTERISTICS
@ APPLICATIONS By GENE H. LEICHNER, Leichner Mfg. Co., and K. C. SMITH, University of lllinois

INCE constant-current power supplies are becoming

readily available as comumercial instruments, it is

worthwhile to study some of their basic properties and
applications. While most technicians are somewhat familiar
with current sources, there has heen a tendency in the past
to concentrate on the ideal voltage source in analysis and
design; probably because batteries and the a.c. line are essen-
tially constant voltage in character. Then, of course, the use
of electronic regulator circuits has made it possible to attain
even better approximations to a true voltage source. How-
ever, once electronic regulator circuits are introduced, they
can just as easily be made to regulate output current instead
of terminal voltage, so that high-performance, constant-cur-
rent power supplies can also be built. From a practical view-
point this means that the constant-current source which so
often proves useful in analysis need not be confined to that
application, Instead it is now available as a physical device
for which there are many interesting and time-saving applica-
tions. We will describe a number of these as specific examples
of situations where it is advantageous not only to consider
current as the independent variable, but to make it so.

Fig. 2 shows a circuit for producing a constant current.
The regulator amplifier measures, and causes to be held con-
stant, the voltage across a series resistor (R). The terminal
voltage of the supply is consequently adjusted, not to a fixed
value relative to some reference, but to whatever value may
he required to keep the voltage across resistor R constant.
The value of the current is controlled by varying R.

A specific circuit based on this elementary configuration is
shown in Fig. 8. Since the load current through R directly

Fig. 2. The basic circuit for producing a constant current.
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affects the tube’s grid bias, the tube will adjust its operating
point to keep the current near a fixed value, approximately
equal to V/R. In this simple case there is only one stage of
amplification, but even so, the circuit performs remarkably
well. As an example suppose the tube has a mu of 75 and that
V is 100 volts. The performance of the circuit can he evalu-
ated by determining the variation in output current when

¢ —

0.C. POWER SOURCE

o
Fig. 3. Practical example of single-stage current regulator.

sufficiently different loads are attached to cause, say, 150 volts
variation in terminal voltage.

Since mu = 73, a 150-volt change in plate voltage requires
a two-volt bias change to fully counteract it. That is, the
cathode voltage must change by two volts or 2% of the 100
volts across R. The current therefore changes only about 2%
for the assumed load variation. While this performance is
not astounding, the circuit is a very simple one, being essen-
tially equivalent to a cathode-follower voltage source; it can
be improved as much as desired by using more stages of
amplification. Now that we have shown that constant-current
sources aren’t hard to make, let’s look at their applications.

D.C. Applications

The simplest applications of constant-current sources in-
volve d.c. situations and two-terminal devices. Several of
these are shown in simplified form in Fig. 4. Several others
will be described in detail here to indicate the reasons as
well as the procedures for using constant-current sources.

Consider first the problem of checking the reverse voltage
rating of semiconductor diodes, as shown in Fig. 5. If the
rated reverse voltage (Fig. 5A) is applied to verify the re-
verse current specification, any diode which has its knee at
too low a voltage will probably be damaged by excessive
current and the resulting dissipation. However, a constant

ELECTRONICS WORLD
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applied current set at the maximum reverse value allowed
not only protects the diodes from excessive current, but also
allows them to be sorted according to reverse voltage with
only a single v.t.v.m. measurement on each one.

Another important point when choosing between voltage
or current sources in data taking is also shown in Fig. 5. If
data points arc to be taken beyond the knee of the curve
where the slope is steep, current readings would be very
dependent on the exact setting of a voltage source. Small-
setting crrors could cause intolerable variations in current
reaclings. The use of a current source reverses the sensitivity
sitnation, however, and permits accurate voltage readings to
be taken without precise current settings.

One further observation may help clarify the nature of
constant-current sources. The ... line on the graph in
Fig. 3B can be thought of as a load line describing the
source to which the diode is attached. When considered in
this way, a constant-current source is seen to be equivalent
to an infinite resistor in series with an infinite voltage. In
fact a4 common way to simulate a true current source is to
use a large resistor with a large voltage. It is thus natural
to describe the performance of constant-current regulators
in terms of their equivalent resistance. The limited range
of voltage over which the regulator can simulate a large
resistance is called the compliance voltage and must be given
to complete the description of the source.

An exploitation of the large effective resistance of a current
source is shown in Fig. 1 where it is desired to trace out
the negative-resistance characteristic of some device. In
order to be able to trace out the curve smoothly, without
jumping from onc portion to another, it is necessary that
the load line of the driving source always intersect the curve
at only one point. An adjustable voltage supply, V, with a
series resistance R would, as shown, lead to the jumps indi-
cated by the two dotted lines depending on the direction
of travel. To avoid jumps on this particular curve it would
he necessary to use a rather large resistance, and therefore
a large voltage, with the consequent dissipation of consider-
able power. A constaut-current source solves the problemn
nicely without requiring the large voltage and power to be
generated, even internally.

As an example of a more sophisticated application of a
constant-current regulator, consider the design of a precision
voltage standard. Fig. 6A shows a possible circuit in which
a temperature-compensated zener diode is to be used as a
reference element. In this simple circuit, however, the in-
evitable variation of the a.c. input will produce a variable
voltage across the dropping resistor R, with corresponding
variations in the zener diode current. Since the diode has a
small, but not zero, dynamic impedance the output voltage
will also vary.

Rather than regulate the input voltage, as might be con-
sidered, the diode current may be established directly by
means of a constant-current source, or rather a current regu-
lator to convert the available source. In this wav, the diode
current is held nearly fixed and the non-zero dynamic im-
pedance of the diode causes very little error. The effect
of using the regulator, illustrated in Fig. 6B, is to simulate

Fig. 5. Diode reverse-voltage rating tests. Voltage source
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SMALL VALUE ) VOLTAGE RISES TO NORMAL
ANO INCREASE RATING WITH QNLY SMALL
|AS NECESSARY APPLIED CURRENT

ELECTROLYTIC
CAPACITOR
LEAKAGE TEST

[CURRENT 15 AuTOMATICALLY
[LIMITED REGAROLESS OF

1 RESISTANCE OF MOVEMENT
;‘AOJUST TO RE-

METER MOVEMENT
SENSITIVITY AND
RESISTANCE TESTS

CaN USE PRESET SwITCHED
& DUCE READING | EURRENT SETTINGS FOR RAPID)
1 WALF SCALE, R| ACCURACY CHECKS, NO COR-
| 18 THEN EQuaL | RECTIONS NEEDED FOR METER

START AT TO MOVEMENT |RESISTANCE
LOW YALUE  RESISTANCE | pEsiSTANCE TEST USES MOVE:
INCREASE MENT ITSELF A4S AN INDICATOR
IMeTER DaMPING S r AT S O IMPEDANCE OF CURRENT
TESTS DEFLECTION RESPONSE| SOURCE IS SO HIGH IT CAN BE
IGNORED. EFFECT OF DAMPING
DAMPING RESISTOR ON SENSITIVITY
CAN ALSO BE SEEN DIRECTLY
PRODUCTION TUBE S METER NOT DAMAGED BY
TESTER wi Y.TVM|SHORTED TUBES. HIGH PLATE
HE vOLTAGE INDICATES LOW
w3 READ | EMISSION
PLATE
2u vOLTS |B14S SET BY R NO DEGENER-
._j ATION EFFECT SINCE CUR-
wa RENT IS FIXEQ BY SOURCE

(A)}; current source (B).

Fig. 4. Exomples of d.c. applications of constont-current sources.

a very large series resistance between the points X-X so that
the input-voltage variations now cause almost no current
change. The advantage, as in the previous example, is that
this large resistance, with its large d.c. drop, is not actually
inserted. Thus the input source does not have to be made
excessively large to obtain superior stability over the original
design.

A.C. or Incremental Measurentents

Even more interesting than the d.c. applications are those
where a.c. measurements are to be made. If the current
source is built in such a way as to retain its usual high im-
pedance properties over a reasonable range of frequencies,
it can be used to superimpose d.c. during a.c. tests. Such
measurements are quite awkward to accomplish using volt-
age sources.

As an illustration, consider the second example in the a.c.
applications summarized in Fig. 8, namely the measurement
of inductance and saturation effects. The a.c. impedance of
the current source, in most cases, will usually be of sufficiently

Veeverse RATINGS

E '
T =
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d // Imax
/
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Fig. 6. Example of precision veltage standard application.
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Fig. 7. Complete source with meter, vernier, and range switch,

high value that it can be neglected, while the low impedance
of a voltage source would completely upset the circuit. To
use a voltage source successfully it would be necessary to
insert a series resistance between the source and the inductor
in order to make the source impedance high enough to be
neglected, Usually a compromise must be reached between
the error introduced and the power which must be dissipated
in u large resistor, Since the current source dynamically simu-
lates the large source voltage and series resistance, without
actually using them, it is much more naturally suited to
the job.

The ability of a cirrent source to exhibit a high a.c. im-
pedance depends on two factors: the capacity across the
outpnt terminals must be kept small, and the regulator must
maintain its usual high gain over a reasonable bandwidth,
The circuit in Fig. 3 has these properties inherently since
the only capacity contributed by the circuitry is the relatively
small plate-to-grid and cathode capacity. If carefully con-
structed. the source can have a terminal capacity as low as
10 to 20 pat. and thus would exhibit a high enough imped-
ance to permit measurements up to several kilocveles,

One word of cantion is necessury here. Cwrrent-limited
voltage sources, such as the new solid-state supplies, seldom
exhibit a high a.c. output impedance unless the output filter
capacitor is removed. Even then, this tvpe of supply is not
usually suitable for several reasons. The total shunt capacity
is probubly large siuce there is no reason for making it small
for voltage-source use; the regulator mav oscillate when the
output capacitor is removed; and the regulator does not
nsually have an adequate bandwidth since it does not need
it in normal use with the output capacitor in place.

Modulated-Source Applications

Once the current source has been designed with adequate
regulator bandwidth to retain a high impedance to a.c. sig-
nals, it is often possible to arrange for the injection of a modu-
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lating signal. Even it the highest modulating frequency that
can be used is that of the a.c. line, the result is most useful,
Suppose, for example, that the current source in the second
example of Fig. § has a 10% a.c. modulation, That is. suppose
the output varies sinusoidally about the d.c. value with an
r.m.s. component of 10% of the d.c. value. It would then be
necessary to measure only the a.c. component of the voltage
across the choke to determine its impedance or inductance
at the chosen operating point. The a.c. component of current
can be calibrated by substituting a known resistance in place
of the inductor. Such an arrangement is actually doubly con-
venient since a.c. v.t.van’s are readilv available and muake
voltage signals caused by applied currents easier to measure
than currents caused by applied voltages. A d.c. measurement
in this case would indicate the d.c. resistance and would
modify the impedance calculations if it were large enough.
Increasing the test frequency would make X: larger and
might allow R to be neglected.

The use of a modulated source greatly simplifies all dy-
namic-impedance tests. For each of the devices in the first
two examples of Fig. 4, dyvnamic impedances can be de-
termined simply by using an a.c. v.t.v.m. to measure the a.c.
component of terminal voltage. However, there are even more
advantages to be gained in the case of three-terminal devices.
Fig. 9 shows a simple and accurate wayv of measuring the
most often needed transistor parameters, both d.c. and a.c.,
using a single test circuit. Suppose the current source is set
to I ma. with 10% ran.s. modulation. It will then be equiv-
alent to an a.c. and a d.c. source in parallel. Under this
condition a number of parameters can be found as follows:

I 0.11
ha=poe= (g=1),  we=s=(5.77)
Nhiv = han = —— (measured with R shorted)
and Ven = Ve (measured with R shorted) where: Vi is

the d.c. component of Vi; Vie is the a.c. component of V..
(Continucd on page 84)

APPLICATION PROCEDURE COMMENTS

C BLOCKS D.C. FROM ENTERING
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NEGLIGIBLE REACTANCE AT
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Fig. 8, Examples of the a.c. applications of current sources.

Fig. 9. Transistor parameter measurement with current source.

i 3 C

1

y ]

Va
SET TO DESIRED I e -
WITH 10% MODULA- l v, g e
TION 3R

N 2 -+
N
1 iy -

—

ELECTRONICS WORLD

www americanradiohistorvy com


www.americanradiohistory.com
www.americanradiohistory.com

wirst s PHOTOFACT wisrasy

YOU’'RE THE MASTER

you troubleshoot in minutes any of the 53,000 TV, Home-Portable-Auto Radios, Hi-Fi and
Phonographs, Record Changers and Tape Recorders, and CB Radios now on the market!

YOU EARN MORE DAILY when you
have PHOTOFACT at your fingertips.
It's your time-saving troubleshooting
partner for everything that comes into
your shop. Just reach for the easy-to-
find PHOTOFACT Folder you need for
any model. It provides everything you
want—complete, uniform, authoritative.

You get: Famous Standard Notation
Schematics packed with all the service

ment Parts Lists; Tube Placement Dia-
grams; full Alignment Instructions;
actual Waveform Photos; CircuiTrace®
for printed boards; Alternate Tuner
data; Terminal Identification and Con-
nections; Disassembly Instructions
(including auto radio removal); Field-
Servicing Notes; Dial Cord Stringing
Diagrams; Changer and Recorder "Ex-
ploded Views'"; Tube Test data—plus

brary—so you can instantly put your
hands on all the quick help you need
for any job on your bench! If you're
not now a PHOTOFACT Library owner,
you're more than paying for it in the
time you lose every day. So take the
right step to time-saving, profit-building
servicing—see your Sams Distributor
for details on an Easy-Buy PHOTOFACT
Library and Standing

details you need; full Photo Coverage
of all chassis views; Complete Replace-

dozens of other great features.
Own the complete PHOTOFACT Li-

Order Subscription—or
send coupon today!

SEND
COUPON

HOWARD W. SAMS & CO., INC.
Howard W. Sams & Co., Inc., Dept. 5-K2 Q

4300 W. 62nd St., Indianapolis 6, Indiana
Enter my Photofact Standing Order Subscription

OWN YOUR PHOTOFACT LIBRARY
THIS EASY-BUY WAY

More than pays for itself from the first day you put
itinto your shop! Now available to you on a Special
Easy-Buy Deal:¢ NO INTEREST ¢« NO CARRY-
ING CHARGES « ONLY $10 DOWN ¢ UP TO
30 MONTHS TO PAY. And you get FREE file
cabinets with your PHOTOFACT Library—so you

1
|
: Send full information on Easy-Buy Plan
|
I
|
have all you need for time-saving, money-making 1
|
|
|
|
|
|

My Distributor is

service work right at your fingertips. Get the Shop Name —
PHOTOFACT Library details today.
Attn. I - B
START A STANDING ORDER SUB-
SCRIPTION TODAY -Keep up with the Addiess - B - a
rapidly-increasing current model output!
See your Sams Distributor or send coupon City Zone___ _ State_
now for full details. ey VS |
October, 1962 CIRCLE NO. 145 DN READER SERVICE PAGE 63
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YOU
SAVE
MONEY!

RUSH US YOUR
LIST OF HI-FI
COMPONENTS
FOR A SPECIAL
QUOTATION

WRITE FOR FREE
AUDIO DISCOUNT
CATALOG A-15

New low prices on amplifiers, tun-

ers, tape recorders, speakers, efc.

KEY
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CLOSE TALKING WITH A RIBBON MIKE

AGOOD ribbon microphone will
usually have low distortion, an
extended frequency response, a wide
dynamic range, smoothness, and a char-
acteristic that can hest be described as
“warmth.”
However, a ribbon microphone also
exhibits a characteristic known as
l“prn.\'imily effect.” A sound source

closer than 4 to 5 feet (although some
manulacturers claim the “proximity ef-
fect” is not bothersome at over 2 feet)
| will accentuate the bass frequencies
unnaturally,

Fig. 1 shows graphically how the bass
frequencies are changed by an average
ribbon microphone as the sound source
is brought closer and closer to the rib-
bon.

Because of this it is usually impossible
to talk or sing with the lips 6 inches
frdm the mike unless some corrective
measures are taken. \When such correc-
tions are made, it is possible to use a
ribbon mike for good reproduction of
a close-up sournd source.

Fortunately, it is quite casy to effect
such corrections. This article will de-

A= 200CP$

o B~ 100 CPS
Sl ¢ €= 50CPS
[w
W
z
o
a
w
w
[N

[s]

4 ] 10

| DISTANCE-FEET

Fig. 1. Bass boost produced close to mike.

scribe a two-way attack on the problem.
First, some sort of screen is indicated
for the microphone since, at very close
distances, the explosive "p’' sound hits
the ribbon with a great deal of force.
The photograph shows a perfectly
adequate screen. It doesn't look very
elegant as it was a first tiryv. However,
it worked so well it was nevel changed.
It consists of a piece of nylon hose
pulled over a small wire cage approxi-
{ mately 4 inches in diameter. This serves
llhe dual purpose of keeping the sound
source at least 2 inches from the mike
and shielding the ribbon [rom the ex-
plosive "p" sound.
| The cage was made [rom doubled
=20 wire which was soldered to give
added strength. This operation is obvi-
ously so simple that no further expla-
nation is required. Neither does the
author feel it necessary to suggest pos-
| sible sources for discarded nylons.
Now while this screen corrects for
“windage,"” the proximity effect is still
troublesome. So it is necessary to at-
tenuate the bass response at the rate
| it rises as the distance to the ribbon is

www americanradiohistorvy com

By LEE BEEDER

Simple circuit that can be employed to roll off the
boosted bass frequencies produced by this type of mike.

reduced. This can be done by selecting
the proper values of capacitor and re-
sistor for the circuit shown in Fig. 2A.

It was decided to attenuate the signal
at 50 cps to about —16 db. So, in one
transistor preamp used by the author.
a value of .15 uf. was selected for the
capacitor and 5000 ohms for the resis-
tor. Thus the slope started at about
210 cps and was down around 16 db
at 50 cps.

This circuit was placed across the

Improvised wind screen for the microphone.

470-ohm output impedance of the pre-
amp. A .p.d.t. switch allowed the selec-
tion of a flat response o a response
corrected for close talking, Fig., 213
shows how to connect the very simple
circuit and suggested valucs for the
components., This circuit turned out
very well. Voice reproduction was nat-
ural, cven when speaking at a distance
of 6 inches or less from the mike.

So successlul was this cxperiment
that the author decided to nmodily two
other preamps. As their output imped-
ances were much higher than the 470
ohms ol the first transistor preamp, an-
other approach was indicated.

Since the impedance of the mike was
50 ohms, a network was placed across
the input of the two additional transis-
tor preamps. The same values were em-
ployed for the capacitor and resistor in
the network, but other values giving
the same slope would be okay. A

Fig. 2. Circuits used to allenuale bass.
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Reaching New Peaks in
Performance, Portability and Price

MIGHTY MITE II

They're shouting from the hill tops.
Technicians, engineers and test labs
all say that the original Mighty Mite
finds the tubes that large expensive
testers miss. And now .., here is
the new improved Mighty Mite! De-
signed for the present and far into
the future. Tests all of your present
tubes plus the new RCA Nuvistors and
Novars, GE Compactrons and Sylvania 10
pin tubes.

A complete tube tester that is smaller than a portahle type-
writer yet outperforms testers costing hundreds of dollars.
A real money maker for the serviceman and a trusty com-
panion for engineers, maintenance men and experimenters.

Even though the Mighty Mite weighs less than 8 pounds,
new circuity by Sencore cnables you to use a meter to
check grid leakage as high as 100 megohms and gas condi-
tions that cause as little as one half microamp of grid cur-
rent to flow. Then too. it checks for emission at operating
levels and shorts or leakage up to 120,000 ohms between all
clements. This analytical “stethoscope” approach finds
troublesome tubes even when large mutual conductance
testers fail. And it does all this by merely setting four con-
trols lubeled A, B, C, & D.

Check these plus Sencore features: Meter glows in dark for
easy reading behind TV set @ Stainless steel mirror in ad-

Sencore Sam says . .
the Mighty Mite is the real answer for the man on the go.”

ING ABOUT!

justable cover for TV adjusiments ® Rugged, all steel carry-
ing case and easy grip handle e Smallest complete tester
made, less than onc foot square. Mighty Mite 11 will test
cvery standard radio and TV tube that you encounter,
ncarly 2000 in all, idcluding foreign, five star, auto radio
tubes (without damage) plus the new GE Compactrons,
RCA Nuvistors and Novars and Sylvania 10 pin tubes.

Mighty Mite 11 also has larger. easy-to-read type in the set-
up booklet to insure faster testing. Why don’t you join the
thousinds of servicemen, engineers. and technicians who
now own a Mighty Mite tube tester? Tube substitution is
becoming impossible and costly with nearly 2000 tubcs in
usc today. Ask your authorized Sencore Distributor for the
New Improved Mighty Mite, Size: 10047 x 9447 x 34"
Wi, 8 Ibs.

MODEL TC114

. “They oll agree . . . 5P

SENCORE ...
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DEALER NEY

Remember . . . thereis
only one Mighty Mite
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CIRCLE NO.

If you've recently changed your ad-
dress, or plan to in the near future, be

sure to notify us at once. We'll make
the necessary changes on your mailing
plate, and see to it that your subscrip-
tion continues without interruption.
Right now — print the information re-
quested in the spaces below and mail
it to: ELECTRONICS WORLD, 434 So.
Wabash Ave., Chicago 5, Illinois.
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New Address

City Zone  State

Mail copies to new address starting
with__ _issue.

*(Your Account Number appears
directly above your name on the
mailing label.)
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Non-Directional Stereo
Continued from page 44)

enough room for spatial separation. The
non-directional stereo eflects will result
| in better musical quality, althongh the
spatial illusion mav cause the instrument
to appear to be oft the screen.

It is now possible to expliin the su-
[ periority of mmsic heard in the concert
hall over its monophouic reproduction.

The music hall provides the psvcho-
logical clues to direction which assist in
the identification of performers and, in
addition, through the physiclogy  of
binaural hearing, permits more of the
music to reach the brain. There is still
considerable cancellution between the
tones heard by euach ear. Singe most
music is meant to be heard in concert
halls by people with onlv two ears, two-
channel stereo is a good approximation
of the music heard in the front-center
seats of the theater.

Music heard in the back seats of the
concert hall resembles monophonic re-
production because anv one sound di-
rectly transimitted from the stage is more
likely to altect hoth ears equallv. How-
ever, reverberation reduces the number
ol cancellations because reflections. from
different parts of the walls, result in
cach tone being reproduced several times
and in being heard repeatedly by each
| ear. In addition, individnal tones which
arrive from opposite walls in opposite
phase are heard separatelv bv the two
ears and do not cancel.

Orchestra conductors have learned
from experience where to place musi-
cians to obtain the optimum effect. In
some orchestras first violins and cellos
are located on one side of the stage,
while the second violins and violas are
on the other side. The central position
of the conductor provides him with a
maximun binaural separation for those
instriments which are plaved in the
same register. It helps him. in addition,
to keep them separated in his mind and
minimizes the interference hetween
them.

The more complete and superior re-
production of orchestral mmnsic which
stereo provides, in addition to the spatial
illusion, should inerease the enjovment
of the most discriminating listener. A

AUTO RADIO HINT

By CHARLES ERWIN COHN
OST Lue-madel cars have the ridio
speaher mounted horizontally un-
der a grille at the wop of the dashboard.
Here dict, dust, and grit tend to fall
[ through the gritle and getr inte the
| speaker. causing considerable deteriora-

tion.

To protect the speaher from this, re-
nrove it from itz mounting and plice a
| piece of polvethvlene or other thin plas-
tie over it hefore replacing, Upon replae-
ing, the nrounting holts will pierce the
| plastie and hold it lirmly in place. A
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The new Weathers “66” weighs 96 ounces

...and every ounce is pure performance!

The Weathers 66" is the finest achievement in uncompromising
design and performance. The low mass of the Weathers 66" makes it
the proper turntable for today's high compliance stereo cartridges and
tonearms. In appearance alone, the 66" is radically different. It is 16"
long, 14" deep, but only 2" high, including the integrated base. It is
the closest approach to rotating a record on air. It achieves this ideal
through unique engineering design and precision ranufacturing.

The Weathers *“66'' uses two precision hysteresis synchronous

motors mounted on opposite sides of the deck. Virtually vibration-free,
they directly drive two soft rubber lathe-turned wheels which in turn
drive against the inside rim of the platter. This is the quietest, most
accurate and dependable drive system yet designed. Its -60 db. rumble
is the lowest of all turntables.

Eliminates Feedback Problem—Because the new high compliance
cartridges and tonearms track at extremely light pressures, they can
pick up floor vibrations which are transmitted into the music as audible
distortion. The ‘‘battleship” type of turntable more easily picks up
room vibrations and transmits them with greater amplitude. When a
high compliance pickup system is used with the heavier turntable,
acoustic feedback is apt to occur. And there is no practical, effective
way to acoustically isolate these heavier units.

The wWeathers 66" is suspended on 5 neoprene mounts which
produce an isolation from floor vibrations of more than 500 to 1. Paul
Weathers calls this system a ‘“‘seismic platform’ (implying that only
a violent earthquake could cause any vibrations or feedback).

On Pitch—The speed constancy of the Weathers ‘66" is so accurate
that a special test record had to be made to measure its 0.04%;, wow
and flutter content. It reaches 3314 rpm immediately, and will be
accurate within one revolution in 60 minutes. Most heavy turntables
will usually deviate 4 or more revolutions in 60 minutes—a painfully
obvious inaccuracy to anyone with perfect pitch. You hear only the
music—no rumbile, no wow, no flutter, no feedback, no noise of any kind.

The “66'" is a strikingly beautiful turntable that you can use
anywhere, without installation. And you need not buy a base—it's an
integral part of the turntable! s Turntable—$75.00 net. With viscous.
damped arm—3$99.50 net. Turntable and Arm with new Weathers
LDM Pick-up—$129.50 net. At your high fidelity dealer, or write: Desk ET

WEATHERS

Division of TelePrompTer Corp.
50 W. 44th St., N.Y. 36, N.Y.
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RCA Training

GCan Be The Smartest Investment
You Ever Made!

If you're considering a future in
electronices, investigate the courses
offered by RCA Iustitutes Home
Study School. In the rapidly
expanding world of electronies,
good Dbasic training in Electronic
Theory and Practice is most im-
portant. And you can be sure of

the very finest when you enroll at
RCA Institutes.

Founded in 1909, RCA Institutes
is one of the largest technical
schools in the United States de-

68

N

voled exclusively to electronics.
The very name “RCA” means de-
pendability, integrity and scien-
tific advanee.

The courses offered by RCA In.
stitutes are many and varied. A
complete program of integrated
courses for beginners and ad-
vanced students is available.
They include: Electronic Funda-
mentals, Transistors, Television
Servicing, Color Television, Elec-
tronics for Automation. Each one

www.americanradiohistorv.com

is especially tailored to your
needs, designed to prepare you
for a profitable future in the ever-
expanding world of electronics.
And once you hecome an RCA
Institutes graduate, you are as-
sured of top recognition by lead-
ing companies everywhere.

Investigate the superb facilities
for technical instruction at the
RCA Institutes today. It can be
the smartest move you ever made.

ELECTRONICS WORLD
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HOME STUDY COURSES

in Electronic Fundamentals - TV Servicing - Color TV
Communications Flectronics - Automation Electronics
Computer Programming - Transistors - Electronic Dralting

Voluntary Tuition Plan. All RCA
Institutes Home Study courses are
available under the Voluntary Tuition
Plan. This plan affords you the most
economical possible method of home
study training. You pay for lessons
only as you order them. If, for any
reason, you should wish to interrupt
your training, you can do so and you
will not owe a cent until you resume
the course. No other obligations! No
installment payments required.

RCA Personal Instruction. With
RCA Home Study training you set
your own pace in keeping with your
own ability, finances, and time.RCA
Institutes allows you ample time to
complete the course. Your lesson as-
signments are individually graded by
technically trained personnel, and
helpful comments are added where re-
quired. You get theory, experiment,
and service practice beginning with
the very first fesson. All lessons are
profusely illustrated. You get a com-
plete training package throughout the
entire course.

You Get Prime Quality Equip-
ment. All kits furnished with the
course are complete in every respect,
and the equipment is top grade. You
keep all the equipment furnished to
you for actual use on the job...and
you never have to take apart one piece
to build another.

RESIDENT
SCHOOLS

in Los Angeles and
New York City—
You can stidy
electronics in the
city of your choice.

No Previous Technical Training
Required For Admission. You
Are Eligible Even If You Haven't
Completed High School. RCA In-
stitutes Resident Schools in Los An-
geles and New York City offer training
that will prepare you to work in re-
warding positions on research and pro-
duction projects in fields such as auto-
mation, transistors, communications,
technical writing, television, compu-
ters, and other industrial and ad-
vanced electronics applications. If you
did not complete high school, RCA
will prepare you for such training with

SEND POSTCARD FOR FREE
ILLUSTRATED BOOK TODAY!
SPECIFY HOME STUDY OR
NEW YORK OR LOS ANGELES
RESIDENT SCHOOL

courses specially designed to provide
the basic math and physics required
for a career in electronics.

Free Placement Service. RCA In-
stitutes graduates are now employed
in important jobs at military installa-
tions with important companies such
as IBM, Bell Telephone Labs, General
Electric, RCA, and in radio and TV
stations all over the country. Many
other graduates have opened their own
businesses. A recent New York Resi-
dent School class had 93% of the grad-
uates who used the FREE Placement
Service accepted by important elec-
tronics companies... and had their
jobs waiting for them on the day they
graduated!

Coeducational Day and Evening
Courses. Day and Evening Courses
are available at Resident Schools in
New York City and Los Angeles. You
can prepare for a career in electronics
while continuing your normal full-
time or part-time employment. Regu-
lar classes start four times each year.

3 NEW LOCATIONS

In addition to RCA Institutes Inc.
courses, Radio Corporation of America
offers a limited selection of basic Resi-
dent School Courses in Electronics at
three new locations...Chicago, Phila-
delphia, and Cherry Hill, N. I, (near
Camden). For complete information,
write the city of your preference next to
your name on the attached postcard.

RCA INSTITUTES, INC. DEPT.6w-02 A SERVICE OF RADIO CORPORATION OF AMERICA, 350 WEST 4TH ST., NEW YORK 14, N. Y.
PACIFIC ELECTRIC BLDG., 610 S. MAIN ST., LOS ANGELES 14, CALIF.

October, 1962
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TRANSISTOR

Construction of a compact, four-transistor
instrument with five output frequencies
within the range of from 20 c¢ps to 160 kc.

HIS compact, four-transistor, sine-wave generator pro-

duces five fixed frequencies determinable by the

builder. Its output is calibrated, metered, and variable
from I mv. to 3 v. r.m.s. The output lmpedame is 600 ohms
from I mv. to 300 mv. dn(l 10,000 ohms at 1 v. and 3 v. Ilar-
monic distortion does not exceed 0.6%.

The Circuit

The generator consists of a push-pull escillator, an ampli-
fier, and an emitter-follower output stage. The oscillator uses
two 2N190%, in grounded-emitter configuration, operating
in push-pull class A. Bias is furnished for cach transistor by
resistors R, and Rs; eapacitors Cr and C: provide feedback.
The oscillation level is controlled by potentiometer R in con-
junction with Ry and Rz The output of the oscillator is coupled
to the amplifier stage by transformer T, whose secondary is
tuned by a .03-pf. capacitor, C,, to improve the waveshape.
In addition to Ci, a loading resistor (R.-Rs)}, selected by
switch S:, is connected from the secondary of T to ground.
S. also determines the oscillator operating frequency by
connecting a capacitor (C:-C:) between the collectors of Vi
andd Ve The signal at the secondury of T is coupled by R. to
the base of V., a class A amplifier. The bias for V. is provided
by R:; the output is taken from across R. and coupled by C.
to the base of V..

Bias for Vi, an emitter-follower, is provided by Rs; the out-
put appears across emitter resistor Ru. Cu blocks the d.c
level of the signal from attenuator potentiometer Re. From
this point the signal goes to two places: the meter-bridge
network (R and R, diodes SRy and SR:, and series-dropping
resistor Ru) and through S. to an cight-step attenuator net-
work comprising Ru through R.. R.-Re were selected to give
a 10-db attenuation to the output at each switch position
starting with an r.m.s. output of 3 v, and terminating at 1 mv.

If the fact that the generator requires a 45-volt supply
scems strange, it is for this reason: the voltage developed by
V. and V: is about 80 volts p-p. Ilowever, this is reduced to
about 0.3 volt by the stepdown ratio of T.. Since the voltage

Fig. 1. Relationship of C;-C: and R..-R; to the frequency.
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SINE-

N mRATOR

By THOMAS J. BARMORE

gain of the amplifier stage (V) is about 20, V. will feed a
10-volt p-p signal to V.. Since V. has a gain of about 0.9, the
final output will be about 9 volts. Nine volts p-p is about
3 volts r.m.s., the maximum output of the generator.
Capacitors Cs-C. were selected for frequencies of 400 eps,
4 ke., 40 ke., 80 ke, and 160 ke. However, these frequencies
are arbitrary—others may be chosen. For audio work you

Fig. 2. Transistors V., V, amplify signal genetated by Vi, V..
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R27 —QDovieur
Ri R-—68 ohm, Vy w, res. =
R — 3000 ahm linear-taper pat
R R——100.000 okm, V4 w. res. C:—.1 pf., 530 v, capacitor

R—+470 ohm, V3 w. res.
R:—56,000 ahm, V3 w. res.
R824 akm, V3 w. res.
Ro— 10,000 ohm linear-taper pot
(At
R.0—3300 ahm, Yy w. res.
R,—220 ahm, V3 w. res.
R,-—33.000 ohm, '} w. res.
R —47200 akm, V3 w. res.
R 22000 ahm, V) w. res.
R -390 okm, \} w. res.

Ri. Ry, Ri, Ro:y Ro— 1O ahm, V3
w. res.

Ris, R, Ror, Res, Rios, R, Ro— 1500
ohm, V3 w. res.

R:—8680 ohm, V3 w. res.

R :—560 ohm, V3 w. res.

R0—22 ohm, 'V} w. res.

R:—33 ohm, Yy w. res.

R.: B.—3.3 akm, V4 w. res.

€, Co—.02 pf., 190 v. capaciter
cC.C 10 pf., 50 v, elec. capacitor
C.—.05 pf., 50 v. capacitor

www americanradiohistorv com

Co—1 pf., 20 v, elec, capacitor

C:—.01 pf., 50 v. capacitor

C— .02 pf., 50 v. capacitor

Co— 005 pf., 50 v, capacitor

Cou—10 pf., 10 v, elec. capacitor

S——3-pale. 8-pos. rotary switch
(“Volts F.8.”)

S—2.pole, §-pas.. rotary switch

N, —8.p.s.t. switch (part of Rs)

Ji— Miniature caax connector (BNC}

M =-0-1 ma. meter (see text)

SR, SR ~-Germaninm diode (Sylvania
ING9.1)

B, 45.volt battery (twoe Burgess
K30P-K or cquiv. in parallel)

T.—Transistor ontput trans. pri: 500
ohms. cd., sec: 3.2 ohms ( Thordar-
sen TR 27 ar rquiv.)

Vi V—""p-n-p*" transistor {G-E
2N19)

| 4 -"‘p .- p" transistor (RCA 2NV398)

Vo “penep™ transistar { Raytheon
CKk722)

ELECTRONICS WORLD
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might want 30 ¢ps. 100 eps, 1000 ¢ps,
L0 ke, and 20 ke. The corresponding ca
pacitor values, determined from Fig. 1
would be 12 gf, | of., 6t 06 b, and
025 pf. The related terminating resistor
values wonld be infinity, infinity, 1100
oluns, 10 ohims, and 5 ohms.

Greater output voltage may be ob-
tuined by eliminating the meter circuit
or by using a higher-impedance meter
circuit, since this one tends to load the
ontput of

Construction

The anthor’s generator was built in a
2”7 x 3”7 x 6”7 welded alnminum  case.
\bout half of the spuce is nsed tor bat-
teries (two Poluroid “wink-lite” 45-volt
batteries in parallel) and the other half
is used lor circuitry. The oscillator, am-
plifier, and output stages are mounntec
on a piece of 27 x3” phenolic hoard,
J.. 8. S.. S.. and Al are mounted on the
recessed front panel. The phenolic board
and front panel are held together by two
aliiminum spacers and two 6-32 ma-
chine screwvs,

Calibration

\With an oscilloscope connected to the
output, adjust Rator a clean, symmetrical
waveform at all frequencies. To cali-
brate AL, connect an accurately cali-
brated v.t.v.m. to output jack J and set
Si to the 3-v. position. Adjust R, until the
v.t.em. indicates 3 v, Make a mark op-
posite the point of needle dellection on
M's scale. Set Si to 1 v. and adjust R
until the v.t.v.m. indicates 1 v. Again,
mark this point on the scale of M. Con-
tinue this procedure for each of the re-
maining positions of S A

LOOSEN UP YOUR ‘FIST”
By HOWARD 5. PYLE, W7OE

ANY ham nevicez, during their

code Tearning period and zener-
ally during the first several months of
active operation, have a strong tendde ‘ney
to zrasp the knob of the sending lu_\
ag thouzh thev had a “hear by the tail™
and were afraid to ease oll.

Fingere and wrist all tense and stift
mahe the numipnlation of the key re-
acmble driving nails with a hanmumer, It
sounds like it on the air too! The trick
i~ to heep the fingers curved and the
wrist relaxed and frvec-moving like o
hinge—don’t use the elbow for this pur-
posc.

Here is a good wav to develop the
proper grip. While sending, hold a =wall
orange, a golf ball, child’s amall rubber
ball. or even a crushed wad of newsgpaper
in the palm of vour sending hand. Rest
vour forearm on the desk and let vonr
hand and wrist handle the movementa
uzed in code character formation with
the sending kev, nging the musele of your
forearm as a “teughion™

This is alzo a good technique for the
trathe man or others who do a great
deal of gending and sutfer at times from
Colass arm™ .. fatigue and eramping of
the hand and mnscles of the forearm.
This &= am old trick with professional
radio and telegraph operatorz and it
worke everv bit as well for the ham. A

iy
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Kerchunk!

new sound of safety

Kerchunk is the sound made by the heavy duty
magnct on the back of a Sonotone CB Cera-
mike as it mounts firmly, securely to your
car’s dashboard.

Kerchunk says: “Message 1o home base com-
pleted easily, safely.”

Kercliunk means no more groping when you
return your mike to its dashboard mounting
bracket, no need to take your eyes off the road.

