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-GET A FAST START WITH
‘NRI’S ABSORBING, NEW
ACHIEVEMENT KIT

Delivered to your door—
averything you need to
make a significant start in
the Electronics field of
your choice! This new
starter kit is an outstand-
ng, logical way to intro-
duce you to NRI. What's
n it? Your first group of
esson texts; a rich vinyl
desk folder to hold your
study material; the indus-
try's most complete
Radio-TV Electronics Dic-
lionary; valuable refer-
ance texts; lesson answer
sheets; pre-addressed en-
/elopes; pencils; pen;
angineer's ruler, and even
nostage. No other school
nas 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. NRIl'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.

HO8BY? 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
major training programs
in Radio-TV Servicing, In-
dustrial Electronics and
Comnrunications or select
one of seven specialized
courses. Mail coupon for
NR| catalog now.

DISCOVER THE EXCITEMENT OF
NRI ELECTRONICS TRAINING

Founded 50 years ago—in the days of wireless—NRI pioneered the ‘‘learn-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.

Washington, D.C. 20016.

50 YEARS OF LEADERSHIP IN ELECTRONICS TRAINING

www americanradiohistorv com
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Get in
on the
ground floor

of the

second-story

business

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

S

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. It 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 sences 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.

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

* hold-up alarm

« ceniral 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 sournds in the event of:
powerline failure; equipment
malfunction or tampering

August, 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.

[t's the most unique 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!

Get in on the ground floor of this
new money-making business.

Become a distributor.

Write now for free details.

2008000000008 00000000000000000s0000000000000008

Name

0000000 c0000000000000

City

CIRCLE NO. 107 ON READER SERVICE CARD
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RADAR SENTRY ALARM : .. 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

State & Code
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,/\ Perfection results from
\_ ) CHOICE...NOT CHANCE __

Since no single phono cartridge can be all things to all people,
we earnestly recommend that you employ these individual
criteria in selecting your personal cartridge from the broad

Shure Stereo Dynetic group:
YOUR EAR: First and foremost,

unrelated to “bare”
to your personal listening pleasure.

YOUR EQUIPMENT: Consider first your tone arm’s range of

" RUGGED AND )

RESPONSIVE

MODEL M44-C

An exceptionally rugged cartridge
that tracks at forces up to 5 grams.
Ideal for older mode!, heavier-
tracking turntables, or where chil-
dren or guests have access to your
system. Retractile stylus prevents
record damage. 15° tracking for
minimal IM and Harmonic distor-
tion. Truly musical sound. Only
$17.95

& J

(" THE “FLOATING” )
CARTRIDGE

MBSOE GARD-A-MATIC®
WITH ELLIPTICAL STYLUS

Bounce-proof, scratch-proof per-
formance for Garrard Lab 80 and
Model A70 Series automatic turn-
tables. Especially usefu!l for appli-
cations where floor vibration is a
problem. Spring-mounted in tone
arm shell. Unique safety feature
retracts stylus and cartridge when
force exceeds 1'/2 grams . . . pre-
vents scratching record and dam-
aging stylus. $38.00

listen. There are subtle dif-
ferences in tonality that beggar description and are quite
specifications—yet add immeasurably

tracking forces. Too, keep in mind that the cartridge ordinarily
represents the smallest monetary investment in the system, yet
the ultimate sound delivered depends first on the signal re-
produced by the cartridge . . .
your entire system.

YOUR EXCHEQUER: Shure cartridges cover the entire ecco-
nomic spectrum. And they are ALL Shure in quality, all Shure

“skimping” here downgrades

in performance. Even the least costly has received copious

critical acclaim.

" ECONOMICAL
TREND-SETTER

M44 SERIES

Premium quality at a modest price.
15° tracking angle conforms to
standard adopted by major record
companies. Remarkably low IM
and Harmonic distortion . . . excel-
lent channel separation, providing
superlative stereo effect. Scratch-
proof retractile stylus. M44-5 with
.0005” stylus for %4 to 1'/2 gram
tracking. Only $21.95. M44-7 for
12 to 3 grams, .0007" stylus. Only
$19.95

" J

~

/~  ALL THE MOST }
WANTED FEATURES

15° TRACKING, ELLIPTICAL STYLUS

Professional performance at a
modest price. Compares favorably
to. the incomparable Shure V-15,
except that it is produced under
standard Shuré quality control and
manufacturing techniques. Re-
markable freedom from iM, Har-
monic and tracing distortion, Will
definitely and audibly improve the
sound of monaural as well as
stereo records. A special value at
$35.50. Upgrade M44 cartridge (if

you can track at 1'/2 grams-or less)

\_ it NSSE stylus, $20.00 //

.
&

THE ULTIMATE!

V-15
WITH
BI-RADIAL ELLIPTICAL STYLUS

For the purist who wants the very
best, regardless of price. Reduces
tracing (pinch effect), IM and Har-
monicdistortion to unprecedented
lows. 15° tracking. Scratch-proof,
too. Produced under famed Shure
Master Quality Control Program

. literally hand-made and in-
dividually tested. In a class by it-
self for mono as well as stereo
discs. For manual or automatic
turntables tracking at 3/ to 1‘/2

K grams. $62.50

J
D

“THE BEST )

PICK-UP ARM IN
THE WORLD”

r ™

SHURE SME

Provides features and quafity un-
attainable in ANY other tone arm.
Made by British craftsmen to sin-
gularly close tolerances and stand-
ards. Utferly accurate adjustments
for every critical factor relating to
perfect tracking . . . it realizes the
full potential of the cartridge and
record. Model 3012 for 16” records
$110.50; Model 3009 for 12” rec-
ords $100.50

J

}éﬁw@% =

High Fidelity Phono Cartridges . .

. World Standard Wherever Sound Quahly is Paramount

Shure Brothers, Inc., 222 Hartrey Ave., Evanston, Illinois

www.americanradiohistorv.com
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Electronies World CONTENTS

21 Television in Space  leslie Solomon

Devices used in Muriner Mars, Lunar Orbiter, Ranger, und Apolio are covered.
Article discusses unique TV transmission systems developed for outer spuce.

25 Amplifier Gain Nomogram Max H. Applebaum

26 Recent Developments in Electronics

28 Selecting the Proper Fuse  Arthur 1. Steele

Are you familiar with the proper rules for fusing circuits? Article
covers important factors to consider including physical size, current,
voltege rating, type, umbient temperature, and special characteristics.

31 Lasers

This is the first of three authoritative urticles planned on lasers. They
will cover all types of laser operation, application, und testing procedures.

Warren Groner

36 Economy-Line Transistors Robert Tellefsen

37 Microfilm and Electronics

Microfilming technical information is becoming « standard prac-
tice. The problems of recording and retrieving large volumes of
usefud information were solved by the use of electronic techniquees.

Daniel M. Costigan

40 “Long-Hand’’ Printed Circuit

A simple technique of mnaking prototype circiits. No chemi-
cals, photo processes, or phenolic boards are involred here.

Edward M. Llong

42 Radar Imagery J. L. Nelson

44 Capacitance Touch-Plate Lighting Switch

An all-solid-state novel design of « circuit that should find
many applications where on-of] operation is desired. Simply
toucking « single small metal plate activates this circuit.

R. Wayne Simister

45 Receiver Noise from Antenna to Detector Joseph Tartas
49 Determining Meter Resistance John T. Bailey
58 Oscilioscope Calibrator

Louis E. Frenzel, Jr.

62 European Semiconductor Code Patrick Halliday

6 For the Record (Editorial)

Luser Precautions

W. A. Stocklin

12 EW Lab Tested

Harman-Kardon “Strataphonic” Stereo Receivers
KLH Model 17 Speaker System

54 Emergency Radio Service John Frye

60 Test Equipment Product Report

Fico 965 R-C Bridge Anulyzer
Ballantine Model 345 V.T.V .M.
Mercury Model 1500 R.F. Signal Generator

MONTHLY FEATURES

Coming Next Month. . ... ... .. .. 4 Radio & TV News............ 73
Letters from Our Readers....... 8 New Products & Literature. ... .75

Copyright © 1965 hy Ziff-Davis Puhlishing Company. All rignts reserved.
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OUR COVER is a somewhat
simplified representation of
a ruby laser along with its
energy-level diagram. The
ruby rod is surrounded by
a chamber through which
coolant flows. Surrounding
the entire assembly is a
flash tube that supplies
the high-intensity pumping
light required for laser op-
eration. An intense beam of
coherent light emerges from
the partially silvered end of
the ruby rod. For details on
the operating principles of
this and other laser types,
refer to our story on page
31. This is the first of a
three-part group of articles
on lasers...{lllustration:
Otto Markevics.)
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new SAMS BUOKSQ

