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GET A FAST START WITH
NRI'S ABSORBING, NEW
ACHIEVEMENT KIT

Delivered to your door—
everything you need to
make a significant start in
the Electronics field of
your choice! This new
starter kit is an outstand-
ing, logical way to intro-
duce you to NRI. What's
in it? Your first group of
lesson texts; a rich vinyl
desk folder to hold your
study material; the indus-
try’'s most complete
Radio-TV Electronics Dic-
tionary; valuable refer-
ence texts; lesson answer
sheets; pre-addressed en-
velopes; pencils; pen;
engineer’s ruler, and even
postage. No other school
has anything like it.

ELECTRONICS COMES
ALIVE WITH CUSTOM
TRAINING KITS

You get your hands on ac-
tual parts and use them to
build, experiment, explore,
discover. NRI| pioneered
and perfected the “home
lab'’ technique of learning
at home in spare time.
Nothing is as effective as
learning by doing. That's
why NRI puts emphasis on
equipment, and why it in-
vites comparison with
equipment offered by any
other school. Begin now
this exciting program of
practical learning created
by NRI's Research and De-
velopment Laboratories.
It's the best way to under-
stand fully the skills of the
finest technicians—and
make their techniques
your own.

“BITE-SIZE'" LESSON
TEXTS PROGRAM YOUR
TRAINING AT HOME

Certainly, lesson texts are
necessary. NRI's pro-
grammed texts are as
simple, direct and well il-
lustrated as 50 years of
teaching experience can
make them. They are care-
fully programmed with NRI
training kits to make the
things you read about
come alive. You'll experi-
ence all the excitement of
original discovery.

>

U ——

HOBBY? CAREER?
PART-TIME EARNINGS?
MAIL COUPON TO NRI

Whatever your reason for
wanting to increase your
knowledge of Electronics
. . . whatever your educa-
tion . . . there's an NRI
instruction plan to fit your
needs. Choose from three
majer training programs
in Radio-TV Servicing, In-
dustrial Electronics and
Communications or select
one of seven specialized
courses. Mail coupon for
NRI catalog now.

DISCOVER THE EXCITEMENT OF
NRI ELECTRONICS TRAINING

Founded 50 years ago—in the days of wireless—NRI pioneered the ‘“‘iearn-by-
doing” method of home-study. Today, NRI is the oldest, largest home-study
Electronics School, offering the kind of instruction that makes learning exciting,
fast. You build, test, experiment, explore. Whatever your interest, your need,
your education, investigate the wide variety of NRI training plans . . . find out
about the NRI Achievement Kit. Cut out and mail the postage-free card now.
No salesman will call. NATIONAL RADIO INSTITUTE, Electronics Division,
Washington, D.C. 20016.

50 YEARS OF LEADERSHIP IN ELECTRONICS TRAINING

www americanradiohistorv com
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Every 40 seconds a burglary takes place in the United States.

TECHNICAL INFORMATION

The RADAR SENTRY ALARM is
a complete U.H.F. Doppler Ra-
dar System which saturates the
entire protected area with invis-
ible r.f. microwaves. [t provides
complete wall to wall—floor to
ceiling protection for an area of
up to 5,000 square feet. Without
human movement in the pro-
tected area, the microwave sig-
nal remains stable. Any human
movement (operation is unaf-
fected by rodents and small ani-
mals)in the area causes the dop-
pler signal to change frequency
approximately 2 to 4 cps. An
ultra-stable low frequency de-
tector senses this small fre-
quency change, amplifies it and
triggers the police type siren—
which is heard up to a half mile
away.

In addition, the RADAR SEN-
TRY ALARM's protection can be
extended to other areas with the
use of the following optional ac-
cessories:

* remote detectors for extending
coverage to over 10,000 sq. ft.

- rate of rise fire detector U.L.
approved for 2,500 sq. ft. of
coverage each (no limit on the
number of remote detectors
that can be used)

+ hold-up alarm

* central station or police station
transmitter and receiver (used
with a leased telephone line)

» relay unit for activating house
lights

* battery operated horn or bell
which sounds in the event of:
powerline failure; equipment
malfunction or tampering

October, 1965

At that rate, it's a multi-million
dollar a year business...for bur-
glars.

And an even better business op-
portunity for you.

Why? Because burglary can be
stopped...with an effective alarm
system.

In fact, police and insurance
officials have proved that an alarm
systemreduces, and in many cases,
eliminates losses—even helps po-
lice apprehend the criminal.

Here's where you come in.

Only a small percentage of the
more than 100 million buildings—
stores, offices, factories, schools,
churches and homes are protected
by an effective alarm system.

That means virtually every
home, every business is a prospect.

You can sell them!

And you don’t have to be a
super-salesman to sell the best
protection available—a Radar Sen-
try Alarm unit. All you have to do
is demonstrate it...it sells itself.

A glance at the technical infor-
mation shows why.

RADAR SENTRY ALARM

=

0s0000000000000000 0000

T City
CIRCLE NO. 97 ON READER SERVICE CARD
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Name

It's the most unigque and effec-
tive alarm system ever invented.

And here’s the proof.

In the past six years, thousands
of RADAR SENTRY ALARM units
have been sold in the Detroit, Mich-
igan area alone—sold by men like
yourself on a part-time and full-
time basis.

Here are just a few customers
who are protected by RADAR
SENTRY ALARMS:

U.S. Government

U.S. Air Force

Detroit Board of Education
Hundreds of Churches,
Banks, Businesses and
Homes.

Everyone is a prospect.

So take advantage of your pro-
fession. Put your technical knowl-
edge and experience to work for
you in a totally new area—an area
that will make money for you!

Don't wait!

Let us prove that crime does
pay.

Become a distributor.

Write now for free details.

00000000 50600000008080000000000000000000000008

Mail to: RADAR DEVICES MANUFACTURING CORP.
22003 Harper Ave., St. Clair Shores, Michigan 48080

Please tell me how | can have a business
of my own distributing Radar Sentry
Alarm Systems. | understand there is no
obligation.

Address

EW-10

State & Code___
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CRESCENT COST CUTTERS

When you’ve got cutters that
snap-cut the toughest nickel
ribbon wire as easy as a tooth-
pick, assembly goes faster,
costs come down. Our 342 diagonal cutting
- pliers have the special cutting edge
for it. These Crescent cutters
%’ feature a carbide-insert
cuttmg edge, electronically ‘-I’
induction hardened and hand <l .2
honed for fast, snap- cuttlng actlon . Lessens
operator fatlgue W|th cushlon -grip

o

the tool to its open position. Ask for
| = Crescent.The name alone is your guar-
antee of superior quality on any hand tool.

Crescent has the edge...the hand honed, precision ground, electronically induction hardened edge in a
full line of diagonal cutting pliers. Call your Crescent Distributor or Sales Representative for full details.
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CRESCENT TOOL COMPANY/ OIVISION OF CRESCENT NIAGARA CORPORATION /JAMESTOWN, NEW YORK C
2 CIRCLE NO. 119 ON READER SERVICE CARD ELECTRONICS WORLD
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Midwest Electronics—A Changing Pattern of Growth J A Kennedy
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New Shielded Twin-Lead for Color-TV & U.H.F. roland Miracle

Recent Developments in Electronics

Silicon Transistor I.F. Amplifier D. R von Recklinghausen

True 3-D Image from Laser Photography £ N. Leith & J. Upatnieks

Sea Stations for Aircraft V.H.F. Coverage ratrick Halliday

Nickel-Cadmium Batteries lewis Hofstatter
Battery Sources

Carbon-Zinc Batteries Frank 8. Pipal

Mercury Batteries  Gordon E. Kaye

Alkaline Batteries Howard J. Strauss

New Pocket-Plate Nickel-Cadmium Battery

Printed-Circuit Repair Louis E. Frenzel, Jr.

Hybrid Computers louis E. Frenzel, Jr.
Battery-Operated Fluorescent Lamp  Neville W. Mapham
A Multiplex Adapter for FM Stereo  David A, williams
Universal SSB Converter . p. Neil

Current-Limiting Power Supply  Hugh L. Moore

Remote Control System Donald H. Rogers

EW Lab Tested

The Art of Soldering  John Frye

Test Equipment Product Report

I«

MONTHLY FEATURES

Coming Next Month. ........ .. 4 Radio & TV News............ 7
Letters from Our Readers....... 6 Book Reviews............... ;
New Products & Literature. .. .. 35

Copyrizht ¢ 1965 by ZiH-Davis Publishing Company. All rights rescrved.
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SPECIAL ISSHE;
BATTERIES

OUR COVER shows cross-
sections of the three basic
types of battery cells: mer-
cury, carbon-zinc, and
nickel-cadmium, These
have important applica-
tions in the electronics field.
Although there are actually
four basic types, the alka-
line-manganese is not
shown on the cover since
it uses the same active
materials as does the car-
bon-zinc (Leclanché) type
except it employs an alka-
line rather than an acid
electrolyte and the physi-
cal arrangement of the ac-
tive materials is different.
The special 16-page sec-
tion includes four impor-
tant stories covering each
of these four special types
of batteries. Cover illustra-
tion by Otto E. Markevics.

Publisher
PHILLIP T. HEFFERNAN

Editor

WM. A. STOCKLIN
Technical Editor

MILTON S. SNITZER
Associate Editors

LESLIE SOLOMON
P. B. HOEFER

Assistant Editor
MARSHA JACOBS

Contributing Editors
WALTER H. BUCHSBAUM
Prof. ARTHUR H. SEIDMAN

Art Editor
RICHARD KELLY

Art and Drafting Dep:.
J. A. GOLANEK

Advertising Sales Manager
LAWRENCE SPORN

Advertising Serrice Manager
ARDYS €. MORAN
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Birnbach’s

Compact Transistor
Audio Amplifier

Look at these amazing features . ..

* 5 Transistors and 1 Thermistor

* Shielded Input Transformer with 2 PRI-
MARY WINDINGS. .. 50 ohms and High
Impedance

* Qutput Transformer with 2 SECONDARY
WINDINGS . . . 8 ohms (for speakers),
500 ohms (for modulation and high
impedance loads)

* Volume Control included and mounted
on Circuit Board

* Low Distortion . .
Pull Output

* Extremely high gain ... 80 db! Handles
low leve!l mikes, phono pickups, tele-
phone pickups, etc.

* Sturdy Printed Circuit Board is 514"
long by 134" wide

* Weighs only 3% ounces

* Power Supply: Any 9-volt DC source

* Amplifier may be run with 15-volt power
with an increase in output of 809,

* Standard 90 day warranty

USE IT FOR:
PA System
Hi-Fi System (use 2 for stereo)
Guitar Amplifier
Surveillance Listening System
Electronic Stethoscope
Intercom Amplifier
Modufation for Transmitter
Phono Ampilifier
Utility Amplifier
Science Projects

coMPLETE AMPLIFIER $7.9D c.cr

INCLUDING SCHEMATIC DIAGRAM We Pay Postage!

Available from your local electronics distributor
or fill in coupon below:

|-BI-RN-B-F!O-I—O- Radio Co., Inc.
Dept. E, 435 Hudson St., New York, N.Y. 10014

Please rushme _________ {qty} of your Com-
pact Transistor Audio Amplifiers Model A-300
at $7.95 each, postpaid. My check or money

. 400 Milliwatt Push-

order for $. is enclosed. Sorry,
no COD's.

Name.

Address.

City___________ State Zip

S

COMING
NEXT MONTH

SPECIAL
FEATURE ISSUE |

INTEGRATED CIRCUITS—In order to keep our readers abreast of the important
developments in the field of integrated circuits, the November issue will carry
four special feature articles covering the state- of-the-art. An EW Report on the
Integrated Circuit Industry discusses the business and technical aspects, the
innovations that can be expected in industrial, military, and consumer products
as a result of using integrated circuits, and the changes in job orientations that
will occur from their adoption. Donald Lancaster discusses current availability of
these circuits in his article “Integrated Circuits: What's Available?” “Integrated
Circuit Techniques” by Carl David Todd covers the various types of circuits, their
applications, the advantages and disadvantages of the different types for specmc
circuit requirements. “Linear Integrated Circuits” covers one overlooked area in
integrated circuitry. This article includes a brief description of what a linear cir-
cuit is and gives examples of its applications,

LINE-OPERATED

TRANSISTOR TV: RCA

A brief description of a unique circuit
used in RCA’s new line-operated transis-
torized television portable.

LASS FOR ELECTRONICS

In this comprehensive survey article,
John R. Collins discusses the new types
of glass that are playing an increasingly
important role in electronics. Th(’v are
finding use in delay lines, precision re-

sistors and capacitors, radomes, and in
cathode-ray tubes that are employed for
readouts.

LASER MEASUREMENTS

The equipment and procedures for test-
ing laser performance: the measurement
of pulse power, laser spectrum, and mod-
ulation are all included in this article by
Warren Groner of Sperry along with a
discussion of laser precautions and stand-
ards.

All these and many more interesting and informative articles will be yours in

the NOVEMBER issue of ELECTRONICS WORLD ...

on sale October 21st.
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Grantham School of Electronics Makes Your Move Easier

Advancement in your electronics career is an important objective. Grantham School of
Electronics exists for the purpose of helping you and others like you accomplish that objective.
The Grantham educational program is “employment oriented.” It can prepare you for employ-
ment in electronics in as little as 4 months, and for an A.S.E.E. degree in 18 months.

The Grantham degree program is laid out in such a manner the first semester (first 4 months)
prepares you for the first class F.C.C. license and for technical employment in communications,
and the first two semesters prepare you for employment as a television technician in a TV-service
shop or TV-broadcast station. Therefore, if you should choose to discontinue your electronics
education at the end of either the first or second semester, you can still enjoy a productive career
in electronics. Also, if you wish to continue and earn your Associate degree, your ability to work
in electronics after the first semester may enable you to “pay your way’ through the rest of the
course.

Daytime and evening course schedules are offered at the main school in Hollywood, Calif.,
and at the Grantham extension divisions located in Seattle, Kansas City. and Washington, D.C.
Also, F.C.C. license preparation is offered by correspondence from Hollywood. The last two se-
mesters of the degree program are offered only at the Hollywood school.

Get complete details in our free 48-page booklet. Mail the coupon, or telephone the division
of the school nearest you; phone numbers and addresses
are listed below.

h ,.‘\ [Mail in envelope or paste on postal card)
@ National Headquarters Office 56-R
7 Grantham School of Electronics
1505 N. Western Ave., Hollywood 27, Calif.

Prepare for Employment and/or Advancement in Electronics

Gentlemen:
Please send me your FREE 48-page booklet,
“CAREERS IN ELECTRONICS."”

GRANTHAM SCHOOL OF ELECTRONICS

1505 N. Western Ave., Hollywood, Calif. 90027 469-7878 E
t
H
i

Hollywood Division Phone:
Name . Age

Seattle Division Phone: (PLEASE PRINT)

408 Marion Street, Seattle, Wash. 98104 MA 2-7227 Address

Kansas City Division Phone: City

3123 Gillham Road, Kansas City, Mo. 64109 JE 1-6320 state

Washington Division Phone: e '

818 — 18th Street, N.W., Washington, D.C. 20006  208-7460 L2 MTeresTeD I L HomE STy O e .
October, 1965 5
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HEADPHONE STEREO AMPLIFIER
FOR ONE OR TWO LISTENERS

RECORDS ... FM/MX...TAPE ...

A thoroughly satisfying musical experience
on the most personal level. Insures quiet for
those around you, and complete privacy for
you. Utterly simple: plug in whatever sound
source suits you . .. changer, tape or tuner.
Then plug in the headphones and you hear
remarkable true-to-performance realism.
Ideal “second set” for den, study, bedroom.
Unsurpassed for Armed Forces members,
students, apartment dwellers, libraries and
schools.

TRUE HIGH FIDELITY

Fully transistorized. Singularly low distortion
at power levels suited for headphones (where
some transistor amplifiers have highest dis-
tortion). Broad frequency response. Extremely
low hum and noise. Separate volume/balance
control for each channel. Only 104" x 314"
x 3” deep ... weighs just 2 Ibs.

Can also be used for transferring discs to
tape, or for use with small, efficient loud-
speakers. Great to get—and give.

Only $45.00
Write for literature:

SHURE BROTHERS, INC.
222 Hartrey Ave.
Evanston, lllinois
CIRCLE NO. 94 ON READER SERVICE CARD

LETTERS
FROM OUR
READERS

200-WATT STEREO AMPLIFIER
To the Editors:

Being a contrary tvpe, the caption of
Fig. 3 in the article “A 200-Watt Solid-
State Sterco Awmplifier” (March, 1965
issue) was accepted as a challenge, and
home construction was attempted. This
required hand-winding not only the
power transformer but also the trifilar-
wound interstage transformers.

Having built all significant versions of
the half-bridge or totem-pole type am-
plifier, it is my opinion that if the comn-
mercial unit works as well as my home-
built unit (a safe assumption), it is far
superior to any amplifier previously de-
signed.

To further document its superiority,
nmy home-built unit used semiconductor
rejects, and the following semiconductor
substitutions were made: (1) 2N631 for
the 2N1307, (2) 2N657 for the 2NG9G,
(3) 2N1015C for the STC1094, and (4)
750-ma., 50-p.i.v. silicon diodes for the
IN4002 and 1N2069. The RCA 2N2148
and the G-E 7A32 and 1N91 were the
only semiconductors not substituted.

A few words of caution for anyoune de-
siring to build this amplifier.

1. Seven transistors are used in this
power amplifier, five of which require
heatsinking; i.c., all but the first two.
(These heat sinks must be insulated, as
most transistors suitable for use in these
locations have an element connected to
the case of the transistor.)

2. To prevent low-frequency motor-
boating, I found it necessary to place a
low-value resistor (200 ohms) in series
with the primary of the coupling trans-
former. Note: 1f the primary leads are
phased incorrectly, the results are un-
mistakable; the motorboating described
above sonnded more like the speeded-up
ticking of a watch.

3. The 15-volt power supplies must be
well regulated to prevent high-level dis-
tortion. (To preclude expensive, large-
value capacitive dividers, two independ-
ent supplies were used in my unit.)

As described by the anthors (Sharma
and Berkovitz), the low-level sound was
exceptionally clean and brilliant, and
maximum power delivered into a dummy
load was only 35 watts (50 volts output
stage collector supply). as the preamp
used could not supply the required

WwWWW . americanradiohistorv.com

input drive. Living in a duplex on a

military  reservation, using relatively
high-efficiency speakers, I could see no
requirement for additional drive.

The purpose of this letter is to thank
the authors and the editors for providing
this article and others like it.

T/Sct Hanowp L. STepnENS
Shaw AFB, S.C.
L L L]
CIRCUIT-COMPONENT NEONS
To the Editors:

We have just finished reading Part 2
of the article by Donald Lancaster,
“Solid-State  Dinuners & Power Con-
trols,” in your June, 1965 issue. Mr. Lan-
caster has done an admirable job in pull-
ing together a large amount of valuable
information on this subject and is to be
connnended.

On one point, however, we fecl com-
pelled to take issue. On p. 43 lie dis-
cusses in part “the intrinsic ‘orneriness’
of neon lamps with regard to their firing
levels and pulse capabilities.” A few
years ago his point would have been well
taken. The NE-83 lamp which he uses in
a number of circuits certainly does have
many shortcomings. As a manufacturer
of this lamp, we have not been satisfied
with its performance in certain cases.

The problem with the NE-83 and with
virtually all neon lamps designed to be
used as indicators is just that—they were
designed as indicators with rather loosc
parameters. They were not intended to
meet the close tolerances demanded of
circuit components in today’s electronic
devices.

A few vyears ago, we at Signalite de-
cided that something had to be done if
the neon lamp were to find its proper
place in electronic circuitry. The results
of our efforts were announced to the in-
dustry well over a vear and a half ago. A
new method had been devised for the
design and production of neon lamps
which resulted in a product that main-
tained its performance and its tolerances
to the same critically close level as any
other component in an electronic circuit.
The first lamp announced in this new
series of “circuit-component” glow lamps
was our AO59 which held its maintain-
ing voltage at =1 volt. Since then, many
new tubes have been introduced, includ-

(Continued on page 12)

ELECTRONICS WORLD
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This defective
capacitor came from

a four-month-old TV set.
And you want

to put in another

just like it?

Why put up with that kind of call-back? Install a long-
fasting Elmenco dp or VDM (high-voltage) capacitor, and
the next time your service customer calls you, it’s because he
wants your kind of reliability.

Elmenco dipped Mylar®-paper (dp) capacitors last longer
because they’re vacuum-dipped for solid impregnation.
They'll hold their rating, even at continuous 125° C opera-
tion. Water can’t get in to cause leakage or breakdown
because the casing’s non-porous and moisture-proof.

Elmenco dp capacitors satisfy the requirements of missile
manufacturers. And exceed the requirements of all radio
and television manufacturers. That's why you should order
some from your Arco-Elmenco distributor. They're built to
be wired into missiles. And priced to be wired into TV sets.

Arco Eleci’ronics ®OUPONT TM

A DIVISION OF LORAL CORPORATION
COMMUNITY DRIVE, GREAT NECK, NEW YORK 11022 TEL, 516 HU 7-0500

CIRCLE NO. 124 ON READER SERVICE CARD
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SOMEONE SHOULD DEVELOP AN EASY WAY
TO LEARN ELECTRONICS AT HOME

RCA INSTITUTES DID!

Here is a whole new approach to learning -
electronics at home! RCA Institutes, §
one of the nations’ largest schools devoted 3
to electronics, has developed a faster, g
easier way for you to gain the skills and 53
the knowledge you need for the career ? ; §
of your choice. Here for the first time, isa ¥

student-proved, scientifically designed way e

to learn. If you have had any doubts in ? i
the past about home training in electronics i
—if you have hesitated because you thought

you might not be able to keep up—or that
electronics was too complicated to learn—
here is your answer! Read how

RCA Institutes has revolutionized

its entire home training ideas!

P, PG 7T - V’V—WW' Gl
; LIS IR Ve
Pt |

8 ELECTRONICS WORLD
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NEW CAREER PROGRAMS
BEGIN WITH “AUTOTEXT"" INSTRUCTION METHOD!

Start to learn the field of your choice immediately!

No previous training or experience in electronics needed!

With this new revolutionized method of
home training you pick the career of
your choice—and RCA Institutes trains
you for it, RCA's Career Programs assure
you that everything you learn will help
you go directly to the field that you have
chosen! No wasted time learning things
you'll never use on the job! The Career
Program you choose is especially de-
signed to get you into that career in the
fastest, easiest possible way!

And each Career Program starts with
the amazing “AUTOTEXT" Programmed
instruction Method—the new, faster way
tolearn that's almost automatic! “AUTO-
TEXT" helps even those who have had
trouble with conventional home training
imethods in the past. This is the “Space
Age' way to learn everything you need
to know with the least amount of time
and effort.

‘HOOSE A CAREER PROGRAM NOW
Your next stop may be the job of your
choice. Each one of these RCA Institutes
Career Programs is a complete unit. It
contains the know-how you need to step
into a profitable career. Here are the
names of the programs and the kinds of
jobs they train you for. Which one is
for you?

Television Servicing. Prepares you for a
career as a TV Technician/Serviceman;
Master Antenna Systems Technician; TV
Laboratory Technician; Educational TV
Technician.

FCC License Preparation. For those who
want to become TV Station Engineers,
Communications Laboratory Techni-
cians, or Field Engineers.

Automation Electronics. Gets you ready
to be an Automation Electronics Tech-
nician; Manufacturer’'s Representative;
Industrial Electronics Technician.
Automatic Controls. Prepares you to be
an Automatic Controls Electronics Tech-
nician; Industrial Laboratory Technician;
Maintenance Technician; Field Engineer.
Digital Techniques. For a career as a
Digital Techniques Electronics Techni-
cian; Industrial Electronics Technician;
Industrial Laboratory Technician.
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Telecommunications. For a job as TV Sta-
tion Engineer, Mobile Communications
Technician, Marine Radio Technician.
Industrial Electronics. For jobs as In-
dustrial Electronics Technicians; Field
Engineers; Maintenance Technicians; In-
dustrial Laboratory Technicians.
Nuclear Instrumentation. For those who
want careers as Nuclear Instrumentation
Electronics Technicians; Industrial Lab-
oratory Technicians; Industrial Electron-
ics Technicians.

Solid State Electronics. Become a spe-
cialist in the Semiconductor Field.
Electronics Drafting. Junior Draftsman,
Junior Technical lllustrator; Parts In-
spector; Design Draftsman Trainee
Chartist.

SEPARATE COURSES

In addition, in order to meet specific
needs, RCA Institutes offers a wide va-
riety of separate courses which may be
taken independently of the Career Pro-
grams, on all subjects from Electronics
Fundamentals to Computer Program-
ming. Complete information will be sent
with your other materials.

LIBERAL TUITION PLAN

RCA offers you a unique Liberal Tuition
Plan—your most economical way to
learn. You pay for lessons only as you
order them. No long term contracts. If
you wish to stop your training for any
reason, you may do so and not owe one
cent until you resume the course,

VALUABLE EQUIPMENT

You receive valuable equipment to keep
and use on the job—and you never have
to take apart one piece to build another.
New —Programmed Electronics Bread-
board. You now will receive a scien-
tifically, programmed electronic bread-

www.americanradiohistorv.com

board with your study material. This
breadboard provides limitless experi-
mentation with basic electrical and elec-
tronic circuits involving vacuum tubes
and transistors and includes the con-
struction of a working signal generator
and superheterodyne AM Receiver,

Bonus From RCA—Multimeter and
Oscilloscope Kits. At no additional cost,
you will receive with every RCA Institutes
Career Program the instruments and kit
material you need to build a multimeter
and oscilloscope. The inclusion of both
these kits is an RCA extra,

CLASSROOM TRAINING

ALSO AVAILABLE

RCA Institutes maintains one of the larg-
est schools of its kind in New York City
where classroom and laboratory train-
ing is available in day or evening ses-
sions. You may be admitted without any
previous technical training; preparatory
courses are available if you haven't com-
pleted high school. Coeducational class-
es start four times a year.

FREE PLACEMENT SERVICE

In recent years, 9 out of 10 Resident
School students who used the Free
Placement Service had their jobs waiting
for them when they graduated. And
many of these jobs were with top com-
panies in the field—such as IBM, Bell
Telephone Labs, General Electric, RCA,
and radio and TV stations and other
communications systems throughout
the world.

SEND ATTACHED POSTAGE PAID CARD
FOR COMPLETE INFORMATION, NO OB-
LIGATION. NO SALESMAN WILL CALL.
FREE BOOK INCLUDED. CHECK HOME
STUDY OR CLASSROOM TRAINING.

RCA INSTITUTES, Inc.,pept. Ew-05

A Service of Radio Corporation of America
350 West 4th St., New York, N.Y. 10014

The Most Trusted Name in Electronics
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“HOT-SHOT"

.Give your metropolitan
(and suburban) customers

this ... not this

12
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ing our line of voltage-regulator and
voltage-reference tubes, all of which hold
their tolerance of =1 volt or less,

Epwarp Baumaxn

Vice Pres., Engineering

Signalite Inc.

Neptune, N.J.

% L] %

SSB FOR MARINE RADIO
To the Editors:

Re Leo Sands” “SSB Comes to Marine
Radio” in May, 1965 LELECTRONICS
Wonrep, I would like to point out an er-
ror in this arlicle in the discussion of the
percentage divisions of carrier power and
intelligence power in an AM waveform.
The article states, “When conventional
AM is used, ounly 50% ol the radiated
power convevs intelligence; the other
50% is wasted in the carrier which con-
vevs no intelligence. Both sidebands
convey identical intelligence and repre-
sent 50% ol the total radiated power, 25%
in each sideband.”

Actually, when an AM transmitter is
100% modulated, of the total radiated
power output, 66.6% is in the carrier and
33.3% is in the sidebands. Each sideband
contains 16.6% of the total radiated
power output.

This is easilv understood when it is
remembered that a 1000-watt AM trans-
mitter is modulated by a 500-watt
modulator. The power output of the
modulator is added to the carrier power,
and the total power output with 100%
sine-wave modulation is 1500 waltts.

H. Ly~~y HopEweELL, Jr.
American Embassy (ATO)
APO San Francisco, Calif.

Reader Hopewell's analysis given here
is quite correct. The only 50% involved
represents the amount of modulating
power required compared with the r.j.
carrier power. Hence, if the transmitier
in the above exumple is called a “1000-
watt fransmitter,” as it would be, then
the modulation power required is 50% of
the rated transmitted power.—Editors.

% o+ %

LiQUID FLOW MEASUREMENT
To the Editors:

I would like to compliment you on
vour fine article “Liquid Flow Measure-
ment” in the June, 1965 issuc of ELEC-
TRONICS \WWORLD.

In vour discussion of the magnetic
flow meter, vou make mention of the
Foxboro Co. having furnished a meter
with a six-foot pipe diameter for the City
of Pittsburgh, Pa. Although it was not
stated, it might be inferred that this is
the largest meter of its kind in service.
For vour information, I would like to ad-
vise you that the Fischer & Porter Co.
has manufactured a magnetic flow meter
with an internal diameter of 78 inches
which is installed at a Union Carbide fa-
cility in Texas. To our knowledge, this is
the largest one in existence. We also
have a 72-inch diameter meter in the

ELECTRONICS WORLD
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10 facts

you should know
about color-bar generators

If you are going to buy a color-bar generator
—or even if you already own one—here are
several facts you should know.

While other types of test instruments may
lack one or more features, they may still be
useful in skilled hands—provided the user is
aware of their shortcomings and provided he
has other means of determining what he must
know.

This is not true of a color-bar generator.

A color-bar generator should allow you to
walk away from an adjusted receiver know-
ing that the owner can turn it on and receive
color broadcasts in full-fidelity color and
sound.

Not all color-bar generators can give you
this assurance.

Let's talk facts.

FACTNO.1: 4 gated-rainbow type gener-
ator is accepted as the standard of the
service industry

You do not need fully saturated NTSC colors
to achieve perfect F

adjustment any more
than you need an
FCC-type broadcast
signal for tuner and
if-amplifier align-
ment. The gated-
rainbow type signals
are used by virtually
all TV manufactur-
ers in establishing service procedures for their
sets.

Urgent service needs for a trustworthy
color-signal source were met years ago when
RCA introduced the gated-rainbow system.

Today, this basic system is used in nearly
all service-type color-bar generators. The
waveforms and procedures in nearly all color-
TV service notes are based on this system.

FACTNO. 2: au gated-rainbow type gen-
erators are not alike

In spite of their basic circuit similarities,
available models differ in their features, ac-
curacy, and ultimate usefulness. Some of
these differences are critical.

Gated rainbow color-bar
pattern

FACT NO. 3: The ofset subcarrier oscilla-
tor must be controlled within a few cycles
of its true frequency

This oscillator controls the phase angles
(hues) of the color-bar pattern. It is the heart
of the color-bar generator.

The subcarrier oscillator should be within
+20 cps of its fundamental frequency of
3.563795 megacycles. In the crystal-controlled
RCA WR-64B Color-Bar/ Dot/ Crosshatch
Generator, this deviation is kept well within
the +20 cps limit.

FACT NO. 4: provision must be included to
prevent the subcarrier oscillator from
drifting off frequency

The subcarrier oscillator must not only be
accurate when the instrument is new—it must
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stay accurate. Top-quality components mini-
mize undesirable frequency changes.

Check, for instance, the trimmer capacitor
used in the 3.56-Mc subcarrier oscillator.
You'll find a piston-type ceramic capucitor—
not a flat mica type—in the RCA WR-64B.

FACT NO 5 The generator must have an
rf-sound carrier to assure proper setting
of the fine-tuning control

Unless your color-bar generator has this es-
sential feature, it may produce a perfect
color-bar pattern on the receiver, but at the
wrong setting of the receiver fine-tuning con-
trol. In such cases, the receiver may not cor-
rectly reproduce a color program.

The WR-64B has this necessary feature.
With it, you can accurately set the fine-tuning
control before making color adjustments. In
the WR-64B the rf-sound carrier is also
crystal-controlled.

FACTNO.6: 7hre rf picture carrier must
be exactly on frequency to assure that the
color subcarrier is correctly placed in the
receiver bandpass

Drift, faulty adjustment, or aging of com-
ponents in the rf oscillator section can move
the generator picture carrier off frequency.
This shift, in turn, will also move the color
subcarrier signal away from its correct posi-
tion in the receiver bandpass. In some receiv-
ers, this shift will affect accuracy of color-
circuit adjustments.

A separate crystal-controlled oscillator is
used in the WR-64B to keep the picture ex-
actly on frequency.

FACT NO. 7: The axes of the output color-
bar pulses should lie on the zero axis—and
not on elecvated brightness pedestals

Elevated pulses necessitate use of an oscillo-
scope for accurate setting of receiver phasing.
A generator having zero-axis color-bar pulses,
such as the WR-64B, does not require use of
an oscilloscope for checking phasing in the
customer’s home.

FACT NO. 8: 7xe generator should not re-
quire frequent adjustment of internal
counter circuits

All color-bar generators contain circuits
which develop vertical and horizontal sync,
and dot-and-bar-pattern signals, by dividing
or counting down from a higher frequency:
usually 189 Kc. If one of these circuits is un-
stable, the patterns can jitter, ripple, jump
sync or contain the wrong number of dots or
bars.

Conventional R-C circuits are used in the
counters of most generators. But the RCA
WR-64B uses inherently stable iron-core in-

®

CIRCLE NO. 100 ON READER SERVICE CARD

www.americanradiohistorv.com

ductors in its counters, thereby assuring long-
term counter-circuit stability.

FACTNO.9: 7re proper way to check re-
ceiver color performance is to feed the gen-
erator signal into the antenna terminals

Color performance depends on overall re-
ceiver condition—not on that of a single sec-
tion alone. A color-test signal fed directly
into the video amplifier—rather than through
the antenna terminals—will not provide a
proper check of the complete receiver. The
only method you should use in adjusting the
receiver, therefore, is the rf-signal-input
method—the method provided by the RCA
WR-64B.

FACT NO. 10: Threre is no “best” dot size
or bar width for convergence adjustments

Generator dot size or bar width has no sig-
nificance for convergence adjustments.

Veteran technicians, however, have found
that very small dots or thin bars are difficult
to use under average lighting conditions. If
receiver brightness is turned up to overcome
this handicap, blooming will result. Proper
convergence cannot be achieved under this
abnormal condition.

The dot and bar size of the WR-64B is
small enough to permit exact, speedy adjust-
ment, and large enough to be useful under
average lighting conditions.

These are ten speciﬁc—facts you should
know about color-bar generators. They add
up to this

FACT: The new RCA WR-64B has all the
features you need for complete color-
circuit adjustment

It’s the one color-bar generator that meets
all servicing requirements—from the com-
pany that pioneered and developed the color-
TV system now in universal use: RCA!

Order it today from your local Authorized
RCA Test Equipment Distributor.

]

$18950 *Optional distributor resale price. May
be slightly higher in Alaska, Hawaii and the West. Prices
subject to change without notice.

RCA ELECTRONIC COMPONENTS AND DEVICES,
HARRISON, NEW JERSEY

The Most Trusted Name in Electronics
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hallicraffers now bings you

a new measure of CB transceiver performance-
Maximum
]
Effective

Announcing a major breakthrough in noise reduction ... . new tech-
niques in talk power..,combined to provide more miles per watt than
ever before!

Ao/licralters

TRANIISTORIZAD

soueew voLuME

Hallicrafters + 5th & Kostner Aves. -  Chicago, lilinois 60624
Expert: Int’l. Div., Hallicrafters . Canada: Gould Sales Co., Montreal, P.Q.

CIRCLE NO. 83 ON READER SERVICE CARD

MY BACK IS KILLING ME? WISE UP oLD BUDDY! GET
I'VE LUGGED THIS STUFF ALL DAY ~Tg YOURSELF A MIGHTY MITE...
AND STILL HAVE TWO CALL- 5. <~ NEVER LETS YOU DOWN AND
B8£CKS To 6O! MY TUBE CHECKER 1S AS FASY TO CARRY AS YOUR
LIED To ME AND | LUNCH Box! | MADE
REN OUT OF ~ ) 10 CALLS ALREADY
TUBES FOR ‘ AND SOLD FIVE
SLESTITUTION! .\ : EXTRA TUBES |
; T b WOULDN'T HAVE
CAUGHT BY
SUBSTITUTION!

AT UP

N A
T$U5E capDY

“Frads ‘ewr Fast...Checks ‘em All!") SENCORE MIGHTY MITE

Now CHECKS OVER 2,000 TUBES TUBE CHECKER
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Water Pollution Control Plant al San
Jose, Calif.

I would like to make one additional
comnient in regard to your article, and
this has to do with the use of turbine me-
ters lor ervogenic Huids. Fischer & Porter
and other manufacturers of turbine flow
meters have manyv meters in service on
crvogenics very successfully, Also, their
use in this capacity is on the increase as
more is being learned of the properties
of cryogenic Huids. Turbine meters as
large us 24 inches in diameter have been
used in this service.

Richianro H, Kutscn
Fischer & Porter Co.
Atkanta, Ga.
& o #*
THERMISTOR BRIDGE DESIGN
To the Editors:

There seems to be an error in the ar-
ticle “Thermistor Bridge Design Muade
Easy” appearing on p. 66 of vour Julv
issue. After building the bridge, I found
that I had to juggle the value of R. con-
siderably in order to make the bridge
operate correctly. Can vou enlighten me?

Riciiarp B. CALDWELL
Portland, Ore,

Several equations were omilted from
the article because of their complexity.
However, it turns out that the combined
resistance of R.-+R,, shown in Fig 1
should total 9450 ohms. When building
this bridge, use a variable potentiometer
for R and adjust iis resistance to cali-
brate the bridge as shown in the last par-
agraph. This will also take into account
various values of meler resistance (R,,)
that might be encountered —Lditors.

DESIGN OF TRANSISTOR MV’S
To the Editors:

You should be commended for pub-
lishing such an enlightening article as ap-
peared in the February issue, “Design ot
Transistor Multivibrators” by Louis E.
Frenzel, Jr.

This article should appeal to many in-
terested in experiments of this type, as
all the basic formulas are clearly de-
seribed along with their practical use.
IF'ew books give such a wealth of infor-
mation in so few words.

Also, I built the “Triggered Sweep lor
[mproving Scopes™ bv Merlvn \V. Barth
in vour January issue. It works extremely
well, though I usc only eleven sweep
rates since the unit was contained in a
box 6 x 9 x 5 inches.

Puirir BRASSINE
Seattle, Wash.
TRANSISTOR POWER SUPPLY
To the Editors:

In my article "Designing a Transistor
Power Supply” (May, 1965 issue),
cquation (B) on p. 47 is incorrect. The
term V, ,.;, should be V| ...

Tuoxas | BARMORE
Seattle, Wash. A

ELECTRONICS WORLD
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careers for technicians at IBM

To technicians who seek important roles in today's technology, IBM offers
careers in the world of computers. Modern computer systems and new solid state
technologies have created rewarding jobs for technicians in Research, Develop-
ment, Manufacturing, and Systems Test. IBM is an Equal Opportunity Employer.

Owego, New York

Chemical Technicians: Experience in chemical
technology, engineering physics or in any of the
following: electrochemistry, lamination, adhesives,
electroplating, etching, oxide coating, photo-resist,
evaporation technigues.

Electromechanical Technicians: Experience in as-
sembly and maintenance of automatic production
equipment. A thorough understanding of mechan-
ical and electrical technologies is essential.
Electronic Technicians: Experience in mainte-
nance, calibration and repair of complex elec-
tronic test equipment, and development of high-
speed circuitry.

Welder: Mag-lithium experience with toolmaking
capability.

Qualifications: A.A.S. degree or its equivalent in
education or experience.

Please write, outlining your education and experi-
ence, to:

D. J. Carlson, Dept. 650J

1BM Corporation

Space Guidance Center

Owego, New York 13827

IBM

Endicott, New York

Computer Systems Test: To give final systems tests
to newly manufactured computers. A.A.S. degree
or equivalent in Electrical Technology, with experi-
ence and/or courses in mechanical technology
and devices. Should understand solid state switch-
ing circuits and computer technology.

Chemical Technicians: A.A.S. degree in Chemical
Technology, with experience in any of the follow-
ing: electrochemistry, lamination, adhesives, elec-
troplating, etching, oxide coatings, photo-resist.
Toolmakers: Must have completed formalized tool
and model maker apprentice program; 2 years' ex-
perience working to close tolerances on dies, fix-
tures, gauges, and special machine tools.

This manufacturing and manufacturing research
facility is in Endicott, New York, in the Triple-Cities
community of the Finger Lakes region.

Please write, outlining your education and experi-
ence, to:

J. C. Lloyd, Dept. 650J

IBM Corporation

1701 North Street

Endicott, New York 13760

IBM

Fishkill, New York

Electromechanical Technicians: Experienced in as-
sembly and maintenance of automated production
equipment. A thorough understanding of mechan-
ical and electrical technologies is essential.
Designers: Electromechanical packaging mecha-
nism design of automated production equipment.
Electronic Technicians: Experienced in mainte-
nance, calibration and repair of complex electronic
test equipment, and development of high-speed
circuitry.

Semiconductor Technicians: Experienced in semi-
conductor process development and manufactur-
ing.

Qualifications: A.A.S. degree or its equivalent in
education or experience.

Please write, outlining your education and experi-
ence, to:

T. R. Edmonds, Dept. 650J

IBM Corporation

East Fishkill Facility

Route 52

Hopewell Junction, New York 12533

IBM

Other Technician Assignments

IBM offers a variety of career assignments for
technicians in Electronics, Chemistry, Physics,
Mechanical Technology, Electrical and Mechanical
Design, Systems Test and Customer Engineering.
A degree from a two-year technical school, or the
equivalent in military or other experience, is re-
quired.

In addition to the specific assignments listed here,
there are also openings for technicians in;
Huntsville, Alabama

San Jose, California

Cape Kennedy, Florida

*‘Rochester, Minnesota

Kingston, Poughkeepsie, Yorktown Heights, N. Y.
Burlington, Vermont

To inquire about these opportunities, please write,
outlining your education and experience, to:

C. Mandelblit, Dept. 650J

IBM Corporate Headquarters

Armonk, New York 10504

IBM

October, 1965
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HI-FI PRODUCT
REPORT

TESTED BY HIRSCH-HOUCK LABS

Euphonics ‘“Miniconic’’ Cartridge

Euphonics “Miniconic” Cartridge

For copy of manufacturer’s brochure,
circle No. 28 on Rcader Service Card.

RACTICALLY all phono cartridges
operate by either magnetic or
piezoelectric generation of a voltage due
to the deflection of a stylus. Other oper-
ating principles are possible, such as FM
modulation of an r.f. signal or detecting
groove modulation by means of a strain-
gage element.

The new Euphonics “Miniconic” car-
tridge is a strain-gage pickup of novel
construction. It contains two small semi-
conductor elements whose resistance var-
ies as a function of their deflection by the
stylus bar. Strain gages have been em-
ployed as phono elements in the past
(before stereo), but have not proved no-
tably successful. For one thing, conven-
tional strain gages are not well suited,
physically or electrically, to the require-
ments of plaving a stereo record.

The “Miniconic” cartridge uses two
silicon elements, each measuring only
0.008” x 0.005”. They are sealed in sili-
con dioxide for protection, and are driven
from the stvlus through an X-shaped
yoke resembling those used on many ce-
ramic cartridges. The elements are
lioused in a very light plastic case,
weighing only 2 grams, A separate pow-
er-supply unit is required to operate the
cartridge with conventional amplifiers.

In the small power uuit, measuring
47x1%”x2%”  is a power supply for the
elements and two transistor amplifiers. A
d.c. current of about 6 ma. is passed
through each silicon element, whose re-
sistance is approximately 800 ohms. As
the element is deflected by the stylus, its
resistance changes slightly, producing a
varying drop across its terminals, This

i6

voltage is a.c.-coupled to a single-stage
amplifier, whose output is nominally 0.4
volt from a typical record. The cartridge
is mechanically equalized for the RIAA
playback characteristic, which is not far
from a constant-amplitude characteristic.
An RC network in the output circuit con-
verts the normal output to a velocity
characteristic and attenuates it to about
8 mv. for connection to the normal mag-
netic input terminals of an amplifier. A
switch on the power unit selects either
“H(igh)” or “L(ow)” outputs.

Many arms, designed for conventional
cartridges with masses of 5 to 12 grams,
cannot be balanced with the 2-gram
Euphonics cartridge. Weights are pro-
vided to be added to the cartridge shell
if this should happen. The manufacturer
also makes its own arm, whose low mass
permits the maximum advantage to be
obtained from the cartridge.

The unit we tested was the CK-15-LS
(consisting of U-15-LS cartridge plus
matching power source), designed for
installation in conventional arms of good
quality. It has a bi-radial diamond stylus,
eusily replaceable by the user, with a
rated compliance of 25 X 10-¢ cm./
dyne. We measured its performance in a
high-quality arm of relatively high mass.

The cartridge tracked our high-level
Cook and Fairchild records at only 1-
gram stylus force, matching or surpassing
any other cartridge we have tested in this
respect., We used a l-gram force
throughout our tests. The manufacturer

recommends a range of from % to 1%
grams.

The measured vertical stylus angle
was 18 degrees. The output of the car-
tridge, with a recorded velocity of 3.54
cm.fsec. at 1000 cps, was 13 mv, per
channel on the “L” outputs and 0.38 volt
per channel on the “H” outputs, If the
preamplifier to which the cartridge is
connected has a setting or an input for
high-output magnetic cartridges, this
should be used since the cartridge has
about twice the output of most magnetic
cartridges. In most cases, the manufac-
turer suggests (and we agree) that it
would be preferable to use the “H” out-
puts connected to the “Aux.” or other
high-level amplifier inputs.

The cartridge is totally insensitive to
magnetic hum fields, of course. Unlike

(Continued on page 22)
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Introducing the first

solid-state stereo receiver

of Fisher quality
under *330.

It is not easy to make an all-in-one receiver that
equals or surpasses the performance of comparable
scparate components. It is even more difficult to
adapt the complex new technology of transistor
circuits to simple, reliable, integrated stereo re-
ceiver design. But to do bot/i at a truly moderate
price takes almost occult powers. Or Fisher engi-
necring.

B
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It is with exceptional pride and an unprecedented
sense of achievement that Fisher introduces the
440-T stereo receiver, a no-compromise, all-tran-
sistor instrument suitable for the most advanced
audio systems and selling for only $329.50. (Cabi-
net, $24.95.)

On a single, compact chassis only 11 inches deep
and occupying only 16% inches of shelf space, the
440-T incorporates a superb, all-solid-state
FM-multiplex tuner with automatic mono-stereo
switching, an extremely versatile stereo control-
preamplifier, and a heavy-duty, silicon-powered
stcreo amplifier. All the stereo electronics you are
ever likely to need, all with Fisher reliability.

The Fisher 440-T fairly bristles with engineering
innovations, convenience features and Fisher exclu-
sives. Read the specifications on the right and con-
vince yourself. Then ask your Fisher dealer for a
demonstration. We predict you'll walk out with a
21-1b. package under your arm.

The Fish

Features and Specifications
No output transformers—therefore no limita-
tion of bass performance or of transient re-
sponse because of wransformer characteristics.
Silicon output transistors for conservative op-
cration at high power. Massive heat sink. Power
output is 70 wants (11 F) at 4 ohms, 50 watts at
8 ohms.
New all-transistor front end with 4-gang tuning
condenser for highest sensitivity and lowest
noise, plus overload rejection unexcelled by
vacuum-tube front ends. Sensitivity is 2.0 uv
(IHF); signal-to-noise ratio is 68 db at 100%
modulation.
Four wide-band IF stages and three limiters.
Wide-band (one megacycle) ratio detector of
highest linearity and lowest distortion, capable
of unusually accurate detection of multiplex
signals.
Exclusive Fisher STEREO BEACON* for auto-
matic switching between FM-mono and FM-
stereo modes, and automatic visual indication
of stereo broadcasts. No relays, no clicks.
Professional d’ Arsonval-type tuning meter.
Highly effective muting between stations.
Convenient speaker selector switch.
Size: 1634” wide, 5v8” high, 11" deep (1238”
overall, with knobs). Weight: 21 1bs.

*PATENT PENDING
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er 440-

FISHER RADIC CORPORATION, 11-40 45TH POAD, LONG ISLAND CiTv, N.Y. 11101. OVERSEAS RESIDENTS WRITE TO FISuF# RADID 1HTFRNA.
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FREE! $2.00 VALUE! Mail this coupon for
your free copy of The New Fisher Handbook.

A A This entirely new, revised and enlarged edition
Sl»] of the famous Fisher high fidelity reference
L B4R U ouideisamagnificent 76-page book. Detailed in-

\DB(N”\ formation on all Fisher components is included.
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Why Fred got a better job...

I laughed when Fred Williams, my old high school
buddy and fellow worker, told me he was taking a
Cleveland Institute Home Study course in electronics.
But when our boss made him Senior Electronic Tech-
nician, it made me stop and think. Sure I'm glad
Fred got the break . ..but why him ... and not me?
What’s he got that 1 don’t. There was only one
answer . . . his Cleveland Institute Diploma and nis
First Class FCC License!

After congratulating Fred on his promotion, I
asked him what gives. “I’'m going to turn $15 into
$15,000,” he said. “My tuition at Cleveland Instituie
was only $15 a month. But, my new job pays me
$15 a week more . . . that’s $780 more a year! In

twenty years . . . even if I don’t get another penny
increase . . . | will have earned $15,600 more! It's
that simple. I have a plan . . . and it works!”’

What a return on his investment! Fred should have
been elected most likely to succeed . . . he’s on the
right track. So am I now. I sent for my three free
books a couple of months ago, and I'm well on my
way to Fred’s level. How about you? Will you be
ready like Fred was when opportunity knocks? Take
my advice and carefully read the important infor-
mation on the opposite page. Then check your area
of most interest on the postage-free reply card and
drop it in the mail today. Find out how you can
move up in electronics too.

www.americanradiohistorv.com
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How You Can Succeed In Electronics
. . « Select Your Future From Five Career Programs

The “right” course for your career

Cleveland Institute offers not one, but five different
and up-to-date Electronics Home Study Programs.
Look them over. Pick the one that is “right” for you.
Then mark your selection on the reply card and send it
to us. In a few days you will have complete detalils . ..
without obligation.

1. Electronics
Technology

A comprehensive program
covering Automation, Com-
munications, Computers, In-
dustrial Controls, Television,
Transistors, and preparation
for a 1st Class FCC License.

2. First Class
FCC License

If you want a 1st Class FCC
ticket quickly, this stream-
lined program will do the
irick and enable you to main-
tain and service all types of
iransmitting equipment.

3. Broadcast

Engineering

Here’s an excellent studio
engineering program which
will get you a 1st Class FCC
License and teach you all
about Program Transmission
and Broadcast Transmitters.

4., Electronic

Communications

Mobile Radio, Microwave,
and 2nd Class FCC prepara-
tion are just a few of the
topics covered in this “‘com-
pact’” program ., . . Carrier
Telephony too, if you so
desire.

5. Industrial Electronics

& Automation

This exciting program in-
cludes many important sub-
jects such as Computers,
Electronic Heating and
Welding, Industrial Controls,
Servomechanisms, and Solid
State Devices,

An FCC License . . . or your money back!