Responsible for this boon to those who rely
on CB or mobile communication, from car
or truck, is an important Sonotone develop-
ment called “Magnet Mount.™ A heavy duty
magnet on the back of Sonotone Ceramike
mobile communications Models “CM-30M™
and “CM-31M" lets you place the mike almost
anywhere on or around the dashboard. Further.
Magnet Mount climinates the nced to drill
holes for dashboard mounting brackets.

mounting device. The quality-engineered ||

humidity. they will operate even if immersed
in water. The ceramic transducer is neoprene
encased, rendering it shock and impact-proof.

SONOTONE CERAMIKE 'CM-30M" — Intelligibility
unsurpassed. Sensitivity curve favors voice fre:
quency range. High sensitivity from —49 db
from 60 10 7000 cps. Ruggedly built to take
the punishment of mobile usc. Lightweight,
shatterproof plastic casc. So casy to handle
and control with convenient “Push-to-Talk”
button. Supplied with spring-spiraled, 4-con-
ductor shielded cable - list $16.50

With dashboard mounting bracket instead of
Magnet Mount. Model “CM-30"— list $14.00

SONOTONE CERAMIKE “CM-31M" — Budget-priced
communications model in shatterproof plastic
case features excellent intelligibility in 69 to
7000 cps frequency range at —49 db sensi-

tivity. Mike has a 2-conductor coil cable,

bracket instead of Magnet Mount. Model

(; 0 .
The Ceramikes have far more 0 recom- !P-( no S\\l(Ch-IISl‘ $16.00 '
mend them than just this amazing | ” [n Available with dashboard mounting

mobile communications models, |
“CM-30M" and “CM-31M.” provide
loud and clear reception. [nherently ll

immune to extremes of temperature and \?

“CM-31"-list $13.90

Fixed communications or mobile, Sono-
tone Ceramikes provide topflight long-
term, maintenance-free performance.

SEE SONOTONE CB CERAMIKES WITH MAGNET MOUNT

Sonotone® Corp. » Electronic Applications Div. » Elmsford, N.Y. Canada: Atlas Radio Corp., Ltd., Toronto
Cartridges » Speakers * Tape Heads * Microphones * Electron Tubes * Batteries » Hearing Aids
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All new Telstar Crossfire

Electronic Antenna combines unequalled performance of new
Super-Crossfire Antenna with new built-in Telstar Booster

World's most powerful antenna
features exclusive, advanced DB

g e Director System with *Phase Con-
—@— trol.”” Gives up to 82% more gain
- oam ~—plus tremendous added gain of

IN PHASE CURRENT DISTRI-
sunon On s omectos  1€lstar Booster.

In the Crossfire Antenna, Channel Master gave you
Proportional Energy Absorption—the most effective prin-
ciple yet for achieving top picture power in picture-poor
areas. Now, in the Telstar Crossfire, we've teamed this
principle with two new exclusive developments—to make
this far and away the most powerful antenna in the world.

Basically, the Telstar consists of our brand new Super-
Crossfire—an antenna with a brand-new Director system.
The DB (Dual Band) Director System—exclusive with
Channel Master—enables each DB Director to receive
both low and high bands on a single element. Thanks to a
unique Phase Controller, each director—on the high band
—functions as 2 half-wave co-linear elements with in-

phase current distribution. In effect, simplified directors
make it possible to use more directors—for increased
effectivenss. Result?

...In the Super-Crossifire Antenna (Mode! 3607. .. avail-
able separately) . .. you get up to 82% more gain than the
28-element Crossfire, plus the same high front-to-back
ratios.

... In the Telstar Crossfire Antenna (Model 3606) . .. you
get all the outstanding features of the Super-Crossfire . ..
plus the extra-powerful gain and low noise-figure of the
brand new Telstar Booster (see right). No other antenna
even comes close.

Exclusive New! Both Telstar and Super-Crossfire feature
still another Channel Master first: New 2-way boom brac-
ing ... stops cross-arm bounce and horizontal wind-whip.

Exclusive! All Channel Master outdoor antennas are fully
protected against corrosion by E.P.C. “Golden Overcoat.”

TER
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AGE TRIUMPHS

BEST-PERFORMING OF ALL ANTENNAS AND BOOSTERS!
AND MOST PROFITABLE FOR YOU! BEST FOR BLACK-
AND-WHITE AND COLOR TV. FM STEREO, TOO!

New Telstar
BOOSTER-COUPLER

features peak-power

plus lightning-
resistant circuit!

TV and FM Stereo get the biggest
performance boost yet with a booster
that is miles ahead of the “second
best” booster. The Telstar Booster is
especially engineered to pour more
usable power than any other booster
to 1, 2, 3, or 4 sets! The latest cir-
cuitry and advanced low-noise tran-
sistor result in highest gain and
highest signal-to-noise ratios yet.

Lightning-resistant. too—because
circuit utilizes the lightning rod prin-
ciple to prevent transistor burnout
caused by induced atmospheric light-
ning. Laboratory-tested by 250,000
lightning volts! Beautifully styled in
blue-and-white, Model 0023

New OMNI-RAY
TV/FM STEREO ANTENNA
GHOST-KILLER EXTRAORDINARY!

A brand-new outdoor antenna with
directivity electronically controlled
by an indoor switch. (No rotator
needed). Solves most common prob-
lems of metropolitan and secondary
signal areas with these important ex.
clusives:

1. Perfect figure-8 reception pattern,
electronically rotated.in 222 degree
steps.

2. Deep side nulls;
10:1 rejection
ratio.

3. “Aim the beams” for top power;
“aim the nulls” for top ghost and
interference rejection.

4. Special “Duo-Twin"” Transmission
lead prevents mutual coupling.

A completely preassembled stacked
antenna. Model 3622

NEW! Rechargeable BRIGHT-MITE.

The revolutionary tiny miracle light that outshines big flashlights.
Powered by the Permanent Energy Cells that power the Satellites.

Handsome New
CANAVERAL

FIRST INDOOR DIPOLE ANTENNA
WITH TRUE ELECTRONIC
CIRCUITRY.

Unique “ Pix-Power " switch and im-
pedance-compensating circuit give
you these exclusive advantages:

1. On low band—resonates on all
channels (even 2 and 3) by electron-
ically lengthening or shortening
elements—without need for manual
dipole adjustment.

2. On high band—Greatly increases
gain by functioning as 2 co-linear
half-wave dipoles — without manua!l
adjustment.

3. Has balanced system with 300-ohm
impedance-matched output to elimi-
nate standing waves.

Has the longest elements anywhere
(96" tip to tip) for greater pull-in
power.

Smartly-styled, with tremendous mer-
chandising possibilities. Model 3720

Ask about our terrific Display Pack deal.

See your Channel Master distributor for literature on all these products.

C 1962 CMC
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‘DEEPER

LOOK’
at the vital

individual phases
of electronics

RIDER

Coax Cable Communications
(Continued from page 39)

cable system is approximately the same
as for a microwave system of lesser chan-
nel capacity. Of course, cost can he
greater in difficult terrain.

Operating cost of a coaxial cable sys-
tem should be lower than for microwave
because there are no expensive klystrons
to replace. Electric power costs will he
| substantially lower since the cable re-
peaters consume extremely little power
and there is no requirement for tower
lighting and repeater station  shelter
heating.

New Era in Communications

While one-wav transmission through
coaxial cable is old hat to telephone com-
panies and CATV operators, bi-direc-

ELECTRONIC TECHNOLOGY SERIES | onat sinele consil cubie tramsmision

cdited by Alexander A. Schure Ph.D.
Many thousands of successful engineers and
technicians have speeded their progress in
electronics with the famous Rider Electronic I
Technology Series. These technicians, en-
gincers, students, experimenters, hobbyists
have increased their know-how by digging
deeper into specific areas of electronies with
these modern, low-priced books. Written at
the intermediate level, cach book in this
series deals with a shecialized subject. Each
subject has been selected as one with which
you must have more than a casual under- I
standing to advance your career

RC & RL TIME CONSTANT £166 ............$ .90
F-M LIMITERS & DETECTORS #166-2 ....$ .90
FREQUENCY MODULATION £166-3 ......... $ .90 I
CRYSTAL OSCILLATORS £166-4
A-M DETECTORS #1665 ...
LIMITERS & CLIPPERS #1666 .
MULTIVIBRATORS #166-7 ......
R-F TRANSMISSION LINES 5166-83
AMPLITUDE MODULATION £166-9 ..
BLOCKING OSCILLATORS #166-10 .. .
WAVE PROPAGATION #166-11 ...............
SUPERHETERODYNE CONVERTERS & I-F
AMPLIFIERS 7166-12 $
L-C OSCILLATORS ;166-13
ANTENNAS £166-14

$1.25
$ .50
$1.25
$1.25

00 oooooooooooa

[] INVERSE FEEDBACK #166-15
[ RESONANT CIRCUITS {16616 .
[ ELECTROSTATICS #166-17 .....
] D-C CIRCUIT ANALYSIS £166-18 !
[ A-C CIRCUIT ANALYSIS 16619 .......... TN |
[ MAGNETISM AND ELECTROMAGNETISM

#166-20 ., $1.80 I
[ VACUUM TUBE RECTIFIERS #166-21 .....$1.50 I
[] VACUUM TUBE CHARACTERISTICS

£166-22 $1.80
[J IMPEDANCE MATCHING #166-23 ...........$2.90
O GAS TUBES £166:24 ooovooeroooo 3150 ||
[1 SEMICONDUCTORS ANO TRANSISTORS

£166:25 290 ||
[] ADVANCED MAGNETISM &

ELECTROMAGNETISM £166-26 ...........$2.50 |}
1 R-F AMPLIFIERS #166-27 .$2.40
[] VIDEO AMPLIFIERS #166-28 . ..$1.80
[ LOW-FREQUENCY AMPLIFIERS #166-30 $1.80 ]
[ LOW-FREQUENCY AMPLIFIER SYSTEMS

#166-31 180 ||
[3 PHOTOTUBES £166-33 wooocorrscrooocrecon
] FILTERS AND ATTENUATORS £166-36
O] TRANSFORMERS #166-37 .................

Atelectronic distributors, hookstores or write.

10-DAY MONEY-BACK GUARAMNTEE I

John F. Rider Publisher Inc.
A Division of Hayden Publishing Ca., Inc. l
116 West 14th Street, New York 11, N_ Y.

Enclosed is $ _. Please send me postpaid
the books | have checked.

NAME. - ——— S
ADDRESS_
CITY

— ZONE___ STATE ___

r-----------------
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svstems make cable highly competitive
with microwave.

Since the use of cable is limited to
those who have right-of-way, or access

B to a right-of-way, microwave will still

find an ever-expanding market. There
are many possible applications for sys-
tems emploving both microwave and
l cable to permit serving both on-line and
[ off-line points.

In addition to intereity and interplant
communications, coaxial cable can be

| [used within large Duildings und ships

for distribution of TV signals, data trans-
mission. and communications. The prob-
lem of signal attennation can be licked

by use of simple cable repeaters, level
stability is achieved by use of regulators,
and the required Hat-frequency charac-
teristics of the transmission medium can
be obtained through the use of mop-up
equalizers and properly designed repeat-
ors.

The coaxial cable repeater described
here is an analog device. hest suited for
use with frequency-division multiplex.
Another development wnder wayv is
digital cable repeater which will permit
use of PCM (pulse code modulation)
multiplex. Since this tyvpe of repeater re-
generates the pulse signals at every re-
peater, the quality of the signal at the far
end of the cable will be almost as good
as at its insertion point.

The practical transmission distance of
an analog-tvpe coaxial eable svstem is
limited by the channel loading and the
amonnt of distortion and phase delay ot
the svstem. The digital-type system is
considered to be superior for long-hanl
purposes.

The transmission capabilities of both
analog and digital coaxial cable systems
are so great that a single cable ¢ ac-
commodate the requirements of more
than one typical user. A cable svstem
can be shared by two or more users with-
out the restrictions imposed by the FCC
on shared use of private microwave sys-
tems.

With millions of miles of railroad. pipe
line, power line. and highway right-of-
way available for exclusive and shared
use. the future of coaxial cable svstems
is indeed bright. A

1. Amplifier operating ongle A.

2. Angle of deflection B.
C.
3. Angle of divergence
D.
4. Angle of radiation E

5. Critical angle deviates.

6. Cutting angle

H.
7. Dig-in angle
center.
8. Drag angle 1.
9. Electrical angle

Phase ongle

Operating angle

ANGLES QUIZ

By JOE TERRA

HE “ongles'’ involved in the understanding of electronics are os numerous os they are

interesting. The first column below contains o listing of terms pertaining to both the concepts
and the opplication of angles in the field of electionics. The second column contains their defini-
tions. Can you match them? (Check your onswers on poge 89)

A means of specifying a particular instant in on alternating-
current cycle.

Represents voltage lag or lead with respect to current.

The angle at which radio propagations leave o transmitting
antenna or arrive at a receiving antenna.

The angle between the stylus and the record surface.
Opposite of dig-in angle.
F. In cathode-ray tubes, the angle at which the electron stream

The portien of a cycle during which plate current flows in on
amplifier or an electronic tube.

In cathode-ray tubes, the angle formed by the edge of the
electron stream and a longitudinal line drawn through its

In optics, that angle from the vertical beyond which o beam
of light from below, on striking the surface of a liquid, will
be totally reflected downward.

J. The angle meosured between a beam of radic energy from an
antenna and the earth’s surface.

Proportionate part of the exciting grid voltage cycle during
which plate current flows,

L. A stylus cutting angle such that the point is driving into the

Wave angle disc.
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For 35 years kit builders
have preferred HEATHKITS -
the recognized leader in
value, selection, and quality

Sendfor FREE '63 Heathkit Catalogs for you & your friends

. New Heathkit
FM/FM Stereo Tuner

- > FM and FM Stereo in a
o =2 . hundsomely styled low-cost
package. Features a sterco
indicator light to show when an FM station is broadcasting sterco:
a sterco phase control for maximum scparation. minimum distortion :
adjustable AFC for drift-free reception: bar-type “eyve™ tuning indi-
cator: iluminated shide-rule dial and special filtered outputs for stereo
tape recording. Easy to build with circuit bourds and factory as-
sembled and aligned tuning unit. 16 1bs.
Kit AJ-12  _.no money down,$7mo.. .. ... ... ... .. ..

Assembled AJW-12. .no money down, $11 mo.

$69.95
$119.95

New Heathkit

s 2 10 Transistor FM Car Radio
&

% 0 i

¢ [ o “y This casy to build kit brings you
: FM car radio entertainment at
lowest cost. Tuner and amplifier
are separate for installation case. and broad band circuitry for true
hi-fi performance. Features 10 transistor circuit: 88 to 108 me FM
coverage: better thyn 1.25 microvolt sepsitivity; push-pull audio out-
put: AFC for drilt-frec FM reception; factory assembled and aligned
tuening unit: circuit board assembly and built-in ¢ircuit breaker pro-
tection. Styled in bluck & chrome. 7 Ibs.

Kit GR-41 .. no money down, $7 mo ., .

\

... $64.95

Big Volume of World's Largest Selling VTVM, Heathkit IM-11
Permits New Special-Value Price, Just $24.95

Famous performance, now an c¢ven greater
value! Mcasures AC volts {RMS), AC volis
(peak-to-peak). DC volis. resistance and deci-
bels. Has 4% 200 ua meter, precision 19
resistors and |1 megohm input. Slim, all-pur-
posc test probe provides switch sclection of
AC-ohms or DC functions. Component circuit
bouard assurcs stable circuitry and casy asscm-
bly. Test leads included. Less battery. § Ibs.
Kit IM-11__ _no money down, $5 mo.

NOw $24.95

Assembled IMW.11
no money down, $5 mo..

78

... $46.75

New Heathkit Special CB Transceiver

Most advanced CB unit on the
market! Now, with ¢xclusive
Heathkit 4-tone sclective-call cir-
cuitry and tive crystal-controlled
transmit and receive channcls, it
provides up to 20 different switch-
sclected tone calling and receiving
channels. all built-in no extra
wiring. Up to 92 combinations arc possible using various CB crystal
frequencies. Also features sensitive superhet receiver with RF stage;
high e¢fliciency transmitter: built-in squelch and automatic noise
limiter functions: improved push-to-talk circuitry and more, for
versatile CB operations, 12 1bs.

Kit GW-32A (117 v. AC).. no money down, $9 mo. ...$84.95

Kit GW-32D (6 or 12 v. DC)...no money down, $9 mo. ..$89.95
ELECTRONICS WORLD
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Over250 differentelectronic servants at savings up to 50%

A
— —

Another Heathkit First!
A Real Organ in Kit Form!
only $329.95 (less hench)

The exclusive Heathkit
version of the all-new
Thomas Transistor Organ

now, for the first time,
ollers you 4 real two-
manual organ at the

market-shattering low
price of just $329.95. Compare these fine Features that until now have
appeiared only on organs costing up 1o 300 more: two 37-note hey-
boards: 10 true organ voices: 13-note buss pedals: variable vibrator:
eapression podal: variable pedal volume: manual balance control:
correctly positioned overhanging keybourds: built-in 20-watt peak
power amplilier and speaker system: beautiful fuctory assembled and
hinished walnut cabinet and optional bench . . | no chords, no reeds,
but true organ features and sound! The new transisiorized tone gen-
erators on circuit boards assure ¢leur. undistorted tone, long life, and
casy ussembly (they're warranted for five vears). An ideal instrument
for lumily fun. chapel or school. Organ Kit G13-232 will be readv for

FREE 1963 HEATHKIT CATALOG

Fill in and mail the coupon below or the card above
to receive this new Fall & Winter edition of the
world's biggest electronic kit catalog. More than 100
new electronic luxuries have been added since the
last i{ssue . . . more than 250 in all, completely de-
scribed and illustrated. Send for your free copy today!

- " . I
shipping Nov. 15, Send for full details and LI demonstration record [ .'
today or rescryve your Heathkit organ now! : :
1 - .
: HEATH COMPANY 35th year of kit pioneering :
. . ichi 1
Hear the New Heathkit Version of the Thomas | Benton Harborss Michioan = @ @ r;ios ;
. —PLEA N FREE 100 PAGE 1963 HKIT CATA
Transistor Organ for Yourself . . . SEND | —PLEASE SEND THE ORGAN DEMONSTRATION RECORD: ENCLOSED IS 50c !
FOR DEMONSTRATION RECORD . .. I —PLEASE RESERVE MY HEATHKIT ORGAN FOR NOVEMEER 15 SHIPPING 1
histen to its beautiful voices. rich mellow .' (SEND; NOIMONEY! INOW; :
tone and astounding range of expression. : NAME - _ _ — = - |
Use the coupon at the right and enclose just | ADDRESS - - B e _ - :
S0¢ to cover handling and postage on this b ity ZONE STATE :
7'=334 rpm demonstration record. Ask | = — )
for Record GDA-232-3. ittt
October, 1962 CIRCLE NO. 127 ON READER SERVICE PAGE 79
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World’s

Only
‘Portable

Recording
Studio

y

CONTINENTAL '400°

4-Track Stereo Tape Recorder

A recording studio in u suitcase —that’s
how NORELCO 400’ owners describe
this most advanced (and most popular)
self-contained stereo tape recorder.
VERSATILITY: 4-track sterco record-
ing and playback, as well as 4-track
monophonic recording and playback,
at any of its 3 speeds. PROFES-
SIONAL EXTRAS (at no extra cost):
mixing, monitoring and sound-on-
sound facilities. AUDIO FACILITIES:
completely self-contained, including
dual recording and playback preampli-
fiers, dual power amplifiers, two
NORELCO wide-range, stereo-
matched speakers (one in the detach-
able lid) and stereo dynamic micro-
phone. For complete specifications,
write to NORELCO. In the meantime,
see and hear the Continental *400" at
any leading Sound or Photo Dealer,

L R R I R I I R R T I T T T T U,
L R R R N N R R R R T T Y

NORTH AMERICAN PHILIPS COMPANY, INC.

210 Datty Avenue, Mickewills, L. 1., M.V,

CIRCLE NO. 135 ON READER SERVICE PAGE
80

Operational Amplifiers
(Continued from page 37)

termined by the value of capacitor C,,
R., and E.. The relationship is simple:

E.x R]T or E
To obtain a rise of one volt-per-second,
therefore, an input of one volt, with a
one-megolun input resistor and a one-
microfarad capacitor may be used; or 10
volts, one megohm, and 10 #f., or even
one millivolt, 100,000 olwns, and 0.01 uf.

When the output has reached the
maximum value allowed by the ampli-
fier, 100 to 130 volts in most cases, it is
necessary to discharge the capacitor, re-
turning F. to zero, or a starting value
known as the initial condition. For this
purpose, a switch or relav is used, the
complete circuit being shown in Fig. 5,

in a computing application, the junc-
tion of R.: and C/ will be grounded dur-
ing reset to provide a constant input im-
pedance. A variation of this circuit may
be used as a peak-holding. or memory
circuit. I a voltage is applied to point IC
and no resistor R.- is connected, the out-
put £. will remain at the last value ap-
plied to IC wheu the switch is opened.
A high-quality capacitor may hold the

RC.

volts-per-second

IF Rl =Ry, THE INITIAL
p—0 CONDITION OF €4
Eo wiLL EQuAL ~E,

€ (
! R;2 Ce

Fig. 5. Basic integrator circuit diagram.

value constant for many minutes while
the amplifier is delivering this voltage
into a load. Even with a garden-varicty
capacitor, a variation of less than 1% in
15 minutes is not unusual. By inserting
a diode between A and B the circuit may
be used to remember the highest peak
reached at IC. Fig. 6A illustrates a sim-
ple peak-reading voltmeter using this
principle.

Another circuit use is as a comparator.
It is often useful to determine when a
voltage £, reaches a certain value, or
equals another voltage E. If a diode is
substituted for R, tor one polarity ot E
the gain will be near zero, while for the
opposite polarity it will approach the
open-loop gain of the amplifier. In Fig.
6B, under normal conditions, E, is the
opposite polarity and slightly lower in
absolute value than E.. The input of the

amplifier (summing junction) will be at
a potential slightly negative, due to the
summing network Ri-R:; and the output
. will be slightly positive. The diode
will, thercfore, be forward-biased and
have an effective R value of a few ohms.
If K. rises to a value only slightly in ex-
cess of E. then E. will swing negative,
the diode will be reverse-hiased and us-
sume a very high value Ri; the gain si-
munltancously rises, causing a very sharp
swing from E.— (very small*0) to E

E... A relay may be connected from
E. to ground to operate when the de-
sired condition is reached, or the output
may be used directly.

Commercial amplifiers can deliver
from 3 to 50 ma., depending on model.
Sensitivities of a millivolt or so may be
achieved with high-resistance diodes. A
zener diode may be used to limit the ab-
solute value of £. to that of the aplifier
linear operating range, or anv other de-
sired value. Input E: mayv be connected
to a reference voltage through a poten-
tiometer, and the operating point ad-
justed as desired. If it is desired to com-
pare two voltages of like polarity, a unity
gain inverter is used to reverse one of
them.

Commercial Units

Operational amplifiers are available
from commercial sources, at prices trom
$22 to $150, with specialized instrument
amplifiers at higher prices. A typical
two-tube plug-in amplifier costing $35
and with a gain of about 30,000 is shown
in the drawing on page 37 and schemat-
ically in Fig, 4. Typical drift character-
istics average 135 mv./dayv. with an
output of = 100 volts at 3 ma.

Power supplies for operational amphi-
fiers have been rather well standardized
at 300 volts regutated with, usually, two
heater lines, one at ground and the other
biased to about - 175 volts to reduce
heater-to-cathode  potential  difference.
Generally speaking, for simple applica-
tions, a VR-tube regulator using four
0A2 regulators may suffice. In comput-
ers. electronic regulators  capable ot
0.01% regulation are commonly found.

It is hbeyond the scope of this article to
detail the inethods by which operational
amplifiers may be used to multiply, di-
vide, square, extract a root; convert to
log or antilog; produce a sine, dinped,
or triangular wave; or perform many of
the other mathematical functions re-
quired in an analog computer—but any
or all of these functions may be equally
well applied to industrial control uses. A

10 MEG 10 MEG. +I P
Fig. 6. (A) Circuit ar- y R)
rangement employing an ry g IMEG €
operational amplifier _'_o_{ S 4
acting as o peak-read- RESET ooy R2
ing voltmeter. (B} Cir- _I | . _ IMEG.
cvit used as comparator. = A = 2 AN

(a) [£:1
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Look for these signs at your participating Distributor

YOU GET

HUNDREDS
OF GIFTS

i

fnes ] SYLVANIA ¢

RECEIVING e

M

-

SYLVANIA

Ve

- SYLVANIA

ELECTRONIC TUSE ELECTRO)

Get in on

Sylvania’s big, new Service 'n Save Stamp Plan

S&H Green Stamps add up in a hurry when you buy Sylvania

tubes. So does customer good will when you stay with “
Sylvania quality.
That's why we say you can profit and save at the same time L\ 4

through the many Sylvania distributors offering S&H Green =

Stamps with Sylvania Receiving Tubes. GENERAL 7'[[[/7//0/1/[ &ELECTRONICS

Select gifts from a big, new 144-page S&H Catalogue. Ask
your Distributor for a copy.
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THE ALL-AMERICAN MADE
*  ACCURATE LINE!!! «x

meet "imported’’ tester competition is to turn out a _better
product at a lower price.

Compare the features and specifications of each model on these :
pages with any similar instrument, domestic or foreign. in its *
price range. To the best of our knowledge every unit is priced *
substantially lower than any equivalent tester affording the same  These are not kits . . . but completely wired and calibrated testers *
services. . . . ready to use! All Accurate products are guaranteed for a :

*

*

Designed and produced with the knowledge that the only way to period of one year.
LA 2R bR et tadtad et tedioddad s sacstasststtststs sttt st tastatsattstasassasdsasssy

m::::ni,ssifreamlined T u B E T E s T E R

Only $21.95 COMPLETE! Not a kit...the 151 is
completely Wired and Calibrated Tester ... Ready to use!
Don’t let the low price mislead you!

The Model 151 was designed and preduced with the knowledge that the only way to
meet “‘imported’’ tester competition is to turn out a better product at a lower price.

P - . . .
. s Compare the Medel 151 features and specifications below with any tube
tester, domestic or foreign, in the $30.00 to $50.00 price range.
- * Tests over 1,000 Tube Types. . Ml% operation assured by use of a new Im-
* Makes necessary tests. Checks for shorts and proved circuit which enables us to use a single
$ 95 leakages between all elements: tests for filament rotary switch in place of the one-at-a-time slide
continuity; indicafes the quality (emission) of all switches previously used.
Model 151 comes complete— tubes. e 7 and 9 pin tube straighteners permanently
absolutely no extras. Only. * Checks all modern tubes including 7-pin minia- mounted on front panel.
tures; octals; lock-ins; 9-pin noval miniatures and + Employs a rugged, accurate, highly damped meter
PICTURE TUBE ADAPTER DESIGNED ESPECIALL\' new T.9 types. movement with Sealed air-damping chamber,
FOR MODEL 151 ONLY...... .53 * Five (5) Year Free Tube Data. « Comes housed in a beautitul poriable

carrying case with shp.on cover.

Model 152 Modern, Streamlined

SENIOR V.T.V.M. s

Only $29.95 COMPLETE! Not o kit...the 152 is a
completely Wired and Calibrated Tester...Ready to use!
Don’t let the low price misiead you!

The Model 152 was designed and produced with the knowledge that the only way to
meet “‘imported’’ tester competition is to turn out a betfer product at a lower price.
Compare the Model 152 features and specifications below with any wired

V.T.V.M., domestic or foreign, in the $50.00 to $70.00 price range.
e D.C. VOLTMETER: Ranges: 0 to 3, 30, 150, 300, * OHMMETER: Ranges 0 to 1,000 megohms (5 over.

1,500 volts; Accuracy: =3% of full scale; Input lapping ranges): Center Scale Values: 10, 100,
Resistance: 11 megohms. 1,000, 100,000 ohms, 10 megohms.
* ZERO CENTER VOLTMETER (for discriminator align- * DECIBEL METER (for all audio measurements):
Model 152 comes complete ment): Ranges: 0 to 1.5, 15, 75, 150, 750 volts; Ranges —10 to 45, 46 to +25 426 to +45
Pthe bic V"?VM BEie Accuracy: *+3% of full scale. Input Resistance: decibels. All based on zero db. at 1.73 volts on
'“d bl pair of standard 11 megohms. 500 chm line.
gn tcal *;. P" o Su’nn"f s A.C. VOLTMETER: R.M.S. Ranges: 0 to 3, 30, 150, + Pilot light indicates when upit is "'on."
est lea : t"ﬁ dﬂ '; er 300, 1.500 volts; Peak to Peak Ranges: O to 8, ¢ Housed in beautiful dgrey high-impact case, with
:&":s'c%snly’ ailed instruc. 80, 400. 800 volt's; Accuracy: =3% of full scale. color matched etched aluminum panel.

Model 153 COMBINATION

SIGNAL GENERATOR
AND SIGNAL TRACER

Now, for the first time ever, a combination
Signal Generator and Signal Tracer priced at only $28.40 COMPLETE

The true test of the claim ''two instruments in one' ator section of Model 153.

is; can each of the two units be used separately as

well as in conjunction with each other? In the case When used in a combination. with no dependence on
of this versatile combination instrument, the answer outside signals, the compatibility of Model 153 pro.
is emphatically yes, for, the Signal Generator will vides ideal service. for unlike any standard signal
function as a full service instrument with a range tracer, the Model 153 first injects its own signal
of 250 kilocycles to 120 megacycles and the Signal then traces that controllable signal to locate the
Tracer will follow any signal whether generated by a source of trouble whether due to component or cir-
broadcasting station or injected by the Signal Gener- cuit by standard signal tracing technique.

SIGNAL TRACER o Separate R.F. and Audio Signal tracing probes,

e Hi.gain cascode pre-amplifier.

. Preg-ampliﬁer output available at front panel jacks SIGNAL GENERATOR .

for use with VTVM, oscilloscope or phones. + Covers from 250 KC to 120 MC in 5 bands.
$ 40 e Low distortion triode output stage. + All popular and most used frequencies marked

Model 153 comes e Audio Attenuator provided to prevent high signal on panel jn color.
complete with all overloading. « High stability electron coupled R.F. oscillator. .
necessary probes. Only ...... e 412 inch permanent magnet speaker. o Attenuator used on both R.F. and Audio circuits.

A r rom R.Anfa PART: JOBBF or for complate delniled cotalog write to:

ACCURATE INSTRUMENT CO., INC. Dept. EW-10, 911 Fails Straer, New York 59, N.Y.
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THE FIRST SIX MODELS IN THE

NEW "ACCURATE” LINE — MORE TO (OME!

Model 154 Modern, Streamlined

20,00

The 20,000 Ohms-per-Volt-V.O.M. has been
the one ""must have” tester for all Radio and
TV technicians since 1935 . .. and now . . . we
proudly announce the most recemt, stream-

+ Mirrored Scale permits fine accurate measure-
ments where fractional readings are important.
* Selected resistors are used as multipliers to
assure unchanging accurate readings on all ranges.
e 6 0.C. VOLTAGE RANGES (at 20,000 Ohms per Volit):
0 to 15/75/150/300,/750,/3000 Volts, » 6 A,C, VOLT-
AGE RANGES (at 5,000 Ohms per Volt): 0 to 15/75/

OHMS-PER-
VOLT

FEATURES GIANT 6% METER only *29® COMPLETE!

NOT AKIT...the 154 is a completely Wired and
Calibrated Tester .. . READY TO USE!

V.O.M.

lined edition of this all-around useful stand-
ard with a 62" meter, and at an unbelievably
low price.

150/300/750/3000 Volts. « 5 RESISTANCE RANGES:
0 to 2000,/20,000/200,000 Ohms; 0 to 2/20 Meg-
ohms. » 5 D.C. CURRENT RANGES: 0 to 75/750 Micro-
amperes; 0 to 7.5/75 Milliamperes; 0 to 7.5 Amperes.
e 3 DECIBEL RANGES: —6 db to

418 db; +14 db to -+38 db;

428 db to + 52 db.

Model 154 comes com-
plete with operating in-
structions and test leads.
Only

New Model 155 SUPERTESTER

WITH NEW 6'%2"" FULL-VIEW METER

A combination YOLT-OHM MILLIAMMETER

Also Tests
SELENIUM and SILICON RECTIFIERS,
SILICON and GERMANIUM DIODES.

plus measurements of
CAPACITY, REACTANCE,
INDUCTANCE and DECIBELS.

* D.C. Volts: 0 to 7.5/15/75/150/750/1,500. = A.C.
Volts: 0 te 15/30/150/300/1,500/3,000 « 0.C. Cur-
rent: 0 to 1.5/15/150 Ma. 0 te 1.5/15 Amperes.
» Resistance: 0 to 2,000/200,000 Ohms. 0 to 20
Megohms. # Capacity: .001 to 1 Mfd., 1
= Reactance: 130 to 2,600 Ohms, 2,600 Ohms to 2.6
Megohms. * Inductance: .35 to 7 Henries, 7 to 7,000
Henries. = Decibels: —10 to +18, +10 to +38,
-+30 to +58.

The following components are all tested for QUALITY
at appropriate test potentials. Two separate BAD-
GOOD scales on the meter are used for direct read-
ings.

* All Electrolytic Condensers from 1 Mfd. to 1000
Mfd. « All Selenium Rectifiers + Al Silicon Rectifiers
¢ All Germanium Diodes ¢ A!l Silicon Diodes

Use it on the bench—use it on calls.
Complete with all instructions and leads.

Model 155 comes com-
plete with operating in-
structions and test leads.

only s

$2840

New Model 156 GENOMETER
SEVEN (7) SIGNAL GENERATORS IN ONE !

(1) R. F. Signal Generator for A.M. (2) R. F. Signal Generator for F.M.
(3) Audio Frequency Generator. (4) Bar Generator. (5) Cross Hatch Generator.

(6) Color Dot Pattern Generator. (7) Marker Generator.

A versatile all-inclusive GENERATOR which provides all the outputs for servicing:
A.M. RADIO * F.M. RADIO * AMPLIFIERS ¢« BLACK AND WHITE TV *« COLOR TV

R.F. SIGNAL GENERATOR:

The Model 156 Genometer provides complete cover-
age for A.M. and F.M. alignment. Geperates Radio
Frequencies from 250 Kilocycles to 45 Megacycles
on fundamentals and from 35 Megacycles to 120
Megacycles on powerful harmonlcs.

CROSS HATCH GENERATOR:

The Model 156 Genometer will project a Cross-hatch
pattern on any TV picture tube. The pattern will
consist of non.shifting, horizontai and vertical lines
Interlaced to provide a stable cross-hatch effect.

VARIABLE AUDIO FREQUENCY GENERATOR:

In addition to a 400 cycle fixed audio tone, the Model
156 Genometer provides a variable 300 cycle to
20,000 cycle peaked wave audio signal.

DOT PATTERN GENERATOR (FOR COLOR TV):
Although you will be able to use most of your regu-

lar $tandard equipment for servicing Color TV, the
one addition which is a “must’” is a Dot Pattern
Generator. The Dot Pattern projected on any color
TV Receiver tube by the Model 156 will enable you
to adjust for proper color convergence.

BAR GENERATOR:

The Model 156 projects an actual Bar Pattern on any
TV Receiver Screen. Pattern will consist of approx-
Lmately 4 to 16 horizontai bars or 7 to 20 vertical
ars.

MARKER GENERATOR:

The Mode! 156 includes ali the most frequently
needed marker points. The lollowin§ markers are
provided: 262 Kc., 456 Kc., 600 Kec., 1000 Kc., 1600
Ke., 2500 Kc., 3.579 Mc., 4.5 Mc., 10.7 Mc., (3.579
Mc. is the color burst frequency).

The Model 156 comes ab-
solutely complete with
shielded leads and oper-
ating instructions. Only

A r I’OUR RA Dfa P}!I R r S JOBBER or far complete detailed catalog write ro:

ACCURATE INSTRUMENT COC_, INC. Dept. EW-10,911 Fails Sireet, Mew York 59, N.Y.
CIRCLE NO.
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INVITATION TO AUTHORS

Just as a reminder, the Editars of ELecraon-

cision or projected articles can be outlined
1cs Worio are always interested in obtain-  in a letter in which case the writer will be
ing outstanding manuscripts, for publica-  advised promptly as to the suitability of
the topic. We can also use short “filler"”

items outlining worthwhile shortcuts that

tion in this magazine, of interest to tech-
nicians in industry, radio, and television.
Articles covering design, servicing, main-  have made your servicing chores easier.

tenance, and operation are especially This magazine pays for articles on accept-

ance. Send all manuscripts or your letters
of suggestion to the Editor, Etecrronics
Worto, One Park Avenue, New York City
16, New York.

Get your FREE
1963 CATALOG

FROM

CONAR

{| Tt's full of exciting new electronic kits of

highest quality. Many items available in
both kit or assembled form. Horme entertainment items that make perfect
family gifts or test instruments for the technician who appreciates quality
and high performance. Tools, too, to make your work easier, faster, And
you’ll like the reasonable prices and convenient payment plans which
make CONAR Kits easy to own. Mail coupon for new 1963 Catalog now.

welcome. Articles on Citizens Band,
audio, hi-fi, and amateur radic are also
needed. Such articles in manuscript
form may be submitted for immediate de-

AN ARSERSARNAN NSRS FCERRUANSANRSRNNEARSNARGEIRNS

1963 CATALOG
“BEST BUY" KITS

and Electeonic Equipment trom

CONAR

5.Inch Wide Band "Custam 70°"

Oscllloscope Kit TV Set Kit

For black-white, col- Fxcellent senaitiv.
or, AM-FM and .elec- ity. Transformer
tronic applications, power aupply; 3
High intensity trace. atages of IF. In-
Extremely eotable cludes cabinet,tube
sync, Advanced de- —everything. NOT'
sign. Kit: $89.50 aportable.
Assembled:$139.50

Kit: $135.00

Transistor

Radio Kit

Superb tone and sen-
sitivity. No delicate
printed circuits, At-

Vacuum Tube
Vait Mester Kit
(6-Inch Meter)
RMS and p. to p.
scale. Input imped.

tractive, durable 12.2 megs. Profes-
case, All U.S. made sional performance.
parts. Kit: $25.50 Kit: $31.95

Assembled: $44.95

division of

C@NAR NATIONAL RADIO INSTITUTE

Mail this Coupon

__________________ ————————
CONAR
LG l 3939 Wisconsin Ave., N.W. l
Partsand perform- i Washington 16, D.C. KB2C I
ance guaranteed | Send me your new 1963 CONAR KIT CATALOG |
by NRI — nearly | I
50 f pio. | Name '
years of pio- | 1
neering in Elec- | Addresa |
t ics.
romies ! City Zone____State _:
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Constant-Current Sources
(Continued from page 62)

The connection shown avoids a com-
mon difficulty in test circuits. Since the
emitter current is directly controlled by
the source, transistors with unusually
high 8 will not he damaged by excessive
current. Some test circuits which use a
base-drive source will damage the very
transistors which have the highest 8. The
only restriction on the choice of para-
neters is that R should not be made any
larger than necessary to obtain reliable
| voltage readings. Otherwise transistors

with low 8, but not necessarily complete-
ly bad, will develop an unnecessarily
| large collector voltage, This results be-
[ cause the drop across R adds to the V
supply as seen by the collector-base junc-
tion.