Know Your Signal Generator

by Robert G. Middleion. The
newest book by this popular
author offers, in his inimitably
clear style, full and practical
coverage of signal generators
from A to Z—theory, opera-
tion, and applications. Explains
basic principles of all types of
signal generators; proceeds to
explain generator accuracy,
calibration, modulation, meas-
urement of output voltages,
harmonic amplitudes, and
many other considerations. In-
cludes dip meters, analyzers,
radio test sets, and uhf and
supersonic generators. Special
chapter on FM stereo multiplex signal generators.
Invaluable for service technicians, apprentices,
hams, and hobbyists. 144 pages; 515 x 814”. $950
Order KOG-1, only . el 2

Two-Way Mobile Radio Maintenance (vew 2nd €4.)

by Jack Darr. This newly revised and updated
guidebook includes coverage of the latest transis-
torized 2-way equipment. Here is a complete and
extremely practical field servicing handbook, a val-
uable guide to planning, installing, and maintaining
all types of 2-way mobile radio systems. The author’s
own first-hand experience gets you right to the heart
of how to do the job the quickest and best way.
Written in easy-to-understand language; illustrated
with many on-the-job photos of 2-way equip- ¢ 95
ment. 256 pages; 514 x 814”7, Order TWD-2, only 4

Second Big Printing!
Color TV Guidebook

A special Howard W. Sams publication—the most
complete and authoritative guide to color TV, servicing
techniques, equipment required, and related subjects.
General information includes outlook for color TV
manufacturers, broadcasting networks, and techni-
cians. Specific sections deal with starting a color TV
service business, troubleshooting and repair tech-
niques, antennas, color tube stocking, tramsistorized
color TV, small-town color TV problems, new circuits
and developments; building a color TV kit, and much
more. The biggest dollar's worth of useful, practical
color TV data available. 8% x11". $100
Order PFR-Y,only. .. ... .. ............ I

Transistor Radio Servicing Made Easy (vew 2nd €0,

by Wayne Lemons. Latest, completely updated edi-
tion of this practical how-to-do-it book. Explains
only what you need to know to repair transistor
radios (now including FM) with maximum profit.
The on-the-job experience presented makes it the
only book of its kind available. From the introduc-
tory chapter through the step-by-step explanations
of bench-tested troubleshooting procedures, the
text is written in servicemen’s language. Explains
how to find causes of noises, squeals, poor sensitivity
and distortion; how to substitute transistors and
check circuit performance; how to minimize “‘hard-
to-find” parts problems. Includes a complete new
chapter on FM transistor circuits. 144 pages; ¢ 50
53 x 8%4”. Order TRE-2, 0nly . . ... ... .. .... 2

Technical Speller & Definition Finder

by AEtna Miles. A practical reference,using an en-
tirely new concept — gives the correct spelling, plus
convenient sources for definitions and additional in-
formation on approximately 50,000 technical terms.
Essential for secretaries, librarians, educators,
authors, technicians, engineers, and others with sci-
entific interests. Handy alphabetical listing has
accurate spelling and definition key. Includes acro-
nyms and their definitions. Trademarks are 1den-
tified, and the proper spelling and typing form is

shown. 288 pages; 54 x 814”. $E95
Order SDH-1 (hardbound), only . . .......... 5
Order $DS-1 (softbound), only............ ..4.95

HOWARD W. SAMS & CO., INC.

8 Order #from your Sams Distributor today, or mails
8 to Howard W, Sams & Co., Inc., Dept. EW-8 [ ]
0 4300 W. 62nd Street, Indianapolis, Ind. 46206 |
: Send me the following books: :
] O KOG-1 {J PFR-1 (0 SDH-1 ]
: 0O TwD-2 O TRE-2 0 sps-1 :
g O Send FREE Sams Booklist. $ enclosed g
| L}
8 Name 1
| 1
| 1
8 Address ]
[} 1
: City. State Zip, :
[} 1
B My Distributor is 1]

B @ 1 |} CANADA: A. C. Simmonds & Sons, Ltd., Toronto 7 v e emll
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COMING
NEXT MONTH

SPECIAL
FEATURE ISSUE

&,
SPEIIII.) ?

B FEATURE  TRST EQUIPMENT
1SSUE: FOR %Mlﬁﬂ"ﬂl:(;'ﬂmb

TEST EQUIPMENT FOR SEMICONDUCTORS—This issue will carry five articles of
vital interest to all those who work with semiconductors. Not only wiil there be
a comprehensive directory of companies making specialized test equipment but
also a valuable glossary of the important semiconductor parameters and what
each means. In addition, Ralph Show of Tektronix will explain how the curve
tracer can be used to obtain characteristic curves, determine parameters and
breakdown voltages, etc. for semiconductors, with emphasis on practical aspects
of making measurements. Carl David Todd discusses Testing Semiconductors with
V.O.M. or V.T.V.M. A. H. Seidman presents a survey of circuits found in commer-
cial units in his article Testers for Semiconductor Devices. A variety of such
instruments is covered along with an analysis of operation, accuracy, and special

features.

MAGNETIC REED SWITCHES & RELAYS

The unique properties of these fairly
new components make them ideal for a
wide variety of electronic applications.
Gary A. Lehmann outlines their appli-
cation in such devices as tach pickups,
proximity switches, d.c. choppers.

THE OPTICAL LINK

A light source, coupled to a photosensi-
tive device in an opaque enclosure be-
comes an “optical link”. This useful
device is commercially available with
frequency response from d.c. to 10 me.
and power control capabilities from a few
milluvatts to 100 watts. Donald Lan-

caster explains the operation and appli-
cations.

IMPROVED SWITCHING OF
INDUCTIVE LOADS

Switching element life and reliability
can be greatly increased by protecting
relay contacts and semiconductor drivers
from high-frequency transients produced
by inductive loads.

LASER PRACTICE & APPLICATIONS

An explanation of injection laser opera-
tion, pumping power-supply circuits, and
the modulation and demodulation of the
laser heam. Various applications are cov-
ered.

All these and many more interesting and informative articles will be yours in
the SEPTEMBER issue of ELECTRONICS WORLD ...on sale August 21st.
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SOMEONE SHOULD DEVELOP AN EASY WAY

TO LEARN ELECTRONICS AT HOME

RCA INSTITUTES DID!

RCA introduces new CAREER PROGRAMS
—beginning with the student-proved
“AUTOTEXT"’ Programmed Instruction
Method — the faster, easier way to learn.
You start to learn the field of your choice
immediately. No previous training or ex-
perience needed.

Pick the career of your choice—and RCA
Institutes will do the rest! RCA’s new, rev-
olutionary ‘‘Career Programs’’ help you go
directly to the career you want! You waste
no time learning things you'll never use
on your job! Each Career Program is de-
signed to get you into the kind of job you
want in the fastest, easiest possible way!

SEPARATE COURSES

In addition, in order to meet specific
needs, RCA Institutes offers a wide variety
of separate courses which may be taken
independently of the above Career Pro-
grams, on all subjects from Electronics
Fundamentals to Computer Programming.
Complete information about these courses
will be sent with yotr other materials.

CHOOSE A CAREER PROGRAM NOW
your first step to the job of your choice!

Television Servicing
Telecommunications
FCC License Preparation
Automation Electronics
Automatic Controls
Digital Techniques
Industrial Electronics
Nuclear Instrumentation
Solid State Electronics
Electronics Drafting

RCA INSTITUTES BONUS EXTRAS

Only RCA Institutes offers you a Liberal
Tuition Plan, one of the most economical
ways to learn. Plus, you get top quality
equipment in ail kits furnished to you with
your courses—yours to keep and use on
the job. And now, RCA's NEW PRO-
GRAMMED ELECTRONIC BREALCBOARD
GIVES YOU LIMITLESS EXPERIMENTA-
TION — scientific laboratory procedures
right in your own home! You build a work-
ing signal generator, AM Receiver, Multi-
meter, Oscilloscope, and other valuable

/. — \
\
1'! =‘|g THE MOST TRUSTED NAME IN ELECTRONICS

Y o

August, 1965
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equipment—all as a part of your course!
Get the facts today!

Classroom Training Also Available. Day
and Evening Classes are available to you
in New York City at RCA Institutes Resi-
dent School. You may be admitted with-
out any previous technical training; prep
courses are available if you haven't com-
pleted high school. Coeducational classes
start four times a year.

SEND COUPON TODAY FOR COMPLETE
INFORMATION. CHECK HOME STUDY OR
CLASSROOM TRAINING.

RCA INSTITUTES, INC., pept. ew-ss

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

RCA Institutes, Inc. Dept. EW-85

350 West 4th St., New York, N.Y. 10014

Please rush me FREE illustrated book with informa-
tion checked below. No obligation. No salesman will
call.