In addition to providing you with comprehensive train-
ing in the area indicated, programs 1, 2, 3, and 4 will
prepare you for a Commercial FCC License. In fact,
we're so certain of their effectiveness, we make this
exclusive offer:
The training programs described will prepare you
for the FCC License specified. Should you fail to
pass the FCC examination after completing the
course, we will refund all tuition payments. You
get an FCC License . .. or your money back!

CIE's AUW'PROGRAMM[D TIMessons help you

learn faster and easier

Cleveland Institute uses the new programmed learning
approach. Our AUTO-PROGRAMMED* lessons pre-
sent facts and concepts in small, easy-to-understand bits
... reinforce them with clear explanations and examples.
Students learn more thoroughly and faster through this
modern, simplified method. You, too, will absorb . . .
retain . . . advance at your own pace.

*TRADEMARK

Free nationwide job placement service . . . for
lite, for every CIE graduate

Once enrolled with CIE, you will get a bi-monthly
listing of the many high-paying interesting jobs avail-
able with top companies throughout the country. Many
Cleveland Institute students and graduates hold such
jobs with leading companies like these: American Air-
lines, American Telephone and Telegraph, General
Electric, General Telephone and Electronics, 1BM,
Motorola, North American Aviation, New York Cen-
tral Railroad, Raytheon, RCA and Westinghouse.

Electronics is a fast moving, dynamic industry
... Cleveland Institute keeps you current

The Electron Bulletin is CI1E’s bi-monthly digest of new
developments in the world’s fastest growing industry.
As a CIE student, you will get a free copy throughout
your training to keep you up-to-date on Masers, Lasers,
Solid State Devices, and other new inventions.

: Full accreditation . . . your assurance of
— - competence and integrity

Cleveland Institute of Electronics is aceredited by the
Accrediting Commission of the National Home Study
Council. You can be assured of competent electronics
training by a staff of skilled electronics instructors.

Your Future In Electronics Is
Up To You. Make It A Brighter One.

Mail Reply Card Today.

OtV
otV

Cleveland Institute of Electronics

CIE

October, 1965

1776 East 17th Street, Dept. EW-7, Cleveland, Ohio 44114
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" 1f you think the RCA BK-GB

' is a great lavalier mike...

TRY THE NEW BK-12A FOR SIZE!

/3 smaller
Only V3 the weight
Extra rugged

Improved performance
Only $900" more
5

frid light weight. Only 1%2” long, % ounce.
ned to withstand rough handling.
fional pickup.

-'\I—,\_rn‘hldl-l—nﬂl-l—
“W¥ide frequency response. 60 to 18,000 cps. Excellent speech balance
when talking “off mike.”

» Readily serviceable. Easily installed replacement cartridge makes factory
repair unnecessary.

» Comes complete with clip-type lanyard, tie-clip holder and cable clip.
FOR COMPLETE SPECIFICATIONS, see your authorized RCA Microphone Dis-

tributor. Or write to RCA Commercial Engineering, Department J 41 MC,
Harrison, N.J. *$95.00 optional distributor resale price.

RCA ELECTRONIC COMPONENTS AND DEVICES

@ The Most Trusted Name in Electronics
ﬁ'_./o

22 CIRCLE NO. 99 ON READER SERVICE CARD

www.americanradiohistorv.com

ceramic cartridges, it is also insensitive to
electrostatic hum fields. The silicon ele-
ments have such a low impedance that in
most cases even lead shielding is unnec-
cessary. Only ground loops remain as a
possible source of hum. If it is correctly
installed, the “Miniconic” is perhaps the
most basically hum-free cartridge on the
market.

The IM distortion (measured with the
RCA 12-5-39 record) was very low over
the entire range of velocities likely to be
encountered on a stereo record. At 1.5-to
2-grams force. it remained low to nearly
the highest velocities on our test records.
The frequency response was unusually
flat and peak-free over the entire audio
range. On one channel it was within
+=1.5 db up to 20.000 c¢ps; on the other
it dropped off slightly from 12,000 cps.
We would certainly confirm the Euphon-
ics claim of =2 db response from 20 to
20,000 cps.

Channel separation was better than
25 db up to 11,000 cps, and better than
15 db all the way to 20,000 cps. The
square-wave response was one of the
best we have observed on a cartridge,
with only a single small overshoot on the
leading edge of the 1000-cps square
wave on the CBS Labs STR110 record.

In its sound, the CK-15-LS was as
good as its measurements suggest. It is
clean, sweet, and uncolored. Its sound
is very full, with no portions of the spec-
trum apparently emphasized or dimin-
ished. The total absence of hum makes
it especially enjoyable at high listening
levels. The “H” outputs sounded almost
identical to the “L” outputs, equalized in
a good-quality preamplifier. However,
the low-frequency response in the “H”
position seems to extend an octave or two
lower than in the “L” position (where it
is limited by the equalization of the pre-
amplifier). As a result, subsonic rumble
can cause amplifier overload and speaker
cone flutter at high playing levels.
Hence, we would recommend this
method of operation only with the finest
auxiliary equipment, or when the Eu-
phonics arm is used (giving a systein cut-
off of slightly below 12 ¢ps).

The response of the cartridge actually
goes to d.c., but because of the matching
amplifiers the system is restricted to a
lower limit of a few cycles. This is de-
sirable to reduce the effects of record
eccentricity and warpage on the output,
particularly when a high-mass arm is
used. With top-quality auxiliary equip-
ment, the cartridge is capable of a fidel-
ity of response which rivals anything we
have heard.

The CK-15-LS sells for $55. For instal-
lation in record changers or massive
tonearms, the CK-15-P is available, with
a 0.5-mil conical stylus of lower compli-
ance, for $39. The TK-15-LS system,
with the CK-15-LS cartridge in the low-
mass Euphonics arm, is $87.50. A

ELECTRONICS WORLD
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Zip through Scott’s new solid state FM stereo tuner kit

Four to six hours! That’s all you need
to zip through Scott’s new LT-112 solid
state FM stereo tuner kit. Allyoudoiscom-
plete five simple wiring groups and breeze
through an easy new 10-minute alignment.
You can actually start after lunch and enjoy
superb FM stereo at dinner.

Scott solid state circuitry is the key to
the LT-112’s superior performance. Costly
silicon transrstors, three IF stages, and three
limiters give the LT-112 a usable sensitivity
of 1.9 uv, selectivity of 45 db ... perform-
ance unapproached by any other kit on
the market. The LT-112 is actually the kit
version of Scott’s best-selling 312 solid
state factory-wired stereo tuner, of which
AUDIO said, “. . . it is one of the finest
tuners Scott makes. And that means it is
one of the finest tuners anywhere,”

All Critical Circuitry Pre-Wired
To insure perfect results, your LT-112

H. H. SCOTT, INC., Dept.

October, 1965

1n one afternoon

arrives with all critical circuitry pre-wired,
pre-tested, pre-aligned, and mounted on
heavy-duty printed circuit boards. Wires
are all color-coded, pre-cut, and pre-
stripped to the proper length. Scott's ex-
clusive life-size. full-color construction book
fully details every step . . . makes perfect
wiring almost automatic.

You'd ncver believe a kit so easy to build
could be so packed with features. Built
right into the LT-112 is a brand-new Scott
invention . . . the Tri-modulation Meter.
A convenient front panel switch lets you
use this Scott exclusive as:

1. A signal-Strength Indicator

proper antenna orientation

tuning.

2. A Zero-Center Indicator . .

.. for
and coarse

. for ex-

For complete specifcations on the LT-112, write:

CIRCLE NO. 96 ON READER SERVICE CARD
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§0- ¢ 111 POWDERMILL RD., MAYNARD, MASS.

Export: Scott International. Maynard, Mass. Cable HIFI. Prices slightly higher west of Rockies. Prices and sPecifications subject to change without notice,

tremely accurate fine tuning of very weak

or very strong stations. Accurate tuning

Is essential to minimum distortion and

maximum separation,

3. A precision Alignment Meter that en-

ables you to align your tuner, anytime,

with absolute accuracy . .. a procedure
that previously required the use of a $500
test instrument,

For your further listening enjoyment, the
LT-112 is provided with three stereo out-
lets . . . one of them conveniently located
on the front panel (you can connect a
portable tape recorder without disturbing
the installation of the tuner). Qutput level
controls on the rear of the unit need be set
only once, so you don't have to be bothered
about duplication of controls.

Stop in at your Scott dealer’s today, and
pick up an LT-112 tuner kit ., . . $179.95
plus one enjoyable afternoon will net you

a lifetime of listening pleasure.
SCOTT HOUSE
OF STEREO

BELGIAN VILLAGE, N Y WORLD'S FAIR
L
| |
A=<y
i me——

“FEATURING™
ANGEL RECORDS
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COLOR-VE-LOG

FINCC ANTENNAS

FOR UHF, VHF, FM RECEPTION

ALL-BAND
UHF-VHF-FM
ANTENNA

FINCO

Model UVF-24
$59.95 list

The one antenna that does the work of 3! Gives startlingly
clear black and white pictures and beautiful color on
both UHF and VHF television channels — plus the finest
in stereophonic and monophonic sound reproduction.

FINCO Model UVF-18-$42.50 list
FINCO Model UVF-16 —$30.50 list
FINCO Model UVF-10—$18.50 list

A A T

SWEPT-ELEMENT
VHF-FM
ANTENNA

FINCO

Model VL-10
$34.95 list

FINCO Model VL-18—-$54.50 list
FINCO Model VL-15—-$46.95 list
FINCO Model VL-7 —$23.95 list
FINCO Model VL-5 —$16.95 list

FINCO's Color-Ve-Log challenges all competition! Its H
swept-element design assures the finest in brilliant color :
and sharply defined black and white television recep- :
tion — as well as superb FM monaural and stereo quality. l

¥

——
.

Featuring FINCO's exclusive Gold Corodizing

FINCO COLOR-VE-LOG

Prices and specifications subject to change without notice
THE FINNEY COMPANY ¢ 34 W. Interstate Street* Bedtord, Ohio
Write for beautiful color brochures Number 20-322, and 20-307, Dept. 410.
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ABOUT THE AUTHOR

John A. Kennedy is an elec-
tronics engineer, a busi-
nessman, a civic leader,
and a politician. He s
founder and president of
James Electronics Inc., a
Chicago firm that produces
choppers, power vibrators
and converters, and minia-
ture transformers for the
instrumentation field. He is
now chairman of the Coun-
cil of Economic Advisors
to the State of lllinois and is a member of the Governor's
Science Advisory Board. Mr. Kennedy is also a Repre-
sentative in the lllinois General Assembly. One of his
aims is to increase the importance of the entire Midwest
area especially in the field of electronics.

Midwest Electronics-

A Changing Pattern of Growth

By JOHN A. KENNEDY

A new and stable pattern of growth is emerging in this
area as aresult of asecond post-war boom inconsumer
products, the industrial controls revolution, and the
R & D output of the region’s vast university complexes.

IDWEST clectronics was in the depths of an eco-
M nomic, teclmical, and morale depression in the late

fifties—and for good reason. The electronics indus-
try which, nationally, was acclaimed the “growth” industry
of the future was—in the Midwest—f{ollowing the region’s dis-
mal industrial and manufacturing pattern of contracted activ-
ity, restricted income, an exodus of managerial and technical
personnel, and growing unemployment. Opportunities in clec-
tronics were few and far apart in the Midwest, as any 1960
survey disclosed,

The boom in government electronics and manufacturing, re-
sulting from the demand for missiles and complex defense
systems, had reached its maximum growth in the 1960-61
period. The impact of the nation’s space program was ob-
viously going to follow the pattem of the defense boom and
bypass the Midwest region, The projections in 1960 for the
future with continued growth in government electronics, mod-
erate expansion of industrial electronics, and an actual con-
traction of consumer electronics, painted a depressing picture
for the Midwest.

As is sometimes the case, these projections were wrong.
Comparison of 1960 estimates with 1965 reality and 1964
projections indicate how the picture has changed (Fig. 1).

Midwest’s Role in Electronics

The demand for mass-produced communications and elec-
tronics material for World War 11 sealed the fate of Midswest
electronics as the mass-production center for industry. Over
58% of the nation’s clectronics manufacturing industry was

October, 1965

Fig. 1. Market estimates and annual value of U.S. electronics.
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concentrated in the Midwest at the cnd of the war. The
pent-up demand for radios and then television pointed the
direction for the region’s managers and facilities to go. The
Zeniths, Admirals, Molorolus, and others continued their Mid-
west domination of what was then considered “electronics.”

The growth of the electronics industry in the 1946-33 pe-
riod in the Midwest brought with it a similar growth in em-
plovment. Engineers and technicians were in criticat demand.
The pattern of this early post-war growth was followed by the
contraction ol the fifties and the brightening future of the
sixties for the Midwest electronics industry.

The demand for cousumer products, inchuding electronics,
leveled off in the period following the Korean War. Siuce the
Great Lukes region was predominately dependent on these
markets, there was a period of stagnation in the growth of
electronics, manufucturing, cmplovment, and the region's
personal income. The area’s personal income had traditionally
led the nation’s average. The post-war industrial expansion
for the region carried average personal income from 108% of
the national average in 1946 to 115% in 1933, but the slowed

Fig. 2. Total and Midwest prime military contract awards.
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econontic growth of the region in the late fifties dropped the

percentage to 106% in 1961. Since that time, the downsward

trend has been reversed and is estimated at 108% for 1965.
Military and Space Electronics

A great deal has been written about the failure of the Mid-
west electronics industry to actively seek a portion of the
growing military /space electronics market ot the fifties, That
it was unable to penetrate this market is another of the re-
markable cases of the cffect of supply and demand and our
democratic economy.

In the 1930-35 period, the facilities, personnel, and man-
agement of electronics firmis were fully occupied in meeting
the continning demand for its traditional consumer products.
The West Coast and, in particular, the aircraft industry had
virtually no consumer market so they aggressively solicited
and attracted this new military market for complex systems.
The same was true of the New England area, suffering from
the exodus of the textile industry. By the time the declining
consumer market of the late fifties began to worry the Mid-
west, the new sources for militury/space electronics had been
established. A chart of federal contracting comparing the
Midwest region and the nation is shown in Fig, 2.

Future Growth

There have been three major changes in the growth pattern
for the electronics industry in the 1960-63 period. The very
concentration of mass production which was the cause for
contraction is now healthy and growing and, in turn, pro-
viding the real markets for industrial electronics. The con-
sumer market in all electronic products has grown at a faster
rate than predicted. The advent of color television, tape and
stereo sound, and Citizens Band communications has con-
tributed to the month-in, month-out growth and stability. The
periodic rise and Fall of radio and TV production in the 19507
has given way to a broader line of products sold throughout
the vear.

The high personal income rate in the Midwest and its sub-
national unemploviment rate (4% for the region as against
5.1% nationallv) have created a large market in itself for con-
sumer electronics. This market also means a larger service
industry. The maintenance and installation needs of the entire
area are suffering from a lack of qualified technical personnel
who are, in addition, good businessmen.

Industrial Electronics

The growth of electronic equipment as a tool of production
and service has been more phenomenal than even space and
defense efforts. Chicago is now known as the most rapidly
antomating city in the world. This automation is affecting all
industries. This increase in automated production has allowed
the Midwest to remain competitive in world markets—while
increasing its share of foreign sales.

Automation depends on the marriage of electronics to me-
chanical and hydraulic systems. The Midsest has created its
own need for such svstems and its own systems capability. The
metal-processing industries, for example, use electronics as
the basis of control in planming, controlling, testing, producing,
and even selling, This area application has given rise to a grow-
ing number of firms which provide the systems fueling this
automation explosion. Large firms in the chemical, automo-
tive, and primary metals industries are turning to complete
in-house design, construction, and maintenance.

The demund for qualified men in this new application of
all forms of electronics is enormous. From technicians to en-
gineers and scientists, there is a growing need for personnel.

Communications

The Midwest has traditionally been the center of telephone
equipment manufacturing. The plants of Western Electric,
Automatic Electric, Teleiype, Kleinschmidt, and ITT-Kellogg

ELECTRONICS WORLD
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EMPLOYMENT OPPORTUNITIES
CONSUMER

@ Growing production of radio, television, video
tape, and sound equipment.

@ Installation and maintenance in an area market
that has abnormally high personal income and
demand for service.

INDUSTRIAL

@ Rapid expansion of process-control systems to
automate the world’s largest concentration of
production facilities.

@ Continued growth of telephone and radio com-
munications manufacturing industry—the
largest in the nation.

@ Reorientation and continued growth of the Mid-
west’'s component and subsystem industry.

@ Design, installation, and operation of auto-
mated data-processing systems for manufactur-
ing and service industries.

@ Electronic aids to education: visual, aural, and
computational.

@ Biomedical electronics based on a unique con-
centration of engineering, medical research
and training, pharmaceutical and medical pro-
duction, and clinical facilities.

@ !Increasing demand for nuclear application and
control in power, industrial, and medical appli-
cations.

MILITARY & SPACE

@ Expanding university research requiring all
levels of technical help.

@ Crowing private and government research lab-
oratories in basic and applied products and
systems.

@ A rising demand for mass-produced electronics
products for limited warfare.

produce the major portion of all land communications equip-
ment. This equipment is undergoing a technical revolution.
The totally automated long-distance dialing system, made
possible by electronics, is a proven goal. Now the full appli-
cation of solid-state devices promises new services and even
greater reliability.

The Bell System is constructing a new research laboratory
in Illinois which will be dedicated to the development of new
families of transistorized telephone systems. These develop-
ments will stimulate the volume production of solid-state
systems at various plants in the area.

Components

The Midwest has retained a major part of the electronic
component industry. This segment of the industry has pros-
pered with the continuing demand for consumer products.
Giants in the field like Allen-Bradiey, CTS, Mallory, and many
others have exhibited surprising imagination and skill in in-
novating new components and subsystems, thus retaining their
market positions.

There has been little production of solid-state devices in
the Midwest area; this must be considered a serious problem
for the future. As the use of solid-state devices has grown so
will the mass application of complete modular or integrated
electronics. Such a development could disrupt and diminish
the market for Midwestern component makers. There is con-
siderable research underway in the area dealing with modular

October, 1965 27
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Prime Contracts R&D Contracts
$Millions % $Millions %

U. S. TOTAL 3,787 100 2,667 100

Midwest States

1. 14.3 14.3

Ind. 4.1 4.0

lowa 2.8 2.8

Kans. 0 0

Mich. 24.1 24.0

Minn. 5.9 5.8

Mo. 264.9 264.9

Neb. 0 0

N. Dak. 0 0

Ohio 163.7 75.5

S. Dak. 0 0

Wis. 2.3 2.3

TOTAL $482.1 12.7% | $393.6 14.8%

Table 1. NASA contracts in 1963 in millions of dollars.
electronics and, if successful, could result in the application
of these makers’ mass-production skills to this inevitable new
electronic development.

The Midwest has been one of the largest customers for com-
puters for research, industrial, and commercial use. Some 34%
of the installations are in the 12 midwestern states to service
28.8% of the nation’s population,

Computers are manufactured in the area. Control Data of
Minneapolis has a major share of the large scientific computer
market. NCR and Burroughs both have wide experience and
many computer installations in the commercial field. The Mid-
west will gain in this market because of the growth in its ex-
isting manufacturing plants and from the expansion of the
“soft-ware”products required for these systems.

There will be a steadily growing industrial market in edu-
cational electronics. Many Midwest manufacturers are already
producing audio aids and a large market for video tape sys-
tems is projected. Mass-production capability of the area,
plus marketing experience will again play a key role in cap-
turing a lion’s share of these markets.

The use of electronic systems will also play an important
part in medical care during the next decade. The medical in-
strnmentation market already provides an estimated $350-
million for this year, This figure is expected to reach $300-
million by 1970. A large part of this equipment is electronic.

The large concentration of medical schools, research clin-
ics, and research-oriented hospitals in the 12-state area has
already been responsible for the rapid growth of the inter-
disciplinary programs of electronic engineering and medicine.

The nation’s first biomedical school has been operating at
Northwestern University since 1962, Such schools create
graduated PhD’s in a field that intermingles biology, medical
practice, and engineering. They will be a key force in this
new industrial electronic field.

Biomedical instruments have been developed and will be
devised using many new techniques involving ultrasonics, nu-
clear radiation, and computer analysis, giving the doctor new
and rapid information about his patient.

Table 2. Portion of military contracts in electronics field.

Y Total Electronics o

@ | sBillions | $Billions | 7 °fTotal
1958 39.06 4.38 11.2
1960 41.21 5.67 13.8
1962 46.8 7.07 15.1
1964 49.5 7.82 15.8
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These new instruments are generally being developed and
marketed by Midwest firms. In some instances, combinations
of electronics manufacturers join forces with medical/pharma-
ceutical suppliers in developing this equipment. Examples of
such “marriages” include Nuclear-Chicago and Abbott, and
Zenith and Baxter Laboratorices.

The future of biochemical electronics is a bright one that
will generate all levels of technician and engineering employ-
ment. This will include those needed for manufacturing the
product as well as those needed to install and maintain it.

The 12-state Midwest area is the nation’s center for nuclear
instrumentation. Major firms are located in the Chicago area,
Ohio, and Wisconsin. The broadening application of nuclear
energy and radiation techniques has provided firm growth to
the industry. This is fed from Argonne National Laboratories,
the MURA complex in Madison, Wisconsin, and the medical
research programs in the area.

Electronics is the key to nuclear instrumentation and, once
again, the field will depend on mass production and on in-
dustrial marketing as it grows steadily.

Military procurement fell off as a percentage of the national
total from the Korcan War peak, The area received 34.3% of
prime military contract awards in 1951, This fell to a low
of 17.6% of the nation’s total in 1961, but has slowly risen
to 18.9% in 1963 and is continuing to rise. This will not attain
the levels of the early 1950’ or World War II unless there is
growth in the need for material for traditional land warfare
of the Korean and Viet Nam type. This is the sort of elec-
tronics gear that the Midwest still supplies in volume.

There have been few “systems” contractors in the Midwest
area. This will continue to be a major factor limiting growth
in military/space programs. These conditions will not change
until major managements with large resources make a decision
to enter this complex field. The current prosperity of the con-
sumer and industrial markets makes major change unlikely.

The Midwest has a vast base of scientific education and re-
search in its university complexes. It produces 34.4% of the
Masters Degrees conferred and 30.5% of the doctorates. This
graduate work has attracted broad support from federal agen-
cies in research. This requires laboratories, technicians, and
supporting industry.

The Midwest is gradually overcoming the problem of too
little communication among this federally supported research,
the area’s industry, and its own research and development
programs. The value of industry-university cooperation has
been demonstrated in other areas of the nation, Tt is now being
recognized as a very important flow pattern for a whole
host of new ideas in the Midwest.

A Brightening Future

Midwest electronics has recovered from the stagnation of
the 1950’s. It is now growing, in total, as fast as the rest of
the nation and from a substantial and diversified base.

It is keeping its scientific and engineering graduates. The
University of Hlinois, which graduates more engineers than
any other school in the country, is an example of this new
trend. In June of 1963, only 27.78% of its graduates obtained
positions in Ilinois while 17.23% went to California. By 1964
Hlinois retained 45.28% and the Midwest as a whole gave
emplovment to 73.43% while only 8.23% obtained their first
jobs in California. This trend continues in 1965,

The region is a natural market for industrial automation
and every indication is that it will build its own systems
capabilities.

Consumer electronics continues to grow and the region ap-
pears to be holding its large share of this market.

The Midwest must move rapidly into the newer fields of
electronics. It cannot be complacent over its new vitality.
There is a new spirit that gives promise to the future, which
can make electronics a vital artery feeding the industrial heart-
land of our country. A

ELECTRONICS WORLD
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New Shielded Twin-=Lead
for Color TV & U.ILF.

By ROLAND MIRACLE  Engineer, Electronics Div., Belden Mfg. Co.

Recently introduced TV receiver lead-in has the advantages of coax but has lower losses, is balanced

to ground, and does not need special fittings. Here is a report on the performance of this new line.

Editors Note: Our July 1963 issue contained an article on
“Coax vs Twinlead” by Lon Cantor of Jerrold Electronics
Corp. in which the advantages of a shiclded type of lead-in
over concentional flat ticin-lead were gicen. Our September
isste contained an interesting letter from Ed Finkel, JFD
Electronics Corp., commenting on this article and giving some
arguments in favor of the use of twin-lead. In onr remarks at
the end of this letter, we indicated that work was being done
on a shiclded 300-olin ticin-lead which should possess the
advantages of hoth coax and twin-lead. \We promised tech-
nical information on this new line, along with results of per-
formance measurements. The following aiticle contains this
information.

NDUSTRY spokesmen have predicted that by 1969
American TV viewers will have purchased 15 million
color-TV sets along with 50 million sets capable of re-

ceiving wh.f. programs. This means that manufacturers of
television receiving equipment must respond by producing

LOW-LOSS ENCAPSULATED
DIELECTRIC INSULATION

COPPERWELD
CONDUCTORS

POLYETHYLENE JACKET

]
ORANGE WEB
GROUND WIRE

PATENTED 100% SHIELD

Fig. 1. A stripped-down section of the shielded twin-lead.

not only TV sets incorporating new and advanced circuitry,
but must also provide a complete selection of auxiliary con-
ponents designed specifically for this new market. A new
shielded 300-ohim twin-lead TV lead-in, called “Shielded
Permohm” by its manutacturer, Belden Mfg. Co., eliminates
many of the color and u.h.f. reception problems caused in
the past by installing transmission lines which were designed
for reception of black-und-white v.h.f signals.

This shielded twin-lead incorporates a total shield—a wrap
of thin aluminum foil. and a (Continued on page 94)

Fig. 2. Effects of ignition interference using three down-leads. Left, unshielded twin-lead; center, coaxial cable; right, shielded twin-lead.

Fig. 3. Laboratory attenuation data shows
that the shielded twin-lead has somewhat
greater losses than the unshielded type.

Fig. 4. In a typical installation, however,
losses of unshielded
substantially, especially for flat-ribbon.

Fig. 5. Attenuation data for shielded twin-
lead compared to coaxial line. The trans-
formers add about 2 db of attenuation.
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RECENT
DEVELOPMENTS
in ELECTRONICS

Anechoic Chamber on Wheels. (Left) Sound patterns of small
arms and shock-wave intensities from small missiles can be
measured in this mobile anechoic chamber that is housed within
a 30-ft. trailer truck. In the center of the far wall is the hole
through which small arms are discharged. Sleeves on either side
wall permit missiles to be fired through the chamber so that
shock waves can be measured. Pretested modular wedge units,
having a low-frequency cut-off of 140 cps, form the chamber lin-
ing. These units are aligned so that when the chamber door is
swung through a 180-degree arc, the wedges mounted on the
door swing completely clear of the opening. To provide an attenu-
ation of sound from outside to inside the chamber of from 20 db
at 125 cps to in excess of 60 db above 1500 cps, the body of the
trailer was modified. The mobile lab was built by Eckel Corp.

Giant Degaussing Coils. (Above) These two large coils were used
to demagnetize the solar paneis on the Mariner 4 spacecraft just
before the start of its picture-taking and scientific data-gath-
ering trip to Mars. A hoisting gear raises both coils simulta-
neously to align them with the earth’s east-west magnetic direc-
tion. The wooden rails on the inside are slides for the solar pan-
els, which are placed between the two coils for demagnetizing.
Each coil is about 8 feet in diameter, weighs about 4000
pounds, and is made of 12 externally connected coils. After
testing by Westinghouse, coils were shipped to Cape Kennedy.

Stellar Inertial Guidance System. (Left) Technicians are shown
making final adjustments on the stellar inertial guidance equip-
ment recently flight-tested by the Air Force. As with the sea-
faring navigators of old, sights on stars are used to determine
position. The present system, designed for ballistic missile
use, employs stellar sightings to correct for errors in the mis-
sile’s guidance platform and helps guide the missile precisely
to the target. As in conventional inertial systems, the stellar
system operates only until booster cut-off. For prolonged space
flights, inertial guidance would be in use throughout the jour-
ney. Any errors in the system would then accumulate with time.
By tying in a stellar system, periodic in-flight corrections
can be made. Equipment was designed by General Precision.

ELECTRONICS WORLD
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Space Laser for Astronauts. (Right) This six-pound laser trans-
mitter will be used by one of our astronauts during the 14-day
Gemini 7 mission scheduled for early next year. The narrow,
intense light beam of the laser will be employed to make con-
tact with the earth. The four small lenses are optics for an
array of four room-temperature gallium arsenide laser light
sources. The large opening is the telescopic sight used to aim
the unit out of a Gemini 7 capsule window at a laser receiver
beacon at White Sands Missile Range. The equipment, built by
RCA, is completely self-contained. An attempt will be made
to contact the ground with the laser pulsing 100 times a sec-
ond. Then, the pulse rate will be upped to 7000 times a sec-
ond and voice modulation from the astronaut will be applied.

o~

Fault-Detection Tester. (Right) The Air Force is using a de-
vice that will forecast the airborne efficiency and accuracy
of their weapons control systems while their planes are on
the ground. The tester, mounted on a small trailer, is fitted
over the nose cone of the aircraft. The device provides a
simulated radar/infrared input enclosed in a compact, mobile
anechoic chamber which shields the aircraft being tested from
outside interference and simulates a target for the fighter’'s
sensing devices. Included is a computer which stores standards
and tolerances against which the various systems are tested.
The system has been found to be 90 percent correct in locating
malfunctions. It will be used both for troubleshooting and as
a maintenance tester. The unit will not reduce the number of
technicians required to perform the weapon control system
checkout, but it will be a reliable, less expensive, and quicker
method of testing. It completes a test in about 25 minutes.
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Home Video Tape Recorder. (Left} Still another video tape re-
corder for home use has been unveiled recently. This one is
an Ampex unit selling for $1095 for a one-speed table-top model
or for $1295 for a two-speed model. Prices do not include a
TV camera. One-inch-wide tape moves past rotary recording and
playback heads at 9.6 ips to provide high-frequency performance
with relatively low tape consumption. A second speed of 4.8
ips cuts tape consumption in half and provides good quality
recordings but not compatible with color. Maximum frequency
response is just above 3 mc. at the higher speed, and over 2 mc.
at the slower speed. A single reel of 1l-in. tape, which will
record an hour of TV picture and sound at the higher speed and
two hours at the lower speed, will sell for approximately $65.

Computer-Assisted Instruction. (Left) The first test of its
kind using the computer as an aid to the industrial training
of employees at locations thousands of miles apart is now under
way. The pilot study, conducted by IBM's Field Engineering
Div., is testing the feasibility of using a computer and remote
terminals to help train engineers who service the company's
information-handling systems. Graphic display of training-
course material and telephone communications are utilized. The
headquarters computer analyzes the students' responses, checks
their accuracy, and retains student performance data. The pace
and content of instruction are set by the individual student.
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SILICON TRANSISTOR
.F. AMPLIFIER
FOR FM TUNER

By DANIEL R. von RECKLINGHAUSEN
Chief Research Engineer, H.H. Scott, Inc.

General requirements for high-fidelity tuner i.f.’s
along with the design of a circuit that employs high
performance, high-frequency silicon planar transistors.

VER since the advent of transistors, attempts have been
made to use them in almost any application where vac-
uuni tubes had been used. Generally' the approach

was that with transistors it was merelv necessary to eliminate
the filament supply, use a lower supply voltage and lower
value resistors, and add a bias resistor per stage. This ap-
proach works reasonably well when designing some audio
circuits as most tube preamplifiers had been designed for
triode operation and, after all, transistors behave much like
triodes.

The next application for transistors was in AN receivers.
Here the low power consumption of transistors is especially
attractive. However, when trving to substitute a transistor
in a tube circuit, all these transistor stages had a tendency to
oscillate. To cope with this, an old circuit design trick of the
1920s was resurrected and neutralization was adopted.

Problem of Oscillation

As every designer knows, the most stable if. amplifier
circuits can be made with tubes that have the lowest grid-
plate cupacitances. For this reason, a tube such as the 6AUG
with a grid-to-plate capucitance of 0.0035 pf. became a very
popular i.f. amplifier tube. In transistorized circuits, base-to-
collector capacitances of several picolarads or more are quite
common. If transistors are connected into an i.f. amplifier
without hawrther consideration, the circuit will oscillate in
the same way a tuned-grid, tuned-plate oscillator will oscil-
late.

Fig. 1 shows an amplifier which is assumed to have a high
output impedance and high gain. Connected to. it are an in-
put circuit and an output circuit, both of which are tuned
circuits. If the feedback capacitance did not exist, this over-
all circuit would act as an amplifier for high frequencies
and, in particular, as an i.f. amplifier. However, as was men-
tioned before, there exists a considerable base-to-collector
capacitance in every transistor, which acts as a feedback
capacitor.

How can such a circuit oscillate? Assume that the signal
at the output of the amplifier is out-of-phase with the signal
at its input. If the output circuit is tuned to a frequency higher
than the desired frequency, 45° phase shift can occur in this
circuit at the desired frequency. The input circuit behaves
the same way. This adds up to 90° and the additional 90°
phase shift of the internal feedback capacitor will then result
in a total phase shift of 180°, which is a phase reversal. There-
fore, the signal returned to the input of the amplifier through
the feedback capacitance is in-phase with the original input
signal and thus adds to it. This is positive feedback. If the
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Complete i.f. strip is shown here. An additional i.f. trans-
former which precedes the first transistor is located in the
front-end portion of the tuner, The subassembly was photo-
graphed over a mirror to show the printed circuit employed.

amplifier gain is high enough, this circuit will oscillate—
which an i.f. amplifier should not do.

To overcome oscillation, the most common solution has
been an old transmitter trick. Here the coil of the output cir-
cuit has a tap which is cffectively grounded, frequently with
a large bypass capacitor. On one end of the coil voltage de-
velops exactly out-of-phase with the voltage at the amplifier
output. A neutralizing capacitor is commected between this
one end of the coil and the input of the wmplifier. A feedback
current through this neutralizing capacitor opposes the cur-
rent from the feedback capacitance of the amplifier. By
choosing the right value neutralizing capacitor, the circuit
will become stable. This is the basic circuit found in most
all-transistor i.f. amplifiers.

Neutralization lus a number of advantages, for example,
the circuit is capable of very high gain without oscillating.
There are. unfortunately, some disadvantages—a major one
being that this neutralizing capacitor might have to be ad-
justed differently for each transistor used if the circuit is to
Lave the highest possible gain.

Selectivity Requirenients

There is a further disadvantage, particularly when this
transistor is in a circuit where a lot of selectivity and high
“(” are required. The low input impedance and also the low
output impedance of the transistor will lower the resonant
impedance and the selectivity of both circuits. A change from
one transistor to another will change that selectivity drasti-
cally.

Fig. 1. Use of neutralizing capacitor prevents oscillation.

FEEDBACK
CAPACITANCE | ouTPUT
AN CIRCUIT

INPUT
CIRCUIT

AMPLIFIER

NEUTRALIZING CAPACITOR
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In high-fidelity FM tuners it is very necessary that a weak
FM station be received without interference from a strong
local station which might be 200, 400, or 600 kc. away in
frequency. For FM, i.f. amplifiers have an intermediate fre-
quency of 10.7 me. The “Q’s” of these circuits, with the tran-
sistor in the circuit, have to be maintained somewhere bhe-
tween 50 and 100. Such “Q’s” are difficult enough to get in
coils and i.f. transformers, and any substantial reduction in
“O” will reduce selectivity.

It is also important that the alignment of these coils and
circuits be stable without being affected by the change in
capacitance of a transistor when the operating voltages
change or when automatic gain control is used.

Different Design Approach

Fortunatelv, within recent months, some high-perform-
ance, high-frequency transistors have become available which
allow a different design approach. These transistors are silicon
planar types which have a gain-bandwidth product of 350 me.
and a feedbuck capacitance of only 2 pf. Calculations and
experiments show that maximum gain of 44 db per i.f. stage
can De obtained at 10.7 me. Since an i.f. amplifier may re-
quire gain of only 25 db per stage, a considerable loss can
be tolerated.

Most i.f. amplifiers are constructed so that the impedance
of the input circuit matches the input impedance of the tran-
sistor and the impedance of the output circuit matches that
of the output impedance of the transistor. This is known as
matched operation and results in the highest possible power
gain. Furthermore, this matching may also resnlt in the
highest ontput power of the i.f. amplifier.

A discussion of power in an i.f. amplifier, where only a
few milliwatts of power exist, inay seem odd. In fact, how-
ever, onlv the last i.f. stage has to supply power to drive a
limiter and the automatic gain control circuit. Therefore,
power handling capability in carlier i.f. stages can be sacri-
ficed. _

Relerring again to TFig. 1, it seems reasonable that oscil-
Lution due to positive feedback cannot oceur when the ini-
pedance of the input circuit is very low, since insufficient
voltage is developed across this circuit from the current
through the feedback capacitance. This low-impedance input
circuit still has to develop the same input voltage, but re-
quires more input current and, therefore, more power. This,
of course, reduces the power gain of the over-all circuit. The
same argument can be made for the output circuit wherein
the output current of the transistor goes into a low-im-
pedance cirenit and develops less voltage across it, eflecting
a reduction in output power. This again reduces the amount
of current which can flow throngh the internal feedback
capacitance.

A further veduction in undesired feedback occurs because
the transistor current gain is accompanied by a phuse shift
at high frequencies amounting to 38° at 10.7 mc. for the
particular type used in this i.f. amplifier. This phase shift is
in opposition to the phase shift resulting from the feedback
capacitance.

Some of the advantages of lowering circuit impedance in-
clude the following: First, the operating impedance of the
whole circuit is that of the resonant impedance of the coil
and capacitor in parallel with the transistor impedance, 1t
the transistor impedance is high compared to the unloaded
circuit impedance, any change in transistor impedance will
have only a minor effect on circuit impedance. Second. if
this circuit is of high selectivity, the addition of the transistor
will change that selectivity onlv slightly. Third, the possible
amount of feedback through the feedback capacitance is so
low that the circuit with the transistor installed is completely
stable and less than a small fraction of a decibel gain change
occurs due to the feedback that takes place within the
transistor itself.

October, 1965
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Fig. 2 shows the circuit of the complete i.f. amplifier. The
input signal for the i.f. amplifier comes from the FM front-end
which also contains the first i.f. transformer. Its output is
coupled through a .001-pf. coupling capacitor directly into
the base of the first i.f. transistor (Q1). Bias for this tran-
sistor is applied through a (Continued on page 78)
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TRUE 3=D IVIAGE

from
LASER PHOTOGRAPH

By E. N. LEITH & J. UPATNIEKS/ Institute of Science and Technology, The University of Michigan

It now becomes possible to create three-dimensional pictures

with a lensless camera and projector, and without the use of

special optical devices such as tinted glasses or screens.

I'TH the introduction of the laser with its mono-
chromatic, coherent light output, researchers have
been given an invaluable tool that can be used to

open many new areas of scientific investigation. By using the
special characteristics of the laser, it is now possible to create
a black-and-white, three-dimensional image of an object from
a two-dimensional photographic transparency without the
use of any special optical viewing devices. With this new pho-
tographic systemm, the viewer sees a three-dimensional
image suspended in mid-air. The image is, in fact, more than

IRROR

OBJECT BEING
PHOTOGRAPHED

A

INCIDENT LIGHT /

RAYS REFLECTED FROM OBJECT

PHOTOGRAPHIC PLATE
Fig. 1. In creating the hologram, the incident light is from
a laser. The system can be likened to an optical superhetero-
dyne with the object-reflected light as the modulated signal
and the mirror-reflected light as the local-oscillator signal.

just three dimensional. Tt has all the vis-
ual properties of the original object, in-
cluding change of perspective with a
shift in the observer’s viewing position,
and parallax between near and far ob-
jects in the image. When placed side by
side, image and object are indistinguish-
able to the viewer.

Another amazing byv-product is the
fact that if the original transparencyv is
divided into many small fragments, each
fragment, in itself, is capable of repro-
ducing the original object (with some
degradation in resolution).

This approach to luser photography is

34

Fig. 2. Typical hologram appears this
way under incoherent light. The
observable structures
by dust particles and do not contribute
to, or degrade, the reconstructed image.

an adaptation of the wavefront reconstruction process in-
vented by the European scientist Dennis Gabor in 1947.
Wavefront reconstruction is an interesting type of photog-
raphy that bears little resemblance to conventional plotog-
raphy, but can be likened to the carrier modulation methods
of the electronics engineer, The light reflected from the object
is treated as a modulated carrier wave which, in photographic
recording. is mixed with a local oscillator signal (another light
beam) in an optical superheterodyne process.

The recent resurgence of interest in wavefront reconstruc-
tion is due in part to recent research at the University of
Michigan and elsewhere, and certainly in large part to the
development of the laser, which permits experiments that
heretofore would not have been practicable,

Making the Photograph

The wavefront reconstruction method for photographing
an object is shown in Fig. 1. The procedure is in many ways
similar to conventional photography, but differs from it in sev-
eral significant respects. As in conventional photography, the
subject is illuminated and a portion of the reflected light is in-
tercepted by a photographic plate (or equally well, a film).

There are three major departures. First, no lens or other
image-forming device is placed between subject and photo-
grapliic plate; consequently, no image is formed. On the con-
trary, each point on the plate, instead of receiving light or-
iginating from a corresponding single point on the subject,
receives light from the entire subject. Or, put otherwise, cach
point on the subject illuminates the entire plate. Thus, no
image, not even a blurred one, forms on the plate. Such a
procedure would be expected to pro-
duirce more or less uniform fogging on
the plate. An exposed plate (called a
“hologram”™) is in Fig, 2, The observable
rings are caused by dust particles and
do not contribute to, or degrade, the re-
constructed image.

The second departure from conven-
tional photography is that instead of a
conventional light source a laser is used
for ilhunination of the subject. And, as
the final departure, a small portion of
the luser beam is reflected onto the pho-
tographic plate by means of a small
mirror, which can conveniently be lo-
cated next to the subject. These two in-

are produced
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When a camera is substituted for the observer's eye, it becomes possible to photograph a reconstructed three-dimensional image.

novations in part compensate for the absence of the image-
forming lens. The resulting photographic plate is now more
than merely fogged—but does not contain any sort of a rec-
ognizable image.

Interference Modnlation

Recorded on the photographic plate is the interference
pattern between the light waves scattered from the subject
and the auxiliarv beam, which we call the reference beam.

If, for the moment, we consider the subject to be replaced
bv a mirror, then falling on the photographic plate will be
two plane waves, one from each of the two mirrors. Also, let
the two plane waves be non-parallel so that they impinge on
the plate at some angle to each other. Because of the coher-
ence of the light, a set of uniform interference fringes will be
formed on the plate, with the fringe spacing being a function
of the angle between the two beams.

The [ringe pattern has an amplitude distribution which is
sinusoidal and is a two-dimensional spatial analog of the
temporal sine wave basic to electronic communication sys-
tems. And just as the temporal sine wave can be modulated
and serve as a carrier wave, so the fringe pattern can be mod-
ulated. Let us now remove one of the two mirrors, replacing
it with our original subject. The light waves reflected from the
subject have an irregularitv which is related to the reflecting-
surface irregularities of the subject. The fringe pattern, which
before was regular, now acquires an irregularity which is
manifested in two wavs. First, there are variations in the con-
trast of the fringe pattern, Second, there are variations in
the fringe spacing; in some areas the fringes will be more
closelv spaced, while in others they are more widely sepa-
rated.

The fringe pattern is thus modulated in accordance
with the irregularities produced in the wavefronts by the re-
flection from the subject. The amplitude distortions of the
reflected wave cause a contrast modulation, or amplitude
modulation, of the fringes, while the phase perturbations pro-
duce a phase modulation of the fringe pattern. Thus, the re-
corded fringe pattern contains inforination completely de-
scribing the light waves reflected from the subject.

Recording Analysis

The light waves reflected from the subject and impinging
on the plate can be compared to radio waves carrving in-
telligence, except that the frequency of the light wave heing
used is many orders of magnitude greater than the kilocycles
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or megacvcles of the radio wave. These light waves carry in-
formation about the objects from which they were reflected
in the form of phase and amplitude modulations. These mod-
ulations, however, are spatial rather than temporal. Thus,
the amplitude and phase of the light is different at each point
on the recording plate. The light wave falling on the photo-
graphic plate from the object might be likened to a modulated
carrier wave, while the light reflected from the mirror per-
forms the same function as the local oscillator.

The photographic plate serves two purposes. The first is
an obvious one: the plate acts as a storage device, storing
the recorded waves for later use. The second function, less
obvious but nonetheless essential, is that of an optical de-
tector, analogous to the detector in a receiver. The photo-
graphic plate, since it responds to intensity, records the
square of the sum of the light waves received from the object
and the mirror. The plate is thus a squave-law devics and
produces, through detection, a difference-frequency signal.
This new signal is analogous to the i.f. in a receiver, except
that it is a spatial carrier wave instead of a temporal one.
This modulated spatial carrier, or fringe pattern, which con-
tains the intelligence that was on the light wave, is the sig-
nal that is stored on the photographic plate.

The process bears a close resemblance to sound recording,
where sound waves are converted into modulations of the
grooves of a phonographic disc,

Requirement for Coherent Light

To carry out this recording process, the light must have
two special properties: spatial coherence and temporal co-
herence or monochromaticity. If the light is not monochro
muatic, then the recording will be duplicated for each wave-
length component. The fringe pattern on the plate will be
washed out, and only a uniform darkening of the plate will
result. Similarly, if the light lacks spatial coherence, that is,
if the light has not been effectively derived from a point
source, then each effective point of the source will similarly
duplicate the entire modulation process, and the fringe pat-
tern will be ruined. Thus, the subject to be photographed must
be illuminated by a spatiallv coherent, monochromatic source,
and the laser is by far the best of such sources.

Reconstructing the Object

The photographic record produced is called a hologram
(Fig. 2). When viewed in ordinary light, it is completelv un-
intelligible, vet it contains, (Continued on page 58)
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SEA STATIONS FOR
AIRCRAFT V.HF. COVERAGE

By PATRICK HALLIDAY

British feasibility studies are now going on for two to four
mid-Atlantic floating platforms. These will provide continuous
v.h.f. coverage, radar, beacons, and other aircraft radio aids.

ACH vear the Atlantic air routes are filling up with

more and more aireraft. Tn peak periods there may

already be some 10.000 people fiving across the At-
Lintic at a time, all depeudent upon radio commuuications
and radio navigation aids. Not only are these numbers ex-
pected to multiply fivefold in the next few years—but the im-
portance of reliuble communications will inerease significantly
with the coming of supersonic jets.

Tests carried out recently with a U.S. military supersonic
iet flving from New York to Paris showed the need for almost
continiions voice communications. There were some 100 min-
utes of conversation during the 200-minute flight. W.L.
Polhemus of the University of Michigan has suggested that
with supersonic transports there may well be a need to pro-
vide significant new capabilitics in the commumications field
with much greater emphasis on unlimited access among the
flight crew, air-traffic controller, metcorologist, and dis-
patcher-performance specialist. Because of the compression
of the time scale, any errors could turn an otherwise profitable
flight into a profitless and dangerous one.

The V.H.F. Communications Gap

At present there is still a large gap in mid-Atlantic v.h.f.
communications. In spite of the crrrent experiments with “ex-
tended-range v.h.£.”, this gap cannot be bridged by this alone,
and the aireraft must fall back on high-frequency operations,
with all its problems of fading, interference, and sunspot
“black-outs.”

Extended-range v.h.f. involves the recent technique of
using higher power ground transmitters in conjunction with
steerable dish beam antennas providing over 30-db gain.
With current airborne equipment. many engineers believe
that v.hi.f. coverage with high-flving jets can be extended by
these technignes to about 400 nautical miles, with cnrrent air-
borne receivers and transmitters, and to about 550 nautical
miles if beam antennas with gains of about 12 db were in-
stalled in the aireraft.

But this is not enough to close the v.hif. gap. Now. how-
ever, an imaginative scheme is under development which
may within about three vears enable continnous v.h.l.-uh.f.
commmications to be attained and to provide primary or
secondary radar coverage. medinm-frequency beacons, and
other support navigational aids over the entire North Atlantic
route without anv need to modify the airborne equipment.

Floating Sea Stations

This new scheme, originally devised by the Britisle Minis-
try of Aviation, is based on the construction of some two to
four floating “sea stations™ to be permanently moored in mid-
Atlantic and linked to the shore by the latest type of light-
weight, high-capacity ocean telephone couxial cables.

If extended-range v.h.f. svstems come up to expectations
only two sea stations may be needed: otherwise up to four of
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these floating clectronic bases will be required. The sea sta-
tions could be operating within three vears.

A design study undertaken by Seastation Telecommunica-
tions Ltd., a company specifically set up for this purpose in
Britain by a consortium of large electronic and shipbuilding
firms, has so far confirmed the practicability of the proposals.
Many tests have already been carried out on models of the
sea stations in the large tanks of the British National Physi-
cal Laborutory.

Each sea station will consist of tubular structures, using
double-skin construction akin to submarines, some 400 feet
in length and 16 feet in diwmeter, floating vertically with
about 380 feet immersed. The top 20-30 feet of the cvlinder
is designed to support a platfornt above the reach of the high-
est waves and providing accommodation for the electronics
cequipment, a crew of about 12 including the radio mainte-
nance engineers, the antennas, and a helicopter landing deck,
The sea station is thus some 450 feet over-all and wounld be
Hoated horizontally out into the Atlantic where eventnally
they would be some 70 fect above the sea level.

The vertical cyvlinder would be moored in position with
three anchors with cables coming into the lower end of the
cvlinder. The telephone cables would also be brought into the
lower end of the cvlinder, falling  (Continued on page 59)

Artist's impression of operational and accommodation decks of
sea station showing elevator connecting to engine area below.
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Nickel-Cadmium

Batteries

By LEWIS HOFSTATTER// Applications Engineer, Battery Div., Sonotone Corp.

This truly rechargeable and compact power source has led
to the development of a wide variety of cordless devices
in consumer, commercial, industrial, and military areas.

NE of the most significant developments in port-
able power during the past 25 yeurs has been the
refinement and mass production of nickel-cad-

mium alkaline batteries. Many millions of sealed and
vented rechargeable cells have been used successfully in a
wide variety of consumer, commercial, industrial, and mili-
tary applications. Whole familics of new cordless products
have come into being, based chicfly on the high perform-
ance capabilities of the scaled nickel-cadmium system. The
market for the truly rechargeable battery continues to have
a brilliant future and, until the fuel cell becomes econom-
ically practical, it scems likely that the greatest hope for
reliable portable rechargeable power will lie with the nickel-
cadmium battery system.

Pocket-Plate Nickel-Cadmium

The first rechargeable alkaline battery was developed by
Waldemar Jungner of Sweden in 1899 and employed an
open pocket-plate type of cell.

The pocket plate (Fig. 1, left) is a flat nickel-plated steel
structure containing parallel rows of small pockets or cham-
bers to hold the active materials. These pockets are very
finely pertorated to allow clectrolyte access without permit-
ting the escape of the material inside. Polystyrene or glass
rods arce used as separators between plates immersed in
aqueous potassium  hydroxide electrolyte. The positive
plates contain nickel salts and the negative plates contain
cadmium salts.