A practical consideration in prodne-
tion testing is the large open-circuit volt-

, T

el
d 3
9. X
’ oz 20

EXT gp

oc oy 'Q
@ (t
L

O

UTPT gy

-' IZEI L“m.ll.: ea

Fig. 10. Constont-current regulater with 11
preset current values. Line-frequenty mod-
ulation is adjustable from zero to an r.m.s,
value of 10 per-cent of the d.c. output,

age which would occur if the transistor
happened to be open or were removed
[ during the test. Also since the surge
from the charged stray capacity could
damage a transistor if it were inserted
with the current source open-circuited,
suitable voltage-limiting diodes or a nor-
mally closed push-button switch shoudd
be built into the test fixture as a satety
precaution,

Many other applications can be found
for constant-current sources once one
gets used to thinking in terms of current
in the first place. The examples given
here have been oriented toward meas-
urement techniques primarily, but there
are other situations where current is
simply the most sensible thing to regu-
late, such as in magnetic focus and de-
flection coils of precision CRT equip-
ment. In general, then, constant-current
supplies are just as useful, and neces-
sary as constant-voltage supplies. The
job to be done determines which is more
appropriate. A

ELECTRONICS WORLD
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Flow Measurement
Continued from page 47

Flowmeters and their electrical out-
put signals form the sensing elements for
complex autoniatic process control svs
tems in the oil and chemical industry.
Most of the servicing of such systems is
concentrated in the computing and con

TRANSMITTER

= |

FLOW m——r—Jan

RECEIVER | RECEIVER 2
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Fig. 9. Dual-receiver ultrasonic flowmeter.
Signal difference is proportional to flow.
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Fig. 10. Thermal flowmeter. Flow is de-
termined by cooling effect of gas, liquid.

trol circuits, bnt an understanding of
how Howmeters work helps when their
outpnt signals must be evaluated. Once
the flowmeter is eliminated as the pos
sible source of trouble. vou should con-
sider the svstem as a whole.

In the tvpical flowmeter application
shown in Fig. 3. vou will note that there
are several spots to consider. namely:
the motor-driven valves. the servo-motor

THE NEW WEATHERS

STRESS-GENERATOR

LDM CARTRIDGE

e it e o o today's most advanced cartridge design!

and control circnits.

Several diflerent principles are used
to measure tlow in various applications.
Knowing the application will often en-
able vou to judge what kind of Howmeter
is probably used and how its sigials
should behave. A

Fig. 11. Thermal tflowmeters are often used
for gas measurement and in laboratories.

[
Octaber, 1962 85

CIRCLENO.1620NREADERSERVICEPAGE |
>

The newWeathers LDMeliminates
excessive mass with its unique
stress-generator design...the same
operating system utilized in the fa:
mous Weathers Professional Car-
tridge. There are no moving coils, no heavy
magnetic materials, no drive-arm linkages.
As a result, the LDM is the first cartridge
that can freely respond to the most rapid
groove motions, reproducing peak pas-
sages without break-up of the music. Con-
ventional cartridges which operate on the
basis of accelerating magnets, or coils, or
ceramic elements may exert many tons per
square inch during peak passages—thus lit-
erally crushing the delicate record groove
engravings.

The LDM stylus assembly is attached to
a mounting block which stresses the tiny
transducing elements. As the stylus shifts
position, the slight flexing of the mounting
block is passed on to the transducing ele-
ments as a stress force. There is no mea:
surable movement in the element, but the
resulting stress causes the element to emit
a voltage, which is a replica of the original
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recording. As a result, the Weathers
LDM has ideal channel separation,
even down to the lowest recorded
frequencies (a major difficulty with
most other cartridges). It is com:
pletely free of induced hum. It tracks per-
fectly at one gram, and its stylus retracts
completely to avoid damage due to mis-
handling. Here in a cartridge of modest
cost is the cleanest, most musical sound
you've ever heard, completely free of break-
up, regardless of output level. Fcr the com-
plete story on this remarkable new car-
tridge, write to Weathers Industries, Dept.
EC-10 , 50 West 44th St., New York 26, N.Y.
Audiophile net price—$39.50.

Stylus: .7 mil radius diamond
3 milligram tip mass

Qutput: 5 millivolts at

7 tentimeters per second
Frequencg Response: 20 to 20 k.c., = 2 d.b.
Channel Separation: Exceeds 30 d.b,
Input: Matching networks (inctudec)

to low level magnetic input
Mounting: Standard, hardware supplied

WEATHERS
Division of
TelePrompTer Corporation
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to guide you

to a

successful future
in

ELECTRONICS
RADIO-TV
COMPUTERS

ELECTRICAL.
ENGINEERING

This interesting pictorial booklet
tells you how you can prepare for a
dynamic career as an Electrical En-
gineer or Engineering Technician in
many exciting, growing fields:

MISSILES « RADAR * RESEARCH
ELECTRICAL POWER * ROCKETRY
AUTOMATION * AVIONICS
SALES - DEVELOPMENT

Get all the facts about job opportu-
nities. length of study. courses
offered. degrees vou can earn,
scholarships, part-time work — as
well as pictures of the Milwaukee
School of Engineering’s educational
and recreational facilities. No obli-
gation — it's yours free.

MILWAUKEE SCHOOL OF ENGINEERING

MAIL COUPON TODAY!

MILWAUKEE SCHOOL OF ENGINEERING ,
Dept. EW-1062, 1025 N. Milwaukee §t
Mitwaukee, Wisconsin Ms.113
Please send FREFE ''Your Career™ booklet
I'm inierested in [ Electronics [J Radie-TV
O Computers O Electrical Lnginecring
[0 Mechanical Engineering
(PLEASE PRINT)

Name ... Age

Address.

City Zone State
O I'm eligible for veterans education benefits.
Discharge date.
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| Should You Pull the Chassis?

(Continued from page 59)

IS() far. travel had heen limited to the
single pick-up trip that is inclnded in
every house-call fee. The repair elurge
would he added wherever the work was
| done. Only retien delivery had to he
considered. 1 got the owner on the
plhione. He dashed vight over to pick up
his set, Having received quick service
aned Fair treabment, he was satisfied. So
were we.

Lasy Component Replacenent

I alreacdy mentioned that we do not
nsnally replace components in the honie.
Let's clarify that. The ride covers com-
ponents best located by the trouble-
shooting procedures ordinarily: nsed on
the heneh, involving service data and
the scouring ont of a circuit tor funlt
parts.

I we bave a definite idea whicl com-
ponent is defective, we will veplace it in
the honse. For the most part. this in-
cludes clear-ent Eniliar troubles involy-
ing such common, standardized parts ag
seleninm and  silicon rectifiers. globar
and power resistors, or others that we
rmn into time and time again, As long
as the deteet is reasonably clear and the
dunger of recall doesi’t seein great, we

| sty in the home. To back this up. we

carry along a stock of the parts likely to
be involved in sueh eases.

For instance, 1 was checking a recent-
vintage Philco console that nses a volt-
age-donbler power supply. The heaters
were lighting. but there were no other
signs of life-no high voltage. no raster,
no adio, no "B+.7 The fusible resistor
was sound. This meant "B+ was being
lost elsewhere.

Yo have probably run across  this
tronble. too. Nine times ot of ten. the
Lkugeaalue  electrolytic capacitor  in
series with the "B+ line of the donbler
has opened. As a rale, it rmins abont 150
of, at abont 130 working solts de. 1
alwavs carry a few 20028 inits rated
at 200 volts.

In this set. the capacitor is Jocated
ina tight spot behind the eliassis, Stricth
speaking. we shonld get the chassis ont
of the cabinet, dislodge the electrolvtic,
and test it to verify the open condition
even thongh we know the thing is open.
From the practical standpoint, the pro-
cedure is almost certain to be a waste
of time. 1 skipped it.

A mirror and flashlight were nsed to
locate the capacitor. [ reached aronnd
with my small, diagonal cutters and
snipped off its leads, Fetting themw hang
loose. A quurter-ineh bolt was then nsed

to monnt a replacement on the side of
the upright chassis, and the dangling
leads were comected.

I turned the set on. Tt went into nor-
mal aperation and has given no tronble

since. Technieally ideal® I'm not so sure.
Happy customer? You bet,

Tough Tube Jobs

The case with which a compact set
can be polled has been noted. Even if
it's just a tube, 1 feel it's right to do it as
long as you don’t have to charge any
more than for o job completed in the
Lome. That applies especially to the
“sgneezed together” compacts involving
tubes not likelv 1o be in vour caddy
hecanse they are ot used frequently,

However, there are other oceasions
when neither ethices nor good judgment
is violated by pulling sets that basiealls
end up as tube-replacement jobs. 1 had
one the other dav. Fhe frst thing that
greeted e when [ walked in was the
back cover of the set lving on the Hoor.
surronmnded Iy tibes all over the place.
I looked into the chassis. Every tube
socket was emnpty.

I colleeted the tnbes and looked for
the Tavout sticker on the set. Tt haed long
since vanished: seraps of it were still
stnck to the cabinet where the g¢lne
Ladua't viclded. T looked at the tubes.
Oune was milky. Another hacl a crack on
the bottomn. Type nnmbers on several
had disappeared.

Technically —and  psvehologiealls . as
well=1 wasn't in good shape for comn-
pleting a repair. Back on the heneh, 1
knew 1 had all the data [ needed. ]
pulled the chassis.

Once I got the tubes back into their
sockets. replicing only those that were
obvioushy damaged. T trned the set on,
Sound was good, bt there was no raster.
In fact, there was no high voltage. All
tubes i the horizontal and high-voltave
sections tested good.

When checking tubes in sneh a fanle,
I keep the vertical-ontput stage in mind.
It often gets its voltage from the danp-
er’s boosted "B+ ontpnt, as was the
case hereo A shart in the vertical tube
can kill the hoost ontpnt, thus killing
high voltuge too. Atter T replaced the
12BHT vertical amplifer. high voltage
whined onand the set worked. No other
troubleshooting or repair was needed.
No Iind tools were tonched.

Hoping it was “jnst a tube”™ but nn-
aware of the vertical circuit’s possible
involvement. the do-it-vonrselfer blun-
dered ahead until he fonled np his set.
Simple tnbe replicement was all it ook
to restore order. Shonld it have been
done in the home? Under the handicaps.
what clianee did we have of completine
a repair guickly enongh to he covered
by o monev-saving honse-call fee?

Anyv general policy on home-rs-shop
repair must be tempered by the cireaimne-
stunces of each caxe. Weve not ont to
gouge people, bt we don't want to lose
money either. The eternal question—to
pull or not to pullmnst he asked andd
answered separately each time, A
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SEND TODAY FOR ’:‘
e YOUR MONEY-SAVING [l .
464-PAGE i
ALLIED
1963 CATALOG |
|

l ¥
| N
|
SEND FOR IT NOW! 1
WORLD'S LARGEST ELECTRONICS CATALOG
BIGGEST SELECTION - BIGGEST SAVINGS! )
satisfaction guaranteed or your money back gg g 2 g

NOW! MORE BUYING POWER WITH
NO MONEY DOWN: YOUR ALLIED CREDIT FUND PLAN

For your FREE 1963
ALLIED Catalog, fill in
card, detach and mail.
(Please give second card
to an interested friend.)
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SEND CARD
TODAY FOR
YOUR 464-PAGE

ELECTRONICS
for everyone

WORLD'S LARGEST - BIGGEST SELECTION - BIGGEST SAVINGS

@

1963 knight-kits®

Over 100 great do-it-
yourself kits: Hi-Fi,
Hobby, Intercom, Am-
ateur, Citizens Band,
Instrument—savings up
to 50%.

fMcoeoc
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@D -

Stereo Hi-Fi

Complete selection of
components and sys-
tems; latest Ali-Tran-
sistor equipment and
Stereo Multiplex FM.

Tape Recorders

Complete recorders,
tape decks, recording
and pre-recorded tapes
at big savings.

Citizens Band Radios

Latest 2-way radio—no
exam required—com-
plete selection of top-
value CB equipment, in-
cluding Walkie-Talkies.

Best buys in all types of
compact transistor
radios, including quality
FM-AM poriables.

Phonographs & Records

Big values in phono-
graphs; latest stereo
portables; famous-
brand records at amaz-
ing discounts,

Ham Station Equipment

Largest selection of
receivers, transmitters,
antennas—everything in
Ham station gear.

PLUS

Test Equipment

Save on every type of
instrument for home or
professional use—all
leading makes available.

e PA Systems & Intercoms » Top values in Power Tools, Soldering Guns, Hardware
» Biggest selection of TV Tubes, Antennas; Parts, Tubes, Transistors, Books

satisfaction guaranteed or your money back

NO MONEY DOWN: Now! More Buying Power with Your Allied Credit Fund Plan!

i Free waw caro Tooay

AND GIVE THIS CARD TO A FRIEND
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{Continned from page 54)

|
Neon Bulb Flip-Flops ‘

or further miniaturize the aunthor’s \'er-l|
sion. I

Diode specifications are not eritical. |
INI191's were used in the illustrated
connting circnit because of their simall |
size. But any general-purpose diode with
a forward resistanee of abont 300 ohms
may be used instead. Needless tosay, the
high resolution vate of the IN191 s not
required  in cirenits whose  maximnm
pitlse rise time is abont 10 rsec. at a fre-
queney of about 200 eps.

lusofar as possible, component values
for individual stages shonld be matched.
Bulls may be selected by matching firing
voltages () and drop voltages (d-).
Individual supply voltage controls
should be provided for initial adjustment
of bias for each stage. These controls
may be part of a decoupling network for
the “B =7 supply. such a network heing
required in the absence of a regulated
power supply. Ordinary 3% carbon resis:
tors and bulbs matched within one volt |
may be used for operating freqnen(-i(-sl

up to about 100 ¢ps.

Beyond this frequency care must be
excrcised to avoid intrinsic instabilities
of the NE-2, which after all was not de-
signed to be a particnlarly stable device
in the first place. Eeads from bulbs and |
interstagre links shoukd be kept as short as
possible. Closer component tolerances |
and selection of bulbs with extremely |
low o ’s are factors contributing to higher
frequency response. |

Remember that strong light or even
the induced stray a.e. pickup in one’s
finger in contact with the bulb glass can
trip the delicately balinced higher fre- |
gueney cireaits. I veither of the Hip-flop
Dittbs has to be usect as a visnal indicator,
both of them should be shielded with
grounded coating of “Aqua-dag™ or sil-
ver paint. In connting cirenits where one |
of the bulbs in each stage serves as a reg- |
ister indicator, optical coutrivances
whichi protect the naked bulb from
bright Hght, such as masks and translo- |
cent output pancls. are recommended.
And even with interference from cosmic
rays, which alse affect the ionization of |
the neon bulbs but which cauot be
stopped with shields, reliable perform-
ance up to rates of 200 cps can be ob-
tained from the neon Lulh flip-Hop. A

ANSWERS TO ANGLES QuUIZ

(Appearing on page 76)

1. K 5.1 9. A

2. F 6. D 10. B

3. H 7. L nae

4. ) 8. E 12. C
October, 1962

.YounF PROATS CAN 200
Cmzens. B800M

- CITiZENS BAND

Right now . .. Citizens Band occupancy totals more than 200,000
transmitters . . . the growth rate is over 8,000 installations per
month! Only properly licensed and equipped servicemen can
make frequency adjustments on these transmitters. PREPARE
YOURSELF NOW FOR THIS BUSINESS IN YOUR AREA’
To learn more, use coupon helow.

g

The LAMPKIN 105-B MICROMETER FREQUENCY
METER 1s a natural for CB work, Small, prrtable
and rugged. Guaranteed accuracy of 0.0025% 15
ample for CB, Calitration readings supplhied free
on request for all 23 Ciass 0 channels. Immedi-
ate delivery. Price only $260.00, net.

Reliable .. . since 1938!

Citizens Band (CB) is just one part of boom-
ing mobile radio. There are over TWO MIL-
LION other mobile radios, each needing reg
ular maintenance. Your free copy of How to
Make Money i Mobile-Radio Maintenance'
will show you how to start!

i

G270

MAIL COUPON

TODAY! 2 4]
‘a
3
T
NEW: THE PPM METER, an accessory for Ihe kit LU, Lo ' L}
Type' 1058, Accaracy better than 000010, MFM Division, Bradenton, Florida i
for split-channel transmitters above 50 MC At no obligotion to me, please send free
(not CB). PPM Meter price: $147.00 net, im- booklet ond information on Lampkin |
mediate delivery. meters. I
Name_ . __I
LAMPKIN MFM DIVISHON Address_______ - |
City____ _ __State |

LABORATORIES, INC, BRADENTON, FLA. —
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\ -~ then you need vs! |

1
GET STARTED RIGHT by writing :
for FREE 8 page catalog iftus. 1
|
|
|
|
|

AND VERSATILITY . . .
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tratmg over 30 busmess forms
and systems designed specifi
cally for TV-Radio Service,

ON SALE AT YOUR PARTS JOBBER sory Cotalog A-401W.

SWITCHCRAFY, INC.
5577 N. Elston Ave., Chicago 30, I!

ALL TAPE HEADS WEAR OUT!

Is head wear causing you to fose the cClean,
crisp sound which only tape can give you?

There's no such thing as a wear-prootf tape head! Heads
do wear out — so get the most from your investment in
tape equipment by insisting on NORTRONICS correctly
matched replacement heads! NORTRONICS heads are
selected by the nation's top manufacturers for use on
their better recorders because of therr premiunm quatity,
excellent performance and long life

HAVE YOUR TAPE HEADS CHECKED FOR WEAR!

Now — for the first time — your Hi Fi dealer, Radio TV
serviceman or camera store can check the tape heads on
your recorder and supply you with the correct NOR
TRONICS Replacement Heads and "Quik-Kit'” mounting
hardware. Easy-to-follow detailed drawings and instruc
tions speed up installation! Replacements for more than
250 popular models are now available, with more to
come' If your local dealer or serviceman can't supply you,
ask NORTRONICS for the name of your nearest source

Write today for FREE copy of ""The NORTRONICS Guide
to Tape Recording™” — packed with information for an
tape enthusiasts.

8127 west 10th Ave.. North
Minneapolis 27. Minnesota
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_.C Amazing “New Fun’

’

with your Hi-Fi, Tape Re-
carder or Record Player
Send 10c for Audio Acces-
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MARK

|  Static
Sheath™*

Eliminates Precipitation Static*
Improves Signal-to-Noise Ratio
Affords up to 20 db Operating Gain
l Increases Receiver Sensitivity
Extends Inteliigible Coverage
Easiest to Install

——

INCREASE
COVERAGE

on Citizens Band

MARK TL SUPER BEACON
FIXED STATION ANTENNA
with Static Sheath =

Design advantages of the
new MARK II now make it
possible to step up the effi.
ciency of your CI3 operation,
and maintain clearer coms-
munication over greater dis-
tances, 19 feet overall, the
omnidirectional MARK II
makes fullest use of the 20-
foot legal length limit. Re-
quires no radials or skirts.
Provides 1 db gain over
ground plane antennas.

Employs a full half-wave ra-
diator voltage fed through a
special launcher-matcher
cable section for cxcellent
impedance match over the
entire 11-meter citizens
band. Low angle radiation
insures ulmost efliciency and
maximum contact with mo-
bile units, Improved meche-
anical features and cxtra-
rugged base support pipe
add to its reliability. Simpli-
fied clamp mounting makes
installation easy.

# Precipitatlion Stalic is caused
by charged particles in the
ar impinging in a continuous
stream on metal antenna ra-
diator surfaces. 'The patented
Mark Statie Sheath* is a
tough, durable, dielectric
plastic covering that elimi-

| nates this static interference.

rl. Write for Catalog HW19-EW

MARK HELIWHIP®
Another Fine Product Line by
B&K MANUFACTURING

Dept. EW-10, 1801 W. Belle Plaine, Chicago 13
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Radio & TV News

Events in the Service Industry

HE LICENSING issue would not be

a simple one to resolve even if that
one word, licensing, alwiays mcant the
same thing. But there are compulsory,
voluntary, self-regulatory, and countless
other variations concerning which there
is much disagreement. Just as there are
some service people who do not want
part of any plan that carries the slightest
suspicion of regulation, there are others
who would welcome any of the types
mentioned, for a start, because any de-
gree of control is considered better than
the anarchy they otherwise see. Yet even
these will oppose some forms of licens-
ing. There are still questions concerning
who is to be granted or denied a license,
who decides, how the decision is to be
reached, whether a “license” bill is
simply a non-regulatory fund-raising
measure, and others.

Consider the position of the Electronic
Technicians Guild of Massachusetts, long
an exponent of licensing. It rallied im-
pressive representation from its various
chapters to oppose a state license law,
not so long ago. The bill would have
placed TV service dealers and techni-
cians under the jurisdietion of the exist-
ing State Board of Electrical Examiners,
rather than create a new body to deal
with the service industry. ETG felt that
“electricians are no more qualified to
rule on our problems than we would be
on theirs.” This factor, along with other
shortcomings, raised doubts as to
whether the law would do more good
than harm. Some spokesmen, however,
made it clear that they did want a bill
and suggested modifications to the one
proposed that would make it acceptable.

One Law in Action

Despite such problems, it seems pos-
sible that a regulatory bill can be worked
out that is acceptable to most service
people involved, not only while it is on
paper, but after the industry has had
ample opportunity to feel its effects.
Such a one is Detroit Ordinance #110F,
which has been on the books for several
years.

During the past year, the license board
has handled close to 60 court cases. All
but one resulted in fines, generally about
$30 but ranging as high as $294.44 with
restitution in one case. Does this mean
that Detroit service dealers live constant-
Iv under a cloud of legalized persecu-
tion? Not necessarily, For one thing,
complaints to the license department by
set owners have dropped more than 90
per-cent since the law was adepted. For
another, active associations in the Detroit
area, whose membership tends to be

www americanradiohistorv com

composed of the more responsible and
ethical segment of the industry, continue
to laud the healthy effects of the bill.

Tips for Set Owners

The board’s advice to consumers is
that thev try to find reliable service deal-
ers and to stick with them, without hop-
ping about; avoid low price advertisers;
demand the return of all parts removed
from repaired sets, except for the picture
tube; and ask to sce the man’s license
before allowing him to do any work.
The latter takes into account a serious
cnforcement problem. There are, to this
day, a karge number of Detroit servicers
who never had licenses or who have
failed to renew licenses properly.

Even where unlicensed dealers oper-
ate with good intent—and the board
acknowledges there are some such—they
are more likely to displease their cus-
tomers because they do not observe cer-
tain requircments of the law, of which
they may be ignorant. For example, set
owners are cautioned to ask for itemized
repair bills, for their own protection. A
licensed dealer is reqquired to render such
a bill in every case, whether requested
or not, and keep it on file for two years.

The Billing Problem

Reluctance to present the customer
with an itemized statement does not
necessarily indicate dishonest intent. Still
hanging over the heads of many tech-
nicians is the failure of set owners to
understand that honest labor is entitled
to just reward, no matter how low the
cost of replaced parts may be. A report
from Massachusetts, in a lighter vein,
highlights the hazard.

\While pulling the set of a new cus-
tomer, the dealer involved learned from
her why she was trying a new man. The
furions set owner had reccived a, bill
from her previous technician, on the last
job, that listed one replaced resistor at
15¢ and labor at $15.

The forewarned dealer concluded that
diplomacy was just as important as hon-
esty and that the two were not neces-
sarily in conflict. His bill read, "Located
and replaced dual phase-detector erystul
diode unit (imported) with silvered
leads—$15.50." The customer was so
satisfied that she gave him a tip!

Perhaps our hero overdid things a bit,
but the principle is sound. This proves
you can still succeed in service if vou
have a solid technical background, a
good business sense, a pleasant person-
ality, the mathematicual facility of an
accountant, lots of luck—and talent as a
psychologist! A

ELECTRONICS WORLD
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For your next P. A. job, for every P. A. job,

e

Commander Series

Harman-Kardon gives you versatility,

—
|

:

Galaxy Series

top value and exclusive features

Commander Series: Popular
priced equipment with facilities and
versatility seen only in ''de luxe”
amplifiers till now. 12, 35, and 100
watt amplifiers and a 4-channel
mixer/preamplifier. Durable, con-
tinuous-duty equipment which
opens a new range of applications
that can now be serviced with pop-
ular priced p.a. units.

Get the full story!

For full details, write: Commercial Sound Div.
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Troubador Series

in each of these complete lines!

Galaxy Series: A new concept
in p.a.—modularized 40, 75, 150
watt amplifiers, boosters and 8
channel mixer, offering the quality
of custom sound with installation
ease of compact equipment. Pre-
amp modules — give you precise
equipment for any need, allows for
expansion at any time at minimal
cost; equipment never obsoletes.

Get the full story!

Built by Sound Men for Sound-Men

www americanradiohictorv com

Troubador Series: Extra serv-
ices and application flexibility
unduplicated by any other transis-
torized equipment. A 15 watt mo-
bile transistorized amplifier and a
30 watt portable transistorized DC
or AC/DC amplifier. These ampli-
fiers will find uses in police, fire,
marine, construction, rental and
other applications.

Get the full story!

G2-3H

Desk e-10, Plainview, L. l., New York.
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KEEP CANDEE HANDEE!

HEWLETT-PACKARD B03A VHF BRIOGE

For me: ».urunu-sn of VHF Iml!‘mc XIIIIIC
BWR,  Fred o 500 xcellent
comdiilon . ...cverr e ssss uo

MEASUREMENTS CORP. MODEL 80
SIG. GENERATOR
¢ $395.00

2Z-400 Mc. In 6 bamlIs. AM an
oduiation. Excei. comtition. . .

LM FREQUENCY METER
With marching calibratlon books.
Excellent condlijon. only

Ts- 239/0" DSGILLDSCOPE
tLavale Lab. LA:2iW.A) Consists of calibrating
voltage geueralor, (lIlIIlI)! marker geherator and
wrigger ;{uunlur l{ nl scll’-uml.xlnul POWEr sup-
plv. 1050142 W.. 50/10600 eycles AcC.
Sine wave rumnw Ilb c)cles 10 3 Me.
Excellent conditlon. Only $99 50

auick way T0 WEALTH!
Have you any GRC, PRC, TCC or allied equipment?
Get rich quick by u.-lllmt it J. J. Candee, Roinem-
hor. 'A\I»H- IS DANDEE when it conwes to paying
inost vour few, Nedr hew or used gear. We
also wan t "ALL TYPES of commercial nnd miligary
TEST EQU IF'\H-\T

AN/APR 4 RADIO RECEIVER ANO

TUNING UNITS—YOUR CHDICE'
AN/APR-4 RECEIVER: Freq: ! A
attained by varlous PIUK h
lent_ condltlon
MLt TUNING UMI

Fred.:
Dulse

000000000000000000000000

34.95

Exeel. - 34.95
fN-ll TUNING UNIT: Fruq 3O 1000
Mr EXCOl. v n e s i b b 93

“ l'? TII.INlNG UN1 B875-2200
.
TN-54 TUNING UNIT: Freq 1 2150.4000
Me. Excel. .

APX 6 TRANSPONDER
Conslsts of a super-het recelver and pulsce trans.
mitter. for operation from 950:1213 Me. With
minor modilication, will operate great on 12153
Mc. Excellent rundnlnn ()nl\ $15.95
AS 15: Minus minor par
AI \ £ CONVERSION llﬂﬂl\l FT

COMMAND GEAR SPECIALS. All Excellent!

R-23: Iml 3840 Ke. (This 14 famous Q.': er) $12,9%
25 3.3 Mc. (Marine band.) . 14.98
Re26: . 48O meters)y L, 9.95%
Re27; 6.0 Me. {10 meters) .. 9.958
T:18 TRANSMITTER: 2.1.3 Mc. 4.9%
T-19 TRAN! : - \Iv. 6.95
¥.20 TRANS 4,98
4.9%

5 4-5
T7-21 TRANS MiTTEH 3.13.7 \lc -
XY-65/ARA-26 KEYER
Automatically keys a transmitter in CW or will
Mmodulate in_ MW mode. Excelient cond. s 49
(See ADr/u2 I°.648'73 Magazine for story) c
68304-14 FILTER SPECIAL

Mmm!ml Low Imm-d:\nr(-

ter. Braml new. EXTRA!

GANDEE S SPECIAL BUYS!

RADIO ANTENN a3 ﬂ collapsible. New ﬂnl) a9¢
SPEAKER: Permanent magnet. . 99¢
SWIYCNING v‘nnusnivo
RCA No, 2N3BR
AUDIO TRAN!I!TOR
l'llllen NOo. 2N147R. \ew ................ 50¢
TNDUSTRIALS: We wolicit )l)ur inquiries for all
tvpes  of Tcsu Equitunent, Speedy answers-—fast
service! ?
All items FOB Burbank, xubied to Prior sale. In
Calif. add 4%,. Min_ order $3.95.

J. J. CANDEE CO. oer'
509 No. VYictory Blvd., Burbank, Calif.
Phone: Vlcoonu 92411
09090006 000009 0406 040¢0SG0S O
CIRCLE NO. 161 ON READER SERVICE PAGE
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Send for NEW
FREE CATALOG # 962
with oscillator
circuits

$23%5

Citizen Bond
Closs "D” Crystals

CITIZEN BAND CLASS “D“ CRVSTALS

TEXAS
KEER)

Brd overtone -
meet all FUC requirements. Jlenneur-lly
sealed HCu/U holders. 12" pin spacing.
AU pins. {Add 15c per erystal for 093
pins),

AUG%  tolerance

\II

i3 megac cle. l’reuuom‘!ou In nlock:
H!S. 27.013, 274 27.00
5, : L1035, 270 | 5 2
37, Iﬂ‘ 37.175 LIRS 27, "ll'S 2]
Matched crystal sets for ALL CB units (Specify equipment
make and model numbers) $5.90 per set

RADIO CONTROL CRYSTALS
in HC&/U HOLDERS—SIX FREQUENCIES

In ftock for lmmediate delivery (nupmm-ln. 1yied in
mefacyelesi!  tuleranes (0G5 7. pin  spwcing.
03 pins n-\llnhle add 15¢ per
rn ey lln-lroul

26,998, 27.045, 27.095, 27.145, $
27.195, 27255...‘..... 2?.?..
{add S¢ per crystal for post. andiing)

ENGINEERING SAMPLES anl small quantities for prototypes
naw made at either Chicugo or Furt Myers pl with 21 hour
setvice, IN CHICAGO, PHONE GLadstone 3-3558

IF YOUR PARTS DEALER DOESN'T STOCK Texas Crystals.
order direet and send us lue name.
RUSH YOUR ORDER NOW TO

WTEXAS CcrRYsTALSY

Div. of Whitehall Electronics Corp. Dept. R-102
1000 Crystal Drive, Fort Myers, Florida Ph. WE 6-2100

| FOR SHIPMENT VIA FIRST CLASS MAIL AT NO EXTRA |

24063,

26,075,

COST ATTACH THIS ADVT. TO YOUR ORDER!
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Unique QOutput Circuit
(Continued from page 55)

produced and, since no d.c. lows through
it, no distortion is introduced here.

Temperature Problems

Perhaps one of the main design con-
siderations in high-power transistor cir-
cuits is the limitation imposed by
temperature. The temperature problems
of transistors are inherent, due to the
electrical considerations involved in their
construction. At high temperature, con-
trol of the transistor current is necessary
to avoid developing a runaway condi-
tion which can lead to destruction of the
device. The power transistor has a maxi-
mum collector junction temperature rat-
ing which has been assigned by the
manufacturer and observance of this
limit can extend the useful life of the
unit almost indefinitely. Exceeding this
limit can lead to permanent loss of gain
or early failure of the transistor. Ade-
quate heat-sinking of the transistor and
stabilization of the d.c. operating point
of the device will control the transistor
current so as to prevent a rapid rise in
junction dissipation as temperature rises.

Front-panel view of the all-tran-

sistorized stereo amplifier unit.

In the common-emitter circuit, stabili-
zation can be obtained by d.c. degenera-
tion or by thermistor control of the bias
circuit. The first method can easily he
obtained by inserting resistance into the
emitter lead of each transistor, as in the
case of R, and R: of Fig. 1A. The larger
the value of Ri and R-, the greater the
degeneration and the greater the tem-
perature control and stability. On the
other hand, maximum power capabil-
ities are seriously curtailed.

However, if a resistor of positive tem-
perature coefficient is used for R/ and
R, the ultimate in stabilization can be
obtained without great sacrifice of total
power. It was found that the resistance
characteristics of a tungsten filament
bulb were ideally suited for this applica-
tion. The bulb chosen in the amplifier is
one similar to a G-volt antomotive tail
light. This not only provided the neces-
sary d.c. stabilization but also provided
the speaker protection of a “quick-blow”
fuse. (See Fig. 1B.)

The tungsten lamp is extremely sensi-
tive to applied voltage since the life
varies inversely as the 12th power of
applied voltage. In this way the normal
200-hour life at 6 volts would be re-
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duced to 200/(23/6)" hours in the cir-
cuit, if a wiring error or component fail-
ure placed the full 23 volts on the lamp.
This corresponds to approximately 70
milliseconds and provides adequate pro-
tection for both speaker and transistor.
By the same formula, since the lamp is
normally only exposed to few tenths of
a volt, its life is extended thousands of
hours beyvond its normal 200-hour life at
G volts. In addition to the stabilization
and protection afforded by the emitter
lamps, there is a measure of self-balanc-
ing provided for the output circuit since
thev are sensitive to the current through
them and seek an equilibriuin with the
transistors with which they are in series,
balancing the bridge and keeping any
d.c. from flowing through the speaker.

Several 6-volt automotive lamps were
investigated for their characteristics be-
fore this lamp (a special dual-filament
type, similar to two type 1129’s in a sin-
gle small envelope) was chosen. The life
versus over-voltage characteristic is vir-
tually the same for all the lamps exam-
ined, therefore they would all provide
the desired speaker protection. How-
ever, a lamp with a design current rating
in the range of the maximum load cur-
rent in the 4-ohm load condition would
cut the 4-ohm power capability approxi-
matelv in half. On the other hand, the
lamp with maximum design current far
greater than the load current encoun-
tered at rated power in the 4-ochm load
condition would provide only marginal
d.c. stabilization on 4-ohm loads and vir-
tually no protection for 8- and 16-ohm
load connections where far less load cur-
rent normally flows.

Hence, having selected the proper
bulb and having provided stabilization
on 4-, 8-, and 16-ohm loads, the am-
plifier tends to approach a constant-
power device rather than the more typi-
cal constant-voltage device since the
4-ohm load current will be limited more
than the 16-ohm load current. This is
evident by the fact that the total maxi-
mum continuous sine-wave power is 36
watts for 4-ohm loads (18 watts per
channel) and more than 30 watts for
16-ohm loads (15 watts per channel).

Further thermal protection must be
provided for in the heat-sinking of the
power transistors, since as ambient tem-
perature increases, junction temperature
increases a like amount provided that
power dissipation remains constant.
However since hsx (d.c. current gain)
and I (collector current) increase with
temperature, the collector current can
rise with increasing temperature which,
in turn, can result in increased power
dissipation. To assure that the heat sink
can dissipate sufficient energy to pre-
vent junction temperature build-up, the
six power transistors are mounted di-
rectly to the .093” thick 250-square-inch
aluminum chassis. A
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“Telstar” Satellite
(Continued from page 36)

horn antenna itself can track this beacon
signal with extreme precision.

In the control building there is an as-
sortment of equipment and consoles so
necessary for carrying out the program
for which the system was designed.
There are computers to assist in the
tracking operations, and microwave links
with the outside world. There are TV
monitors and measuring equipment of
various kinds.

The Results

Much valuable scientific information
has been obtained since “Telstar” was
placed in orbit on July 10, 1962. All of
the equipment is operating normally,
and the telemetry data so far has not
shown any significant deviations from
the expected results. The solar batteries
are delivering % ampere at 27 volts, and
show no signs of major damage, Dete-
rioration of special test semiconductor
devices is about as expected.

Temperature inside the satellite aver-
ages about 75° I and skin temperatures
range from 18° to 48° F.

From the communications standpoint,
“Telstar” has been used successfully as
a repeater for television, hoth mono-
chrome and color; for one-way and two-
way phone calls; and for the transmis-
sion of photofacsimile and high-speed
data.

In all of these tests and demonstra-
tions, performance has heen as expected,
and is the same as the measured perform-
ance on the ground hefore the launching,.
Thus it appears that our first privately
owned experimental communications
satellite is completely successful and is
living up to all expectations. A

“How many leaking copacitors do you
usually find with this scientific method?"

QOctober, 1962

ROHN
A

,-';‘j';é.f" The moet Famoug Name in
7="TOWERS of ALL KINOS!

,.-l\ Here are the advantages you get

y when you insist on
Tl Y ROHN TOWERS
LB LARGEST FULL RANGE OF TOWERS —you can get any-
| ol thing from home TV and amateur radio towers to
K (% heavy.duty communication and micro-wave towers,
3 :J'l'i Included are 170 foot self-supporting towers. 1,000
b == foot guyed towers, and “fold-over” towers. Regard-
|’ IT less of your needs, ROHN can supply it.
[ I.i'l UNQUESTIONED LEADERSHIP IN DESIGN AND MANU.
f Emi FACTURE—you get the latest in advanced tower engi-
| i neering. All communication towers are engineered
l\ |t to EIA specifications, and are proved by thousands
— _"I of installations. No other manufacturer can surpass
b I ol the quality and fine reputation of ROHN,
-t ,["',I QUALITY MATERIALS AND WORKMANSHIP—Only high-
1= est quality steel is used which fully meets the speci-
J'-"._ fications for the job. ROHN towers are hot.dipped
) galvanized after fabrication—a feature ROHN pio.
| ] neered!
P : =  SERVICE WHEREVER YOU WANT IT—ROHN represent-

SEND THE HANDY COU-
FON INDICATING YOUR

MEEDS

ROHN

Manufacturing

atives are world-wide. Complete erection service for
communication systems, broadcasting. micro-wave,
and other needs is available; also competent engi-
neering service to help you,

Settle for the BEST in TOWERS —ROHN —today the
world's largest, exclusive manufacturer of towers of
all kinds!