Home Study [ Classroom Training []

Name_ L —— Age
Address. S
City_ _ Zone. State_

CANADIANS: Take advantage of these same RCA In-
stitutes Courses at no additional cost. No postage,
no customs, no delay. Fill out coupon and send in
envelope to: RCA Victor Ltd., 5581 Royalmount Ave.,
Montreal 9, Quebec.

|
!
|
|
1
1
—
1
1
|
|
|
|
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CRYSTALS
are notall the

INSIST ON
- TEXAS
'!‘\CRVSTALS\
L 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

O.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, Jeffersan Blvd.
Fort Myers, Florida Los Angeles, California
Phone 813 WE 6-2109 Phone 213 731-2258

CIRCLE NO. 100 ON READER SERVICE CARD

GREENLEE CHASSIS PUNCHES

Make accurate, finished holes in 114
minutes or less in metal, hard rubber
and plastics. No tedious sawing or
filing —a few turns of the wrench
does the job. All standard sizes . . .
round, square, key, or D" shapes for
sockets, switches, meters, etc. At vour
electronic parts dealer. Literature on
request. Ppr—
GREENLEE TOOL CcO. ‘~gpr
2027 Columbia Ave., Rockford, lilinois

CIRCLE NO. 117 ON READER SERVICE CARD
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IN view of our present cover and
feature story on the subject of las-
ers, it seems appropriate to point out
a few important facts at this time. (1)
There is no such thing as a low-pow-
cred, harmless laser and (2) it is very
easy for a human or animal to be
permanently blinded, painlessly,
within a fraction of a second.

Since the advent of the laser many
engineers and technicians have been
projecting laser beams around the
countryside in an attempt to cover
distances for various research pur-
| poses. We have scen demonstrations
of the power of the laser to burn holes
in metal objects. At the same time, a
few publications have carried do-it-
yourself laser construction articles di-
rected to students for their science-
fair projects.

Although knowledgeable people
take the proper precautions when op-
erating these dangerous beams, they
are however, in the hands of the
inexperienced, as hazardous as a
loaded, cocked rifle in the hands of a
novice.

According to C. H. Swope and Dr.
C. J. Koester of the American Optical
Company, the very property of a laser
which makes it so useful as a surgical
tool for the eye also makes it a hazard
to vision. Laser radiation impinging
on the retina—the light-sensitive
membrane at the back of the eye—
can either heal or impair eyesight by
precisely the same process: coagula-
tion of the retina.

The great virtue of laser retinal co-
agulation as a surgical technique is
that it occurs so quickly the patient
feels absolutely no pain. As there is
ino essential diflerence between a
medical laser and the types used in
various electronic experiments, the
same instantaneous effect can acci-
{ dentally occur, possibly causing dam-

age before the victim becomes aware
of the danger.

If all the energy in a ruby laser
with an output of one joule in a k-
degree beamspread entered the eye,
it would produce an energy density
\over 10,000 times that needed to pro-
| duce coagulation. If this laser pulse
lasted only half a millisecond. it
would produce 47,000 times the en-
ergy on the retina that the sun would
I produce in the same time interval.

www americanradiohistorv. com
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WM. A. STOCKLIN, EDITOR

LASER PRECAUTIONS

It is not even necessary to look at
the laser to produce permanent cye
damage. Like other forms of light, the
intense beam can be reflected from
many types of surfaces with sufficient
intensity to produce the unfelt eye
damage. This is the problem in care-
lessly using the laser to burn lioles in
razor blades . . . or in unthinkingly
beaming lasers over considerable dis-
tances.

Like an intensely focused beam of
sunlight, a high-power laser can pro-
duce a burn on the skin. (The rela-
tively low-power cav. laser does not
have this capability at the moment,
but its output power is being in-
creased steadily.) The result is much
like a sunburn with no apparent seri-
ous permanent cffects but medical
researchers are still not sure of the
long-range effects. There is the possi-
bility, although not yet proven, that
even a low-power laser beam may,
atter a period of time, cause some
damage to the skin, internal organs,
or even bene marrow.

We are all aware that the auto-
mobile kills more people in a day
than the buggy did in vears. Yet this
does not discourage continued devel-
opment of higher powered vehicles.
Similarly, the above warning is not
meant to discourage continuned devel-
opment work and experimentation on
lasers, nor for that matter restrict the
sale of laser devices or equipment.

To educators, teachers, scientists,
and enginecrs who have the responsi-
bility of directing science programs
or laboratory experimental work in
laser techniques—make sure all of
your students, your co-workers, and
vou are aware of the potential dan-
gers and take the proper precautions.

A few cardinal yules that should be
followed are:

1. Never look into a laser bDeam
either direct or reflected.

2. Wear special laser eve protec-
tive glasses or goggles.

3. Contain the laser beam as much
as possible by using a light trap.

4. Avoid the use of reflecting sur-
faces.

5. Be examined periodically by an
ophthalmologist trained in photo-

coagulation.
Remember: Laser blindness is
permanent. A
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LOOK!
A New Electronics Slide Rule
with Instruction Course
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This amazing new ‘“‘computer in a case” will save you time
the very first day. CIE’s patented, all-metal 10" electronics
slide rule was designed specifically for electronic engineers, .
technicians, students, radio-TV servicemen and hobbyists. /
It features specizl scales for solving reactance, resonance,
inductance and AC-DC circuitry problems . .. an exclusive
“fast-finder” decimal point locater . . . widely-used formulas
and conversion factors for instant reference. And there’s
all the standard scales you need to do multiplication, divi-
sion, square roots, logs, etc.

Best of all, the CIE Slide Rule comes complete with an
Instruction Course of four Am-_PRQGRAMM[[]V*lessons. It
includes hundreds of illustrations, diagrams and practice
problems. You’'ll learn ingenious short cuts...whip through
exacting electronics problems quickly and accurately. This
course alone is worth far more than the price of the
entire package!

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 and FREE
heavy vinyl Pocket Electronics Data Guide. Cleveland
Institute of Electronics, 1776 E. 17th St., Dept. EW-112
Cleveland, Ohio 44114.

*TRADEMARK

T = - ————————————— 3
GET BOTH FREE! | Cleveland Institute {

2 | of Electronics I

| 1776 E. 17th St., Dept.EW-112Cleveland, Ohio 44114 '

: | . |
. I Please send FREE Illustrated Booklet describing your Electronics Slide Rule and i
i Instruction Course. ]

| SPECIAL BONUS! Mail coupon promptly ...get FREE Pocket Electronics Data |

| Guide too! |

= ~ i Name—— S = }

L \ PLEASE PRINT) ‘
L se“d coupon o Address County ,
P tOdqy ' I City. : State Zip |
i : - A leader in Electronics Training...since 1934, I
| § A e e —]
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tape record
[ SOUND

rSOUND

(for less than $10.00!)

PLUG-IN PROGRAM
SOURCE # 1 HERE

o S e
- ﬂ g

&
"_m-:ﬂ’
.:’1

ADJUST
VOLUME

FOR
PROGRAM
SOURCE #1

MINI-MIX
by SWITCHCRAFT
Record music direct and dub your voice
at the same time . . . Record from 2 mikes
at once. Fade-in one channel while fading
out other. Professional results—yet requires
no technical knowledge. Models for most
recorders, mono or stereo from $7.95. At

ST UM

-~ 100 =

5523 N. Elston Ave. / Chicago 30,M
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PLUG
INTO RECORDER
INPUT

Get Your First Class Commercial

F. C. C. LICENSE

QUICKLY!

Career opportunities in communi-
cations electronics are almost
unlimited. Prepare now. Let
Grantham train you — by corre-
spondence, or by classroom and
laboratory instruction. Get your
first class commercial F.C.C. license
in as little as 4 months, or at a
slower pace if you prefer. Then,
continue in more-advanced elec-
tronics training if you wish. Di-
ploma awarded. Our catalog gives
full details.

Learn how our training can pre-
pare you for your F.C.C. license;
write or telephone the School at any
one of the teaching divisions listed
below, and ask for “Catalog 56.”

Grantham School of Electronics

1505 N. Western Av., Los Angeles, Cal. 90027
(Phone: HO 9-7878)

408 Marion Street, Seattle, Wash. 98104
(Phone: MA 2-7227)

3123 Gillham Road, Kansas City, Mo. 64109
(Phone: JE 1-6320)

818-18th St., NW, Washington, D.C. 20006
(Phone: 298-7460)

LETTERS
FROM OUR
READERS

LIFE OF VIDEO TAPE

To the Editors:

I have been asked to respond to your
readers’ questions about the longevity or
permanence of video recording. This is
a question which is obviously asked quite
olten by many of our customers and po-
tential customers.

As far as we can tell, a video record-
ing is as permanent as an audio re-
cording, provided that the tape is not
subjected to anv extremes of heat or un-
usual environments. We have in our files
video tapes which have been stored for
six or seven vears and have not been
handled in any special wav. In other
words, they have been through tempera-
ture cycling common for this part of the
world and we have vet to detect any
change in the replay characteristics of
these tapes whenever we take them out

| for review. These tapes include such

memorable events as earlv television
shows doe on tape, as well as the Nixon-
Khrushchev debate made in Moscow and
programs obtained in other parts of the
world. The networks themselves are
storing tens of thousands of hours of pro-
gramming on video tape, and 1 occasion-
allv see re-runs of programs which 1
know to be on tapes that were originally
recorded four of five years ago. This is
especially true around the holiday sea-
son.