The vented pocket-plate nickel-cadmium battery has
proven to be the heavy-duty work horse of the industry.
Available in capacities from 10 to about 2000 ampere-
hours, the cells may be encased in cither plastic or steel.
They arc assembled in hardwood trays of convenient size
and these can then be tiered in steel racks. Each cell deliv-
ers 1.2 volts and the most common voltage units are 6, 12,
24, 32, 48, 110, and 220, but any intermediate value can
also be obtained.

These batteries have an extremely low internal resistance
and can thus deliver very high currents with little loss of
voltage. Conversely, they can also be recharged at greatly
accelerated rates and. at normul remperatures. will hold
their charge for very long periods. When delivering moder-
ate currents, they will pertorm satisfactorilv even at temper-
atures of —40°C.

Pocket-plate vented cells utilize an excess amount of al-
kaline clectrolvte and contain vents through which evolved
gases are released and additional water or electrolyte may
be added, if required, for proper maintenance. They are not
the lightest hatteries in the world, but they probably are the
most reliable, often providing as much as 25 years’ of use-
ful service. These batteries are thus emploved in emergency
standby applications with marine, lighting, alarm, control
signaling, switchgear, telephone. engine starting, as well
as for auxiliarv utility power systems.

Sealed Sintered-Plate Nickel-Cadmium

The sintered-plate type of nickel-cadmium cell was de-

veloped in Germany during the Second World War and was
produced in this country shortly after the war ended. The
greatest current activity and volume in nickel-cadmium
batteries is with the scaled sintercd-plate types. The best
testimonial to the etliciency, reliability, and complete lack
of maintenance in sealed nickel-cadmium cells is the fact
that probably more than half the consumers using cordless
appliances with such batteries do not even realize that they
contain batteries at all. Nany manufacturers have encour-
aged this fendency by referring to the power source as an
“energy cell” or a “powerpack,” because they feel that there
may otherwise be some sules resistance to a battery-pow-
ered device.

The scaled sintered-plate cell has five main components:
a positive plate, a separator or dielectric, a negative plate,
electrolyte, and a container. (See cover illustration.) No
access vent is provided in a sealed cell and a limited quan-
tty ol electrolyte is used, thus reducing maintenance to a
minimum and eliminating the need to add either watcr or
clectrolyte.

Preparation of positive or nepative plates requires the
sintering of a fine nickel powder to a woven nickel wire
screen. (Sintering involves the conversion of a powdered
or earthy substance into a coherent solid mass by heating
without thoroughly melting.) This not only acts as a matrix
conductor, but also imparts great strength and Hexibility 1o
the plate. This results in « thin. highly porous nickel plaque
(Fig. ], center) which is then impregnated with nickel salt
solutions for the positive plate and cadmium salt selutions
for the negative plate.

The separator, an absorbent diclectric material, mechan-
ically separates the positive plate from the negative while
holding electrolyvte and permitting ions or electrical current
to flow between the plates. The electrolyte used is an aque-
ous solution of potassium hydroxide.

The usual cell container is a nickel-plated steel can and
cover. The celf is assembled by rolling both plates, sepa-
rated by the dielectric, into a tight roll or core which is then

Fig. 1. Three typical nickel-cadmium battery plates. Frem
left, modern pocket plate, sintered plate, and pasted plate.
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fig. 2. Cell-discharge voltage vs time for a type 5102
cell. This is one-half the size of a standard “C" cell.
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fig. 3. Terminal voltage measured during a constant charge.

placed into the can with the electrolyte and sealed. The neg-
ative plate tab is welded to the bottom of the can, making
the entire cell case the negative terminal. The entire cell
assembly is then charged, discharged, and completely in-
spected by the manufacturer of the cell.

Electrical Characteristics

The closed-circuit voltage of a single nickel-cadmium
cell, irrespective of size or shape. is nominally 1.25 volts
but certain other voltage levels may also be encountered.

Open-circuit voltage is the voltage of a cell without a
load. At room temperature, this is 1.33 volts. This repre-
sents the normal terminal voltage of a nickel-cadmium
electrode pair immersed in potassium hydroxide electrolyte.

End-of-discharge voltage is the final voltage to which a
cell is discharged. Levels below 1.0 volt per cell should be
avoided where possible. Quite often, a higher end point can
be used because most of the cell’s capacity is exhausted at
voltage levels somewhere between 1.10 volts and 1.15
volts (Fig. 2).

End-of-charge voltage is the final voltage across the cell
at the end of charge. with charge current still flowing
through it. A cell placed on constant charge soon rises to a
voltage of 1.40 (Fig. 3) and can climb to 1.47 volts or
more. 1.43 volts is an average final voltage and a cell is
guestionable if it does not reflect voltages reasonably close
to these.

Ampere-hour capacity is generally measured to a 1.0-volt
per cell end-point and is the product of discharge current
and the time under load.

Capacity varies with the discharge rate. Figs. 4 and 5
indicate that at a I-hour rate the cells will yield about 80%
of their S-hour rate, which is considered the standard ca-
pacity of the cell. At lower rates, such as the 10- or 20-hour
rate. a somewhat higher capacity than that of the 5-hour
rate is obtained. To illustrate, the “*AA™ size (ordinary pen-
light) sintered-plate cell has a nominal capacity of 510
ma.hrs. at the 5-hour rate of discharge, 430 ma.hrs. at the
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I-hour discharge rate. and 350 ma.hrs. ai the 20-hour rate.
Fig. 4 also indicates what may be expected in voltage level
on any size cell if the discharge rate is changed from the
S-hour to the 10-minute or I-hour rate.

High-current capability. Sealed sintered-plate cells can
deliver high current discharges in the neighborhood of 10
to 15 times their 3-hour rated capacity. For example, a
“14C” cell with a capacity of 800 ma.hrs. may be used to
deliver 10 amperes for a short time. The same cell will pro-
vide a full 16 minutes of operation at a constant discharge
of 2.5 amperes (see Fig. 6A). Ordinary batteries are ruined
by such treatment. Fig. 4 shows the effect of discharge cur-
rent upon actual cell capacity obtainable. Note that the
total energy available (the area under the curves) is some-
what lower at high current drains, but that the voltage reg-
ulation is still excellent.

Table 1 lists representative data on a few of the more
popular types of sealed nickel-cadmium cells.

Temperature Effects & Charge Retention

While their discharge performance is affected somewhat
at temperature extremes, sealed, sintered-plate nickel-cad-
mium cells offer some advantages over other battery sys-
tems in this respect. At 32°F, the cells will yield approxi-
mately 90% of their room temperature capacity, while at
125°F they will produce 70% . The cells can also supply
useful but reduced energy over the range of —40° to
+ 165°F. Discharge voltage levels will decrease somewhat
from those encountered at room temperatures as the tem-
perature is either increased or decreased.

For best results, cells shoud be charged at ambient tem-
peratures between 60° and100°F. End-of-charge voltages
can be expected to be higher (1.55 volts) than those en-
countered at room temperatures when cells are charged at
cold temperatures and can be cxpected to be lower (1.37
volts} at the upper extreme temperatures. This is why
sealed cells should never be charged by constant potential,
since the cells tend to warm up during charge and thus de-
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crease in voltage. The charger will then supply increased
currents, causing more heating, and so on, until cell failure
results. This condition is call “thermal runaway,” and can
be prevented only by using constant-current charging.

The sealed nickel-cadmium cell, like all electrochemical
storage devices, loses a percentage of its charge while in
storage. At room temperature, the cell will retain 75% of
its capacity after a 30-day stand, 60% after 60 days, and
50% of its capacity after a 90-day period (Fig. 6B). In any
case, the loss of charge is only of a temporary nature and
can be regained on subsequent charging. One of the advan-
tages of a rechargeable system is that the loss of shelf life
can be prevented by keeping the cells on a trickle charge or
simply by recharging them before being placed into service.

Cell Reversal

If a multiple-cell battery is deeply discharged at currents
much greater than C/10 (C=amp. hr. capacity of cell at
5-hr. rate), there is a possibility that cell reversal will occur.
This can happen if one cell is slightly lower in capacity than
the others and if, during discharge, its voltage falls ncar
zero while the other cells may be at one volt or more. The
battery will continue to discharge through the “dead™ ccll,
charging it in reverse, as it were. If the discharge continues
long enough, the cell may reverse its polarity and be dam-
aged.

It occasionally becomes necessary to protect a scaled
nickel-cadmium battery from the repetitive deep discharges
that might prove injurious. In some cases, the device can
be designed to become inoperative when the voltage drops
below | volt per cell. At other times, the user can be in-
structed to charge whenever the power appears to weaken,
One solution is to use the appropriate zener diode across
each cell to prevent it from being driven into reverse polar-
ity. When the weakest cell reaches a reverse 0.1 volt, the
diode will pass all the current instead of the cell, thus pre-
venting damage. The correct zener diode must be able to
begin conducting current at very low voltages and must
possess the required current-handling capability. Such di-
odes are often quite expensive. so simpler techniques are
generally employed. These usually involve the use of a

Table 1. Characteristics of sealed cells, “*AA” cells are penlight type while D"

relay across the battery terminals which disconnects the
load when terminal voltage drops to a predetermined value.

State of Charge

The state of charge is the amount of energy left in a bat-
tery at any given time. There is no simple, practical way of
measuring the state of charge in a nickel-cadmium system,
since the voltage does not reflect residual capacity and the
electrolyte serves chiefly as an ion-carrier, without signifi-
cant changes in its specific gravity, When dealing with
either vented or sealed nickel-cadmium batteries. if in
doubt about the state of charge, the best procedure is
simply to give a 14-hour freshening charge at the C/10 rate
or keep on trickle charge permanently at C/100.

Charging Techniques

Recharging sealed cells is a simple matter and can be ac-
complished in several ways. In each case, only constant-
current charging should be used due to the possibility of
“thermal runaway,” described earlier. Because there arc
some heat losses, gas evolution, and side reactions, recharg-
ing is never 1009 efficient and it is necessary to replace
1409% of what was removed. The standard recharge ratc is
at a current value of 19y the cell capacity (C/10) for from
14 to 16 hours.

Fig. 7A shows a typical half-wave constant-current
charger. Note that no filtering is required for nickel-cad-
mium chargers. since the average cell has an enormous
equivalent capacitance. The charger is actually a current-
limited device and will not really provide a truly “constant”
current, since the counter-e.m.f. of the battery rises during
charge and will oppose the transformer e.ni.f. The charge
currents will be quite constant enough, however, for bat-
tery charging and no trouble will be encountered if the cur-
rent at the end of the charge does not exceed the C/10 rate
for sintcred-plate batteries.

The value of R is chosen as follows:

L. Multiply the number of cells by 1.45 volts to obtain
the counter-e.m.f. at end-of-charge.

2, Select transformer with a secondary voltage that is at
least twice this voltage.

cells are standard flashlight type,

Average Average Charge for 60-cps
Capacity Capacity 14-hours o Over-all Impedance
Size (5-hr. rate) (1-hr. rate) (constant current) Dia. (in.) Hgt. (in.) Weight (0z.) (in milliohms)
AA .51 amp. hr. 43 amp. hr. 50 ma. .580 1.985 0.8 22
C 1.9 1.6 150 1.022 1.925 2.6 15
D 4.0 3.2 400 1.333 2.385 5.5 12
F 6.5 6.0 600 1.333 3.455 83 7

October, 1965
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Fig. 7. A grouping of nearly constant current charging circuits recommended for nickel-cadmium cells,

3. Subtract voltage from step (1) from voltage of step
(2).

4. Use this value for E in the formula R=E/I:use C/10
current (or the current desired) for the value of /, and solve
for R. The wattage rating of the resistor should be 2.5 to 3
times the product of E and /. Adjustable resistors are handy
for prototype use, because exact settings can be made.

The diode should have a conservative peak inverse volt-
age rating. 1t will run cool if capable of handling twice the
maximum anticipated current. Remember that a heavily
discharged battery will draw substantially higher currents
until its counter-e.m.f. rises. Some manufacturers incorpo-
rate the ballast resistor in the secondary winding of the
transformer, others use an incandescent pilot light as a com-
bination resistor, fuse, and charge-rate indicator.

At higher currents and for greater efficiency, full-wave
charging can be used. If the transformer secondary is cen-
ter-tapped. the double-diode circuit of Fig. 7B can be used.
The value for R is calculated as above, but the secondary
voltage of the transformer is just twice that required for
half-wave rectification.

A common {ull-wave charger using an untapped second-
arv and a bridge rectifier is shown in Fig. 7C. The bridge
rectifier requires four diodes and must not be operated
without the battery connected, because the resulting cur-
rent imbalance could damage the diodes. The same bridge
can be used with a capacitor replacing the transformer, as
in Fig. 7D. Due to the size of the capacitor, it is feasible
only for small or moderate currents, Table 2 shows some
typical values for C at various charge rates.

Table 2. Values for series capacitor C in Fig. 7D. This
particular circuit has a potential shock hazard as it is
connected directly to the power line, hence it should be
built into end device with suitable personnel protection.

Cell Capacity Number of Cells Value of C Nominal Charging

(ma.hr.) in Series (in pf) Current (ma.)

50 1to5 0.12 5

100 1to5 0.25 10

150 1to5 0.40 15

250 1to5 0.65 25

500 ltob 1.40 50
1000 1to5 3.25 1(;0
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Smaller cells can sometimes be conveniently recharged
from a larger primary battery—the relative voltages often
work out perfectly. For example, a pair of 20 ma.hr. hear-
ing-aid cells can be recharged in parallel from a single 76
Leclanché cell. These cells may be kept on charge while
another pair of cells is used in the hearing aid. At least two
years of use can be obtained in this manner.

Most sintered-plate sealed cells made today have some
sort of safety venting device to prevent seal failure in the
evenl of cell abuse. A puncturable diaphragm composes the
top cell seal and a piercing point impinges upon the center
of the diaphragm. Any gas accumulation due to excessive
discharging or charging rates will cause the diaphragm to
be distended upward and the point will make a small punc-
ture. When the gas pressure is relieved by venting to the
external atmosphere through the hole in the top cover, the
diaphragm is elastically restored to its original plane, almost
closing the pierced opening. The cell will continue to func-
tion for a number of cycles but it will naturally age some-
what faster than would an unpunctured cell.

Cycle Life & Packaging

Cycle life refers to the number of charge-discharge
cycles of operation possible before capacity drops to a pre-
determined level. Cycle life is at an optimum when over-
discharge is avoided, recharging is performed regularly,
and depth-of-discharge is kept as shallow as possible. When
the charge-discharge cycles are nearly full, life is measur-
able in hundreds of such cycles: when partial discharges
are used, cycle life may be in the thousands.

Sealed cells are available in capacities from 20 ma.hrs.
to 25 ampere-hours and they can all be assembled to form
a variety of finished battery packs. Small disc cells are
stacked to make compact cylindrical batteries. The popu-
lar cylindrical cells may be packaged either in long end-
to-end cylinders or side-by-side in convenient modular
configuration; larger rectangular cells are assembled side-
by-side in battery trays or enclosures.

Pasted or Pressed Plate

For many years, nickel-cadmium celis have been made
by simply pressing, under pressure, a paste of active mate-
rials into a supporting matrix (Fig. |, right) rather than by
sintering. This type of cell is less expensive to produce, has
excellent charge retention, and gives good capacity-volume
efficiency. However, it has a higher internal resistance and
is thus limited to low and moderate current-drain applica-
tions. Pasted-plate cells are available in both cylindrical
and disc-shaped configurations: the latter can be assembled

ELECTRONICS WORLD
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in stacks 10 give any desired voltage. These cells are rela-
tively inexpensive compared to the sintered-plate type and
have a minimum average life of from one to three years.

Vented Sintered-Plate Batteries

Vented cells are produced from standard sintered plates
which arc made in parallel assemblies to give a rectangular
configuration (Fig. 8). Batteries of these cells can safely de-
liver enormous currents with good voltage regulation. They
may he fully charged in times as short as Y2 hour over tem-
peratures from — 65° to +165°F. The cell containers are
polystyrene or nylon and are housed in stainless steel or
fiberglass battery cases. No acids, noxious guses, or cor-
rosive fumes are evolved during normal use. Because of the
tvpe of one-way vent employed, these cells can be dis-
charged in any position, although they should be kept ver-
tical during fast discharge to prevent loss of clectrolyte.
Vented sintered-plate batteries can be stored for long pe-
riods in any state of charge and will retain a charge for at
least a yecar.

The extremely long life and corrosion-resistant construc-
tion virtually climinates the need for inspection or mainte-
nance. An occasional clectrolyte check and the addition of
a little distilled water a couple of times a vyear is all that
may he required. I it ever becomes necessary 1o change a
vented cell in a battery, the cell is simply removed and re-
placed by a new one. This feature enables every battery
cell to be used to exhaustion. Because all the internal con-
nections are welded and the plates have very low resistance,
puise discharges up to 40 times the cell capacity are pos-
sible.

The vented sintered-plate nickel-cadmium batteries arc
extensively used in military and industrial applications, in-
cluding engine starting, switchgear operation, and emer-
gency standby service. Available in low-, medium-, and
high-current rate versions, they are more expensive than
their sealed counterparts but have a normal life expectancy
of from 5 to 10 years. Vented cells may be charged with
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Fig. 8. Cutaway view of vented sintered-plate battery cell.

scems more suitable. Combination circuits can be designed
to charge initially at constant voltage and high current, then
taper automatically to constant trickle current.

At times it may be necessary to charge two or more cells
in parallel. This can be accomplished by inserting a resistor
in scries with each of the cells being charged from a single
source. The value of the resistor chosen must be at lcast 100
times the magnitude of the internal resistance of each cell.
Slight differences in cell internal resistance thus exert a

cither constant voltage or constant current. whichever negligible effect. A
ALKALINE-MANGANESE I"
NICKEL-CADMIUM ‘
Battery Sources
CARBON-ZINC y
SILVER-ZINC

L MERCURY

® Acme Battery Corp., 200 Henry St., Stamford, Conn.
| ® Alkaline Batteries Co., 2278 Mora Dr., Mountain View, Cal.
o o Bright Star Industries, 600 Getty Ave., Clifton, N. J.
®|/®/® |® ®|Burgess Battery Co,, Freeport, Illinois
[ Carbone Corp., 400 Myrtle Ave., Boonton, N. J.
e |0 Catalyst Research Corp., 6101 Falls Road, Baltimore 9, Md.
@ Cook Batteries Co., Denver, Colorado
® Delco-Remy Div., General Motors Corp., Anderson, Indiana
e o0 Eagle-Picher Co. Chemicals Div., P.0.B. 290, Joplin, Mo.
®/0/® 80 ®|Llcctric Storage Battery Co., 2 Penn Center Plaza, Philadelphia, Pa.
@ [ J(J Electrochimica Corp., 1140 O'Brien Dr., Melno Park, Cal. |
e oo General Electric Co., Battery Prod. Sect., P.O.B. 114, Gainesville, Florida ;!
@ General Electric Co., Ordnance Dept., 100 Plastics Ave., Pittsfield, Mass. ;
o |ele Gould-National Batteries Inc., Alkaline Battery Div., 1st Nat. Bank Bidg., St. Paul, Minn. |
® Gulton Industries Inc., 212 Durham Ave., Metuchen, N. J.
o ®0 @1 Mallory Battery Co., Broadway & Sunnyside Lane, Tarrytown, N.Y.
® Marathon Battery Co., Box 298, Wausau, Wisconsin .
. ®| | Nife Inc, Copiague, Long Island, N. V. e
o |@® ®| RCA, Electronics Components and Devices, 415 S. Fifth St., Harrison, N. J. r=dN .
; _|®| | Sonotone Corp., Battery Div., Saw Mill River Rd., EImsford, N. Y.
e e | Telecomputing Corp., Power Sources Div., 3850 Olive St., Denver, Colorado :.'f_ "--.q
e e __|® 1@ Union Carbide Corp., Eveready, 270 Park Ave., New York 17, N. Y.* &
a o | Yardney Electric Co., 40 Leonard St., New York 13,N.Y.
L;. I“'._.L.Lf *Also makes air-depolarized types
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Carbon-Zinc Batteries

By FRANK B. PIPAL/ Manager, Battery Engineering Dept., Union Carbide Corp.

The most widely used primary battery system because
of its low cost, reliable performance, ready availability.

HE standard carbon-zinc Leclanché type battery

dominates the primary battery market. It is expected

to still be the most widely used system in the future
because of its low cost and reliable performance.

As uses widened in scope and character. the battery in-
dustry developed cells of various sizes and grades to meet
new requirements. For example, the “Eveready” line in-
cludes 159 types of carbon-zinc batteries. They come in
23 different voltages. ranging from 1.5 to 510, with many
different shapes and sizes and terminal arrangements. There
are ten basic round and twenty-two flat cells used to build
the 159 different batteries. Round cells are available as unit
cells or in assembled batteries. Flat cells are used in multi-
cell batteries only. In any one specific size the cell ingredi-
ents and formulas may be varied to give certain perform-
ance qualities for different applications.

Service capacity of individual carbon-zinc cells ranges
from several hundred milliampere-hours to about 30 am-
pere-hours. When assembled into batteries in various cell
arrangements, the battery capacities of currently available
types range to over 100 ampere-hours.

Chemical Composition & Construction

The anode or negative e¢lectrode in a carbon-zinc cell
is zinc, It easily gives up electrons to an external circuit
and thus becomes a source of positively charged ions.

The cathode or positive electrode is manganese dioxide
in the form of a bobbin consisting of a mixture of man-
ganese dioxide. acetylene black, and solid ammonium
chloride wet with a zinc chloride-ammonium chloride
electrolyte. The manganese dioxide serves both as a de-
polarizer and as a source of about one-half of the energy
output of the cell. As a dry cell delivers current, the man-
ganese dioxide loses oxygen while the zinc is oxidized. As

Cross-section of exiernal-cathode ‘‘inside-out’ cell.

_~COVER (+]

Fig. 1.

——— CATHODE '
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AND SEPARATOR

the available oxygen from the manganese dioxide becomes
depleted. the manganese dioxide becomes less and less
active as the cell cathode.

To get a mechanically suitable termination in the usual
cylindrical cell. a carbon rod is inserted into the bobbin.
The carbon rod with a metal cap is a good electrical con-
ductor which serves as a current collector to conduct elec-
tron current from the outside circuit. It is chemically inert.
It is also porous enough to permit the escape of gases ac-
cumulating in the cell while, at the same time, not permit-
ting the leakage of electrolyte.

The separator is an inert insulating medium, such as
cereal paste or plastic film, that physically separates the

ELASTIC ENVELOP

£t

. ZINC

“\ LINER

SEPARATOR

N
.ol CARBON COATING

Fig. 2. Cross-section of the ‘‘Mini-Max" flat cell.

positive and negative electrodes but permits ion transfer be-
tween electrodes through the electrolyte.

The carbon-zinc cell cannot be hermetically sealed and
must have vents {or gases generated within the cell during
reactions and while idle. Pitch. wax. rosin, water-proofed
cardboard. plastic. and insulated metal covers are types
of seals used which minimize air access and moisture loss
by evaporation and thereby contribute to service mainte-
nance. Air spaces are lelt between the depolarizing mix
and the seal to provide for expansion of the cell contents
as the cell is used.

The basic carbon-zinc cell is made in many shapes and
sizes but two general categories exist. round and flat cells.
The chemical ingredients are the same for both. the differ-
ence is mostly physical.

In addition to the standard round cell (shown in cross-
section on the cover). a unique patented external cathode
or “inside-out™ round cell construction is shown in Fig. 1.
(Patent No. 2605299) In this cell an injection-molded,
impervious., inert carbon wall is the container and also
functions as the current collector. Zinc vanes are inside the
cell, surrounded by the cathode mix. This insures efficient
zinc consumption and, since zinc is not used as a container,
a high degree of leakage resistance.

The “Mini-Max™ flat cell utilizes cell materials in a lam-
inated structure. In these flat cells, carbon is coated on a
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zinc plate to form a duplex electrode—a combination of
the zinc of one cell and the carbon of the adjacent one. The
“Mini-Max" cell, shown in Fig. 2, contains no expansion
chambers or carbon rod.

This construction increases the amount of depolarizing
mix available per unit cell volume and. therefore, the en-
crgy content. In addition, the flat cell, because of its rec-
tangular form. reduces waste space in assembled batteries.
Since zinc is not used as a container in the “Mini-Max”
flat cell, leakage is, for practical purposes, eliminated.

Voltages

The open-circuit voltage of carbon-zinc dry cells manu-
factured of the same materials is the same irrespective of
cell size. Voltmeter readings, because of meter load, will
show slightly higher values as cell size increases because
of the difference in impedance between the cells.

With an electrolyte of ammonium chloride, a manga-
nese dioxide positive electrode, and a zinc negative elec-
trode, the initial open-circuit voltage is referred to as a
nominal 1.5 volts. However. the actual initial voltage may
vary from about 1.5 to over 1.6 volts depending on the
type and the amount of manganese dioxide and on slight
differences in electrolyte formulation. A higher-voltage
battery is not necessarily better than one of lower volt-
age. (Editor's Note: According to tests made some years
ago by the National Bureau of Standards of a number of
brands of batteries containing “D"-size cells stored at 70°F,
the average open-circuit voltage per cell measured: initial,
1.576 v.; 1 yr, 1.526 v.; 2 yrs, 1.506 v.; 3 yrs, 1.500 v.)

The open-circuit voltage of dry cells on shelf declines
only a few hundredths of a volt per year until the battery
reaches a condition of final exhaustion, at which time
the voltage begins to drop very rapidly. The open-circuit
voltage also decreases about 0.0004 volt per °C when tem-
perature decreases from 25°C (77°F) to —20°C (—4°F).

The terminal voltage of the cell while under discharge
is called the working voltage or voltage under load. It is
more important than the open-circuit voltage. It is lower
than the open-circuit voltage by an amount dependent upon
the current passing through the cell and the internal re-
sistance of the cell. The working voltage of a carbon-zinc
cell falls gradually as it is discharged, as shown in Fig. 3.
The service hours delivered are greater as the cut-off or
end-point voltage is lower.

Internal Resistance

The internal resistance of a carbon-zinc dry cell is a
combination of the cell’s solid conductor, electrochemical,
and contact resistance. The internal resistance of unused
dry cells is very low and is quite negligible in most appli-
cations.

Internal resistance may be defined in terms of flash
current or short-circuit amperage. It has often been as-
sumed, incorrectly, that the amperage reading is indicative
of service capacity.

Amperage is usually higher in larger cells. but in cells
of any size amperage may vary widely with different grades
and different makes. Sometimes a cell with lower amperage
has the better service capacity, but this is not necessarily
true in all cases.

The internal resistance increases with use, storage time,
and decreasing temperature. With age. the cell dries out
and, with use, some of the MnO, is converted to Mn,0O,,
which has higher resistance. Coatings over the reactants
also reduce currents.

Table 1 indicates the approximate internal resistance,
as determined by the flash current, of several representative
round celis. The cells are all of a general-purpose grade.
Filash current varies with different formulations of mate-
rials in the same cell size.
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Fig. 3. Voltage-discharge characteristics of fresh carbon-
zinc *‘D""-size cell discharged 2 hours per day at 70°F.
A.S.A. Cell-Size  Average Flash Approx. Internal
Designation Current (amps.) Resistance (ohms)
N 2.4 0.69
AAA 3.5 0.44
AA 5.4 0.29
C 3.3 0.47
D 5.8 0.27
F 9.0 0.17
G 11.0 0.11
6 38.0 0.03

Table 1. Internal resistance of fresh round cells.

Service Capacity

The service capacity of a carbon-zinc dry cell cannot
be stated as a single value. The amount of electrical en-
ergy which can be withdrawn varies under different condi-
tions. This is because the cell functions at different degrees
of efficiency depending upon the load.

If the load is too heavy and energy is withdrawn too
rapidly from the cell, the reaction rate of both electrodes
can be exceeded. Reaction products which are generated
in the cell cannot diffuse away fast enough, thus the work-
ing voltage drops off and the cell does not function effici-
ently. If energy is withdrawn more slowly, the depolarizer
functions more effectively and diffusion can take place so
that the cell maintains its current and working voltage holds
up well.

If the withdrawal of energy is too slow, the time required
to exhaust the cell is so extended that shelf deterioration
is sufficient to detract from the cell’s available energy and
so reduces its electrical output.

Between these two conditions of service, heavy and
light, there is a point where depolarization is at its best
and shelf deterioration is still negligible and here the most
efficient service is obtained.

The three conditions described result in differences in
energy output and also in the shape of the discharge curve.
The conditions are shown in the curves of Fig. 4.

Severe service conditions may be due to cither heavy
current drains or continuous or long discharge periods.
Continuous use is not necessarily inefficient if the drain is
very light.

A relatively heavy drain may be permissible if the dis-
charge periods are very short and the rest periods constitute
a very large proportion of the time.

Carbon-zinc dry batteries are intended primarily for
intermittent service. The total service life obtained is nor-
mally greater for a discharge schedule of 2 hours per day,
for example, than for continuous discharge. Intermittency
allows sufficient time for the back diffusion of reaction
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Fig. 4. Performance of No. & general-purpose cells. (A) Heavy
withdrawal of energy, incomplete depolarization (elapsed time
of few hours). (B) Highly efficient performance lelapsed time
6-12 months). (C) Light service shows reduction in the energy
output due to shelf depreciation (elapsed time 2 to 3 years).

products and other reactions in the recuperation process.

Service life at low temperatures is reduced because of
retarded chemical action in the cell. High temperatures
increase cell output at the expense of shelf life.

Cut-Off Voltage

The cut-off or end-point voltage is the closed-circuit
voltage at the end of a useful discharge. It is the cell volt-
age below which the battery-powered equipment will not
operate satisfactorily or below which operation is not
recommended.

Typical cut-off voltages for carbon-zinc cells range
from 0.6 to 1.2 volts per 1.5-volt cell, depending upon the
application. The cut-off voltage should be made as low as
possible so as to use the available energy in the battery.
This is sometimes done, if the equipment can tolerate it
without causing failure, by using a slightly higher voltage
battery than the application normally requires. The cut-off
voltage per cell is then lower and insures efficient use of the
battery. The curves of Fig. 5 show the advantage of a low
cut-off voltage for moderate or heavy use.

Effect of Temperature

Continued high temperature, either operating or storage,
is an abusive condition for dry cells. Most carbon-zinc cells
are designed to operate at normal room temperature. Volt-
age and depolarization are increased by high temperature,
but this is offset by more rapid shelf deterioration. Shelf
deterioration is greatly hastened due to greater loss of mois-
ture and accelerated chemical action. The higher the dis-
charge temperature, the greater the energy output of the
cell. However, high temperature may cause early complete
breakdown of a cell. Prolonged exposure to temperatures
above 125°F, for example, may cause erratic operation
and sudden failure. Any temperature above 70°F reduces
the normal shelf life of a cell.

The service capacity of carbon-zinc cells at low tem-
peratures is sharply curtailed because of increased resistiv-
ity and viscosity of the electrolyte, the decreased rate at
which chemical reactions occur, and freezing. Cells provide
very little service at sub-zero temperatures. With special
low-temperature electrolytes, however, service can be ob-
tained at a temperature of —40°F.

Shelf Life & Storage

Shelf life is a measure of the lasting quality of dry cells
prior to the time of their being put in service. The most val-
uable measure of shelf life is the usetul electrical output

Fig. 5. (A) For moderate or heavy use, the advantage of
o lower cut-off voltage is very marked. (B) For light use,
there is less advantage. ‘L shows the life advantage.
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of the cells after some specified period of storage time.

As dry cells become older, they gradually deteriorate
either in use or idle. This deterioration is the result of
very slow chemical reactions and moisture changes which
take place in the cell. These changes can be minimized but
not avoided. They gradually reduce the service output.
During idleness, there is slight deterioration with time. The
rate of deterioration is increased with higher temperatures.
It can be retarded by storage at low temperatures. The rate
of deterioration is greater for partially discharged than for
unused cells.

A storage temperature of 40° to 50°F is very effective
and the major benefit is derived by avoiding exposure to
temperatures in excess of 70°F.

In connection with cold storage of dry batteries, it is
important to observe certain precautions:

1. Unnecessary handling should be minimized after bat-
teries are chilled.

2. Batteries for cold storaging should be packed in suit-
able containers and left in such containers after being with-
drawn from the lower temperature until the batteries reach
normal outside temperature.

Standard Methods of Testing

The variety of uses for dry cells and batteries has led
to the adoption of a considerable number of tests, each
intended to simulate some kind of service as, for example,
flashlight, radio, or hearing aid. In the early days of the
dry battery industry, important uses were studied and tests
devised which duplicated these uses as to current drain,
periods of discharge and recuperation. and cut-off voltage.
Such tests duplicated usage conditions approximately as to
over-all period of time, which is a very essential feature.
Tests, to be of value, must approximately duplicate the
conditions of use. Quick continuous tests are not related to
longer intermittent uses and are not indicative of cell be-
havior in actual service.

Service tests have been developed by a sectional com-
mittee of the American Standards Association acting under
the sponsorship of the National Bureau of Standards. These
tests are described in the National Bureau of Standards
Handbook 71 entitled “Specification for Dry Cells and
Batteries.” New tests are devised from time to time as new
uses develop. These standard tests have been universally
adopted by the battery industry and have been very useful
in developing the high-quality dry cells which are available
today.

There is no simple or rapid method of determining the
service capacity of a dry battery. Tests must be run which
closely duplicate the class of service for which the battery
is intended. The schedule of operation is very important.
The service capacity of a battery used two hours per day
will be considerably different from that of the same battery
used 12 hours per day.

There is no relation between continuous-duty service and
intermittent service. It is, therefore, impossible to rate the
merits of different batteries on intermittent service by com-
paring the results of continuous-duty tests.

Another fallacy concerning dry batteries is that relative
“quality” or service capacity of a battery can be determined
by amperage readings. This is not true and in most in-
stances gives results which are totally misleading. The size
“D” photoflash round cell and the flashlight cell are identi-
cal in size and shape. However, the photoflash cell, which
will show more than twice the amperage of the flashlight
cell, runs a poor second to it in service capacity in typical
flashlight uses.

The short-circuit amperage of a cell may be adjusted
over a wide range by varying the carbon content of th~
depolarizing mix. Carbon contributes nothing to the cell
energy and is used primarily to control cell impedance.
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It 1s apparent that as carbon is added to a cell, depolarizer
must be removed. This means that the energy content is
reduced.

Dry batteries can be meter-tested to check present con-
dition. A meter test, however, will give no indication of
remaining service capacity unless the exact history of the
battery is known and can be compared on a service vs
meter reading basis with other batteries tested in similar
service.

A loaded voltmeter is considered the best spot-check
device, since open-circuit voltmeter readings give no indi-
cation of internal impedance and a short-circuit amperage
reading is damaging, especially to “B” batteries that are
employed for radio receivers.

Rechargeability of Carbon-Zinc Cells

It has been known for years that the Leclanché type
carbon-zinc cell is rechargeable to some degree if the dis-
charge and charge cycles are controlled with precision. On
this matter the National Bureau of Standards (Letter Circu-
lar LC 965) makes the following comments:

From time to time attention has been turned to the problem of re-
charging dry cells. Although the dry cell is nominally cousidered a
primary battery it may be recharged for a limited number of cycles
under certain conditions. Briefly these are:

1. The operating voltage on discharge should not he below 1.0 volt
per cell when battery is removed from service for charging.

2. The battery should be placed on charge very soon after removal
from service. .

3. The ampere-hours of recharge should be 120%-180% of the dis-
charge.

4. Charging rate should be low enough to distribute recharge over
12-16 hours.

5. Cells must be put into service soon after charging as the re-
charged cells have poor shelf life.

Recharging of dry cells may be economically feasible only when
quantities of dry cells are used under controlled conditions with a
system of exchange of used cells for new ones already in practice, and
with equipment available to provide direct current for charging. Such
a system would not be practical for home use,

By reversing the flow of current through the battery, both
the anode and the cathode can be restored to a near-original
condition through the process of electroplating. The effi-
ciency of these replating operations determines how useful
the system is for rechargeable batteries. This efficiency is
affected by: 1. electrolyte conductivity, 2. the nature of the
reaction products, and 3. the type of battery separator that
is used.

In the carbon-zinc system, zinc dissolves in the electro-
lyte during use and often forms reaction products in com-
bination with the manganese dioxide. Upon recharging, the
zinc ion must travel from the electrolyte and redeposit on
the anode. To produce a smooth plating operation, it is
necessary that a good portion of the original zinc remain in-
tact and that current distribution within the cell be very
uniform. Conditions existing in the ordinary dry cell quickly
lead to unevenness in the plating after successive charge and
discharge cycles.

Zinc depositing more heavily in certain areas of the
anode causes the formation of dendrites or tree-like growths
which penetrate the separator, touch the cathode and cause
internal short-circuiting of the battery.

During discharge of the cathode, the manganese dioxide
is reduced to one of the lower valent oxides. The re-oxida-
tion or reforming of the manganese dioxide during recharge
proceeds smoothly unless substantial insoluble reaction
products prevent even distribution of the current within
the cell.

Deep discharge uses battery materials non-uniformly.
The low conductivity of the electrolyte used in carbon-zinc
batteries, when compared to those used in rechargeable sys-
tems, also limits the rate of discharge and the rate of charge
acceptance to values that are lower than normally useful in
rechargeable systems.

Recharging cells which are not specifically designed for
charging can be dangerous. Excessive amounts of gassing
which may result from too high a value of charging current
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may cause a tightly sealed cell to explode, resulting in
personal injury or damage to equipment.

How to Select a Battery

In order to specify a battery, at least the following
minimum information must be known about the applica-
tions: maximum permissible starting voltage; initial current
drain to which the battery is subjected at full battery volt-
age; voltage below which the device will not operate prop-
erly; periods of time battery must furnish current; and
service life required. Other factors to be considered are
operating temperature of the battery, size and weight, en-
vironment, and type of terminals.

Information on batteries of a given voltage is normally
arranged in the manufacturer’s literature in the order of
increasing service life. If the service hours of the first bat-
tery examined are not sufficient for the application, con-
tinue to larger sizes with greater service capacity. The
efficiency of carbon-zinc batteries improves as the current
density decreases. For this reason, use as large a battery
as possible for the application. This will give a lower cost-
per-hour of operation and longer shelf life. Over a certain
range of current density, service life may be tripled by
halving the current drain. This is equivalent to using a larger
battery for a given application and so reducing the current
density within the cells. This is true down to a certain point
beyond which shelf deterioration becomes important.

Service capacity for carbon-zinc batteries depends on the
relative time of discharge and recuperation periods. Fig. 6
shows the service advantage to be obtained by proper selec-
tion of a battery for a specific application.

When a battery is chosen that will give adequate service
life, it should be determined if it will meet the requirements
of size and weight. If not, compromises must be made in
either service or size and weight, or batteries with other
chemical systems should be examined. A final selection
is based on a balance of size, weight, and operating cost.
The choice should also consider availability.

Fig. 6. Battery service life as a function of the initial
current drain and duty cycle for ‘D'’ size carbon-zinc cell.
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Mercury Batteries

By GORDON E. KAYE/ Applications Engineer, Mallory Battery Co.

These cells are widely used because of their voltage
accuracy, extended shelf life, high energy density,
low noise, along with good temperature stability.

HE unique physical and chemical characteristics of

the mercury primary battery provide designers of

portable electronic equipment with a versatile. main-
tenance-free power source. Mercury-battery applications
are widespread and many newly developed products would
not be feasible or economical without the serviceability
implicit in its design.

A brief survey of its structural and functional capabili-
ties is useful, since this power source must be considered
not only as a component. but as part of an over-all sys-
tem. This involves an analysis of the structure of the prod-
uct in which the battery is to be used, the imposed environ-
mental conditions, and the desired performance.

Cell Structure

The basic chemistry of the mercury battery system in-
corporates as a negative terminal an amalgamated zinc
anode, usually made from highly purified compressed zinc
powder. (See cover illustration.) The positive cathode ter-
minal, or depolarizer, is a densely pressed structure of
mercuric oxide and a nominal percentage of conductive
graphite.

The electrolyte is typically a 40% solution of potassium
hydroxide (KOH) saturated with the zincate ion. This
saturation is required to prevent premature dissolution of
the zinc anode during stand time. This, in turn, suppresses
unwanted hydrogen gas. The electrolyte is structurally
immobilized in ecither a gel or an absorbent of cellulosic
material.

The cathode and the anode are separated by a micro-
porous barrier material, which is permeable to the flow
of ions, but will not permit the migration of structural
or waste product particles between the electrodes that are
employed,

Chemically speaking, the basic cell is a reactor in which
the controlled corrosion of zinc takes place under electrical
loads by oxygen released from the mercuric oxide. A by-
product of this corrosion is the availability of free electrons
at an initial nominal potential of about 1.3 volts under
rated load conditions.

The external cell package is designed to perform several
functions. It holds the active components in place and pro-
vides electrical contact to the load. It seals the electrolyte
within the cell by means of a molded polyethylene or neo-
prene grommet, or seal, which is crimped in place upon
final assembly. This seal also acts as an insulator between
the negative anode or cell top, and the positive cathode, or
container.

The dual-container structure of steel is part of a venting
structure. If excessive hydrogen gas should evolve under
certain conditions, the pressure lifts the top slightly and
gas bleeds out of the seal interface near the inner container
lip.

The cell top consists of two separate parts welded to-
gether. The peripheral flanges provide double sealing points.
The anode-to-top contact is a mercury wetted interface
with the tin-plated inner top and the zinc anode. The outer,
nickel-plated cell top provides a clean electrical contact
for external loads.

The cells can be welded in series or parallel to provide
a wide variety of voltages and capacities. Hundreds of
thousands of variations in form factors. packaging methods.
and electrical outputs may be attained with standard cell
modules. Since complete encapsulation in epoxy resins is
feasible with the mercury system, it can meet severe en-
vironmental specifications.

Electrical Performance

The performance of a battery package must be con-
sidered from both electrical and environmental standpoints.

Available Energy: The mercury battery system is capable
of packaging 45 watt-hours per pound, and 6 watt-hours
per cubic inch. These figures are for basic cells. The pack-
aging efficiency will lower these values, but over 35 watt-
hours per pound, and 5 watt-hours per cubic inch can be
achieved with optimum packaging.

Voltage: The basic e.m.f. of the pure mercuric oxide-
zinc alkaline system is 1.350 v. =1 % This value is
repeatable and reliable and is, in fact, a secondary voltage
standard over a wide variety of temperature and environ-

[A) Open-circuit voltage of mercury cell is within 22V, percent of 1.350 volts over a three-year

period of time. (B} Stability of open-circuit voltage of mercury cells over nine years of production.
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Fig. 2. Voltage-discharge curves for ““AA’' penlight mercury cell.

mental conditions (Fig. 1A). To stay within these toler-
ances, the current drain should be kept low, under a milli-
ampere, for cells over one ampere-hour and. preferably,
the drains should be intermittent. The low internal re-
sistiance of these cells is responsible tor their ability to de-
liver closely regulated voltages under useful loads. The
larger capacity cells are more widely used in realizing this
capability.

These reference voltage values are reliable within the
shelt life of the cell and. in effect. have been measured on
cells fourteen years old. It is not generally related to the
milliampere capacity of the cell or its expenditure. The
repeatability of individual pure mercury cells is within mil-
livolts. over many years of production (Fig. 1B). The
reference capability diminishes with increasing load condi-
tions. The terminal or load voltage will drop due to the
mternal resistance of the cell. This value varies from Y%
ohm to 5 ohms per ce!l and is a function of cell size and
capacity.

Some mercury batteries utilize a depolarizer with a
small percentage of manganese dioxide. The initial volt-
age of these cells is 1.45 volts. This higher value “burns
off™ during the carly stages of cell utilization when
the mercury potential is reached. The higher initial voltage
is not scen after this point. Pure mercury celis are dis-
tinguished from blended cells by the designation “R™ after
the type number for the 1.35-volt cell.

Cell Capacity and Current Delivery Rate: The cell ca-
pacity is the installed. rated. milliampere-hour capability
of the unit cell or battery. As an example, ten cells in series.
cach having a capacity of 1000 milliampere-hours, will
usually deliver 1000 ma. hrs. at an average load voltage of
12.5 volts. The rate of current delivery is defined as the
cell capacity divided by the drain rate (the 20-hour rate on
i 1000-ma. hr. cell would be 50 ma.). However, at the ten-

hour rate (100 ma. on a 1000-ma. .. . i the cell effi-
ciency will drop and the actual hours delivered will be
6 hours to .9 volt (representing a 60% efliciency, or 600
ma. hr.).

Run-out data is usually specified at a load resistance in
ohms at a certain temperature. Typical performance curves
are illustrated in Fig. 2 for an "AA" size penlight mercury
cell.

In general, a mercury cell will provide a nominal voltage
regulation of 30% of its cut-ofl voltage, which will account
for 90% of battery capacity at the twenty-hour rate. If cell
current rates are reduced, a 10% voltage regulation can be
achieved.

Temperature Effects: Battery performance is affected by
temperature. To improve the efficiency of mercury cells at
low temperature. a ribbon-wound zinc anode is used in-
stead of the pressed powdered structure (Fig. 3). This ef-
fectively increases the relative active anode surface arca in
cach cell volume.

Further advances in low-temperature performance are
possible with increases in the permeability of the anode to
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Fig. 4. Comparison of wound-anode vs pressed-pellet anodes in
cells of similar capacity. Ten-ohm (125 ma.) continuous load.

ionic transfers. In general, the current density (milliam-
peres per square inch) must be kept low and all sources of
internal resistance must be reduced.

The relative efliciencies of cells that have been con-
structed with pressed powder and wound zine anodes are
shown in Fig. 4.

Shelf Life: The shelf life of a primary battery is the

Fig. 3. (A} The wound-anode flat mercury cell construction. This type of cell is designed specifi-
cally for low-temperature use. (B} The cylindrical structure is used for tall, thin battery cells.
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fength of time it takes for the unit to decay 50% of its ini-
tial rated capacity in milliampere-hours. This decay is due
to the slow internal chemical reaction which affects the
quantity of available oxygen or the amount of zinc anode
remaining. Loss of oxygen occurs during the oxidation of
the organic compounds in the cell. It can be caused by elec-
trical leakage across the cell internally due to oxide or waste
products bridging the active terminals. Chemical impurities
can also cause losses through unwanted side reactions. The
mercury battery is so constructed to avoid or reduce these
possibilities. (Refer to Fig. 5.)

Paramount in attaining a long shelf life is excellence in
design and manufacture of the cells. Tight control of all the
physical and chemical parameters is, of course, mandatory
to achieve this important characteristic.

Applications

The mercury battery has been available for 20 years and
has perhaps been applied to a greater diversity of electronic
and electrical devices than any other battery system. The
choice of battery system is a tfunction of battery character-
istics and their relationships to product design requirc-
ments.

The extended shelf life and high energy density of mer-

ABOUT RECHARGING
MERCURY CELLS

Mercury primary cells and batteries are designed
to provide electrical energy, within their rated ca-
pacity, efficiently. They are not specifically designed
for recharging, although it is claimed that a limited
number of charging cycles can be obtained. It is
hazardous to recharge these batteries, even though
claims of success have been made. Statistically, a
defect in the charging system or production varia-
tion can exist in the cell. This could cause a cell
explosion which could scatter caustic electrolyte and
cell parts on a person or his property. The responsi-
bility for the potential damage must be assumed by
the user, since system rechargeability is outside the
performance claims made for this product.

If rechargeability is required, then cell systems
specifically designed for this purpose should be
employed.
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cury batteries are employed to provide greater reliability
in emergency devices such as ai-sea rescue radios. Since
these are carried aboard aircraft, the use of mercury bat-
teries effects economies in equipment, size, and weight with
attendant reduction in aircraft fuel expenditure during the
operating life of the craft. Three to five years standby serv-
ice is generally obtained from battery packs built for this
application.

The reference capability of the cell is widely used to pro-
vide accuracy in electrical measuring circuits. Instruments
based on this parameter can supply measurement accura-
cies within 1% over several years of battery service, since
both duty and drain rates are light.

The low noise factor, less than 10 pv. on a good-size bat-
tery, is indicated where delicate signal detection is required.
This is economical when filters and other regulators can be
eliminated in product circuitry. The biasing of various
types of analog computer circuits, another example of this
particular capability, can be maintained readily over a
five-year service period.

The high energy density of the system allows the con-
struction of miniature cells. Capacities ranging from 16
ma. hr. to 500 ma. hr. are widely used in hearing aids which
will provide 3 to 10 days service.

This battery system exhibits greater stability under a high
temperature delayed storage than most available battery
systems. As a result, the use of mercury cells in implanted
cardiac pacemakers is indicated. These batteries usually
consist of 5 to 6 cells in the 1000-ma. hr. range and are
wired into a timing circuit which is encapsulated both in
epoxy and silicone rubber. Circuits have opcrated for over
four years at 20 microamperes in the very constant 98°F of
the human body.

Cell structure and chemistry, while generally reliable,
are even more so when built to very tight manufacturing
standards in facilities set up for the purpose. Undcr these
conditions, a general manufacturing failure rate of less than
1 part in 25,000 is attainable.

It is interesting to note that the internal structure of bat-
teries for service requirements of over 3000 hours must be
designed especially to avoid internal loads resulting from
internal migration of the converted expended electrode ma-
terial during operation. These special low-drain types will
not function well at less than the 100 hour rate. Low-drain
mcreury cells are also used in electric wristwatches and will
operate for a year or more.

The mercury battery can be used at low tempcratures
when built in a wound-anode structure. Other performancc
factors at higher temperatures are not degraded with this
construction. A low-temperature capability also means that
higher current drains are possible at normal operating
temperatures.

Anothcr advance will take place in low-temperaturc per-
formance of mercury cells. Recent advances in zinc anode
structure will provide —40°F performance with efticiencies
at Icast 20% of room temperature performance. The other
favorable high-temperature characteristics will not be ma-
terially affected.

The reliability of mercury cells for special purposes can
be materially increased. A zero-defects program now un-
derway is pointing the way to further attainments in relia-
bility of all mercury cells and batteries.

The designers of tomorrow’s portable electronic equip-
ment will continue the trend toward battery miniaturiza-
tion. This, in turn, will raise the requirements for cell effi-
ciency both in packaging and performance.

There will be a trend away from larger cell sizes in elec-
tronic applications as production designs adapt to the new
integrated circuitry. Tt seems likely that mercury cells will
continue to provide answers to designers’ portable powcr-
supply problems for some time to come. A
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Alkaline Batteries

By HOWARD J. STRAUSS / Director of Research & Development, Burzess Battery Company

Operation and characteristics of alkaline-manganese, silver
oxide-zZinc, silver oxide-cadmium, and air-depolarized types.

N other articles in this issue, nickel-cadmium and
mercury batteries are being covered separately. While
these batteries are classified as alkaline batteries since

they use caustic electrolytes, there are many other alkaline
batteries that are of considerable importance. These in-
clude the alkaline-manganese, silver oxide-zinc, silver
oxide-cadmium, and air-depolarized types.

Alkaline-Manganese

Of these, perhaps the most important to the electronics
industry is the alkaline-manganese system. While this sys-
tem has been known for many years, the availability of
new materials and new assembly techniques have com-
bined to project this system into commercial importance
during recent years.