For your needs. contact your local ROHN salesman,
distributor or dealer; or write direct for information,

ROHN Manufacturing Company

Box 2000

Pecrio, tllinois

Send me complete Titerature on the following ROHN Preducls:
) Homa TV Towars Amateur Towers
~} Communication Towaers AM-FM Broodcasting Towers
"} Micro-Wave Towers [ Government

Nome
Firm
Company
BOX 2000 Addrass
FEI}HI#_ ILLINDIS City . State 1
CIRCLE NO. 144 ON READER SERVICE PAGE

7£6# VALUE EVER OFFERED!-

$200 HEARING AID (as shown)—Your Price... $2

We Scooped the Market on 15000 of these HEARING AIDS from onc of the Lead-
ing Manufacturers (name withheld) who switched to the Transistor Type.

Each IHHEARING AID INSTRUMENT is a Complete AUDIO AMPLIFIER
and includes—a CRYSTAL MICROPHONE, 3 SUB-MINIATURE TUBES
and a Superb Beige Phenolic CABINET.

Indeed a TOP ITEM for the Experimenter—can be modified and con-
verted 10! RADIOS—INTERCOMS—TRANSMITTERS—SECRET LISTEN-
ING DEVICES — MICROPHONE for Tape Recorders — PRE-AMP &
MICROPIIONE COMBINATION for Public Address Systems—ETC.
Complete as illustrated—including a detailed informative sz

SCHEMATIC DIAGRAM {less Earphone and Battery) . . R

Sold without limit or reserve! Order as many as you want! Rush your order!

5”x 214"x 1”—Shipping Weight 1 b,

BROOKS 84 Vesey St., New York 7, N. Y.

CIRCLE NO. 108 ON READER SERVICE PAGE
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Ask By Name For

GENUIN

your
assurance of
brand name

quality

M L":: =
e doey

A%Z"’:.""" $ 25 k
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et
to ser».,(_".e
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Erectranie
Chemnicat new
formutla

I
|
EC-44 I
|
|
|

with each can_of

ELECTRONIC .

5" PLASTIC R o
EXTENDER AR,

Push Button

Tittle docsa ot |
6 or. §05
e 3% |

Assemhly For

5 il
Pin Foint -
Applications-Goes
Not Causc Shorts |

1
1
|
|
I orodutts —
|
|
i
|
]

ELECTRONIC CHEMICAL CORP
EIRCLE NO. 117 ON READEEIEPG_E

Fill in coupon for 2 FREE Onc Year Sub
seripunn 10 OLSON ELECTRONICS Fan-
tastic Bargain Packed Cuatalog Unhcard
of LOW. LOX. DISCOUNT FRICFES on
Brand Name Spcakers, Changers. Tubes,
Tousls, Hi-Fi's, Stereo Amps, Tunees and
thousands of other Electronic  Bargains,
Credic plan availahlc

NAML
ADDRESS
city ZONE STATE

H you have a friend interesied in electronics
send his name and address for a FREE sub.
scription also

OLSON ELECTRONICS, INC.

CIRCLE NO. 167 ON READER SERVICE PAGE
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By MICHAEL

prevent transistors from being

OR THE experimenter, freedom
F from the worry of destroying

expensive transistors is neces-
sary to allow wide design latitude. The
circuit described here is a current-lim-
iting device whose cut-out point can
be adjusted over a wide range, It pre-
vents transistors from burning out no
matter what the cause of the overload:
reversal of power-supply leads, exces-
sive forward bias, or overheating due
to thermal runaway. In each case,
power will be removed in time to save
the transistor.

The circuit is not complicated and
few parts are required if it is to be
used with an existing power supply.
The advantage this circuit has over
|cartri(lge fuses is apparent—a control
knob is more convenient to work with
| than a large stock of different size fuses
|

1 |
. g

Fig. 1, Circuit to be used with exter-
nal supply. See Fig. 2 for part values.

that would be necessary to protect a
variety of devices with different loads.
As for cost, the replacement of one
burned out high-frequency transistor
will set you back the same amount as
the cost of the parts for this unit.

The Circuit

Fig. 1 is a schematic of the basic fus-
ing circuit. V. is an inexpensive power
transistor that controls R L. The control
or base current of V', is developed by the

| voltage drop across Ry The greater the
resistance of R, the smaller the current
that can be drawn from the power sup-

ADJUSTABLE CURRENT FUSE

H. KAUFMAN

Service technicians and experimenters should use this device to

destroyed by excessive current,

ply before RL, is energized. Making R,
adjustable allows a wide variation in
current that will energize RL.. 8. is a
push-button switch used to unlatch RL:
which is kept closed, once energized, by
a set of contacts shown at the left in the
diagram,

The circuit shown in Fig. 2 includes
a 12-volt power supply and another re-
sistor. K-, that limits the maximum cur-
rent the power supply can deliver should
R, be set to zero ohms.

If this fusing circuit is to be added
to an existing power supply, the parts
can be fitted in the power supply’s case.
Placement of the components is not
critical. As a separate piece of equip-
ment. it should be built in a metal case.

V.. an entertainment-type transistor
such as a 2N301, energizes EL.. It does
not have to be mounted on a heut sink.
However, if a more sensitive relay and
a 300-mw. transistor are used, the tran-
sistor may have to be mounted on a
heat sink. The transistor spec sheet
should be consulted to determine if this
is necessary. V. must be able to pass
enough current, without overheating, to
keep RL. encrgized. If V., overheats,
thermal runaway will cause RL: to en-
ergize though excessive load current is
not being drawn. One set of contacts on
RL, latches it closed and the other sct
of contacts removes power from the out-
put terminals.

R, should have a log taper, although
a linear-taper pot will work. If the
ratio of change from minimum to maxi-
mum cut-out current is 1:50 (10 ma. to
500 ma.) a 50-ohm lincar-taper pot set
at 1 ohm to deliver 500 ma. may re-
quire critical adjustment,

Calibration

The exact value for F: must be deter-
mined first. Sinee it is one ohm ot tess,
it can be wound with a piece of wire
from a discarded low-resistance wire-

2N30I
|
Fig. 2. Fusing circuit combined with r1
12-volt power supply. A transistorized §F t 8
series regulator can be inserted between ‘ s2
points A and B and connected at C. .
e Risil
s [ I e A e F
oo
_l+ fad BN +
al= ez
PLL lb o
-_ Al a0 A
7 V.A.C. -> < .;‘.3' 200 0=
1 CHI
SRI SR —Fultswave bridee  rectifier. 25 rom.s.
volts, 1200 ma. {Int. Rect, MIB or equiv.}
E cH 100 mky., S ohm d.c. res, choke.
R 50 whm, 2 w. log-tuper pot {see text) F [ amp “Nlo-Blv" fuse and holder
R-——1 ohm, | w. res. (see text) R D.pds relay, 12 v. d.c.. S8 ohm coil
€100 gf., 15 v. elec. capacitor (Cornell { Guardian 1R.505-G12 or equiv.)
Dubilier BRIIISI0 or equiv.) Pl..— Neon indicater lamp with built-in re-
C—-2000 pf.. 15 v. elec. capacitor {Cornell sistor ( Drake type 105 or cquiv.)

Dubilier BRH-IZ20 or equiv.)
8 S.ops.t. togele switch

N Nop.st normally closed push-button switch
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T .- Power trans. 117 v. pri.. 12.6 v, @ 2
amp sec. (Staucar PEII or equiv.)
Vi—*p-u-p” trausistor {2N301)
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woun¢d resistor. With R. shorted oult.
turn R, counterclockwise so it is at a
low resistance setting. Connect a 0-1 a.
meter across the output terminals. Ad-
just R, for a meter reading of 500 ma,,
remove power, and measure R.'s resist-
ance. With parts listed, 500 ma. will
be the maximum. The value of R. could
be calculated from the setting of R,
when the relay trips at 100 ma. If it
takes 5 ohms for 100 ma., a one-ohm
resistor will be required to limit the
current to 300 ma. The current/resist-
ance products have 1o be equal. The
actual values of B, and B depend on the
gain of V7, and the sensitivily of RL.
Ixperimentation will produce the fast-
est results,

To calibrate R, wire E. in the circuit
and connect a variable-load resistor in
series with a milliammeter across the
output. By changing the value of the
load resistor from its minimum to max-
imum, you can obtain a complete set of
calibration points for R, If, for exam-
ple, the load resistor is set so the mil-
liammeter reads 50 ma., adjust R, until
RL, closes. Mark 50 ma. on the polen-
tiometer dial at this setiing. Do the
same for 10 other values of current. A

QUTSHARTING
LOOSE TUBE SOCKETS

By R. G. MINARIK

OCKETS for miniature tnhes ocea-

sionally lose their gripping power,
with the resalt that the tubes are not
seeurely seated and contaet with the pins
is not reliable. An obvious remedy is re-
placement of the socket, i this chore
can be avoided.

Partially insert the tube itself in a tube
straightener or the loose sockel itself so
that the tips of all the tnbe pins are just
harely engaged. Then the tabe iself s
given a slow, discreet twist, shown in
port (A) of the illustration, so that the
pins are slightly spiralled rather than
«ht. While 1he socket may not be
tight cnough to grip straight pins (1),
the slight spread () provides tight-
ness, A |

f—fﬁ\“_ B

(¢ I
A twist of the wrist, correctly adminis-
tered, improves seating of o loose tube. ]

{B)

Octaber, 1962
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the manual turntable you can play automatically

A superbly engineered unit developed especially
for use in high quality music systems for faith-
fully reproducing high fidelity stereo and mono-
phonic recordings. Plays single record manually,
automatically or continuously, and up to 10 rec-

counterbalanced tone arm and ‘feather-touch’
pushbutton automatic controls. Model 10H with
hysteresis-synchronous motor, $99.50; Model 10
with heavy-duty induction motor, $89.50 {prices
are less cartridge and base). Descriptive litera-

ords, automatically. Operates at
four speeds. Has a heavy die-cast,
12-inch balanced turntable, mass-

BENJAMIN
MIRACORD

ture at your dealer, or write to
Benjamin Electronic Sound Corp.,
80 Swalm St.,, Westbury, N.Y.

CIRCLE NO. 166

engineering degree in 27 mos.

Become an Electronics Engincer. College graduates
enjoy higher income . . . sure advancement. Major
corparations visit us regularly to interview and eme
ploy seniors. BACIIFLOR OF SCIENCE DEGREE
IN 27 MONTHS in FElectrical (Electronics or
Power major), Acronautical, Chemical, Mechan.
ical, Civil Engineering.
Degree in Business Administration. Small classes,
Campus. New dorms. Low costs. Enter Jan., Mar.,
June, Sept. Founded 1888, Wieite J. H. McCarthy
for Catalug and Y our Career in Ene
gineering and Commerce’’ Buok,

ARTISAN
ORGAN
"King of Kits"

The ultimate in organ
tone & styling

Skip dealer profits
and factory jabor
Pay as you build &
play as you build
No previous technical
Skiil required

The original build-it- I
yourself organ

1 Choice of models from
| $1750 to $5500

WRITE TODAY FOR DETAILS |
4949-L YORK BLVD., LOS ANGELES 42, CALIF. _

HI-FI COMPONENTS
SLEEP LEARN KITS

UNUSUAL VALUES MERIYAPE Low cost.
FREE 1962 hrgh  quality record-

ng taoe in poxes or

cans

Now Hyde Park. N.Y.

cat, 1Iog
DRESSNER
1523RA Jericho Thke.
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IN 36 MONTHS a B.S. |

(Fuarnan¥edd /ey stals/

BUY NOW AND SAVE!!

OVERTONES: 10 to 30 Meg... Tol. .005%...52.95
AMATEUR & NOVICE Fundamental. . Tol. .005%
HC-6 Herm. Sealed . ..................... 2.95
HC-6-—86 Meters (5th Overtone) ....,...... 4.25
MARINE FREQ. HC-6 {Herm. Sealed)

Tol, 005% ... ..., $3.75

ALL MARINE FREQ. Fr'zu 0C:34 Hold Tol.
cinz’zhs'enuu—n METERS.. 005% VoL,
26.965 to 21225 MC, 3rd Over. Herm. Seal. or
2

.005. $2.50
$2.00

.95
6741.25 to 6806.25 Kc, 4th Harm. F7.243 only $2.50

FT:243 Holders 5700 KC to
8700 KC in steps of 25 KC's

SEND FOR FREE CAVALOG
DC-34 Hold. 1690 KC to 4440 KC steps of 10 KC, ea. $1.19

NOVICE BAND FT-23 Fund. ea. 49
B0 Met, 3701-3748—58eps of 1 KL. FF-I'-I-
40 Mel. 7150-7198—51eps of 1 KC. FT-2
Disl. o 40 Mel. 3576-3599. Steps of 1 l.: FT.H-!
15 Met, 5276-5312—7034-7083 Steps of 1 KC. FT-243
F1-243—2 Meters :Steps of 1 KC)
F1-243—6 Meters Steps of 1 KC)
FT.243—From 3000-4
F7-243—From 1005- 2999 (Steps of 5 KC)
F7-243—.005%, Tol, From 3000-8750
FT-243—.01% TYol. Fram 3000-8750
FT-241 SSB Low Xtals 370 to 540 XC
(Steps of 1.852 and 1 388)
FT-241 SSB Matched P
FT-241—AN/TRC-1-721. 157 XC.1040-625
{Steps of 1.042 KC—Except 1000 KC)

include 5¢ per crystal postage. (U.5, anly). Callt. add
4, tax, No C.0.D. Prices subftc( to chg. Ind. 2nd choice.
sub. may be necess. Min. Order $2.50

“Tha House of Crystals'
U.S5. CRYSTALS, Inc.
Los Angeles 19, Cal.

1342 5. La Brea Ave,
. 156 ON READER SERVICE PAGE
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DELUXE CITIZENS BAND TRANSCEIVER

Now Officially Approved For use in CANADA By Dept. of TRANSPORT
Type Approval No. 169361029. Tops in CB world W 8 crystal con-
trolled receive positions, 8 crystal controlled transmit positions
M Tuneable over all 23 channels M Direct reading “S” meter indi-
cates RF Power Output, Transmitter and Antenna Efficiency and Re-
ceiver “S" readings M Effective noise limiter M Built-in 12 or 6 volt
power supply for mobile use. With crystals for channel 9. 1 0950

No Money Down

Sound-o0-Saund SK- gm 599
= -39 No Money Down

4.-TRACK STERED TAPE DECK 9950 LEHCEEL SLIM “decor-ette'™ SPEAKER SYSTEM

No Money Down
Deluxe Professional Quality Built-in Transis- Advanced design, styling and superb sound at a low, low price Bl 5-
torized Stereo Record/Play Preamps speaker 3-way system custom built in England to Lafayette's rigid
W Plays: 4-Track Stereo, 2-Track Stereo, specifications W Genuine Hand-rubbed Oiled Walnut Veneer Cabinet
and 4-Track Mono Tapes M Records: 4- Of Extra Heavy 3" Stock W Only 4% " deep—can be placed on floor,
Track Stereo or Mono and Sound-on-Sound book-shelf or hung on the wall B Frequency response 40-20,000 cps.
B 2 Record Level Meters B Tape Index l Impedance 8 ohms.
Counter W Automatic Stop at end of tape
W 2 Speeds: 3% ips and 7% ips W Fre- ot
quency Response @ 7Y% ips, 40-18,000 Cps IR

B Takes up to 7" reels.

];()\ FROM LAFAYE.T'TE
VALYE

.

o

FM-AM STEREQ MULTIPLEX TUNER

PORTABLE TUBE TESTER Highest Quality Reception—~Superb Styling! B Wide-band Design M Duplex 3-
Gang tuning condenser provides tuned RF stage for greater sensitivity and

g . . selectivity I Builtin Multiplex with excellent separation M Sensitive FM/AM

A.ccg:;tcek,s :i:sratllégo:iffi(::lnp:etﬁ:zSw."e?ésgo::a?h:;: tuning Meter M Variable AFC control M FM stereo Noise F|Iter Wl Smooth

Emission, Leakage, Shorts and Filament Continity | Ywheel Tuning. 89
W large, Accurate Easy-to-read meter WMl Fast setting No Money Down
Slide Switches M Slide Out Tube Chart W Weighs only
6 Ibs. M Supplied with Carrying Case.
%6 ELECTRONICS WORLD
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1963

CATMm W A%

WEW e DEBen &
W cowne

= \ELECTRONGS

vt LY
™ SR for Electronics, Science and Technoloay

s
MDULTRIAL PANLIONE e Pun
110 Samaras Stredt
- | W

A ud
etais

wp mnT

Months to Pay.
NEW MAIL ORDER

TE'S |5
. ;;;,g 1y & SALES CENTER

111 Jericho Turnpike SYOSSET, L. 1, NEW YORK

JAMAICA, NEW YORK NEW YORK, NEW YORK
QTHER LOCATIONS 165-08 Liberty Avenue 100 6th Avenue
SCARSDALE, NEW YORK

BRONX. REW YORK NEWARK, NEW JERSEY
691 Central (Park) Ave. 542 E. Fordham Rd. 24 Central Avenue

PLAINFIELD, NEW JERSEY PARAMUS NEwW JERSEY BOSTON, MASS.
139 W, 2 Street 182 Route 17 110 Federat Street

OPENING FALL 1962 —NATIEX, MASS.

October, 1962 CIRCLE NO. 130 ON READER SERVICE PAGE

wntn HAOIO

™ “World’s Hi-Fi & Electronics

LAFAYETTE

RADIO
ELECTRONICS

1963 CATALOG NO. 630

388 GIANT SIZE vages

The Largest Catalog
in Qur 42-Year History
It's New — It’s Big —
It's Better Than Ever
It's From the

Shopping Center”

Here it is — the exciting, all-new 1963 Lafayette Catalog. 388 giant-sized
pages with thousands of different items for the audiophile, experimenter,
technician, hobbyist, engineer, student, serviceman . . . fully illustrated . . .
hundreds of manufacturers. It's the “World's Hi-Fi and Electronics Shop-
ping Center' at your finger tips.

CHECK THESE OUTSTANDING LAFAYETTE BENEFITS

V SATISFACTION GUARANTEED OR MONEY REFUNDED. Lafayette’s 30-day Free Home
Trial lets you try-what-you-buy at home. If you're not completely satisfied, the full
purchase price will be refunded.

V LARGEST STOCK SELECTION. If it's in Eiectronics or Hi-Fi, it's in the Lafayette
Catalog — Citizens Band; Tape Recorders; Hi-Fi Stereo; Ham and Amateur Equipment;
Radio and TV Tubes, Parts, Antennas; and much more.

V EXCLUSIVE LAFAYETTE KITS. Easy-to-assemble kits designed by Lafayette engineers
for at-home construction. Dollar for dollar the best value for your money today.

\ LOWEST PRICES. You always save more with Lafayette's low, low prices.
\ 24-HOUR SERVICE, Most orders fully processed within 24 hours after receipt.

\/ SPECIAL HI-FI SYSTEM PRICES. Select a hi-fi music system and get Lafayette’s spe-
cial money-saving price.

\/ EASY-PAY CREDIT PLAN. The Easy Way is with Easy-Pay. No Money Down, up to 24

r G G G O S ED s T G O GO oD o O .S ..
LAFAYETTE RADIO Dept.RJ2-2
§ P.0. Box 10, Syosset, L. I., N. Y. g

Rush my FREE Giant Size 388 Page 1963 Lafayette Catalog [
Piease send me # shipping charges e

collett. | am enclosing $_ | '
i Name_ — o |
388 |

§ address f— GIANT
size |
City Zone State PAGES |
[ N N N N N N N N N N N N N N N B N _§N 1§ §N|
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BUILD YOUR OWN
TRANSISTOR IGNITION

Now $29.95 Complete!!

The AEC kit that you build uses DELCO
high voltage 15 ampere transistor with
a MOTOROLA 50 watt zener diode. .
NOT two low voltage transistors in
series with two 1 watt zener diodes.
The AEC ignition coil is wound with
Formvar insulated wire, oil impreg-
nated and hermetically sealed for maxi-
mum insulation and cooling. . NOT
enamel insulation in a tar filled coil.
AEC uses silver plated terminals teflon
insulated and a single heavy duty bal-
last.

COMPLETE KIT! Nothing extra to buy.

AEC K3 .. 300:1 coil .. 32KV output . . $29.95
AEC K4 .. 400:1 coil .. 40KV output . . $32.95

Conversmn kit for positive ground—British
cars only—add $3.95

NEED ONLY COILS & BALLAST RESISTORS?

300:1 Coil ratio . . . heavy duty . . . $11.95
400:1 Coil ratio . . . heavy duty . . . $13.95
Ballast resistor .5 ohm 75 watt . ... .. $1.25

See our ad on page 120, for factory
wired units, Please add 75¢ for postage
and handling, SORRY NO CODs

AUTOMOTIVE ELECTRONICS COMPANY
387 Park Avenue South, New York 15, N.Y.

LIRCLE NO. 106 ON READER §ERVIEE PAGE

SURPLUS BARGAINS

TMANUAL coAx sWITCH. 4 Posn. 50 ohms constant
to lD SKMC - Comm. mod, =4N9MP:2 rated 100

an MC
575 00 valu(—munni !«IEW BOXED, ONLY.
POLAR RELAY WE 255,
SOC

NI-CAD Storage B-ﬂlrrics (:ells) "1.2v
Solencid Type Bell 4 12 vd
DB METER 313" rd -10l°+sdh Imw E

BIRD MOD. 74 Coax Switch. 6 Posn ... ..., ., ,.. .50
SPERTI VACUUM SWITCH for ART-13 ¢tc., NEW .. 1.00
NEW SURPLUS TUBES GUARANTEED
25337 - ..87.50 3c2z .. .s15.00 7218 . 53.50

2K2S 00 4X1S0A . 12.50 8298 o
icXio00as u 50 6161 ... 35.00 GF4 acorn | 1.79

RCA DIRECTION FINDERS. DAE-1, 3 Band, 240-2000
HC. 11Svac, with LOOP ANO CAHLE
LIKE NEW $94. 50

"~ MONEY BACK GUARANTEE

Sgace ELECTRONICS CO.

218 West Tremont Ave., Bronx 53, New York
TRemont 8-5222

ENGINEERING j§_
SCIENCE

B.5. DEGREE

{IN 36 MOS.

1 3 \l{\ At llFllITl Il B.S. DEGREE in Selence or hnklllu r
g i b rorouinl  progr

ing Horms. pExim
. K mplm-rm nt help
. AVFRite for eataiog

SAVE
full Information.

{111
1608 E. Washington Blvd., Fort Wayne 2, Indiana

INDIANA TECHNICAL COLLEGE

100

EW Lab Tested

(Continued from page 26)

L1 s 11 R

-

put amplifier having a 15-megohm input
impedance, to minimize detector load-
ing. The 19-kc. pilot carrier is selectively
amplified and synchronizes w 38-ke. os-
cillitor. The composite signal, after re-
moval of any SCA program by a 67-ke.
trap. feeds two diode switches which are
keved by the 38-ke. oscillator. Each
switch nses fonr matehed diodes. At any
given instant, one switch is open and the
other closed. with these conditions re-
versing every half-cvdle. The switching
action  effectively separates the  com-
posite signal into the original left- and
right-channel programs, which are in-
dividually amplified and de-emphasized.
They are then passed through 13-ke.
low-pass filters to remove any 19-ke. o
higher freqquency components. The audio
outputs are taken from low-impedance

amplifiers.
The adapter has the Fisher “Stereo
Beacon.” which is a  relav-operated

switching system. In the absence of a
19-ke. pilot earrier, a relay is actiated,
disabling the 35-ke. oscillator and clos-
ing both diode switches to supply the
full monophonic signal to hoth audio
outputs of the adapter. The pilot carrier,
when present. is rectified and used to cut
off the relay driver tube. The relay re-
leases. restoring the 38-ke. oscillator and
diode switches to normal stereo operat-

ing conditions. Additional contacts are
used to increase the gain about 6 Jb
to produce the same volume from both
stereo and mono broadcasts, and to light
a green light on the front pancl, indi-
cating stereo operation.

One of the two operating controls of
the MPX-100 is a four-position selector
switch on the front panel. In its “A.C.
Oft” position. the power to the umit is
removed, amd a pair of left- and rvight-
channel input jucks in the rear are con-
nected directly to the corresponding out-
put jacks. In this position FM and AM
monophonic programs from the normal
thner outputs may be heard as though
the adapter were not connected. In the
“Tiner” position, the signal paths are
the same, but the MPX-100 is powered
and fullv operating. In this mode. the
"Stereo-Beacon” light is operative to
show the presence of a stereo program,
but the adapter remains out of the cir-
cuit. In the “Stereo-Mono Automatic”
position, the adapter operates in its auto-
matic mode, as previously  described.
Since, under weak signal conditions. the
“Sterco-Beacon”™ relay may operate er-
ratically, o fourth, “Sterco Manual.” po-
sition disables the automatic circnits,
leaving the adapter in stereo operation.

Buckground noise on stereo progrims
is alwavs higher than in mono reception.
The MPX-100 has two degrees of filter-
ing to reduee the effects of this noise,
In position 1 of the "Noise Filter” knob.
the noise on the snb-carrier is filtered
ont. This does not affect frequency re-
sponse, but reduces channel separation.
Position 2, in addition to this, rolls off
the high-frequency response above 5 ke,
In the “Off” position, there is no filtering.

One requirement of a nniversal multi-
plex adapter is the abilitv to handle a
wide range of signal inpnt levels. This
unit has high-level and low-level inputs,
which allow  synchronization  of  the
38-ke. oscillator from pilot-carrier levels
of 30 mv, and 10 mv. respectively. The
over-all maximu gain of the adapter is
6 db through the high-level input and
15 db through the low-level input. There
are individual channel level adjustments
to set the gain to any desired value.

+5

LEFT CHANNEL

=== RIGHT CHANNEL

RESPONSE-0B

“ZOKC.

500

2ZKC,

KC

FREQUENCY-CPS
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The measured frequency response of
the MPX-100 was flat up to about 7 ke,
rolling off at higher frequencies. The
15-ke. response was down 7.5 db on one
channel and 13 db down on the other,
due to the action of the 13-kc. low-pass
filters in the output amplifiers. Channel
separation was 35 db at low and middle
frequencies, decreasing to about 30 db
at 3 ke, 13 db at 10 ke, and 5 to 7 db
at 13 ke. The noise filter, in position 1.
reduced the separation to 5 to 10 db
above 3 ke.

The separation control at the rear of
the unit must be set for the particular
tuner with which it is used. Approximate
settings are given for a number of tuners
in the instruction manual. Optimum ad-
justment requires listening to a sterco
broadeast known to be on one channel
only, and is quite critical. Fortunately,
there is little loss of steveo cffectiveness
even with a considerable reduction in
separation. This adjustment should be
made with the adapter fully warmed up,
since we observed some variation in sep-
aration during the first hour or so of
operation.

We used the adapter with several
older mono FM tuners, with uniformly
excellent results. Owners of good mono
tuners can convert them into top quality,
fully flexible stereo tuncrs by the addi-
tion of this attractive, compact adapter.

Unit sells for $119.50, less cabinet. A

Precision ES-150
Oscilloscope

For copy of manufacturer's brochure,
circle No. 60 on coupon (page 17).

N OT too long ago o factory-wired oscillo-
scope with high sensitivity and wide
bandwidth would have been fairly expensive. The
Precision ES-150 is on extremely versotile scope
with just these chorocteristics and ot quite o mod-
erote price. The instrument has a vertical-channel
response ofl the way from d.c. (for very-low-fre-
quency industriol meosurements) vp to obout 5
me. (for color-TV ond other video waveforms).
In addition to the usual controls, this scope has
quite o few extras that increase its usefulness.
These include a polority-reversing switch, special
fixed sweep positions far TY vertical and hori-
zontal woveforms, provision for an external ca-
pocitor for very slow sweep speeds, front-panel
Z-axis input ond saw-tooth output, line-phasing
control for sine-wove sweep, graticule illumina-
tian odjustment, and a built-in voltoge calibrator.

Missing from the front panel is a sync ompli-
tude control. This is because the scope employs
outomotic synchronizotion of oll woveforms. To
accomplish automatic syn<, the sync signal is
amplified and limited and then is opplied to the
sweep generotor in order to lock it to the fre-
quency of the waveform or to o submultiple of
that frequency. Becouse of the limiting, the
omount of sync signol is just sufficient to da its
job well without producing the distorted wave-
forms that would occur with excessive sync,

The circuit is built oround two printed boards
on which ore mounted all components except
power-supply parts, the 35-inch CRT, ond the

operating controls, Signals ore applied to the
vertical amplifier through a four-step compen-
sated attenvator. The amplifier itself is push-pull
throughout, the first stage being a pair of pen-
todes, the second stage triode cathode-followers,
and the last stoge onother pair of push-pull pen-
todes. frequency compensation and direct coup-
ling are used throughout in order to obtain wide-
band response. The horizontal channel consisis
of o single-ended cothade-follower feeding a
push-pull triode autput amplifier stage. A multi-
vibrator sweep generator is vsed ta produce
linear sweeps from obout 10 <ps to 100 ke. This
circuit is synchronized by a pentode limiter-
omplifier. A neon-lomp circuit is vsed to produce
o &0-cps square-wove of 200 mv. (p-p) omplitude
for volloge checks. A retrace blanking omplifier
ond high- and low-voltage rectifier tubes com-
plete the circwit.

We were very pleosed with the scope’s per-
formance on our bench. The needle-sharp troce
was free from hum modulation and the sweep
had good linearity even at the highest sweep
speeds. There was plenty of goin to spore, even
in the horizontal channel, so thot the trace could
be exponded fo about twite the screen diameter
ond any part of the expanded waveform could
be positioned on the screen for viewing. The
outomatic sync worked well even with the sweep
generotor operoting at o for lower frequency
than that of the incoming signal. There was some
shift in the d.c. balance of the scope's verticol
amplifier ofter o couple of hours of use. Although
this couvld not be completely compensated with
the front-panel d.c. balonce screwdriver odjust-
ment, there ore internal bios odjustments that
should take care of this.

We then proceeded to test the maximum verti-
cal sensitivity of the scope. This checked ovt 1o be

STEREO
TAPE
DECK

For literature or nearest
dealer, write: Super-
scope, Inc. Dept. M,
Sun Valley, California.

Oc¢tober, 1962

Now, for less than the cost of a good record changer, you
can add a versatile new dimension to your hi fi system.
s The Sony 262-D tape deck has a 4 track stereo erase
head and 4 track stereo record/playback head. Heads are
wired to six output and input facilities for connection of

89"

SUPERSGOPE

external electronics to play and
record four track stereo. This is
the same quality mechanism
used in the most expensive
Sony Superscope tape recorders.

The Tapeway to Sterao

CIRCLE NO. 151 ON READER SERVICE PAGE

www americanradiohistorv com

NOW AVAILABLE!

Complete your 262-D stereo system: the
long-awaited Sony SRA-2 stereo record-
ing amplifier provides instant connection
to the Sony 262-D stereo tape deck for
complete 4-track stereophonic and mono-
phonic recording. Two V.U. meters,
track selector switch, record safety inter-
lock, microphone and $ 50
radio inputs. No modi-. 8 9

fications necessary.

All Sony Sterecorders are Multiplex ready!
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PP112/GR VIBRATOR POWER SUPPLY

24 V. For use with RT66-08X/GRC trans $69 50
wivers, LIKe nesw. A Columbia Special! only -

IT'S ONLY MONEY—COME AND GET IT!

want mow (r:-p(l'll NOW ) and will |-1\ top
C. ie. and Ill Buts

- t ny lnlc ls ur

ots 0K c-.numuh SomInunicatio

Yau GET inore because 4¢Iun- 53

Get our guote

‘N COLUMBIA!

eyidpment.
¥S mare! Convinece voursclf!
today! NORODY PAYS MORE

BC-604 FM RADIQ TRANSMITTER

.9 Me. Ciyatal Control. 30 W. outhut Gowvt,
E -.%$3.85 THREE for Py $9.95
TECHNICAL MANUAL for alwve . - . 1.50

TCS TRANSMITTER RECEIVER
Wi 32N rmarar e ani i ek
‘\r r‘ ccellennt -:u.:\dnlon & checked 1':l!||- 1 515000

TUBES! ALL NEW & GUARANTEED'

NEW 48 PAGE CATALOGUE

Now, at vour fingertips-—a source for all vour
povt. surplus clectronie needs. A& wiarehouse-
tull of the newest huy At the country’s best

prices! Send for your copyl

iD- GIAPN 4 LORAN INDICATOR

Wl with slight conversion.
uonn 100 Ke. cerysial.

S-lnelh URT nd. Heduced to only

With N:ln ul'lllr ORDER 10 FOR a

58 95

$75.00

BC-611 HANDLE TALKIE CHASSIS

tubes, coils and
) A Cobamhid vxtra® unl .. $9.95

Arand pcw and hoxed! (Lo

crystals.

BC-1306 TRANSCEIVER

T.aate morel. portable AM. OW rig. Freq.:
3.8-0.3 Me. Exeellent for mobile or flxed
use. Jldke new ..o oo szg

HEADSETS 8 MIKES BARGAINS!

HS.33 HWEADSET: dor ohim. Urand new . .%5.95
HS.23 HEADSET: 1 0 oho Brand new . 4.95
HI FI HEADSET: ﬁlnci.ll' WiIth ANHH-1A Tiyoam
+ units ami ch'llmlnh pads. 80U ohm
on
D CARBON MICROPHONE: leand new. .. 6.9
9uU CARBON MIKE: Fitx GIRC & 1'iC 995

™~
enulin, Thls Ls latest army version. Exeel.

COLUMBIA etecrronics

4365 WEST PICO BLVD. LOS ANGELES 19, CALIF,
CIRCLE NO. 113 ON READER SERVICE PAGE

ELECTRAC

71 APPLIANCES

PAYS %3 TO $5 AN HOUR

Spare Time, Full Time + Learn at Home
[ REF BOOK offcred be- QUICK WAY TO GET STARTED

low shows how YOU can For less than 20¢ a duy
now have a good-paying our easy. picinred i
1ion backed by 43 ¥

business of vour own. right
wn vour home, No experi-
cuce needed. just simple

of success in Lome training
prepares you for 10p
earnings in this booming

tools. l.eatn to tepair Elec-
tric Appliances. Pays 35-85
an hour!

400 MILL ION Appli-
ances are in Ameri€an
homes right now. 76 il
lion MORE bought each
car. People need them
fixed. pood times or bad.
YOU make pood moncy do-
g it. In your basement.
garage. cven on your
kitchen rable.

FREE BOOK -

tield. Earl Reid of llomp
son. Ohio says: “‘Alade
$510 in one month spare
time. NRI course 1s price-
less.” At no extra charge
you even wet all parts for
vour own Appliance Tester.
woo. Finds trouble-spots.
speeds and checks your

work.

Get vour, FREE Book
and FREL Sample Lesson
Mail coupon below, letter
or posteard. mate

FREE LESSON

NATIONAL RADIO INSTITUTE, Appliance Dirision
Dept. EK2, Washingten 16, D.C. '

Lesson. Am interested in:

| Spare Time Earnings

My Own Business l

|
|
| Send FREE Book. Free Abpliance Repair Course |
|
|
|

Better Job I
Name .......c0ienvn-ons |
AQdress < v i poar i b a s s e i I

l City. . Zone.. State. .
l__ Aundned Member Nanonnl Home Study (ovnul |
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lled or VFO. |

2 |

(5,

| 24 mv. r.m.s. per inch of deflection, slightly
better thon the manufacturer’s specification for
a.c. sensitivity of 25 mv. r.m.s. per inch. Next,
we checked the occuracy of p-p measurements
taken with the scope by applying a wide ronge
of sine.wave input voltages from about | v, p-p
to severol hundred volts. Although moast of our
readings were somewhat low, the accuracy was
satisfactory for the wsval service-type applico-
tions.

We then measvred the frequency response of
the verticol channel by applying a constant-
amplitude 1 volt r.m.s. sine-wave signal to the
scope. Although the scope’s low frequency ex-
tends down to d.c. even with the built-in
blocking capocitor switched in, the manufacturer
claims response down to 1 ¢ps, we checked down
only to 20 cps, the low limit of our oscillater.
Using unshielded leads to avoid copacitive lood-
ing, the scope measured flat fram 20 cps oll the
way up to 2.5 mc. before a gradual roll-off he-
gan. At 3.58 mc., the color-burst frequency, re-
sponse was down only 114 db. At just over 4
me., response was down about 3 db, and at 4.7
mc. it was down about 6 db. We then 100k meas-
vrements through o low-C probe and were able
to extend high-frequency response slightly.

All in all, the ES-150 is o most useful ond
versatile instrument that will be invalvable to
the technician in solving some of his TV "tough
dags™ or in checking waveforms in industrial
gear. The scope is priced ot $149.95, ... . E.W.

and,

Ve -

“‘Are you the people who called Tip-Top
TV Service?"

www americanradiohicetorv com

Aids for the Blind

(Continued from page 51)

Amateur Award, and is editor of the
Braille Technical Press.
The equipment, which is basically

conventional test equipment to which
lias been added a bridge and tone gen-
erator, prodnces a null in tone when the
bridge is balanced. In another tvpe in-
strinment a tone is produced, the fre-
quency ot which is proportional to the
gnantity being measured.

At the present time, a v.o.m., with all
the ranges ot a standard instriment and
a sensitivity of 20.000-ohms-per-volt, is
commerciallv availuble. It is shown in
Fig. 3. The bridge circuits that produce
the auditory output for current and re-
sistance measurements are shown in A
and B of Fig. 2. The instrument is oper-
ated in this manner: the Function and
range sclector switches are positioned
with the aid of Braille scales as they
would be in a conventional imstriment.
Positioning the range switch roughly bal-

¥’
9’
-

®

Fig. 3. Avditory v.o.m. has conventional
ranges, 20,000 ohms-per-volt sensitivity.

ances the bridge. The large center diul
is then adjusted for final balunce. \When
this is achieved, vou no longer hear the
sound produced by the chopper. The
position of the large pointer over a
Braille scale indicates the exact voltage,
current, or resistance.

In addition to this instrument, Bob has
built a phase meter, “()” meter, transistor
checker, r.f. wattineter, r.[. antenna
bridge, an in-circuit capacitor checker,
and a resonance meter using similar
bridge, mull circuits. In some instru-
ments a small amplifier and speaker are
used instead of phones so normal hear-
ing wonld not be interfered with.

Because of this anditory test equip-
ment. many blind technicians have been
able to get jobs in the incoming inspec-
tion, test. and assembly departments of
several large electronies firms throngh-
out the conntry.