From time to time, Ampex participates
in international trade fairs to which we
send pre-recorded American programs
which we have obtained from NBC or
CBS, and these tapes run for weeks on
end in places like Brazil or Yugoslavia
under poor climatic conditions. These
tapes have been returned to us after
much usage, and other than the wear
caused by multiple passage through the
machine and the subsequent degrada-
tion of signal-to-noise ratio caused on the
tape surface, there appears to be no other
defect, certainly nothing that we would
attribute to aging.

Video-tape recording has only been
around for some eight years, which
means that our viewpoint on longevity
is an extrapolation of a limited amount
of experience. However, audio recording
has been around since 1946, and 1T am
told by people who handle our tapes
that the backing material is a greater

www americanradiohistorv. com

problem than the retentivity of signal
on the oxide. Apparently acetate will
age, become brittle, and break easily.
Since, to the best of my knowledge, our
video tapes use Mylar as a backing, this
is a reasonably impervious material.
There should be no problemn retaining
a magnetically recorded program for an
indefinite period of time.

Josepri RoizEN

Ampex Corp.

Redwood City. Calit.

Bl £ L

ELECTRONIC INTRUSION ALARMS
To the Editors:

In reply to the many letters 1T Lave
received on my article “Electronic In-
trusion Alarms” (June issue), listed be-
low ave the addresses of the firms men-
tioned in the article.

Bay State-Intrudalarm
975 Willis Ave.
Albertson, N.Y.

Honeywell
2747 Fourth Ave. S.
Minneapolis 8, Minn.

Corbell Electronic Prod. Walter Kidde & Co.

§507 Randolph Rd. Belleville, N.J.
Rockville, Md. .

Notifier Corp.
Dadco 3700 N. 56th
P. 0. Box 112 Lincoin, Nebr.

New Hyde Park, N.Y.
b Radar Devices Mfg. Corp.

22003 Harper Ave.
$t. Clair Shores, Mich,

DuKane Corp.
St. Charles, 11l.

Fire Alarm Watkins-Johnsen Co.
3333 Hillview Ave.

Palo Alto, Calif.

Thermostat Corp.
119 W. 23rd S1., N.Y.C.

Wessco

1269 Terra Bella

Mountainview, Calif.
Warter H. BucHsBaunt
Forest Hills, N.Y.

L ¥ o
SCR IGNITION SYSTEM
To the Editors:

After some use, I have experienced
some difficulty with my SCR ignition
system modification for positive-ground
autos as seen on p. 70 of the May issue,
as well as with the original circuit (No-
vember, 1964 issue).

I found that the systems would work
for anywhere from 15 minutes to several
hours of driving time, whereupon the
car would miss for a minute or two and
then quit altogether. The cause of this
failure was always found to be a trigger-
ing transistor with a shorted base-emitter

ELECTRONICS WORLD
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{\@? \ A mayjor hreakthrough

Finco Model VIR I\

UVF-10 \ \ - -
eV i Antenna design !
List $18.50

—— FINCO

!

Dvie ‘ “ ALL BAND

For Local and
Suburban Areas
List $30.50 v (-3

e

| “COLOR VE-LOG*”

SR | |

Fincc Model
UVF-18
For Suburban and
Near Fringe Areas
List $£2.50

Featuring Finco’s Exclusive Gold Corodizing

Fincc Model

UVF-24

For N2ar Fringe
and Deep
Fringe Areas
List $69.95

UVF Color
Ve-Log Antennas . ..
Engineered for

| the future!
Finco’s new All-Band Colo- Ve-Log Antenna does the work « Revolutionary new UHF Section

of three — gives startlingly clear black and white pictures « Heavy Alurminum reinforzed insulator

and beautiful co or on both UHF and VHF television chen- MO TClivpidRedeg dul TRt

Al Its s lati dedii | bhe finest 1 » Back-up bracket and square boom
els. uperlative design also assures the fin st in PRI e

stereophonic and monophonic FM sound reproduction. | sleeved elements

Comparison tests have proved the superiority of the All- ] » Lock-tite no-tilt saddle kracket

Band UVF Series — superiority backed by Finco's guaran- + Finco's exclusive double contact

i to drive line
tee of supremacy and unquestioned warranty.

« Continuous one-piece -d-ive line-and
exclusive airinsulated polystyrene
cross-over spacer -

Prices and specifications subject to change without notice.

THE FINNEY COMPANY - 34 W. Interstate Street ¢« Bedford, Ohio

Write for beautiful color brochure Number 20-322, Dept. 410
August, 1965 CIRCLE NO. 120 ON READER SERVICE CARD 9
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junction. I discovered that pulses of very
short duration and very high voltage
appeared between the base and emitter
of this transistor. I believe that these
spikes were capacitively or inductively
picked up between the wires from the
SCR system to the points and the igni-
tion coil. (These wires are cabled to-
gether and are about four feet long.)
To prevent this effect, insert silicon
diodes between the base and the emitter
of the triggering transistor. If a silicon
transistor is used, four diodes are needed,
while only two diodes are required for
a germanium transistor (see diagrams).

R9 RS il R7 R9A R5 1 R7 R8

Q3 Q3

GERMANIL!
TRIGGERING
TRANSISTOR
I (2N404)
4 RE -
i TO POINTS TO -12v. T0 POINTS
ADD SILICON DIODES SHOWN IN DOTTEC LINES
(a) 18}

SiLICON
TRIGGERING
TRANSISTOR
(2N3135])

R6&

TO -12v.

The diodes may be any small silicon
units. There is very little power to be
dissipated by them, and they serve to
keep the peak voltage between the
transistor base and emitter limited to the
forward drop of the diodes in either di-
rection (about 1 volt). Any silicon diode
will work; if you have none handy,
IN1692 diodes may be used.

WiLriaM STUrGEON, Staff Engr.

Physics Dept., UCLA

Beverly Hills, Calif.

* & »

SINAD?
To the Editors:

The article “Transistors vs Tubes for
Two-Way Radio” in one of your is-
sues did an excellent job in comparing
the two types of equipment. However,
in the table of receiver specifications in
the story, the word or abbreviation
“SINAD” appeared next to the sensitiv-
ity figure. What is it? It sounds as
though it came out of the “Arabian
Nights.”

WaLT STEINER
Poughkeepsie, N.Y.

SINAD is an Electronics Industries
Association standard method of meas-
uring receiver sensitivity and it is widely
used for two-way radio equipment. In
taking this measurement, a 1000-cps in-
put signal adjusted for % the maximum
deviation is applied to the receiver in-
put. The ratio between this SIgnal plus
Noise And Distortion divided by the
noise and distortion alone is adjusted
to 12 db (4:1 voltage ratio). This signal
must produce fifty percent of the rated
output of the receiver being tested. If
it does not, the signal is increased until
the fifty percent output level is reached.
The number of microvolts applied un-
der these conditions is referred to as the
“usable sensitivity,” the “12-db SINAD
sensitivity,” or the “EIA-SINAD sensi-
tivity.”—Editors. A
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HiFi/Stereo Review

STEREQ TEST RECORD

FOR HOME . e‘!'iib LABORATORY USE

EXTRA: AS A DEMONS' HIGHEST POSSIBLE FIDEUITY, THIS RECORD INCLUDES A
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Why We Make the Model 211
Available Now

Although there are many stereo test records on the mar-
ket today, most critical checks on existing test records
have to be made with expensive test equipment.
Realizing this. HiFi/STEREO REVIEW decided to produce
a record that allows you to check your stereo rig, ac-
curately and completely, just by listening! A record that
would be precise enough for technicians to use in the
laboratory—and versatile enough for you to use in your
home.

The result: the HiFi STEREQ REVIEW Model 211 Stereo
Test Record!

Stereo Checks That Can Be
IV_Iade With the Model 211

’/ Frequency response—a direct check of eighteen

sections of the frequency spectrum, from 20 to
20,000 cps.

Pickup tracking — the most sensitive tests ever
available on disc for checking cartridge, stylus,
and tone arm.

Hum and rumble—foolproof tests that help you
evaluate the actual audible levels of rumble and
hum in your system.

Flutter—a test to check whether your turntable’s
flutter is low, moderate, or high.

Channel balance — two white-noise signals that
allow you to match your system’s stereo channels
for level and tonal characteristics.

Separation—an ingenious means of checking the
stereo separation at seven different parts of the
musical spectrum—from mid-bass to high treble.

e R R, €

Stereo Spread

ALSO:

Speaker Phasing

Channel Identification

PLUS SUPER FIDELITY MUSIC!

The non-test side of this record consists of music re-®
corded directly on the master disc, without going through
the usual tape process. It’s a superb demonstration of
flawless recording technique. A demonstration that will
amaze and entertain you and your friends.