Although developed essentially as a primary battery, the
alkaline-manganese system has been found to be recharge-
able to a commercially useful degree. At the present time,
the alkaline-manganese system is undergoing intensive fur-
ther development by many producers, particularly as re-
gards its rechargeability. In this regard, it is quite likely
that the alkaline-manganese system will, within the next
few years, fill the important gap between the inexpensive
one-shot primary carbon-zinc (Leclanché) system at one
end of the scale, and the extended cycle life rechargeable
nickel-cadmium system at the other end of the scale.

The fundamental energy-producing reaction in alkaline-
manganese cells is the same as for carbon-zinc cells:

(2A + B) MnO; + (A + B) Zn ~—

AMn0O,; + BMnO + (A + B) ZnO
However, the different environment (alkaline vs acid)
results in significantly different cell properties, and perhaps
one ol the potential difficulties in using the alkaline-man-
ganese cells is to regard them as direct substitutes for
carbon-zinc cells.

In actual construction the two types are quite different.
As shown in Fig. I, a typical alkaline-manganese cell uses
a cylindrical depolarizer in contact with the cell container
of (usually nickel-plated) steel. Because of the passivity
of steel in alkaline electrolytes, there is no chemical re-
action between the MnO; depolarizer and the steel, permit-
ting the latter to be a current collector as well as a strong
cell container. The depolarizer surrounds a cylindrical
granular zinc anode, the two electrochemical components
being separated by porous sheet materials. When the zinc
is amalgamated to discourage gas generation on open-cir-
cuit stand, copper-coated steel or brass current collectors
are generally used, and the cell may be hermetically sealed.
However, some manufacturers provide rupturable closures
or relief valves to avoid violent gas relief in the event of a
faulty or misused cell.

It should be noted that the polarity is reversed from that
of conventional carbon-zinc cells (in which the can is the
negative), but through external jacketing and terminal
pieces, alkaline-manganese cells have been made to appear
conventionally polarized (that is, with the center-button
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terminal positive and the opposite terminal negative).
Electrical Properties

Electrically, the properties of alkaline-manganese cells
can best be reviewed in relation to carbon-zinc cells. Al-
though the two systems have about the same open-circuit
voltage (approximately 1.5 v.), the alkaline-manganese
system discharges at lower voltages than carbon-zinc cells.
Also, as indicated in Fig. 2 (using a generalized time
scale), the discharge voltage decreases steadily, but more
slowly.

On the other hand, alkaline-manganese cells have 50-
100% more capacity (depending on discharge rates) than
their carbon-zinc counterparts. However, while carbon-
zinc cells will yield most of their available energy above
1.25 v. and will be virtually exhausted at 1 v., alkaline-
manganese cells yield most of their energy below 1.25 v.,
and with a considerable portion of the energy released at
less than 1 v. As a matter of fact, for best capacity, alka-
line-manganese cells should be run to a cut-off of 0.9 v,,
or even to 0.8 v., where possible. This is further indicated
in Fig. 3 which shows the capacity of alkaline-manganese
cells as a function of initial drain rate and cut-off voltage.

Fig. 3 also indicates that alkaline-manganese cells are
capable of very high discharge rates; in fact, much higher

Fig. 1. Cross-section of alkaline-manganese cell. Through
external jacketing and terminal connections, cells can be
made to appear conventionally polarized (center button 1.
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Fig. 2. Discharge characteristics of alkaline-manganese
cells shown on arbitrary linear time scale. Note that cell
discharges at lower voltages than does the carbon-zinc cell.

than comparable carbon-zinc types. Furthermore, they do
not polarize readily, meaning that high drain rates can be
sustained over extended periods. Furthermore, alkaline-
manganese cells can be continuously discharged without
sacrificing capacity. In addition, it is not necessary to
provide rest or recovery periods to develop maximum
capacity.

The alkaline-manganese system, in common with other
alkaline cells, has fairly good low-temperature character-
istics. Generally speaking, alkaline-manganese can be used
ctfectively down to about —10°F, although they can yield
some useful energy down to as low as —40°F.

Table 1 gives generalized data showing temperature
characteristics of alkaline-manganese cells. It should be
noted that elevated temperatures have no adverse effects
on capacity, but long exposures to high temperatures, i.e.,
above 130°F, may result in excessive self-discharge losses,
and attendant generation of disruptive gases. Normally,
with properly compounded anodes, the shelf life of alka-
line-manganese cells is considered to be excellent and, in
fact, may be better than carbon-zinc cells.

Rechargeability

The rechargeability of the alkaline-manganese system
is of considerable interest to the electronics industry. At
its present state of development. the conditions for re-
chargeability are fairly restrictive. Essentially, these condi-
tions require strict limitation of the discharge, recharge
rate. and overcharge. As indicated by the energy-producing
reaction, more than one oxide can form during discharge.
and these in various proportions depending on the dis-
charge conditions and depth of discharge.

If the discharge is limited to 40% of the nominal ca-
pacity of the cell, and recharge is carried out at low rates
(over a period of 10-20 hours) with little or no overcharge.
alkaline-manganese cells can vield 50 to 150 cycles. Be-
cause of the limited depth of discharge, there is a very
large reserve of power during early cycles. During these
cycles, the discharge will terminate at a 1.1-1.2 v., whereas
in the later cycles, with the reserve power having been ex-
pended, the discharge will terminate at lower voltages, i.e.,
about 0.8 v. (See Fig. 4.)

As either primary or secondary batteries, the alkaline-
manganese system is finding widespread applications in

Table 1. Temperature characteristics of alkaline cells.

Percent Capacity (to 0.8 v. cut-off)

Temp.(°F) | Light Drain Medium Drain Heavy Drain
113 100 100 100
70 | 100 [ 100 100
30 70 1 40 25
~10 15 i 10 3
50

portable radios, portable television receivers, tape record-
ers, shavers, photoflash units, lighting systems, hobby craft,
toys, cameras, and other devices.

Silver Oxide-Zinc

The silver oxide-zinc system is also important to the elec-
tronics industry, particularly those branches dealing with
military communications, missile guidance, and under-
water surveillance. Of all electrochemical power sources,
none surpasses the silver oxide-zinc system in its ability
to yield power (watts) from a given weight or volume, and
few surpass it in energy (watt-hrs.). See Table 2. This
system generates energy through the reduction of silver
oxides by zinc:

(2A + B) AgO + (A + B) Zn —
A Ag.0 + B Ag + (A + B) ZnO
Ag.0 + Zn = 2 Ag + ZnO

Electrically, the outstanding features of the stlver oxide-
zinc system are illustrated in Fig. 5. A substantial part
of the energy of a silver oxide-zinc cell can be extracted
within 15 minutes or (by special cell design) less. At the
one-hour rate (i.e.. that current drain which will exhaust

Fig. 3. Capacity of alkaline-manganese cells as a function
of initial drain rate and cut-off voltage. The curves are for
a D-size cell with rated capacity of 10,000 ma. hr. Service
life for other cell sizes can be obtained from the curves by
using an initial drain rate in proportion to rate capacity
of cell. For example, for a 10,000-ma. hr. cell with an ini-
tial drain rate of 200 ma. and a cut-off voltage of 1.0v,,
the service life will be 40 hrs. For an AA-size cell rated
at 1800 ma. hr., with an initial drain rate of 40 ma. and a
cut-off of 0.9 v., the service life can be obtained from the
intersection of the vertical coordinate 10,000/1800 X 40
or 222, with the 0.9-v. cut-off curve. This is found to be 48
hrs. as shown. These curves are generalized for estimation.

300

N

200 \\
NANAN
N

100 ) \ \ \

. -—— CUT-OFF VOLTAGE

A1
/

JRRREaVENS
) \ LN

e

SERVICE LIFE-HOURS

1 1.1
|
I
10 |
AN
N
N
: 1.2
5 |
50 100 200 300 400 500

INITIAL DRAIN-MILLIAMPS,

ELECTRONICS WORLD

www . americanradiohistorv.com


www.americanradiohistory.com

the battery in one hour) and lower drains. the available
capacity is virtually constant. At these rates. the discharge
characteristics are such as to exhibit long periods at virtu-
ally constant voltage. Frequently, for electronic purposes.
by sacrificing a relatively small fraction of the cell capacity,
it is possible to get almost entirely constant voltage dis-
charges.

Although some silver oxide-zinc batteries are designed
as primaries, these must be stored dry with electrolyte
added just before use. Consequently, silver oxide-zinc pri-
mary cells have found only limited, specialized application
such as for torpedo propulsion, missile guidance power,
and the like. Of greater and more general interest are re-
chargeable (secondary) types.

Conventional, vented silver oxide-zinc secondaries can
be successfully operated over a wide range of charge and
discharge conditions. The newer, sealed type must be
charged and discharged at (reasonable but) low rates to
avoid gassing, and overcharge must be kept to a minimum.
The cycle life of vented cells depends very strongly on the
use conditions. At one end of the scale, silver oxide-zinc
cells discharged completely at high rates and then re-
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Fig. 4. Cell voltage at end of charge and discharge for al-
kaline-manganese secondary cells related to cycle history.

charged promptly at moderate rates, with severe over-
charge, will yield only 15-20 cycles. At the other end. cells
subject to shallow discharges (i.e.. up to about 40% ) at
low-to-moderate rates, with slow recharge and limited
overcharge, can yield 100-200 cycles. For electronic work.
5-10 hr. discharges to 60% depth, followed by 10-16 hr.
recharge with 10% overcharge is a common routine which
should yield 50-100 cycles.

Silver oxide-zinc batteries perform well at low temper-
atures yielding usable energy down to —40°F (i.e.. about
53-10% of its normal temperature capacity at low drain
rates). Where permissible, a silver oxide-zinc cell can be
short-circuited at low temperatures (—40°, down to even

60°F) in which case the internal heat generated can
warm the cell sufficiently to yield acceptable discharges.
By this and similar techntques, it is possible to get up to
perhaps 30% of the normal temperature capacity at low-
to-moderate rates starting at an ambient temperature of

40°F.

The shell life of charged silver oxide-zinc cells is also
variable, depending on design and use. Capacity losses of
less than 20% per month are now common even for high-
rate designs. For low-to-moderate rate cells, shelf losses
are on the order of 5-10% per month.

Silver Oxide-Cadmium

In general construction and characteristics, silver oxide-
cadmium cells are very closely related to silver oxide-zinc
cells. The differences stem from the substitution of cad-
mium for zinc as the negative electrode material:

(2A + B) A20 + (A+B) Cd —
AA2,0 +BAg + (A + B)Y CdO
Ag,0 + Cd =2 Ag + CdO

October, 1965
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Fig. 5. Discharge characteristics of silver oxide-zinc second-
ary (rechargeable) cells. Curve A is at the 10-hr. rate, or
that current drain which will yield useful energy for 10 hrs.
Curve B is at the 1-hr. rate and Curve C is at the 15-min.
rate. As the current drain increases, resistive losses within
the cell result in lower voltages and considerable heating.

These differences, however, bring about some important
practical changes in certain cell characteristics. For one
thing, cadmium being less electronegative than zinc, a
silver oxide-cadmium cell releases its energy at lower volt-
ages than its silver oxide-zinc counterpart (see Fig. 6).
However, the lower activity of the cadmium is such that a
spontaneous reaction with caustic electrolytes does not oc-
cur (as is the case with zinc) so that shelf life is consider-
ably better. As a matter of fact. silver oxide-cadmium
cells are currently available with shelf losses of only I or
2% a month. The absence of reaction with the electro-
lyte also avoids the spontaneous generation of hydrogen
gas on open circuit so that silver oxide-cadmium cells can
be more readily designed as hermetically scaled units.

Perhaps the most important difference. however, lies in
the fact that cadmium oxide (i.e., the discharged formy) is
virtually insoluble in caustic solutions, whereas zinc dis-
solves to an appreciable degree. In the case of the latter,
this results in plate washing and penetration of the sepa-
rators {shorting) by zinc dendrites which form from sol-
uble zinc during recharge. As a result, these life-limiting
factors are not operative in silver oxide-cadmium cells
which therefore have a cycle life expectancy of 10 to 25
times that of comparable silver oxide-zinc cells.

Air-Depolarized

A fourth type of alkaline system, air-depolarized cells,
has been important to the electronics industry since the
carly days of radio when such cells were widely used. Air-
depolarized cells utilize oxygen directly from the atmos-
phere as one of the electrochemically active materials:

O, +2Zn=—27Zn0
Thus the ingredients are inexpensive and large capacities
can be had since only one clectrochemically active com-

Table 2. Comparative characteristics of alkaline cells.

Open- | Average | Watt/hrs.| Watt/ hrs. Amp/hrs.
Circuit | Operating per | per | per
Volts | Volts ’ pound | cu. inch | pound
Alkaline-manganese | 146 | 115 | 50 | 23 43
Silver oxide-zinc 1.86 1.5 26-60 1.4-40 | 1840
Silver oxide-cadmium 1.4 | 1.1 | 1240 & 0730 | 10-38
Air-depolarized |14 | 12 53 22 | 40-45
51
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Fig. 6. Low-rate charge and discharge characteristics of
silver oxide-cadmium cell. The discharge characteristics
will be about the same for discharge currents up to 3-hr.
rate. Recharging should be done at the 10 to 20 hour rate.

1.4 = = — —

CELL VOLTAGE

RELATIVE DISCHARGE TIME

Fig. 7. Discharge characteristics of air-depolarized cells
show excellent voltage stability and long, continuous serv-
ice life capability although at low rates of discharge.

ponent need be stored within the cell itself. However. air-
depolarized cells are limited to low current drains (Fig. 7).
This limitation of power capability has retarded the com-

mercial importance of this system. But recent develop-
ments in gas-electrode engincering (stemming from the
development of fuel-cell systems in recent years) and the
devclopment of porous (active) zinc eclectrodes as a re-
placement for the solid zinc electrodes used in conven-
tional air-depolarized cclls, can greatly extend the power
capability of this system and reactivate its growth.

One of the inherent difficulties of air-depolarized cells
is that the alkaline electrolyte readily absorbs carbon di-
oxide from the air. Unlike other types of alkaline cells.
this is unavoidable in air-depolarized cells. since air must
have free access to the inside of the cell if the atmospheric
oxygen is to be the depolarizer. As the carbonate content
of the electrolyte increases, so does its resistance. still
further reducing the cell's power capability, and it may be
necessary to replace the electrolyte from time to time or use
special carbon dioxide absorption systems. However. in
spite of these difficultics, air-depolarized cells continue to
be an excellent source of low-voltage, high-capacity bat-
tery energy.

Including the nickel-cadmium and mercury cell systems.
which also use alkaline electrolytes and are discussed
separately in other articles. the electronics designer has a
choice of at Icast six alkaline cell systems. As indicated.
these differ very widely as regards their capacity and power
capabilities per unit space and weight. In addition. thev
differ markedly in discharge characteristics. rechargeability
or non-rechargeability. high and low temperature perform-
ance, shelf life, and charge retention. In addition, some
types may be hermetically sealed, or may be encased in
steel containers (to obtain high levels of mechanical in-
tegrity). With this variety. the electronics designer can
select a battery system which will provide economical, de-
pendable. noise-free direct-current power having electrical
characteristics closely aligned to the requirements of the
particular application involved. A

SIGNIFICANT and new development in nickel-cadmium pocket-
plate battery technology has been announced recently. For the
past 20 years, pocket-plate (the active materials are enclosed in per-
forated steel “'pockets”) battery performance has become stabilized
in two distinct categories, with virtually no major changes during that
period. Batteries were offered either for high-rate applications, such
as engine starting and switch tripping. or for low-rate applications,
where the discharge was uniform over a fairly long period of time.
While the batteries were exceptionally reliable, they were also quite
bulky and expensive. These last two limitations have been essentially
eliminated with the introduction of three completely new cell types
by the Nife Corporation. These serve practically any application re-
quiring high current or high capacity, or both together.

Available in capacities ranging from about 10 to 200 ampere-hours,
the new cells feature a unique method of plate separation, shown in
the photo. The separators are a number of vertical rods rather than
solid sheets of plastic. The cells have an extremely low internal resist-
ance, accomplished by the use of a large number of very thin plates
with minimum separation. In addition, more capacity is achieved by
use of more active materials in the plates themselves. The type HI
cells are for very high discharge rates, type MD for moderate dis-
charges, and the type KA for low rates at maximum capacity.

To illustrate the relative significance of the new cell technology,
consider the following comparison.

Copacity in S-sec. current 30-sec. current
omp.hrs. @ 8-hr. in amps to in amps to Weight
rate to 1.14 v./cell 0.65 v./ cel! 0.85v./ cell (in Ihs.)
Old type KBI-16 165 1056 640 274
New type Hi-8 80 1060 620 14.2

For a given ampere-hour capacity twice the starting performance is
possible or, more important, for comparable starting requirements, a

NEW POCKET-PLATE NICKEL-CADMIUM BATTERY

battery is now available for the same job with half the former capac-
ity and weight. The smaller cell is also much less expensive and in bat-
tery economics the total of all the improvements becomes meaningful.
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Created by The Hand of Experience

¢ Industrial Plants—~for remote meter
reading, flame burner observation,
production testing, quality control,
warehouses, parking lots, shipping and
receiving areas.

¢ Institutions—for security and
emergency stations, power plant control,
instruction classes, and amphitheatres.
* Municipal Governments—for highway
traffic control, pools, playgrounds,

and schools.

¢ Public Transportation—for raiiroad,
aircraft, and truck traffic control.

* Business—for bank signature
verification, department store
surveillance.

———— pra
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CONTROL? IDENTIFICATION

There’s an RCA Vidicon

L i

RVEILLANCE?

to meet every closed-circuit TV requirement

Wherever or hcwever you use closed-circuit TV, RCA provides the Vidicor
most ideally suited for your specific equipment. RCA offers the most com-
plete line of Vidicons available in the industry—a wide selection of sizes,
electrical construction, and performance characteristics.

Outstanding features: exceptional sensitivity « high resolution » high uni-
formity of tube to-tube characteristics « low lag « uniform photoconductive
surface « new tight limits on spurious signals « low geometrical distortion.
When you replace a Vidicon, check with your local RCA Industrial Tube Dis-
tributor. His tube inventory will meet your equipment requirements on short
notice. Ask him for a copy of the RCA Camera Tube Catalog CAM-600, or
write: RCA Electronic Components and Devices, Commercial Engineering,
Section  J41Z, Harrison, N.J.

The Most Trusted Name in Electronics

®
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The ability to make neat, clean solder joints is as much
a part of good servicing as locating faulty components.

THE ART OF SOLDERING

from the TV chassis on the bench in front of him.

“Hey, Mac,” he said to his employer, “how can Oscar
over on Maple Street be such a fine diagnostician and trouble-
shooter and make such lousy solder joints? The ones he left
in this set look as though they were made with a dirty, luke-
warm poker. See how the gobs of solder look grainy and
frosted, indicating the solder was never heated enough really
to flow? And notice how careless handling of the soldering
gun or iron has charred and melted the insulation on wires
surrounding the joints. I just don’t get it.”

“That’s because vou expect a man who does one thing well
to do all things well. It’s not logical, but we all do it. That’s
why we elect successful generals to the presidency, let star
athletes tell us how to shave, and accept as Gospel a pro-
nouncement on any subject from a man who has made a lot
of money.

“[ agree with you that Oscar is a real whiz at pinpointing
trouble in any sort of electronic device. Time and again I've
seen liim pore over a diagram for a few minutes, make a
couple of tests, and then unerringly point out the defective
component. But when he has done this, he loses all interest
in the job. The intellectual part of servicing is what intrigues
him. Making a neat replacement of the bad part is a neces-
sary bore, and he rushes through it as quickly as possible.

“Quite a few of the newer service technicians are of this
type. They consider effort to make a neat-appearing part re-
placement a waste of time. They argue that a good solder
joint does not have to be a ‘pretty’ solder joint.”

“From your tone I take it that vou don’t agree.”

“You take it right. I'm of the old school that believes there’s
a right and a wrong way of doing everything, and I think it’s
worth the effort to learn the right way. I know this applies
to making a solder joint. Good soldering is an art, and like
any art it takes practice and patience to learn; but the ability
to produce clean, strong, low-resistance solder joints is as
important to the service technician as skill in making neat,
strong sutures is to a surgeon. In both instunces, the mastery
of the technical art is necessary to bring an ‘operation’ to a
successful conclusion.”

“Don’t you think vou're laying it on a little thick to call
good soldering an art?”

“Nope. The wedding of strength and beauty is what makes
architecture an art, and the same goes for soldering. A good
solder joint is both strong and aesthetically pleasing. The
solder is not grainy or fudge-like in texture; there are no
sharp points where molten solder has tried to follow with
withdrawal of a cooling iron; and, above all, the solder is not
piled on in shapeless blobs. Instead, the entire joint is en-
closed in a smooth, tight-fitting skin of solder that covers
every bit of the joint but still reveals the contours beneath
exactly the way stretch pants do.”

“Hey, vou've been noticing!” Barney accused with a grin.

“I assumed I wus supposed to,” Mac retorted. “Anyway,
the solder feathers off gradually ulong the wires leading to
the joint so there is an almost imperceptible change trom

BARNEY’S face wore a puzzled frown as he looked up
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wire to solder. And the joint’s appearance is not marred by
the presence of unvaporized resin or melted insulation on
its surface.”

“Why do you think new technicians are more likely to
produce poor joints than the old timers?”

“For one thing, the old timer, unless he is pretty stupid,
has learned the importance of good soldering the hard way
by having sets bounce back on him because of cold solder
joints. That teaches vou in a hurry. For another thing, many
old timers have done quite a bit of construction. Many built
some of their first broadcast receivers, as I did. On those
early breadboard jobs, all the wiring was right out in plain
view; and we were as concerned as much about the appear-
ance of the wiring as we were about the performance of the
receiver. I still can remember using rectangular bus bar or
round bus bar with spaghetti and making only precise 90-
degree bends in the wiring to make it look beautiful. Nat-
urally, we took infinite pains to insure the soldering would
not detract from the appearance of the rest of the wiring.

“Finally, the old timer had to learn to make a good solder
joint with a clumsy, heavy iron without any heat regulation.
His solder, which came in the form of a long bar, was not
really designed for electrical work and was not uniform in
quality. Flux was not integrated into the solder but had to
be added separately and judiciously. And most of the wires
he soldered were not pre-tinned or even free of oxidation.
Having learned to make a good joint with this crude equip-
ment, the old timer finds using convenient flux-cored wire
solder scientifically designed for electronic work to solder
pre-tinned wires with modern solder guns or heat-regulated
irons a real breeze.”

“I'd think so!” Barney exclaimed; “but I can tell you one
good way a fellow can teach himself to do a good job of
soldering in a hurry, even today.’

“What's that?”

“Let him put together a couple of kits, especially ones that
involve high-frequency circuits. If he wants these kits to
work the first time he throws the switch, he must follow in-
structions and learn how to do a decent job of soldering.”

“You're so right. A friend of mine works in the repair
department of a large kit manufacturer, and he tells me a
very high percentage of all kits returned to be straightened
out have nothing wrong with them but poor solder joints. As
vou know, every now and then someone brings a kit job in
here for us to check, and it always amazes the owner that
I am often able to spot a defective connection simply by in-
spection, which brings us back to my contention that a good
solder joint has to look good. If anyone doesn’t know how a
good soldering connection ought to look, let him carefully
examine the connections in a commercially produced hand-
wired radio or TV receiver. Better still, let him examine with
a magnifying lens the joints in surplus military electronic
equipment. Some of these contain the most beautiful ex-
amples of artistic soldering I've ever seen.”

“You're waxing downright lyrical,” Barney teased. “After
all, there are only a few basic requirements for good solder-
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NOW YOU CAN EASILY ADD

SOUND TO YOUR SLIDE
OR FILM SHOWS WITH

POPULAR PHOTOGRAPHY'S

EXCITING NEW
“SOUND FOR A

PICTURE EVENING”

RECORD ALBUM

SOUND FOR % ;
A PICTURE EVENING

&

BACKGROUND MUSIC
and SOUND EFFECTS for
stide shows and movies

""Sound For A Picture Evening"’
Consists of selections from the music masters
of the Capitol Record Hollywood Library
High Fidelity 12-inch vinyl album—33% RPM
Playing time: 40 minutes
AVAILABLE IN MONAURAL OR STEREOC
AT NO EXTRA COST

EXPRESSLY CREATED FOR FILM
AND SLIDE SHOWS

No matter how good your film and slide shows are, sound will
make them better...more entertaining and certainly more pro-
fessional. But, it has to be the right kind of sound. Although
any musical record can be used as a background for your film
and stide shows, few, if any, can match the variety of actions,
situations, and scenes inherent in most shows. That's why
Popular Photography created this album. It's ideal for almost
every mood captured by your camera. Whether your show is
simple, elaborate or somewhere in-between—""SOUND FOR A
PICTURE EVENING' provides a final, professional touch to
make it a complete success.

A POPULAR PHOTOGRAPHY
EXCLUSIVE

The ""Sound For A Picture Evening'' album has been produced
by the editors of Popular Photography exclusively for our read-
ers and is prepared by the Custom Services Division of Capitol
Records. This outstanding atbum cannot be purchased in any
store and is available by mail only to the readers of Popular
Photography and other Ziff-Davis magazines.

ALBUM CONTENTS:
17 SPECIFIC MOOD MUSIC
BACKGROUNDS
8 TRACKS FOR SPECIAL
SOUND EFFECTS

THEMES TO MATCH YOUR
SUBJECTS...PERFECTLY!

3 FILM OPENINGS: Grandiose, Sweet and Gentle and
Dramatic - 3 FILM CLOSINGS: Epic Finale, Hollywood
Style and Gentle - 11 THEMES: Happy-Go-Lucky - Gay
Party » Vacation Tempo + Traveling - Happy Birthday
Party - Pomp of a Parade - Sound of a Carousel + Cir-
cus Time + Sentimental Moments - Children's Play-
time « Christmas Time

DON'T MISS OUT ON THIS OUTSTANDING OFFER.
FILL IN AND MAIL TODAY

FOR SPECIAL SITUATIONS,
THESE WONDERFULLY REALISTIC
SOUND EFFECTS

Ocean Waves - Train * Jet Planes - Baby Crying + Crowd
In Stadium - Traffic - Dog Barking - Thunder And Rain

FREE! WITH YOUR ALBUM
PURCHASE — IF YOU ORDER NOW

Complete Instruction Booklet—Here, in one comprehensive
booklet,is all the information you need to make your film or
slide show a resounding success. You will find helpful tips on
how tg build an effective sound track, choosing the right back-
ground selections and sound effects, synchronization, taping,
organizing your show, editing and much more.

BAND POINTER—Fits on the top of your record and tells you
where to find the exact band you want. Eliminates guesswork,
fumbling and wasted time. Lights...Projector...Action!
This wonderful 12" long-playing album
(a must for every slide and film show impressario)
can be yours for

onty $3.49 postrain

MONAURAL OR STEREC

...a small price to pay for an album you wili enjoy
and treasure for many years. ORDER NOW.

““Sound For A Picture Evening’'
POPULAR PHOTOGRAPHY—Dept. SD
One Park Avenue, New York, N.Y. 10016

Please send me albums at $3.49 each. M~
check (or money order) for $. is enclosed.
understand that you will pay the postage. (Add 75¢ to
partially defray postage costs outside U.S.A.)

CHECK ONE: MONO STEREO [
Name.
EW-105
Address_____
City _____ State_ Zip Code

Sorry—No charges or C.0.D. Orders
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THERE’S BIG mONEY
ing. (1) The soldering tip should he

IN clean and well-tinned, and the connec-
MOBILE-RADIO MAINTENANCE tion should be free of grease, corrosion,

with a 2nd Class Ticket and insulation, or other contaminating mate-
rial, (2) Enough heat should be applied

/.-

: lAMPKIN METERS to the joint so that solder touched to it
@k : melts quickly and spreads almost im-
mediately to every part of the connec-
tion, flowing as freely as water into all

the crevices. (3) Heat should be applied
long enough to cook out any surplus Hux

Business and Industrial Radio . . . CB . . . Public Safety , . . Marine . . . and
Aircraft Radio all are booming; all need maintenance and frequency checks, Much of
this can be on a long-term contract basis, so you can fill in those non-productive hours
with a steady exira income. Begin with the ideal instrument to build your business
around — the LAMPKIN 105.B FREQUENCY METER. Low-cost, it will measure
unlimited numbers of channels and is all you need for CB and all other mobile services and ‘dVOid a ‘resin jOiI]t,’ bl]t not so long
except the high-band split channels; later you can add the LAMPKIN FM MODULA- qer .

FION METER and the split-channel PPM METER as your business grows. To learn as to burn the ‘life’ out of the solder.

l‘\nl?l:lc],m::s‘cl‘]cg(_)_l:pon for your free copy of ‘“‘How to Make Afoncy in Mobile Radio (4) E]\Ollgh solder should be {lppliC(] to

) encase the joint completely with a thin
laver, but no more. {5) All wires leading
to the joint should be held immobile until
the solder has hardened.”

“A couple of those requirements
should be qualified in applving them to
printed-circuit-board  soldering,”  Mac
suggested. “When soldering a lead to a
printed circuit, 1 do not apply the sold-

LAMPKIN  105.B  FREQUENCY mted X 5
ering tip to the juncture of the lead and

METER 100 XC to 175 MC and

up, continuous coverage. Hetero- :

d;ne type. Only Belbsgf;zgse_oegl the foil. Instead, I heat the short lead
(0.0001% accuracy with inex- LAMPKIN 205-A FM MODULATION METER 25 to Tiile d ar 9 )
pensive accessory PPM Meter.) 500 MC continuous. Dual scales, 0-12.5 and 25 while hOldmg the bourd so that the

el o e i i e (S el KC, $290.00, With Quad scales, 0-1.25 molten solder runs down the lead to the

é:::_'ess ____ State S lABOHATOHIES, INC, ERADENTON, FLA, The solder still has plenty of tempera-

_________________ ture left to bond with the foil when it
CIRCLE NO. 105 ON READER SERVICE CARD reaches it, but there is no excess of heat

[ LAMPKIN LABORATORIES, INC. | | and 2.5 KC added, $340.00. foil. The thin foil absorbs much less heat
| MFM Division, Bradenton, Florida from the solder than the comparativel
| At no obligation to me, please send free | MAIL COUPON TODAY! Litel] S 1 ‘ X I‘, ARORAINY
| booklet and information on lampkin | heavy lead. This technique permits heat-
| meters ing the lead enough to melt the solder
| Nome— . LAMPKIN MFM DIYISION and to make a good bond to the lead.
|

|

. to cause the foil to lose its bond with the
PR e s board—something that often happens
) "~ { : Pl
FOREIGN GDRRENGYRATES : when vou try to heat foil and lead simul-
I A N T amentclv . o : it’ .
- for 1-year subscriptions’ | lan.cousl). By the iﬂ‘llll(.i]t()]\Efll,(tlt s muc]l]
ida . ’ y . Hs1er m S muc
< OUftSlde SR St ‘ ; 1Slt(:1 ito :;)ldglli]nt ]etogltle ?inteo((l) C']I c1(1i:
e L e o oo weat’ in 7 a pr -Cir
.its.Possessions.& Canada. : ering print
R ERLTOS . . board than it is when soldering hand-
(All prices include postage?) - wired connections.”
" « “ .
: None of these requirements sound
Australian pounds: 2/14 very t01’1gh to me, Barn.cy mused. “1
Austrian schillings: 155 still don’t see why otherwise good tech-
Belgian francs: 300 nicians often make bad solder joints.”
CO'Ombika” 99301078 “As I mentioned, many technicians do
Danish kroner: 4 ; . e e i
Dutch guilders: 20 not look upon soldm.m.g as an art to be
English pounds: 2,3 mastered through striving for perfection.
Finnish new markka: 20 To them, it’'s only a necessary nuisance.
gre”ihdfra’:lcsz 30180 They simply place wire, solder, and the
ree rachmas: n 0 P 00 B
Hong Kong dollars: 35 o tp in .the vicinity of the joint and
Indian rupees: 29 pull the trigger of the solder gun and
Irish pounds: 2/3 keep it pulled until they feel the solder
:tsr?e" ?0“”557:4157 mmelt. Then they vank on the lead of the
alian lire: 3, i . . "
Japanese yen: 2,150 component thev have been soldelm.g,. 1f
Lebanese pounds: 18 it doesn’t pull loose, they figure the joint
3 Mexican pesos: 75 is ‘good enough.” After all, they think,
3 : Hog e = r New Zealand pounds: 2/3 who's going to see it?”
' No ian kroner: 43 i S . .
GREENLEE CHASSIS PUNCHES A S Yeah, T've often thought that if radio
: : E— ) . 7= : : e AlbE
Make accurate, finished holes in 1V% Philippine peso: 23 and TV ’sets came in transparent cabi
minutes or less in metal, hard rubber Portuguese escudos: 172 nets, we'd see much neater component
and plastics. No tedious sawing or South African rands: 4.25 replacements than we do now. Anyway,”
filing —a_few turns of the wrench zpar:fh pkesetas.:sl75 Barnev continued, picking up the solder
G e Rl RTINS g 5 e ran and waving it about with graceful
round, square, key, or D" shapes for Swiss francs: 26 ALY B g1t gre
sockets, switches, meters, ete. At vour Venezuelan bolivares: 27 flourishes, “you’ve given me a new am-
electronic parts dealer. Literature on ) WeSt.Germ?” marks: 24 bition. [ intend to become known as ‘The
GG - Mail order with remittance to: Michaelangelo of the Solder Gun't”
GREENLEE TOOL co. "&Gr" ELECTRONICS WORLD “You could do lots worse,” Mac
2027 Columbia Ave., Rockford, lllinois | PortlandPlace/ Boulder,Colo.,U.S.A./ 80311 | growled. A
CIRCLE NO. 113 ON READER SERVICE CARD CIRCLE NO. 93 ON READER SERVICE CARD
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PRINTED-CIRCUIT
REPAIR

By LOUIS E. FRENZEL, Jr.

HE repair of clectronic equipment

using printed-circuit boards is dif-
ficult in that it requires special care and
paticnce to remove a defective compo-
nent without damaging the board. Dam-
age is usually caused by excessive
soldering-iron heat or mechanical strain
produced wlhile removing parts from the
board. This trouble is due to the inabil-
ity to remove all of the solder holding the
component to the copper pads on the
hoard.

This is doubly the ease when a multi-
connection component like an i.f. trans-
former, tube socket, or transistor must
be removed. The technician often holds
the iron on the connection to keep the
solder melted while he pries at the leads
with the point of a knife or pulls heavily
at the component on the other side ol
the board. With techniques like this,
the board is sure to be damaged.

This frustrating job can be eliminated
by first removing all of the solder hold-
ing the part, Then the part can simply
be lifted from the board without damage
to either. All that vou need to do this
is some small, tinned braided wire like
Belden No. 867-1-30, some Kester solder
paste, and a low-wattage (less than 30
watts) soldering iron. To remove the
solder from a portion of the board, dip
about two inches of the braided wire into
the paste and lay it on the conmection.
Place the iron on the braid with a slight
bit of pressure so that the heat through
the braid melts the solder.

Because of the action of the solder
paste, melted solder will bhe drawn into
the braid, leaving a perfectly clean but
tinned pad on the board. The leads can
now be straightened with a small Jong-
nose pliers and the component removed.
Repeat this “wick-action” enough times

so that all the solder is removed. Use as |

little heat as possible and work quickly
to prevent heat damage.

The solder-filled braid should be ¢nt
oft and discarded and a fresh piece used
cach time. The braid and the paste are
both needed for proper results.

After the new component has heen
installed and the connection resoldered.
be sure to clean the excessive solder
paste and flux from the board.

With practice, this techinigque can be
perfected so that damage due to printed-
circuit repair can be reduced to zero. The
technique ecan also be adapted to re-
move the solder holding a larger number
of Teads on tube socket pins or terminal-
strip connections. With all the solder re-
moved, the wires can be unwrapped and
removed without damage. A

October, 1965

IF THE RCA MARK VIII C-B TRANSCEIVER
S S0 GREAT AT *114%"..

s
® 9 crystal-controlled transmit and
receive channels

® Electronic switching—no relay noise
or chatter

o llluminated “working channel” feature
® Light and compact—only 3% inches
high. weighs only 8 pounds with mike;
fits easily under the dashboard of even a
compact car

@ Improved Automatic Noise Limiter

to reduce effects of ignition and similar
interference

® Tunable receiver for reception of
23 C-B channels; dial marked in both
channel numbers and frequency

® Exceptionally good voice reproduction

® Highly selective superheterodyne
l recciver with one rf and two if
amplifier stages

...HOW COME THE NEW MARK NINE 15
'WORTH #2000 MORE?

|
It has all the Mark VIl features—

PLUS these additional features...

| @ Combination “S” Meter and Relative
RF Output Meter. “S” Meter indicates the
relative strength of incoming signal in
“S” units. RF Output Meter (EO)

| indicates relative strength of the signal

‘ being transmitted.

you can (if you wish) omit the RECEIVE
crystals and buy only TRANSMIT crystals.
This feature alone pays the price difference
if you use a number of channels.

® External Speaker Jack. Lets you connect
an external speaker to the set, so incoming
calls can be heard in remote locations.

GET THE FACTS. Write for free
descriptive folder on either the Mark VII
or Mark Nine to: Commercial Engineering.
Department J41R, RCA Electronic
Components and Devices, Harrison, N.J.

AVAILABLE THROUGH YOUR AUTHORIZED RCA
C-B RADIO DISTRIBUTOR

® Spotting Switch. Permits precise manual
tuning of receiver without use of receiver
crystals. Receiver can be tuned

(or “spotted”) quickly to any incoming
channel for which you have a transmit
crystal. This means, when you

buy crystals for extra channels,

&

*Optional distributor
resale price.

The Most Trusted Name in Electronics
®
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AUTOMATIC

TRANSISTORIZED

BATTERY CHARGER

o CHARGES 6, 8 or 12 V. BATTERIES

e FULL 6 AMP RATE

e HEAVY GUAGE ALUMINUM CASE

¢ BUILT-IN AUTOMATIC RESET
CIRCUIT BREAKER

Dlr. Net

Guaranteed for 5 Years

Ask your electronic or automotive distributor for

H MODEL NO. BC2
lednanic

PRODULCTS, INC.

MANUFACTURED BY
WORKMAN

SARASOTA, FLORIDA

CIRCLE NO. 86 ON READER SERVICE CARD

Fill in coupon for a FREE One Year Sub-
scription to OLSON ELECTRONICS’ Fantas-
tic Value Packed Catalog — Unheard of
LOW, LOW PRICES on Brand Name
Speakers, Changers, Tubes, Tools, Stereo
Amps, Tuners, CB, Hi-Fi’s, and thousands
of other Electronic Values. Credit plan
available.

NAME
ADDRESS
cary____

If you have a friend interested in electronics
send his name and address for a FREE sub-
scription also.

OLSON ELECTROMICS, ING.

CIRCLE NO. 102 ON READER SERVICE CARD
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__ZONE___STATE________

Laser Photography

(Continued from page 35)

in a peculiar way, all the information
necessary to recreate the original subject.

The recreation, or reconstruction pro-
cess, is carried out by placing the holo-
gram in a laser beam. As the light waves
pass through the plate, they interact with
the recorded fringe pattern. Emerging
from the plate are three sets of waves, as
shown in Fig. 3. One of these sets, the
one which is undeviated, is of no inter-
est. The other two wave sets, which are
analogous to the sum and difterence fre-
quencies that are generated in an elec-
tronic mixer, are spatially modulated in
accordance with the modulations on the
fringe pattern. These waves thus re-
semble the original waves which were
recorded by the plate. One of the wave
sets is in fact identical to the original
waves and can be focused by a lens to
form an image of the original subject,
even though the original subject is no
longer present.

If the wave set is intercepted by an
observer, he will interpret it as coming
from a subject located on the other, or
source, side of the plate, at the same po-
sition relative to the plate as was occu-
pied by the original subject. Thus, the
observer looks through the hologram
plate as if it were a window, and through
it he sees what may be called a “ghost
subject.”

The identity between the original
waves and the reconstructed waves im-
plies that the reconstructed image will
be identical in all its visual properties
to the original subject. The image will
be completely three-dimensional, with-
out the need for any of the usual stereo
devices, such as sterco pairs, Polaroid
glasses, etc. The perspective of the pic-
ture will change as the viewer moves his
head. The parallax effects which occur
in real life will be present here. In par-
ticular, if an obscrver were to find one
object hidden behind another, he could
move his head and look around the near
object, thereby seeing the hidden ob-
ject. All ol these properties are indeed
realized in wavefront reconstruction
photography.

The other set of waves, which is de-
viated in the other direction, is similar

Fig. 3. Reconstruction of the image is the
reverse of recording process. Incident light
is from a laser and after being modulated
by the hologram, produces both real and
virtual images

to those waves which exposed the plate.
but differ in having a complementary or
conjugate property, which results in the
formation of an image on the side of the
plate away from the source. This is
called a real image and appears to be
suspended in space between the holo-
gram plate and the observer. Although
the observer often has difficulty focus-
ing on this image, it can, under the
proper conditions, appear even more
dramatic than the other, or virtual
image,

Such a photograph is shown at the
beginning of this article.

Other Image Properties

The reconstructed images have sev-
eral interesting properties other than
those pertaining to their three-dimen-
sional nature. First, each part of the
hologram, no matter how small, repro-
duces the entire image. Thus, it may e
broken into small fragments, with each
fragment producing the entire picture.
However, as the pieces become small.
resolution is reduced since resolution
is related to aperture and the fragment
size is the aperture of the imaging proc-
ess.

This curious property can be under-
stood by recalling the statement made
earlier—that each point on the subject
illuminates the entire plate. Thus, every
point on the subject is contained in every
part of the plate, and each part thus re-
produces the complete subject.

Another curious property is that the
process does not produce a negative.
The hologram, as made in the above-
described manner, would ordinarily be
regarded as a negative, but the image
that it produces is a positive. If the plate
were copied, for example, by coutact
printing, the image reconstructed {rom
the copy wonld also be a positive, Nega-
tives just do not occur. This phenome-
non, upon further examination, be-
comes less strange. The image is re-
corded on the plate in the form of a
modulated wave. Contact printing, for
example, causes onlv a reversal of the
polarity of the wave, just as does a
vacuum-tube amplifier in typical cir-
cuit arrangements. However, polarity re-
versal of a waveform does not alter the
detected signal, whether it be a sound
wave or a television display. Similarly,
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the reconstructed image from a hologram is insensitive to po-
larity changes in the carrier wave.

Finally, the contrast rendition or gray scale of the recon-
structed image is always very nearly that of the original sub-
ject. This is true regardless of the gamma, or contrastiness, of
the photographic emulsion. In particular, the hologram can
be recorded on an emulsion which does not produce gray
scales, such as the high-contrast emulsion for photography of
line drawings. The resulting hologram will then have only
two levels of photographic density—transparent and opaque—
but the reconstructed image will have a complete gray scale
which essentially matches that of the original object.

Because no viewing optics are used, the usual optical limits
and distortions do not apply in this method of photography,
where hologram microphotos having resolutions of only one
angstrom have been produced.

Applications

With the demonstration of high-quality, three-dimensional
imagery, we have turned our attention to possible applica-
tions. Certainly, simulation and training devices and general
three-dimensional display systems are natural areas of appli-
cation. Three-dimensional motion pictures and television
scem obvious and exciting possibilities. It must be recognized,
however, that application in these areas, while possible, is
technically difficult. For example, bandwidth demands of a
hologram television system would be enormous, possibly 100
times that of conventional television, unless one were willing
to compromise in attaining the dramatic effects inherent in the
wavefront reconstruction method.

Applications in microscopy have been proposed and dem-
onstrated. Gabor, many years ago, proposed to improve elec-
tron microscopy by making a hologram with electron waves
and reconstructing it in the visible region, where one has
better control of system aberrations. Several years ago, El-
Sum and Baez, formerly of Stanford University, demonstrated
wavefront reconstruction at x-ray lengths, with the recon-
structions being made in the visible region. By this technique,
it is possible to produce sharply focused images of objects
illuminated with x-rays, even though it is in general not possi-
ble to focus x-rays. The difficulty in achieving coherence in
x-ray sources has been an obstacle, but this difficulty may in
time be overcome.

Other applications can be expected to develop, particularly
as a result of advances in laser technology.

Sea Stations
(Continued from page 36)

in catenaries to the sea bed. The object of the unusual shape
is to achieve stability even in the roughest seas. Calculations
indicate that for 95 percent of the time the roll would not ex-
ceed 0.5 degree and the vertical motion 0.5 foot. Even in
storms the movement of the antenna platform would be insuf-
ficient to affect its use for air traffic control and possibly for
passenger-to-shore telephone circuits.

With secondary surveillance radar, which would offer
substantial benefits, data could be transmitted along the
ocean cables to shore-based air-traffic-control stations.

The cost of the entire system is not more than about $40
million, with an annual operating cost of about $1 million.
Provision of Atlantic radio services is the prime responsibility
of the United Kingdom, Eire, and Canada, Other countries,
including the United States, would be involved mainly as
users.

When recently we took off from Kennedy International
Airport to return to Europe, we relied on the skill of the flight
crew to see us safely across that v.h.f. gap. Perhaps by the
next time we make the trip, radio communications will be
so good that not only the crew but also the passengers will
be able to keep in touch with their offices. A

October, 1965
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Jerrold, originator of the famous Powermate antenna
amplifier, now brings you the most compact, effi-
cient, and high-style of UHF converters—Tele-Mate!

All-solid-state with maintenance-free tunnel-diode
design, the new Tele-Mate has a low noise figure and
needs no warm-up. Works on unused Channe!5 or
6 of any VHF receiver to bring in all UHF channels
in the area. At only $19.95, Tele-Mate is by far the
best value in the UHF converter field.

See your TV serviceman for the Jerrold Tele-Mate
or write for name of nearest dealer.

JERROLD

The nation’s leading manufacturer
of television reception products
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Ask any man who really knows the electronics industry.
Opportunities are few for men without advanced technical
education, If you stay on that level, you'll never make much
money, And you'll be among the first to go in a layoff,

But, if you supplement your experience with more education
in electronics, you can become a specialist. You'll enjoy good
income and excellent security. You won't have to worry about
automation or advances in technology putting you out of a job.

How can you get the additional education you must have to
protect your future—and the future of those who depend on
you? Going back to school isn't easy for a man with a job
and family obligations.

CREIl Home Study Programs offer you a practical way to get
more education without going back to school. You study at
home, at your own pace, on your own schedule. And you study
with theassurance thatwhatyoulearn can be applied onthe job
immediately to make you worth more money to your employer.

You're eligible for a CREI Program if you work in electronics
and have a high school education. Our FREE book gives
complete information. For your copy, airmail postpaid card
or write: CREIl, Dept. 1110C 3224 Sixteenth Street, N.W.,
Washington, D.C. 20010

Founded 1927

CRET

Accredited Member
of The National Home Study Council
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Hybrid
Computers

OMPUTERS are man’s link between the formulation
of a problem and the solution. They were developed
to relieve man of the tedious task of computation, and

this they have done admirably, with improvements not only
in speed and accuracy but in versatilitv. Today it is possible
to solve almost any problem that can be conceived by man,
even those that previously were impossible because of their
complexity or tremendous size.

There are two basic kinds of computers—the analog and
the digital. Both solve mathematical problems, but this is
where the similarity ends. Each type is unique and has its
own advantages and disadvantages. Both types have specific
uses and in many areas their coverage overlaps.

Now there is a new kind of computer—the hvbrid, which
promises to revolutionize the computer field and permit the
solution of an even greater variety of complex mathematical
problems. The hybrid uses essentially a combination of analog
and digital techniques for solving problems that cannot be
handled satisfactorily on the analog or digital computer alone.
It is one of the most interesting and exciting developments
in the computer field to date.

Analog Compulers

Before we can understand the operation of the hybrid and
fully appreciate its advantages, we must know something
about analog and digital computers and their relative merits.
Let’s take a look at the analog computer first.

An electronic analog computer solves problems by letting
d.c. voltages represent the problem variables and parameters.
It takes these voltages and manipulates them with electronic
devices so that the necessary mathematics required by the
problem is performed.

The basic component of the analog computer is the opera-
tional amplifier. This is a d.c. amplifier with an extremely
high gain—usually several million. By adding feedback to the
amplifier it is possible to use it to provide accurate addition,

Fig. 1. Analog computer operational amplifiers connected as
(A) a constant multiplier and inverter, (B) a summer, (C) an
integrator, (E) track-store amplifier, (D) is o potentiometer.
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A new type of computer combines digital and analog

techniques to solve a variety of complex problems.

By LOUIS E. FRENZEL, Jr.

subtraction, inversion, multiplication by a constant, integra-
tion, and differentiation.

Fig. 1 shows several typical operational amplifier connec-
tions. In Fig. 1A, the feedback and input impedances are re-
sistors. The feedback connection causes the gain of the cir-
cuit to be dependent upon external impedances rather than
the amplifier itself. In fact, the gain of the circuit is the ratio
of the feedback resistance to the input resistance (R;/R;).
If R; is 100,000 ohms and Ry is 10,000 ohms, the circuit gain
is 10. The input voltage ¢; will be amplified 10 times by this
circuit. The ainplifier also introduces a 180° phase shift which
means that it inverts any input signal. The minus sign in the
expression of Fig. 1A shows this. This circuit is used for multi-
plving by a constant and introducing inversion.

By adding more input resistors to the basic circuit of Fig.
1A, the circuit can be used for summation. This is shown in
Fig. 1B. Here three input voltages can be added together. 1f
all resistors are equal, the output will simply be the inverted
sum of the inputs. If desired, each input can be multiplied
by a different constant by properly proportioning the values
of the input and feedback resistors.

The circuit of Fig. 1C is an integrator. It produces an out-
put voltage that is the integral of the input voltage. A capaci-
tor is used as the feedback impedance. A differentiator can
be formed by using a feedback resistor and an input capacitor.
Differentiators are not normally used since they are unstable
and tend to produce more noise thun integrators. Since inte-
gration is the inverse operation of differentiation, it is usually
possible to arrange a problem so that only integration is re-
quired to find the solution.

Another useful component in the analog computer is the
potentiometer of Fig. 1D, It is used to multiply a constant
less than one. When used before or after an operational am-
plifier it can give continuous control of the amplifier gain.

There are other electronic devices in the analog computer
that perform multiplication, division, roots, powers, log-
arithms, and generate special or unusual signals. By combin-
ing these components with the operational amplifier circuits,
it is possible to solve a wide variety of problems.

Analog computers find their greatest use in solving calculus
problems, especially differential equations. Algebraic and
trigonometric problems are also readilv solved. An accuracy
of from 1% to 3% is usually obtainable, but accuracies greater
than 1% can be obtained at greater expense. The accuracy
obtained depends on the problem being solved and the type
and quantity of equipment used.

Many of the problems arising in science and engineering
involve differential equations. These equations are used to
describe a physical system mathematically. Such equations
may describe a mechanical device, an electrical eircuit, a hy-
draulic system, or a chemical process. The simpler problems
encountered in an engineering design can usually be solved
by hand, but the larger, more complex problems are usually

ELECTRONICS WORLD
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STEREQ/HI-Fl 1966
DIRECTORY <

El

How to at electing the best hi-fi equipment in

your price range (avoiding all the nerve-racking guesswork,
to say nothing of the costly disappointments)...in a nutshell.