While work still remains to he done
on the guidance aids, progress to date
has been encouraging and offers hope
for tomorrow. This, coupled with im-
proved vocational opportunities made
possible by speciul test eqnipment, is a
gratifving sign of considerable progress
in this area.

ELECTRONICS WORLD
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ELECTRONIC
CROSSWORDS

By MARGARET LeFEVRE

(Answer on

page 120)

ACROSS

. Means of obtaining desired fre-

quency response.

. Asudden increase in the amount

of normally constant current.

DOWN

1. Otherwise.

2. General code call for ARRL
members.

3. Vowel combination.

9. Abbreviation for transverse

15. Master oscillator—power am- i L
plifier (abbr.). 10 l(?]?gpee(licq\:(:ﬁe.
16. Formerly. 11. Sertni]g)rec(ious stone
17. Television picture defect. 12. System of visual communica-
22. Prefix meaning 10-". tions using infrared rays.
23. Born. 13. Five-element tube.
24. High cyclic distortion. 14. Type of plastic used for radio
26. Familiar circuit ratio (abbr.) cabinets.
27. Symbol for target. 17. Without place (abbr.).
28. Medico. 18. Mu meson.
29 Favorite grain in Scotland és- Greek letter (pl.)
30. Chemical abbreviation. 2?' é}l}euulanl Is:;g‘_d' -
32. Period of time (abbr.) 24, Frequency-division multiplex
34. Channel for combining two : (abbr.)
stereophonic channels. 25. Legendary bird.
35. —— Prinz (foreign car) 28. Greek letter.
36. Frequency (abbr.) 31. Shaft for positioning the record
38. This thing. on a turntable.
39. Ovum. 33. Container for rpagnelic tape.
42. Undesirable quality in a hi-fi 34. "Dimensional” sound repro-
systems 37 %ﬁgtr:grp\z;'aph needles
45. {)rérwhalever quantity or num- :0. gc')‘uthem Stm% (abbr.).
¥ b emical sy ol.
46. Mathematical abbreviation. 42. Box séoies%gi,revia“on_
47. Outside edge of turntable. 43. Vowel combination.
48. 1550 {Rom. numeral). 44. Unit of measure (abbr.).
50. Fifty-one (Rom. numeral). 45. Type of transmission (abbr.).
52. Unit. 49. Adjusted for resonance at a
55. Indium phosphide (abbr.) desired frequency. .
58. English digraph. 51. Cabinet or Dgrlmon used with
39 (RRIEHEye Bnia (3bbrz) 53, Schermnie notation
60, nhzgu‘:l]::u:go‘rsls point (sche- g; ;hofse who IPErfqr?\ ((Slll)’{:?."))
62. Piezoelectric material (pl.). 56. N;?.rﬁzsllopn,i.sssgféea);‘d atcn:bém-
65. Electronic locating device ture (abbr.}.
(abbr.}. 57. Boon companion.
6. Before (poetic). 58. To such a degree.
68. Basic food. 59. Wheel used to transmit power
69. Young cow. - _fI!'on: n&otor to turntable.
70. To make oscillating device - 10 Stuil.
coml: o r:snt. ciifatingiadey gtl. Fart °}£ Aénsk?) (abbr.).
72. Sheet on which the operating g3 megon adverb.
controls are mounted. 67. Large. flightless bird.
73. Device forl combining two or g9, Meansn?f [ransp(ort[);l])li(;n,
more signals. 71. More than one (abbr.).
74. Second note of the scale. 72. An oil expert (abbr.).
1 2 3 4 5 6 7 8 9 10 1l 12
13 L4 15
3 7 18 s [20 & 22
23 24 25 26
27 28 29 30 [31 32 |33
34 35 36 BT
38
39 (40 4l a2 |43 |44 45
46 | 47 48
49 50 si
52 |53 |54 55 |se |57 58 59
60 |61 62 63 64 65
66 67 €8 69
70 T
73
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FREE! NEW RELAY

with every $10.00 purchase
_ opst & V DC Coil 15a Cont. .

VARIACS e VARIACS o VARIACS

118 VAC Invul. 0-135 VAC OQutput -

1Amp ......., 6 Amp
13, Amp {spl) . ‘5 95 7'/; Amp

Amp . ....... 0 Amp . .
3 Amp ........ '8 95 28 Amp

* Powerstat
11/, Powerstat mounted in $”x6"” steel
box W /2sw, tuse, pilot lite assy

ESTERLINE ANGUS CHART RECORDERS

Model =AW—DO0 to 1MA
Mew. .. ... $245.00 Used. .. ... $175.00
SILICON FULL WAVE BRIDGE
RECTIFIERS
150 V PIV 250 V PIV
284 ... 17.80 284 .......... 19.50

.......... 24,75 45A ..........27.50
so VPIVIOA. ..o oo 13.50

MARS POWER SUPPLY

115V AC Input 12-14V DC Qutput @ 2 Amps in
steel case—12”x8"x9” To close out .. ... 9.95

CIRCUIT BREAKERS
Heinamann
1LAmp » S Amp * 10 Amp * 120V AC—5$1.09ea
Curve 1S, Sinacarton .. ,........... $5.00
SPECIALI ORIGINAL CARTON 60 Amp—2 pole
—Curve 1, W/HDWRE + $4.25 ea,

CONSTANT VOLTAGE TRANSFORMER

SOLA—S500VA—&0
95-128VAC |n P T $39.95
METERS
11,” S 3” RD
0-500 MMA $3.95 0-100 MMA DC . 4.95
0-1 MADC ..... 3.75 0-1 MA.(ARB
0.1 MV . ...... 3.7% SCALE) ...... 4.2%
2" RD 0-S MADCSQ .. 4.25
0-100 A- 0-100 MA AC .. 3,78
{ARB SCALE) 3.7 0-150 MA DC 3.9%
0-1 MADC .... 3.3 0-5 AMPS AC
0-3 MA DC . 378 (ARB) ...... 3.7
S Meter. 0-20 AMPS RF . 3.30
Mammarlund . 3.95 9.180 V DC
0-10A DC ... .. 3.9% {DUAL SCALE)
0-150 VAC . 3.9% WESTON 4,30
0-1 MA—a"’ SQ 6.75
HI-SPEED BLOWERS

271/; ¥V DC or AC Packed in steel cans for cool.
ing transmitter or Mi-Fi $4.25
With 28V _Tsftmr. for above $35.75 comPlete

We buy Surplus Inventories
All Shipments F.O.B. N.Y.C.

ADVANCE ELECTRONICS

79 Cortlandt 5., New York 7, N.Y. RE 2.0270
CIRCLE NO. 101 ON READER SERVICE PAGE

ﬁ ELECTRONICS WORLD HAS

i
A BUYER FOR YOUR USED
EQUIPMENT OR COMPONENTS!

The 200,000 purchasers of ELECTRONICS
WORLD are olways in the market for good
used equipment or components, So if you have
something to sell, let EW readers know about
it through our classified columns. It costs very
little: just 60¢ a word, incduding name and ad-

dress. Minimum message: 10 words,

| Martin Lincoln

{ ELECTRON!CS WORLD
| One Park Avenue

i MNew York 16, N. Y.

For
further

infarmation
write:

BC-221 FREQUENCY METER.
TLIME lf:‘\'\'c"{ﬂ!lh Orlginas Callhration $69 50

BC-221 same
WITH MODULATION ......... .oncy  89.50

BC-455—6.9.1 Mc Recelver ... ..., 9.95
AN APMN-9 LORAN Recelver-lndlealw with 124 95

24 VI Inverter. Checked out o
AN/ADN 48 LORAN Receiver- Indlcator with 89 50

21 VD averter, Checked out. - -
AN‘APR-4 38-2200 MC Recelver with 359 50
3 Tuning lnl" Excellent. .., ... ..., .. -
MAGNESYN COMPASS STSTEM COMPLETE.

Remote reading for plane or boat. Excellent 24 95
condition. With Manual. .. .. ... oo d
ARC-3 Transmitter [00-156 McAM. 14'95
Anll 2 Receiver—11 Tuhus, With CB Convers 6 95

SQnd Money Order or Check with Order
Write for Latest Flyer—LOADS OF BARGAINS!

R W ELECTRONICS

2430 S, Michigan Avenue
Phene: CAlumet 5-1281

L] DePt. EW
Chicako 16. 111
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Short History of Semiconductors

By DON TAYLOR

Brief resume of some of the early uses of crystals
that have led up to the modern transistor and diode.

THE formal study and investigation
of semiconductors began in 1874,
without fanfare, and without the elab-
orate tools of modern-day physics. Those
were the days when lightning and solar
radiation ruled the radio-frequency
spectrum. Although this was 73 years
before Bell Labs invented the first real
transistor. men like Dr. Braun learned
some amazing things about crystals.

Ferdinand Braun was born June 6,
1850. He received his PhD in 1872 at
Berlin University. Later, he taught
mathematics and physics at universi-
ties in Marburg, Carlsruhe and Strass-
burg.

Braun's fertile imagination turned to
electricity and rocks in 1874. He studied
the electrical properties of crystals of
galena and other metallic sulphides. He
found that these crystals exhibited a
unilateral conductivity, that is, they
had rectification properties. He looked
further. He found that they showed no
evidence of electrolytic conduction or
of thermoelectric effects which would
account for this one-way conductance.
But man-made electromagnetic radia-
tion had not yet been devised! So, with
no radio-frequency signals to detect,
Braun laid his crystals aside,

As early as 1835, Joseph Henry had
observed, but could not explain, spark
transmission and detection by coherence
of a magnetic needle detector, In 1879,
a vertical water jet was found to have
a reaction (by molecular cohesion) to
a charged sealing-wax stick. The water
cohered by electrical disturbance. ¢ir¢o,
it detected electricity and could detect
r.f. signals. Frog-leg nerves were used
with some success as sensitive current
meters: as such. they could detect the
presence of an r.f, signal. But, of all
things, a prehistoric triholite probably
utilized the first r.f. detector: it had
an organic cavity in its skin which could
detect lightning flashes.

An r.f. detector that retained popu-
ularity for many years was the coherer

made of substances that would cling
together and change their internal con-
ductivity in the presence of an r.f. sig-
nal. Metal filings in a glass tube cohered
by molecular welding in an r.f. field.
which lowered the impedance to a bias
current through the coherer, but they
had to bhe tapped to regain their previ-
ous high impedance. Marconi used the
coherer as late as 1906.

Crystals abounded in nature. Galena
could be found at the nearest lead mine;
silicon literally lined the ocean beaches,
but the hardy pioneers persisted in the
use of other devices, Around 1900, re-
sponders were made of two metal plates
placed very close together, with an in-
tervening electrolyte which formed little

www americanradiohicetorv com

bridges for low impedance conduction,
These bridges were broken by boiling
hydrogen in the electrolyte. The bridges
would soon re-form, giving a detectable
noise in a telephone receiver. Notice
that this device provided a low imped-
ance until it was disturbed by an r.f.
signal. This was opposite to the cohered
devices, and was naturally called an
“anti-coherer.”

Shortly after the turn of the century,
L. W. Austin studied silicon-steel junc-
tions. He found that an em.[. of 25
volts would pass 25 milliamps from steel
to silicon, but would only pass 6 milli-
amps in the opposite direction. He con-
cluded that silicon, at least with a steel
junction, had rectification properties.

After these preliminary studies by
Braun and Austin, little was done with
crystals until about 1905, At this time,
Braun made further studies of crystals,
and persuaded the Telcfunken Rudio
station to use psilomelane (hydrated
barium manganate) as a detector. In
this case, the crystal was placed be-
tween two metal electrodes under light
pressure, and was one of the first
commercial uses of the crystal detec-
tor. Still, few people had faith in crys-
tals, probably because they did not
understand them. What is the magical
property of these rocks? How do they
perform their mysterious task? The
thermoelectric theory was popular, but
it had many deficiencies.

Consider the erystal galena. It was
used as a detector, rather infrequently.
until about 1920, when germanium and
silicon became predominant. Galena is
a lead sulphide crystal, about 8¢ lead
and 1377 sulphur, with a trace of silver,
or antimony. or gold. or selenium. Noth-
ing really impressive. But today it is
seen as an n-type crystal, having an
excess of electrons in its internal struc-
ture.

Pierce. Dunwoody, Pickard, Eccles
and other notable *radio enginecers”
studied crystals in the period from 1905
to 1910. In 1906. General H. H. C. Dun-
woody studied carborundum (an arti-
ficial silicate of carbon}. He found that
it had unilateral conductivity, with or
without a bias, and used it successfully
as an r.f. detector. However, these men
considered crystals as (hernwl detec-
tors. A fine metal point was required
to contact the crystal, and it was he-
lieved that this fine point heated the
crystal in a small area and changed the
impedance of the contact area. They
used such devices as tellurium wire
contacting galena, tinfoil-gaiena.
graphite-galena, and other crystal-
metal detectors.

The crystals worked fine; but there
were complaints about their delicacy

ELECTRONICS WORLD
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and the difficulty of “tickling” them into
aperation. The crystals were far from
pure and homogencous. It 100k a steady
hand to find a good senmiiconducting area,
Since no one understood the crystal as
a concept of pressure contact, it was
pure coincidence that they got the right
pressure and the right area.

Somie later observations proved that
pressure had some effect. A successtul
detector was made with a plumbago
tgraphite) point in light contact with
a piece of galena. Amateurs used car-
borundum crvstals in special jigs, and
regulared the pressure by a thumbserew
until the signals in the telephone re-
ceivers weie the loudest. Other crvstals
used in this period were gatena. silicon,
germaniunm, zirconium. chalcopyrites
{copper iron sulphide), and many more.
The best performers were those con-
taining iron or sulphur.

In 1915, J. A. Fleming obseived that
rectification depended in some cases on
a surface action and in others upon the
internal structure of one of the mate-
rials. He suggested that a distinction be
made between “surface” and “body”
rectification. Another conclusion of this
period was that oxvgen and oxides were
necessary al the contact area to pro-
duce rectification. This is seen today as
a matier of providing an environment
necessary 1o give the required pressure
by the conductling wire. The pressure at
the surface of the ervstal changes the
internal structure of the crystal in a
stmall area.

And so it went, The ervstal was good:

it was bad: it was thoroughly under-
stood: it was a complele mysilery. As
the 1920's roared and went, the *“cat
whisker” crystal detector bowed to the
superior vacuum-tube diode.

About 1947, after much success in
WA II as a radar wave detector, the
marvelous erystal was taken into Bell

Labs for study and experimentation.
After much discussion. the following
theory was expounded. The crvstal.

when refined, had certain impurities in
it. Germanium, for example. had some
impurities in it that gave it a slight
excess ol electrons when it was in a
relaxed state. When pressure was ap-
plied with a metallic contact, the ma-
terial suddenly developed a deficiency
ol electrons in the small area under
pressure. This created a junetjon within
the crystal between the region under
pressure and the unstressed region, A
second electrode {a metallic contact
also providing slight pressure) was
found to have the abilitv 10 control the
action of the other junction. This el-
fectedt amplification: a small input cur-
rent controlled & large output current

The point-contact (ransistor came
into being. This eleciron-excess and
clectron-deficient condition was later

reproduced without pressure in a crys-
tal, and the junection transistor was
born. The junction transistor is rugged,
dependable, and reasonably inexpensive.

Much has been learned about the
crystal since that first formal
but even greater secrets remain locked
in the rocks.

stucy, |

Multicore Sales Corp.

For information,
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Port Washington, NY.
write Department MR42
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DELTA ‘Qudlity Tested RADIO & TV TUBES’ |

FREE

POSTAGE
on ALL

. 014 .63
1AX2 s0
re al 183/163 [63
1RS <43
154 +49
153 41
ite a6
L] . ] 1u4 34
ius .40
1v2 .45
Urd 1X2 .66
2BN4 51
2CYS .56
2CwW4a .89
2FHS .51
3A3 .61
3ALS .34
3AaUS .43
3AVE .33
3BCsS .43
3ABEG 42
38N4 .51
3BNG 61
38UB .62
38Y6 .44
3BZ6 .44
3cas .43
ICFS .48
Cs56 la2
IEvs 56
JOKE .48
3oTe “a0
354 +49
3ve 46
4AUG 43
4BCS w7
48Q7 «B1
4858 .78
4RIS .46
4827 .77
4CB6

TERMS: Send 25% deposit with COD orders.
Include approximate postage with Foreign and
Canadian Orders. Add 25¢ handling charge on
orders under $5.00. Mdse. subject te prior
sale.D2duct 10% on orders of 100 tubes or more.

October, 1962

* MADE IN US.A.

o ATTRACTIVELY
BOXED AND BRANDED

ALL OTHER I'UBES AVAII.ABI.E AT COMPARABLY LOW PRICES.

CIRCLE NO.

I GUARANTEED T 5“" )

Delta Tubes are each carefully and compieleirf
laboralary lestes stler which each fybe 13 gl
Vractively bostd. brandrd and code gated Tubes
are edher new or used and each iv clearly
marneg. Every Delta lubt 15 uncenditionally
Guaranteed and wll be replaced iree of tound (of
De getective 2ad returned postpacd walhin 1 year
trem date of purthase

S

&

b“ "ﬂ,rﬁrn,.fsgs

.49 6AUS 6CB6 &

S5AmME .63 6AUG .JS 6CD& 1.14 Sg‘A"
S5ANA .69 6aUS +61 G6CES .46 65K7T
5aQs .42 €AVS .80 €CF6 .51 65L7
SAS4 -53 6AVSE .33 &6CG7T 43 6SNT
SATA .64 €aws .63 6CGS 62 65Q7
SAva 81 6AX4 46 6CHE -T6 678
58K7 .66 6AXS =34 6CLE .78 6vs
sBQ7 .78 €axs .74 6CL8 .63 6v]
SBRS .63 6AZ8 «30 6CME .81 €ve
5CGB .61 6Baé .40 &CM? 83 w4
SCLE8 .61 6Bas8 .70 6CNT .52 6W6
SCQs .67 6BCS .61 6cqQ8 67 x4
SCM6 .48 6BCa .78 6CS6 .46 6X8
$J6 -S54 6806 .46 6cs? .58 7aU7
578 .65 6BEG .44 6Cus .83 8AWS
5U4 .48 68G6 1.33 6Cw4 .83 ace?
SUB .65 GBHE .52 6CXS8 .73 acmT
sV 72 68HB .70 6CYS 56 8CX8
5XK8 .62 G6ENKS 74 6cvY? .87 9aAU7

Y3 .37 6816 .50 6CZS -$6 10DETY
€ABas .37 6AK? .68 6DAS .54 100R?
6ACY .67 6BL7 -80 6DE6 .46 1icy?
6AF3 .58 N4 46 6DG6 .47 12aQ%
6AF4 .68 6BNG -59 6DQ6 .88 12AT6
6AGS .48 6BNS 61 GORTY .68 12477
6aM4  .6S 6BQS .52 €0T6 43 12aV7
6AHE .73 6BQ6 6EAS .63 12aU6
6aKS 67 SCUG .84 6E@B .66 12avs
6aLs .38 €8Q7 -80 GEMS .61 124V6
6ama .55 6BRS .62 SEM7 .66 124VT
6ANS .74 6BS8 T2 6ESE 1,16 12aX4
€4Q5 .37 €BUS .56 SEUS .63 12AX7
6AQ7 .80 6BXT .82 6EVS .60 12a27
6ARS .44 68YS +92 BCHE .64 1284
6ASS .48 6BY6 .43 6GM6 48 12BA6
6AS8 -76 6B26 .44 645 .41 12BD6
6ATE .24 6BIY .81 6J6 47 12BEG
6ATB .63 €BZ8 .B7 616 .50 12BF6
6AUS ST 6C4 ER) 6L6 85 12BM7
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» ORDERS SHIPPED SAME DAY RECEIVED

+36

164 ON READER SERVICE PAGE

BACK

* NO MINIMUM ORDER

L]
5642

e 1 YEAR UNCONDITIONALLY GUARANTEED

* 5 DAY MONEY

OFFER

.so

49
1,45

SEND FOR FREE TUBE LIST.

DELTA ELECTRONICS €O

4213 University Ave., San Diego 5, Calif. ® Phone: 281-9759

Dept.
e EWI10

Special
10%
Discount

ON ORDERS OF
100 1UBES OR
MORE

QUANTITY USERS,
INQUIRE ABDUT
DUR PRIVATE
BRAND' PRICE DEAL
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10,000 Things Electronic To Enjoy

10,000 WAYS TO SAVE IN
Famous RADIO SHACK CORPORATION'S

Brand New 1963 Electronics Catalog

HADIO

RS AR
3 Reasons WhY

s =

O Gl .
et ¥ . N
~ -

PTL

7963 RAO/O SHACK

Partial List of Products in our New 1963 Catalog

¢ Amateur Radio
* Antennas

* Batteries

+ Books
 Capacitors
Controls

Hi Fi
Microphones
Needles
Phonographs

106

S

corPORAT!
e

FolsA

230 Lommnae 3" Avanue

€rame

i

onN
Wats

steree tnF

Amenica s Leade!

e Public Address
s Radios

¢ Resistors

* Tape Recorders
» Test Equipment
* Tools

* Transformers

e Transistors

e Tubes

e Wire

aptn AN ERSARY $3u€

HACK | 1963

vt omie Gt N 18
LY L

284 pages
over 10,000 items

FOR YOU AND

TWO FRIENDS
Mail Card Today

The Radio Shack Story

Radio Shack Corporation of Boston,
Massachusetts is one of America's big 3
distributors of things electronic to the
general public, industry, craftsmen and
hobbyists. We offer a complete selec-
tion of precision built products by mail,
through stores, and direct to manufac-
turers. Our exclusive REALISTIC® line of
electronic products is famous nationwide
for its high quality, dependable service
and fine values. Our selection of national
brand products is the largest in America.

Radio Shack Corporation has been serv-
ing the nation since 1923 —from the
very beginning aof the electronic age.
This yeor over 2,000,000 people—
music devatees, ham aperatars, ama-
teurs and professianals —will shap from
our cotalog because they get the mast
value far every penny they spend an
their favarite praducts . . . they will buy
on the easiest terms, cash ar credit . . .
they are assured by our guarantee of
getting the most satisfaction an every
purchase. Radio Shack Carporation in-
vites you ond your friends to get your
share of these savings ond satisfoction
by moiling the card opposite today.

ELECTRONICS WORLD
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RADIO SHACK’S ¢ F2EALISTIC\

FIRST IN CITIZENS’ BAND COMMUNICATION \WAWAW,
For the finest in Citizen Band equipment in |
Kit or Wired form, see our exclusive Realistic l #

line in Radio Shack’s big new 1963 Cataleg.

NO MONEY DOWN CREDIT TERMS | '

Take up to 2 years to pay.

TRC-8 CB TRANSCEIVER KIT

e 8 Crystal-Controlled Channels!

e 23-Channel Dual Conversion Receiver
REALISTIC® gives you $200 worth of quality at
olmost half the price! Tunable dual cenversion super-
het, tuned RF stages, squelch control, combination
**$’" and power input meter, dual 117 VAC—12 vDC
supply, push-to-talk mike! Made in U.S.A. Wt. 13 Ibs.

21P1053, TRC-8 Kit.....$6 Mo., Net 109.95

8-Channel Citizens

Bt;nd Transceiver Kit 109-95

21P1054, TRC-8 Wired........ $8 Mo. 139.95 ‘Realistifone’
Wolkie

TRC-2 9-TRANSISTOR TRANSCEIVER Talkie

¢ Exclusive AC Power Base! | 39.95 |£']

¢ Superhet Receiver!

; Palice Bond

E Compact 9-transistor portable for 2-way com- 9-Transistor i x 59 9-5
munication up to 1 mile! Includes carrying case, an- . X AMFM Receivers
tenna, earphone, batteries. Wolkie-Talkie 34'95

21P941594, Sh. wt. 3 lbs......... Net 34.95

“REALISTIFONE’’ TRANSCEIVER

¢ Save $5 Off 1961-2 Price! E
¢ Thousands of Delighted Users! New 6 Meter
New Walkie-Talkie with range to 1 mile. Simple Amateur

Transceiver

109.95

push-to-talk operatian. Rugged, compact, portable
unit includes battery, carrying cose, earphane, an-
tenna. No license needed. Wt. 3 Ibs.

21P1001, TRC-2......... $5 Mo., Net 39.95

SAVE! AM/FM POLICE RECEIVERS
Choose 30-50 or 148-175 mc Models 5-Chonnel Citizens
e et i . .
For Live-Action Drama as it Happens Bond Tronsceiver 69.95
m Save $10 on our rugged REALISTIC® FM and AM
Police Band Receivers! ‘*Cammunicatians-gray’’ metal
cabinets, tuned or crystal-controlled (30.50 mc anty);
3 IF stages; tuned RF stoge. 117 VAC, 14 |bs,
20P1080, RP-30/50...... $5 Mo., Net 59.95
20P1081, RP-148,175...... $5 Mo., Net 59.95

NEW 6 METER TRANSCEIVER KIT

Dual Conversion Receiver

B Compare features, price, with $150-$190 wired
units! Has built-in  *'S’"  meter; <rystal-controlled
transmitter; push-to-tatk power input meter; powerful,
multi-stage, mike; ANL; squelch. Made in U.S.A, 117
YAC, 12 ¥DC dual power supply.

(=]

3-Ch I Ciri .
ﬂu:;r';"ran:::::: 89-95

MAIL THIS ORDER FORM TODAY

20P1098, Kit, 15 lhs........... Net 109.95 5 .
20P1099, Wired......... $8 Mo., Net 139.95 | Radio Shack Corporation P.O. Box No. 309 I
Boston, Massachusetts 62Ké
TRC-5 CB TRANSCEIVER | |
¢ Tunable Superhet Receiver! I
® 5.Channel Operation! Name _ - . I
Double the transmitter power af competing units! I Address Please Print I
0.005%, stability; squelch control; ANL; tuned RF . r
stage; push-to-talk mike; transmit crystal. Made in I City & Zone State l
U.5.A. 117 YAC. 12 ibs. Please send me the following items:
21P45DX391, TRC-5...... $5 Mo., Net 69.95 I gS'oﬁclN:_ _Qu_omifyT Norr:;f Item | Price each ‘_To_'oI_Price R I
TRC-27A CB TRANSCEIVER SR — J[ - S
¢ 3 Crystal-Controlled Channels! I - _—— S I
® Thousands Now in Use! Check or Money Order En- Total for Mdse.
REALISTIC's exclusive TRC-27A provides 15-twbe | coseq (Mo Stamps. Mo C.OD.a  |AmI. for |
performance vio 10 tubes with 5 dual stoges. Deluxe ' T Postage
solid-state DC power svpply for both 117 VAC and I *Express Charges collect on delivery S . I
12 VDC! Superhet receiver with RF stage. Push-to-talk . . o *Tax
mike, channel 11 crystals. 12V, Ibs. | iConn. residents add 3V2%. R.I. ?OKL7;HJG +— l
21P94LX595, TRC-27A ..........Net 89,95 | _residents odd 3% Sales Tox Akttt —

L
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FREE Catalog

OF THE WORLD'S FINEST

-’; X ELECTRONIC GOV'T
: SURPLUS BARGAINS

DC SUPPLIES

Operate from 115 volts 60 cvcle
and arc complete with Trans
former, Rectifi-
er. Capacitor.
Switeh Line
Cord.
Light.
4 Fuse ete. Indi.
cated ratings
are for load
conditions.

Dual output 12/14 or 24/28
VDC @ 6 amps Size: 7 X
6! x 13" Wt.: 17 lbs.—
STK =2PS-12/24VDC6A:
KIT of Parts . ... %20.00
Wired complete .. 24.95

Output 1214 Volts DC @« 6 amps. Size: 512 X
91, x 5”; Wt.: 153 lbs,—STK #PS-12VDC6A:
KIT of Parts. . $14.00 Wired complete. . $18.95

Output 24/28 Volts DC @ 4 amps. Size: 532 X
01, X 5" Wt.; 12 Ibs-—STK £PS-21VDC4A:
KIT of Parts. .$13.00 Wired complete. . $17.98

Qutput 12 14 Volts DC w 4 amps. Size: 31: X
91, x 37 Wt 12 lbs.—STK =PS-12VDCHA:

KIT of Parts. .$10.00 Wired complete . .$14.95
Output 24728 Volts DC « 11 amps. Size: 7 x
6 X 57 Wt 6 Ibs.—=STK £PS8-24VDC1.5A:

KIT of Parts. . $ 8.00 Wired complete . .$10.95

Qutput 12/14 Volts DC « 2 amps. Size 7 X 6 x 37

Wt.: 7 Ibs.~—S8TK =PS-12VDC2A:

KIT of Parts. . $ 7.00 Wired complete. . $ 9.95
AC POWER SUPPLIES
FOR RECEIVERS

R-77/ARC-3 . .. 5’1‘;";0

8c-923 .
BC- 503/583 .

16.00 .
10.00.

PARABOI.IC ANTENNA

ANTENNA REFLECTOR—
Four (4 Foot diameter Alu-
minum Parabolic Dispan t¥pe
with 21" antenna feed, and
3” round mounting for
1-5 16" x %" wave auide.
Four mounting bruackets with

hardware. Painted gray. Net
Wi.. 55 lbs
Price ........... £29.95

Price — ‘with heater defrost

attachment: ....... §39.95

Same as above—Six 16) Ft. Dia. ... ..... $49.95
(Not available with defrost attachment.

REFLECTOR ANTENNA—Plane (flat) type config-
uration. Aluminum 8’ L & 8’ W, Mounted by frame-
work Of Reflector and 'L shaped bracket. with
necessary hardware & guys. Approx. Net Wt.; 125
Ibs. Shpg. Wt.: 375 Ibs. Price....$75.00 (Photo
sent on request.)

Address Dept, EW s+ Prices F.O.B.,, Lima, O, o
25% Deposit on C.0.D.'s * Minimum Order $5.00
SEND FOR CATALOG!

FAIR RADIO SALES
2133 ELIDA RD. - Box 1105 - LIMA, OHIO
CIRCLE NO. 119 ON READER SERVICE PAGE

. ELECTRONICS

V.T.l. training leads to success
as technicians. field engineers.
specinlists in communications.
guided missiles. computers.
radar and automation. Basic &
advanced courses in theory &
laboratory. Electronic Engi-
neering Technology. an ECPD
accredited Technical Institute
curriculum. Assoc. degree In
29 mos. B.S. also obtainable.
G.1. approved. Graduates in all
branches of electronics with
major companics. Start Feb..
Sept. Dorms. campus. High
school Rraduate or equivalent.
Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Valparaiso, Indiana
e R e e B R SR ||
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"“SINGLE-SIDEBAND COMMUNICATIONS
HANDBOOK hy Harry D. Hooton.
W6YTH. Published by Hotcaird W. Sams
& Co.. Inc.. Indianapolis. 278 pages plus
schematics. Price $6.95.

As the spectrum becomes more
crowded those involved in communica-
tions are casting around for better ways
of utilizing the available space. For
this reason single-sideband stands a
good chance of hecoming more popular
not only with amateur radio operators
but with communications technicians
and engineers.

The text, which is divided into thirteen

chapters, covers the origins of SSB, der-
ivation of signals, carrier-suppression
techniques, sideband selection, carrier
generators. speech amplifiers and fil-
ters, SSB generators, balanced mixers
and converters, low-power SSB trans-
mitters. linear r.[. power amplifiers,
SSB comnmunications receivers, tests
and measurements. and trends, In addi-
tion the volume includes foldout sche-
matics and hundreds of illustrations
and circuit diagrams.
“"HIGH-QUALITY SOUND PRODUCTION
AND REPRODUCTION” by H. Burrell
Hadden. Published by Iliffe Books Lid..
Stamford Street, London S.E.1. Price
43 s/5 d by mail.

This is another in the BBC Training
Manual series and covers the basic prin-
ciples of sound and electricity, the the-
oty of musical instruments, studio
acoustics, studio equipment (micro-
phones. speakers, studio control desks,
remote broadcasting and p.a. equip-
ment), microphone placement for dif-
ferent types of programming, volume
control, and stereophony.

Although almost all of the equipment
discussed is European in origin, the
basic principles involved are universal
hence this volume can prove valuable
to U.S. broadecast engineers. The text
is lavishly illustrated with line draw-
ings and photographs of actual installa-
tions and equipment.

3 % &
“COMMUNICATIONS DICTIONARY’ by
James F. Holmes. Published by Joha F'.
Rider Publisher. Inc.. New York. 88
pages. Price §1.50. Soft cover.

This handy little reference work con-
tains more than 2500 terms in the field
of telecommunications and data proc-
essing. Up to seven definitions are in-
cluded for a single term to encompass
all possible meanings for the word.

In addition to those actually working
in the field. this volume will be of help

www americanradiohicetorv com
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to those who are only secondarity in-
volved in telecommunications and/or
data-processing equipment.
£ #® *

“AVIATION ELECTRONICS HANDBOOK"
by Keith W. Bose. Published by Howcared
W. Sums & Co.. Inc.. Indianapolis. 216
pages. Price $4.95. Soft cover.

This volume has been prepared for
the benefit of aircraft owners, pilots.
technicians, engineers, and others con-
cerned with specifying, installing, and
maintaining the electronic equipment
in planes.

The text is divided into eleven chap-
ters covering standard Comm/Nav sys-
tems. the aviation radio spectrum. com-
munications systems, v.h.f. omnirange,
instrument landing systems, automatic
direction finders. distance-measuring
equipment, radar beacon transponders,
airborne radar, shop facilities and reg-
ulations, and aireraft installations.

In addition to providing complete in-
structions for the use, operation. and
maintenance of such equipment, the
book describes in detail many of the
circuits used in the most popular com-
mercial units.

& *
“"TRANSISTOR RADIO SERVICING MADE
EASY” by Wayne Lemons. Published by
Howeard W. Sams & Co., Ine.. Indianap-
olis. 121 pages. Price $1.95. Soft cover.

This is a ho-nonsense approach to the
servicing of transistor receivers to elim-
inate waste motion and increase profits.
Written by a practicing technician for
the benefit of his fellow service techni-
cians, the text is presented at a profes-
stonal level and is designed for those
with a good background in radio theory.

The twelve chapters provide basie
coverage of transistors; mixer-oscillator
circuits; if. circuits and their repair;
detector and a.g.c. cireuits: servicing
the audio stages: over-all service tech-
niques: rapid diagnosis and repair:
alignment and tracking: repairing “un-
der par’” radios; noise. oscillations.
squeals, and motorboating; tools and
equipment: and where to get replace-
ment parts, plus a list of the importers
of Japanese transistor receivers.

* 3 *
“COMPUTER ARITHMETIC'* by Henry Ja-
cobowitz. Published by John F. Rider
Publisher. Inc., New York. 118 pages.
Price $3.00. Soft cover.

Anyone involved with computers will
probably find this small volume invalu-
able as a brush-up text on basic arith-
metical operations of positional number
systems. There are detailed explana-

ELECTRONICS WORLD
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tions of the fundamental operations of binary, octal, hexa-
decimal, and ternary arithmetic and a variety of practice
exercises by means of which the reader can test his compre-
hension.
Er s %

“TRANSISTOR CIRCUITS" Dy Thomas M. Adams. Published by
Howard W. Sams & Co., Inc., Indianapolis. 132 pages. Price
$2.95.

This is the fourth volume in this publisher’s “Basic Elec-
tronics Series” which features the firm's unique four-color
diagrams to explain circuit operation.

The text material is divided into five chapters covering
transistor physics, basic transistor configurations, oscillator
and amplifier circuits. and detector circuits.

While some prior experience with electronic circuitry
would be helpful, this text is written in such a way that the
volume can be used as a refresher for the experienced as well
as a basic course for the beginner.
“PRINCIPLES AND PRACTICE OF ELECTRICAL ENGINEERING" by
Alexander Gray & G. A. Wallace. Published by MeGraw-Hill
Book Compuny, New York. 592 pages. Price $9.50.

It will be good news to a new generation of students to
know that this tried-and-true text has been revised and up-
dated and offered in its Eighth Edition.

In keeping with the changing emphasis on electronics. the
hook has been revised to place new stress on semiconductors,
junction rectifiers. transistors. and magnetic amplifiers as
well as providing additional data on control circuits of var-
ious types.

Since this is primarily a classroom text, the volune carries
a number of problems and experiments for the student. all of
which have heen re-evaluated and up-dated in the light of
present practice.

* % &
“RADAR POCKET B8OOK"™ by R. S. H. Boulding. Published by
D. Van Nostrand Company. Ine.. Princeton, N.J. 244 pages.
Price $4.50.

This small volume fills the need for radar information
which was heretofore available only in bits and pieces from
various sources.

The coverage is fairly complete and discusses the elec-
tronic principles and formulas forming the basis of radar.
typical circuit diagrams of various units comprising a radar
installation (transmitters, receivers, transmission lines,
waveguides, cavity resonators, antenna systems, data trans-
mission, servo systems. and cathode-ray tube and display
systems), testing and required test gear, and a discussion of
secondary radar,

For those involved in the design. installation, operation. or
maintenance of radar gear, this handy manual should come
as a blessing.

* * *
“TUBE SUBSTITUTION HANDBOOK' by Sams Staff. Published by
Howard W. Sums & Co., Inc., Indianapolis. 112 pages. Price
$1.50. Soft cover.

This is Vol. 4, a completely up-dated and expanded hand-
book covering over 1400 more tubes than its predecessor
volume. There are now 6627 recommended substitutes cov-
ering receiving tubes, industrial, foreign-to-U.S., U.S.-to-
foreign, picture-tubes. and subminiature types.

Compact enough to be carried in the tube caddy or used
on the service bench. this handbook should help speed repairs
by eliminating delays involved when special tubes have to
be ordered. A

The American Federation of Information Processing Societies has
announced the availubility 6f copies of its “Proceedings of the 1962
Spring Joint Computer Canference.” a compilation of papers of inter-
est to students of computers and technical libraries, Copies are arail-
able from The Mational Press, 850 Hansen Bay, Palo Alto, Cal. 56.00
a copy. postage prepaid.
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CONVERT YOUR CAR TO CAPACITIVE
DISCHARGE ELECTRONIC IGNITION

MOTION INC. El-4
KIT FITS ALL 12-
VOLT NEGATIVE
GROUND CARS

GIVES UP TO 100,000
MILES OF TROUBLE-
FREE IGNITION
OPERATION

Slashes Maintenance and Fuel Costs ... Fires Fouled Plugs, Pre.
vents Worn Points ... and Resultant Timing Problems ... Assures
Full Power at High RPM ... Fast Starts in Zero Weather ..
Permanent "Top-Tune” Performance ... Quickly Pays for Itself. ..