August, 1965
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NOW...GET THE FINEST

STEREQD TEST
R E COR D ever produced

for just o .54. 98

Featuring Tests Never Before Availahle
Outside Of The Laboratory

UNIQUE FEATURES OF Hifi/STEREO REVIEW'S
MODEL 211 STEREO TEST RECORD

« Warble tones to minimize the distorting effects of room acoustics
when making frequency-response checks.

Warble tones used are recorded to the same level within = 1 db from 40 to
20,000 cps, and within == 3 db to 20 cps. For the first time you can measure
the frequency response of o system without an anechoic chamber. The frequency

limits of each warble are within 5% accuracy.

« White-noise signals to allow the stereo channels to be matched in
level and in tonal characteristics.

« Four specially designed tests to check distortion in stereo cartridges.
« Open-air recording of moving snare drums to minimize reverberation
when checking stereo spread.

All Tests Can Be Made By Ear

HiFi/STEREQ REVIEW's Model 211 Stereo Test Record will give you immediate answers
to all of the questions you have about your stereo system. It's the most complete test
record of its kind—contains the widest range of check-points ever included on one test
disc! And you need no expensive test equipment. All checks can be made by ear!

Note to professionals: The Model 211 can be used as a highly efficient design and
measurement fool. Recorded levels, frequencies, etc. have been conifrolled to very close
tolerances—aflording accurate numerical evaluation when used with test instruments.

DON'T MISS OUT—ORDER NOW

The Model 211 Stereo Test Record is a disc that has set the new standard for stereo
test recording. There is an overwhelming demand for this record and orders will be
filled by ELECTRONICS WORLD promptly upon receipt. At the low price of $4.98, this
is a value you won't want to miss. Make sure you fill in and mail the coupon together
with your check ($4.98 per record) today.

FILL IN AND MAIL TODAY!

Stereo Test Record
Electronics World—Dept. SD
One Park Ave., New York 16, N.Y.

Please send me test records at $4.98 each. My check (or money
order) for $ ___is enclosed. | understand that you will pay the postage.
(Orders from outside the U.S.A. add 50c to partially defray postage and handling

costs.)
Name :
(Please Print)
Address
City Zone State

SORRY—No charges or C.0.D. orders!

www.americanradiohistorv.com
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LAB TESTED

2

HI-FI PRODUCT
REPORT

TESTED BY HIRSCH-HOUCK LABS

Harman-Kardon ‘“Strataphonic’’ Stereo Receivers
KLH Model 17 Speaker System

Harman-Kardon “Strataphonic” Stereo Receivers
For a copy of manufacturer’s brochure, circle No. 24 on Reader Service Coupon.

HE new Harman-Kardon “Strata-

phonic” series of stereo receivers are
fully solid-state instruments, spanning a
broad price range. They have many fea-
tures in common, the more expensive
models naturally being more sensitive,
more powerful, and having various cir-
cuit and operating refinements.

The three receivers in this series are
the SR300, SR600, and the SR900
(shown in photo) . Each has a grounded-
base tuned r.f. amplifier, but the SR900
has two tuned circuits ahead of the am-
plifier stage. This gives it an improve-
ment of about 30 db in image rejection,
as well as a reduction of out-of-band
spurious responses and less tendency to
cross-modulation from strong local sta-
tions.

The mixer of the SR300 is a self-
oscillating (“autodyne”) type. The other
receivers have separate oscillator and
mixer stages. All these have zener-diode-
regulated power supplies for the oscil-
lator to eliminate drift with line voltage
variation.

The receivers have identical i.f. sec-
tions, with four stages of amplification
and four double-tuned i.f. transformers
for a high degree of selectivity. All three
have a diode detector driven from one
of the i.t. amplifiers to operate the tun-
in¢ meter. Ratio detectors are used in
all three models.

The multiplex demodulators of all the
“Strataphonic” receivers are essentially
identical. The 19-kc. pilot carrier is fil-
tered from the composite detected sig-
nal, amplified, and doubled to generate

12
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the 38-kc. demodulating carrier. - The
38-ke. signal is stepped up in voltage by
a high-“Q” tuned circuit to light a neon
indicator lamp when receiving stereo
broadcasts.

The four-diode balanced modulator is
gated by the 38-kc. signal to generate
left- and right-channel outputs. When
a mono FM signal is received, it is
passed through the modulator without
modification. The de-emphasis networks
in the SR300 incorporate parallel-T fil-
ters to reduce any 38-kec. signal in the
outputs, preventing beats with the bias
oscillator in a tape recorder when re-
cording off the air. The SR600 and
SR900 use the feedback circuits of the
phono preamplifiers for de-emphasis,
with LC filters built into these circuits
for trapping out 38-ke. components. All
three receivers have SCA filters, to re-
move higher frequency subcarriers
which might interfere with FM-stereo
reception.

The audio sections of the three re-
ceivers are basically similar. A two-
stage feedback-equalized preamplifier
for magnetic phono cartridge (and tape
head in the case of the SR600 and
SR900) is followed by a feedback tone-
control stage, a voltage amplifier, and a
driver which is transformer-coupled to
the single-ended push-pull output stage.

The SR600 and SR900 have separate
bass and treble tone controls for the two
channels. A switch on the panel com-
pletely bvpasses the tone-control cir-
cuits, for flattest response and minimum
phase shift. This is a feature which was

www americanradiohistorv com

first offered in the deluxe Harman-
Kardon “Citation” series of components.
The SR300 has ganged tone controls for
the two channels which are alwavs in
the circuit. All the tone controls have
similar electrical characteristics, with a
boost of up to 9 or 10 db at 50 cps and
10 ke, and a cut of 7 to 9 db at the
same {requencies.

All three receivers have ganged vol-
ume controls and a separate balance
control. The tracking between the sec-
tions of the volume controls was good
over their entire usable range. They
have individually switched high- and
low-cut filters which cut the output by
6 db at 10 kc. and 10 db at 50 cps. The
switchable loudness compensation
boosts the low frequencies at low vol-
ume-control settings. Tape monitoring
provisions are included in the SR600
and SR900. The SR300 has tape output
jacks, but no means of monitoring from
the tape while making a recording. The
SR600 and SR900 also have an equal-
ized high-level phono input for ceramic
cartridges, while the SR300 accepts only
magnetic phono cartridges.

The output transistors are directly
coupled to the speakers, through pro-
tective fuses. Loads of 4 to 16 ohms may
be used, with rated power being de-
veloped into 4-ohm loads.

The output transistors of the SR600
and SR900 are identical and are rated
for higher power than those used in the
SR300. The SR900 has diode stabiliza-
tion of the output transistor operating
points, allowing more power to be de-
veloped without damage to the tran-
sistors. On the SRG00 and SR900, the
output transistors are mounted on the
outside of the rear of the chassis for im-
proved heat dissipation.

All three receivers have silicon diode
power-supply rectifiers, supplying seven
different operating voltages to the vari-
ous stages. An illuminated push-button
power switch is used on the SR600 and
SR900, while the SR300 has a conven-
tional switch operated by the volume-
control knob.

In addition to the differences just
noted, the SR900 has a switchable mut-

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,
elactroplating, etching, oxide coating, photo-resist,
evaporation techniques.

Efectromechanical 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.

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

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

B. A. Goon, Dept. 553H

IBM Corporation

Space Guidance Center

Owego, New York 13827

IBM

Burlington, Vermont

Electromechanical Technicians: Experienced in as-
sempoly and maintenance of automated production
equipment. A thorough understanding of mechan-
ical and electrical technologies is essential.

Vacuum Technicians: To operate vacuum deposi-
tion of cathodic sputtering apparatus. Capable of
working with high-voltage and high-power equip-
ment. Experience in thin film measurement, use
of delicate instrumentation and magnetics useful.

Chemical Technicians: Perform photoetching of
thin films, electroplating, and polymer deposition
for experimental computer device development.
Must be familiar with chemical handling and
measurement techniques.

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

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

W. T. Rochford, Dept. 553H

IBM Corporation, Box A

Essex Junction, Vermont

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. W, Lloyd, Jr., Dept. 553H

IBNM Corporation

17C1 North Street

Endicott, New York

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. 553H

IBM Corporation

East Fishkill Facility

Route 52

Hopewell Junction, N. Y.

IBM

August,
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Now is the

TIME to check
your

tape head!

Tape heads do wear out be-
cause of the abrasive action
of the tape. Then, even with
the finest equipment, the
brilliant realism of the tape
is lost.

Check yourtape head for

these obvious defects:

® Groove worn into head by
tape...causes severe loss
of highs, uneven gain be-
tween channels. 1
® A vertical black line di-
viding the pole pieces indi- \
cates the head is worn and
should be replaced.

Nortronics replacements are
available from your Hi-Fi Deal-
er, Radio-TV Servicemen or
Camera Store.