The “meat" in this nutshell is guaranteed to whet the appetite
of every audiophile and music lover who plans to buy hi-fi
equipment during the next twelve months.

In over 172 fact-and-photo-filled pages, the new 1966
STEREQ/HI-Fi BDIRECTORY gives you all the vital statistics on
amplifiers, changers and turntables, cartridges, tonearms and
accessories, receivers, tuners, tape machines, speakers and
cabinets—on every hi-fi component being manufactured today!

With this authoritative guidebook, you can compare simifar
items, feature-for-feature, dollar-for-dollar, before you bhuy!
You'll avoid making even one costly mistake by making sure,
in advance, that you get the best value for your money, on any-
thing and everything you buy!

’ = )
an —————
1

STEREQ/ H1-F(
OIRECTORY 1966 | I
|

First Time Ever Offered!

A DELUXE, GOLD-EMBOSSED
LEATHERFLEX-BOUND EDITION
| il ...just $3.00 postpaid

| N':" This deluxe edition is a permanent, hand-
A"} somely-bound collector’s item that belengs in
J your hi-fi library! Check appropriate Lox on
y coupon.
October, 1965

The 1966 STEREO/HI-FI DIRECTORY wiil help you select the
finest equipment in your price range, so that you can deriwve
greater pleasure than ever from your records and tapes. Now,
fto ask a redundant question) where else can you get this kind
of "satisfaction insurance” fora mere $1.257?

———FILLIN, DETACH & MAIL COUPON TODAY!———,

ZIFF-DAVIS SERVICE DIV., Dept. SD
589 Broadway, New York, N.Y. 10012

Yes! Send me the new, 1966 STEREG/HI-FI DIREC-
TORY checked below: y
{1 $1.25 enclosed, plus 15¢ for shipping and han- |

| dling. Send me the regular edition. ($1.50 for orders |
outside U.5.A.)

[1 $3.00 enclosed. Send me the Deluxe Leatherflex~ |
Bound edition, postpaid ($3.75 for orders outside |
U.S.A.) Altow three additional weeks for delivery. |

name please print
address o EW-105
city ~ state " Zzip code

PAYMENT MUST BE ENCLOSED WITH CRDER —
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CIRCLE NO. 104 ON READER SERVICE CARD

Identical
twins

" Best way to bring out the best in

your tape recording equipment, .

_ stereo or mono, is to use the famous .
Sonotone Ceramll\eo matched

. twins. Each set is a selected matched

| pair exhibiting similar coloration, |
frequency response and output L

+ characteristics within =2 db.
Ceramike models include 2 new low-
1mpedance version, "CMT-
1050WR,” for use with transistor-
ized tape recorders and Ceramike
“CMT104" for tube tape recorders.
A low priced serics of microphones
for tape recording is also available
starting at under

$10.00. ®
SONOTONE

audio products

"

£ Sonotone c%“y‘p.,ileckronic Applications Div.,Eimsford, N, Y.
CIRCLE NO. 93 ON READER SERVICE CARD
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BATTERY-OPERATED
FLUORESCENT LAMP

By NEVILLE W. MAPHAM /General Electric Co.

Inverter circuit using unijunction transistor along
with inexpensive SCR supplies the operating power.

HERE are a number of occasions
when a battery-opcrated {luorescent
lamp would be a real convenience. The
advantages of fluorescents over incan-
descent lamps are: higher efliciency (you
will get about four times the light from
the same battery current), better distri-
bution of light, and less heat dissipation.
The high-frequency inverter to be de-
scribed will find applications in lighting
for automobiles, trucks, yachts, house-
boats, buses, mobile homes, etc.

The schematic diagram is shown be-
low. Operation is as follows. When
switch S1 is closed, a pulse of current
flows through 71, D1, L1, charging up
C2, C3, and C4. This charge is kept from
discharging by D1. The pulse of current
in the primary winding of T'1 induces a
high voltage across the secondary wind-
ing which is applied to the fluorescent
lamp via CG6. The lamp lights.

Meanwhile the voltage across C2 is
applied to the emitter of the unijunction
transistor Q1 vie R3 and R4, charging up
the capacitor C1. When the voltage
across C1 reaches approximately 5 volts,
01 breaks over and dumps the charge of
C1 into the gate of SCR1. SCRI turns on
and rapidly discharges C2, C3, and C4,
tia the small reactor L1.

More current is now demanded from
the battery to charge the capacitors and
so another pulse of current flows through

ponent failure which would otherwise
discharge the battery at a high rate,

Capacitor C3 and resistor B3 bypass
the high-frequency transients which
would otherwise cause uncontrolluble
triggering of SCR1. C7 allows the use
of long (100-foot) battery leads by by-
passing the lead inductance.

Resistor R3 may be switched out by
S2 to give a high frequency of operation
and so a brighter light, but at the cost
of higher battery current. With S2 open,
battery current drain is about % ampere;
with S2 closed, 1 ampere.

Precautions

The inverter will draw about 5 am-
peres with the lamp out of the circuit.
Do not run it for long periods in this
mode as the fuse will blow after a few
minutes.

Connect both pins together at each
end of the lamp. In cold weather the
lamp may be difficult to start with 52
open. Start with S2 closed. A good heat
sink must be used, otherwise the fuse
may blow repeatedly. Attach SCR1 and
D1 directly to a metal block. Electrically
insulate the block from the ground, not
the semicanductors from the block. The
two cores of T1 and L1 emit a certain
amount of high-pitched noise. This may
be made inaudible if the cores are im-
bedded in some non-hardening sub-

the transformer primary. The current stance such as silicone rubber (G-E
pulses are only about 200 psec. apart, RTV), “Playdoh®,” etc.
so there is no flicker from the lamp. Make provision for a spare fuse, es-
Fuse F1 is inclnded in case of com-  pecially on camping trips. A
FI
si - %
‘—o/o—] cs|
l+ Cl't B2 AAAAA AAAAA . /"\
= SCRI
12V, /“ o
BATT, cu
2N26 a6
T_ RS

L

R1—220 ohm, '3 w. res.

R2—47 ohm, V5 w. res.
R3—150,000 ohm, 15 w. res.
R4—100.000 ohm, 15 w. res.
R5—68 ohm, 145 w. res.

C1, C5—.01 pf., 106 v. capacitor
C2, C3, C4—1 uf., 200 v. capacitor
C6—0.04 uf., 600 v. capacitor
C7—60 pf., 15 v. tantalytic capacitor
S1, S2—S.p.s.t. switch

F1—S5 amp fuse (Type AGX2)
L1—11 t. #22 insulated wire wound

www.americanradiohistorv.com

on Arnold core «930157-2.
{(Arnold Eng. Co., Marengo. 1L}
T1—Autotransformer, 35 t. #22 wire
& 220 t, #28 wire wound in same di-
rection on Arnold #930157-2 core.)

Lamp—38 watt fluorescent lamp (G-E
F8)

D1—20 amp. 200 p.i.v. rectifier diode
(G-E A40B)

SCR1—7.4 amp. 200 p.i.v. silicon
controlled rectifier (G-E C20B}

Q1—2N2646 unijunction transistor
(G-E)
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www.americanradiohistory.com

sasiesr N Q’
| Illlll .

A
LRELEY e ¥

[ S

e

Fig. 2. Hybrid computer installation which employs Computer
Systems 5800 analog and Control Data 160A digital computers.

handled by the computer to save time and money. The engi-
neer can actually see his system in action on the computer.
He can change the problem variables and evaluate the re-
sults. Thus he can predict with good acciracy what his actual
system will do under different conditions.

The process of writing the mathematical equations of a
physical system and solving them on a computer to predict
results and determine design values is called “simulation.”
This particular technique represents one of the more popular
applications of analog computers.

Digital Computers

Digital computers are vastly different from the analog type.
Instead of working with varying voltage levels, the digital
computer works with numbers that represent the problem
variables. These numbers are part of a special system known
as the binary number svstem. In this system, any quantity or
variable can be represented by a combination of two symbols,
usually “1’s” and “0’s.” For example, the decimal number
22 is 1ep1esented by 10110 in the binary svstem. The digital
computer works with these binary numbers by allowing elec-
tronic pulse and switching circuitry to represent the 1's and
0’s. A closed switch may represent a “1” while an open switch
may represent a “0.” Another way to do it is to let the ab-
sence of a voltage be a “0” and the presence of a designated
voltage be a “1.7

The digital computer is a counter and it operates by add-
ing or subtracting binary numbers. Since almost any mathe-
matical operation can be simulated by successive additions
or subtractions, the digital computer can, theoretically, sohe
any problem. Multiplication is simulated by successive addi-
tions while division is a repetitive subtraction process. Other

Fig. 3. Beckman-Scientific general-
purpose kybrid computer console,

October, 1965

mathematical operations, such as integration, differentiation,
and square roots, are performed in a similar manner. This
means of solving problems is practical only when the addi-
tions and subtractions are performed at high speed, as they
are in digital computers.

Typical of the electronics circuits used in digital computers
are binary multivibrators used in counters and registers.
astable and monostable multivibrators used as clocks and de-
lays, diode logic gates used for the and and or logic func-
tions, and magnetic cores and tapes and delay lines used as
memory or storage units.

The biggest advantages of the digital computer over the
analog computer are: versatility, wide dynamic range, and
accuracy. Its disadvantages are: high cost, more complex
programming, and its inherent lack of ease and speed in
solving differential equations.

The digital computer is truly a versatile machine and it
can solve almost any mathematical problem. Of course it may
be slower than the analog computer in the solution of difter-
ential equations, for instance, but it can solve them. Accuracy

itf: ;.3'
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Fig. 4. Applled Dynum:cs AD256 analog unit wnth dlgltul controls.

of the digital computer is limited only by the computer de-
sign and is easilv several orders of magnitude better than
that of the analog computer. As for high cost and complexity,
these factors are outweighed, in many cases, where flexibility
and accuracy are important.

Like the analog, the digital computer is also used for simu-
lation. In addition, one of its prime functions in business and
industry is data processing. The computer is used to process
payrolls, keep inventory records, and do other repetitive,
routine bookkeeping-type jobs.

The Hybrid

The hybrid computer was developed to solve problems
that could not be handled by either an analog or a digital
computer alone. The hvbrid is formed by combining analog
and digital computer elements and by taking advantage of
the most desirable features of the two computers. The result
is a computing system with tremendous capabilities.

The problems that can be solved by hybrid systems are
those that are either beyond the accuracy or dynamic range
of the analog computer or require a computation speed faster
than that available from a digital computer. The digital com-
puter is very accurate and can be programmed to have a
wide dyvnamic range, overcoming the Hinitations of the analog
computer. The analog is extremely fast and can solve com-
plex, multi-variable problems instantly. This feature com-
pensates for the slower, serially performed calculations of the
digital computer.

Some of the areas in which the hybrid has been found

65
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Fig. 5. Model 2400 hybrid computer made by Electronic Associates.

ANALOG s U] A/D CONVERTER
COMPUTER
TIMING DIGITAL

AND COMPUTER

CONTROL (INCLUDING

MEMORY)

D/A
CONVERTERS

Fig. 6. Block diagram of general-purpose hybrid computer
showing the analog, the digital, and interface sections,

useful include the following: 1. simulation of space vehicle
guidance and control; 2. simulation of complex chemical
processes; 3. study of biological systems; and 4. optimization
of multi-variable systems.

All of these examples involve the solution to complex math-
ematical problems. The hyvbrid is useful because it can handle
such operations as the solution to simultaneous differential
equations with both low- and high-frequency chavacteristics,
ordinary differential equations with transport delays, partial
differential equations, statistical analvsis problems, and any
problems involving a combination of both continuous (ana-
log) and discrete (digital) variables.

Hybrid computers exist in a number of different forms.
For example, the accepted definition of a hyvbrid computer
is a general-purpose analog computer combined with a gen-
eral-purpose digital computer with some form of conversion
between them. Fig. 6 is a block diagram of such a computer.
Part of the problem being solved is programmed on the ana-
log computer and some of the answers derived from the
analog section are fed to the digital computer via a multi-
plexer and an A/D converter. The multiplexer repetitively
and sequentially samples the analog voltages that represent
answers or partial solutions and feeds them to the analog-to-
digital (A/D) converter where they are changed to digital
numbers capable of being handled by the digital computer.

Fig. 7. TRICE digital differential analyzer by Packard-Bell (Raytheon),

The digital computer processes the information it receives
and, in turn, sends data back to the analog. The digital-to-
analog (D/A) converters between the two computers con-
vert the digital information into analog data compatible with
the analog computer. A central timing and control section
produces signals that keep all the wunits in the hybrid in syn-
chronism,

Fig. 2 shows a commercial hvbrid computer installation
similar to the one just described. The three units in the back-
ground make up the general-purpose analog computer, while
in the foreground is the control console for the general-pur-
pose digital computer. The two large racks at the far right
contain the A/D and D/A converters and the multiplexing
cquipment. This portion of the hybrid is generally known
as the interface.

Another hybrid computer of this tvpe is shown in Fig. 3.
In this installation both general-purpose analog and general-
purpose digital computers are housed in a common enclosure
with the interface equipment.

A general-purpose analog computer with digital program-
ming and controls is also referred to bv many as a hvbrid
computer. Such a hybrid is essentially an analog computer
that is controlled digitally while operating in either its repeti-
tive or iterative modes and that uses digital techniques in
programming, such as automatic pot set and check out.

An important part of the analog computer when it oper-
ates in these modes is the track/store wuplifier circuit of Fig.
1E. The circuit contains a conventional operational ampli-
fier with input and feedback resistors that provide a gain of
one. A capacitor is connected across the feedback resistor.
A relay or electronic switch controls the operation of the cir-
cuit. When the switch is closed and an analog signal is ap-
plied to the input, the circuit produces an output that is
simply an inverted version of the input. At the same time,
the charge on the capacitor follows the input analog signal.
If the switch should suddenly open, the output no longer fol-
lows the hiput. Instead, the output is the voltage that was
on the capacitor at the instant the switch opened. The cir-
cuit stores analog voltage levels on command from the switch-
ing system. Specially programmed pulse or digital signals
usually control the switching. This is one of the most impor-
tant circuits in a hybrid computer.

Figs. 4 and 5 show two hyvbrid computers that are con-
sidered to be digitallv controlled analogs. In Fig. 5, the unit
in front of the operator on the right is a general-purpose ana-
log computer, while the unit in front of the other operator
is the companion digital operations system. This particular
installation is capable of being used in conjunction with the
general-purpose digital computer shown at the far left in the
photograph.

Another form of hybrid computer is the digital differential
(DDA) analvzer. This is an all-digital machine that is built
in such a form that it is operated and programmed the same
as an analog computer. It offers the capability of solving
complex differential equations with ease of programnming and
speed of the analog commputer and with an accuracy far
greater than that of a conventional unalog computer. A com-
mercial version of the DDA is the “TRICE” computer shown
in Fig. 7.

Of course, many other forms of hyvbrid are possible but
those shown and described here are the most representative
of those hvbrids in use todayv.

It now appears that many future computer installations
will be hybrids simply because of the tremendous, general-
purpose problem-solving capability they have. Today, sci-
entists and engineers are thinking in terms of hybrid solu-
tions to their problems. By carefully considering all three
forms of computation, the scientist or engineer can find the
best type of solution to his problem and thus obtain the quick-
est and most accurate answer for the available computational
time and money. A
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‘Round The World Cruise Only $159.95

DEPARTURE TIME
10 Hours After

Opening The Carton

Travel Anywhere In The World, First-Class, On Longwave, Standard AM, FM,
and 7 Shortwave Bands with this New Heathkit All-Transistor Portable

Tour The Voice Capitols Of The World. Your
round-trip ticket to unsurpassed global listen-
ing is always ready when you own this superb
new Heathkit 10-Band Portable Radio. You
are there when it happens, experiencing the
high-key drama of shortwave listening. Seven
bands tune 2 to 22.5 mc, offering thousands
of daily broadcasts by foreign stations, ships
at sea, amateur radio operators, weather sta-
tions. The longwave band of 150 to 400 kc¢
brings you the informative broadcasts of air-
craft beacon and marine weather stations.
The entire FM band of 88 to 108 mc, with
rare sensitivity and fidelity in a portable,
affords the quiet, crystal-clear beauty of good
FM music. And, of course, the standard AM
broadcast band is always ready with pop
music, news and sports, presented with a
sharpness of tuning that permits receiving
stations you never before were able to hear.

16 Transistors, 6 Diodes, 44 Factory-Built
And Aligned RF Circuits assure cool, instant
operation, superior performance, long life,
and easy assembly. Two separate AM and FM
tuners are ready to drop into place (the FM
tuner and IF strip are the same components
used in deluxe Heathkit FM Stereo equip-
ment).

Two Built-In Antennas . . . one, a powerful
ferrite rod for longwave and AM reception,
is neatly housed in the easy-carry handle. The
other, for FM and Shortwave, extends to a

full 5 feet and tilts in any direction for peak
reception; conveniently telescopes into the
cabinet for traveling. In addition, connectors
for external AM and FM antennas are pro-
vided.

Convenient, Versatile Controls. Like the Bat-
tery-Saver Switch that reduces power to 150
milliwatts for normal indoor listening (cuts
battery drain as much as 35%), or boosts
power to 500 milliwatts for strong, outdoor
reception. The handsome rotating turret dial
scale is directly driven by a 10-position selec-
tor, permits easy viewing of any single band
(a log scale is provided for re-locating un-
known stations). There's a battery saving
Dial Light Switch for nighttime use; Auto-
matic Frequency Control with on-off switch
for drift-free, accurately tuned FM; a big,
84 revolution Tuning knob easily separates
stations; a combination on-off-volume con-
trol; and a continuous Tone Control for lis-
tening as you like it.

Big 4”7 x 67 PM Speaker, specially designed
to match cabinet acoustics, insures ‘“‘big set”
sound. In addition, an earphone is included
which plugs into the built-in jack for private
listening.

Inexpensive, Flashlight Battery Power. Uses
6 “D” size batteries to operate the radio, ptus
1 “C” battery for the dial light (batteries not
included). Also operates on 117 VAC with the

optional converter/charger available (plugs
into built-in jack to “float-charge” batteries
while you enjoy good listening without bat-
tery drain).

Deluxe Styling Matches Its Deluxe Perform-
ance. Jet black extruded aluminum front and
back panels contrast with luxurious .chrome-
plated, die-cast end pieces to present a rugged,
handsome unit you'll be proud to take any-
where. Hinged front and back panels open
and close easily thanks to special magnetic
edges . . . no cumbersome snaps or latches.
Inside the front panel you'll find a hard-bound
“listener’s guide” book containing frequencies
of worldwide Shortwave and U.S. FM stations
plus a special map for easy conversion of
world time zones. It travels snugly in its own
special slot in the front panel.

Build It In 10 Hours Or Less! Since the two
tuners and all R.F. circuits are preassembled
and factory-aligned, you merely mount this
entire section on the chassis and wire 3 small
circuit boards. The lucid Heathkit Construc-
tion Manual and thoughtful design make it
easy to complete without special tools or
instruments.

Send For Your World Tour Ticket Now . . .
use the coupon below to order your new
Heathkit 10-Band Portable.

Kit GR-43, 17 1bs................ $159.95

HE.A.T

| 1 1 HEATH COMPANY, Dept. 15-10 |
I FREE: 1966 Heathklt catalog Benton Harbor, Michigan 49023 I
I }‘;EATHKIT 1966 In Canada: Daystrom, Ltd., Cooksville, Ontario l
| i 108 pages . .. many in [J Enclosed is §$ ., plus shipping. |
' 5 full color . . . describe Please send GR-43 portable. '
. d ki 5
I this and over 250 easy- [J Please send FREE Heathkit Catalog I
: to-build Heathkits. Save | Neme — - [
1 up to 50%. Mail coupon Address. S S B ,
| for your FREE copy. City — Zip__ I
GX-143
l Prices & specifications subject to change without notice. Jl
October, 1965 CIRCLE NO. 111 ON READER SERVICE CARD 69
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\(illusl.) 85 Ibs...$108; GRA-53-6, walnut-finish hardboard cab.,

Look What’s

NEW LOW PRICES

| Kit AR-13A
Now Only

$‘|8400

ALL-TRANSISTOR STEREO RECEIVER

Just add 2 speakers for a complete sterco system. AM/FM/FEM stereo

tuning; 46-transistor, 17-diode circuit for cool, instant operation &
natural transistor sound: 66 watts music power @ =1 db from 15 to
30,000 ¢ps: walnut cabinet. 35 Ibs.

o S KitAJ-33A
m N°W0n|y

$g450

TRANSISTOR AM/FM/FM STEREO TUNER
Features 23-transistor, 8-diode circuit: built-in sterco demodulator: auto-
matic switching to stereo: stereo indicator light: stereo phase control:
filtered outputs for beat-free recording: walnut cabinet. 17 Ibs.

OTHER NEW LOW-PRICE COMPONENTS

* Kit AJ-41 (tube), AM/FM/FM Stereo Tuner...Now Only $112.50
+ Kit AJ-12 (tube), FM/FM Stereo Tuner...Now Only $65.95

* Kit AJ-13 (tube), FM/FM Stereo Tuner...Now Only $47.00

* Kit AJ-63 (tube), Mono FM Tuner. ..Now Only $37.50

New Low Price On Deluxe 21”7 Color TV

Kit GR-53A
Now Only

$37500

(less cahinet)

only set you adjust and
ways ...

Ends costly color TV servicing . . .
maintain yourself, Only Color TV you can install 3
wall, custom or Heathkit cabinets. Tunes all channels for 217
of the best color pictures in TV plus true hi-fi sound. Assembles

in just 25 hours . . . no special skills needed . . . all critical
circuits preassembled and aligned. l-year warranty on picture
tube, 90 days on all other parts. 127 Ibs. Also new low prices
on preassambled Heathkit cabinets: GRA-53-7. walnut cab.

52 1bs. .

.$46.50

~

Now Install Any Of 3 Ways . . .
Wall, Custom Or Heath Cabinets!

Kit AJ-43D
Now Only

$‘|0900

{less cabinet)

Deluxe Transistor
AM/FM/FM Stereo Tuner

25-transistor, 9-diode circuit; automatic switching to
stereo: stereo indicator light, stereo phase control;
filtered outputs. 15 lbs. Optional cabinets, (walnut
§12.95), (metal $6.95)

Kit AA-21D
Now Only

$]3700

(less cabinet)

Matching 100-Watt
Transistor Stereo Amplifier

70 watts RMS power at =1 db from 13 (o 25,000
cps; 26-transistor, 10-diode circuit; inputs & outputs
for any source: 4, 8 & 16 ohm speaker impedances
Opt. cabinets, (walnut $12.95), (metal $6.95) . 23 Iby

New L.ow Prices On
Heathkit® /Thomas Organs

Kit GD-983
Now Only

$79900

The Heathkit/Thomas “Coronado™ Transistor Organ, (illust.)
boasts 17 organ voices, two 44-note keyboards, Leslie plus 2-unit
main speaker system, 28 notes of chimes, 13-note heel & toe
pedalboard, colar-tone attack & repeat percussion, matching
bench, plus many more professional features. 242 lbs. Also the
leathkit/Thomas “Artiste” Transistor Organ with 10 voices,
two 37-note keyboards, repeat percussion, etc. now at only $332.
154 1bs. Both organs have all genuine Thomas factory fubricated
components.

ELECTRONICS WORLD
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NEW At Heath!

New Transistor FM Stereo Tuner . . .
Build In 6 Hours!

World's easiest to build stereo/hi-fi kit
tiukes 6 hours or less! [4-transistor, 4-diode cir- i
cuit for cool instunt operation, natural tran- Kit AJ-14
performance. 4-stage 1F for high sensitivity,

Filtered outputs for direct stereo recording.

& aligned “front-end.” Install in a wull or
cither Heath cabinet; walnut ($7.95). metal
($3.50). 6 Ibs.

New 23-Channel, 5-Watt Transistor
CB Transceiver

23-channel transmit & receive capability, All-
transistor circuit for instant operation, low
battery drain . . . only .75 A transmit, .12 A Kit GW-14

receive. Only 2767 H x 77 W x 1013 D | $ 95
ideal for car, boat, ete. V4 uv SensHivity Im
10 db signal plus noise o noise ratio. Front-

mdlic noise limiter, built-in speaker, ceramic GWW-14,

T mike, charcoal gray aluminum cabinel. $124.95)
N

sistor sound. Phase control assures hest stereo $4995

Automatic stereo indicator light, preassembled (less cabinet)

panel “S™ meter, adjustable squelch, aute-  (Assembled

NEW KITS

New Deiuxe Shortwave Radio

Compure it to sets costing $150 and more! 5
buands cover 200-400 kc, AM, and 2-30 mec.
Tuned RF stage, crystal filter for greater selec-

control, antenna trimmer, built-in 4”7 x 6
speaker, headphone jack, gray metal cabinet,
and free SWIL. antenna. Assemble in 15 hours.
25 lbs.

Full SSB-CW (ransceive operation on 6 meters.
180 watts PEP SSB—150 watts CW. Operates
fixed or mobile: PTT and VOX. Switch-selec-

series Linear Master Oscillator for true linear
tuning. Built-in 100 ke calibrator and antenna
switching. Accessory mobile mount SBA-100-1

®
®
®
®
®
®
®
®
®
L 4
[ ]
®
®
®
®
®
®
®
®
®
®
®
®
®
®
®
®
®
®
®
®
° ($14.95. 23 Ibs.

1966 CATALOG

e ——
HEATHKIT 1966

( NEW!
!

Free! 108 pages...many

in full color ... describe

these and over 250 easy-

to-build Heathkits. Save

up to 50%. Mail coupon
for your free copy.

October, 1965

... Buy Now—Use This Order Blank...

HEATH COMPANY, Dept.15-10, Benton Harbor, Michigan 49023
In Canada: Daystrom Ltd., Cooksville, Ontario

[ Please send FREE 1966 Heathkit Catalog.

tivity, 2 detectors for AM and SSB, tuning Kit GR-54

meter, bandspread tuning, code practice moni- $ 95
tor, automatic noise limiter, automatic volume

New 6-Meter SSB Ham Transceiver

o g

tion of upper sideband, lower sideband, and Kit SB-110

CW. Covers 50-532 me with crystals supplied, $ [][]
total coverage 49.5-54 me. Famous Heath SB

Mode! Description Weight
Name
(Please Print)
Address.
City__ State_ _ Zip

SHIP VIA: [ Parcel Post [ Express Collect [] Freight [] 20% Included, C.0.D.

[J Best way
All prices & specifications subject to change without notice.
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A MULTIPLEX
DAPTER
FOR FM STEREQ

By DAVID A. WILLIAMS

A solid-state design using new inexpensive silicon
transistors. Method of subcarrier generation used
results in high stability and ease of adjustment.

HIS multiplex adapter is a simple, solid-state design

that uses silicon transistors for stability and a method

of subcarrier generation that is easily adjusted and very
stable. The result is a unit which gives excellent sterco quality
over a wide range of operating conditions.

The 2N3638 transistors used are from a line of economical,
but high quality, silicon transistors made by Fairchild Scmi-
conductor of Mountain View, California. They are available
from many local distributors or can be ordered direct from
the manufacturer. The advantages of silicon transistors are
greater temperature stability and more reliable operation.
Silicon transistors have been around for some time, but it
is only recently that the price has become competitive with
germanium types. The 2N3638 is 46 cents in small quantities.

Subecuarrier Generation

There are several ways of generating the 38-ke. subcarrier
required to demodulate the stereo signal. Most manufacturers
employ circuits which amplify the 19-ke. pilot carrier and
use it to svnc either a 19-ke. or 38-ke. oscillator. If a 19-ke.
oscillator is used, the output is fed through a frequency
doubler to obtain a 38-ke. carrier. A major difficulty with
these circuits is the stability of the oscillator. It is important
not only that the oscillator be synced, but that a definite
phase relationship be maintained between the pilot carrier
and the subcarrier. It is difficult to maintain this phase re-

The circuit is built on @ 3V;-inch by 41, -inch perforated board.

o A g

o g

%

The entire adapter is contained in a small aluminum box.

lationship in the presence of temperature changes, voltage
changes, and changes in the amplitude of the pilot carrier.

One circuit which has been largely ignored in the past
nullifies these disadvantages. This technique does not re-
quire an oscillator. The pilot carvier is simply amplified and
put through a frequency doubler to obtain the subcarrier. This
method of subcarrier generation, as embodied in the adapter,
results in a unit which is very stable with respect to temper-
ature, voltage, and input amplitude. In addition, it eliminates
the need for switching when changing from mono to sterco
reception. There is no andible interference or “birdies” when
tuned to a mono station transmitting SCA programming since
there is no subcarrier present. To the best of the author’s
knowledge, there are not enough stations broadcasting both
stereo and SCA that they need be considered in a design in-
tended for home construction. If SCA interference should
become a problem, the circuit of Fig. 2B can be incorporated
in the design to take care of it.

A possible disadvantage of this method is that the sub-
carrier amplitude is subject to variation since it depends on
the amplitude of the pilot carrier. With some detectors this
would be critical, but the switching scheme used in this par-
ticular adapter is not affected by the subcarrier amplitude as
long as the input to the doubler stage is large enough for the
frequency doubling action to take place.

Circuit Deseription

Fig. 1 is the circuit diagram and parts list for the adapter.
Q1 is an emitter-follower used to avoid loading the FM
tuner. Its input impedance is a [unction of the current gain
of the transistor and will generally be greater than 200,000
ohms. Even with a transistor on the manufacturer’s lower
tolerance limit with respect to gain, the input impedance will
be greater than 100.000 ohms. The bias circuit for this stage
is not the most stable configuration. but is adequate here
because of the inherent stability of the silicon transistor and
the fact that the supply voltage is large compared to the
signal amplitude at this point.

02 is a 19-ke. amplifier with a tuned circuit in both the
base and collector circuits. The use of two 19-ke. tank cir-
cuits gives a high degree of selectivity and assures a clean
subcarrier. Q3 is a doubler circuit which provides d.c. isola-
tion and a push-pull output. R6-C6 and R8-CT are decoupling
cirenits.

Several other detector circuits were tried, but none
achieved the performance of the diode circuit used. Briefly,
the purpose of this circuit is to ground points C and D during
alternate half-cveles of the subcarrier. The relative size of

ELECTRONICS WORLD
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R1—510,000 ohm, V5 w, res.

K2—6800 ohm, 15 w. res.

R3I—68,000 ohm, V4 w, res.

R4,R7,R8, RY—1000 ohm, 14 w. res.
R5,R11-—10,000 ohm, !, w. res.
R6—680 ohm, Y5 w. res.

R10—150,000 ohm, '; w. res.
R12—820 ohm, Y5 w. res.
R13,R18,R20,R25—10.000 ohm, ¥, w. res. 45
RI4,R21—56.000 ohm, 1; w. res. =5%
R15,R22—33.000 ohm, 13 w. res. + 3%
R16,R23-—18,000 vhm, V5 w. res. + 5%

C1—.5 pf. capacitor
C2—.01 pf. capacitor

C5—.047 uf. capacitor
C6,C7—.1 uf. capacitor

R17,R24—39.000 ohm, }; w. res,
R19,R26—2200 ohm, V4 w. res. =53¢
R27,R28,R29,R30—22,000 ohm, !; w. res. =5

C3—.0013 pi. silver mica capacitor
C4—.01 uf. silver mica capacitor

C8—.003 uf. silver mica capacitor
CY9—1 uf., 6 v. elec. capacitor
C10—4.7 uf., 15 v. elec. capacitor

C11,C15—.003 uf. silver mica capacitor
C12.C16—2 pt., 6 v. elec. capacitor
C13.C17—50 uf., 25 v. clec. capacitor
C14,C18—50 gi., 6 v. elec. capacitor
D1,D2.D3.D4.D3.D6.D7,H8—IN34
L1—Bandpass filter, shunt element
1353)
L2—19-ke. tocked vsc. coil (.1.W, Miller 1354)
T1—38-ke. output trans. «J.W, Miller 1353)
J1.J2.03—Phono jack
Q1,02,03.Q04.Q5—2N3638 silicon trans. (Fairchild
Semiconductor

5%

(J.W. Miller

Fig. 1. Circuit diagram and parts listing for adapter which employs five inexpensive silicon transistors.

the associated resistors (22,000 and 10,000 ohms) and the
amplitude of the signal relative to that of the subcarrier as-
sures that the voltage at points I is solely dependent upon
the subcarrier and is independent of the signal. Thus, whether
the diodes conduct or not depends upon the subcarrier. One
of the advantages of this circuit is that the magnitude of the
subcarrier passed to the output is very small and therefore
little filtering is required.

The degree of subcarrier suppression depends partly on
how well the diodes are matched. A bad match can be rem-
edicd somewhat by placing large (330,000 olun) resistors in
parallel with diodes D1 through D4 while watching points C
and D with an oscilloscope. An audio oscillator set to 19 ke.
can be used for an input. Point F should be gromided during
this operation to keep the 19-ke. signal out of the switching
circuit. You probably won't need to bother with this adjust-
ment unless you get interference with the bias oscillator of
your tape recorder.

The switching circuit is followed by a de-emphasis filter
and an output amplifier in each channel. The amplifier re-
covers most of the amplitude lost in the switching circuit
and the filter and limits the insertion loss to about 3 db.
R15 and R22 are used to isolate the filters from the ampli-
fiers. The output impedance is about 10,000 ohms. This is
low enough to drive several feet of shielded wire, but the
amplifier should be followed by an emitter-follower stage as
shown in Fig. 2A if longer cable runs are required or if vou
want to drive a set of stereo headphones.

The coupling between the emitters of Q04 and O3 compen-
sates for the mixing of left and right signals that is inherent in
the demodulation process. When both channels contain iden-
tical information there is no current flow between the eniitters,

October, 1965

but when they differ, a portion of the signal present in one
chamnel is introduced 180° out of phase into the opposite
channel to cancel the unwanted component. The capacitors
(CH and C18) could be eliminated and a single emitter resis-
tor used in the interest of economy, but the stability of the
operating point would suffer since any d.c. unbalance which
occurs in one channel will be amplified in the other. For the
same reason Q4 and Q3 should be the best matched pair of
transistors available to achieve the best possible a.c. balance.
This also accounts for the tight tolerance on the resistors in
the switching and de-emphasis circuits. A separation control
can be added to the circuit by placing a 5000-ohm pot in
series with C14 and C18.

A stereo indicator circuit was not provided because, in the
author’s opinion, it is unnecessary. If one cannot tell the dif-
ference between stereo and mono broadcasts by listening,
why bother with a stereo receiver in the first place? Secondly,
most people who are interested know which stations in their

Fig. 2. (A} Emitter-follower circuit. (B} SCA suppressor.
—18v.

Ql
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The lively sound! The more-than-you-
pav-for big speaker performance of Uni
versity’'s livelv new Ultra-D.

Enjoy it—the lively sound. Put it any-

where — evervwhere! No matter where,
the Ultra-D fits!
Enjoy it — listen to the lively sound of

the Ultra-D at your University dealer to-
day. Bring vour favorite record, too! Listen

to something yvou know — you'll agree
Universi S - ! m = ULTRA-D SPECIFICATIONS: Components —
\eISIt‘V Sounds Better I)("‘\l\ K‘J5- 10" ultra-linear high comphance woofer, 4"
direct radiator mid-range, 344" direct radiator
tweeter Response—35 to 19,000 cps. Size—
UNIVERSITY SOUND 23 13/16" h x 11%" w. x 9% d. Finish
R ) Hoot e s Oiled walnut. Selling Price — 387.25

9500 W Reno  Oklahoma City Oklahoma
CIRCLE NO. 89 ON READER SERVICE CARD

VALUABLE books from E.&E.

great “how-to-build’’ data in the famous
RADIO HANDBOOK (16th td.) 4
.

Tells how to design, -
build, and operate the
latest types of amateur
transmitters, receivers,
transceivers, and am-
plifiers. Provides ex-
tensive, simplified theory on practically every
phase of radio. Broadest coverage; all origi-
nal data, up-to-date, complete. 816 pages.
Order No. 166, only.............coveven $9.50

RADIOTELEPHONE LICENSE MANUAL :
Helps you prepare for all commer- Tri-State College’s electronics lab
cial radiotelephone operator’s
license exams. li’rovides complete .
study-guide questions and answers
in a single volume. Helps you un-
derstand fully every subject you

R need to know to obtain an opera- N
tor’s license. 200 pp. Order No.030,0nly $5.75 3 6 th '
LEADING BOOK ON TRANSISTORIZED now l" m 0" s M

COMMUNICATIONS EQUIPMENT

TRANSISTOR RADIO HANDBOOK, by Small professionall}.r-oriented college. le}"-
Donald L. Stoner, W6TNS, Lester quarter year permits degree completion in
A. Earnshaw, ZLIAAX. Cavers a three years. Summer attendance optional. En-
wide range of communication uses gineering: Electrical (electronics or power op-
for both amateur and commercial tion), Mechanical, Civil. Chemical, Aeronau-

applications. Includes audio and
speech amplifiers, VHF transmit- =
ting and receiving equipment, SSB exciters,

tical. Business Administration: Accounting,
General Business, Motor Transport Administra-

and complete SSB transceivers. 180 pages. tion. One-year Drafting and Design Certificate
Order No. 044, 0nly,..cccvvvvuiivinennn $5.00 program. Graduate placement outstanding.
Founded 1884. Rich heritage. Excellent faculty.

Order from your electronic parts 3 A
distribrutor orysend couponcbglow. Small classes. Well-equipped labs. New library.

New residence halls. Attractive 300-acre cam-
EDITORS and ENGINEERS, Ltd. i pus. Modest costs. Enter Jan., March, June,
Sept. For Catalog and View Book, write Di-
rector of Admissions.

P.0. Box 68003, New Augusta, Indiana, Dept.Ew-10|
|
\ Ship me the following books:

O No. 166 [0 No.030 [ No.044 § encl.

| |
||Name I
|Address |
(ST —
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area broadcast in stereo and the stations
themselves are not reticent about men-
tioning the fact. When a stereo station
does broadcast a mono program, the
pilot carrier usually stays on anyway so
that a sterco indicator circuit would be
none the wiser.

The unit was built on a 3%2”x 412” picce
of perforated circuit board and mounted
in an aliminum box as shown in the
photos. Parts placement is not critical
and other layouts shonld work as well.
Some parts substitutions can probably be
made to take advantage of jimk-box
items on hand. bnt there are certain crit-
ical poiuts that shonld be observed. The
over-all stability will suffer if the silver
jica capacitors are replaced by other
types. The components which are dupli-
cated in cach channel should be closely
matched to preserve balance between
chamels. All of the non-mica capacitors
cant be replaced by Larger values if they
are available. The usual care must be ex-
ercised to protect the components from
heat during soldering operations.

Adjustnient

After the adapter is assembled, check
the wiring carefully for errors. Transis-
tors are very relinble when used within
the limits of their ratings. bnt they are
most intolerant of overloads cven for
short periods. Next, check the voltages
shown on the cirenit diagrain with a
vt if one s available. A vioan. may
also be nsed. but will give inacceurate
readings at some points in the circuit.
The readings shown were tuken with a
supply voltage of 18 volts, but any value
between 13 and 20 volts will work as
well. The voltages ure dependeut on the
individnal transistors used. If a voltage
is considerably different from that shown
on the diagram try switching transistors.
The voltages at the collectors of Q- and
03 should be equal to about half the
supply voltage to avoid clipping large
signals. Other voltages are not critical as
long as the adapter is working. If it is
not, they may indicate trouble.

Next, connect the adapter to the multi-
plex output of an FM tuner and tune in
a sterco station. Tune L1, L2, and T'1 for
maximum subcarrier. An oscilloscope is
best for this. but a meter may be used.
After the maxinumm subcarrier is ob-
tained, L1 should be tuned for best sep-
aration.

This adapter should work with any
vacuum-tube tuner that has a multiplex
output taken directly from the detector.
Transistor tuners will require a stage of
amplification between the detector and
the adapter. Some older tuners not spe-
cifically designed for multiplex may give
satisfactory performance if the de-em-
phasis circuit is disconnected. The lead
length between the tuner and the
adapter should be as short as possible or
three feet long at the very most. A
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RODUCTION of color-TV receivers in April, 1965 was

nearly double that of April, 1964, while the output of
black-and-white sets remained just abont at last April’s level,
according to a report from the ETA.

The report also showed April production and distributor
sales of radios up by a substantial margin and distributor
sales of monochrome TV sets just above those of April of
last vear.

Producers tumed out 179,321 color sets in April, an in-
crease of 947 over the 92,318 produced in April. 1964,

April production of monochrome TV sets fell off 7% to
577,450 from the 620,351 recorded in April of lust vear and
dropped a sharp 27% under the March figure of 790,379, this
year’s best month for black-and-white output.

Combined total for color and monochrome production was
756,771 in April, compared with 712,669 in April, 1964,
Total output during this vear’s January-April period was
3.318.669, up 9% from the 3,073,068 registered for the first
four months of 1964,

Infrared Circuit Tester

One of the major problems with microcirenits is that if
one component heats up due to a malfunction, it can easily
destroy other components located in close thermal proximity.,

Rescarchers at the Naval Electronics Lab in San Diego
have developed a high-speed infrared mapper consisting of
a cryogenically cooled infrared detector, a mechanical scan-
ning mechanism, electronic circuitry, and a modified fac-
simile machine. At present, the equipment uses 600 scarmed
lines, cach .0014 inch wide per inch of simface scanned, The
scientists claim that a thermal map of a one-inch square cir-
cnit surface can be made in 30 minntes with mapping resolu-
tion down to a .001-inch square circuit arca. Infrared energy
change would disclose the presence of a faulty component
and indicate it on the thermal map.

Japanese Transistors

The other day we came across a brief description of
Japanese transistor types that we would like to pass along.

Those transistors prefixed 2SA are p-n-p types for high-
frequency (above andio) use: 2SB indicates a p-n-p tran-
sistor for low-frequency (audio) use; 2SC indicates an n-p-n
transistor for high-frequency use: while 2SD indicates an
n-p-ntransistor for low-frequency use. The nimiber following
the prefix has no special significance, while any suffix letters
indicate an improved version of the original unit.

Our thanks 1o the Kings County TV Service Association
and their “TV Service Association News” from which this
information was extracted.

Industry News

The EIA vecently took steps to increase its participation
in international standardization activities and to implement
its cooperation with other industry associations.

During their recent meeting, members of EIA heard its
president Harper Q. North forecast a vear of increased busi-
ness activities that are expected to move the value of elec-
tronic production upward 1o $16.9 hillion, a1 4.7% increase. A
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Usa jt... mohile...
hase...
or portable!

MESSENGER IIT

Cape Horn to Fairbanks, Alaska

“Messenges 111" goes all the way on Mercury
Comet 16,200 mile durability run! Comet
drivers report: Over 40 continuous days
and nights, through rain, fog, sleet and
=now , , . on washboard roads, some |
scarcely rore than a trail tn tropic
neat and frigid Arctic weather the |
“Messenger 111" never let them down'_’_.r

For unmatched quality
and dependability— 60 JOHNSON!

The most popular CB transceiver in the world—
the “Messenger 1™ offers everything you ever
wanted in a CB transceiver . . . compact size. a
husky signal. extreme sensitivity. razor-sharp
selectivity—and complete flexibility for base
station. mobile. public address. or battery
powered portable use! Double conversion re-
ceiver-—sct-and-forget ““Volume™ and **Squelch™
controls-—I 1 channel coverage—*Tone Alert”
Selective Calling System available as accessory.

E.F. JOHNSON COD.

1127 10th Ave. S.W. « Waseca, Minnesota 56093

| Ny

i1

WRITE TODAY for ull color brochure, or see your Dealer/D and ask for a alon?

PERSONAL -
MESSENGERS MESZENGER TwD

Tes channels and tune
L E i

MESSENGER
To date—n

0 Milliwatt and 1'%
Wall hand-held unit bngge all

Twice the sengitivity Band field! §
and 0% more ramge
than similar units wilh
convenhonsl ¢ '
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revolutionary new semiconductor
transducer breaks all barriers
that limit existing

phono cartridges

Easily installed

® Phenomenal 13 Octave Range.
DC to 50 keps.

® Silicon Semiconductor Ele-
ments. 10,000 times the power
of magnetics. World's most effi-
cient, hum-free cartridge.

® Lowest Effective Tip Mass.
Tracks 40 kcps 2nd harmonic
pinch effects of 20 keps funda-
mental—stylus tip stays in
groove at all frequencies.

@ Elliptical Biradial Diamond Sty-
lus. No playback loss from out.
side to inside grooves

® Energy Derived from
External Power %
Source. Saves

TK-15-LS Lab Standard Phono System. TA-15 low-
mass arm, with U-15-LS plug-in cartridge (biradial
diamond) and PS-15 power source. For magnetic or
auxiliary inputs. USER NET 1 87.50
TK-15-P Professional Phono System. As above, but
with U-15-P cartridge and .5 mil tip conical diamond
stylus. USER NET. 71.50
CK-15-LS Lab Standard Phono Conversion Kit. U-15-
LS cartridge (biradial diamond) for standard heads,

=

record grooves. -

See your distributor or write for
“The Story of Euphonics Miniconic"'

and PS-15 power source. For magnetic or auxlharg
inputs. USER NET. 55.0

CK-15-P Professional
above, but U-15-P cartrid_lge with .5 mil tip conical
diamond stylus. USER NE . 39.00
MADE IN U.S.A.

Phono Conversion Kit. As

®EUPHONICS CORP. 1965

uphonics MARKETING 173 W. Madison St., Chicago, JIi. 60602

Dept. EW-10

FACTORY: GUAYNABO, PUERTO RICO, U.S.A.

CIRCLE NO. 834 ON READER SERVICE CARD

NOW! Solve Electronics Problems

fast with New Patented Slide Rule.

That's right! This amazing new Electronics
Slide Rule will save you time the very first
day you use it. It's a patented. all-metal 107
rule that features special scales for solving
reactance, resonance, inductance and cir-
cuitry problems . . . an exclusive “‘fast-
finder” decimal point locater . . . widely-
used formulas and conversion factors for
instant reference. And there’s all the stand-
ard scales you need to do multiplication,
division, square roots, logs, etc.

Best of all, the CIE Electronics Slide Rule
comes complete with an Instruction Course

e e e e e S e S £ Sl Y Y e e e

R e
' GET.BOTH FREE!

B R
of four ATO-PROGRAMMID *lessons. You'll quickly
learn how to whip through tough problems
in a jitfy while others plod along the old-
fashioned “‘pad and pencil” way.

Electronics Slide Rule, Instruction Course,
and handsome, top-grain leather carrying
case . .. a $50 value for less than $20. Send
coupon for FREE illustrated booklet de-
scribing this Electronics Slide Rule and
Instruction Course and FREE Pocket Elec-
tronics Data Guide. Cleveland Institute of
Electronics, 1776 E. 17th St.. Dept, EW 114,
Cleveland, Ohio 44114.

*TRADEMARK

—— — — — ————————— —— — —

Cleveland Institute|
of Electronics |

e
My ELECTRONICS 8§ 1776 E. 17th St., Dept. Ew-114 Cleveland, Ohio 44114 |
I ‘| send FREE Electronics Slide Rule Booklet. Special Bonus: Mail |
| & promptly and get FREE Pocket Electronics Data Guide too! |
|
NAME |
(Plesse ¥rint) I
= ADDRE COUNTY |
‘coupon - I
cITY. STATE 2P |
|

A leader in Electronics Training...since 1934

e e e s — — — — — —— — — — —
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Transistor L.LF. Amplifier
(Continued from page 33)

47,000-clun resistor, and automatic gain
control throngh a 2200-ohm resistor.
The collector supply for the transistor is
connected directly to a tap on the pri-
mary of i.f. transformer 71 and no neu-
tralization is used. The second i.f. stage
(Q2) is connected in exactly the same
manner as the first i.f. stage, except that
it receives no automatic gain control
voltage.

The third i.f. stage ((3) has to de-
liver power. 1t is commected directly
across the major portion of the complete
primary of T3 and a 33-pf. capacitor is
used {or neutralization. A 1-pf. capacitor
is nsed to provide a small amount of
additional coupling between the wind-
ings. This stage delivers power to drive
both the automatic gain control diodes
and the limiter. The limiter is a two-
stage cascaded circnit (Q4 and ©5). It
has a large amount of d.c. feedback
from the junction of the two 330-olim
emitter resistors of the second limiter
stage back into the base of the first
limiter stage. Therelore, any variations
iin gain of these Lwo transistors with
signal is compensated for and the two
transistors are abwavs operated with
their best limiting characteristics. The
last limiter stage drives a ratio detector
(D3 and D4). This is a conventional cir-
cuit with a 2-mc. bandwidth except that
both outputs of the detector are avail-
able or either of the two may be
grounded.

Al transistors in this cirenit, inclnding
i.f. amplifiers and limiter stages, are of
the same tvpe (Fairchild SE 10010s).
These transistors can be interchanged or
replaced  without affecting  their per-
formance in this circuit.

The automatic gain control circuit
operates as follows: The output voltage
of the third i.f. amplifier is rectified by
a peak-to-peak detector (D1 and D2)
and provides reverse bias for the fivst i.f.
amplifier, thereby reducing its gain. This
negative voltage is also available for
automatic gain control of the I'N front-
end. The negative voltage applied to
the basce of the first i.f. transistor will,
of course, lower its emitter voltage. The
tuning meter is connected through 4700-
olun resistors between this first emitter
and the ewitter of the sccond 1L.f. stage
in a bridge circuit. The result is a zero
current meter indication for very low i.{.
input signals. where no a.g.c. voltage is
developed, to full-scale indication for
verv strong signals.

The over-all i.f. selectivity is 45 db or
more on the adjacent chamnel, with a
fully modulated M signal, when tested
according to the IHF-T-100 standard on
| tuners. An i.f. cirenit of this type is used
| in all current tuners made by H.I1. Scott,
| Inc.

ELECTRONICS WORLD
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rl‘IIE gated-rainbow type of color-bar
generator has been universally ac-
cepted by the servicing fraternity for
general shop and outside use. Gener-
ators designed around this system can be
as accurate and stable as their manufac-
turers wish to make them. The teclmni-
cian likes them because they are small,
lightweight, and portable. In addition,
TV manufacturers use them to establish
reference color-bar patterns and wave-
shapes for their published service notes.

RCA’s WR-64B color-bar dot/cross-
hatch generator is the latest version of
the gated-rainbow system introduced by
this company in the 1950’s. The WR-6 {B
provides ten vertical bars of different
colors simultaneously on the picture
tube. Colors cover the spectrum at 30-
degree intervals from vellow-orange
through green and can be used to align
any NTSC-type color set, regardless of
the demodulation system. Close control
of the carrier signals and bar phase
angles make the gencrator a reference
source for checking phasing and matrix-
ing, and aligning color af.c. circuits.

General output—which is fed into the
receiver antenna terminals—can be
switched to provide the ten simultaneous
color bars or a dot or crosshatch pattern
for convergence and linearity adjust-
ments. A chroma control provides con-
tinuous adjustment of color-bar pulse
amplitude for checking color lock-in per-
formance. Three front-panel switches are
included for shorting color-tube guns to
ground during purity and convergence
adjustments.