. Gives

Road and Race Tested...Easy to Install...Takes Less Than 1 Hour.

The EI-4 Electronic Ignition is the first major breakthrough in

automotive ignition in fifty years. The use of an electronic circuit
to by-pass over 90% of the primary current around the breaker
points, plus capacitive spark discharge, helps overcome the six
basic weaknesses of conventional ignition systems:
* Power loss due to mis-firing at low speeds ¢ Power loss due to
voltage drop at high speeds ®* Fuel waste due to off-time firing
* Slow starting under cold engine conditions ® Excessive wear
on points by current surges and arcing * Plug misfire due to
carbon or oil build-up.

The high-energy, transistor-capacitor circuit works with stand-
ard batteries and spark plugs in any make of 12-volt engine
regardless of age or condition, It provides a wave-front some 50
times steeper than that supplied by the induction coil of the con-
ventional ignition system. It is this almost instantaneous rise to
firing voltage that prevents leakage and mis-firing and utilizes
the full energy of this new system.

The EI-4 system has demonstrated its efficiency, reliability
and economy on the race track and in tests by truck and taxi
fleets, spark plug manufacturers, oil companies and automobile

manufacturers.
]
{ 1}

How El.4 Protects Breaker Points
Poinls a1l lefl. from EI-4 Syslem. show almost
complete 1ack of wear after 100.000 miles. luen-
©ca) points, used under same condilions in Con-
venhignal 1gmtion system. but run only 10.000
miles, are badiy burned. nced replacng.

Fires Fouled Plugs Like This

Plugs thal won'l hire wilh conven-
hional igmtion. fire berfectly every
time with the EiI-4 System.

The Motion Inc. Capacitive Discharge Electronic Ignition Sys-
tem should not be compared with cheaper “transistorized” units.
EI-4 has two distinct exclusive advantages—capacitive discharge
and compatibility, It is installed as a dual system. The kit in-
cludes hardware, wiring harness, warranty, detailed installation
instructions and a theory and application manual. Based on all-out
competition, the EI-4 is the outstanding value at any price. It will
quickly return the investment in economy and satisfaction.

SEND FOR FREE BOOKLET NOW ]
Motion Inc. I
|

Subsidiary of Tung-Sol Electric¢ Inc.
1 Summer Avenue, Newark 4, N. J.

Without cost or obligation, send complete technical information.

Enclosed 1s check for $125.00. Please rush Capacitive Discharge
Electronic Ignition Ei-4, prepaid. l

Name._ _
Occupation— S

Make of Car. S
Street___ — _
City.

—Age

___Class__

&

e

o
=]

[
|

-—-—--—-1
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FILAMENT TRANSFORMERS

All 110 VOLTS—60 CYCLES unless noted

Lec. G.3 ¥, .6 A, T3¢

ReC. hiral.ilil . : .
jec. H3 ¥V 4 A Sec. &,k ¥, 25 A,
mec, &4 VS AL SJVIDA.S\ISA i RS
Sec. S V 52 Amps {16 KV Ins) L7 wR
220 V orl. Sec. S V 42 AmpPs (B KV Ins.) BLA S
LW,

220 V pri. Sec. 1.6 V 1100 Amps
Step-Down Trans
220 V 10 110 V 60 ¢¥Y. 500 watt

$10.95

AMERTRAN PLATE TRANSFORMER
Primary 105-125 a¢. 60 Cy. Secondary
3100.0.3100 v. A¢ @

12 KVA) Price ea, $75.00

PANEL
z Meters o
100 IOD Micra. $2 e

01 TS west
0-50
0.40
400 15 Amzs

.
%
E METERS
s 2 110V, 60 cy 0-99,
v“"’ Fram Fred. Meter 115
Meters 57.5 10 62,3 cyeles.
P et AL L 11 ‘reeds .98
SILICON RECTIFIERS
RO 50 50 Amps

0.15 voits aC,
2,5 KV,
Running T

Sa% hrs.
Current Price | PIV Curment
500 Ma % .28 | s00 2 AmbDs
100 15 AmPs a.50n
200 15 Amm X%
1
3
.35 | 100 S0 Awms .7
200 S0 Amps !

BRAND NEW OiL CONDENSERS

50 MFII,) 2 MED i VI

4 MFD 0w A

'(Jl) VDC 4. 50
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PEAK ELEcTRONICS CO.
66 W. Broadway, New York 7, N. Y., W0-2-2370
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PNIIEAVV 4SS

A hyper-sensitive, high

gain. self powered

SIGNAL TRACER

= S

= T

The |
MINI-
TRACER |

+

'Calendar of Blvents
/ —

|0CTOBER 1-3

Eighth National Communications Symposivm.
Spansored by PGCS, Rome-Utica Section of IRE.
| Hotel Utico & Municipal Auditorium, Utica, New
York. Program details from George Baldwin,
Paris Road, R.D. =2, Clinton, New York.

OCTOBER 2-4

Eleventh Annual Symposivm on Space Electronics
and Telemetry. Sponsored by PGSET. Hotel Fon-
tainebleou, Miami Beach, Fla. Program details
from Otto A. Hoberg, George C. Marshall Space
Flight Center, NASA Redstone Arsenal, Ala.

|OCTOBER 2-6

New York Hi-Fi Show. Sponsored by Institute of
High-Fidelity Manufacturers, lnc. New York Trode
I Show Building. Open to public Oct. 3-8.

OCTOBER 8-10

National Electronics Canference. Spansored by
| IRE, AIEE, et ol. McCormick Ploce, Chicago, 1lli-
]nons Dr. Thos. W, Butler, Jr., E.E. Dept., Univers.
ity of Michigan, Ann Arbor, Michigan, for pro.
gram information.

| OCTOBER 12-13

WSevenrh Annval Electranics Symposium. Spon-
sored by North Carolino Section of IRE, Greens-
boro Coliseum, Greensbore, N.C. Program infar-
mation from H. W. Augustadt, 2818 Regency
I Dr., Winston-Salem, N.C.

19th Annual Meeting of American Medical Writ-

| e

S

ers Assn. Sheraton Park Hotel, Washington, D.C.
Details from John Sargeont, Medical and Chi.
rugical Foculty of Marylond, 1211 Cathedral St.,
Boltimare 1,

OCTOBER 15-17

URSI-IRE Foll Meeting. Sponsored by URSI, PGAP,
CT, I, IT & MTT sectians of IRE, PGGE. Ottawa,
Conado. Program infarmation from Dr. J. H.
Chapman, Def. Res., Telecom Est., Shirley Bay,
Ottawa, Canado.

OCTOBER 15-18

Internationol Symposium on Space Phenomena
and Measurement. Sponsored by PGNS. Statler-
Hilten Hotel, Detroit, Michigan. Program details
from Michael lhnat, Avco Corp., 201 Lowell St.,
Wilmington, Mass.

1962 instrument-Avtomation Conference & Ex-
hibit. Sponsored by ISA. New York Coliseum,
New York City, Information from 1SA, 530 Wil-
liom Penn Place, Pittsburgh 19, Pa.

OCTOBER 15-19

Fourteenth Annuval Fall Convention & Exhibit.
Sponsored by Audio Engineering Society.
Barbizon-Ploza Hotel, New Yark City. Progrom
information from AES, P.O. Box 12, Old Chelsea
Station, New York 11, N.Y

OCTOBER 19-20

Denver Stereo Hi-Fi Shaw. Writers' Manor Hotel,
1730 8. Colorado Blvd., Denver. Full details fram
Norman J, Murfield, Praducer, 7930 Maria St.,
Westminster, Colo.

OCTOBER 22-24

East Coast Conference on Aerospace & Naviga-
tional Electronics. Spansored by PGANE and Bal-
timore Section of IRE. Emerson Hotel, Baltimare,
Md. Details from W. C. Vergora, Dept. 466-2,
Bendix Radio, Towson, Md. A

~ LEARN FM
2-WAY RADIO

SERVICING
AT HOME

"« Earn More Money
+ Build a Better Future

for electronic and mechanlcal equspment

: ,gfiﬂ \*,ru lﬁ..

TV and RADIO
service

Preventative
mantenance

Indispensable to the Electronic Engineer in development work and to the
Maintenance Engineer in the detection of failures.

LR wellenae

! o ) Indd fet Yuar Iw
i ' e tange mmumomnzrn:stmnvtsconr

taniis
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Advancement and increased earnings are waiting for you in
the expahdlng communications field. The Motorola Training
Institute’'s home study course in FM 2.way radio servicing can
enable you to take advantage of these profitable opportunities
now. Learn all about servicing the new transistorized equipment
. . . learn advanced techniques for handling complex service
praoblems easier and faster.

In addition to this wealth of practical application knowledge,
you will also be preparing rourself for your 2nd Class FCC Radio-
telephone License. Far full details, send coupon today. There is
no obligation and no salesman will call.

‘MOTOROLA TRAINING INSTITUTE

4545 West Augusta Boulevard » Chicage 51, lilineis « Dept. AEF230

Please send me full details on the Motorola Training Institute’s
planned home study program on FM 2-Way Radio Servicing.

By o e e e e —— ——

t
)
) Inow hold_ _FCC License.
1
: Name_ e = N S
]
: Address. — — S,
: City. _ _Zone____State
CIRCLE NO. 160 ON READER SERVICE PAGE
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Mac’s Electronics Service
(Continued from page 40)

added a plus or minns 1 count error that
is inhereut in gate-and-connt type of in-
struments. A maxinnnn error of 9 cveles
in 100000000 cveles is darned good
counting in my hook!”

“And in mine, too. [ suppoese the gate-
time is regilated by the time-base.”

“That's right. The gate can be held
open for 001, .01, .1, 1, or 10 seconds
or can be opened and closed manually.
The read-ont is in kilocveles, and the
decimal point is moved antomatieally as
the gate-time is shifted. For example, in
reading o 10-me. frequencey with a 1-sec-
ond gate-time. the connter reading
would be 10000.000. At .1 sccond. it
would be 01000000 at 001 second it
would be 00010000,

“Can the thing do anvthing else but
check frequencies?”

“Oh ves. You remember my uncle
could either connt telephone poles for
a given length of time or he could see
how much time passed between mile
posts. The 521C will do the same thing.
You can reverse conmections and feed a
standard frequencey from the time-base
into the connter circiits while an -
known frequency is fed to the gate eir-
enit. The gate is opened on one evele of
this unknown frequency and closed on
the next. During the time the gate is
open, the comnters total the ceycles of
the standard frequencey fed to it and dis-
play the connt in time units of micro-
seconds, milliseconds, or seconds with
proper decimal notation. This method
of measnring the period of a frequency
gives more accurate resubts with very
low frequencies.

“For that matter, the gadget will connt
pulses of any sort up to a maximnm of
10.1 million per second. The gate can be
opencd and closed manually for any
length connting period desired.”

“T still don’t nnderstand your sudden
interest in this rather exotic instroment.”

“It’s not so exotic. Now I can recog-
nize them. I've seen several clectronic
counters by various manufactorers in the
eugineering departments  of factories
when I've been on indnstrial service
calls. My thinking is this: the service
technician of the future will be using
such an instrament in his everyvday work.
True the price will have to come down
somie before he can afford one of these
instriuments, but that will happen. Al
ready the use of transistors is making
counters lighter and more compact. A
new Hewlett-Packard unit. the 3243L,
weighs less than 40 pounds and can be
casily carried in one hand; vet it has a
maximunn counting rate of 20 mce. and
retains  the accuwracy of the heavier,
bulkier tube tvpe.

“You've told me the cathode-ray oscil-
loscope was once consicdered an ‘exotie’

October, 1962

instrument; vet now it is a necessity. The
same thing will happen to electronic
connters. Think how nice it would be to
be able to check guickly and really ac-
curately the burst frequency of a color
TV set or the eritical output frequency
of a signal generator. Electronic equip-
ment is growing more complicated and
sophisticated every day, and test equip-
ment is going to have to keep pace.”
Barney pansed a few sceonds and then
went on: [
“I think it does me good now and then
to study and try to understand some of
the wonderful things being done with
clectronics ontside the field of radio and
TV service. Whenever 1 start thinking
I'm a hotshot electronics technician, all
I have to do is take a look at some of
the circuitry of that connter and  this |
shrinks my ego back to size.” |
“That's the thing that counts!” Mae
said with an approving grin. A

Service Transistor Sets
{Continued from page 58)

of base, emitter. and collector voltages.
2. A far from normual base voltage usu-
allv means trouble v the base cireuit.
3. An open emitter cirenit canses a loss
of forward bias between cnitter and
base. -k An open collector circuit puts
emitter and collector at the same voltage. |
3. A leaky transistor will canse abnor-
mally high collector current and may
reduce or reverse the forward bias.

Checking Transisiors

Many service-type transistor testers
are on the market. On the other hand,
some  receiver mamfactirers  recom-
mend in their service data that snch units
shonld not be relied on. While the vari-
ons checkers vary in their capability, we
have often found transistors that operate
satistactorily in their cirenits bt test
“had.”™ We prefer to rely on voltage meas-
urements and elmination checks to spot
a defective trunsistor guickly.

Resistance measurements also help.
You can locate open base connections
and, with experience, recognize exces-l
sive emitter-collector leakage. A transis-
tor is actually two back-to-back diodes
(Fig. 6) with the base common to each:
the emitter-base ane collector-base di- |
odes. For each diode, vonr ohmmeter
shonld measure a lower resistance with
one polarity of the meter beads than is |

Fig. 6. Forward and reverse resistance

of transistor *‘diodes’” can be checked. |

www americanradiohictorv com

Now...build your
own TOP UU%LITY

L

Assemble America's First
COMPLETE TV SET KIT

Enjoy a new sense
of accomplishment

PERFORMANCE
GUARANTEED

You don’t have to know Electronics
to assemble Conar’s "Custom 70.”
Anyone can build it with a screwdriv-
er, pliers, and a soldering pencil or
iron. A fascinating, practical project
that rewards you with years of superb
viewing from this professional, com-
pact, attractive receiver. Conar's
“Custom 70" Kit includes everything
you need — chassis, tubes, cabinet,
parts, aluminized picture tube, com-
plete instructions and picture dia-
grams for easy assembly. Every part
of highest quality. MONEY BACK
GUARANTEE.

Guaranteed by| SEND $2.00
NdRI ;vith a rec- for

ord of nearly 50

years of pioneer- ASSEMBLY MANUAL
ing in electron- Credited
ics. Use order| g your order
form below.

CONAR zz:
National Radio Institute

CONAR kBzca
3939 Wisconsin Avenue, Washington 16, D. C.

Enclosed is $135.00. Ship complete TV Set Kit
at once. I will pay shipping costs upon receipt.
1 underatand the pricea include 10°; U. S, tax,

Enclosed is $2.00 for Assembly Manual. Send
me facts about monthly payment plan and
“Custom 70" booklet,

(]
O

Send me facts about monthly payment plan
and "“Custom 70" booklet.

Name.
Address.

City.- Zone State.

¢ ¢ § § F ¥ JF B N _F J F F |
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GUARANTEED

Outperforms speakers costing five
times more or your money back!
ALL NEWwW

ALL wWoOD onl);$1995
the KENT —

FEATURES AND

SPECIFICATIONS

24” wide, 10” high, 9” deep; 8~ high compliance
woofer; 3” hardened tweeter cone; coaxial wound 17
voice coil; silicone treated edge allows for 34" cone
displacement; Alcomax IIl 1-lb. 5-0z. magnet; 10,000
gauss flux density; 8 ohm impedance; zero external
magnetic field; 40-18,000 cps; up to 30 watts power
capacity; 1450 cubic inch volume; Fibreglass acoustic
dampening; matched for stereo.

OROER NOW to insure prompt delivery! This remark.
able speaker is not available in retail stores. Direct fac-
tory sales only . .. and you save a bundle. Price—$19.95
F.0.B, factory. Shipping weight 18 pounds.

I Anglo American Acoustics Ltd. A HERCE
I 129 Maryland Ave., Freeport, New York
Genllemen: Enclosed is my check for $ . l
I Please ship me "Kenl'' natural wood cabinet
speaker(s) at $19.95 each I
l I UNDERSTAND THAT THESE SPFAKER SYSTEMS ARE
GUARANTEED AND IF 1 AM NOT COMPLETELY SATISFIED I
| | MAY RETURN FOR A FULL REFUND WITHIN TEN DAYS I
I AFIER RECEIPT, |
} |
L I

GREENLEE CHASSIS PUNCHES

Muake accurate, finished holes in 1V

minutes or less in metal, hard rubber
and plasties, No tedious sawing or
filing — 2 few turns of the wrench
does the joh, All standard sizes . | .
round, squitre, kev, or "D shapes for
sockets, switches, meters, ete. At yvour
electronic parts dealer, Literature on
request.

GREENLEE
GREENLEE TOOL CO. - &
2027 Celumbia Ave., Rockford, lllinois
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measured when the leads are reversed.
If both diodes have a high resistance
| without regard to polarity, the base is
[ open. Emitter-collector resistance should
Il)e high in either polarity, but consider-
ably higher in one direction than in the
| other. If a low emitter-vollector resist-
ance reading is obtained., the transistor is
leaky. (For an claboration of this tech-
nique with a v.o.n., sce “Transistor Test
Techniques with an Ohmmeter,” page
66, in our July 1962 issuc. The differ-
| ent ohmmeter configuration used in most
[ v.tean’s will alter typical readings, but
| the principle is the same.—Ed.)
|  To use the ohinmeter, vou must re-
| move the transistor from the circuit, so
it mayv be just as well to try a replace-
[ ment transistor if one is handy.

Replacing Transistors

If vou do not have an exact duplicate
for a suspected transistor, vou mav he
[able to find a satisfactory substitute.

There is no interchangeability, of course,
between p-n-p and n-p-n types. The
[ voltage ratings for the substitute should
not be exceeded by those applied in the
cirenit, The substitute should also be
designed for the same type of service as
i the original. For example, replace a
| inixer with a mixer type, an i.f. unit with
| an i.f. transistor, and so on.
| Ina few cases, vou may have to vary
emitter bias, either to bring up gain or
suppress oscillation, in the case of i.f.
| substitutes. If a new mixer does not oscil-
late in a p-n-p configuration like that of
[V, in IFig. 3. reduce value of the emitter
resistor (R:), The transistors shown in
this conventional circuit are widely used
tvpes compatible to many receivers. 1t
may facilitate substitution to know that
they are solder-in versions of otherwise
identical plog-in types: mixer, 2N411;
i.f., 2N1409; a.f., 2N407.

The troubleshooting chart in Table 1
is a convenient reference for many com-
mon troubles, It is referred to the typical
circuit of Fig. 3. For the rest, remember
that a good general procedure is to check
batteries first and substitute a satisfac-
tory supply, if necessary; confirm the
customer’s complaint; inspect for surface
defects; localize trouble to a stage; and
make voltage measurements with a
v.t.v.m. to narrow down the defective
part, A

‘I have a feeling we lost the job the minute
you kicked that cat.’”
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Transistors or Tubes for Hi-Fi?
(Continued from page 33)

amplifiers are being pushed to slightly
overdriven peak signals, Here, the tran-
sistor unit has evidently greater clarity
and performs more like a vacuum-tube
unit with fwice the output rating. This
eflect is primarily due to the lower driv-
ing impedance with negligible bias shift
offered to the ontput transistors such
that the overloaded signal has its peaks
cleanly clipped. This condition is much
less evident to the human car than is
the overload sigual output of a vacuum-
tube amplifier where the waveforms are
collapsed and violently distorted in the
central regions as well as on the wave-
form tips. This latter waveform distor-
tion is clearly audible.

In tuner design, transistors can furnish
performance almost equal to that of
tubes in every respect. Unfortunately,
however, some of the recent highly re-
fined tube developments, which have
assisted in obtaining such amazing per-
formance in tuners, are lost to the de-
signer using transistors. These include
the use of a gated-heam limiter tube
with its zero-time-constant limiting char-
acteristic and, of course, the widely used
tuning eve,

Finally, the andio technician, high-
fidelity dealer, and customer will be im-
mediately faced with less standardization
of replacement transistors and greater
dependence on the high-fidelity manu-
facturer for direct replacements, FFor ex-
ample, despite the fact that the number
of transistor manufacturers is neaving the
hundred mark aud the number of reg-
istered transistor types is up in the thou-
sands, only a couple of these manufac
turers offer the reasonably priced
specialized types suitable for high-fidel-
ity output stage design. Further, tvpes
finally selected for inclusion in amplifiers
will undoubtedly carry type numbers
unique with that particular design and
not readily availuble at electronic parts
distributors.

Furthermore, the amplifier designer
will have to bear in mind that should an
instaltation be operated carelessly with
shorted speaker leads, the output tran-
sistor overload currents could be ex-
tremely high, endangering the weaker
of these output transistors. Frequently
if one of these output pairs fails for any
reason, the other is likely to go bad soon
afterward, Thus the owner is faced with
a $25 replacement service charge which
is hard to take even if it is due to his
own negligence.

As the above indicates, there will in-
evitably be important changes in the
high-fidelity industry as the andio dealer,
manufacturer, and consumer make the
gradual transition from tube to tran-
sistorized high-fidelity equipment. A
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Additional information on the items
covered in this section is available
from the manufacturers. Each item
is identified by a code number. To
obtain further details, simply fill in
the coupon appearing on page 17.

NTSC COLOR-BAR GENERATOR
The Hickok Electrical Instrnment Company

has recently introduced a new compact. light-
weight, portable N TSC color-bar gencrator de-
signed for use in the installation and maintenance
ot color TV receivers in the home or shop.
Known as the Model 661 “Chrom-Aligner,” the

unit weighs just 9 pounds. It produces 1007
saturiated color bars 10 N'TSC standards as well
as all standard alignment signals, white dot, and
cross-hatch patterns, It generates the fotllowing
NTS8C color signitls: yellow, red, magema, blue,
cvan, and green as well as the standard alignment
signals R-Y, B-Y —(G-Y), and G-Y at 90 degrees.

ANTENNA COUPLERS
Winegard Company has announced a new
2 series of low-cost v.hil. TV and FM yagi an-
tenna couplers which provide new flexibitity ol
arcangement.

The 300-ohin couplers enable the dealer 10
make wp his own combination of antennas on
the same mast with a single down-tead running
to the TV set or amplifier,

The couplers are available in 12 vhi TV
maodets (each individually timed to a singte chan-
net) and in one FM maodel. ‘The FM antenna
coupler makes it possible to connect an FM an.
tenna with a TV antenna on the same mast,
running a single 300-ohm down-lead. The FM
coupler can also be used as a “signal spliteer”
inside the house.

INSTANT LETTERING
The Datak Corp. is handling the distribution
of a new dry nansfer lettering set which per-
mits engineers, designers, manufacturers, techni-
cians, experimenters to add a professional touch
to their prototype equipment.

“Letraset,” which requires no water, tapes, or
screens, goes on quickly and adheres permanently.
The letters can be placed on any surface such as
glass, paper, wood. metal, and plastic.

Available in black or white printing. cach set
contains 24 sheets in 3” x 3" size with multiples

October, 1962

of Inmdeeds of words in the area of clectronics.
ranging from ~“AC” 1o “Zooms™ Each set gives
up o 5% of all electronic panel markings. Com-
plete sheets of alphabets and numerals arve in-
cluded for odd words and designations.

POWER INVERTERS

Terado Corporation has added two new

power inverters to its line of emergency
power sources. Known as the “Contine Terics,
the line includes the Models 50-191 30-202,
Both units have copper-clad steel cases, come com-
ptete with remote control, cables, and batery
leadds, Both fave electric Tans for cooling. The
Meddel 30-191 is 134”7 wide x 6 deep x 67 high
while the 50-202 is 1034” wide x 137 deep x 7447
high.

T he units convert 12 volts d.c. to 110 volts, 60
cvcles. Remote control has a variable a.c. omtput
switch and a sigoal light indicating proper a.c.
output voltage. ‘I he ontput is completely filtered
for use with tape vecovders and the Gi-eps fre.
quency is naintained o an acanacy of = 1 ¢ps
irrespective of changing load or input voltage.
Both units are t storized. The Madel 50-202
has a capacity of 350-600 watts while the Model
50-191 will handle 275-300 watts.

BRIDGE CONTROLLER
Delta Design, Inc. is offering a new solid-

state temperature controller which combines

advanced circuitry and a  platininn  resistance
probe 1o give dependable temperatute control.

A unique bridge arrangement compensates for
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ambient tewmperature variations as well
voltage fluctnations. A novel anticipator circuit
prevents overshoot and virtually eliminates tem-
perature offset when the heat load of the svstem
is changed. The anticipator fcature is adjustable,

HIGH-SPEED DATA RECORDER
RCA’'s Surface Communications Division has

announced the development of a “'milc-a-
minute” tape recorder which is capable of record-
ing 15 channels of information on a tape running
at a speed of nearly 60 miles an hour,
Developad for radar appliciations, the tape is
guided through the recorder by compressed air
to allow the seven miles of tape stored in the ma-
chine's 30-inch reels to travel at such a fast rate
without undue mechanical wear.
“Emergency brakes” are automatically applied
the moment trouble is sensed and, il the trouble
is loss of power, an auxiliary air system is cut in.

COLOR TV ANALYST
B&K Division has added a ncw color analyst

to its line of equipment for the servicing and
repair of clectronic gear.

The Model 850 provides dot patterns, cross-
hatch, vertical and horvizontal lings, burst signal,
and individual colors one at a time on the instru-
ment pancl and the color TV set for [ast, easy
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checking. Probing indo the color set is eliminated.

A window.viewer on the front panet cnables
the technician 1o see cach pattern and color as
it should be, The instrument produces R-Y, By,
[, Q. burst, yellow, red, magenta, biue, cvan. and
green. Color phase angles are maintained in ace
cordance with N'TSC specifications,

U.H.F. TV TUNER
General Instrument Corporation is in pro-
duction on a new w.hd. tuner which is said
1o provide four times longer tube tife with less
diift than heretofore available,

The circuit incorporates a uwew miniaturized
nuvistor tube, designed jointly by the company
and RCA for the new circuitry and for operation
at ultra-ligh frequencies. A new oscillator circuit
in the nmer operates at only one-quarter the
anode power previouwsly required, In addition, a
new tihe basing in the tuner allows a more clli-
cient arrangement of connections and a new tube
retainer, The latter device is a ring which pro.
vides additional grounding at the periphery of
the nnvistor tube in the form of extruded
dimples.

COMPACT CAPACITOR TESTER
9 Watsco, Inc. is now marketing a compuact

dynamic capacitor tester, the "Cappy”™ Model
E-2. The instrument will test paper, Mylar, and
clectrolytic capacitors.
A three-range selector
switch flacilitates leak-
age detection in con-
formance with mann-
facturcers’ minimum
specifications and
standards, Leakage
ranging from 1000
megohms to 5000 meg-
ohms is indicated,

In addition to dv-
namic testing of elcc-
trolvtics, the unit can
perform a quick and
accurate check of sili-
con and sclenium rec-
tifiers. motor capaci-
tors, r.I. high voltage.
and insulation lcakage of cable and appliances,
It comes complete with a.c. cord and test leads,

ELECTRONIC DIMMER
Hunt Electronics Company is now olfering an
] electronic control to pm\'i(lv flexible, Mulle
range dimming of all incandescent lighting fix-
tures up to (00 watts, The “Duo-Trol 600" will
handie the control from any standard wall box
without special wiring or separate attachments.
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SUPRA
PROFESSIONAL

Unexcelled for broadcast use

¥y = v

3
Heads

3
Motors

Speeds
Model BX801—Full Track

Also available in half track, two track and guarter
track stereo.

All Aluminum construction — 102" Reels
Crown gives more performance per dollar

FREQUENCY IPS  FLUTTER NOISE
RESPONSE SPEE0 & WOW  RATIO
2 db 30 to 28,000 CPS 15 .06% 60 db
2 db 30 to 16,000 CPS 712 09% 60 db
+ 3db30to 8.000CPS 33 18% 55 db

Write Dept, EW-1062 or phone JA 3-4919
for complete information. Some dealer
franchises available.

CROWN INTERNATIONAL

Division af
INTERMATIOMAL RADIO & ELECTROMICS: CORP.
ILKHART, IMDHAMNA
ClRCI.E NO. 128 ON READER SERVICE PAGE

—— AMAZING OFFER

"“,9;-“ RADIO & TV SERVICE DATA

RADIO Your hest, complete source for all
DIARAMS nev RADIO ami TV b
i nd swrvicing data. Most am. 7i
| Only ~2 ind 1
w, Co Il important m 5
it Is of all periods. Use this ¢n-
u ! 3 & order form,

[T === NO-RISK ORDER COUPON —==——=—

| TELEVISION SERVICE MANUALS

R m y n best o r, ier TV

1 } Uo | d Flc 1y it
sets. 1 s, Al neede nim s,
winng board vy, sl liages, p wcion
«and double iics, Only per

il I. Cheekh volumes wanted, send

r Ioerisement oy your order form.

New Additional 1962 Television Manual. .. ..
Early 1962 Television Servicwng Manual, on1y

$3.
$3.

1961 TV Manual, $3. 1360 TV Munual, %3,
Additional 1959 TV, $3. Early 1959 TV $3.
1958 TV Manual, $3. [ Adititional 1957 TV, $3.
Early 1957 Television, $3. 0 19%6 TV Moanual, $3.
Additional 1955 TV, $3, C Early 1955 TV, $3.
1954 TV, %3, 1953 Tv, %3, 1952 TV, %3,
0 1951 TV, %3, 0 Master 1ndex to all Manuals, 25¢

| RADIO DIAGRAM MANUALS

Here 1 radio manuals that simplify
from 1nost recent 1an,
home radios, slerco,

transistor paor l.l-

| ni Cover evervilin
radios o pre-war old-timers;
smbinations,

oy FAML Scis 50

s, all ne d aligamen: 'ul\.

winted boards, voiu dial

I ringing, hints. Volur big,

»x 11", about 190 ts, Ca

1962, 1961. 1960, l955. 1958, 1957,
1958, 19SS, 1954, 1353, 1952, 1951,
1950, [ 1949, (] 1948. [ 1947, (] 1946, [ 1942,
1941, 1940, [ £926-318 PRICE EACH, %$2.50

SUPREME PUBLICATIONS

1760 Balsam Road Hightand Park, ILL.
. Rush today TV and Radio manuals checked
in no-tisk order form of this_ad. Send postpaid,
1 am enclosing full price. You guarantee my
compicte satisfaction or my money back,

Name:

Address:.

I_Ci!y'. Stater g
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I he umit is g solidstate full-wave proportional
power control which conseives power in exadt
|)r'0|)m‘lim| to the Tight intensity ased, Tt feanmes
a combination tap/dial which mayv be tapped on
and oll at any pre-dialed light level

TV ADJUSTMENT SLIDES

] Tele-Mceasurements, Inc, has recently iatvo-
duced a portable “Tele.Pat™ system which is
designed 1o improve television |)|(L|||:\ through
| rapid aned accurate signal evidlnations and adjust-
ments of all welesision performance cluracteristics
in closed-civenit and broadeast 1TV, monochrome

or color,
I he ssstem
test slides andd a test pattern illuminator engi

comists of six X x [0 precision

ucerad {for proper display of the slides, irrespec-
tive of camera location, '1 he ilhiminator, which
provides unitorm light intensity and correct color
temperature. < be plogged into any 110-115
volt a.c ontlet and is equipped with a built-in
dust-fiee slille storage space.

HI-FI—AUDIO PRODUCTS

ELECTRONIC COLOR ORGAN

Cotortnon Company is introducing a color

] organ designed 1o be used with the msical

output ol a spaiher connected o oany sterco or

oo record or tape plaver, vadio, clectronic

organ, or live misic plaved thiough an ampli-
fier.

1 he anlors wre in diveet aelation 1o the music,

Red lights respond to the high Irequendies while

wreen and blue lights are gencvated by the me-
divm and low Irequendies, ‘Lhe brillianee of
light increases with volome of sonnd and 2

haleidoscope of  geometric patterns s crezted.
Ihe system operates from 115 volt awe power
lines,

CERAMIC STEREO CARTRIDGE
Sonotene Corporation has announced specie
] fications on it new cerantic stereo phono car-
tridge. the 91AL 1 he new unit leatres exiemely
low stylus mass, high compliance, awd eritically
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correct vibration damping, According to the com-
pany, the cartiidge has (it response * 1 db over
the entire andible recording vange Irom 20-17.000
cps, with stnooth roll-oll bevond. Output voli-
age is 0.4 volt, compliance is 5.5 x 10 % anyfdyne,
Tracking pressure is as little as 2 grams for pro-
Tessional armis and 3 grams for changers. Channel
scparation is 30 db,

STEREO PLAYBACK DECK
] Lafayetite Radio Electronics Corporation has
added a steveo playback tupe deck, the RK-
WX o its line.

The twospeed deck is equipped with its own
sixctriansistor dnal sterco plavback preamplifiers
thit e equalized to the NAB ennve, Hnm and
neise levels are engineered 1o professional stind-
arels,

Frequendy response is 515000 ¢ps = 2.5 db

0 ips amd 50-9000 ¢ps =

H1
Wow
at 3.75

2.5 db at 375 ips.
ane Mutter is 0.05% at 7.5 ips and 27
ips. ‘The deck operates from 110-120 volts,
6 cveles omly, Tt measures 1438”x537x1038” anl
comes complete with hookup aables. A walnut
base or portable carrying case is available at
extra cost.

HIGH-VOLUME P.A. SYSTEM

Perma-Power Company is in praduction on
] a new highavolume portable publicaddiess
sustein which is hionsed in a single <ase. Known
as the "Roving Rostrnm,” the svstem is battery
operated and weighs nnder 30 ponnds, Tt has
a Iwatt pushopull amplificr of all-ttimsistor
design and comres withe an Asede dynamic low.:

impedance uicrophone  with  response ol 60-
10,000 ¢psy ‘The two lowdspeakers are 67 x 87
units with 10-ounece  cevamic magnets,  Fither

spraker can be wsed alone or they can be used
togedier lor greater andicnee eoverage. Each
speaker can handle full amplifier power,

MULTIPLEX FILTER
I Viking of Minncapolis is now in production
on an LCvpe low-pass filter for use in the
music system o eliminate distortion and inter-
levence when tape recovding frome M wltiplex
stereuasts,

Designated  Madel MXA10, the filter vremoves
all extranenus signals prodiuced by the inweraction
af the 38-hc. FM mmltiplex cnirier or other rd,
interference with the bias oscillator of the tape
recovder or recarding amplifier, The filter passes
the multiplex signal but provides sharp cutoff
at 20 ke,

Fhe unit s designed for patdhi-cord connection
between the ontput jacks of any steree FM tniner
and  the high-level ar tuner inpats ol a high-
fidelity tape recovder. The filter has no adjust-
ments or coutrols,

TRANSISTORIZED MULTIPLEX TUNER
Omega Elecironics Corporation has an-
] nounced the development of an all-transistor
FM-multiples tuner, the Meodel 1650,
THFM wsable sensitivity is 18 gv., sterco sepi-
wition is 3% b, while frequeney response is 50-
15000 ¢ps = 1 dh.

I'he dircuit incorpeates a
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subcarricr filter for tape recording off the air,
an SCA filter, and thiee limiters, Theve are seven
front-panel controls. four indicators, and three
ontputs including a switched a.c. ontlet. Antenna
is 300 ohms balanced and 75 ohms coaxial. The
nnit also jwcarporates a buili-sin antenna tor
strong-signal arcas.

The instrmment ases 28 transistors and 23 di-
odes, 1t is housed in a cabinet 37x 1HV2"x 97,
The tuner operates on 117 volt, 60-cycle a.c.

ULTRA-THIN SPEAKER SYSTEM
University Loudspeakers has just introduced
I the “Svi-O-Lue” two-wav speaker svstem
which nreasures 237 wide x 297 high x 47 deep.
The system iy honsed inan “art trame™ cabinet
with tapered. sloping tront to provide a thiee-

dimensional appearance. The enclosures ofler a
choice of ecasily interclimgeable grille Tabric
frames inchiding floral designs, silk-screened neo-
classic art grilles, and decorater cane.

The speaker system inen porates an 8”7 waoler,
special 62”7 midorange, and subsidiary tweeter-
radiator. Fregquency vesponse is 40.20,000 cps and
the svstemt will hardle 30 watts ninr of
integrated progrim material. ‘The speakers can be
driven by amplifiers of as little as 10-watt rating.

STEREQ TAPE RECORDER

] 3M Revere Camera Co. just introduced
the “Wollensak 158007 a stereo nnit which
will record and play back stereo sound. Tt incor-
poates two identical recovd ud playback ampli-
fiers, plus two matching, self-conained speakers.
The system provides 22 watts ol audio power out-

put. 11 watts per channel.
Frequency response is 40-18.000 cps = 3 (b at
7.5 0ps and 40-13.000 cps = 3 db at 3.75 ips (NAB
standard equalication). The unit will handle 2-

”‘T“\:’ .

and 4-vrack stereo amd none  vecord-plavback:
sound-on-sotnd: operates by means of Tour tab
controls; has antomatic shut-oft; and independent
vohnie conirel on each channel.

The instrument comes with two microphones,
a slip-over vinyl protective cover, el accessory
cords.

FM MULTIPLEX TUNER
Eico Electronic Insiramaem Ca., Ire. has just
2 added 1he $T97 FM multiplex steveo tiner
to its linc of high-fidelity components available
in both kit and lactory assembled form.
Freguencey aesponse is 2015000 ¢ps == 1 db:
THEN nsable sensitivity is 3 pv. for 30-db quict-
ing and 1.5 gv. for 20-db qgunicting. Input is 300
ohims balanced. 1 he TNEM signal-to-noise ratio
is =55 db. channel separation i 30 db. with
harmonic distortion 0.6% and 1M distortion
0.1%. There arc five controls. 13 tubes, 6 signal
diodes, and a neon lamp. The automatic sterco
indicator and station tming indicator travel in
tandem on twin slide-rule dials.
No test or alignment instrmnents are needed
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by the kit builder since the front-end and the
four-i.f.stage circuit board are pre-wived and
pre-aligned for tringe area reeeption,

REMOTE SPEAKERS

Oxford Llectric Corp. is now offering two
2] new speakers. an X447 and a 127, which in-
corporiate the “hidden magNet™ teature. 'lhe
ceramic magnet is mounted between the badket
and the cone in conventional design permitting
use of a dual wne for extended range. The
speakers are designed o fit into any marrow
spaee or arca, being especially suited for nartow
walls, steico wings, and pictitre frame mount
ings.

Fhe speaker is designed with sotderless metal
binding posts with green dot indication to show
voice-coil stirt for plusing, The baked enamel
wrinkle gray finish will not chip, crack, or flake.