A
"
“ortrhorics: 7 ¢

8127 10th Ave. No., Minneapolis, Minn, 55427

e,
CIRCLE NO. 35 ON READER SERVICE CARD

when it's time to think of college

you should read this

FREE CAREER BOOKLET

~about electronics at

MSOE

v

MS5-235

MILWAUKEE

SCHOOL OF ENGINEERING
Dept. EW-865, 1025 N. Milwaukee Street
Milwaukee, Wisconsin 53201

Tell me about an engineering career through
residence study in:
[J Electrical fields [0 Mechanical fields

Name

Address

City, State

- - )

READER SERVICE CARD

or-----------.};&z

..
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31
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o
m
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z

TORTION
J
7
e

(EQUIVA

ings. To the extent that the amplifiers
are constant-voltage sources, one would
expect them to deliver twice as much
power into 4 ohims as into 8 ohms, and
the music power might be 20% or more
greater than continuous-power output.
At 2% IM distortion, the SR300 de-
livered about 11 watts per channel, and
the SRG00 and SR9I00 delivered about
20 to 21 watts. At 2% harmonic distor-

| CONTINUOUS SINE-WAVE POWER PER CHANNEL WITH BOTH CHANNELS DRIVEN

R T
SR 900/

r pl = s = = g e ==y

—_t — ==

—t o ==

- 8-OHM LOADS, 117V, LINE
AVERAGE BOTH CHANNELS
2% THD

- o s
7 HARMAN-KARDON
5

30 50 70 200 300

ing circuit which senses the rectified
voltage used to operate the tuning meter
and grounds the detector output elec-
tronically until the signal level is above
the selected threshold. It also has a
selectable stereo threshold which can be
sct to prevent the automatic mono/
stereo selecting circuits from operating
on weak stereo signals which cannot
produce satisfactory listening quality.
The SR600 and SR900 have front-panel
switching for operating either or both
of two pairs of stereo speakers, plus a
tront-panel stereo headphone jack. The
SR300 has only one pair of speaker out-
puts and no headphone jack.

In styling the SR600 and SR900 are
almost identical. They are handsomely
finished, with a brushed aluminum dial
bezel, a brown panel, and brown and
gold knobs. The only other visible dif-
ference between them is in the use of
slide switches on the SR600 and rocker-
type switches in the SR900. Thie SR300
| is smaller and plainer, having a flat panel
| instead of a contoured bezel. In other
respects it is unmistakably a member of
the same family.

Our measurements of power output
were made on a continuous basis, with
both channels driven into 8-ohm loads.
Since the receivers are rated in terms
of music-power output into 4-ohm loads,
there is no simple correlation bhetween
our test results and the published rat-

+5

500 700
FREQUENCY-CPS

iKC. 2KC. 3KC. 5KC. 7KC. iOKC. 20KC.

tion (1000 cps), the SR300 delivered
9 watts, the SR600 18 watts, and the
SR900 20 watts per channel. All three
delivered nearly constant power over the
entire 20 to 20,000-cps range.

The hum levels of these receivers are
low, in fact, inaudible. On “Aux” inputs
the hum and noise was from 73 to 77
db below 10 watts, while on “Phono”
inputs they were about —46 db in the
case of the SR600 and SR900 and — 62
db for the SR300. These outputs were
predominantly hiss. The filters and tone
controls had the stated characteristics.
Frequency response was almost per-
fectly flat on the SR600 and SR900, and

(Continued on page 66)
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LIVE BETTER ELECTRONICALLY with LAFAYETTE RADIO ELECTRONICS

NEW! LAFAYETTE 70-WATT COMPLETE
AM-FM STEREO RECEIVER

Just Add Speakers and Enjoy FM, FM Stereo
and High-Quality AM Reception

u A powerful '70-Watt Amplifier plus Complete Preampli-
fier Control Facilities plus a Standard AM Tuner plus. a
sensitive FM Tuner plus an FM Stereo Tuner—all on One
Compact chassis ™ Amazing FM “Stereo Search” Circuit
Signals Presence of Stereo Broadcasts ™ Tuned Nuvistor
“Front End” provides Greater Sensitivity, Lower Noise
= Bar-Type Tuning Indicator for AM and FM = Variable
AFC Control = Imported

TAKES REELS
UP T0 77

4 -
1 adaptable to DYNAMIC JK
stereo playback MICROPHONE

THE WIDELY ACCLAIMED LAFAYETTE
RK-137A TAPE RECORDER

FEATURING — TRACK STEREO PLAYBACK%
— TRACK MONAURAL RECORD PLAYBACK

With Electronic Track Selector
Switch, VU Recording Level
Meter and Pause Switch For Instant Editing

Includes Lightweight carrying case, dynamic mic-
rophone, output cable, 7 inch empty tape reel.

e Two Speeds—3% & 7Y ips e Pause Lever Provides
Instant Stop for Editing e Record—Erase Safety Switch
e Fast, Rugged Shift Lever Control e Extension Speaker
Jack e High Impedance Monitoring Jack e VU Meter
Recording Leve!l Indicator e Electronic Track Selector
Switch e Specially Designed Heavy-Duty 6x4” PM
Speaker e Separate Erase and Record Heads e Imported

i
FFREE' RADIO ELECTRONICS

1965 CATALOG NO. 650 516 PAGES!

See The Largest Selection in Our 44-Year History

o Stereo Hi-Fi — Famous Brands plus
Lafayettes own Top-Rated Components

o Citizens Band Equipment

e Tape Recorders e Ham Gear

e Radio's, TV's and Accessories

e P.A. Equipment; Intercoms

e Test Equipment e Optical Goods

o Auto Accessories e Musical Instruments

August, 1965

HI-FI AND CB EQUIPMENT Headquarters

LAFAYETTE:

CIRCLENO. 131 ONREADER SERVICE CARD

mall . , . Quiet . . . Powerful!

ki e LD STATE
DUAL CONVERSION 5-WATT
CB TRANSCEIVER

With Authentic Mechanical Filter

» Only 3" high—fits easily in any car

v~ Special multi-stage noise limiting circuit ends problem
of mobile noise

. » The same output as the most powerful tube unit yet

uses only 1/50th of the battery power
The Perfect Unit For Mobile!

e 12 Crystal Transmit and Receive Positions e 23 Chan-
nel Tunable Receiver With Spotting Switch e 3-Stage
Transmitter Rated For Full Legal Power e Dual Conver-
sion Receiver with 5/10 u«V Sensitivity e Multi-Stage
Automatic Noise Limiting Circuit @ Rugged Silicon Mesa
Transistors e Compact—3”Hx11%,"Wx6'%"D e 12V

Mobile -Operation {(Negative or Positive ground) e 117V
AC operation when. used with Matching Solid-State AC
Power Supply (Optional at $16.95)

LA S S DO D Y TR S/

NEW! LAFAYETTE 23-CHANNEL
9-WATT CB TRANSCEIVER

Double Side Band Full Carrier -
»# 11-Tube Performance with 13 Tubes PIUEBIEL
-Tube Performance wi ubes |« X "
+ Low Noise Nuvistor “Front End” Ral}:g_e BPtOSt
+# 5 Double-Tuned If Transformers ircul

¥ Meets All FCC Requirements

e Frequency Synthesized Circuit Provides 23 Crystal-Con-
trolled Transmit & Receive Channels—No Extra Crystals
to Buy e Continuous One-Control Channel Tuning e Full
5-Watt Input e Push-To-Talk Microphone & Electronic
Switching e Dual Conversion Receiver With 3/10 uv
Sensitivity e Delta Tuning Offers “Fine Tuning” of
+2.5Kc on Receive e lIlluminated “S” and RF Qutput
Meter e Variable Squelch, Variable Noise Limiter, AGC
e Built-in 117V AC & 12V DC Power Supply e ‘Vari-
Tilt" Mounting Bracket for Easy Mobile Installation e
Plug-in Facilities For Lafayette Selective Call Unit

LAFAYETTE RADIO ELECTRONICS
Dept. RH-5, P.0.
Syosset, Ll NY 11791

O%$ enclosed; send me ..

E

§

]

] Send me the FREE 1965 Lafayette" Catalog 650 i
(Prices do not include shlppmg charges)‘ - E
|
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You can earn more money
if you have an FCC License

FCC Fomm 738 A

P

GigAn

NUMBER

P1.20-FLO0Q

RADIQTELELHONE OPERATOR MCENSE;
' - FIRST CLASS

(Genera! Radiotelephone Certificate)

.“//{M)ﬁ/'//%/'//}/'%”/ |

RADAR ENDORSEMENT - SEPTEMBER 11, 1963 -

TOMMY WILLIS DUFFY,

AT THREE O'CLOCK A. M., EASTERN STANDARD TIME,

NEw YORK

2z,

/Jnvrla/ju/

Employers are paying good money for men
holding FCC tickets. Read how to get yours:

When you hold a Commercial License issued by the
FCC (Federal Communications Commission) you have
written proof that you know and understand basic elec-
tronic theory and fundamentals. It’s worth plenty . . .
particularly to companies on the lookout for qualified
electronics technicians. Here’s how one of the country’s
leading office machine manufacturers rates men with
FCC Licenses:

“An FCC License is an asset to any man looking
to enhance his career in the field of electronics. At
our Company, a licensed man is well-rewarded be-
cause an FCC License attests to his knowledge of
electronics theory . ..”