Stability and long-term accuracy are
enhanced by crystal control of four crit-
ical circuits and by use of iron-core in-
ductors in frequency-divider circuits.
Crystals are used to control the r.f. pic-
ture-carrier circuit, the offset color sub-
carrier (3563.795 ke.), the gating fre-
quency (189 kc.), and the r.f. sound
carrier, which is spaced 4.5 me. from the
picture carrier. The color subcarrier fre-
quency is held within =20 ¢ps.

TEST e
EQUIPMENT

PRODUCT REPORT

RCA WR-64B Color-Bar Generator

For copy of manufacturer’s brochure, circle No
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provides an r.f. sound carrier in addition
to the picture carrier. The unmodulated
sound carrier can be switched on and
off and produces a beat pattern which is
minimized when the receiver fine-tuning
control is set correctly, Availability of
both carrier signals provides the service
technician with the means of verifving,
in the customer’s home, that tuner align-
ment is correct. If the tuner is misa-
ligned, and only a picture-carrier signal
is available, it is possible for the techni-
cian to align color cirenits to produce a
perfect color-bar pattern, but at the
wrong setting of the fine-tining control.

Like its predecessors, the WR-64B In such uses, the receiver will not
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correctly reproduce a color program.
The WR-64B has been designed to
withstand the rigors of daily color serv-
icing and to meet the needs of the serv-
ice technician who must make color-set
adjustments in the customer’s home. The
generator is supplied with attached leads
for connecting output to the receiver an-
tenna terminals and for shorting color-
tube guns during purity and conver-
gence adjustments. The gun-shorting
leads have insulation-piercing clips for
easy connection to picture-tube leads.
Other features include a “standby”
switch position for removing all r.f. out-
put, and attached cable-holding brack-
ets. The WR-64B is housed in a steel case

and measures 8”7 x 10” x 13%”. Price of
factory-wired unit is $189.50. A

Delco Radio
Auto Radio System Tester

For copy of manufacturer’s brochure,
cirele No. 30 on Reader Service Card.

HE Delco Radio auto radio system
tester is a new tool designed for use
by car dealers, mechanics, and techni-
cians. This new tester eliminates guess-
work in diagnosing auto-radio com-
plaints by narrowing down the defect to
a faulty antenna mast, antenna lead-in
cable, speaker, or to the radio itself.
The antenna test is a test of the leak-
age resistance between the antenna mast
and ground. This resistance measure-
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FIND THE
PRECISE
AUDIO
ACCESSORY
YOU NEED

FAST!

Jacks

Plugs

Adaptors

Couplers

Extension

Jacks

e Speaker
Controls

e “Mini-Mix"—

mixers, etc.

look for the

ENILTTRUR Ry

AUDIO ACCESSORY SELF-SERVICE CENTER

At last! All the confusion and ‘'wait” gone. Fail-Safe
quality. Packages factory sealed, precisely labeled
by name, type, mating part, price. Guaranteed.

Send for Complete Catalog:
SWITCHCRAFT, INCORPORATED

5577 No. Eiston Ave., Chicago, Ilfinois 60630
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CRYSTALS gz

7

A4

are notallthe

ICRYSTALS!
% BY NAME!

If your dealer is temporarily
out of stock or does not carry
Texas Crystals, send us his
name along with your order.
Minimum order, check or
C.0.D. is $5.00. Add 5¢ per
crystal for postage, 10¢ for
air mail.

T exas Crystals quality is outstand-
ing as evidenced by use in nu-
merous government space projects
where there’s no compromise with
quality, reliability or accuracy. The
same dependable performance is
yours for CB operation on all 23
channels at only $2.95 per crystal.

Send for Free Catalog with Circuits

TEXAS
CRYSTALS

A Division of Whitehall Electronics Corp.

1000 Crystal Drive 4117 W. Jefterson Blvd.
Fort Myers, Florida Los Angeles, California
Phone 813 WE 6-2109 Phone 213 731-2258
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ment will reveal the presence of rust, cor-
rosion, or water inside the antenna which
may be shorting a large portion of the
incoming radio signals to ground. The
meter scale indicates “Good” for those
antenmas having a leakage resistance of
greater than 500,000 ohms. For those
antennas having from 100,000 oluns to
500,000 ohms leakage resistance, the
meter indicates “Poor,” and for all an-
tennas measuring below 100,000 ohums,
the meter indicates “Replace.”

The cable test is a measure of the an-
tenna lead-in continuity. This is a meas-
ure of the r.f. continuity of the cable
rather than d.c. leakage. Anr.f. oscillator
sends a 3.5-mc. signal through the cable.
This is rectified and the d.c. meter in
the tester will then indicate “Good” or
“Open.” In this way, all antenna lead-in
cables may be tested, including those
used in some rear-antenna installations

in which a small series capacitor is used.

The speaker test is merely a substitu-
tion test, wherein a small, quality speaker
is substituted for the front speaker to
check for an open or for distortion.

If the above tests do not disclose any
trouble, it is assumed that the radio it-
self is at fault. Then the radio must be
removed and serviced on the bench in
the usual manner.

The cirenitry for performing  these
tests is shown here and includes a radio-
frequency oscillator, a half-wave recti-
fier, and a d.c. ohmmeter. The tester also
has external provisions for calibrating the
meter and checking the condition of the
tester batteries. The tester is available
from Keni-Moore Organization, Inc.,
28635 Mount Road, Warren, Michigan
48092 at a cost of $23. A
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Hewlett-Packard Model 414A

Automatic Volt-Ohmmeter

For copy of manufacturer’s brochure, cirele No. 162 on Reader Sercice Card.

NIQUE among analog meters (i.e.,
meters which present readings by
means of a pointer on a scale) is a new,
all-solid-state d.c. volt-ohmmeter from
Hewlett-Packard  which  “auntoranges.”
Responding silently and swiftly—rang-
ing takes less than 300 milliseconds—it
automatically displayvs range and polarity
with illuminated chavacters and gives the
reading on a mirror-backed, individually
calibrated taut-band meter.
There are twelve voltage ranges, from
5 millivolts to 1.5 kilovoelts full-scale. The
device will also measure resistance. auto-
matically selecting and displaying the
range and presenting the measured vahie
on linear scales with full-scale ranges
from 5 ohms to L5 megohms. More

aceurate than conventional 1% 1eters,
it will make measurements on the bench
or on the production line as rapidly as
the operator can prol)e from point to
point and read the nicter.

For voltage mecasurements, the un-
known voltage is applied to a chopper-
stabilized d.c. amplifier through an in-
put attenuator. The attenuator has two
states, either straight through (0 db) or
60-db attenuation. The amplifier, which
has a forward gain of more than 107
provides an output through the meter by
means of a diode bridge to the gain
attenuator. This attenuator is switchable
from O to 50 db in 10-db steps. The
combination of the input attenuator and
gain attenuator provides the full 110-db

LIGHTED DISPLAY

OHMS

POLARITY | FULL-SCALE SENSITIVITY

oc.
g INPUT o
INPUT ATTENUATOR VOLTS

| I vp-

CHOPPER-STABILIZED
DC.AMPLIFIER

GAIN
AT TENUATOR

RANGE SIGNAL
RANGE
SWITCHING
AMPLITUDE
COMPARATOR AND
INDICATION
LOGIC
DOWN -

RANGE SIGNAL
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attenuation which is necessary tor the
twelve ranges from 5 mv. to 1500 volts.

The second output of the amplifier
is fed to two transistors which sense the
polarity of the output voltage and cor-
respondingly light the plus or minus
sign on the display unit.

A third output of the amplifier goes
to the amplitude comparator, which con-
sists of three sections: a converter, an
isolator and comparator, and a multi-
vibrator and Schmitt trigger.

The converter circuit provides a re-l

sponse that is proportional to the mag-
nitude of the amplifier output voltage.
This unipolar voltage is then applied to
the isolator and comparator circuits,
which in turn sense the coincidence of
the voltmeter’s input voltage with the
up- and down-ranging points, When the
up-ranging point is exceeded, one com-
parator activates the Schmitt trigger,
which in turn switches the instrument
to its highest range (least sensitivity).
When the input voltage lies below the
the down-ranging point, the other com-
parator circuit allows the free-running
multivibrator to fire and subsequently
to step the voltimeter toward more sensi-
tive ranges until the meter reads upscale
sufficiently to stop the ranging, or until
the most sensitive range is reached. Both
the Schmitt trigger and the multivibrator
modify the state of a four-stage binary
counter, which with the appropriate de-
coding networks “defines” the twelve
ranges of the instrument.

Model 414A adds speed and con-
venience to operations where a large
number of analog readings of widely
different values are wanted. Price of the
instrument is $650.

1965

October,

AsTATIC JI{N~ JE
SUPER TALK POWE

for CB, Ham and
Model 531

A top performer at low
cost. Response character-
istic carefully calculated
to give maximum clarity
and intelligibility; mini-
mizes interference in ad-
jacent channels.

other communications
Model 539

A high quality true noise cancelling micro-
phone with lip guard positioning at low,
low list. Features 360° differential cancel-
lation of background noise for sharp, clear
speech. Lip bar maintains uniform close
spacing necessary for consistent modula-
tion and maximum cancellation.

Both microphones high output —50 db. Hi-Z ceramic element has wide temperature
tolerance and immune to humidity. Completely shielded for minimum hum pickup.
DPDT switch gives both signal and relay control, High impact case has rectangular
hangup bracket — will not rattle or scratch mounting surface.

ASTATIC

See your distributor
or write us for 1
complete information.

ASTATIC CORPORATION conneaur, oHio 44030 U.S. A.

In Canada; Canadian Astatic Ltd., Toronto, Ontario
Export Sales: Roburn Agencies, Inc.. 431 Greenwich Street, NewYork 13, MUY
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—> SUB CARRIER DETECTOR <«—

Adds programs of commercial-
free music thru your FM tuner
when plugged into multiplex
output of tuner or wired into
discriminator, Detector, self-
powered, permits reception of
fomous background music pro-
grems now transmitted as hid-
den programs on the FM broodcost band from coost
ta coast.

WIRED UNIT $75.00. KIT, with pretuned coils, no
alignment necessary $49.50. Crystal-controtied re-
ceivers available.

MUSIC ASSOCIATED
65 Glenwood Road
Upper Montclair, New Jersey
phone 744-3387 area code 201
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wo ELECTRONICS

V.T.I. training leads to success
as technicians, field engincers,
specialists in communications,
guided missiles, computers,
radar and automation, Basic &
advanced courses in theory &
laboratory. Electronic Engi-
neering Technology and LClec-
tronic Technology curricula
both available. Assoc, degree in
29 mos. B. S. also obtainable,
G.1. approved. Graduates in all
branches of electronics with
major companies. Start Sep-
tember, February. Dorms,
campus. High school graduate
or equivalent. Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Valparaiso, Indiana
e e e il T —— o = -]
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Cabinet and panel were made from 9" x 6” x 5” aluminum util-
ity box. For compact construction, author used three small
circuit boards. Conventional wiring techniques may be em-
ployed but most leads should be kept as short as possible.

UNIVERSAL
SB
ONVERTER

By J.P. NEIL

ERECT

Designed especially for amateur and commercial communications
receivers, circuit permits stahle single-sideband reception.

HERE are many commercial and wmateur communica-

tions receivers which are intended for ANM and caw.

reception only. With the increasing trend toward SSSC
(single-sideband suppressed carrier ), more commonly known
as SSB transmission, there is a need for a universal SSB con-
verter for those receivers which do not have the SSB detection
featurce.

Although one can, by careful manipulation, use the b.f.o.
in a standard receiver for i.f. carrier re-insertion, this is a
laborious, time-consuming, and often impossible procedure.
Primarily this is due to the instability of the receiver’s h.f.o.
The time required to extract a clear conversation from an
incoming SSB transmission frequently exceeds the duration
of the transmission. The net result is that, generally speaking,
this process leaves u great deal to be desired.

Many circuits have been devised in the form of “product
demodulators”™ which as a whole are no better than the b.f.o.
insertion method, simply because they necessitate application
of the drifting h.f.o. output. This article will describe a uni-
versal SSB converter which eliminates the problems normally
associated with run-of-the-mill product demodulators. It is
so designed that it can be adapted quite easily to almost any
standard communications receiver.

Converter Requirements

The prime criteria for an SSB converter are: 1. upper and
lower sideband selection; 2. a sharp receiver if. carrier
“notch” filter; 3. a highly stable, separate if. re-insertion
oscillator; 4. separate converter wa.g.c.; 5. no more than two
connections to the receiver (i.c., i.f. and a.f.); and 6. small
physical size and lTow cost.

These conditions are all met in the unit under discussion.

Circuit Deseription

Referring to the block diagram of Fig. 1 and the schematic
of Fig. 2, the i.f. output signal (6 volts max., 1 volt average)
is fed into the SSB converter via J1. Here the i.f. signal di-
vides between V1A, the input i.f. amplifier, and V1B, the
a.g.c. input cathode follower,

VIA is a broadband i.f. amplifier. It is followed by the
(switched) upper and lower sideband filters, T1 and T2.
These. in turn, drive the intermediate i.f. amplifier, V3. The
crystal-capacitor combination, Xtal. 1 and C21 from the V3
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grid to ground, constitute the recciver i.f. carrier notch filter
(trap). This filter, together with the converter’s b.f.o., pro-
vide the key to successful operation of the converter.

V3 has as its plate load, 73, a broadbanded i.f. trans-
former. The output of T3 connects to u balanced-ring type
detector (demodulator), followed by uudio preamplifier. V2B.

V4 is a crystal-controlled b.f.o. which supplies the i.f.
re-insertion carrier. Its output is fed into the detector tia the
junction of capacitors C25 and C26.

Theory of Operation

The i.f. amplifier, V1A, is choke-capuacitance coupled by
L1-C4 to selector switch S1A. U.S.B. and L.S.B. filters T'1
and T2, respectively, are high-"Q” (iron-core) i.f. transform-
ers. They are tuned to peak at approximately 4 ke. above and
below the i.f. carrier value, respectively. Switch section S1B
connects the output of 71 or 72 to the notch filter and grid
of V3. The crystal Xtal. 1 should be ordered with a frequency
high by about 25 to 50 c¢ps from the i.f. carrier point. A 4 to
30 pf. capacitor, C21, permits tuning the crystal frequency
downward.

The L.f. amplifier V3 is transformer-coupled to the demodu-
lator consisting of diodes D2,D3,D4, and D53. Transformer T3
is of the capacitively tuned variety. The inductance of its
secondary must be such that it may still be peaked even with
the shunting effect of capacitors C25 and C26 in series.

The onlv purpose of these two capacitors is to provide a
bakinced input connecting point for the carrier re-insertion

Fig. 1. Functional block diagram of the SSB converter unit.
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172 12807
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HTV.ALC “2}[ l Fig. 2. Complete schematic diagram and parts list for converter.
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R1.R6,R8.R15.R18.R22—100L000 ohm, V3 w. res,
R2,R7,R14.RL7.R24—1000 shm, 1, w, res.
R3.R5-—2200 ahm, 13 w. res.
R4.R12,R21—47.000 ohm, ', w. res.

RO-—150 ohm, L} w, res.

R10—12,000 ohm, '; w. res.

R11-—39,000 ohm, 2 w. res.

RI13—410 ohm, 17 w. res. {range 390-470, sce text)
R16—56 ohm, Y2 w. res.

R19-—68D0 ohm, T3 w. res.

R20—470,000 ohm, '3 w. res.

R23-—33.000 ohm, ' w. res.

Cl4, ClI7. C18, C22, C23, C24, C28, C29-—-0.01 uf.
disc capacitor

C2.C20-—470 pl. mica capacitor

C13.C21—+4 to 30 pf. adj. cecramic capacitor (Centra-
lab No. 822EN)

C15.C25.C26—100 pf. mica cap. (C25, C26-matched)

C16—360 pf. mica capacitor

C19--0.22 ui. capacitor

C27—0.005 pf. capacitor

C30,C31—16 16 ut., 250 v. elec. capacitor

C32,C33-—0.02 gi. dise capacitor

H-—-Female panel-mount coax jack

L2—270 uhy. choke (F.W. NMiller No. 9350-18,
molded)

CII1—4.5 hy., 50 ma. choke

DI1—IN482B, IN483B, or IN456A (Rayvtheon)

D2.D3.D4D5—1IN128 (G-E)

D6—1N1694 (G-E)

Ntal. 1. Ntal. 2-——Texas Crystals TX-—H (dash in-
dictates i.f. value from 455 to 500 kec.)

T1. T2, T4—455 ke. i.f. trans, (.L.W. Miller No. 012-
(22 or No. 12-CY. No. 612-Q1 for 500-ke. i.4.)
T3—4535 ke. i.4. trans, (J.W. Miller No. 412-C2.

No. 612-Q2 for 500-ke. i.f.

R25-—4300 ohm, ' w. res.
R26,R27—1200 ohm. ', w. matched pair
R28-—3500.000 ohm audio-taper pot

R29- 3300 ohm, V5 w. res. S1
R30-—220.000 ohm, 75 w. ros.
R31—20 ohm, 5 w. wirewound res.

Cl. C3, ¢4 C5. C6, C7. C8, C9. Clo. CI1, CI2, molded)

oscillator signal. This signal is actually balanced ont in the
demodulator, leaving only audio output at the grid of V25,
Resistors R23.R26, and R27 provide damping and broad-
banding of the detector inpnt voltages.

V2B, the triode half of a GUS, serves as a conventional
RC-coupled a.f. amplifier. Tts output, also connected to a
phone jack, J2, is switched by S1D. This audio output con-
nects to the receiver af. power-amplifier grid through a
shielded lead, utilizing a phono plug-jack combination. In
licn of using the receiver’s af. power stage, one could in-
corporate an awdio power stage and output transformer in
the converter itself. This, however, would also require an ex-
tra speaker.

The amplified output of V2A is trunsformer-coupled to
a.g.c. rectifier DI, This transformer, T4, has its secondary
shunted by R12 to broaden the tuning characteristics. Re-
sistors R11 and R13 form a voltage divider which provides a
reverse () bias of about 1.73 volts on diode D1. R13 should
be adjusted to give approximatelv this voltage, and should
be between 390 and 470 ohms, depending upon the actual
plate-supply voltage. This reverse voltage serves as a gate,
helow which the a.g.c output is ineffective.

The a.g.c. rectifier will develop a negative bias of up to
20 volts d.c. This converter a.g.c. bias operates into the grid
returns of VIA and V3. The receiver a.g.c. should be turned
off for SSB reception since in most sets it is too slow. SSB
requires a fast attack and slower release time-constant. The
attack time is governed by the a.g.c. amplifier components
and the if. amplifier grid networks. It is approximately 1
msec. The release time is a function of the diode load RC
values, consisting of R20-C19 and is about 100 msec.

Oc¢tober, 1965

32— Closed-circuit phone jack .
Fl—1y amp “Slo Blo™ 3AG fuse Fs
PI.1-—Neon panel lamp asscmbly
4 p. 3-pos. ceramic wafer switch VI—12AU7 tube
S2—S.p.s.t. toggle switch

L1—10 mhy. choke (J.W,

Power trans. 150 v. a.c. @ 70 ma.; 6.3 v.

g.c. @ 1.5 amp.

V2—61I8 1ube
V3—6BAG tube
V4-—6AUG6 tube

Miller No. 9350-42,

The beat frequency re-insertion oscillator is a conventional
crystal-controlled tvpe. This ervstal, Xiel. 2, and also Xtal. 1
are inexpensive stock items with a normal tolerance of = 25
eps. A small amonnt of crystal tuning for Xtal. 2 is obtained
with C13. L2-C16 in the plate circuit of the b.f.o. tube \{
create a low-pass filter with a cut-off value of around 500 k¥
The actual value of C16 can be adjusted if necessary if its
comercial tolerance is such that the knee of the low-pass
filter curve is below the i.f. carrier value.

The built-in power supply is also conventional. Tt utilizes
half-wave diode rectification and LC output filtering, with
an output voltage under load of about + 160 volts d.c. The
total plate load is less than 20 ma. However, a higher current-
rated transformer (T3) high-voltage secondary and choke
CII't are used to insure good regulation.

Mechanieal Considerations

Photos illustrate the outward physical lavont. Three small
circuit boards were made up and mounted in a vertical posi-
tion using angle brackets. Boavds 1 and 3 were phenolic sheet
with copper backing on one side onlv. Holes were drilled with
a =30 drill for all components. Connections were then marked
out on the copper side with a grease pencil. The copper be-
tween connections is removed using a small electric drill and
a fine routing bit. Blank boards and tinned wire connections
will work just as well. The latter method was followed on cir-
cuit board 2.

Except where leads are very short (less than 17), i.f. and
a.f. leads should be shielded. The following wires use 3/16”
o.d. plastic-covered shielded instrument coax: (a) V14, V2B,
and V3 input and output leads; (b)) all S1A, S1B, and SID

83

wWwWwW. americanradiohistorv.com


www.americanradiohistory.com

leads; (c) the lead from C17 (V4) to the junction of C25-
C26; and (d) the plate lead from V2A to the primary winding
of T4.

The panel and cabinet consists of a 9” x 6”7 x 5” hammer-
tone-finished aluminum utility box The aluminum chassis is
7”7 x 5” x 2”. Since the chassis protrudes at the rear about
%7, the rear box cover was cut off 2%” up from the bottom to
clear the chassis top. Ventilation holes were drilled near the
top edge of this rear cover plate. Both back and front bottom
(%” wide) cabinet lips were cut off to permit the chassis to
slide in and out of the cabinet. The front panel is attached
to the chassis by means of the various front-panel chassis com-
ponents and by means of a single self-tapping screw.

Converter and Receiver Alignment

The first step is the matter of the two electrical connec-
tions between receiver and converter, i.e., i.f. and a.f.

If there is no if output jack (or set of terminals) on the
rear of the receiver, this should be added. The receiver’s final
output i.f. secondary voltage should be measured with a
v.t.v.m. A shunt voltage divider of several hundred thousand
ohms should be added across the last if. transformer sec-
ondary and tapped up from the ground end such that the
maximum output at the tap will be no more than 6 or 7 volts
signal level. A capacitor of 0.01 pf. should be placed in series
with the tap and the output jack.

With respect to the audio output from the converter, un-
less a power output stage is added to the converter, a phono
jack should be added to the receiver. This jack, in turn, should
be wired, using shielded lead, to the grid of the receiver’s a.f.
output stage.

The next step is rough alignment of the converter. First,
the filters T'1 and T2 plus transformers 73 and T4 should be
peaked at the receiver’s rated if., utilizing an r.f. signal
generator with a range capable of covering between 450 and
550 ke. This process should be done with crystals Xtel. 1 and
Xtal. 2 removed from their sockets. The signal-generator out-
put should be applied to J1 of the converter, using the lowest
possible signal level. An a.c. v.t.v.m. (set for 1.5-2 volts full-
scale) or an oscilloscope should be connected across the in-
put to the detector (across C25-C26), making sure that the
meter leads are floating, i.c., ungrounded. Generator input
level should be increased until a meter reading of % to % volt
is obtained.

Crystal Xtal. 1 should now be installed. The generator

Fig. 3. 55B converter selectivity curves are shown here.
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should be very carefully tuned until the meter or CRO indi-
cates a sharp downward dip. The generator dial should now
be marked with a fine line at this point. This indicates gen-
erator resonance with the crystal Xtal. 1, at the “notch” point.

Leaving the generator set at the above mark, the receiver's
oscillator and i.f. stages should be adjusted to this frequency.
This may require complete re-alignment of the receiver if it
was much out of alignment at the start.

The converter’s U.S.B. and L.S.B. filters should now be
peaked in that order by the same amount (about 4 kc.)
above and below the marked i.f. point.

Again, using the signal generator set at the point calibrated
against crvstal Xtal. 1 (Xtal. 2 still removed), transformers
13 and T4 should be re-peaked to exact resonance with the
generator.

This completes the alignment procedure, Crystal Xtal, 2
can now be permanently installed and trimmer C13 adjusted
for the best over-all operation.

SSB Reception

Step 1. Connect the converter i.f. input to the receiver
i.f. output using a previously prepared coux connector cable;
plug the converter’s a.f. output plug into the receiver’s a.f.
input jack.

Step 2. Switch off the receiver a.v.c.

Step 3. Turn the receiver a.f. gain control to minimum.

Step 4. Be sure the receiver b.f.o. is turned off.

Step 5. Set the receiver r.f. sensitivity control about 90%
full on.

Step 6. Set the converter band selector initially to the
U.S.B. position, and the gain control at about % full on.

Step 7. Switch on both receiver and converter and allow
them to warm up for at least 10 minutes or more.

Note: At all times during SSB reception, the receiver’s r.f.
sensitivity (gain) control should be kept at its lowest pos-
sible setting consistent with sufficient a.f. volume level.

Now, tune across an SSB signal. When the lowest a.f. level
point is reached, note whether this (distorted) signal in-
creases in level towards a higher or lower frequency dial set-
ting. If it is louder on the high side, this is an upper side-
band signal. Conversely, if level increases toward the lower
frequency side, this is an L.S.B. signal. The converter band
selector switch S1 can be set accordingly, and the receiver
tuned (carefully) until a clear voice is heard. Desired level
can be set by using the receiver r.f. gain control in conjunc-
tion with the converter a.f. gain control.

An alternative and the quickest tuning method is to tune
the SSB signal until clear reception is heard, then to switch
between U.S.B. and L.S.B. for loudest reception. Normally it
will be unnecessary to touch the converter a.f. gain control
if it is left nearly full on. Best reception of SSB signals will
be found in conjunction with the receiver’s crystal or re-
generative selectivity controls and phasing capacitor under
conditions of QRM.

Fig. 3 shows the SSB selectivity curves of the i.f. filters
T1 and T2, plus that of the crystal notch filter. It can be
seen that the inner skirts of the U.S.B. and L.S.B. filter curves
overlap the if. center point. However, the very sharp skirts
ol the crystal filter cut into the inner filter slopes. This notch
filter therefore serves not only as a trap for the receiver’s
actual i.f. carrier, but to give separation between the U.S.B.
and L.S.B. filters as well.

Like fringe FM broadcasts or w.h.f. TV tuning, SSB voice
reception is somewhat sharper and more critical than conven-
tional AM tuning. Nevertheless, it is not at all difficult. A
little experience will make the process quite easy. All SSB
reception is accomplished by adjusting the receiver tuning
dial alone, due to the fixed crystal b.f.o. carrier re-insertion
signal within the converter itself. The vagaries of normal re-
ceiver b.f.o. carrier injection and the associated instability
are thus eliminated by the unit described. A
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CURRENT-LIMITING
POWER SUPPLY

By HUGH L. MOORE

Electronics Education,
Los Angeles City School Districts

Details on a circuit design that is safe for use
in schools or small laboratories while performing
transistor circuit experiments or breadboarding.

HEN transistors are operated near

their limits, there is the constant
danger of overheating or thermal run-
away. This can happen so fast that the
technician has no opportunity to discon-
neet the circuit. Fuses are of little help
because the same action that melts the
fuse also melts the semiconductor and
changes its structure so that it no longer
fimctions as orviginally intended. This
problem can be overcome by using a cur-
rent-limiting power supply, such as the
one to be described.

The power supphy iitially generates
around 130 volts of d.c. This voltage is
first filtered and then dropped through
resistors of sufficient value to allow the
supply to act as a constant-current
source. A zener diode then terminates
this voltage and will consume energy at
a constant voltage reference. The current
necded for operation of laboratory exper-
iments is-then robbed from the zener at
this fixed voltage. When the external cir-
cuit current equals the current limita-
tions of the power supply, then the volt-
age [alls below the zener voltage and the
supply acts as a constant-current source
under these conditions.

Since the transformer used in this de-
vice puts out approximately 117 volts
raes., this winding may be used as an
isolation transformer at 35 watts.

The unregulated 150 volts d.c. may be
taken off for vacuum-tube experiments.
If regulation is needed, a voltage regu-
lator tube may be used at somewhat
lower voltage than 130, It is recom-
mended that only one of these features
be used at one time. A 6.3-volt filament
transformer may be added to make the
supply more suitable for use with tubes.

Due to the extreme simplicity of this
unit, construction problems should be at
a minimum. Care must be taken to pro-
vide proper heat sinks for the zener di-
odes. Two-inch square or larger piece of
aluminum is drilled and bolted directly
to cach of the zeners, provided that the
aluminum is mounted on insulated stand-
offs.

If all new parts are purchased, this
unit can be built for under $25.00. This
cost can be reduced by purchasing sur-
plus transformers, diodes, resistors, etc.
There are quite a few transformers on
the surplus market that will meet or ex-
cecd the requirements specified. A

Complete circuit diagram and parts listing for the power supply described.
Current limiting is built in so as to protect transistors and circuitry.

O+150V.0.C.
s3 03
O'—O/ T AAAAAAA
O +LOW D.C.
Ci|+
H7V.ALC. =
sO
o—
-—O-
R1—400 ohm, 50 w. wirewound res. S3—S.p.s.t. toggle sw.
R2—1000 ohm, 25 w. wirewound res. SO1—117 v. female socket
R3—2000 ohm, 10 w. wirewound res. D1—I1IN1593 zener diode, 10 v. @ 3.5
R4—2500 ohm, 5 w. res. w.
R5—10.000 ohm, 2 w. res. D2—1N1358 zener diode, 20 v. @ 10
C1,C2—100 gf., 150 v. elec. capacitor w.
C3—1000 uf.. 50 v. elec. capacitor D3—I1IN539 diode, 750 ma., 300 p.i.v.
S1—S.p. 5-pos. rotary sw. T1—Trans. 117 v. pri., 117 v, sec. @
$2—D.p. 3-pos. rotary sw. 35 va. (Triad N-51X)
October, 1965
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do-it-yourselfer’s

newest
catalog

Here’s your new catalog of quality elec-
tronic kits and assembled equipment
... your shopping guide for TV set kits,
transistor radios, voltmeters, scopes,
tube testers, ham gear, PA systems,
and a host of other carefully engineered
products. Every item in the Conar cata-
log is backed by a no-loopholes, money-
back guarantee. It's not the biggest
catalog, but once you shop its pages
you'll agree it's among the best. For
years of pleasurable performance, for
fun and pride in assembly, mail the
coupon. Discover why Conar, a division
of National Radie Institute, is just
about the fastest growing name in
the kit and
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business.
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l 3939 Wisconsin Avenue, Washington, D.C. 20016
Please send me your new catalog.

l Nama l

l Address. l
I City. I
Z-Code .

CIRCLE NO. 121 ON READER SERVICE CARD
85



www.americanradiohistory.com

1 it
& § mresas v

H

ARE YOU CASHING-IN %!
ON THE PROFITABLE '
2-WAY RADIO SERVICE BUSINESS ?

% Motorola will train you for this rewarding, elite profession

% Send for our FREE EVALUATION EXAM. Prove to yourself that
you are ready to learn FM 2-way radio servicing.

Opportunities in 2-way radio servicing are virtually unlimited,
B Just one of the hundreds of successful Motorola Service
Stations writes, ““we would be pleased to interview any graduate
of your school that has received some training in 2-way radio
maintenance. We are an established firm, 10 years old, with
a promise of expansion governed by our ability to obtain com.
petent technicians.” B Get all the facts today. There is no
obligation and no salesman will call.

J[Y\ MOTOROLA TRAINING INSTITUTE |

4545 West Augusta Blvd. » Chicago 51, Hllinois e Depl. AEF541

{

: [] Send me FREE entrance exam.

I [ Send full details on Home Study Course on FM 2-way Radio
i Servicing

1 D Send me details on how you can help me prepare for an FCC
l License.

: Name. Occupation

I Address.

1

= City Zone State.
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number one source for

YalB-FaEE
CORE_SOLDER

CEN-TRI-CORE’S

LFEgU=

CONSTRUCTION
ASSURES GREATER CONSISTENCY
REDUCES SOLDERING TIME BY 15

Center wire is rosin coated prior to
extrusion of outer sleeve

CEN-TRI-CORE® Rrepuces cosTs AND
INCREASES RELIABILITY . . .
e Consistently reproducible results.
e No rejects due to lack of flux.
e Available in 8 precisely controlled flux percentages —
each held to a tolerance of = .2% by weight.
e Every inch of solder is usable — up to 33%% more joints
per pound of solder used.
e Special core construction provides for instant release of
fast-acting, quality controlled fluxes.
e Exceeds Fed. Spec. QQ-S-571d — supplied with fully
activated, mildly activated and pure water white rosin
cores.

Write or call for Bulletin A-103A, a generous free sample of Cen-Tri-
Core, and information on Leak-pruf® acid-filled and organic flux-
J-8400

filled core solders.

g v,

56 WATER ST, JERSEY CITY, N. L 07304 201-434-5778
.. Los Angeles, Calif. « hiphaloy Corp, [DW:), Chicagy, IH:
" Alpha I'l'!etal§, lll_l:.,l:t_l.ﬁﬁ.:l Ltd., !.nn;iul!

"SEE US AT THE NEC « BOO
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""SOURCEBOOK ON THE SPACE SCIENCES”’ by Samuel Glass-
tone. Published by D. Van Nostrand Company, Inc., Prince-
ton N.J. 908 pages. Price $7.95,

This is another of the NASA-sponsored texts published by
Van Nostrand and, like the volume “Space Probes and
Planctary Exploration” reviewed in the September issue, is
of interest to a large segment of the technical community.
By definition, the author categorizes “spuce sciences” as those
areas of science which can be expanded by means of space
vehicles of various types. These include the fields of astron-
omy, biology, geodesy, physics and chemistry of the carth
and its environment, and of the celestial bodies.

The text is divided into 13 chapters. Of particular interest
to our readers will be chapters 4 and 5 on guidance, tracking,
and information systems and applications in meteorology,
communications, and navigation,

The treatment is lucid and scholarly and since mathematics
has been kept to a minimum, readers with only an elementary
knowledge of the basic sciences will have no difficulty in

understanding the material.
£ E-d *

""EVEREADY BATTERY APPLICATIONS AND ENGINEERING
DATA" compiled and published by Union Carbide Corpora-
tion. 720 pages. Price $4.95. Soft cover.

This is a revised and expanded edition of a useful battery
refercnce handbook which contains descriptions, specification
listings, terminal sketches, and service life tables on all avail-
able battery systems, with all types arranged in ascending
order of service capacity within the voltage category.

Separate sections are devoted to carbon-zinc batteries, pri-
mary and rechargeable alkaline-manganese batterics, re-
chargeable nickel-cadmium types, and mercury and silver
batteries. A cross-reference of comparative and interchange-
able battery numbers is included in the appendix—an espe-
cially useful section for all those who design and/or service
battery-operated equipment. There is also a valuable section
on chargers and the recharging of batteries.

Copies of the handbook are available from the Battery
Engineering Department of the company at 270 Park Avenue,
New York, New York 10017.

% & %*
""ELECTRONIC INSTRUMENTS AND MEASUREMENTS"’ by Paul
B. Zbar. Published by McGraw-Iill Book Company, New
York, New York. 106 pages. Price $3.95. Soft cover.

This volume is subtitled “Laboratory Manual for Elec-
tronics Technician” and is another of the series of manuals
sponsored jointly by the Electronic Industries Association
and the Voorhees Technical Institute.

The manual is divided into 15 “experiments,” each in-
volving a specific piece of test equipment. Each experiment
includes a statement of the objectives; lists the materials,
test equipment, and components required to perform the
experiment; the basic principles and theory back of each ex-
periment; a detailed step-by-step procedure; and a series of
questions to check the student’s grasp of the work.

Both laboratory and service-type test equipment arc
covered and include v.o.m.’s, v.t.v.m.’s, capacitance and re-
sistance bridges, impedance bridge, scopes, sine- and square-
wave generators, r.f. sine-wave generators, sweep-frequency
generators, linearity and color-bar generators; tube, transistor

ELECTRONICS WORLD
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and solid-state diode testers; plus other test instruments.

Even the experienced technician could find much of value

in this manual.

* & &
“EUNDAMENTALS OF ELECTRONICS’* by Matthew Mandl. Pub-
lished by Prentice-Hall, Inc., Englewood Clifts, New Jersey.
664 pages. Price $14.60. Second Edition.

This is a revised and updated edition of a popular textbook
written for those planning a career in any of the various
branches of electronics, including industrial control, auto-
mation, radar, microwave electronics, computer systems,
communications, or allied fields.

The material is presented in three major sections covering
areview of electric fundamentals, the principles of electronics,
and applications and components. Each chapter carries a
list of review questions and a representative selection of
practical problems on the material discussed, Answers to the
problems are given in the appendix.

& & &
“NTRODUCTION TO ELECTRON TUBES AND SEMICON-
DUCTORS” by C. Alvarcz & D.E. Fleckles. Publishied by
McGraw-Hill Book Company, New York, N.Y. 285 pages.
Price $6.95.

This volume is still another in this publisher’s “Technical
Education Series” and, like the earlier books in the series,
designed as a classroom text. Written for the technical insti-
tute or the pre-engineering student, the only prerequisites are
high school mathematics and a background in a.c.-d.c. theory.

There are 14 chapters dealing with the various tvpes of
tubes (including CRT’s, special-purpose, and gas-filled) and
transistors and other semiconductors. There is a chapter
devoted to the use of tube and transistor manuals, for which
the authors deserve a medal, a periodic chart of the elements,
and characteristic curves for selected tubes and transistors.

& o o
“THE RADIO AMATEUR'S V.H.F. MANUAL” by Edward P.
Tilton, W1IHDQ. Published by The American Radio Relay
League, Inc., Newington, Conn. 314 pages, plus catalogue
section. Price $2.00. Soft cover.

This is another of the ARRL’s excellent specialized hand-
books—this one covering ham communications on the fre-
quencies above 50 mc. Like the “ARRL Handbook,” this
volume combines theory and practice. Written at the be-
ginner’s level, there is still much material that may surprise
the experienced v.h.f. operator.

Thirteen chapters cover the history of v.h.f, amateur radio;
allocations and their extent; reception above 50 mec.; v.h.f.
receivers, converters, and preamplifiers; v.h.f. transmitter de-
sign; transmitters and exciters; the complete station; antennas
and feed systems; building and using antennas; u.h.f. and
microwaves; test equipment; interference causes and cures;
then finally a chapter entitled “Bits and Pieces” which con-
tains all sorts of handy hints for the v.h.f./u.h.f. experimenter.

Since the book is so fully packed with essential informa-
tion—some of it unavailable elsewhere—it would be consid-
ered as a “must” book for all those operating above 50 mc.

o & *
"“FUNDAMENTALS OF DIGITAL COMPUTERS” by S.M. Wein-
stein & A. Keim. Published by Holt, Rinehart and Winston,
Inc., New York. 153 pages. Price $4.95.

This is sort of a “do-it-yourself” course in digital computers
with the presentation geared for those with no more than a
nodding acquaintance with algebra.

There are seven main sections to the presentation covering

the history and philosophy of computers, number systems, |

basic computer operation, programming, computer logic,
arithinetic and control units, and computer usage.

The text is lavishly illustrated with photographs, line draw-
ings, block diagrams, tables, and charts. For students whose
appetite is whetted for further forays into the computer field,
the authors have appended a “suggested reading” list. A
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REMOTE CONTROL
SYSTEM

By DONALD H. ROGERS / Mgr., Distributor Products Engr., Jerrold Electronics Corp.

An interlocking relay arrangement permits switching ten
circuits over a twisted pair up to ten miles in length.

HE equipment to be described in this article was de-

signed to provide multiple switching facilities over a

single pair of lines connecting the remote antenna
site of a CATV svstem to the town-based office. The system is
simple, maintenance-free, and will operate throngh ten miles
of surplus field telephone wire or through the coaxial cable
il bypass filters are provided at any repeater amplifiers.

The principle involved is that relayvs requiring a.c., positive
d. ¢., and negative d.c. may be operated independently over
the same line by proper selection of the applied voltage at the
control point. Simultaneous operation by a.c. and either posi-
tive or negative d. ¢. is possible if the two voltages are super-
imposed and applied simultancously at the control point.

The recciver, shown in Fig. 1, accepts voltages from the
line and sender to directly operate relavs RL6, RL7, and
RLS. The contacts of these three relays are interconmected so
that ratchet relav RL 1 operates when the transmitter “Minus”
push-button is depressed, RL2 when the “Plus” push-button

Fig. 1.

is depressed, RL3 when the “A. C.” push-button is depressed,
RL4 when the “Minns A.C.7 push-button is depressed, and
RL5 when the “Plus A.C.” push-button is depressed.
Relavs RLI through RL5 are ratchet relays used becanse
thev draw power only during the moment of switching and
cannot produce false transter dne to power-line failure. D.c.
relays are used with their coils bypassed to introduce a time
delay that prevents false operation by switching transients or
line surges. A series resistor (R3) is used to reduce sparking
and arcing and to increase the life of the line relay contacts.
The transmitter is shown in Fig. 2. Push-button switches 52
through SG6 arc used to place the desired voltages on the trans-
mission line. Because the receiver uses latching relays, the
transmitter need not be left on if only occasionally nsed.
Bleeder resistors drain the filter capacitors to prevent acci-
dental operation when the transmitter is supposedly oft.
Since the receiver requires 4.5 ma. into 10,000 ohms, and
the transmitter delivers approximately 100 volts, the com-

Schematic and parts list for the receiving unit. The three upper relays control the operation of the five lower

relays. These five relays, in turn, can be used to control the power being applied to operate ten external circuits.

RI—I8 ohm, Y5 w. res.

R2—7500 obhm, 10 w. res.

R3—400 ohm, 5 w. res.

Cl, C2, C3—80/80/60 uf., 250 v. elec. capacitor
(Aerovox AFH-3-21 or equiv.)

K1

RLI-RL5—Ratchet

C7—.05 pf., 600 v. capacitor

1 amp *“‘Slo-Blo" {fuse (3AG)
S1—S.p.s.t. toggle switch
impulse relay.
ohm coil res. (Potter & Brumfield AP-11D-110

coil res. tPotter & Brumfield 1.M-11-10K or
equiy.)

PLLI—No. 47 pilot bulb

DI-D7—Rect. diode, 600 p.i.v., 750 ma. (IN2071

or equiv.)

110 v.. 1350

C4, C5, C6o—40/40/40 uf., 150 v. elec. capacitor V. or equiv.) Tl—Power trans. 160 v. @ 75 ma., 6.3 v. 1.2
(Aerovox AFH-3-10 or equiv.) RIL6. RL7. RL8—Plate circuit relay, 10,000 obm amps.
- . 1
!
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plete control system will operate satis-
factorily through transmission paths as
high as 10,000 ohms resistance. Since
line current flows only during actual
signaling, the danger of false operation
due to line intermittents is very slight.

Shock hazard does exist but only dur-
ing actual signaling, and then the cur-
rent is limited by the relatively high
source impedance. It can be minimized
at the time of installation by building the |
line out to the maximum permissible
value (10,000 ohms) by inserting resist-
ors at the sending end. In many cases, it
will be possible to add enough series re-
sistance to reduce the shock hazard to |
that comparable with telephone-ringing |
current or coin-return pulses. Al
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New, Shielded Twin-Lead

(Continued from page 29)

jacket of weatherproof polyethylene.
(See Fig. 1.) No longer must a TV
technician concern himself with the
time-consuming installation of stand-
offs or the careful twisting and routing
of lead-in to minimize reflections. This
shielded lead-in is designed to be taped
directly to the mast or tower, to be
routed through metal conduit, or to be
buried underground. It can even be in-
stalled in rain-filled gutters, if need be.

Unlike coaxial cable, this shielded
twin-lead does not require a copper wire
braided shield for current-carrying pur-
poses. A full-coverage aluminum shield
may be used to enclose this twin con-
ductor lead-in, because the shield of a
balanced, two-conductor cable is not in
the circuit which is carrying signal cur-
rent. The excellent shielding character-
istics of this new lead-in are illustrated
in Fig. 2. While exposed to automobile
ignition noise, the three lead-in types
were alternately connected to a TV set
where the effects were photographed.

The very severe noise evidenced on
the unshielded twin-lead is reduced to
a minimmm by switching to coaxial ca-
ble and is climinated altogether when
shielded twin-lead is substituted in the
TV receiving system. Although the pho-
tographs indicate that coax can be used
to decrease down-lead pickup of man-
made electrical noise, it is significant
that the shielded twin-lead delivers a
bonus feature—a stronger signal.

A review of the attenuation charac-
teristies of popular TV transmission line
emphasizes the transmission efficiency
of the shielded twin-lead. Note in Figs.
3 and 4 that all unshielded lead-in types
reqquire fiwo curves of attenuation versus
frequency. The first represents labora-
tory data, or performance when a lead-in
is new and clean, while the second rep-
resents tvpical operation in a residential
installation after encountering surface
deposits, signal disturbances due to
metal objects, and perhaps a coating of
moisture. It is apparent that the actual
performance of unshiclded TV lead-in
varies widelv from the laboratory data
supplied by the manufacturer. However,
the performance curve for the shielded
twin-lead is exactly the same when in-
stalled as it was in the laboratory. The
total shield completely isolates the TV
signal from outside disturbances.

The scarch for the best lead-in type
for color-TV recently caused a brief re-
vival of interest in the familiar coaxial
lead-in, RG-59/U. This was, more ac-
curately, a search for a shielded TV
transmission line. Although the photo-
graphs of Fig. 2 indicate that coax has
shielding characteristics which approach
the effectiveness of the shielded twin-
lead, this advantage is offset by losses

Wwww.americanradiohistorv.com

which may be intolerable in some v.h.f.
and in many w..f. TV receiving systems.
The signal losses in a coaxial lead-in
(Fig. 3) are increased by additional
losses of the two matching transformers
required to convert the unbalanced 75-
ohm cable to a balanced 300-ohm im-
pedance. Laboratory tests indicate that
a pair of these components typically
adds 2 db attenuation loss over the band
of frequencies for which thev are de-
signed to operate. Also, the vast majov-
itv of matching transformers are de-
signed for v.h.f. only, seriously limiting
their use in today’s over-all TV market.
Shielded twin-lead delivers the same
general range of signal levels on u.h.f.
channels as a coaxial system delivers on
v.hf. channels. This shielded twin-lead
delivers approximately 40% to 50% of the
antenna signal through 100 fect of trans-
mission line at u.h.f., while coax can
deliver only about 15 to 25% of u.h.f.
signal with the best matching transform-
ers. Of course, matching transformers
designed for v.h.f. only would make
wh.f. reception practically impossible
because of their high losses at u.h.f.
When we review the shortcomings of
the conventional flat-ribbon twin-leads,
and note performance variation with
weather and, also, a tendency to pick
up man-made electrical noise ranging
from ignition noise to out-of-phase TV
signals, we realize these are not the
transmission lines for the growing new
color and u.h.f. TV market. By the same
token, coaxial cable may not be the an-
swer, due to attenuation losses and the
necessity of introducing matching trans-
formers into the TV receiving svstem.

Instalkation Noles

Shielded twin-lead differs from con-
ventional encapsulated lead-in only in
that it incorporates a shield, a ground
wire, and a jacket. The installation in-
structions are few and simple. It is not
necessary to use special fittings of any
type. At the antenna end, clip off the
jacket, shield, and ground wire and con-
nect the two conductors to the antenna
terminals. A similar procedure is fol-
lowed at the TV set terminals although
here the ground wire may be connected
to a convenient point on the TV chas-
sis. In most cases, connecting the
ground wire to the TV chassis is not
essential. However, additional shielding
mayv be accomplished in some installa-
tions by making this connection, since
the signals intercepted by the shield
will be routed to an r.f. ground. A

(On the matter of cost, the new
sliiclded twin-lead line is expected to
be priced above that of encapsulated
twwin-lead or coaxial line, When the cost
of one or tico maiching transformers re-
quired for coax is added, then the total
cost for a typical shielded twin-lead in-
stallation may be somewhat less.—Editor)

ELECTRONICS WORLD
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NEW PRODUCTS
& LITERATURE

Additional information on the items
covered in this section is available
from the manufacturers. Each item
is identified bv a code number. To
obtain further details, fill in cou-
pon on the Reader Service Card.

COMPONENTS e TOOLS e TEST EQUIPMENT e HI-FI @ AUDIO @ CB ® HAM ® COMMUNICATIONS

‘““N”’-CHANNEL FET'S

A new ‘‘n”-channe! FET providing low-noise
capabilitv extending from 10 cveles o more

than 500 mc. has been developed and is now in
volume production. 'I'he new FET is available
in a four-lcad TO-18 package, designated
2N38823, and a dual matched-paiv in a TO-5 type
configuration, as the TIS25-

Advantages include low noise, superior cross
modulation, low leakage, and high breakdown
voltage. The 300-me. capability ol the new unit
opens many high-frequency communications ap-
plications  formerly  restricted to  conventional
bipolar transistors. The device features sym-
metrical geometry which means that the drain
and source leads are interchangeable. This pev-
mits use in high-speed multiplex and sample-
hold circuits and allows both mechanical and
clectrical replacement of older devices with non-
standard lead configurations. Texas Instruments

Circle No. 126 on Reader Service Card

MAGNETIC REED RELAYS
A new series of variable and fixed time-delay
refavs is now available in a vavietv of configura-
tions and operating features. Contacts on the
new relavs are of rhodium, rated at V2 amp; con-
tact arrangements up (o 3 pnlcs n.o., 2 polcs n.c.,

ot a combination of 1 polc n.o. and 1 pole n.c.
Fixed or variable delavs from 1 to 60 sceonds on
cither opening or closing are available. Coil volt-
age is from 2 to 50 volts. Other voliage and time
delays are available on special order. Stearns-
Lyman

Circle No. 127 on Reader Service Card

MATCHING-TRANSFORMER KITS

Two matching-transformer  kits, MT51 and
MT55, are designed to provide improved per-
formance, especiallv in color-TV installations.
Each “Color-Match” kit includes an antenna
transtorier, an indoor transformer for the sct,
and all necessary hardware. The MT151 kit uses
the outdoor-indoor MT5H2 antenna transformer,
no-strip terminals for casy connection to any
300-ohm antenna. and an integral “U” bolt for
mounting to any antenna mast. 72.ohm output fit-
tings include a coax connector and matching
plug. The M154 indoor transformer has a 72-
ohm coaxial input connector and matching plug
for the cable.

The MT35 has an MT53 outdoor antenna
transformer, and M54 indoor transformer.
There are two pair of built-on aliminum bus.
bars for divect, low-loss connection to the an-
tenna take-off tevminals, J¥D

Circle No. 1 on Reader Service Card

POTENTIOMETRIC RECORDER
A portable chart recorder in single- and dual-
channel versions is available as the 850 Scries.
Both versions have multiple input range of 1
mv. to 100 v.in 10 ranges; 1, 5, 10, 50, 100 mnv.
potentiometric; and 1, 5, 10, 50, 100 volts, 1
megohm. Accurncy is .3% on all ranges.

October, 1965

Features include “flip-top™ chart loading, 82~
wide charts, disposable ink cartridges, and solid-
state circuitry, The recorders are 107 wide x 127
deep and produce a full 712”7 record. A com-
plete spec sheet is available on request. CP In-
struments

Circle No. 128 on Reader Service Card

SUBMINIATURE TIME-DELAY RELAY

A low-cost static time delay, Model RST-2,
measures onlv 11244” x 19" x 174,” and weighs
approximately 1 ounce. It is capable of delaying
d.c. voltages powering loads to 3 amps. such
as converters, displav tubes. machine-tool con-
trols, photographic and other processing cquip-
meunl.