PORTABLE P.A. SYSTEM
2 Wm. A Holmin Corp. has reeently intro

duced a portable, transistorized, and com-
pletely sell-contained public addvess systen.
Featuring two high-cfliciency trumpet-type
speakers, the unit is fully weatherprooted and
temperature compensated, It may be used mdum\

> o H

or ont and, since the volume is controllable. it is
sititable Tor small giotps as well as large gather
ings.

The svstem is equipped with a new tvpe of
noise-cancelling  nicrophone  which  minimizes
feedback problems and enables the operator to
use the full 20 want peak power of the svstem.

‘I he Modeb 120 consists of microphone, transistor |

anplifier. speakers
in one nnit, 1t weighs 12 ponnds and measnres
87 high x 117 deep x 14347 wide. It can be tripod
monnted or canied by its handle or over the
shonlder.

INTERCOM SYSTEMS
Webster Elearric Co. has announced a new
2 series of compadt intercom systems for oflice
and plant applications,

1 e Series 4500 is honsed in an all-metal. dust
protecied cibinet, has a spring-loaeded 1otary talk-
listen switch, interconnections for as many as
H44 stations, ind bigh-power switch for contacting
noisy areas.

1 he Series 2700 is an administrative model with
printed  civanitry, a three-position spring-load
rotary talk-listen switch with provision for remote
refav. and fadilities for cotmecting from 6 to 60
or more stations. The cabinet is walnnt-finished
waoel.

The Scrics 3900 “Exeoutive” line has the same
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and hattery power supply all

GET IT from GOODHEART!

ARC-3 and ART-13A TECH MANUALS!

Handbooks mainten., oper., theory, sSchem. slo 00
dwgs. etc. Either hook postpald -t .

RADIO RECEIVER AND/OR SPECTRUM ANALYZER

AN/APR«4 rcvr Is the li-tube 30 mc IF etc. for its
plug-in tuNINE UNits: has S-moter, 60 cy pwr sply,
Pan. Video & Audio outputs. AM. Checked. allgRned.
wilh heads tor 38-1000 mc 0o
pwr plug & Hﬂnuhonk. foh Los Ang. .

dd $59.50 for 1 - 2.2 kmc; add $79.30 for Test
o;cillamr T765-47 APR. 40-3000 mc x1 W, AM
PM, w/butlt-in 60 cy pwer sply, fob Los Ang. Add
545 00 to Ret AM FM rcvr Instead of AM,

2-METER RECEIVER & 2/6/10 METER XMTR

SCR-522 revr, xmlir, rack &
case, exc. cond. 19 tubes
include 832A°s. 100-156 mc
AM. Salistaction Ertd. Sold
at less than the tube Cost in il
surplus! Shpg wt B5 Ihs, L)
FOB Bremerton. s (Y
wash, only ]

Add $3.00 ftar complete

n-:mm:al dala group includ-

ing schematics &

parts 1.F.. xil tormu.

la?. inslruct. for AC pwr
¥

I
for rcvr continuous

tuning. for xmtr 2.meter
use, and for PuUtting xmtr on 6 and 10 meters.

COMMUNICATIONS RECEIVER BARGAINS

BC4538: 190-550 kc 6-tube subPerhet w 85 ke IF's,
deal as lonf-wave revr, as tuaable IF & as 2ad con-
vert w all  data. CHECHED ELECTRIC- slz 95
Alp rtd. OM! 11 Ibs, toh tos Angeles g
Same, ln handsome caiinel w_pwr SPiy. spkr.
ole,, ready Lo use, 1S our Qx.- sgs 19 Iy" s3750
RB Navy's pride 2:20 mc 14-tuhe suberhet has
voice flter 1or low norse, ¢ar-saving AGC, high sens
& select. IF is 1258 k&, Checked, aligned. w pwr
sply. cords, tech dala, ready to use, fob -,9 50
Charleston, $.C. or Los Angcies $
R-4S5 'aRA-7 brand ntw, 12.tube superhet .55-43 mc
in 6 hands. S-meter. 455 ke (F's, xl filter, & se¢l.
postlrons, etc, Hol and comblete. it €an he made slll!
hetter by double-converting into the BC-453 or
535, Pwr spPly includes DC for the automatic 5119 50
tuning molor. FOB San Antonio

Time Pay Pilan: $17.93 down. 11 x $16.03

NEW COMPLETE MAGNETOMETER AN/ASG-3

Osc. 0-3 & Converter C¥-1 in Case CY-4; Head (witly
orienters) DT.2: Dynamotor Assbhly DY-6; Contro| C.8;
Indicatar ID-5 (15 1 -1 2 ma dc meter. may be
paratlelied by a recor it desswred): set of plugs:
and 160-page Handhook. lnput 28 v dc 10A, slarting
surge TOA, At max, sensitsvity, S gammas produce
12 ma dc. In Mir's packing, clean and fresh as day
Shpg wt 250 Ibs, 5349 50

Add for Recorder RD-4/ASQ, new $200.00

TEST OSCILLOSCOPE BARGAINS

Every 5cOPe checked. Ertd ready to use. exc. cond.

TS.34A/ AP: trikgered Plus free-running sweeps 10 to
$0.000 cy. =3 dh 40 ¢y to 212 mc. 24P1 s49 50
€R plus hooded magnit. lens. fob Newark g

Folrnwmg all toh Los Angeles. DuMont's all DC to
low RF. all cabbrated for use as VTVM's, exc. for
(r.\nsisl--cm analysis. and Xeneral purpose.

304 A: Scﬂllilvny 100 mv {full s:ale .. $195.00
Same but HV accel. for photog. $225.00

350 Identicat X-¥ ampl's for X-¥ ulctlmg
or precise phase.-Shift measurements. . $225,00
403: Ultra-sensitive. 100 uv Dor division $295.00

Teklronix suno 10 ¢y to 10 mic $350.00
UsSMm <05-48) radar rankink plus general pur-
Dnse Crys(al controlicd markers. $.A R $195.00

PRESET DIGITAL DECAOE COUNTER

E-P, 1nc. Model 7240A rrads out trom O to 9,999
on tour 0.9 Elow tubes; counts Go €y line a3 clock
or counts any incomingt signal, either polarity, any
shape (has Schmidt trig. ); re. plug gives voltage
for photocell. 4 kaobs. e¢ach calib. 0-9. Set up any
number 1 to 9.999: when that count is reached. i
relay stops counting, gRives closed contacts to rear
plug tor external devices. €an ke sct 1o hold until
reset manually or to recycte after adjustabie time
lapse. Cood to 4 ke rate! Neat, compact, like I)ranu
new, grid loo OK, with Instructions 51 g 50
loh Los An;:el

"MIL SPEC SILICON DIODES 1N250A

uUnused, contract termination. 200 PiIV 20a at 150
deR. C_ 14-28 stud, hrx base. Max 117 v drop, § ma
reverse, 250 A 12-¢y Surgé. Regular $14.00. sz 50
Buy postpard at only .

HANDY-DANDY 3-PH 400 CY INVERTER

fdeal for labs, instrument eheckouts, nreadhoard as.
semblies, ctc, EcliPse.Pionter 512142.1-A. In 1
v dc 22a. Out: 3 ph 115 v 400 cy 250 Va 1.0 PF.

V & freq, regulated, Only 91,4 614 N, Very
<lean, cheched, grid, w mimn: nlu:.
t4 ibs fob $an Dirko. onty .

BARGAINS IN FINE PRINT

wWe don't Delieve in surplus catalogs bhut will he
happy to send comprehensive data on specific items.

Freq. ml-lvvs B8C.221. 7§-173. 174, 323, 186D to 10

wmc, 650.8 Power Bridge Gen, Radio
2“\ twm T _imPed. bridge. Rrsisl. hridges. Tuncd
cavities trom 200 mc up. w dec. ‘meter, calibrated.

Kay RadaSweep. Coax wavezulae fittings helihox
MK-47, TDZ VHF Xxmtr, new. VLF revr DZ-2. 15 ke
up. L&N Decade Capacttor. LE&N Melvin-Varicy Vot
Dwider, Scope cameras. Scope HY xfrmrs, Hi-pwr
21 & 4:1 step-down xfrmrs. Sola and Sorensen line
wvoltage regutators from 500 to 5000 VA. Scintitiators
& Geiger Counters, Recording osclifographs both nuli-
bhalancing and D'Arsonval types. DC  amplitiers
(Brush, Sanborn, Varian. Esterline-Angus, Reeves
instr Gen, Elect, ) Tuning.tork frequency-refer-
enc standar-- oscitiators, binary countdowns, Hi-pwr
. 28 VDC. Mmeas. Corp. Model 79B Puise
Generawvs. 1 d SiEnal Generators, Boonton Uni-
verters, wobbulated Standard Sif. Gener. w synched
scope TS.: 45. A l'ortable TBX pwr splies only $8.95 .
Ete. etc. AN F YOU DON'T SEE IT MERE. ASK FOR
IT ANYWAY BECAUSE WE ARE ALWAYS BUYING!

R. E. GOODHEART CO.

F, . Box 1120-A
-121 OM READER SERYICE FAGE
mz
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BUII.D THE FINEST

Claa

CUSTOMIZED

TV KIT

On Easy “Pay As You Wire” Terms
Only £15 for the Storting Pockage!

Series—designed for
the perfectionist seeking
the finest in TV performance.
Easy to assemble. No technical
knowledge required. Anideal
“Learning” Kit with a Complete
Course of Study is available,

Also available:

WIRED

CHASSIS

for custom

installations

with & choice
of vertical or horizontal
controls and the newest

19" 23" or 277
Picture Tube.

Beautiful Cabinafi —
afd Bland wi
alezn TV and Hi-Fi

diiignad fa dnhance iound g
madern dacer. Far TV ar camb

A few of the Professional Quality Features:

Choice of push-pull 10-watt audio or output
to your Hi-Fi system...D.C. restoration...
Ulira-lirear sweep circuits,..Newest Stand-
ard Coil Model PKO Automalic Fine Tuner
. Super-sensitivity for fringe areas . . .
Complete line of Accessories for Custom In-
stallations.

Choice of 19", 23" or 27" CRT. Prices range

from $119 to $199.
U.S. Armed Services and over 4000 schools and

colleges have selected Transvision Receivers for
educational television.

Inlareiled in Elsctronics?
Learn the basic principles of elec-
tronics from the Course available wnth the Kit.
ASSEMBLY MANUAL-%$2.00
See how easy it is to ble the Trar
Kit. Cost of Manual refunded on purchase of Kit,
Yonkers, N.Y.

AN
YO 5-6900

s START NOW — MAIL THIS COUPONsmmmm.
Transvision tleﬂronlcs. Grey Oaks Ave., J
Yonkers, N_Y_, Dept. T-10 I
I 3 Eend FREE 12-page (‘m:nloz.. .0 I enclosc %2 for
on purcl ase of Kit.
PRE. on 1 rou-wire

Grey Oaks Ave,

Q I enclose $15 for sunmg
i {Complete Kits range from $119 o

pliun. $199.)
| Name o |
Jaddress :
lcity _Zone_ _ State_

Rooms 305, 306, N.Y. Hi-Fi Show, Oct, 3.7.
CIRCLE NO. 154 ON READER SERVICE PAGE
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| fesnnares as the Series 2700 but includes a built-in

microphone atop the cabinet.

Wald, Inc. has added to its line of speaker
24 hailles and enclosures for sound systems in
howes, offices, and cotnmerdial buildings.

All of the 23 models now available featnre case
of installation. ‘T he baflles have a once-picce plas-
ter ring for new  construction, incotporating
flanges that nmail directty 1o adjoining  studs.
Baflte monuting tabs are loGued away from cthe
plastering area o prevent plaster fill up. On
existing construetion, the ring has retaining 1abs
that bend o the thickness of the plaster. All
madels are available as batlles only o1 as complete
assemblies of hatlle with speaker and components,

pre-wired and ready to install,

Sherwaod  Electronics Laboratories, Inc. is
25 now in production on the Model S 21000 AM-
FALmultiplex: nmer. “The cirenit features  the
contpany’s “'Steveo-lite™ which indicates when a
multiplex signal is being broadcast.

Other featwres anclude a T-me-wide rtio de-
tector, a lighe-bar taning indicuitor. flvwheel tin.

SPEAKER BAFFLE LINE

AM-FM-MULTIPLEX TUNER

ing. front-pancl-connolled a.f.c.. FM6M inrerchannel
hush, and wide/mariow AN selectivinn.,

FEEFM sensitivity is 1.8 gy, for noise and dis-
tartion 30 «b below 100% modulation. AN scnsi.
tivity ix 2 pv. at 60% modulation for .5 volt
output ane f-db S/N 1atio. Response is 20-20.000
db on F\]l, 20-15,000 cps = Vi b on
multiplex, and 20:7500 ¢ps @ — & db in the

cps = Li

wide-band AM mode, The instrument is housed
ina i4” x 4 x 1212 watnut-tone leatherette case.
26 Neshaminy Electronic Corp. is now m
ing a compact new high-ficelity speaker

tem which is being marketed as the 7300,

Featuring the JansZen clectvostatic mid ‘high
range wweerer paired with a special 117 Model
3500 dynamic woofer, the system covers the range
from 30-30.000 cps. A special reflective tweeter
housing  provides i unique way of acoustically
Taurving' the flat surfaces of the clectrostatic
virdiator. It provides bBroad 72-«degree sound dis-
persion and high elearvical efficiency.

The cabinet measures 2134” long x 134" high
x 11347 deep. It is available in oiled or lacguered
walnut, mahogany, maple, or birch finishes.

SMALL FULL-RANGE SYSTEM

AUDIO ROBOT
2 Royce  Electironic Devcelopments, Ine. has
come out with a new remaote-control device,
for use with high-fidelity systems, which is being
marketed as the “Audio Robot”

The unit controls the on.off switch ol any
mono or steveo hi-fi component from an exten-
sion or remote speaker. I'he basic svstem cons
sists of a robot camirol and o remote-control unit.
Thie robot control is installed at the main system
while the remote connol, which has a light 1o
indicate when the power is on, is installed in a
room where an extension speaker is located,

TRANSISTORIZED P.A, AMPLIFIER
Harman-Kardon, Inc. has recently introduced
a new line of tramsistorized public-address

equipment which is being marketed as the 1 rou-
bador” series.

Currently available are the Model TR-1 5wt
and the Model TR-2 30avatt amplifiers both de-
signed for mobile, portable, awd general use on
G to 15 volts d.c. Plug-in converters are available
to adapt these amplifiers to a.c, operation.

Model TR-F inctudes a microphone and a music
channel, both of which can function simultane-

www.americanradiohistorv.com

ously, The TR-2 is a four-chaunel wmplificr
unirs incorporate laci

Both
ties te trm the amplifiers
oftad ofl from the wicrophane or other remote
lotarious.

CB-HAM-COMMUNICATIONS

CB TRANSCEIVER
2 International Crystal Manutactuving Co.,
Inc. has bronght ont a new CB transceiser.
the Maodel 100, which features a
power supply for improved veliability in mobile
operation.

The new nnit incorpoates a crvstal fiteer for
improved reception, twelve ervstal-controlled
transmit positions, two crvstal-comrolled veceive
positions. dual-conversion superhet receiver tuns
ing 23 channcls, builtin catibration cireuit. pro-
vision for connecting external speaker and S
meter, pushatotalk operation; and a transistor-
ized power supply that operates from 6712 volis

d.c. or 115 volts a.c,
30 Hammarlund Manufacturing Company, Inc.
has announced the availability of two new
low-cost monitor receivers for high- and low-band
use. Designated the MR X (F7 to 174 e, on
any single channely and the MR 61X (25 0 4 mc.
on any single channel), both units are crvstal-
fixed to anv predetermined channel within their
respective frequency ranges. I nore than one
chamnel is required, an optional channel selector
kit may be added. permitting the selection ot up
to 6 channels within 1% ol channel frequency.

transistor

MONITOR RECEIVERS

PERSONAL PAGING RECEIVER

CGencral Electric Company has developed a
3 new pocket radio receiver which permits both
tone signalling and voice messages ina single nnit.
This v,h.f-FN per-
sonal paging receiver
has been catled " Mes-
sage Mate.” It is fully
transistorized and
meiasures 87 wide x
L.06” thick x H.4”
tong. It weighs 10
ounces, ‘T'he unit will
operate with any
standard FA radio
base station from {5
to 330 watts. It is
compatible with and
cin be ticd inte con-
ventional lew- or
high-band two-way
FM radio systems. When the paging svsiem s
comhined with the compiny’s new Encoder HH®
selective calling svstem, the user s first alerted by
the sonnd of o tone and then reccives his voice

message throngh the same receiver.

BASE-STATION TRANSMITTER

Browning Laboratorics, Inc. is now market-

3 ing a new economy priced base-station trans-

mitter which is designed to be used with the
firm’s R-2700.0 lnw station receiver.

Tradenzmed “Compact.” the new unit delivers

a clear powerful signat with 1007 maodulation

ELECTRONICS WORLD
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amd S-watt input power. Also inchuded are an ef-
ficient pi-nctwork asaring maximuwm tansler of
enerey to the anenm, self-contained audio cir-
ctitry, orvstal-controlled  tratsmitting  channels,
push-to-talk ceramic microphone, on-the-air indi-
cator, and Tront-panel switching ol ten channcels
with an auxiliary socket for seldom-used frequen-
cies.

BASE-STATION ANTENNAS
3 Communication Prodocts Company has an-

nounced the availability of Tour new
Dooadband  basestation antennas, cach antenna
Consisting ol an avav of lour radiating elements
monrted on e 2387 oud. by 57327 wall 6061716
almninum support pipe ted by a osealed binary
pliasing aivd matching ness,

I he Tolded dipole radiating elements are e
ot solid alimminum rod mounted on high-sttength
pressure-cast-aluminum allov bises. "Fhe radiating
clement assemblies arve atached to the support
pipe with 57167 stainless steel hex head machine
SCYeWS,

I e four units in the tine covert 148-162 e,
G-l omunidirectional: 160-174 me., 6-db omnidi-

vectional: 148-162 mc., 9-«db obbsets el 160-174
mc.. Y-db otlset.
DEPTH FINDER
Bendin Corporation has added  the

The
3 Model DR-20° "White Line™ depth vecorder
to its line ol marine navigation and saters equip-
ment.

1 e new unit was developed primamily for fish-
eren to distinguish schools of fish near the bot.
tom at depths up to 200 fathoms, The “White
Line” [Teatme ddearly defines the bottom
thin dark line followed by a blank portion or
white area, Echoes Irom fish near the bottom witt
show up in a normal manner as a dmk ntace
above the bottom,

Fonr scales of 50 fathoms give a total vange ot
200 fachoms on a 77 chare, In addition, the range
cctor can be placed in the “ull” position tor

as a

cove ol

the cative 200-Tathom range. The
heasy cast aluminum case is waterprooted to per-
mit mennting on an open bridge or other
proteaed location

un-

UNIVERSAL CB TESTER
Globe Clectronics is now olleving a new
3 signal optimizer and  universal  tester lor
Citizens Bl equipment, besigned o provide a
complete cheek of CHoinstallations oul to pro-
vide maximom perlormance aud utiliczation of
cuipment, the instrument tests and checks sudh
teatures as antenna power in watts, modulation,
ticld stiength, antenna output. harmonics, stand
ing-wase vatio, basestation and mobile-antenna
etheieney,
The instinment in an 814" x 57 x
174” portable case that weighs no more than two
pounds,

is hounsed

MIKES FOR MOBILE USE
3 The Astatic Corpermion has st released
two new  microphones  designed  especially
tor mobile applications.

‘The Model 5HE is a ceramic unit with pushe
bButton operaion. bt Teatnres high eutpul ang-
ing lrom 32 db below 1 osvolt dyne em?, with
a cevamic element able to withsumd a wempera
uire range from 40 300 degrees L

Lhe second unit, Madel 3130 s a0 dynamic
hope with posh-button openitinn, high imped-
ance, high onmput. and  constiucied of high-

impact plastic with spon alwminum gritle. I he
unit is desigued to be opened cither horicon-
tally or vertically.

MANUFACTURERS' LITERATURE

TESTER BROCHURE
RD Instruments Division i~ ollering a

S-page rechnical brochure which deseribes
Model 18585 dyvnamic beta pawel  tansisto
tester. 1 he twostolor brochure, RDIRRD, in
clndes  technical spediicitions. simpliticd  sche
matic diagrims, and cireuit deseriptions of the
beta and leakage the variable diey
pulsing systemn, il the v

new

]

its

tests, cvcle

inble power supplics,

MINIATURE SLIDE SWITCHES

Oak Manutacturing Co. has prepaved o four-
38 page brochure which highhgehes a new series

ol fow-cost miniatre slide switches,
1he biodhnne dists geneval featnres
Series 200, dhoice of maodels, clecvical
operating  dharacteristios. dimensions,
ance toleriances, plus special options,
the Series 200 s

of the
ratings,
pertorm-
A detailed
schematic ot induded.
CCTV MONITORS

Kin Tel Division has issued o single-page
39 data sheet describing its closed-civenit TV
muonitors,

1he two-color sheet (6-256) desaibes twelve

moanitors Irom 14 1o 2} inches with complete
spedifications, dimensions, and  pertormance.

Acroflex Lahotatories Incorporated is ofter-
4[] ing a new broclre giving 1ol technical
andd application data on its brushless d.c. torgue

motor.
In addition to describing the cquipment in

D.C. TORQUE MOTOR

“DO0-IT-YOURSELF"
TUBE CHECKERS
At 15 The Orsl's':lnaldc;st'!
1pped Rarlway
536-95 Express F.0.B
itseit In one month or

DELIVERY!

1aial  for  sulwrinarkels & +BRAND-NEW
flies. Comu + FACTORY SECONDS
arts, +«USED TUBES

™ CONSOLES
)

Khohs To Hark

1 nre Tules

¢ Trpyefort
Sdllslﬂtlloﬂ nu.lmnlﬂ-n ©r Your
Money Bac
Shipped Nailway

T8
a~ 1
. ...
ONE YEAR GUARANTEED
'I'V PICTURE TUB
A T
H iust a fow sucmr.ular
sample prices!
®r '

F.0.B
l; -}

[ xpn-n.

10 Al Ty pes
Attention! All Pictufe tuhes sold
hy Nation:Wide Contan only new
parts! The glass cnvelope which i3
reused has heen Closely inspected

to manufatture to insure
ear and perfect plﬂnr(- all pic.
ture mlu-s Shippes
for Nﬂhon-widrs cnmﬂlele
c e tube list. Dept. CL

FR:E PosTAGE o On All Orders, X3¢
e o

: '-I Furinaillan nnd I-‘url‘l gn urders pdedae sernl

REMEMBE®R, if you're not completely satistied with any merchan.
disc. Nation-Wide will Refund Your Money within Five ($) days!
o Immediate shipment on all orders!

tubes Ruaranteed for one full

s atl

NATION-WIDE BLDG.

IMMEDIATE

*Used and/or
factory second

MRS
npproximate

G

year!

:HARRISON, N.J. HUmboldt 4-9848
October, 1962 CIRCLE NO. 134 ON READER SERVICE PAGE
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1-YEAR GUARANTEE ON ALL TUBES!

Before shipping, each order of tubes is Scien-
tifically Tested by Nation-Wide's own Quality-
Control Department! All shorted and Low
Emission tubes are immediately destroyed! You

rec e only TOP QUALITY, LONG-LIFE.
Hickok and set tested tubest
INDIVIDUALLY EOXED' CODE DATED!
BRANDED!

4 BI6& 6cm7 12877
1BIGT 4CHB 6CQ8 12AU7
1iL5 DTG 6CUS 12AV5
1LBa 55M8 6Ccus 12AX4GTA B
1LHS SANB DE4 12AX7
1LNS SAQS5 6DQ6 A/B 12AZ7
1mM5GT 5458 6DT6 1284
1r5 SAT 6EAT 128A6
155 SBXTA G6EAS 12BEG
173 58r8 6EAR 12BHT A
1ud SCGE GEMS 12BQ6
1Us sCLEA ERS 128Y7 A

5CZ ESS 12CAS
546 FBGT 1ZCRG
sTB CHB 12CUS/12CS
5U4G Hé6 12CcUs
suU4aGa/B 95 1204 A
sue > J6A 12085
5V4G KBGT 120Q6 A B
X8 K7 12K76T
SY3IGT LEGA 'B/C 12L6GT
6ABGT 54 12Q7GT
5AB4 SAT 1258GT
AC SC7 125A7
GAF4, A 6SH7 125F7
G5 65F7 1257
6AHACT SK 125N7GT
6AH6 GT 12ves
GAKS SN7GTA ‘B 12W6GT
6ALS $Q7 12x4
GAMB A T4 130R7
GANEB A T8 A 14AT
6aQ5 A eUB ‘A 1486
6ASS V3A 4F7
6AT6 V6GT 17AVSGA
6ATH WAacT ‘A 17TAXACT
6AUAGTY A 6CT 19AU4GCTA
GAUSGT 4 19BG6G /A
GAU6 /A XSGT 197!
us X8 A SAX4CT
G6AVSGA Y66 ‘A Q6
vé 7488 £
-] TA7 5CD6GA ‘B
G6AX4CTA B 78 SCU6
6AXSCT 7AG7 SDN6G
GBAS 7AU7 5D Q:
6BCS 784 SL6GT
cacs 787 SWAGT
Lx2 BES (%3 SZ6CT
TaF4d 6BG6C A (-1} SAS
ZEN4 6BH 6 F8 585
2LYS 6BHE H7 5CS
JLUSE 6846 A N7 S5L6GT
IBCS BKS Y4 Wa
nus 68K7a B AwB /A Sv4
InZ6 G6BLTGT /A 845 SZ3
1{B6 N6 cG? I5GT
HESE Qs ST 5
AaKE 6BQ6GTA ‘B aCm7 5085
inTée Q7 X8 CS
154 (7] ASNTCTB SOEMS
AGSCGT 6BY5GA u7 L6CT
R 6BY6 UsA Y6GT
1ve e8BZ7 ODE7 ¥YIGT
aaU6 6C4 EG? LICT
aBCS 6CB6 A 2n80T
a8cs 6CDEG 'A 12A85 1
“BQTA 6CLG 2AD6
4BSA 6CG7 12a05 11723
12ATE 117Z6GT

Partial listing—send for free complete tube listing.
FREE SURPRISE. BONUS.ON
M

CUIDE WITH EVERY ORDER!
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New AEC 77
TRANSISTORIZED
ELECTRONIC IGNITION

Increases power output up to 7% . . . assures
fast starts at low end . .
up to 20% more mpg .
fouvled plugs . . . increases spark plug life 3 to
insures 75,000 mile

point life . . . gives instant starting in sub-zero

- full power at high

pm oL . . prevents

5 times over normal . ..

weather . . . eliminates frequent tune uvps.
The rugged AEC 77 electronic ignition is a
self contained, high energy, completely
electronic transistor amplifier that works
in any make engine, with no fragile moving
parts to break and never needs adjustment,
More efficient combustion delivers full
power over 7,500 rpm, and gives up to 209,
more mpg in ecity driving.

Simple 20 minute installation
by anyone.
Detailed, easy to follow instructions make

installation quick and simple with no spe-
cial 100ls or knowledge required.

WORLD CHAMPION PHIL
HILL TALKS ABOUT THE
AEC 77 HE USES
REPORTS THAT—

CAEC 77w strang spark ean
make up for a nodtitude of
little sins, such ax wora
points or {mproperly gap-
ped spark plags. It will
ke your car rian smoother,
particnlarly al e low end and will uppreciu-
by improce ils performance and economy.”

P

Every AEC unit uses high quality compo-
nents such as DELCO high voltage 15 am-
pere transistors and MOTOROLA 50 watt
zener diodes, as compared to others who use
low voltage transistors in series and two 1
watt zener diodes that cannot handle the
power loacds AEC 77 delivers, AEC 77 is so
dependable in performance, design and en-
gineering, that its prineiple was adopted by
Detroit for use on the 1963 models after
being proven in over 2,000,000 miles of test-
ing. AEC 77 is so0 reliable that every unit is
registered and guaranteed for 3 full years.

Save 40% by ordering your AEC 77
now at SPECIAL MANUFACTURER's
PRICE* .. ...............$3995

*Offer may be withdrawn al uny time.

|AUTOMOTIVE ELECTRONICS CO.
IDept. EW-10, 387 Park Ave. So., N.Y. 16, N.Y.)

INAME
'ADDRESS

|

|

loiTy ZONE STATE _ :

|C) AEC-77 For Negative ground cars $39.95 ppd. l

|[:] AEC-77P For Posibve ground cars $59.95 ppd. |
0 6 vait 12 volt

L".:] Further information on AEC upits I
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detail, the publication Tivas soch applicitions
as directadrive servo motors and  tachometers,
actuating  deviees for gimbals, connol inste
ments, acrospace control sattaces, and remaete-
positioning devices amd o multi-inpne summing

transduieer.
4" Panduit Corporation has published  Bulle-
tin 551 which desaribes 2 new method of
cabling by means of dts "Sta-Suap” tools, tics,
ad s,
Lhe bhrochure gives details on the method of
ming the prodncts and lists dthe militavy speci-
lication~ met by the prodoces,

CABLE TIES AND CLAMPS

POWER-SUPPLY CATALOGUE

Perkin Clecnionics Corporation s ofleving
4 copies ol its new illnstinal cGialogue cover-
ing an extensive line of (el power supplies. I he
publication lises new siticon contiolled aectifiers-
transistor series regnlated TVER and ‘EVR tvpe
doc. supplies of  advanced  ciranit design, In
wddition, the entalogue shows MR magnetic
sevies vegiehitors, magnetic amplifier
nplificr regnbared nnies. and semi-
regublited power sapplics lor indusiial applic-

tions,

transistor

INDUSTRIAL MICROPHONE

4 The Astatic Corporation has issued o com-

prehensive batlletin anering its new Maodel
1 deduastrial micvophone, The two-color data
sheet gives complete detaily inclnding impedance.,
tawsformer, inupersibiling, case ot cleaning, im-
pedance chimge o sewviee, tvpe ol switch. blast-
prool beatnve, nul tempeuaare resistimee. Come
plete mechanical and electrical  charaereristics,
includking a polar pattern, are abo given,

SHIELDED SWITCHING DEVICE
4 Cooke Engincering Co. is now ollering a
lonn-page illostiated folder which deseribes
e detail irs Maodel 228 Cojax.” aominiaturized
shiclding switching device For entering coaxial or
shiclded nansmission lines,
bBimensionss and - performance  characieristics
me included,

TAPE RECORDER DATA

Citrocn Eledironic lus literatare available
4 on ity new portible twospecd, remotecon-
nol rape reeoviders which it will supply en ve-
quest, The bulletin details specificarions on the
Mardels 530 d 660 tipe recorders and available
include acc. adapter, loot
control Tor stenogiaphic wise amd auto cigaretie
lighter adapter,
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accessories which an

MILITARY DIODES

Natiowal Transistor has just issted @ two-
prage dat sheet descrvibing a line ot military
“Gold Bonded™ germaninm diodes. Speci-
fications are given Lor seven diodes indnding the
JANGINIZE, INFOS, INCTE INSTG. aud IN2TT
Abhsolute mavinmm vatings and  performance
chimadteristios me given tor all seven npes in
adhdizion o the mechanical chinacteristics, The

aatilogue is identificd as AN-10O.
Vernitron Corp. is snpphving detiiled  spe-
47 cifications on its Sire Hcrvele U Fhro-
Bore™ svuehros lor servo applications in a new
data sheer CSPES 522500
More than 25 vital characreristies ave  listed
tor pransmiticrs, tratstomomers, diflevential timss
mitters, and receiver transmitters, all engineered
and  manufactimred w0 MILS-20708\  apecificas
tione. Schematies, with dimensions, show  hady

terminal block, spline. and other data,

4 Electronic Research Associates Ine. has s
sieed a short-lorin eatalogue (Noo 1200 List-

ing over W tvpres ol transistorized  power su-

plies. madalanr power sotrees. Inhoratory power
supplios. ransistor st equipment, power simue

CONTROL & TORQUE SYNCHROS

TRANSISTORIZED POWER SUPPLIES

Luons, and control accessavies,
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The intonmation is provided in condise tabn-
lar dorm ad the prodiacrs covered e illnse
teated,

TAPE DEGAUSSERS
Acrovox Corps Hi() Division has issued an
49 information bulletin desaibing in deail
thee models ol tape and film degamssers. Data
on the Taypes 92050 61221, and 8905 s pro-
vided with meehanical aned electrical specifica-
tions jnclnded,

DIRECTION FINDER DATA

Bendin-Marine has dssued a low -page. two-
5 color brochme which desaribes s recently
introduced atomiatic  visial
finder in considerable detail,
I addition o providing complete specifica-
tions on the instmment. the brochure |li('|ll'l'(',\’
topical installations, hont panel view with con-
trols pinpointed. and CRorabe patierns nader

dillereni operating  conditions.

vadie  divection

WING-NUT CATALOGUE
Central Screw Company has released an 8-
5 page. three-color catalogne whicl illnstrates
amd deseribes samdined and spedial low-cost
versions ol stnnped amd pressed wing nuaes tor
a wide viniety ot applications,

Cliwes and diaguams show wing spread. wing
height. stock thickness, aned thnead
sizes suitable for manutacne in both steel and
brass and the weights per DO picees.

wing buse

PARABOLIC REFLECTORS
The Conies Coo has prepared a foor-page

5 brochune
eral of Qs Coll-theshell” sizes ot panabolic ve-
flectors and  details s faeilities for the vapid
cistom dabricnion of spedial purpose curves
based on conic sections, either concave or con-
vex. While the company s prepared to make
rellectors tor v npose. it specializes in para-

which describes aud pictores sev-

boloids ane cllipoids designed Tor nse it sonnd
and nlorasenics, A
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ELECTRONICS MARKET PLACE

RATE: 60¢ per word. Minimum 1D words. December issue closes October 5th. Send order and remittance to: ELECTRONICS WORLD, One Park Ave. N. Y. C. 16, N. Y.

ELECTRONICS
ENGINEERING
AND INSTRUCTION

USED Correspondence Courses and Books sold and
rented. Money back guarantee. Catalog Free., (Courses
Bought.) Lee Mountain, Pisgah. Alabama.

ELECTRONICS! Associate degree—29 months, Techni-
cians, field engineers, specialists in communications,
missiles, computers, radar, automation. Start February,
September. Valparaiso Technical Institute, Dept. N,
Valparaiso, Indiana.

ENGINEERING and Art Degrees earned through home
study. Electronics. mechanical, liberal arts. When
writing specify course desired. Pacific International
College of Arts & Sciences. primarily a correspondence
school. Resident classes also available. 5719-C Santa
Monica Blvd., Hollywood 38, California.

AUTOMATION Worries??? Electronic, Mechanical Draft-
ing pays $175.00 weekly. Send $2.00 first lesson, com-
plete home study course $25.00. Prior, Inc., 23-09 169
St., Whitestone 57, New York.

FOR SALE

TV Tuners——Rebuilt or Exchanged $9.95 complete—
all types—fast, guaranteed service. Send tuner with
all parts to: L. A, Tuner Exchange, 4611 West Jeffer-
son Blvd., Los Angeles 16. California.

TUBES-—TV, Radio, Transmitting And Industrial Types
At Sensibly Low Prices. New, Guaranteed, 1st Qual-
ity, Top Name Brands Only. Write For Free Catalog
or Call WAlker 5-7000, Barry Electronics Corp., 512
Broadway, New York 12N, N. Y.

DIAGRAMS for repairing radios $1.00. Television $2.00.
Give make, model. Diagram Service, Box 672-E, Hart-
ford 1, Conn

GOVERNMENT Surplus Receivers, Transmitters, Snoop-
erscopes, Parabolic Reflectors, Picture Catalog 10§.
Meshna. Malden 48, Mass.

PROFESSIONAL Electronic Projects —Organs, Timers,
Computers, Industrial, etc.—$1 up. Catalog Free.
Parks. Box 1665, Lake City, Seattle 55, Wash.

PRECISION Resistors. carbon-deposit. Guaranteed 1%
accuracy. Mitlions in stock. V2-watt, 8¢. 1-watt. 12¢.
2-watt, 15¢. Leading manufacturer. Rock Distributing
Co., 902 Corwin Rd., Rochester 10, N.Y.

SCHEMATIC diagrams, exact replacement parts or-
ders: Japanese fransistor or tube radios. recorders.
transceivers, electronics equipment. Give model and
manufacturer, $1. Techservices. CPO 849, Tokyo. Japan.

TELEVISION cameras, build one. Write: Spera Elec-
tronics, 37-10 33 St, L.1.C. 1, N.Y.

CONVERT any television to sensitive, big-screen oscil-
loscope. Only minor changes required. No electronic
experience necessary. |llustrated plans, $2.00. Relco,
Dept. EW, Box 10563, Houston 18. Texas.

TV Camera—low cost—easily built—complete sche-
gwtics. instructions 50¢. Denson Electronics, Rockville,
onn.

““FREE—R.C.A., G.E. etc. tubes catalog. Discount to
75% from list. Picture tubes at 75C inch up. Parts,
parts kits at 1/10 original cost. Needles, tube testers,
silicons, seleniums 7” TV bench test tube- $6.99
and more.” Arcturus Electronics Corp., E.W. 502-22nd
Street, Union City, New Jersey.

TRANSFIRE TRANSISTOR Electronics ignition. Save gas,
tune-ups. Improved starting. high and low-speed per-
formance. Parts. Complete Kits, Conversicns. from
$3;11.95. Paimer Electronics, 2W, Carlisle, Massachu-
setts.

TV tuners rebuilt or exchanged, $9.95. Most tuners
shipped day received. Valley Tuner, 18530 Parthenia,
Northridge, California.

INVESTIGATORS, free brochure, latest subminiature
electronic listening devices. Dept. 10B, 11500 NW 7th
Ave.. Miami 50, Florida.

SAVE money! Amazing circuit increases tube life in TV,
Hi-Fi, etc. Plans $2.00. Lewis, P.0. Box 211, Cherry
Hill, N.J.

EEFORE you buy receiving tubes, test equipment, Hi-fi
components, kits, parts, etc. .. .send for your giant
free Zalytron current catalog, featuring Standard brand
tubes; RCA, GE, etc.-—all brand new premium quality
individually boxed. one year guarantee—all at biggest
discounts in America! We serve professional service-
men, hobbyists, experimenters, engineers. technicians.
Why pay more? Zalytron Tube Corp., 220 West 42nd
St., New York City.
VENEER wall baffles. speaker enclosures, equipment
cabinets. Lowest prices. New England Woodcraft, 600
Haverhill, Lawrence, Mass.