Thousands of employers will tell you the same thing.
Licensed men get the good jobs. They make more money

16

. move ahead faster . . . enjoy exciting, challenging
work. What’s more, they're needed badly in every field
of electronics. Industrial electronics. Radio-TV Broad-
casting. Aerospace. Electronics Servicing . . . including
mobile and marine radio p/us CB.

Yes . . . your opportunities are unlimited once you’re
carrying that FCC Commercial Ticket. AND CLEVE-
LAND INSTITUTE OF ELECTRONICS CAN GET
ONE FOR YOU! On the facing page, read how four
ambitious men just like you have cashed in on CIE’s
sure-fire FCC Licensing Program. Read about CIE’s
exclusive money-back offer. And then send in the postage
paid reply card. CIE will quickly send you complecte
FREE information. You will soon be on your way to a
Commercial FCC License and the many rewards that
go with 1t!

ELECTRONICS WORLD
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These CIE men have good jobs

(they have Commercial FCC Licenses)

Matt Stuczynski, Senior Transmitter Operator, Radio Station
WEBOE. “I give Cleveland Institute credit for my First Class Com-
mercial FCC License. Even though I had only 6 wecks of high
school algebra, CIE’s AUTO-PROGRAMMING teaching method
makes electronics theory and fundamentals easy. After completing
the CIE course, I took and passed the Ist Class Exam. I now have
a good job in studio operation, transmitting, proof of performance,
equipment servicing. Believe me, CIE lives up to its promises!”’

Chuck Hawkins, Chief Radio Technician, Division 12, Ohio Dept.of
Highways. ““Cleveland Institute Training enabled me to pass both
the 2nd and Ist Class License Exams on my firss attempt . . . even
though I’d had no other electronics training. (Many of the others
who took the exam with me were trying to pass for the eighth or
ninth time!) I'm now in charge of Division Communications and
we service 119 motile units and six base stations. I’s an interesting,
challenging and extremely rewarding job. And incidentally, I got
it through CIE’s Job Placement Service . . . a free lifetime service
for CIE graduates. '

%@@@@@@@@@@@@@@@@@@@@@@@@@%
5
5 FCC LICENSE WARRANTY
5
&) A CIE FCC License Course will quickly prepare you 15}
5] for a Commercial FCC License. If you don’t pass the 1]
(5] FCC exam...on the first try. .. after completing your &
15} course, CIE will refund all your tuition. You get an <)
g FCC License . . . or your money back! 8
O]
T e e ) o o o s o e o s o 2 o o e e P e e e )

Ted Barger, Electronic Technician, Smith Electronics Co. “I’ve
been interested in electronics ever since I started operating my own
Ham rig (KSANF). But now I’ve turned a hobby into a real inter-
esting career. Cleveland Institute of Electronics prepared me for
my Commercial FCC License exam . . . and I passed it on the
first try. I’'m now designing, building and testing all kinds of elec-
tronic equipment . . . do a lot of traveling, too. 1t’s a great job . . .
and thanks to CIE and my FCC License, ’'m on my way up.”

Glenn Horning, Local Equipment Supervisor, Western Reserve
Telephone Company (subsidiary of Mid-Continent Telephone Com-
pany). “There’s no doubt about it. I owe my 2nd Class FCC License
to Cleveland Institute. Their FCC License Program really teaches
you theory and fundamentals and is particularly strong on tran-
sistors, mobile radio, troubleshooting and math. Do I use this
knowledge? You bet. We're installing more sophisticated electronic
gear all the time and what I learned from CIE sure helps. Our
Company has 10 other men enrolled with CIE and take my word
for it, it’s going to help every one of them just like it helped me.”

Two out of three men who took the 1st Class Commer-
cial FCC License exam in 1964, failed.

Nine out of ten CIE-TRAINED men who take this
exam, pass. .. the very first try!

And that’s why CIE can back their courses with the warranty you

see at the left. CIE-trained men know their stuff . . . because CIE
AUTO-PROGRAMMED Home Study works!

Get started now. Send postage-paid reply card for frec information
about a plan that gets you an FCC Licensc or costs you nothing!

Cleveland Institute of Electronics

CIE

August, 1965

1776 East 17th Street, Dept. EW-5 Cleveland, Ohio 44114
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ROA Solid Gopper Gircuits

' &
replace old-fashioned
an WI'Ingooo o I

Copper Gircuits are the
circuits of the space age

RCA Solid Copper Circuits are made by meth-
ods as modern as tomorrow. They give greater
dependability . . . better TV performance. It's
typical of the advanced design you'll find
throughout every RCA Victor home instrument.
't all adds up to sets that are easier to service
so that owners are more satisfied with results.

The Most Trusted Name
in Electronics

Tmk{s)®

More TV servicemen own RCA Victor Color TV than all other leading makes combined /ﬁ%ﬁ

20 ELECTRONICS WORLD
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Three Ranger spacecraft, each using six television cameras
operating in the slow-scan mode, have successfully taken the
first close-up pictures of the lunar surface. These shots
will be followed by Lunar Orbiter, Surveyor, and then manned
landing by two astronauts from the Project Apollo spacecraft.

0f the 35 TV cameras sent into space, some use siow-scan,
same use digital techniques, and one uses a unigue line-
by-line scan from processed photographs. The Mariner Mars,
Ranger, Lunar Orbiter, and Apolla spacecraft are covered.

April I, 1960 aboard the Tiros I weather satellite.

This spacecraft carried two TV cameras into a 400
mile high orbit t0 photograph weather conditions around the
world. Since then, thirty-three more TV cameras have been
suceessfully launched into space on eight more Tiros vehicles,
Nimbus I, the Ranger lunar spacecraft, and the Mariner Mavs,
now approaching the red planet.

There are many variations in the type of TV system used in
these spacecraft, and this article will cover the digital system
in the Mariner Mars, the slow scau in the Ranger program,
and the one-line scan in the Lunar Orbiter. Some of the other
programs will be briefly covered.

F I YHE first use of a TV camera in space took place on

Mariner Mars

At 5:10 p.m. PST on July 14, 1965, after a flight of some
350 million miles taking about 7% months, the 575-pound
Mariner Mars spacecraft (Fig. 1) will take about 20 photo-
graphs of the red planet and, after passing by at slightly above
11,000 mph relative to Mars, will radio those photos back to
earth.

The spacecraft is designed to make eight scientific investi-
gations. Six of these are intended to measure radiation, mag-
netic tields, and micrometeorites in interplanetary space and
near Mars. The seventh is an occultation experiment designed
to determine the characteristics of the Martian atmosphere.
The eighth experiment, the taking and transmission of photo-
graphs of the Martian surface, will be covered here.

The resolution of the TV pictures of Mars and the area of
the planet they will cover are difficult to predict because these
factors will depend on the fly-by distance from the planet.
However, if planned trajectories are achieved, these pictures
should be comparable in detail to photographs of the moon
taken by the best earth-based cameras.

If the desired accuracies are obtained, the spacecraft will
pass within 5600 miles of the Martian surface; if it is on the
desired trajectory, the spacecraft will pass Mars between the
Martian equator and the South Pole on the trailing edge of
the planet as viewed from earth. It will then pass behind Mars
for approximately one hour and subsequently re-appear to
earth trackers for completion of the program.

A high-gain antenna is attached to the spacecraft atop the

August, 1965

IN SPACE

By LESLIE SOLOMON
Associate Editor

main cctagonal body. Its 4%-pound honeycomb dish reflector
B an ellipse, 45 by 21 inches, parabolic in cross-section. This
antenra is pointed towards the earth during planet encounter
and pcst-encounter phases, and it is painted green to keep it at
aperat.ng temperature during planet encounter but within its
upper thermal limit earlier in the rission.

A lcw-gain omnidirectional antenna is mounted at the end
of a cireular aluminum tube 3.88 inches in diameter and ex-
t=ndinz 88 ir.ches from the top of the octagonal structure. The
tibe acts as a waveguide for the low-gain antznna.

Primary power is from 28,224 solar cells mounted on four
panels facing the sun. A rechargeable silver-zinc battery
roovidzs spacecraft power during launch, mid-course ma-
reuver, ard whenever the solar paddles are turned away from
the sur.. Nominal power from the panels is 640 watts near the
erth. decreesing to about 310 watts during Mars post-en-
onnte. Total power demands during the mission range
fom asout 140 watts during post-encounter playback of the
TV da=a to 255 watts for a nid-course maneuver. Primary
power to the spacecraft TV svstem is 2400 cps, 50 v.r.m.s.

Two-wey communication with the Marirer is by a dual 10-
vaatt transmitter and a single 1eceiver aboard the spacecraft.
A1l communication is in digital form with the spacecraft ca-
g able cf accepting 29 direct commands (from the earth-based
19-kw. trensmitters) and one stored command.