Life expectancy is 2 million cveles at full load.
Delay time is continuously adjustable from 1
to 120 seconds bv the addition ol an external
Ve-watt resistor. It is hermetically scaled and de-
signed for high reliability. utilizing silicon semi-
conductors to operate over lemperatures rang-
ing from —20° to 471 C. Arnold Magnetics

Circle No. 129 on Reader Service Card

PILOT LAMPS

The West-German-made “Liliput’ pilot lamps
are now available ar OFN prices in the UL S,
Developed for wse in computers and other clec-
tronic and telecommunications devices, the T3.5,
T6.8, and B7 tvpes with voltages from 6 to 60
volts and curvents from 20 to 200 ma. are avail
able from stock. International Electro Exchange

Circle No. 130 on Reader Service Card

LOW-COST SCR’S

The development of a unique SCR which
will be priced as low as 35 cents in high-volume
production has been announced. T his all-planar
SCR is plastic encapsulated, is in a rectangular
flat pack designed for high packaging density
on printed-circuit boards, and is of sufficiently
high sensitivity to permit direct use. eliminating

Wwww.americanradiohistorv.com

intermediate amplifving stages. with very low-
signal. low-cost sensors,

The C106 has applications in motor speed con-
tol, lighting, teniperatnre control, pressure ap-
plications, as a timer, in liquid-level measuring
devices, remote switching, as a dryness sensor,
and as a proximity swiich. General Electric

Circle No. 131 on Reader Service Card

FUSES FOR ZERO-DEFECTS PROGRAMS

High-reliability versions of Picofuses and Mi-
cro-fuses huve been introduced to meet 1he re-
quirements of military and indnstrial zero-defecis
programs, ‘I he new fuses are hermetically sealed
and have gold-plated terminals for soldered or
plug-in applications. Resistance values are closelv
controlled and timefcurrent characteristics are
certified to 1% AQL per MTL-Std-103, luspection
level 11 Tdentifications, test data, and traceability
records are maintained and supplied (o (he user.
Littelfuse

Circle No. 132 on Reader Service Card

TRANSISTORIZED FREQUENCY COUNTER

Nominallv 10 to 100,000 cps, the TLF-1 tran-
sistorized frequency counter provides sensitivity
of better than 0.5 v. rans. with an input im-
pedance in excess of 150,000 ohms. No sensitivity
adjustment is required in the input range of
0.5 to 250 v. rmss. A doubleshielded case and
floating input provide d.c. isolation in excess
of -+500 v,

‘The unit features simplicity of operation for
convenient use by both technical and nen-techni-

cal personnel. Standaid line or an optional in-
ternal clock is provided for measuring accuracy
in excess of 0.017-. A resolution of 0.1 cvcle is
provided over the full 7 to 120.000-cvcle measur-
ing range. A register overload indicator provides
unmmbiguous G-digit resolution over 10 ke

I he unit mecasines 107 x 67 x 6” and weighs
less than 7 pounds. Power consumption is less
than 3 watts. W. H. Clark

Circle No. 133 on Reader Service Card

WIRING HARNESS ACCESSORY

Strap tving time on wiring harness can be re-
duced by means ol a new accessory called "Pan-
Ring.” a simple plastic device that ties “Sta-
Straps” quickly and with little effort. "1 he new ac-
cessory can be used on both point-to-point and
harness board tving. Thev are available to tie
bundles up to 114”7 in diamcter and are oflered
for both miniature and standard CSta-Straps.”’
Panduit Corp.

Circle No. 134 on Reader Service Card
CAPACITIVE IGNITION SYSTEM
A new capacitive ignition system for Wl gaso-

line, propanc, or natural-gas-fueled engines is

95
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now cnailable as the *Mark 10 T hunderbob”
‘I he unit features an SCR system which stores
voltage in a capacitor until needed rather than
being built up by an induction coil. Applied bat-
tery voltage is converted from 12 volts to 400
volts by comverter circuitry., “The power supply
will deliver full energy to the capacitor at cn-
gine speeds over 8000 rpm. The nnit is being
oltered in both kit and lactoryassembled ver-
sions, Delta Products
Circle No. 2 on Reader Service Card

BATTERY CHARGER SOURCE

A wide range of difterent types and ratings of
battery chargers {or amakers of portable appli-
ances asing NiCd aund other rechargeable bat-
teries is available without price, petlormance, or
detivery premioms.,

Iypical ol the nnits wvailable is the BC series
igned o lamdle ap o 130 oa, and ap e live
batteries in series. In addition to o wide
range  of cledtical  perlonmatee specibations
availuble 1o the designer, the new line is avail-
able in a viniety of open hiame wnd potied phy-
sical conbigmations and with UL cords and plugs.
A astom tine is also available o onstomer’s
specifications, Jorome Flearic

Circle No. 3 on Reader Service Card

SOLID-STATE PULSE TIMER
The Series 2232 solid-state pulse rimer can
be programmed locally or remotely byoaesistances
for time sequences or by limit switches {or me-
chanical controb. Internal solid-state logic pro-
vides a fined, minimmn 100 sec. l)lll\('. 1 he

pulse rate (hiom 0.2 to 60 seconds) is controtled
by cither the tiney's contained potentimeter or
by sing provided remote-conniol facilities. "1 he
pulse created is used 1o energize the coil ol the
timer's aelay Tor 100 msec. minimum. 1 his elec-
nical cvent causes closure of the timer relav's
10 amp dopad.t conticts for 100 msee., providing
ample time 1o operate solenoids or to clectrically
lock control circuits, Flectio-Scal
Circle No. 135 on Reader Service Card

REGULATED POWER SUPPLY

Designed for use in the engineering lab and
production test equipnent, the Madel 370 1egu-
lated power supply {eatures continnonsh variable
output voltage of 032 volts d.c. @ 300 ma.,
line regulation of 10wy, manimum for line
changes of 108-132 volts a.c.. load rvegulation
of 10 mv. maxinmum {or 300 ma. lead change,
30 psec. response time to input and load changes,
ripple and noise 300 gy, tvpicat and 3 . maxi-
mum, and automatic carvent dimit and short-
cirenit protection set at

S0 .
The supply is housed inoa 47 v 137 N
atminum case and weighs 3 pounds, Semicon-

oNaE
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ductor Circuits
Circle No. 4 on Reader Service Card

PRECISION WIREWOUND RESISTORS

Precision power wirewound resistors, which are
20 10 30 times smaller than equivalent meral lilm
units, are available as the ASV2 and AS-1, De-
signed especially for miniatnrizing transistor cit-
cuitry due  to their smath size. high  power
density, e precise tolerances, the units are
rated  as and | owatt aespectively at 125°C,

- =
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power ratings double ac 25 G “Fhese types e
avaitable with resistances of 0.1 ohimm through
7500 olims; initial tolerance =007 1o +03%
(£ 0050 aviilable on special order). Internas
tional Resistance

Circle No. 136 on Reader Service Card

SINGLE-WHEEL COUNTER
A binary decade counter, developed tor use
in solid-tite systems where digital readont s
required, has recently been introduced. The new
unit measures 0.4 inch wide, 1.2 inches high, and
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inches deep and weighs onlv 1.3 ounces per
decade, Single decade modnles niny be cnstom-
mounted inomodular packages o achicve de-
sited capacities and combinations.

Fach wheel is independentdy diiven by its own
scli-contained solenoid, and a binary-coded
switch indicates the position ol the conrespond-
ing wheel lor monitoring by the actuating com-
puter. W pulse on the solenoid  adds one
connt, with a maximum speed of 25 counts per
second. Power consumption is 3 watts maximuom
at 28 volts de Veeder-Root

Circle No. 137 on Recader Service Card

HIGH-VOLTAGE RECTIFIERS
A new series of ditlused silicon high-voltage
and  high-voltage/high-trequeney aectifions, de-
signed for commercial and industrial applic-
tions. i now maitable at competitive
with seleninm rectifiers.
Termed the Sevies 7715 and 7715X0 the new
series is available with poa. atings frone 3 Ry
to 50 kv, and average does dorwand current from
73 mi to 15 man The 7710X servies has areverse
recovery tine ot 300 panosec. max. at ;=2 ma.
and Ip=2 ma. Ambient operating and storage
emperatine is —5% o +125 . Vo

Circle No. 138 on Reader Service Card

Prices

INTERCHANGEABLE LABELER DIALS
Three sepavate snap-in dial packs, (o make
cmbossed-letter labels in diflerent sizes, cin now
be used with the new Rotex Compact Labeler,
Dials me available for use with "7, 327, and
147 tapes. Avery Products
Circle No. 5 on Reader Service Card

HI-FI AUDIO PRODUCTS

SPEAKER SYSTEM KIT
A low-cost kit version of the Maodel RM-

.\])l':lk('l' ssstem has been ')lll on ”l(' Illilll\l'l tor
hi-fi enthusiasts and hobbyists, 1The hi page con-
struction booklet accompanving the kit indudes
s well as the “hows' of assembling
respose s 1o to 200000

the “whs
the ssstem. Frequenes
eps and the svstem will handle 10 watts ol aver-
age program material amd 80 watts peak.

1 he svstem includes one 67 tinear high-com-
pliance woofer and one high-frequena aweceter,
Crossovet s oat no eps and impedanee is R
ohms, The cabinet, which is supplied in untin.
ished biveh veneer, measures 1127 x 1042 x 7”7
and weighs 12 pounds, Sonotone

Circle No. 6 on Reader Service Card

40-WATT FM-STEREO RECEIVER
The Model RT4000 solid-state FM-sterco re-
ceiver features fhwheel taning, 40-db sterco sep-
arvation. wand is 1ated ar 1o watts, Tts FM section
has a sensitivity of 2.5 gpv. THF; distortion i< less

wWwWw.americanradiohistorv.com

than 0.5% at full owtput. Hum and noise are
60 db below 1007 maodulation, Frequency  re-
sponse s 1330000 ¢ps £ 1 db, Another deature
of this 147 x 16”7 x 458" rveceiver is o sterco
minder indicator which antomatically switches
from mono to stereo when the station broadcasts
in stereo and indicates the change visaally, Bogen
Communications

Circle No. 7 on Reader Service Card

CONTACT MICROPHONE

A smallwize, electro-magnetic contact  micro-
phone that can be lidden under the user's collar,
s now av sle as the “Larynx AC-777. 'l he
unit is energized divectly through the vibrations
of the vocal cords and will not pick up sound
wives {rom the ontside, The unit is available
from 50 ohims to 3000 ohins and comes equipped
with a lightweight plug-in cord. Frequeney ae-
spoise iy 200 1o 3000 cps. “Telephone Dynanties

Circle No. 8 on Reader Service Card

STEREO RECORDER LINE

The new 1100 series ol medinm-priced stereo
tape recorders for home wse includes thyee mod-
els: TGS o walnut encised recorvder, THUO in o
tan vimd case. and the FO tape deck. AH models
otler four-tiack sterco and mono recorvd: {onr-
tack Jdereo and mono, half-track and full-nack
mono plavback. Speeds me 7V 33, and 178
ibs, 1hey albso deature all-solid-state clechonics
including  silicon  nuansistors in the  preamps;

7/ ] e
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thice heads: twin va meters: antomatic thiead-
ing amd revensing: aomatic digital connter;
and dual capston drive, Ampex

Circle No. 9 on Reader Service Card

80-WATT SOLID-STATE RECEIVER

An 80wt siticon power transistor FM-stereo
1eceiver, the Model 1K-80, is now available.
Special teatmes include speaker outpur wiminals
and power tor two sets of stereo speithers plos
steren headset jack: front-panel switching lor
selection of cither set of speakers, both sets. or
carphones; a special power transistor pratection

cirenit: automatic mode switching: oulput -
lector switch: interstation muting civenits illie
minated pinpoint tuning meter; ilhoninaed pro-
aram souvee indicator: amd tape recorder ompn,

I"l'rqm-n(‘\‘ 1evpoise i 20-60,000 cps 1 db
and 15-1200000 ¢ps =3 db. FM usable sensitivity
(THFY is 1.8 v, and signal-to-noise aatio is 61
dboar 1007 modulation 1 an. input. 1T he nnit
which measures 17317 x 3167 x 147 ds designed
cither for freestanding or cabinet mounting ap-.
plications. Kenwood

Circle No. 10 on Reader Service Card

CUSTOM SOLID-STATE AUDIO AMPS

A new series of 20- 1o B00-watt solid-state
amplifiers, custom designed for the OFEM munket.
is now available. There are five models avail-
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abler AN-1000 (20 watts), AA-2000 (100 watts),
AASJ000 (200 watty), AA-0D0 (100 walts), and
LVABO00 (800 watts), Al units operate from a
signal input level of 1 volt rans. and have (ull-
power frequency vesponse {from 20 to 20,000 ¢ps.
‘I'hese completely transistorized units are light-
weight, small sized. and cool operating. No vent-
ing of cabinets is requived. Power output tran-
sistors drive the speakers and operation is [ree
from distortion and microphonics. Jordan Elcc-
tronics
Circle No. 139 on Reader Service Card

SOLID-STATE STEREO TAPE RECORDER

The Model 300 solid-state 4-track sterco tape
vecorder has been added to the "OKi” line and
features Jd-track mono/steveo record/playback,
sound-on-sonnd, sonnd-with-sound, 4-track sterco
head, lever operation, instint pause control, anto-
natic shut-olf switch, two record buttons with
safetv lock, 3-digit index counter, two record-

level wmeters, detachable speaker systems, and a
fnlly transistorized OT'L amplifier. The unit op-
crates at 7¥2 and 334 ips and will handle reels
up to 77 Response is 40-15,000 ¢ps at 7V% ips.
I'hie recorder measures 12”7 x 814”7 x I V2” includ-
ing the speakers. Chancellor Electronics

Circle No. 11 on Reader Service Card

MOBILE STEREO UNIT

A cartridge stereo tape player and an AM
vadlio have been combined in a single unit de-
signed for installation in anv car, boat, or air-
plane. T'he “Sterco 8" tape plavback unit has 8
tracks and plavs at 334 ips. The program can
be selected  ecither automatically or by push-
button. The transistorized AM rveceiver has a

o

Pl [
tuning range of j ke, and features 7
tuned cireuits, double-tuned i.t. coils, and r.f.
stage.

Three models are being offered: the ASR-830P
(panel installation with radio), ASR-RB30H (add-
on accessory with radio), and AS-830H  (add-on
accessory without radio). An extensive line of
recorded tapes from major record  companies’
libiaries is available. Lear Jet

Circle No. 12 on Reader Service Card

AUDIO AMPLIFIER LINE
First units in a new line of audio amplifiers
are the Model MA-325 (25-watt) and Model MA-
216 (16-watt) units, Both units feature THD of
better than 1% at 1000 cpss o outpnt hum and
noise better than 70 db below rated output; solid-
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state full-wave power supplv for operating volt-
agest three-position switch with standby  posi-
tion: visual indicators: inputs wired for choice
of hi-Z plug or low-Z wransformer: and seven-
terminal barvier styip tor all output choices: 4.
8 ohms and 25-volt and 70.7 volt systems. Both
units are designed for use with background music
systems and in commercial sound applications.
Browning Lahoratovies

Circle No. 13 on Reader Service Card

REMOTE-CONTROL EQUIPMENT
A new remote-control station and relay-control
elecironics designed to be used with the Models
1021, 1022, and 1024 tape rvecorders have been
made available, The relayv-control transport con-
verts the standard clectro-mechanical button con-
ol to touch-button control while the remote
control station allows the remote control of all
modes: rewind. record, stop, cue, plav, and fast
forward. Both of these new items are availiable
as options on new cquipment or cin be purchased
separately for use with the above model tape re-
corders alrcady in the hands of the public.
Magnecord
Circle No. 14 on Reader Service Card

AUTOMATIC/MANUAL TURNTABLES
A new line of British-made automatic/manual

4-speed stereo turntables is now available in the
U.5. The three models on the market are the
RCD-4 “Princess” deluxe which accepts any
standard Alip-under sterco/mono  cartridge and

has a 4-pole motor: the RC-2 model which comes
complete with diamond stylus; and the RC-1.
Each unit features removable center spindles for
manual use, a patented built-in stvlus cleaning
brush. self-locking toncarm. and dvnamically bal-
anced heavv-duty motors. ‘Fhe units come com-
plete with a.c. line cords and audio cables and
will take a 10-record intermix for standard size
records of the same speed. RFS Industries
Circle No. 15 on Reader Service Card

SOLID-STATE P.A. AMPLIFIER
Both size and weight have been drastically re-
duced ina new line ol p.a. amplifiers currently
available. Offered in models with outputs of 16,
31, or 50 waltts, they unav be operated from 6 or

12 volt batteries or 117-volt a.c. lines with an
adapter. Scparate volume controls are provided
for microphone, phono, or tape, Thev have dual
microphone inputs. American Geloso

Circle No. 16 on Reader Service Card

ELECTRONIC MEGAPHONE/SIREN
A siren feature has heen added to the high-
powered,  battery-driven electronic megaphone.
MV-16S. The high-powered siren is activated by
a slide switch which closes the circuit. convert-
ing the uansistorized amplifier into an elearical
oscillator. Rated at 16 watts. the megaphoie is
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saidd to have a range of over 800 vards under
normal wind conditions. The amplifier is pow-
cred by 5 transistors in a class B pushi-pull cirenit
and normallv operates on 8 “C” cells. It can be
operated {rom 12-volt power sources by means
ol an optional adapter cord which plugs into
a car, boat, or truck cigaret lighter socket. ‘I lie
unit weighs 5 pounds and measures 97 x 117
over-ali. Fanon
Circle No. 17 on Reader Service Card

PORTABLE TAPE RECORDER
A portable dual-power tape vecorder that op-
crates on both a.c. and flashlight batreries has
been introduced as the Model $20. A kev feature

of the solid-state unit is the remote-control micro-
phone which permits start/stop operation (rom
a distance.

The six-pound unit provides 3% and 1% ips
speeds, will handle standavd 5” reels, will record
up to 6 hours at 1% ips, has a frequency range
of 50-10.000 cps: and is powered by six “D™" cells
or external a.c. sources. The circuit uses 9 tian-
sistors and 1 diode. The recorder measures 127 x
834”7 x 3%1”. Concord Electronics

Circle No. 18 on Reader Service Card

MIXER /PREAMP

A new solid-state mixer/preamp is now avail-
able for p.a. applications. The LX-10 has an
output level of =10 dbm at 600 ohms nnbal-
anced. Tt hias four microphone inputs and a
sepirate. program input which are individnally
controlled. Such features as master gain and tone
control and a cueing switch are provided. A
phone jack has been incorporated for monitoring
progrian material.

Optional accessories  include  three-conductor
mic connectors (male or temale): phono, pro-
eram, and tape-head preamps: universal micio-
phone-tine input transformer; va meter: wud a
197 rack-panel mounting. McMartin Industries

Circte No. 19 on Reader Service Card

CB-HAM-COMMUNICATIONS

INDUSTRIAL /BUSINESS RADIO
A 30-watt AM Industrial/Business Band two-
wav radio. the IBC 301, features an all-transistor
receiver for low power drain, a solid-state power
supply, illuminated function indicators, adjust-
able squelch and pre-set noise limiter, muting
switch. and a corrosion-resistant housing which
measures 17 wide x 314” high x 8L2” deep.
This new single-frequency radio can be in-
stalled as a complete unit or the self-contained
remote-control head mav be slipped out of the
main unit and installed independently with its
own mounting cradle. The remote-control head
weighs less than 212 pounds and is only 612” w. x
24”7 . x 7V2” d. Pearce-Simpson
Circle No. 140 on Reader Service Card

PANORAMIC ADAPTER

An improved model “Panadaptor’, the Model
PR-1, is now available for immediate delivery.
It is designed for use with receiver i.f.s from
450 to 500 kc. and presents a graphical displav
of signal level versus frequency on a 37 CRT.
The PR-1 permits instantancous observation of
the activity in the band. assists location of “CQ"
replies and QRM-free regions, as well as analvsis
of signal quality by detailed narrow-band sweeps.

The unit displavs signals up to 100-ke. on
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cither side of the frequency to which the re-
cciver is tuncd. Operating off the i.f. of the re-
ceiver, connection is made ta the converter tube
by a vesistor with spring loop to fit pins of octal
tubes or a capacitive pickup through a clip fitting
over miniature tubes. Singer Company

Circle No. 20 on Reader Service Card

INDUSTRIAL TRANSCEIVER
A new 85-walt AM radio transceiver, designed
to provide low-cost, two-way communications in
the Business/Industrial band, is the “Messenger
6007, Interchangeable for basc station or mohile
use, the unit measures 53g” x 117 x 10”7 and

weighs 19 pounds, With the base station antenna
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mounted  well above surrownding  obstructions,
the 6007 will maintain reliabte base-mobile com-
munications over distances up to 35 miles or
more. T he transceiver is FCC-ype accepted for
use in Public Safety, Industrial, and I.and I rans-
portation Services in the 25-50 mc. range. E. T
Johnson
Circle No. 21 on Reader Service Card

AM-FM-S.W.-MARINE PORTABLE

The Model L638 portable radio incorporates
AM, FM, marine, and short-wave coverage in a
unit which measures 15%6” x 10446” x 434”7 and
weighs only 1334 pounds.

Coverage inclndes the 150-415 ke atrcraft band,
517-1622 ke. AM band, 1.6-1.2 mc. mavine band,
three short-wave bands (including the 11, 13, 16,
20, 25, 30, 40, 50, and 60 meter bands), and
87.5-108 mc. FM band. The portable contains

a 5”7 x 77 speaker and output is 1000 mw, The

unit is p()wcrcd by 9-volt, six dry cclls, or Type
R-20 cells. Outpat conncctions for tape recorder,
record piayer, and outdoor AM and FM antennas
arce included. Norelco

Circle No. 22 on Reader Service Card

MANUFACTURERS’ LITERATURE

RESISTORS & TRIMMERS
A new, expanded “Quick Reference Guide”

listing 141 different resistors and trimmer pots
has been published, and covers military, comn-
mercial, and general-purpose grades.
The listing includes wirewounds and film re-
sistors in various categorics. Dale Electronics
Circle No. 141 on Reader Service Card

ELECTRONIC COMPONENTS
A 32-page product cataloguc (No. 765) has been
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issued covering a wide variety of electronic com-
ponents and iest invruments. ‘The listing ranges
from accelerometers to variable transformers and
covers products for commercial applications as
well as militavy requivements. American Relays
Circle No. 23 on Reader Service Card

TRANSISTOR SELECTOR GUIDE

A uniquely designed silicon transistor selection
guide which permits the user to choose the high-
frequency amplifier or switching device which
most closely fits his exact performance require-
ments has been published.

The new guide covers over 100 different high-
frequencey silicon anuular  transistor types for
both amplifier and switching scrvice. Motorola
Semiconductor

Circle No. 142 on Reader Service Card

SWITCH CATALOGUE

A 10-page Enginecering Specification Catalogue
No. $323 covering Series 35000, 36000, 37000,
and 38000 “Multi-Switches” is now available.

Complete  engincering  specification  informa-
tion is provided about such items as illumina-
tion. styles and shapes of push-buttons, stack
module des and many orher “Multi-Switch”
design requirements. Switcheraft

Circle No. 143 on Reader Service Card

MOLDED PLASTIC PARTS
A catalogue and price list covering molded

plastic parts for clectronic packaging includes
encapsulation shells, headers, covers, module
packages, and sheet stock—all off-the-shell items.

A comparative chart describes the electrical
and mechanical properties of cpoxy, phenolic,
alkvd, and diallyl-phthlate to assist the designer
in sclecting the proper material for his require-
ments. Epoxy Products

Circle No. 144 on Reader Service Card

STOCK PANEL-METER SELECTOR

A 20-page quick-reference catalogue (#Z-100)
for panel meters and accessories has just been
published. This detailed catalogue features a
size-index (ab guide which permits rapid sclec-
tion of the desired meter size. All types of panel
meters are inclhided in the catalogue which also
carvies a glossary of terms, conversion factors,
and ordering information. Weston,

Circle No. 145 on Reader Service Card

PRECISION SWITCHES

A comprehensive 12-page catalogue/brochure
covering the company’s basic lines of sensitive
precision subminiature switches is now available.
The fully illnstrated catalogne contiins  clec-
trical and wmechanical specifications and  case
and terminal diagrams on all models in the
linc. Milli-Switch

Circle No. 146 on Reader Service Card

REED SWITCHES

An engineering design kit for custom build-
ing and breadboarding prototype circnit appli-
cations is described in a new six-page folder en-
titled “Reed  Switches.” The kit contains an
yriment of reed switches, magnets, and coils.
Instructions for designing 10 devices arve iu-
cluded in the kit. In addition to the kit, the
folder covers the firm's complete line of reed
switches, with specifications, actuating power
sources, test circuits, and ordering information.
Necw Product Engineering

Circle No. 147 on Reader Service Card

IGNITION-SYSTEM BROCHURE
A 4-page illustrated brochure giving complete
details on the “Super 77 noise-free and water-
proof ignition system for land and marine ve-
hicles is now available. Mercury Entevprises

Circle No. 24 on Reader Service Card

BUSINESS COMMUNICATIONS
A pocket-sized, 20-page booklet entitled “The

AModern Approach to Business Communications
—Two-Way Radio” is now available on request.
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It answers in brief. non-technical terms most of
the questions businessmen are likely 1o ask re-
garding the teasibility of two-wav radio for their
particnlar operations. In addition, the bhooklet
carries brief catalogue data on a line of two-way
radio cquipment available from the manufac-
turer. Pearce-Simpson
Circle No. 25 on Reader Service Card

MICROCIRCUIT MOUNTING BOARDS
Literature covering its new ADC 13-8 serics ol
mounting boards, which ave designed to sim-
plity breadboarding and small production vun
problems associated with microciveuits, has been
announced. The literature describes the over-all
line. its applications, and information on in-
dividual boards and patterns. Applied Develop-
ment
Circle No. 148 on Reader Service Card

ELECTRONIC PARTS & HARDWARE
A 48-page catalogue covering electronic parts
and havdware is now being oftered. It covers
binding posts, contact and terminal strips, inter-
locks, fuse and diode holders, lugs and terminals,
anode connectors, tip jacks and plugs, alligator
clips, phone and phono plugs and jacks, and
many other items. National Fel-Tronics
Circle No. 149 on Reader Service Card

PRECISION WIREWOUNDS

A J6-page catalogue which provides detailed
specifications on a complete line of precision
wirewound resistors is now 1ilable. Tt includes
full intormation on high-reliability units; epoxy
cast resistors for military. commercial, and in-
dustrial applications:  prined-wiring  resistors;
ceramic resistors for commercial computers, in-
dustrial instrumentation. and laboratory experi-
mentation: and molded vesistors and custom net-
works. I1i-Q Div., Aerovox

Circle No. 150 on Reader Service Card

OSCILLOGRAPH PAPERS

Bulletin 1639-6 describes three oscillograph
recording papers which cover virtually all modes
of recording that utilize direct print or print-out
techniques.,

Dataflash 54 is a high-writing specd paper de-
signed {or ultraviolet light-source instriuments,
Dataflash 55 featnres writing speeds in excess
of 75000 ips and an extremely high latensifica-
tion rate, while Dataflash 56 is formulated with
a wide spectral response and s nsed in instru-
ments utilizing xenon light sonrces. Consolidated
Elcctrodynamics

Circle No. 151 on Reader Service Card

TUBE & SEMICONDUCTOR CATALOGUE

An 3-page, two-color catalogue listing over
2500 tubes by type with their prices is available
as the “1965 Wholesale Electronic Tube Price
Catalogue.” Included are radio, TV, photomul-
tiplicr, magnetron, ignitron, klystron, micro-
wave, photo, trigger, ballast, subminiature, tun-
gar bulb, nuvistor, thyratron, voltage regulator,
planar triode, vidicon, iconoscope, ATR, IR,
traveling wave, backwave, storage, transmitting,
and cathode-ray tubes and semiconductors. Thor
Electronics

Circle No. 152 on Reader Service Card

SHIELDED TAPE, FOIL & TUBING
Electromaguctically shielded tape, foil, and
tubing are described in an 8-page, two-color
catalogue. The publication inchudes  dingrinns,
allov content tables, applications, available quan-
tities, price lists, and ordering information. Rus-
scll Industrics
Circle No. 153 on Reader Service Card

FLAT WIRE HARNESSES

A four-page, illustrated brochure covering
“Plvcon” flat flexible wire harnesses is now
available on request. The catalogue gives elec-
trical and physical data, as well as ordering in-
formation on straight and retractable harnesses
in single- and multiple-laver confignrations.

The harnesses are designed for use in drawer
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or rack-mounted clectronic cquipment, and as
jumpers between points on a chassis. Methode

Circle No. 154 on Reader Service Card

SWITCH TIPS FOR PRODUCTION
Six prizc-winning ‘'tips” on using the proper
switch to solve plant production problems are
included in a four-page illustrated brochure, No.
39, Since the ideas cover a viaricty of problems,
the publication should have wide appeal. Micro
Switch

Circle No. 155 on Reader Service Card

STEREO BROCHURE
An 8-page, full-color cataloguc covering an
entire line of hi-fi components—speakers, play-
back systems, and cartridges—and ideas on “dec-
orating with sound,” is now available. Fach
component listed carries it complete specification
breakdown and price structure. Empire Scientific
Circle No. 26 on Reader Service Card

GRAPHIC PRESENTATION MATERIALS
A comprehensive 100-page catalogue covering
a complete line of time-saving tapes and comn-
ponents will be of intcrest to engincers, drafis-
men, cartographers, architects, teachers, technical
illustrators, and printers working in the draft-
ing, art, and visnal communications fields.
The catalogue includes “how to” scctions,
product sections, and specifications on a wide
range of supplics. Chart-Pak

Circle No. 27 on Reader Service Card

PRESSURE-SENSITIVE TAPES

A “Sclect-A-Tape” pocket catalogue describing
a complete line of pressure-sensitive adhesive
tapes has just been published. The 24-page guide
covers masking, packaging, printable, protective,
clectrical, and special-purpose tapes for high
and low temperatures, chemical vesistance, and
other critical applications. More than 80 tapes
are included with full information on physical

characteristics, typical applications, sizes, and
government specs on cach. Mystik Tape
Circle No. 156 on Reader Service Card

TRANSISTOR HARDWARE

Now available is a six-page illustrated data
sheet detailing a full line of sockets, holders,
bushings and pads for transistors and semicon-
ductor special devices. Bulletin 82B contains de-
scriptive engineering drawings of 16 types of
transistor holders, 114 types of transistor sockets,
and 10 grommet-type chassis mounting transistor
bushings. Sealcctro

Circle No. 157 on Reader Service Card

SHORT-FORM POT CATALOGUE
A short-form catalogue (No. 11) covering a

complete line of military, industrial, and com-
mercial adjustment  potentiometers  is  olfered
without charge. 't he §-page brochure also lists
brief specs on precision pots. time delays, relays,
microcomponents, and exponential resistors.
Bourns ‘T rimpot

Circle No. 158 on Reader Service Card

CONNECTORS FOR COAX CABLE
A conmplete line of connectors and adapters

for use with shielded and coaxial cables is de-
scribed in a new 12-page illustrated brochure
now available. A complete description, includ-
ing a step-by-step installation guide, is featured
in the T-60 catalogue. New tools for extracting
leads and for compressing the connectors are
also covered. Thomas & Betts

Circle No. 159 on Reader Service Card

TRANSFORMERS & COILS
A 150-page catalogue covering over 100 stock
items which will replace in excess of 30.000 orig-
inal manufacturers’ parts has just come off the
press. Coils and transtormers for both 1he service
and indnstrial markets are included. A 60-page
section is devoted to divect repliccement listings

on a wide range of inductive components. Merit
Circle No. 160 on Reader Service Card

REAR-PROJECTION READOUTS

A two-page engincering data sheet covering the
new Series 340 microminiatire rear-projection
readouts is now available.

Each unit will display up to Il different mes-
sages including numbers, letters, words, symbols,
and colors. 'The data sheet provides cngincering
detiils, mounting dimensions, lamp specificaiions,
and a chart of the standard displays that arc avail-
able. and a price schedule. Industrial Electronic
Engincers

Circle No. 161 on Reader Service Card

IPmnoeTo CREDITS
Page Credit
16 e i i Euphonics Corp.
?37 500000000000000000000 Belden Mfg. Co.
7 H. H. Scott, Inc.
34,35, ... ... University of Michigan
37,41 ... Sonotone Corp.
Y a0 a 068 0a6000a00 Union Carbide Corp.
LY o6 nacabaana0anos Mallory Battery Co.
573 58aa000008006060800000 Nife Corporation
CSN{CT-)) 86680008000 06080000000 Kinotrol, Inc.
65 (center).............. Applied Dynamics
65 (bottom) ............ Beckman-Scientific
&6 (top) .. ... Electronic Associates
66 (bottom) . ................ Packard-Bell
79 oo Radio Corporation of America
BO ...ttt Delco Radio
- Hewlett-Packard

Back Issues Avarlable

. NEW

from the World Leader

Use this coupon to order
back issues of
ELECTRONICS WORLD

in Soldering Technology

Dept. BCEW, 589 Broadway
New York 12, New York

Please send the following back
TRONICS WORLD. | am enclosing

the cost of the magazine, shipping and handling.

We have a limited supply of back
issues that can be ordered on a
first-come, first-served basis.
Just fill in the coupon below, en-
close your remittance in the
amount of 65¢ each and mail.

ZIFF-DAVIS SERVICE DIVISION

issues of ELEC-

to cover

“PENCIL”

SOLDERING
IRON

e SMALL e LIGHTWEIGHT
e HIGHLY EFFICIENT

Ideal for miniature soldering,
this new 25 watt, 115 volt iron
weighs only 134 ounces. You can
hold and maneuver it as easily
as a pencil. Gets intotight places.

list

Month _ Year _
Month _ vYear _ Does the work of irons having
Year - much more weight, much higher

wattage. Recovers heat rapidly.

ESine Maximum tip temperature is

Address 860°F. Complete with tip $520
and cord. Model WPS.

City Zone. State

No charge or C.0O.D. orders please.

l
[
[
|
[
[
[
[
| Month
|
[
I
]
]
|
[}

October, 1965
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Now at your Electronic Parts Distributor
WELLER ELECTRIC CORP., EASTON, PA.
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ELECTRONICS

MARKET PLACE

COMMERCIAL RATE: For firms or individuals offering commercial products or services.
must accompany copy exceont when ads are placed by accredited advertising agencies.

Freguency agiscount:

70¢ per word (including name and address).
5%

Minimum order $7.00. Payment

for 6 months: 10% for 12 months paid in advance.

READER RATE: For individuals with a personal item to buy or sell. 40¢ per word (including name and address). No Minimum! Payment must accompany copy. )
GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. Additional words may be set in bold caps at 10¢ extra per word. All copy subject

to publisher’s approval. Clasing Date:

ELECTRONICS WORLD. One Park Avenue, New York, New York 10016

1st of the 2nd preceding month (for example, March issue closes January 1st.) Send order and remittance to: Hal Cymes

FOR SALE

JUST starting in TV service? Write for free 32 page
catalog of service order books, invoices, job tickets,
phone message books, statements and file systems.
Oelrich Publications, 6556 W. Higgins Rd. Chicago,
111, 60656.

GOVERNMENT Surplus Receivers, Transmitters, Snoop-
erscopes, Radios, Parts, Picture Catalog 20¢. Meshna,
Nahant, Mass.

INVESTIGATORS, free brochure, latest subminiature
etectronic surveillance egquipment. Ace Electronics,
11500-) NW 7th Ave., Miami 50, Fla.
CANADIANS—Giant Surplus Bargain Packed Catalogs.
Electionics. Hi-Fi, Shortwave. Amateur, Citizens Radio.

Rush $1.00 (Refunded). ETCO. Dept. Z, Box 741,
Montreal, Canada.

RESISTORS precision carbon-deposit. Guaranteed 1%
accuracy, Y2 watt 8¢. 1 watt 12¢. 2 watt 15¢. Rock

Distributing Co., 902 Corwin Road, Rochester 10, N.Y.

NEW supersensitive transistor locators detect buried
gold, silver, coins. Kits, assembled models. $19.95 up.
Free catalog. Relco-A22, Box 10563, Houston 18, Texas.
DIAGRAMS for repairing Radios $1.00. Television $2.50.
Give make model. Diagram Service, Box 1151 E, Man-
chester, Connecticut 06042.

JAPAN & Hong Kong Electromics Directory. Products.
components, supplies. 50 firms-—just $1.00. Ippano

Kaisha Ltd., Box 6266. Spokane, Washington 99207.
TV CAMERAS, transmitters, converters, etc. Lowest
factory prices. Catalog 10¢. Vanguard, 190-48 99th

Ave.. Hollis. N.Y. 11423.

WEBBER Labs. Transistorized converter kit $5.00. Two
models using car radio 30-50Mc or 100-200Mc, one
Mc spread. Easily constructed. Webber, 40 Morris,
Lynn, Mass.

ELECTRONIC Ignition Kits, Components. Free Diagrams.
Anderson Engineering, Epsom, New Hampshire 03239.

BUILD TV Camera Cheaper Than Ever! Send 10¢ for de-
tails. ATV Research, Box 396, South Sioux City, Nebr.
68776.

ACHTUNG! Das machine is nicht fur Gerfingerpoken
und mittengraben. Is easy schnappen der Springen-
werk, blowenfusen und poppencorken mit spitzen-
sparken. Ist nicht fur gewerken by das Dummkopfen.
Das rubbernecken sightseeren keepen hands in das
pockets. Relaxen und watch das Blinkenlights. This
attractive, brass metal plaque only $2.00 ea. ppd.
Southwest Agents, Dept. E, 8331 Hwy. 80 West, Fort
Worth, Texas 76116.

CANADIANS, transistors, all semiconductors and com-
ponents. Free catalogue contains reference data on
300 transistor types. ).&J. Electronics (Dept. EW), P.O.
8ox 1437 Winnipeg, Manitoba, Canada.

NEED RESISTORS? Factory fresh, NAME BRAND, 12
watt, 10% standard carbon resistors. Any regular
value from 10 ohms to 2.2 megohms, $.05 each! Post-
paid. Any quantity assorted. Minimum order $1.00.
TEPCO, Box 508. Tullahoma, Tenn.

CONVERT any television to sensitive, big-screen oscil-
loscope. Only minor changes required. No electronic
experience necessary. lllustrated plans, $2.00. Relco,
Box 10563, Houston 18, Texas.

TRANSISTORS—Miniature Electronic Parts. Send for
Free Catalog. Electronic Control Design Company,
P. 0. Box 1432M, Plainfield, N.J.

DETECTIVES! Free Brochures; Electronic intelligence
devices for your needs and budget. SILMAR ELEC-
TRONICS, 3476 N. W. 7th Street, Miami, Fla. 33125.

ELECTRONIC Bargains-—Free Catalog, Tubes, Diodes,
CRT’s Tuner Cleaner, etc. Cornell, 4213-W University,
San Diego, Calif. 92105.

TELEVISION Cameras Transistorized also monitors.
Spera Electronics, 37-10 33 Street, L.I.C., N.Y.

FREE—FREE—FREE—FREE—FREE—FREE—FREE. Send
in for your free one year subscription to Olson Elec-
tronics’' fantastic value packed catalog—unheard of
low prices on brand name speakers, changers, tubes,
tools, stereo amplifiers, tuners, CB and other values.
Credit plan available. If you have a friend interested
in electronics send his name and address for a FREE
subscription also. Olson Electronics, Inc., 408 S. Forge
St., Akron, Ohio 44308.

GET IT from GOODHEART!

LV PWR SPLY XFRMRS 115/230v 60cy
Four 6.3vet secs #0 get up 1o 23.2v
in steps of B l 3y
TOA or 6. A
I(l!lhnn&_nh \V/(l\\ >

1 ph pri.
rms

taps for cio-e:
for honus use to replace
make LVDC <olid-state converter to 113y
3 Scaled, pottest. Net 5i=.
R\IIL‘( or Truek colleet. remit

ALL- BAND S$SB RCVR BARGAIN:

ARR-T. 550 ke to 43 mc continuou

MO \\ aligned and modified now ;

inctude’ PRODUCT DETH OR IF ges.

S-Meter, Xti, w/120/230 v 50/60 c) pwr sply.

Hot and SHARP & works like a

charm! FOR T.os AR, .. ..o vvennann..
TIME PAY PLAN: Any purchase tetalling 100/

®160.00 or more. down payment only . ., °
R-23/ARC-5 Command rcvr 190-550 kc.... 14.95
A.R.C. 12 #22 Command rcvr 540-1600 kc. 17.95
ARR-5 rcvr, 60 cy, am/fm, 38-140 mc.... 179.50

Panadapter 5.25 mc for above 60 cy..... 69.50
APR-4Y AM/FM Rcvr mod. to 115 v 50/60 cy, with
pwr plug, book, tuners 38-1000 mc. 209.50
P.U.R. for tuners 975-2200 and 2175-4000 mc.
RA-62-B is AC pwr sply for SCR-522, only.. 17.95
AN/URR-13(*) Rcvr. 225-400 mc.......... 295.00

TDZ 60 cy xmtr 225-400 mc 30 w Po, new ... .PUR
LM-14 freq. meter, .01% 125 kc-20 mc. 57.50
TS-323/UR freq. meter 20-480 mc., .001%.199.50
Tektronix 541A scope w/preamphfler .... 795.00
Tektronix 514AD scope dc to 10 mc. ... .. 395.00
LP Signal Generator 9% kc-50 mc....... 195.00
G.R. #1001A sig. gen. 5 k¢ to 50 me.. ... 495.00
H.P. 608B signal generator 10-400 mc. ... 475.00
H.P. 608B modified to 10-500 m¢......... 525.00
SG-66A/ARM-5 (A.R.C. H-14A) OHC ....... 95.00
TS-418A/U sig. gen. to 0 dbm 0.4-1.0 gc.. 395.00
Borg-Warner High-Power sig. generators ..... PUR
SLRD sig. gen. 275-2750 mc. 20 watts. .. .... PUR

LINE VOLTAGE REGULATION BARGAINS
Largest sclection in the WORLD! Ask for list, from
Sola 250 VA to Sorensen 10.000 VA!

REGULATED DC POWER SUPPLY BARGAINS

Very large sciection! Ask for 1ist of these!

HEWLETT-PACKARD & OTHER METERS, VIVMS
Very large selection! Ask for Jist of these!
AND MUCH MORE! We have 33 other types of Signal
Generators, Digital Counters. Vacuum pumps, DVM’s,
other seopes. I'ulse Generators. Precision Bridges &
Voltage Dividers, AC_& DC, Galvos, RF Wattineter.
Ihm( Amzlc Met( e Spectrum Anal\zerg, Etc,
RE *HO - YOUR SPECIFIC NEEI

WE RENT EQUIPMENT! WHAT DO YOU NEED?
R. E. GOODHEART CO. INC.

0213

5 %

Box 1220-A, Beverly Hills, Cal
Phones: Area 13, ofice 2TI-A70F, meddages 2T5-5343

CIRCLE NO. 114 ON READER SERVICE CARD
100

MICRO SPECIAL TO ELECTRONICS WORLD READERS ONLY!

|l C R O

EVERY DEAL

LARGE, SELECT STOCK!

and life tes

conditions.
® Advertised tubes not necessarily new.

SINCE 1957 [

Every luh(- tested in our own laboratory for mutual conductan

® We guard |ntoc FREE replacement for one ycar of any tubc purchased

trom us which fais to function efficiently under any or 1I| aperatmg
Prompt refunds on any defective merchandis, |
but may be (‘l(‘clrlcnlly pere

-
Lo
E fect factory ed clearly so marked $
YOUR ¢
— BELE] GARA 6BZ7 GRT CWEGT TR 178Y7 79 3 for 2
e n'.h;m_ 6C4 [ TH? }Efgs CHOICE ea.
13, FY,
LH3GT |82 | f ! list!
o 1H4G | 12L6 Send for complete list!
IH5GT | 12a7
1La 125A7 .
1LE | 12567
= I | 12537 5 o
o R | 13387ar ew at M !
ky H s o
= [t5%¢er | Transistor Radio
i TWe
13
= 152y Sun Glasses
13A7
e i 1287 Small, high sensitivity all
= Lard :‘:g? transistorized radio built
= #55.3. LR into frames. Clear plastic
] AkER |:—::_| 1GT ear plug, station selector
wx [T E FAEG button. Precision-made,
i 'IE::-' 'I: HUNDRED | 1u18 Easily replaceable battery
Srea or ASSTD | 2aa (incl.)
= | fias
o as4 | T.DN6 $ 95
el anuTs | 23Lect
— | 46T ea.
o FhTe | =
Tave GOLG yi GARCT rar j12AQ! -
E Fams GOES |::||_:m<7; cars Tan .1.1-.1'5 | fam3
SAKT RHF o T 2aTFr ncs
= HHG6G RN GET Fiin |1zaus e New at MICRO!
= ard GILHE BCEG SRR Ty 1Ta07 .I‘:hg.,cr
Euig R ECLE RRLTGT TiET 1Favh 2 GIBBS
. SUR RHR GAOES, LSN7GT in 17auT 1573
;&égr BEK T Sl g5a TiA }_;f{if;cf 2ITIOF st
GOLTGT  |&rE ik o r aT v b
5K8 HANG CHG Rl rcﬁ 1527 132743 | ereo er
AvAGT HERECT |G HIH ICT 1Hd 42 . .
ac 5007 L £us TER 1z8as i Makes car radio sound like
qeIgs | M8 i 7ES 1 | t halll Write
1l mwd4GT w185 a concer a
lakre 6KEGT ir? iapEe 005 MICRO for complete liter-
120HT ey ature and low-low MICRO
B89 50x6 prices!

C R O

A FAIR DEAL

DEPENDA BLE, FAST SERVICE!

New at MICRO!
25-WATT POWER
TRANSISTORS

P.0. Box 55 Park Sta, WRITE OEPT.ZIREIFOR OUR FREE

ELECTRON TUBE CO.

Mot Conmected With Any
Other Mail Order Tubs Co

ALL TUBES SENT

Paterson 3, M. 1.

LOMPLETE LIST OF TUBES &
SPECIAL PURPOSE TUBES

POSTAGE PAID. Plegase semd 35c handling for erders wnder §5. Semd
25% dep. om C.0.0, orders, Send appron. pestage on Camadiam and foreigm orders.
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Protect Your Family
PREVENT “FLAT TIRE"

ACCIDENTS PERMANENTLY
Before They Happen

CONVERT YOUR PRESENT TIRES
INTO SELF-SEALING
PUNCTURE-PROOF TIRES

PERMANENT—For the Life
of the Tire.
SAFE—Harmless to Rubber,
Will Mot Cause Imbalance.
Will Not Gum or Ball.
CONTINUOUS—Works Pume-
ture after Puncture.

Stop Flats is a protective
Sealing Force. Acts moment
puncture occurs. Forms an |
immediate, air-tight and per-
manent repair. Applies in a |
(. minute through valve.

= Acts continuously . . . punc- |
i ture after puncture. Protec-
tion against all ordinary flats |
¢ (up to 16 penny nails) regard-
= less of road speed. One ap- |
plication will outlast any tire.

perma

efore tll-ﬂ]f ﬁ NOT A R KIT!
;i Good for ALL passenger car

* 561 ¢ Songu :f_*’;"‘#ﬁ tires ., . New and Used . . .
i Tubed, Tubeless, Retreads'

Kit for tire sizes
up to 7.90 x 14

| SAVE $4

retail price $11.92

SAVE $6

reg.

Kit for tire sizes
8.00x 14 & larger |

\ =

reg. retail price $17.88

Independent Laboratory
Report States:

“* ‘Stop Flats' successfully filled
the punctures without loss of
air. The balance of the tires
was not disturbed by the intro

duction of ‘Stop Flats.” Upon
inspection of tires after the
test, the ‘Stop Flats' was

evenly distributed along the
inside of the tire and did
not gum or ball.'"

MONEY BACK GUARANTEE

CONSUMER SERVICE COMPANY
160 Mercer St., New York, N. Y. 10012

Enclosed is $._____ . Please ship me

.l the following Stop-Flats Kits:

II e kits for tire sizes up to 7.90 x 14 at
$7.95 ea. plus 55¢ ea. for postage and l

II handling. -l
kits for tire sizes 8.00 x 14 and over at *

II $11.95 ea. plus 80c ea. for postage and

) handling. Foreign orders $1.25 additional.

I (N.Y.C. residents please add 4% sales tax.) i

1

" Name . .

I[ (pLesse pRINT) EW-105‘

I| Address. .

Il City. State. Zip Code. .

Sorry—No charge or C.0.D. orders.

October, 1965

Burris, Rt. 1, Box 1015, Yucaipa, Calif.

| LEARN ELECTRONIC ORGAN SERVICING at home. All

tion. Huntington Institute. division of Lantec. Box
| 22448, Huntington Park, Calif.
DRAFTING (Electronic, Mechanlcal Arch|tectural Art).

TRANSISTORIZED Products !mporters catalog. $1.00.
Intercontinental. CPO 1717, Tokyo, Japan.

SAFEGUARD Privacy! New instrument detects eiectronic
“bugs’’, wire tapping and snooping devices. Free in-
formation. Dee Equipment, Box 7263-E11, Houston 8,
Texas.

DIAGRAMS, servicing information; Radio, $1.00; Tele-
vision, $2.00. SUPREME, 1760 Balsam, Highland Park,
Illinois 60035.

INVESTIGATORS—Subminiature Electronic Surveillance
Devices. NEW 1966 Professional models ready NOW!
Free details. Trol Electronics-EW, 342 Madison Avenue,
New York, N.Y. 10017.

NEW obsolete and other radio tubes. Send 30¢ for list.

ELECTRONICS ENGINEERING
AND INSTRUCTION

FCC LICENSE in six weeks. First class radio telephone.
Results guaranteed. Elkins Radio School, 2603C, in-
wood, Dallas, Texas.

ELECTRONICS! Associate degree—29 months. Techni-
cians, field engineers, specialists in communications,
missiies, computers, radar, automation. Start February,
September. Valparaiso Technical Institute, Dept. N,
Valparaiso, Indiana.

ELECTRONICS—F.C.C. License Training—correspond-
ence. or resident classes. Free details, Write: Dept. 6,
Grantham, 1505 N. Western, Hollywood, Calif. 90027.
RE! First Class Radio Telephone License in (5) weeks
Guaranteed. Tuition $295.00. Job placement free.
Radio Engineering Institute, 1336 Main Street, Sara-
sota, Fla.

HIGHLY—effective home study review for FCC com-
mercial phone exams. Free literature! COOK'S SCHOOL
OF ELECTRONICS, Craigmont, Idaho 83523.

Makes including transistors. Experimental kit—
trouble-shooting. Accredited NHSC. Free Booklet.
NILES BRYANT SCHOOL, 3631 Stockton, Dept. A,
Sacramento 20, Calif.