Octoher, 1962

TRANSISTORS, Diodes, Rectifiers. S.C.R. etc. Name
brands. top quality. We overstocked for our own mfg.
All specs guaranteed. Write for our free price list.
Autocrat, Inc., P.0. Box 536, Dept. C, Dayton 6, Ohio.

SAVE doilars on radio, TV-tubes, parts at less than
manufacturer’s cost, 100% guaranteed. No rebrands,
pulls. Request Bargain Bulletin. United Radic 1000-W,
Newark, N.J.

SUPERSENSITIVE directional microphone picks up faint
sounds at 300 feet. Detects sound through ordinary
walls. Easily built for $7.00. No electronic experience
necessary. |llustrated plans, $2.00. Dee Company, Box
7263-D, Houston B8, Texas.

“LISTEN-IN-COIL" picks up any telephone conversation
i vicinity, No conmection to telephone necessary.
Easily concealed. $2.98 complete, Acoustical Research,
512-D East 80 St.. N.Y.C.

GARAGE Door Operator Kits—Edwards famous KR-50
kit. Easily assembled and installed. Available with or
without remote car control. Thousands sold. Priced
from $59.95. Wrnite for literature. Edward 7. Fink Co.,
Inc., 284 Nepperhan Ave.. Yonkers, N.Y. Dept. EW.

TV tubes subscription service. Let us solve your new
IV tube stocking problems. Write today for complete
information. No obligation. Telefix, P.0. Box 361,
Levittown, N.Y.

WANTED

CASH Paid! Sell your surplus electronic tubes. Want
unused, Clean radio and TV receiving, transmitting
special purpose, Magnetrons, Klystrons, broadcast
types. Want military and commercial lab test equip-
ment such as G.R.H.P., AN UPM prefix. Also want
commercial Ham Receivers and Transmitters. For a
Fair Deal write: Barry Electronics Corp., 512 Broad-
way. New York 12, N. Y. (Walker 5-7000).

TRIGGER WOIV] We Buy Shoriwave Equipment For
Cash. 7361 North, River Forest, 11l. Phone PR 1-8616.

QUICKSILVER, Platinum, §ilver, Gold. Ores Analyzed.
Free Circular. Mercury Terminal, Norwood, Massa-
chusetts.

PLATINUM electronic scrap bought. Noble Metals Co..
Box One, Los Angeles 9, Calif.

WANTED: Collins, Hammariund Receivers SP-600, 51J,
R-390A, R-388. Teletype, Kleinschmidt. Cash, or trade.
Alltronics-Howard, Box 19, Boston 1, Mass. {Richmond
2-0048).

TAPE AND RECORDERS

TAPE Recorders, HI-FI Components. Sleep Learning
Equipment. Tapes. Unusual Values. Free Catalog. Dress-
ner, 1523 EW Jericho Turnpike. New Hyde Park. N.Y.

RENT Stereo Tapes -over 2,500 Different—al rr]ait)—r
labels -free catalog. Stereo-Parti, 811-G. Centinela
Ave.. Inglewood 3. California.

_SELF-Hypnosis. New concept teaches you Qquickly _h;
tape or LP-record. Free hterature. McKinley Publishers,
Dept. T6. Box 3038. San Bernardino, California.

4,/TR Stereo Tapes- -bought, soid. rented, 1radedr_me
Catalog/bargain closeouls. (Columbia) 9651 Foxbury,
Rivera, California

SAVE 30% Stereo music on tape. Free bargain catalog
blank tape/recorders norelco speakers. Saxitone, 1776
Columbia Road. Washington., D.C.

RENT stereo tapes. Visit store or write for catalog.
National Cinema Tapes. 71 Dey Street, New York City.

aJA_LITV!r_Tape:_'B% Discount! Pre-recorded; Acces-
Eories. Catalog: Tape King, 2028 Garth, Los Angeles 34,
alifornia.

SAVE 50% on guaranteed first line professional record-
ing tape; 30% on stereo music tapes. Tape duplication
services. Free literature. American Recording Co., 6704
Edsall Road, Alexandria. va.

HIGH-FIDELITY

DISGUSTED with “Hi'' Hi-Fi Prices? Unusual Dis-
counts On Your High Fidelity Requirements. Write.
Key Electronics. 120 Liberty St., New York 6, N. Y.
Cloverdale 8-4288

RECORDERS, Comp0nenls!_rree_wholzs_ale catalogue!
Carston, 125-R. East 88, N.Y.C. 28.
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PRICES? The Best! Factory-sealed Hi-Fi Components®
Yes'! Send for free catalog. Audion, 25T Oxford Road,
Massapequa. N.Y.

WRITE for quotation on components, recorders. Fr;
catalog. Hi-Fidelity Supply, 2817-WC Third:_N.vii._ 55.
LOW, LOW quotes: all components and recorders. Hi-Fi,
Roslyn 9, Penna. B
HI-FI Components, tape recerders. all brands, at low,
low “‘We Will Not Be Undersold Prices." 15-day money
back guarantee. Easy-Pay-Plan. Guotations by return
mail. Hi-Fidelity Center, 220-NC East 23rd St., MNew
York 10, N.Y.

HELP WANTED

EARN Extra money selling advertising book matches.
Free Samples furnished. Matchcorp, Dept. MD-102
Chicago 32. III.

GOVERNMENT
SURPLUS

IEEPS $278. Airplanes $159, Boats $7.88. generators
$2.68, typewriters $8.79. are typical government sur-
plus sale prices. Buy 10,001 items wholesale, direct.
Full details, 627 locations and procedure, only $1.00.
Surplus, Box 177-C33. Abbotistown. Penna.

U.S. GOVERNMENT SURPLUS—leeps, $264.00; radios,
$2.53; guns, typewriters: cameras; tools; thousands
of items. Fabulously low surplus prices. Complete in-
formation sent immediately. Send $1.00 to: Surplus,
Box 512-R. New Orleans 1, Louisiana.

PATENTS

PATENT Searches. 36.00 For f-ree Invention Record
and “Information Inventor's Need." Write: Miss Hey-
ward, 1029 Vermont Avenue NW. Washington 5. D.C.

SHOPPING GUIDE
CLASSIFIED

A HANDY GUIDE TOQ PRODUCTS, NOT NECESSARILY
ELECTRONIC, BUT OF WIDE GENERAL INTEREST,

PHOTOGRAPHY-FILM,
EQUIFMENT, SERVICES

SCIENCE Bargains-—Request Free Giant Catalcg “'CJ"

-144 pages- -Astronomical Telescopes, Microscopes,
Lenses. Binoculars, Kits, Parts. War surplus bargains.
Edmund Scientific Co., Barrington, New Jersey.
MEDICAL FILM--Adults onlr—"ChiIdbirlh," one reel,
8mm $7.50; 16mm $14.95. International W, Greenvale,
L.1., New York.

STAMPS AND COINS

SMASHING collection free. Includes triangles, early
United States, rockets, sports, British colonies, high
value pictorials, ete. Complete collection plus big, I1-
lustrated magazine, all free. Send 10¢ for posiage.
Gray Stamp Co., Dept. Z2, Toronto, Canada.

EDUCATIONAL
OPPORTUNITIES

LEARN While Asleep, hypnotize with your recorder
phonograph. Astonishing details, sensational catalog
free! Sleep-Learning Association, Box 24-ZD, Olympia,
Washington

LEARN while asleep. Remarkable, scientific. 92% ef-
fective. Details free. ASR Foundation, Box 7021, Dept.
e.g., Lexington, Kentucky.

BUSINESS
OPPORTUNITIES

ASSEMBLE artificial lures at home for stores. Ma-
terials supplied free. Profitable! Write: Lures, Ft.
Walton Beach 1, Florida.
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FREE Book 990 Successful, Little-Known Businesses,'’
Work home! Plymouth-555M, Brooklyn 4, New York.

i Made $40,000.00 Year by Mail Order' Helped others
make money! Start with $10.00—Free Proof. Torrey,
Box 3566-N. Oklahoma City 6, Oklahoma.

ASSEMBLE artificial lures at home for stores. Ma-
terials supplied free. Profitable! write: Lures, Ft.
Walton Beach 1, Florida.

$100 weekly possible. Compile mailing lists and ad-
dress envelopes for advertisers. Home—spare time.
Particulars free. National Service, 81, Knickerbocker
Station, New York City.

MISCELLANEOUS

2700 Novelties, Tricks, jokes, science, hobbies.
World's bigges! gadget catalog 10¢. Johnson~Smith,
D.528. Detroit 7.

AUTHORS! Learn hew to have your book published,
promoted, distributed. FREE booklet ''ZD,” Vantage,
120 wes! 31 St.. New York 1

HYPNOTIZE Unnoticed, qulckly efforttessly, or re-
fund! Thousands satisfied! $2, Timner, Box 244, Cedar-
burg, Wisc.

WRITERS Send Your books, artictes, stories, plays for
free evaluation, screening and sale. Write today' Liter-
ary Agent Mead, 915 Broadway, N.Y.C. 10

PUBLISH your book! loin our successful authovs pub-
licity advertising promotion, beautiful books. All sub-
jects invited. Send for free appraisal and detailed
aoekclet Carlton Press, Dept. ZDJ), 84 Fifth Avenue,

HOMEBREW GUIOE. Complete illustrated instruction
manual, $1.00. Supply catalog included. Cal-Brew Sup-
plies, Box 1005-A14, Seaside. California.

HOMEBREWING! . .. Beers ... Wines. Instruction man-
|Jxal $1 (guaranteed!). Crysial s, M71- ZD2, Hoboken, New
ersey.

SAY YOU SAW IT IN

Electronies World

STROMBERG

carLson - 04 WATT
STEREQ AMPLIFIER SALE
REGULAR McGEE'S $99 95

$199.50 PRICE

McGee Special Cnrlnlul I'urchasg Sale! New, Factory
cartoned 641 watt (32 watts per channel} Stereo- HII-I
Audio Amplitier, Madel ASI.-880. It’s all there is in
quatity anit value. Made to sell at $200.00, MtGee
offers them for only $99.95. Metal cover, $3.9
eéxtra. Works with any record :h-nuer and tuner. U-
with any good HI-FI speakera, only 500 to sell, order
xyours nnmv. Shipping welght, 32 Ibs

Combinatlon offer: J\bli REO, 04 walt Stereo amplifier

with Garrard Typ $n ure M70) cartridge and
two Sl-('l'helll l .:'!FR wlde -range 127 speakers, all
for only $2;

Wood baxe l'or Type A, 54.98, LRSI, 45 RPM spindle.
$3.80. Dewald NSOJB. FM.AM ﬁ!lf powered tuner.
$54.50 extra.

SPECIFICATIONS

The Stromberz-Carison ASR.$80 Is one of the most
powerful stereo amrllillers avallable at any price

Desifned with the flexibility of a rec¢ording slndia
controt panel, cach channel has individual tone con-
trols and rofessional mixer-type separate volume
controls which operate in conjunction with the master
zain control. Specially engineered output transtormers
utllize massive, grain-oriented steel cores for ex.
ceptionally good (ow frequency power handling with
mlnimum distortion. In rati the ASR.880 a leading
t laboratory reported ''A pleasant surprise came in
melsluln the power output of the ASR-880. Each
¢hannel ellven-d SO0 watts at B
tlon, or watts at 1%, ﬂlilbrllon This is unusual
ln an lmpllﬂer rated at 32 per channel. Only
0. 0.7 millivoits at the nhono inputs will drive
the amplitfier to 10 wafts output per channel,
normal #aln utllnli of the wunit the hum level is
tnller t below 10 Wwaits even on ond
Inpu hll ls complelely inaudible., The As =880
na I rare combination of very high galn and very
low hum, The amplifier has 3 number of special
teatures sSuch as center channe)l output and a3 very
effective channel-bajancing system, 2% well as the
usual sterco functions found in all goud lmnllllert o
Sensitivity: Tuner, 0.2V: Magretic Pha MV
Ceramic Phong, 0.4¥. Input Impedance: runer'Aul
megohm; Magnetic Phono. 47K ohm: Ceramic
Phono/TaPe. 2.2 megohm. Output impedsnces of 4,
8 and 18 ohms on both channels and 8
across 4 ohm taps on center speaker, Hi‘h lmpeﬂ
ou

ll L GOIG fini ‘h
WRITE FOR McGEES |963 176 PAGE CATALOG

McGEE RADIO CO.

Switcned. Overal, iz SRR A Pa S A T
switcl Ve." ’ 1{J NE ] 7 4
133 L'z '9. c'c-

1901 McGee 5t., Kansas City 8, Missouri

CIRCLE NO. 169 ON READER SERVICE PAGE
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ELECTRONICS WORLD OCTOBER 1962

Reader
Service No. Advertiser Page No.
100  Accurate Instruments Co.,
Inc. 82, 83
101  Advance Electronics 104
102 Allied Radio 87, 88
103  Anglo American Acoustics Ltd. 114
104 Antenna Specialists Co., The 26
Artisan Organ 95
105 Astatic Corp., The 103
106 Avutomotive Electronics Co. 100
153 Automotive Electronics Co. 120
107 B & K Manufacturing Co. 13
163 B & K Manufacturing Co. 90
Bell Telephone Laboratories 25
166 Benjamin Electronic Sound
Corp. 95
108 Brooks oo 93
109 Burstein-Applebee Co, 66
110 Cadre Industries Corp. 24
161 Candee Co., J.J. 92
111 Capitol Radio Engineering
Institute, The 18,19, 20, 21
112 Channel Master 74,75
Cleveland Institute of
Electronics 23
113 Columbia Electronics 102
Conar Instruments 84,113
114 Datak Corporation, The 8
164 Delta Electronics Co. . 105
Dressner Lo 95
115 EICO (Electronics Instr.
Co. Inc.} S 28
116 Electro-Voice, Inc. 4
117  Electronic Chemical Corp. 94
118 Elpa Marketing Industries, Inc. 14
119 Fair Radio Sales 10
120 G & G Radio Supply Co. 123
121 Goodheart Co., R.E. 17
122 Grantham Schoo! of
Electronics 15
123 Greenlee Tool Co. o114
124 Grommes Div. of Precision
Electronics, Inc. 12
125 Harman-Kardon .. ........ n
126 Harman-Kardon ... ... ... 21
127 Heath Company 78,79
Indiana Technical College 100
128 |International Radio &
Electronics Corp. 116
165 International Representatives
Corp. 112
129 Key Electronies Co. .. .. .. 64
Knight Electronics 5
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Reader
Service No. Advertiser

130 Lafayette Radio

Page No.
96, 97, 98, 99

131  Lampkin Laboratories, Inc. 8¢9
169 McGee Radio Co. .. 122
132 Milwaukee School of

Engineering 86
168 Motion Inc. ... ... m
160 Motorela, Inc. 112
133 Multicore Sales Corp. 105

National Radio Institute 9, 10, 102

134 Nation-Wide Tube Co. ne
135 North American Philips
Company, Inc. . 80
136 Nortronics Company, Inc. 89
Oelrich Publications B 89
167 Olson Electronics Inc. .. .. .. 94
137 Peak Electronics Co. . .... 112
138  Quietrole Company ... .. 64
R.A.E. Equipment, Inc. 27
RCA Institutes, Inc. 68, 69, 70,71
R W Electronics 104
140 Rad-Tel Tube Co. 124
Radio Corporation of
America FOURTH COVER
141 Radio Shack
Corporation 106, 107, 108, 109
142 Reeves Soundcraft Corp. 77
143 Rider Publisher Inc., John F. 76

144 Rohn Manvfacturing Company 93

145 Sams & Co., Inc., Howard W. 63

146 Scott Inc., H.H. 2
147 Sencore A 65
148 Sonotone Corporation L 73

Space Electronics Co. 100
149 Sprague Products Company 1

150 Standard Kollsman

Industries, Inc. THIRD COVER

151 Superscope, Inc. . 101
152 Supreme Publications . 116
Switcheraft, Ine. . ... .. 89
Sylvania .. ... ... .. 81
Texas Crystals L 92

154 Transvision Electronics 118

155 Triplett Electrical Instrument
Company, The SECOND COVER

Tri-State College 95
156 U.S. Crystals, Inc. 95
157 University Loudspeakers . 16

Valparaiso Technical Institute . 110

158 Weathers . 67
162 Weathers 85
159 Woinegard Antenna Systems 6,7
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4-Secrion Antenna for BC- so:! 683 Recelvers. Cnm
plete with mountin base. BHAND NEW 4.95
AC POWER SUPPLY FOR 8C603. 683
Interct :u i r O
Swil 1 \l! A rl{\(‘l’ NEEIED, 1'vu ||1 22
v Rll Ma. 24VAC 2 Amps . -.%12.95
COmplou- 230-page Tveﬂmc.al Manual for BC-603,
%3.15
nc 604 TRANSMITTER— Com ion unit for NC-
GOr levr Wilth all (u I SB 95

» BRANID NEW

684  Transmitters.
BICAND NI W,
Une ahavi

53950

w linear swoop
st sCo

J] 1 izion
Felf-contalned

to
(113

LM FREQUENCY METER
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BC- 906 FREQ METER—SPECIAL
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125 KC
uatats 1o al

Unmaulatest £72.50
BC-221 1000 Kc Crystal Brand New

Inmlinn Charts.
10 20.00¢

('om

.,
BRAND NEW. nuu I.DW PRICE

T e e E—
BC-221 FREQUENCY METER

SPECIAL BUY! Tius excelleot treauehcy
stacdard 15 equipped wilh origlnal ¢al-
has rdbges from

0 KC with erystal check
Used wilh

orlgit Calibration Book, Crystal, and
all tanles—LIKE
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SCHEMATIC DIAGRAMS

October,

1962

Complete portable outfit in original pack-
with all

Bran

0 nmn c(lrl \-rllll 24

Far most equipment

on thi:

d New
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Py v\[‘\r‘|l pan 5169 50

WESTERN ELECTRIC MERCURY RELAY

tach

65¢

CIRCLE NO.

ATTENTION: IMPORTERS-EXPORTERS

of ELECTRONIC EQUIPMENT

We specialize in the export of electronic equipment,

Electromic Tubes at LOWEST prevalling

packing and shipping is made directly

r own warehouses in NYC. to give vyou Sub-

stantial savings In handling costs! Your inyuiries in.
LITY

vite
\",
FINE QUA ¥ "
NAVIGATIONAL EQUIPMENT !

Determine exact geographic position of your boat

and
art

LORAN APN-4

or plane. Indicator and receiver complete with all
tubes and crystal.
INDICATOR ID-6B/APN-4, and RECEIVERMQ 50

R-9B/APN-4, complete with tubes. Exc. used
Receiver-Indicator as above, BRAND NEw$88.50

INVERTER POWER SUPPLY for loran. Made by
Eclipse—Pioneer Div. INPUT: 24 V DC @« 75 A.
QUTPUT: 115 vV AC G 10.5 Amps. 800 cycles. Com-
plete with two connecting plugs BRAND NEW$49.50

12-Volt Inverter Power Supply, Like New.
Shock Mount tor above
We carry a complete line of spare ‘parts for above.

LORAN R-65/APN-9 RECEIVER
& INDICATOR

in ships and aircraft.

Used Deter- Fr==p

mines position by radio signals from B (Qaese=)
known xmitters. Accurate to within o

1% of distance. Complete with

tubes and crystal. Exc. used.

Value $1200.00. Qur Price. ............ $79.50
Used, less tubes, crystal and visor, but wdhs SBPI

C.R. tube
INVERTER POWER SUPPLY. INPUT: 24 V DC. OUT-
PUT: 115V AC. 800 cy. BRAND NEW ..349.50

12-Volt Inverter Power Supply, Like New
Shock Mount for ahove .

Circuit diagram and connecting piugs available.
We carry a complete line of spare parts for above.

LORAN APN/4
OSCILLOSCOPE
Easily converted for use on

adio-TV service bench

LIKE NEW! Less tubes. but
including 3" Su)pe |$1 |

tvpe 5CPI only
BENDIX DIRECTION FINDERS

erclal navigation on hoats.

-P.UR.
2

Ke: 425.495 Ke: 3.4.7 M.
tubes. dyaamoior. $1950
ver Ci .nn Itax $ a.9s
er 130 1 Ke enntinuous
Lihes 3 T ed
r

ALL COMI'LEYE WITH TUBE Lika
Trpe Bncr(n\wn Veed NEW
IR er H). ...')0 KC $12.45 S11.95
BC-451 u chor J-U 12.35 17.
BC- 155 Ihcu\lr £ 11.50 13.95
1.5 1 . He rr Hl"lml New .%$17.95

|
| 110 Voit AC Powsr Supply Ril, for atl -117.4-\' ETON] I
¥ H Cumplele i
| !‘\"l‘t. F s W Plele nn el 5895 I
I Factory \\Irul. teted, ready 10 operaie. .$12.50 I
€0 TUNING KNOB for 27 i-N oand ANC.G
| VEHS Flis BC-353. BC4G1 and |
r< Only A c
e 1o 1 Mo, Transmitter, Brang New $12.95 |
| BC.457 TRANSMITTER..4.5.8 Mc. cu.uplete $9.75 |
by ;“ Tubes aild crynl-nl. HRAND NEW. 1- =S
| JSH"T"ANSMITT!H %3t 7 Z\nc’.'céai.'piu'lé Ben
| ! tube 1 eryatal 95 |
IIIK \\I’ \ W A .
| rw "RANSMI Slete el
| Bc 636 vnnusmnr:npq‘cx \1 c lete with g |
69 b e - omplete v s‘n 95
| U!ID 3.2 NEw HEH |
|

2 YVOLT BATTERY “"PACKAGE"”

Hr \Vlll'lrd alurnne
el x 47

B:
X ‘" h .79
1=2V. 7 pronm Svmchronous Plu-in
Vihratnr . . 1.49
1 qu:cn Hottle Electrolyte (for ]
[ | .45
A BRAND NEW!
e nintian Briss $5.45
e——g )
WILLARD 6-VOLT MIDGET .
STORAGE BATTERY
Awmp. lHour E"AND NEW. 35 x -
18" x = - Cresn ::an-"-ru Electro
yie -Onity $2.95

Frease nciudc 3390 Derpost wilh ordcr—nalance € 8.0,
or Remittance 10 Full. 50c Mandling Charges on orders
under S5 0@, All shipments F.0.B. Qur Warehao NYC.

All Merchan ¢ subject to r:0r Sale _and Prt Chinge
G & G RADIO SUPPLY CO.
Telephone: €O 7-4605

77 Leonard St.
New York 13, N. Y,

www americanradiohictorv com

FAMOUS BC-645 TRANSCEIVER

AN/ART-13 100-WATT XMTR

11 CHANNELS
2001500 ke Y,
2 to 18.1 Mc

%692

used

Complete with Tubes

Famous (‘olf ns  Autoluse Alrcraft T llltr ,\\1'
cw. )ICV ¢ o an¥ of
nels wuni peech 1 .ler u~nq
8 1 “l ¢ mik HinghiY Iy 1

T \'F"< Bl X L atnr
PR L 1l 1
A Real HOT'' Ham buy at our oW price! Ori2. ¢cost
|I1ROO.
AN,ART.13 XMTR as above. Like New $795[J
0-16 Low Frca. Osc Coul 'or ART-13. 7-95
2av Dyrnamotor for ART:13 . i 11 495
Same as above |ess meter s .... 3950
Wwa garry a complete tine ol t DaArts tor alinve.
APR-1 Nasy VHE UHE 1 lvcelver, ®o M

Me 10 2 hanhd BRAND NEW $79.50

TUNING UNITS for ahose: TN, TN2. TN3, BRAND
$39.50
AN APR bl RECLIVER [ RGN )y ale in 3
2t istrument. Ik
V(ll) ey, lel‘ NE N $£79.50
Tuminz Unidts, ThN16. 17, 1R each a - .$39.50
Tuning Unit T\ Brans New ...$89.50
Tunine Unly .$149.50

15 Tubes 435 to 500 MC

Can
cun

VUl
ut B m band 420 4.:0

ende,
me, cilizens rad 169470
me. nxed an chile 450.
460 me. television exp
mental  470-G00  me 3

& {tiihes  alone  woith

le price’): 4
&k e S=HEY. 2 BRAND
6F 2 an 1-—Wt
318A.  Now eovers 160 1 NEV]
100 I""!I. Iflruml new BC.AIS wiin tules, less pouer
upply In faetory cakiun. “e 10
shipping welght 25 Ihs. SPECIAL! | 519 50 |
PE-101€ Dynamotor, 12/23V inpdut.. . 37 95
UNF Anteuna Asscmbly ¥ 2.a5
Compiete Set of 10 Plugs. 5.50
Control_Box 2.25
ECIAL "PACKAGE" OFFER:
RC.645 i ) n
nbove. Ci
While St0
APN-1 FM TRANSMITTER-RECEIVER

420 to 160 mMc Alrcratt Radlo altlmeter cyuipment.

Tubes: 4.9SS, 212897, 1-125H7, 2-12HE
1:VR1S0: Complete with tubes. hrand u(-w
APN-1 exc. Used

RCA GEIGER COUNTER MODEL WF 16A

|-orlnh "
Gelger-C

" o[59.95

astralient,  us
uhex,

1nlm % up
A

ounl
took: mue
with

)
e

$89.50

1.7
orie

BT 1
batieries.

BRAND NEW, Complete. our price. Special

LIMITED QUANTITY SPECIALS!

nc-312 MDI’HLE RECEIVER v 13010 Ke lo 18
A wi 1o v %79.50

LB
or. Like New  §79.
312 !Or AC_oncration $89.50

BC-348 SUPERHET RECEIVER - he -m.. 1
to 1201 My, Voleo. lone. UW. Self cuntained

motnr fur 24 V1M Lk New sns 50
AN APT-S A)RBORNE RADAR SET, with tule ;
N 549.50

TG:34A KEYER. «xc. used. llke 1

v . S0
Complete set of 15 Code practice tapes. B

$24%
New. P.U.IR

MOBILE-MARINE DYNAMOTOR
Model DM35
lnput 12V DC. QutPut: €23 Vv
oc 225 Ma. for press-to-
talk intermittent operation.
Shpe. wt. 14 1bs.
HRAND NEW. . $14.95
OTHER DYNAMOTOR VALUES: Exccllent BRAND
Type Input Output Uscd NEW
DM.32a 28V 1.1A 250V .05A 2.45 4.45
DM 334 2BV 54 575V .16A
28V 74 530V .25a 1.85 13.75
OM-34D_ 12V 24 220v .080A_4.15 5.50
DM.53a 28V 1.44 220v .080A 3.75 5.45
DM-63A 12V 5.14 275V .150a 7.95
PE-73C 28V 20A 1000V .3504 8.95 14.95
PE.B6 28V 1.25a 250V .050A 2. 75 3 85
oM a2A DYNAMOTOw, Ioput 12 N e I
Dutput 31 £ v I"‘ @
B I ANTY N A $

.37 uv~n~mron 28,5 v NG @ 0.2 AL 0

put 623 V 225 Aa, BRRAND NEW, Luch $3.25
CARTER GENEMOTOR

INPUT: 5.0 nc 12 Amps
ourrur oy v ne 4 70 Amps, $8.95
BRAND NEW. snp:ial = -

120 ON READER SERVICE PAGE

MICROPHONES

BRAND
MO Description NEW
a .Carton Hand Mlke $7.9§5
RS5:38. . Navv Tyviwe Carhwon ]lnnll .' 5.75

HEADPHONES

- -
-
-
-]

Mode! Description 1Y
l HS5-23. . High Impedance . ..... $2.19

HS-33. . Low Impedance 2.69 4.59
I :5-30 |'|“ 'Imli 'rﬂalherwt) 49 13:

NEW 1

.. %4.49 .
|

|

1 3.7
TELEPHONICS -G nhm I.ul Impcdance IIFAU
SEI1=. HHAND NEW. Al

0-31074

c 7Aa Cords, with l‘l.as viuz and JR2G Jack 99
f-arphone (uszhjons for abov pair -50 .
L O N S O S ES M A G A e e

123
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Gives You More
For Your Mnney'

ADIO, .o HI-F!
1 YEAR UARANTEE

| M~ 'GItl ﬁlubz

Made in U.SA.

SERVICEMEN:

RAD-TEL HAS THE
LATEST TUBE TYPES.

Manufacturers Suggested List Price

Send For New Tube & Parts Catalog
o FREE! Send For Trouble Shooting Guide ®

Be your own

TELEVISION REPAIRMAN

The Original NOW YOU CAN
FIX YOUR OWN TV SET BOOK

You can fix your own TV if you have Tv Fixit
Book . because 80°% of troubles are caused
by tubes. This book explains, illustrates trouble
and what tubes cause this trouble. Pinpoints in
over 3000 layouts by model number, position and

type tube cawsing trouble. $ 00
0. 170 1

TV. RADIO I Send FREE Tube and Parts Catalo
RAD- cu ”;D HLFI H Send FREE Trouble Shooting Guide
] |
55 CHAMBERS STREET, NEWARK 5, NEW JERSEY NAME

TERMS: 25% depesit must accompany all orders, balance C.0.D. Orders under $5: ADDRESS
add $1 handling charge plus postage. Orders aver $5: plus postage. Approx. 8 tubes
per 1 . Subject te prier sale. Ne C.0.D.’s outside continental U.S.A. cITY ZONE STATE
124 CIRCLE NO. 140 ON READER SERVICE PAGE ELECTRONICS WORLD

EACH TUBE ATTRACTIVELY BOXED & BRANDED RAD-TEL
aty. Type Price | Qty. Type Price | dty. Type Price | Qty. Type Price
0z4 .79 6aUB .87 6K6 .63 12CUs S8
1AX2 .62 6AVE M 654 .52 12CUs 1.06
1B3 .79 6AWS .90 6SATGT .99 12Cx6 .54
1DNS .55 6AXA .66 6SH7GT 1.02 12D4 .69
1G3 .79 6AXS .74 6S)7 .88 12DE8 .83
13 .79 6BAG6 .50 6SK7GT .95 12DL8 .88
1K3 .79 6BCS .61 65L7GT .84 12DQ6 1.04
1R5 77 6BCs8 1.04 6SN7GT .65 12DS7 .84
185 75 6BE6 .58 65Q7 .94 12DTS .76
1T4 .72 6BFS .90 6T4 .99 12DT7 .79
1Us .65 6BF6 .44 6T8 .85 12D7T8 .78
1X28B .82 6BG6 1.70 6U8 .83 12Dw8 .89
2AF4 .96 6BHS8 .98 6V6GT .54 12D26 .62
3aL5 .46 6BJ6 .65 W4 61 12EDS .62
3AU6 .54 6817 .79 6W6E A 12EGE .62
3ave .42 6BK7 .85 6X3 A 12EK6 .62
3BCS .63 6BL7 1.09 6X8 .80 12ELE .50
3BNG6 .75 6BN& .74 7A8 .68 12E26 57
iBus .78 6Ba6s 1.12 7AU7 .6S 12F8 .66
3BY6 .58 6BQ7 1.00 TEY6 ol/S) 12FAB6 .79
3BZ6 .56 6BUS8 .70 7Y4 .69 12FM6 .50
3CB6 .56 6BX7 1.1 BAUSB .90 12FR8 .97
3CSse .58 6Bz6 .55 8AWS .93 12F X8 .90
3DG4 .85 6BZ7 1.03 8BQS .60 12GC6 1.06
3DK6 .60 6Ca .45 8CG7 .63 12)8 .84
3DT6 .54 6CB6 .55 acm7 .70 12KS .75
3GKS .99 6CD6  1.51 BCN7 .97 12L6 G
3Qa .63 6CG7 .61 -8CS7 .74 12SF7 .69
384 .75 .6CG8 .80 BEBS .94 128K7 .95
3va .63 6CL8 .79 8FQ7 .56 125L7 .80
4BQ7 1.01 6CM7 .69 9CL8 .79 12SN7 .67
i aCse .61 6CN7 .70 1Cy7 L 75) 128Q7 .91
aDTe .55 6Cas .92 12A4 .60 12U7 .62
4GME .60 6CRE .60 12AB5 .60 12ve .63
SAMS8 .79 .6CSe B3 12aC6 .55 12W6 A
5ANS .90 6CS7 .69 12AD6 .57 12X4 47

AFFILIATED WITH ANY

OTHER MAIL ORDER TUBE COMPANY

Please rush order
. Be Your Own Television

ENCLOSED (S $

SEND BOOK(s)
Repairman « $1.00 each
Orders under $5.00 - Add $1.00 hand!ing charge - plus postage.

| 5AQ5 .54 6CUS .58 12AE6 .50 17AX4 .67
SATS .83 6CU6 1.08 12AE7 .94 170Q6 1.06
5BKT .86 BCYS .70 124F3 .73 18FW6 .49
58Q7  1.01 6CY7 .71 124F6 .67 18FX6 .53
5BR8 .83 6DA4 .68 124)6 .62 18FY6 .50
SCGB .81 6DEG .81 128LS .47 19AU4  .B7
SCL8 76 6DGS .82 12aL8 .95 19BG6 1.39
scas .84 6DJ8  1.21 12AG5 .60 19EA8 .79
SEA8 .80 GDK6 .59 12AT6 .50 1978 .85
SEUS .80 60N6 .1.55 124T7 .78 21EX6  1.49
5J6 .72 6DQ6  1.10 12806 .51 25AX4 .70
sT8 .86 6DTS .81 12AU7 .61 25C5 .53
sua 60 6076 53 12av6 .41 25CA5 .59
sus .84 &DT8 .94 12aV7 .82 25CD6 1.52
5V6 .56 GEAB .79 12aX4 .67 25CUB 1.11

| 5X8 .82 _6EBS .73 12aX7 .63 250N6 1.42
sY3 46 6EBS .94 12AY7 1.44 25EHS .55
6AB4 46 BEMS .77 12427 .86 2516 .57
GACT .96 6EM7 .82 12B4 .68 25wW4 .68
6AF4  1.01 GEUB 79 12BD6 .50 32ETS .55
6AGS .70 6EVS .75 12BE6 .53 35C5 .51
6AH4 .81 GEWS .57 12BF6 .60 3516 .60
6AH6  1.10 6EY6 .75 12BH7 .77 I5w4 .42
6AKS .95 6FG7 .69 12BKS 1.00 3525 .60
6ALS .47 6Fv8 .79 12BL6 .56 36AM3 .36
6AMB .78 6GHB .80 12Ba6 1.16 50BS .69
6AQS 53 6GKS 61 12BR7 .74 50C5 .53
6ASS 60 6GKE .79 12Bv7 .76 S0EHS .55
6ATE .49 6GN8 .94 12BY7 .77 S0LE 61
6ATS .86 6HE .58 12B27 .86 70L7 .97
6AU4 .85 6J5GT .51 12CNS .56 11723 85
6AUG 52 6J6 71 12CR6 .67 807 .75

!— ----- ----0ROER FORM @ MAIL TODAY ===—ueaa -

Total
| RAD-TEL Tube Co. Tabes
5 ota

: BEPIRESEID Book{s} 3

1 55 Chambers Street Postage $

| Newark 5, New jersey Grand

) Total $

I

1

1

)

1

PRINTED IN U.S.A.

www.americanradiohistorv.com
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Lower Noise

85% of all TV servicemen
prefer Standard turret type

replacement TV tuners.

1 year guarantee backed by
the world’s largest TV

tuner manufacturer.

l]l TV It's Standard Trade-in allowance for the

defective tuner being
replaced.

See your focal authorized Standard Ceil Distributor

INDUSTRIES INC.

FORMERLY STANDARE COIL PRODUCTS CO., INC., MELROSE PARNK, ILLINOIS

CIRCLE NO. 150 ON READER SERVICE CARD
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Get Extra Value
at No Extra Cost

with this RCA WV-38A (K)
VOLT-OHM-MILLIAMMETER KIT

Now you can get a professional-caliber. ¥V-0-M in kit form. Enjoy the self-
satisfaction and sensible savings that kit assembly offers you. No professional
know-how required. Clear step-by-step directions to follow. The result: years
of precision service at low cost.

Whatever your reason for choosing a V-0-M kit, there's one basic reason for
making that choice an RCA WV-38A (K).. extra value at no extra cost. Want
examples?

o Extra 0.25-volt and 1-volt ranges

¢ Frequency response of low a-c ranges is flat within
1 db to 800.000 cycles

® Spring clips on handle for extra carrying convenience
¢ Jacks below switches keep leads out of way

e DB scale clearly marked: no squinting

o Easy-to-read meter measures 5" wide

o Non-breakable. sealed plastic window

® Red test lead has prabe and slip-on alligator clip

for added versatility %
nv*29.95

Attractive, scuff-resistant laminat-
ed-vinyl carrying case. $4.95" extra

—

RCA WV-38A available factory-wired
and calibrated: $43.95*

OTHER OUTSTANDING RCA KIT VALUES

RCA WQ-33A (K) RCA WV-98C (K)
SUPER-PORTABLE SENIOR VOLTOHMYST" KIT
OSC”.LOSCOPE KlT A new 0.5-volt full-scale DC range permits accurate

measurement of low voltages used n transistor ir-

RCA WV-T7E (K)
VOLTOHMYST® KIT

e -y

Famous VoltDhmyst® quality and performance at a
low price! Special test features include: separate
1.5-volt rms and 4-volt peak-lo-peak scales for accu-
rate low AC measurements. "ests AC and DC voltages
to 1500 volts; resistance frcm 0.2 ohm to 1000 meg-
ohms, Complete with ultra-slim probes, long flexible
leads, special holder on hardle to store leads.

ONLY $29.95°

RCA WY-77E avallabl fzctory-wired and calibrated: $43.95°

Cail your Authorized
RCA Test Equipment Distributor

Here is a rugged, compact oscilloscope that weighs
only 14 pounds. Easily portable for fn-the-hcme or
shop troubleshooting. Ideal for servicing black-and-
white and color TV, radio, hi-fi components, tape
recorders, etc. Ample gain and bandwidth for the
toughest jobs. 3" graph-scale screen and internal
calibrating voltage source for direct reading of

peak-to-peak voltage. B
ONLY *79.95

RCA W0-33A available factery-wired and calibraied: $129.95°

uits, AC DC-chms probe comes completely assem-
bled at no additional cost. Separate co or-coded
scales measure DC voltages. 0 to 1500 volts; AC
voltages, 0 to 1500 volts rms or 4200 vots peak-
10-peak. Resistance from 0.2 chm to 1000 megohms.
200-microampere meter movement with less than
1 tracking errce  Precision multiplier resistors

accurate to = 1
NEW LOW PRICE $57°5°
RCA WY-980 avaltable lactory.wired and calibrated: $79.50°

*User Price (Optional)

The Most Trusted Name in Electronics

RCA Electron Tube Division Harrison, N. J.

\*,
|

|- T
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