ELECTRONIC courses. Industrial training programs
now released to the public. Low tuition. Fundamenta!
and advanced correspondence courses approved by the
State of California, Superintendent of Public Instruc-

Home Courses $25.00. Send $2.00 first lesson. PRIOR,
INC., 23-09 169 Street, Whitestone 57, New York.

B.Sc. DEGREE (Engineering) or College Entrance by
home study. Send $1 for 1966 prospectus. CIST, Suite
671, 263 Adelaide St. W., Toronto, Canada.

WANTED

QUICKSILVER. Platinum, Silver,
Free Circular.

Gold. Ores Analyzed.
Mercury Terminal, Norwood, Mass.

CASH Paid! Sell your surplus electromic tubes. Want
unused. Clean radio and TV receiving, ransmitting
special purpose. Magnetrons, Klystrons, broadcast
types. Want military and commercial lab/test equip-
ment. Want commercial Ham Receivers and Trans-
mitters. For a Fair Deal write: Barry Electronics, 512
Broadway, New York, New York 10012 (Walker 5-7000).

CASH SONY TRANSISTOR TV's etc. swapped for G-R.
H-P, L&N etc. equipment. special tubes. manuals. mili-
tary electronics. ENGINEERING ASSOCIATES, 430 Patter-
son Road. Dayton. Ohio 45419.

ARC-27, ARC-34, ARC-38, ARC-44; ARC-52. ARC-55,
ARC-73, ARC-84, RT-220c/ARN-21, APN-22. R-540/ARN-
14¢c, ARN-18, ARN-59. 51X-2/17L-7, 17L-4, RT-68/GRC,
Test Sets With ARM, UPM, URM, SG, Prefixes. Top
Doilar Paid. Slep Electronics, Drawer 178-ZDEW, Ellen-
ton, Fla. 33532.

“CANADIANS: Tremendous Bargains Available in Elec-
tronic Kits, Parts, Radio, HI-FI, Tubes of all Types|
etc. ' Write for our value packed flyer to: CALMOR
ELECTRONICS LTD., Dept. E., 480 Port Royal S.W.,
Montreal 12, Quebec.

REPAIRS AND SERVICES

TV Tuners Rebuilt and Aligned per manufacturers spe-
cification. Only $9.50. Any Make UHF or VHF. We ship
COD Ninety day written guarantee. Ship complete with
tubes or write for free mailing kit and dealer brochure.
IW Electronics. Box 51B. Bloomington. Indiana.

METERS REPAIRED. VTUM. VOM. 90 Day Warranty. TV
Tuner Service. Box 793 W. Twin Falls. Idaho.

WWWwW.americanradiohistorv.com

GREGORY ELECTRONICS
Reconditioned & Used FM
2-WAY RADIO SAVINGS

Partial list—Send for New '65 catalog

SPECIAL PURCHASE
RCA 25-54 MC

CMV2F 6/12 volt 30
watt vibrator power sup-

ply FULLY NARROW
BANDED (TX & RX) com-
o plete with all acces-

?amedu?itqsg:gs _1no sories.

esire re mn-

ludi t

cluding new antenna $88

NEW LOW PRICE!

148-172me

6/12v dual dyna-
motor 60 watt. Fully
narrow banded complete
less crystals &

Less Accessories $128 00. Same unit
tuned to desired frequency including
new antenna

with all accessories,
antenna.

R T NEW
oo i LOwW
gy PRICE!

LINK 6000 NW SERIES
25-50mc 20F3 Emission TX narrow banded 12
volt, 50 watt. Complete with all ac- $98
cessories, less crystals and antenna.

Add $40.00 for tuning to desired frequency in-
| cluding new antenna. This unit also available in
dual frequency TX and RX. Add $30.00 for tuning
of second frequency.

30-50mc
MOBILES

GE 2-Piece Unit
6 volt or 12 volt
4ER6—A4ETS 30w
30-40mc
40-50mc $68
§5R4%~4ET6 60w
-40mce
40-50mc $78
Complete with all ac-
cessaries except an-
tenna and crystals.

Add $80.00 for unit fully
narrow banded (TX & RX),
tuned to desired fre-
quency, and new antenna

Extra Special Purchase
Reconditioned General Electric

Voice Commander

Persanal FM Transmitter-Receiver
132 ta 172 MC, 1 W 9.5"x5.3"x1.7"

PRICE, including Brand
New rechargeable Nickel-
Cadmium Battery Pack

$178

If crystals and tuning is
desired, add $40.00.

We also have the proper
1 charges for these units,
2 e m" GE Model #4EP27A10,
Price: $18.

f addt'l. nickel cadmium
batteries are required,
$25. each. Lapel micro-
phones at $5. . . . or bat-
tery pack. power supply
bottom housing at $40.

We Buy Late Model Equipment for Cash
—Write; Wire or Phone!

- GREGORY = GREGORY

C—IE ELECTRONICS
wA—" CORPORATION

249 Rt. 46 * Phone 773-7550
Saddle Brook, N.J. = Area Code 201

CiRCLE NO. 112 ON READER SERVICE CARD
101


www.americanradiohistory.com

Rectifiers & Transistors
750 MA—Silicon Diodes *'Epoxy'’ or “‘Top Hat"

PIV PIV PIV PIV

50 5¢ 300 12¢ 600 21¢ 900 40¢
100 7¢ 400 14¢ 700 25¢ 1,000 55¢
200 10¢ 500 18¢ 800 32¢ 1,100 70¢

Full teads. all tests. Guaranteed. American made

SILICON POWER DIODE STUDS

AMPS 50 PIV 100 PIV 150 PV 200 PIV
3 8¢ 14¢ 16¢ 22¢
15 25¢ 50¢ 65¢ 75¢
18%* 18¢ 40¢ 60¢ 70¢
3s 60¢ 80¢ 1.15 1.30

AMPS 300 PIV 400 PIV 500 PIV 600 P1V
3 25¢ 28¢ 35¢ 40¢
15 90 1.30 1.40 1.65
18% 85 1.25 1.35 1.60
35 1.90 2.25 2.50 2.90

*Press Fit Package tor Alternators
10 Watt Sil, Zener Stud 12-200vV........ 95¢ ea,

1 Watt Zener Diode, axial leads 6v-200v. . . 5
Sil. diode Stud, 1500 piv, 300 ma..... 50¢ ea.
Sil. diode, 1500 piv, 50 ma, axial leads....35¢ ea.
Hi-Voitage —Silicon Epoxy diode, 2V2"x3%h"xV2"

Hoffman—3000 piv 200 ma............ $1. 49 ea.
Hoffman—6000 piv 200 ma............ $3.49 ea.
Thermistor bead, 900 or 1200 chms, 600°F.2/$100

20 WATT GERMANIUM
(internal & external heat sink)

28¢ |12n1042
..35¢ |2n1043 .
..45¢ |2n1044 .
60¢ | 2n1045
SILICGN POWER TRANSISTORS, 85W, 2n1724.$1.50
Philce Sil., NPN, 2n2479, New........ 3 for $1.00
HF Silicon 2n702, 100 MC 40¢; 2n703-150 MC 60¢

LIGHT SENSITIVE RESISTOR
75 ohms - 10 meg, 100 volts, 150 mw $1.75 ea.

il. diodes, 1N200 series, ass’'t new..15 for $1.00
Ger. diodes, glass, new, exceeds 1IN34.15 for $1.00

Nickel Cadmium Battery 912 oz. 8 amp hr....$1.95
Varicap—Voltage Variable Capamtor

47 pfatdv., 4:1, new ... ......... $1.25 ea.
2N1300 series, NPN or PNP.... .... 6 for $1.00
2N1009, untested, miniature case....30 for 1.00
50 Watt Zener, 12 Volts........... 2.
2N497—60¢; 2N493 —80¢: 2N696—50¢;
2N699—70¢; 2N1252--85¢; 2N650—49¢,
2N243—25¢; 2N1149—20¢: 2N117—20¢;
2N2151—%$1.25; 3N35-—-75¢; 1N429—50¢
70 amp stud, 50PIV—$2.50; 100PIV...... $3.50

Top Hat SCR, 400PIV, 750ma .............. 1.75

TO-5 SCR, 400PIV, 1 amp ................ 85
Precision Pots.................... 4 for 1.00
Comp. boards, dio, etc. free transistors ..06¢ ea.
Sensitivity Amplifier, 7 tubes 5”x4”x3” ....1.75

SILICON CONTROLLED RECTIFIERS

PRV 7 amp 16 amp | PRV 7 amp 16 amp
25 .28 .48 200 1.05 1.70
50 .48 .70 300 1.60 2.20
100 .70 1.20 400 2.10 2.70
150 80 1.50 500 2.80 3.30
All Tests Stud Type 600 3.00 3.90
Money back guarantee. $2.00 min. order. include

postage. Catalog 25¢.

Electronic Components Co.
Box 2902, Baton Rouge, La. 70821
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TUBES

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, 512 Broad-
way. New York, N.Y. 10012.

BEFORE you buy receiving tubes, Transistors, Diodes,
Electronic Components and Accessories ... send for
Giant Free Zalytron Current Catalog. featuring Stand-
ard Brand Tubes; RCA, GE, etc.—all Brand new pre-
mium quality individually boxed. One year guarantee
—all at biggest discounts in America! We serve pro-
fessional servicemen, hobbyists, experimenters, engi-
neers, technicians. Why pay more? Zalytron Tube Corp.,
469-W Jericho Turnpike, Mineola, N.Y. 11502.

TUBES—33¢ each. One year guaranteed. Complete
stock. Free list. Cornell, 4215—W University, San
Diego, Calif. 92105.

FREE Catalog. Electronic parts, tubes, Wholesale.

Thousands of items. Unbeatable prices. Arcturus Elec-
tronics ZD, 502-22 St., Union City, N. ). 07087.

TAPE AND RECORDERS

RENT Stereo Tapes—over 2,500 Different—all major
labels—free brochure. Stereo-Parti, 1616—E. W. Ter-
race Way, Santa Rosa, California.

BEFORE renting Stereo Tapes, try us. Postpaid both
ways—no deposit—immediate delivery. Quality—De-
pendability—Service-—Satisfaction—prevail here. If
you've been dissatisfied in the past, your initial order
will prove this is no idle boast. Free Catalog. Gold
Coast Tape Library, Box 2262, Palm Village Station,
Hialeah, Fla. 33012.

TAPE RECORDER SALE.
$10.00 above cost. Arkay Sales,
wealth Ave., Boston, Mass. 02215.

STEREO TAPE. Save up to 60% (no membership fees).
We discount recorders. batteries, accessories. We
mail prerecorded tape, prepaid, anywhere that United
States rates prevail. Free 60 page catalog. Saxitone,
1776 Columbia Road, Washington, D.C. 20009.

Brand new, latest models,
1028-B Common-

NEW PORTABLE

Vicu VIise

witH FREE GIFT

TO HOLD:

Lightly hold Vacu- Vise

in place. Turn down
Vacu-Lever with finger-tip

TO RELEASE:
Release Vacu-
Lever with
finger-tip. Vacu.
Vise lifts off

ONLY
: $695
NO GLAMPS! NO SCREWS!

ATTACHES INSTANTLY—HOLDS SECURELY

Will not mar furniture
or table tops!

For The “DO IT YOURSELFER"
For The REPAIRMAN

For The MAN WHO NEEDS
A THIRD HAND

TAPE-MATES makes available to you—ALL 4 Track
Stereo Tapes—ALL labels—at TREMENDOUS SAVINGS
—also 3 HOUR Long-Play Stereo tape albums—
CLASSICAL — POP—JAZ2Z —DANCE and VARIETY —Top
recording artists—ONLY $9.95—plus a complete CAR-
STEREO music library and player—all POSTAGE-FREE
to your door—FREE Tape-Mates membership with
initial order—for FREE BROCHURE write TAPE-MATES,
5280-E W. Pico Blvd., Los Angeles, Calif. 90019.

CLASSIFIED ADVERTISING ORDER FORM

Please refer to heading on first page of this section for complete data concerning

terms, frequency discounts, ciosing dates, etc.

1 2 3 4 5
3 7 8 9 10
11 12 13 14 15
16 17 18 19 20
21 22 23 24 25
26 27 28 23 30
31 32 33 34
Words { @ .40 Reader Rate | $

| @ .70 Commercial Rate f§

Insert time(s) Total Enclosed $
NAME
ADDRESS
CITY ZONE_ __ STATE
SIGNATURE
WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one

word each. Zone or Zip Code numbers not counted. (Publisher reserves right to omit Zip Code if space does

not permit.) Count each abbreviation. initiat.

single frgure or group of figures or letters as a word. Symhols
such as 35-mm, COD, PO, AC, etc., count as one word. Hyphenated words count as two words.

I
I
|
|
I
[
|
|
|
I
I
|
I
35 |
I
I
|
I
|
|
I
|
I
[
|
[

EW-1085 |
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You’Il wonder how you ever got
along before you had the new
VACU-VISE with ‘‘Super Vacu-
um'’ Power that HOLOS . _ .
it's like having a third hand
. . . anywhere . ., on the
job . . . right where you need
it. No Clamps—No Screws—the
Super Vacuum base does it
all for you! Just one turn of a
Vacu-Lever (use your finger-
tip . . . no strength need-
ed) and VACU-VISE holds
firm and fast to any smooth
non-porous  surface such as
Formica, Linoleum, metal, glass,
etc. Llarge 214" jaws — with
‘W' grooves hold your work
firmly to table top—bench. Com.
pletely portable — weighs only

Holds firmly in
any position,

FREE
GIFT

Order imme-
diately and i
receive FREE

a set of

Vacu Vise

slide on Rubber
Jaws for use
when working
on fragile or
delicate
materials

CONSUMER SERVICE COMPANY EW-105

160 Mercer St., New York N.Y. 10012
Enclosed is § Vacu Vise
at $6.95 ea. plus 55¢ ea. for postage and handling.
(N.Y.C. residents please add 4% sales tax.)
Foreign orders $1.15 additional.

Name

(please print)
Address

City.

State. Zip Code
Sorry—No Charges or C.0.D. orders.
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DO-IT-YOURSELF

PROFESSIONAL ELECTRONIC PROJECTS—$1.00 up.
Catalog 25¢, refundable. PARKS, Box 25565, Seattle,
Wash, 98125.

HIGH FIDELITY

LOW, LOW quotes: all components and recorders. Hi-Fi,

Roslyn 9, Penna.
HI-FI Components, Tape Recorders, at guaranteed

“We Will Not Be Undersold’’ prices. 15-day money-back
guarantee. Two-year warranty. No Catalog. Quotations
Free. Hi-Fidelity Center, 1797 (L) 1st Avenue, N.Y., N.Y.
10028.

HI-FI components, tape recorders, sleep learn equip-
ment, tapes. Unusual Values. Free Catalog. Dressner,
1523 Jericho Turnplke New Hyde Park 10, N.Y.

FREE! Send for money saving stereo catalog #ELOW
and lowest quotations on your individual component,
tape recorder or system requirements. Electronic
Values Inc,, 200 West 20th Street, N.Y., N.Y. 10011.

FREE—$1.00 Value “Miracle” Record cleaning cloth
with every quotation on HIFI EQUIPMENT. Our “ROCK
BOTTOM' prices on NAME BRAND amplifiers—tuners—
taperecorders—speakers—FRANCHISED—59 YEARS IN
BUSINESS. Write for this month’s specials—NOW!
Rabsons 57th St., Inc., Dept. 569, 119 W. 57th St.,
New York, New York 10019.

LOW LOW quotes: stereo...components . .. record-
ers. Send 10¢. Dept. B, 901 8th Rapid City, S Dak.

GOVERNMENT SURPLUS

JEEPS from $53.90 ... Trucks from $78.40 ... Boats,
Typewriters, Airplanes, Electronic Equipment, 100,000
Bargains '‘as is’’ Direct from Government in Your Area.
Complete Sales Directory and Surplus Catalog $1.00
(Deductible First $10.00 Order). Surplus Service, Box
820-K, Holtand, Michigan.

ELECTRONIC Bargains—Free Catalog, Tubes, Diodes,
CRT's, Tuner Cleaner, etc. Cornell, 4213-W University,
San Diego, Calif. 92105.

JEEPS—WALKIE-TALKIES —Receivers—Oscilloscopes—
Transmitters—Voltmeters. Uncle Sam’s Bargain Prices.
Write for latest exciting details. Enterprises, Box
402-B2, Jamaica, New York 11430. ‘

ANTENNAS

INSTALL YOUR OWN TY OR FM ANTENNA—SAYE UP TIJ
$50! Exclusive FREE booklet reveals secrets of an-
tenna orientation, installation; tells how to get official '
TV/FM transmission data for your area. Plus prices,
specs, of famous Channel Master Antenna Kits. Write:
Dept. “W,” Jefferson-King, South Fallsburg, N.Y. 12779. |

EQUIPMENT

MC GEE Radio Company. Big 1965 176 page catalog |
sent free. America’s Best values. HiFi—Amplifiers— |
Speakers—Electronic Parts. 1901 McGee Street (Dept.
EW), Kansas City, Mo.

PATENTS

meTIDNS:_Ideas developed for Cash Royaity sales.
Raymond Lee, 1606G Bush Building, New York City 36.

RECORDS

DISCOUNT Records, All Labels—Free Lists. Write Cliff |
House, Box 42-E, Utica, N.Y.

PHOTOGRAPHS l
|

PHOTOGRAPHS and transparencies wanted, to $500.00
each. Valuable information free—Write Intraphoto-EW,
Box 74607, Hollywood 90004.

HYPNOTISM

FREE Hypnotism, Self-Hypnosis, Sleep Learning Cat-
alog! Drawer H400, Ruidoso, New Mexico 88345.

CATALOG

World’s ‘'‘BEST BUYS”
in GOV'T. SURPLUS
Electronic Equipment

BIG

OSCILLOSCOPE

. USM-24: 3 inch CR Tube
3J4P1; recurrent sweep. 8
CyC. per sec. to 600 KC.
Triggered sweep 1.25—125
M Microsec. vert. deflec.
sensitivity .035 horz. deflec.

V.; Horz. response .5
. per sec to 700 KC.;
- recsponse 4

response 50 cyc. per sec to
10 MC. Horz. input imped-
ance 300,000 ohms. Vert.
input resistance 300,000
ohms. Beam mod. input re-
sist. 56,000 ohms. Operates
. from 115 volit 50 to 1000
cycle radio fred. & mod. Circuits use BCN series coaxial
connectors. Slre: 17x15x15"; Wt.: 60 Ibs. USED, serv-
iceable. Prices given below are Ipss biowers, probes, ca-
bles. coaxias fittings and as offe

0S-51/USM.24—Lcess Front and aack

overs—with Detay Line. .. .. . $595U
05-26,USM-24—Less Front Cover and $49 50
05.26/USM-24—With Prone and Back cove ’ ’

Less D;Iay L in i 's B $5950

BC-221 FREQ. METER—per Avug, Ad:
New: $125.00—Used: $79.50

TRANSFORMERS:

SECONDARV PRIMARY: NO PRICE:
48 220 V 50-60 cyc 5214 $34.95
2000 VCT 500 MA 115 V 60 cyc 5204 16.95
1000 VCT 400 MA 115 V 60 cyc 8894 8.95

500 VCT 60 MA 8894

840 VCT 255 MA 115 V 60 cyc 223959 7.95
12.6 VCT 13 A/ 5V 4 A 223959

2.5 10 120 V 60 cyc 9611.144 2.95
5.7 V 21.8 A 115 v 60 cyc 7469149 6.95
6.6 V 10 A 115 V 60 cyc 9T35v158 2.95
12.8 VCT 20 A 120 V 60 cyc 1043 8.95

24 VCT 6 A 115 vV 60 cyc 3992 .95

36 Vv 12 A 115 V 60 cyc N442 8.95
soLA CONSTANT VOLTAGE Pri.: 190-250 V 60 cyc;

S5ec.: 115 V 2000 VA 30mM811 75.00
CHOKES:

10 Hy— 75 MA..$% .89 10 Hy—110 M™MA

8 Hy—250 MA. . 4.95 Hy—300 ™A, (OII) S 95

8 HYy-—450 mA. . 6.95 10 Hy—500 MA . 95

FOR BIG CATALOG—SEND 25¢ (stamps or com)
and receive 50¢ CREDIT on your order!

Address Dept. EW o Prices F.O.B, Lima, O. ®
259%, Deposit on C.0.D.’s ® Minimum Order $5.00

IR RADIO SALES
2133 ELIDA RD. - Box 1105 - LIMA, OHIO

NEON
AC/DC
ELECTRIC
TESTER
OR HOME
W0

,ﬁeccal

[\ With' every $10 Order

6AGS
N 6AU6 66
5405 6K

6SN7
654
_GWe N

Prestize & Success are your:
s unELECTRONIC EXPERT

FOR CORNELL CUSTOMERS ONLY by
specol arrangement with the publisher, these
omazing bargoins are avarloble

COMPLETE RADIO SERVICI
2. BASIC ELECTRONICS COURSE ONLY $3.00 o
14230+ 50 oscrvie

g NEW PRACTICAL TV TRAINING COURSE
UNLY $3.50

| Both >arbove
courses $6.00

A,

.‘SV TO USE

RADIGC TV|TUBE TESTER
v osn;$ 8.9

bhus 30¢
SthDIﬂl

o [ARCHES §

33%

IOO TUBES OR MORE:

30¢ rer 1use
IR

TUBE
CARTONS

HIGH GLOSS
CLAY COATED
e

VITH NUILT 1N

PARIITIONS

1 YR GUARANIE

T —— |
all purpose
ELECTRONIC

ED

Mutual Conductance tab-tested, Individually

Boxed, Branded and Code Cated

FREE!

6CZ5 6SH7
606 65)7
6DA4  65K7
6DE6 23&477
6
Giar 6507
6EM5  SSRT
6f6  6U!

U8
6GHS
85 6ws

6AB4
6ACT
6AGS
6AKS
6AL5

6ANS
6AQ5

816 PROFITS
ARE HERE IN

‘ COLOR

€T AHEAD OF TRE FIELD

TERMS: add 3c per tube

7/ SILICONM
[ RECTIFIERS

If not shipp’ed in 24 hrs
YOUR ORDER

postage. Send 25% oeposit
on ‘C.0.D. orders. No C.0.D.

shipping. Orders under $5.00 _orders under $5.00 or to sensatronal
add 3c per tube shipping ° Canada. No 24 hr. free offer
plus 50c handiing. Canadian "on persanal check orders

orders add approximate s.gay MONEY BACK OFFER!

CORNELL EI.ECTRON CS CO.

Dept. EWI0 4217 University Ave,, San Diego , Calif. 9210 5
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AN/APR-4Y FM & AM RADIO RECEIVER
Shipment just received! High precision lab in-
strument. suitable for monitoring and measuring
frequency and relative signal strength of signals
from 38 to 4000 Mc., in 5 tuning unit ranges.
For 110 V 60 cycle AC operation, built-in
power supply. LIKE NEW. SPECIAL . $8750

TN-16, TN-17. TN-18. TN-19 and TN-54
Tuning Units for above in stock. P.U.R.

LORAN APN-4
21 FINE QUALITY
NAVIGATIONAL EQUIPMENT
Determine exact geographic position of your boat
or plane. Indicator and receiver complete with all
tubes and crystal.
INDICATOR 1D-6B/APN-4, and RECEIVER R-9B/
APN-4, complete with tubes. Exc. Used....$88.50
NEW! APN-4A Receiver-Indicator as above, changed
to operate same as APN4-B for improved perform-
ANCE wil . el cwwbhu alowns B o uh bhind 28 4 NEW $88.50
Shock Mount for above . ................. $2.95 |
INVERTER POWER SUPPLY for above APN-4. INPUT: |
24 V DC. OUTPUT: 115 V AC, 80O cycles. Like
NEW, winm b CTDTT AEEETIEEITs § 3 i in [Exo 08 $22.50

We carry a complete fine of replacement parts and
accessories for above

LORAN R-65/APN-9 RECEIVER
& INDICATOR ‘

Used in ships and aircraft. Deter-

mines position by radio signals from =1
known xmitters. Accurate to within mm
1% of distance. Complete with (

tubes and crystal. IN LIKE NEW Con-

dition gpsabe . TEEEas . L . SRR D8 Y $88.50
{ Used, with all parts, less tubes, crystal
and VISOT .................. Special $29 50

INVERTER POWER SUPPLY for above APN-9. INPUT:
24V DC. OUTPUT: 115 V AC. B0O cy. Like New $22.50

Shock Mount for above ... . ... ... ...... $2.95
Circuit diagram and connecting plugs available.

234-258 MC RECEIVER AN/ARR 2

BRAND NEW 1l-tube UIHF ‘Tunabic |( with
schematic. Only a few at this low price! 0 95
Complete with tubes. Fxe. used $7.95 0

SCR-625 MINE DETECTOR

Complete portable outfit in origi-$ 50
nal packing, with all accessories.
Excellent, Used ... ............

BC-929 3-Inch Scope, with all tubes,
LIKE NEW .................. $16.50

ADAPTER

Recharge 12 Volt Car and

Conversion instructions, with diagram,
for 110 vV AC operation ....... $ .65

LM FREQUENCY METER

Ciy ( I calib: 1. 13 . iyne, 25 KC 1 7-/7
CriRll sauoriey, 750 Boat Batteries... Keep Them
Lumple(e lilce new m s gl m e o e a ’ s . ,

LM F C Met. 8 ol 1y 1 ke

o, ST M e SRl et At Peak Efficiency!

tion bonk. lkxe. Used, Cle n e e

BC-221 FREQUENCY METER

Equipbed with original calibration charts. 125 Kc. to Recharge

2oL Vaga witn “3?.".“rlaf"€$."..,l’.ﬂ'.’é',? Book. Grysiai. ; $ 95 GOMPLETE
and all tables. CHECI:(ED ouT Yﬂllr Battel’lles

Unmodutated  $89.50 moswmatea  $124.50 Up To 15 Times! INCLUDING AUTO AND

\.C. Power Supply for BC221, checked out. .$24.50 Charges All Common Types And BOAT ADAPTER

@c-221 1000 Ke Crystai Brand New ... ... $8.99 Sizes — D, C, Penlight, 9V.
Rt cunniy noek mounce, irAND E ' s378% Eg;}eﬁ:sd”’sv Toys, Flashiights,
SCR-274 COMMAND EQUIPMENT . . .
:Z?Xg:':::‘ff‘g:"g‘l'?’“ TUBES - Like  BRAND Eow for tl}::e first time a new improved 1======= MAIL THIS COUPON TODAY! — — =«
ggxgsgoés;??gelltvcer ygwe T §IEEE e pum attery charger not only gives many | CONSUMER SERVICE COMPANY ]
BCo46 ”nec%w';: -lrwclanosllgcgscmﬁé?ci et extra hours of CraCkllng power and 160 Mercer St., New York, N. Y. 10012 I
1/5%6 37ME. Receiver Brand New 78 T 95186 performance for radio, toy, flashlight, |
T10 vertAc Power Suraly tor 73 N tape recorder batteries, etc. . . . but | Rush Model 888 Universal Battery Charg- |
m.cno.-“.‘iw'm., omples ‘m“i‘e('i x|’1tt‘r‘ljlvc;i‘;i°n;sr;o also recharges car and boat bat- | ers. Each $6.95 plus 50c shipping and handling. |
ss"uNEEI I”?.‘JZ%(“S‘?? lr;,cx 4;‘4‘:'1 and Al:{‘g¢ teries! In excessively cold weather, | gnciosed is check or money order for $ ) }
l.nmn;hmo Ty — you can keep your auto battery charg- | 1 must be completely satisfied or my money will I
- c. ransntitter 0y ew ... - . . H N
BC.457 TRANSMITTER 4'3.1 N ompieis 017 95 ing overnight and be sure of starting | be refunded immediately.
l“||1\((l!) ’:l(j“luhcs and crystd BRAND NEW . $ 57035 |n the morr”n 1 I I
Bc 4S|8 s‘|'l»3'1‘\(:\l§lrrv\||s‘:";|'lEl>2—o 3t to 7 Mc .'C;)l:n.p.le;t.e u,:uh g I
o TAB || Model 888 Universal Battery Charger e {
BEEeR. JRANgmITTER—T 10 9 we. compicge o | | charges THREE TIMES as fast as any | I
Ko New
r\xﬁ ﬁ?ﬁmrrngNgm;g}:nﬂ;\:dng Complete with $14.95 other cha rger. An approved trans- | Address... |
s \1:zrxini{ti:{ ........ " USED 3.45 NEw 598 former guarantees pl’OteCtion' from |
AL, ACCESSORIES AVATLARBLE FOR ABOVE shock and prevents over-charglng. I c't I
glga;e incll:de.tis% Dego?lit with order—Balance . . I s l
.0.D., or Remittance i . 50¢ Handli
on afl orders under SS’.’(‘)O.“AII shicpm‘:rr‘nsmrg.(;:.g?rgzi For JUSt pennles a month keep EVERY I I
Wareliouse. N.Y.C. Al Merchandise subject to Prior battery Operated deVice — InCIUdIng .
Sale and Price Chansge. | LZip I
auto and car — at peak performance. [
G &Tegphki\o(g?ﬂscg';itgs co. Absolutely safe. So safe a child can | SORRY, NO. C.0.D.S I
one: - . 1
77 Leonard Si. New York 13, N. Y. use it! U.L. Approved plug and cord. | SATISFACTION GUARANTEED I
CIRCLE NO. 115 ON READER SERVICE CARD e e ™ " Bk Gl BT
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SURPLUS
TEST
EQUIPMENT

EXCELLENT CONDITION +* LOW COST

Collins 5KW, 10 Chan, Autotune
XMTR A-1, A-2, A-3 2-26MC SLow

bﬂerlhw Angus A W. RMecording Ammeter

?H .50

Hm\lott I’1r‘k nl 30B Distortion Analyzer .00
Marconi. LCR Bridge. TF-868/1 .00
Boonton 1704 'Q"" Meter ... . Lo
Teletype Texst Set TS-2/TG . Q
Gertsch FM.5 Frequency Divider . 300.00
General Radio 1263A Power Supply, New .. 210.00
General Radio 1208B Oscillator 65-500 me. 140.00
General Radio 1021A Sig. Gen. . ......... Q
Hewlett Packard 152B bual Tracer

Amplifier ..o e e 15vu.00
Boonton 160A Q ro. 2990.00
Boonton 207G Unl\elter 309.00
Collins R-388/51.03 Recel PUR
TS-219/U Sig. Gen., Hon- ’I(IU'\IC 349.50
HP 233A Audio Generator .. .... . 375.00
e 6o8B Sig. Gen. 1OMC 400Mce. like new 523.00
G.R. Unit Osclll’s 1211B 5 to 50me. New 210.00
HP 212A Pulse Generator, Exceltent .. ..., 325.00
TS 1418/U Sig. Gen. 400me, to 100me.

Like mew . ...... ... .0ieinniann 495.00
TS-32:3/UR, Freq. Meter 20MC-180MC,

002% Lo 159.00
Measurements Corp. 31 In

Monitor. New 150.00

Empire Devices RF1 Test Sct NF.105/205 (Ml

Type, AN/URM-7). Like new with two tuning
uriits and antennas—20MC-400MC. Price on Re-
quest.
AN/URM 14 Mike Stmulater ............ Q
Ah/UK\l 25 Slg. Gen. 10Ke-50Mc. .- Q
) VTVM .. ... ... oo 99.00
l\l lll(llucr Test Sct 17.50
3 S 175.00
5 8() Sig. (,(‘n Q
';I’ 500 JX 530 Ke-54Mc/s . 450.00
R-90 bigltal Job 500 32me/s Q
URR-13 to J00me/s ... . 320.00
ne 61 ig. Gen. 1.8.4. KMC . . P UR
1P 3024 \\1\( Analyze ................ 995.00
HP 715A KIystron SUpply . ..vv e nn ... 125.00

WANTED: \ll )\\'/TIU -2 1 Material, AM-912, AM.
G, T-302 ovies. Alse RT- 204 /ARC.

lll/ARC 38, A\/(lll‘
14, el all '\lll(t ary and

well as Cominercial

l(l

¥
Aireraft Communications ( S

SPACE
ELECTRONICS

4178 Park Ave.
Bronx, N. Y.
(212) CY 9-0300

CIRCLE NO. 22 ON READER SERVICE CARD

AUTHORS’ SERVICES

AUTHORS! Learn how to have ycur book published,
promoted, distributed. FREE booklet “ZD,’" Vantage,
120 West 31 St., New York 1.

WANTED WRITERS! Short stories, articles, books, plays.
poetry. Will help place, sell your work. Write today,
free particulars! Literary Agent Mead, Dept. 37A, 915
Broadway, New York 10, N.Y.

PHOTOGRAPHY—FILM,
EQUIPMENT, SERVICES

MEDICAL FILM—Adults only—'‘Childbirth'* one reel,
8mm $7.50; 16mm $14.95. International W, Greenvale,
Long Island, New York.

SCIENCE Bargains—Request Free Giant Catalog 'CJ"
—148 pages—Astronomical Telescopes, Microscopes,
Lenses, Binoculars, Kits, Parts, War surplus bargains.
Edmund Scientific Co., Barrington, New Jersey.

BUSINESS OPPORTUNITIES

INVESTIGATE Accidents—Earn $750 to $1,400
monthly. Men urgently needed. Car furnished. Busi-
ness expenses paid. No selling. No college educa-
tion necessary. Pick own job location. {nvestigate
futl time. Or earn $6.44 hour spare time. Write for
Free Literature. No obligation. Universal, CZ-10, 6801
Hillcrest, Dallas 5, Texas.

PHOTOGRAPH accidents for Insurance Companies.
$10.00 hour, spare time. Not a school. Free Informa-
tion. Underwriters ZDG, 7400 Pershing, St. Louis,
Mo. 63130.

SELL CB Equipment-—Dealerships available to aggres-
sive people who can sell Citizens Band Radio full or
part time. Knox Electronic, Dept. 194, Galesburg,
111, 61401.

MAILORDER. No Investment in products. Free Brochure.
Methods, 1403-FD, Lafayette Hili, Pa.

FREE BOOK ‘990 Successful, Little-Known Businesses.”
Work Home! Plymouth-845M, Brooklyn, New York 11218.

I MADE $40,000.00 YEAR by mailorder! Helped others
make money! Start with $10.00—Free proof. Torrey,
Box 3566-N, Oklahoma City, Oklahoma 73106.

October, 1965

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 721, Dept.
e.g.. Lexington, Kentucky.

USED Correspondence Courses and Books soid and
rented. Money back guarantee. Catalog free. (Courses
Bought). Lee Mountain, Pisgah, Alabama.

HELP WANTED

YOUR own Business. Sell matchbook advertising—
part or full-time. We tell you how. No experience
needed. Earn cash commissions. Sales kit furnished.
Matchcorp, Dept. M0-105, Chicago 60632.

INVENTIONS WANTED

INVENTORS. We will develop, help sell your idea or
invention. patented or unpatented. Our national manu-
facturer clients are urgently seeking new items for out-
right cash sale or royalties. Financial assistance avail-
able. 10 years proven performance. For free informa-
tion, write Dept. 42, Wall Street Invention Brokerage,
79 Wall Street. New York 5, N.Y.

INVENTORS. Outright cash sale or royalties for your
inventions. Patented. Unpatented. Active demand from
our client manufacturers. Financia! assistance avail-
able. Write Dept. 48, United States Invention Broker-
age, 78 Wall Street, New York 5, N. Y.

WISCONSIN State Inventors Association Welcomes You.
Investments earn 5%. Development Loans Available.
Box 162, Sheboygan, Wis. 53082.

IMMEDIATE cash, for Patent Applications, free Patent
Searches. Write for details, Universal Patents, 184-Y,
Marion, Ohio.

STAMPS

PHILIPPINES 100 different stamps $1.00. 12 different
uncirculated coins $1.00. Afran, Box 2313, Manila,
Philippines.

REAL ESTATE

FLORIDA WATER WONDERLAND—Home, cottage, Mobil-
sites. Established area. $590 full price, $9.00 a month.
Swimming, fishing, boating. Write: Lake Weir, Box
KE38, Silver Springs, Fla. AD 6-1070 (F-1)

NEW! FREE!—FALL CATALOG Bigger, 176 pages! Se-
lected Best thruout the U.S. Thousands of properties
described, pictured—Land, farms, homes, businesses—
Recreation, Retirement. 476 offices, 35 states coast to
coast, ‘‘World's Largest.” Mailed FREE! STROUT
REALTY, 50 ZD East 42nd St., New York, N.Y. 10017.

EMPLOYMENT INFORMATION

FOREIGN Employment. Construction. other work proj-
ects. Good paying overseas jobs with extras. travel
expenses. Write only: Foreign Service Bureau, Dept. D,
Bradenton Beach, Florida.

JOB resumes. Foot in the door to higher earnings.
Only $2.00 for professional Resume Writing (nstruc-
tions. S. Felt, 225 East 36th, New York, N.Y. 10016.

TECHNICIANS, Cape Kennedy and Island Tracking Sta-
tion Employment Information $1.00. Research, Box

¢ SALE"

[} DISC CONDENSERS ....30 for $1 60 far 1.01
[_| PRECISION RESISTORS .30 far $1 60 for 1.00
PLANAR TRANSISTORS . .4 for $1 8 for 1.01

25 AMP RECTIFIERS . __ .. 2 {or $1 4 far 1.01

| SWITCHING TRANS 15 fur $1 30 for 1.01
|_; ZENER REFERENCES . ... 6 far $1 12 far 1.01
| GERMANIUM DIODES ..25 fur $1 50 for 1.01
b TOP HAT RECTIFIERS ...25 for $1 50 for 1.01
TRANSISTORS |, ..30 for $1 60 far 1.01

[J 10-WATT ZENER 30V 1zor $1 2 far 1.0
[] 2N1613 100MC TRANS .. .1 far $1 2 for 1.01
[J 4W PLANARS 2N497-98 . .2 fur $1 4 for 1.01
(J 3N35 TETRODE TRANS ... 110781 2 far 1.1
(J 40-WATT TRANSISTORS 3 for$1 & far 1.00
] SOLAR "'SUN'" CELLS §ior $0 0 B dar )0
(] 200MC 2N705's . ... AL 4 far 1.00
[] MICRODIODES RECTFS ,o for 51100 far 1.01
[J EPOXY RECTIFIERS . .. - for 51 50 for 1.00
[J 10-WATT STUD ZENER i aor $1 7 fer 1.0
(] 20W NPN SIL. 2N1647 1 for $1 7 for 1,00
[J CLIP-IN DIODES 15 for $1 30 for 1.00
[] STUD PWR TRANSISTORS 2 jor $1 4 dor 1.01
Iq IGNITION SWTG TRANS 1 for 1 7 for | a

115/60c TO 6.3A. 3A XFMR 1 for 1 7 dor 1.0

WIRTH OF

% * Tronsisters B o N U s
® Djodes P
= Rectifiers D FREE
® Knobs
* [ondensers POLY PAK
® Goils, ere, | U OF YOUR

Include 25¢ for handling | § CHOICE

[ ] FREE DOUBLE

BOTH FREE WITH EVERY $10 ORDER
FACTORY
RIS DOLLAR POLY PAKS

3 TRANSISTOR AUDIO AMP  tiny, wired
MAGNETIC REED SWITCH, glass sealed . o
40 WORLD'S SMALLEST COND,, to .05mf , .,

4 TRANSISTOR TRANSFORMERS, '\S:t worth $25 5,]
1 FILAMENT TRANSFORMER 117 to 6.3vet, 3A §1
$25 RELAY SURPRISE, sealed, tiny types ,,.., .5]
3 INFRA-RED DETECTORS, with leads . ..

Cooorotn

$25 SURPRISE PAK: transistors, rect, diodes, etc, j
30 CORNING “LOW NOISE’' resistors, asst. ;
60 TUBULAR CONDENSERS, to .5mf, to 1Kv, z\;ql, £1
60 TUBE SOCKETS, receptacles, plugs, audio, ete. §1
30 POWER RESISTORS, 5 to 50W. to 24 Kohms . {1
50 MICA CONDENSERS, to .1mf, "silvers too! . . %1
10 VOLUME CONTROLS, to 1 meg, switch too! .§1
10° ELECTROLYTICS, to 500mf, asst FP & tubhuiars$)
50 RADIO & TV KNOBS, asstd. colors & styles .$§1
10 TRANSISTOR ELECTROLYTICS: 10mf to 500mffl
50 COILS & CHOKES, if, rf, ant, osc, & more . .§1
35 TWO WATTERS, asst incl- AB 7 too! ... {1
75 HALF WATTERS, asst incl: A.B., 5 ¢ too! . .%1
60 HI-Q RESISTORS, !/, . 1,2W,1 % &35 ‘¢ values §)
10 PHONO PLUG & JACK SETS, tuners, amps . .41
| 50 TERMINALSTRIPS, 1 to R solder lug types . .%1
30 “YELLOW' MYLAR CONDENSERS, asstd val %)
60 CERAMIC CONDENSERS. discs. npo's. to .05 $1
3 GEIGER COUNTER DETECTOR, tubes, assorted $1
3 TRANSITRON TRANS'TRS. 2N341, 42, 1W, npn §1
85 WATT 2N424 PLANAR, silicon, TO-53 npn, $1
85 WATT 2N1212 PLANAR, drift, 10me, npn ....$1
D 1 CONTROLLED SCR SWITCH, Transitron, TO18.$)

siicon | JUMBO PAK

CONTROLLED [ 500 DiISCS . 4 8

1 0ooOoaoac

8 B8

s
T'i 2N998 TYPE,
L |

RECTIFIERS 500 DISCS
20, CERAM

PRV M, L

e FRECISIoNs.TUB 4 88|

o E1 OTRANSISTORS

LT

i 100 for 5228
“E “g E': Power, Audic RF, untested
:‘ 10 1000 MC-1N251 GERMANIUM DIODES . ,..$)

2— CLAIREX PHOTO ELECTRIC CELL, CL607 . ..%1
71 2 500MC TRANS'TRS, 2N964, mesas, pnp, TO18 %)
1] 4 PIN HEAD 2N790 NPN SILICON transtrs, TO18 £}
4 2N43 OUTPUT TRANSISTORS, by Gk, pnp, TO5 §1
4 2N333 NPN SILICON transistors, by GE, TO5 %1
8. 2-6Amp RECT's, studs, silicon, 50 to 406V . 1
4.—2N155 TRANSISTORS or equals, TO3 cases §1
7—800 MC, 2N709 NPN Silicon planar TO46 . )
3 2N711 300MW. 300 MC, PNP MESA, TO18 . .$|
1000 GAIN, npn silicon, planur » o 81

“'MICRO-T'' TRANSISTOR, like TMT-1613, 51
"1 4 2N35 TRANSISTORS, npn, by Sylvania, T0O22 . $)
4 '"MICRO’ TRANSISTORS, 2N131's, 1/16”, rf %1

334B Cape Canaveral, Fla. 32920. . 4 CK721 TRANSISTORS, 1mp, sluminum case ..§]
] 5 2N107 TRANS'TRS, by GE, pnp, 1wp, audio pak £}

] 10 PNP SWITCHING TRANSISTORS, 2N1305,TO5 §1

| 10 NPN SWITCHING TRANSISTORS, 2N338, 440 §1

MISCELLANEOUS ] 15 PNP TRANSISTORS, CK722,2N135,107, . _,. $1
| 15 NPN TRANSISTORS, 2N35, 170, 440, .. ... .. 1

WORLDWIDE Export and Buyers Guide $1.50. Burke 1o¢ FOR ou‘k ** XMAS ‘" BARGAIN CATALOG ON:
Associates, Manchester, Mass. [J Semiconductors [ Poly Paks [ Parts

STOP EYEGLASSES SLIPPING FOREVER! Invisible At-
tach-0-Bands make glasses fit snugly in 10 seconds.
ideal for Sunglasses! Send $1.00 for 10 pair, $2.00
for 25 pair. J. Ross, 80-34 Kent St., Jamaica, N.Y.
11432 Dept. EW.

wWwWwW. americanradiohistorv.com

TERMS: send check, money order,
include Dostage—avg wt. per pal(
1 Ib. Rated net-30 davs. CODs

A K s 25%:  po. BOX 942W

O. LYNNFIELD, MASS.
"PAK KING'' of the World
CIRCLE NO. 101 ON READER SERVICE CARD
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THE 1966
PHDTOGRAPHY ANNUAL

ANNUAL

T el 4 A

PHOTOGRAPHY ANNUAL — the favurlte phutugra-
phic showcase of camera enthusiasts the world
over! It's an issue you'll enjoy and learn from
...one you'll want to add to your collection of
valuable photographic editions! To receive your
copy by mail, thereby avoiding any chance of dis-
appointment, be sure to send your order today!

PARTIAL CONTENTS include these portfolios

m Ralph Morse—‘Biographer of the Space Age."”
m Book Preview! John Rawlings’ figure studies.

m Gary Winogrand's amusing “Lock at the
Animals."”

m Story of the Year—dramatic Civil Rights photos.
m An extensive International Portfolio.
m Best News Pictures of the Year...and more!

PLUS...the full story behind each photo

$425

only

Enjoy the convenience
of having this year's edition
delivered directly
to your home!

GET THE EXQUISITE
LEATHERFLEX-COVERED
EDITION
for just $3.00—POSTPAID!

FILL IN, DETACH & MAIL
THIS FORM TODAY! ~———————3%

ZIFF-DAVIS SERVICE DIVISION < Dept. EW-10
589 Broadway + New York, N.Y. 10012

Please send my copy of the 1966 PHOTOGRAPHY
ANNUAL as I've indicated below:

[J Send me the regular edition. My $1.25, plus
15¢ far shipping and handling (25¢ outside
U.S.), is enclaosed.

i |
| i
| I
| I
| |
' :
: [ Send me the Deluxe Leatherflex-Covered edi- |
tion, postpaid. My $3.00 is enclosed. (Or-

| ders outside U.S. add 75¢ to partially defray I
| postage and handling costs.) Allow three l
| weeks additional for binding and mailing. |
| |
| I
| I
| I
I |
| I
I

hame please print

address

city state zip-code
«— (Payment must be enclased with order.) —
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READER
SERVICE NO. ADVERTISER PAGE NO.
125 Allied Radio .......... 88, 89, 90, 91
200 Alpha Metals, Inc. ............. 86
American Institute of Engineering
& Technology ............... 94
124  Arco Electronics . .............. 7
123 Astatic Corporation ............ 81
Birnbach Radio Co., Inc. evvn. ... 4
85 Burstein-Applebee Co. ......... 93
Capitol Radio Engineering
Institute, The ... ... .. 60, 61, 62, 63
Cleveland Institute of
Electronics . ......... 8,19, 20, 21
122 Cleveland Institute of Electronics . 78
121 Conar ..ot 85
120  Cornell Electronics Co. ......... 103
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Some plain talk from Kodak about tape:

Noisemanship...modulation noise...
and how to get extra dbs. of silence

e

e

Noisemanship is a very hip subject.
The more noise your sound system has,
the muddier your reproduced signal.
Which brings up the subject of defin-
ing tape noises, how they occur, how
they are measured, and what can be
done to reduce them. Like at the start
of Salome’s dance, there’s a lot to
uncover.

Starting at the beginning

Kodak tape is mighty quiet when it
leaves the factory. Because of special
milling techniques and our now-famous
“R-type” binder, the gamma ferric
oxide particles are more uniform in
size and shape and more uniformly dis-
persed than was ever before possible.
Result: a superior degree of magnetic
randomness, and thus, built-in quiet-
ness. To make sure that the roll of
Kodak tape you purchase is as “quiet”
as possible, we also bulk erase each
roll. By “randomizing” the particles’
polarity in all dimensions, foreign
signals picked up during manufacture
are eliminated.

Thus fairly pristine state doesn’t last
long. Once the tape has been subjected
to the erase field and record bias from
your recorder, a certain degree of
randomness is lost. So-called zero-
signal noise results because a recorder’s
erase system 1s not as efficient as a bulk
eraser. Whereas bulk erasers cause 3-
dimensional decay of the remnant sig-
nal, an erase head causes decay in one
dimension only—along the length of
the tape. This explains why zero-signal
noise 1s always higher than bulk-erase
noise.

Blue plate special—noisewise

Noise in the presence of a recorded
signal —modulation noise—is the real

meat and potatoes of tape performance.
Testing for modulation noise is a bit
tricky, however, because both ac pro-
gram and noise get mixed up in the
amplifier. And if we are to determine
the amount of noise in a system, it’s
imperative that we distinguish between
one and the other. One way to do this
1s to use what our scientists refer to as
a dc equivalent in r.m.s. milliamps of
an ac signal. -

Smply explained, we select the ac
signal level that represents the prac-
tical limit for linear recording—2%
third harmonic distortion. Then we
apply a dc signal to the record head
and Increase the record current until
it reaches the same level as that of the
above ac signal. On the tape we have
recorded a “zero frequency” program
plus the modulation notse contributed
by both equipment and tape. Since the
reproduce amplifier filters out dc sig-
nals, only the modulation noise comes
through, and this can be measured by
an output meter.

Strike up the band pass

Final proof-of-the-pudding is to ex-
amine the total noise spectrum through
band pass filters. Fun! One could, for
example, measure the noise that comes
through a 1-cycle band pass filter—
even get a signal-to-noise ratio of about
115 db. But this really tells nothing
about the tape’s practical performance.
For as the graph shows, there 1s much
more noise in the lower frequencies
than in the higher. For more meaning-
ful evaluation, we specify two signal-to-
noise rat10s . . . one for the average low
frequencies (20-1000 cycles at 15 ips)
and one for the high frequencies (1000-
15,000 cycles at 15 ips) . We are happy
to report that Type 31A (Kodak’s

general-purpose /low-print tape) rates
as much as 6.5 dbs better in the low
frequencies and 1.5 dbs better in the
high frequencies. At Kodak, “shhh”

1s the word.

il

SYSTEM NOISE

‘ ' HH HHHHHIIIIIIIJ

o 1,000 15.000
FREQUENCY

TOTAL NOISE SPECTRUM

Kopak Sound Recording Tapes are
available at most electronic, camera,
and department stores.

FREE. New, 24-page, comprehen-
sive “Plain Talk” booklet covers all the
important aspects of tape performance,
and 1s free on request. Write: Depart-
ment 8, Fastman Kodak Company,
Rochester, N. Y. 14650,

© Eastman Kodak Company, MCMLXI

EASTMAN KODAK COMPANY, Rochester, N.Y.

CIRCLE NO. 117 ON READER SERVICE CARD
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RCA announces a zero defects program

through...‘

ersonal
uality

erformance

RCA’s effort to apply some of the concepts of missile-type
reliability to the production of commercial receiving tubes

You lose time and money whanever a tube fails.

To minimize such losses, RCA has initiated still another quality control measure to guard
against tube failure and keep profits in your pocket.

It's our ZERO DEFECTS program, an attempt to eliminate as far as possible the factor of
human error from commercial receiving tube production.

RCA personnel engaged in the production of RCA receiving tubes have voluntarily signed a
pledge of PERSONAL QUALITY PERFORMANCE ...a pledge to strive for error-free perform-
ance in every task they undertake in the making of RCA receiving tubes.

Their pledge is one more assurance to you of tube reliability and greatest possible reduction
in callbagks when you sell and install RCA receiving tubes.

RCA Electronic Components and Devices, Harrison, N. J.

The Most Trusted Name in Electronics
®
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