21
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UOW GAIN ANTEMNA
MACNETOMETER
HIGH-GAIN ANTENNA

SOLAR PANEL DAMPER AND PIN PUILER

SOLAR PANEL
TRAPPED RADIATION DETECION

PL Pi

PRIMARY SUN SENSORS

THERMAL CONTROL

JUVERS N

Y

PROPULSION ASSEMBLY
SOLAR PRESSURE VANE

SOLAR SENSCRS

CANOPUS SENSO!

PLANET SCAN SENSORS AND TV CAMERA

Fig. 1. Two views of the Mariner Mars spacecraft now headed past Mars and expected to take and transmit photographs.

The 100-channel telemetry subsvstem is capable of sam-
pling the 90 engineering and science measurements being
made. All engineering and science data except the TV pic-
tures will be transimitted in real time. The science data at Murs
encounter will also be recorded, along with the tape-recorded
pictures, for retransmission with the photos.

Television

The television system is divided into two portions: the slow-
scan camera head and a sinall segment of the electronics
mounted on a scan platform; and the remainder of the elec-
tronic equipment, including the tape recorder is placed in a
compartment within the spacecraft frame. The basic TV sys-
tem is shown in Fig. 2.

The heart of the camera is an electrostatic vidicon with a
specially developed target surface having 200 scanned lines
with 200 picture elements per line and capable of storing
the image for 24 seconds.

A picture is {formed on the vidicon target in 15 of a second
every 48 seconds. The scanning, or readout, of the 200-line
picture requires 24 seconds while image erasure and prepara-
tion for the next picture takes 24 seconds.

Working in conjunction with this vidicon is a solenoid-oper-
ated shutter disc containing four openings for alternating op-
tical filters. Two filters will be orange-red with the other two
blne-green. These filters will provide high contrast in the
black-and-white photographs received on earth and will em-
phasize the difference in Martian coloration as seen from
earth.

The optical system for the camera consists of an f:8 Cas-
segranian telescope svstem of 12-inch equivalent focal length.
Jts beryllium primary mirror has a diameter of 1.62 inches and
an f ratio of 2.47, while a beryllium secondary mirror provides
an amplification of 3.0.

The over-all camera system will be capable of resolving
objects about three miles across at the fly-by altitude.

Approximately six hours before the flv-by, internal com-
mands (or earth-hased signals) will turn the camera system
on. However, pictures will not be recorded until a narrow-
angle planet-acquisition gate having a 1.5° field of view gen-
erates a signal indicating that Mars is within camera range. As
i backstop, when the vidicon senses the increase in light due
to solar reflection from the Martian surface, this gate also
signals for tape-recorder start.

It is anticipated that the camera system will sweep through
a large illumination range on Mars that will include the
shadow line or terminator; therefore, the svstem is equipped
to decrease or increase its internal amplification with either an
increase or decrease in the amount of available light.

Some 20 resultant photographs will be taken during the
fty-by. The signals for these images will be recorded and
stored in digital form on magnetic tape until the carth station
requests transmission after the spacecraft has appeared from
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behind Mars and is in view ol the earth antennas. These pho-
tographs will be taken in groups of two with a small time gap
between each pair. Depending on camera distance from the
surface, each pair will cover overlapping areas of the Martian
surface. The number of pictures recorded will be determined
by the time required at encounter to synchronize the tape re-
corder and camera for the first picture and by the lighting con-
ditions on the Martian surface. The tape recorder will be
turned oft after recording each picture and turned on again to
record the next. The magnetic tape is a continuous loop 330
ft. long and the data will be recorded on two tracks.

Besides the sweep voltages, the electronics associated with
the vidicon also includes a 110-ke. oscillator that modulates
the vidicon beam, thus giving rise to an r.f. carrier signal out-
put modulated by the target information between d.c. and 7
ke. This AM signal is processed to produce a six-bit digital
word for each picture element some 200 times per scanned
horizontal line, and it takes 24 seconds to read out each frame.
The resulting 10,000-bits-per-second information is recorded
on the magnetic tape.

Upon completion of a vidicon readout, a 12-second erase
and prime mode is started, and the target is fully cleansed
of the stored image and prepared for the next shot.

Once the spacecraft has passed by Mars (about 13 to 15
hours after the last picture is taken) and the spacecraft is in
the clear for the earth stations, a tape-recorder transmit signal
is sent. Because of the lengthy transmission path involved and
the relatively low transmitter power available on the space-
craft, the electronic svstem reduces the 10,000-bits-per-sec-
ond recorded video data to a slow 8.33-bits-per-second rate.
With this slow transmission rate, it will take about 8% hours
to plav back the quarter of a million bits comprising each
picture. About 1% hours of engineering data will be transmit-
ted between each picture. All data from the other scientific in-
struments will be recorded with the pictures as a back-up for
the real-time transmission of science data. Pictures are not
erased after transmission.

If the communication distance has not been exceeded after
one playback of all pictures, each frame will be transmitted
again to provide a comparison for the detection of errors that
may crop up during transmission.

Ranger

There has been a great deal of speculation about the texture
of the surface of the moon but little scientific proof because
astronomical observations are limited to details about one nile
in size. With such restricted knowledge about the moon’s
surface, it is virtually impossible to design a manned spaceship
to land on the moon. It is for this reason that the Ranger-type
vehicle (lead photo) came into existence.

The picture-taking sequence begins at a minimum of 13
minutes and 40 seconds before impact at an altitude of about
1200 miles and continues uninterrupted until the vehicle

ELECTRONICS WORLD
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FROM
SENSOR

TO SHUTTER AND OPTICS

Fig. 2. Basic TV system as used in the Mariner Mars spacecraft.
The analog video information is converted into digital form.

crashes into the moon at a speed of approximately 6000 mph.

The initial pictures trom this altitude cover a wide area of
the lunar surface at resolution comparable to that obtained
by earth-based telescopes. As the Ranger {alls toward the sur-
face of the moon, area coverage is traded for increasing resolu-
tion, until resolutions of .5 meter or better per optical line pair
are achieved in the final picture sequence just prior to impact.

The six TV cameras (Fig. 5) are designated F (for full
scan) and P (for partial scan). One of the two F cameras has
a 25-mm. (wide-angle) f:1 lens with a field of view of 25°,
while the other has a 75-mm. (narrow-angle) f:2 lens with a
field of 8.4°. Shutter speed of the F cameras is 1/200 second.

Cameras P1 and P2 have 75-mm., f:2 lenses with a 2.1°
field of view, while P3 and P4 have 25-mm., f:1 lenses with a
6.3° field of view. Shutter speed for these cameras is 1/500
second. Video bandwidth is 200 ke. for each channel.

The basic timing signals for the cameras are provided by a
camera-control assembly. Camera P1 is also provided with a
“free-running” capability by the incorporation of secondary
synchronization and sequencing circuits within the P1 camera
electronics. These circuits enable independent operation of
the P1 camera in the event that the P-channel sequencer fails.

In the P cameras, the central 282 resolution lines of the
1125-resolution-line camera raster are scanned for readout in
.2 second. An additional .6 second is required for preparation
of the camera for its next exposure. Thus, the exposure of the
cameras in the P channel is sequenced at .8-second intervals
to provide for the continuous transmission of video data.

The .2-second readout time of the P cameras enables the
TV system to achieve extremely high resolution in the final se-
quence of four pictures taken from an altitude of less than
7000 feet above the moon’s surface. These final pictures are
exposed and transmitted to the earth in the last .8 second of
flight prior to impact.

The cameras used in the F channel are essentially the same
as those used in the P channel except that in the former cam-
eras the entire 1125-resolution-line raster is scanned for read-
out in 2.5 seconds. As a result, the area covered by a picture
from an 800-line camera is approximately 16 times that of a
200-line camera from an equivalent altitude. In this manner,
the two I' cameras provide the desired wide-area coverage.

Both types of cameras are used to provide area-coverage
and high-resolution data during the final few minutes before
impact. Both channels (F and P) are capable of independent
or simultaneous operation. The power distribution network
and signal paths {or the two channels are completely inde-
pendent, with the exception of the r.f. combining network.

Metallic focal-plane shutters are used on all camera lenses.
This shutter is not cocked as in conventional cameras but is a
solenoid-operated, sliding-aperture type that moves from one
side of the lens to the other each time a picture is taken.

One reason for having several cameras with different lens
apertures is that the lighting conditions on the moon cannot
be precisely determined from the earth. The different lenses
provide greater exposure latitude. The range of lunar lighting
conditions covered by the lenses and the dynamic range of the
vidicons is about 30 to 2600 footlamberts, corresponding
roughly to about high noon till dusk of an average earth day.

The camera control sends three tvpes of instructions to the
cameras: (1) snap shutter, (2) read vidicon faceplate, and
(3) erase faceplate and prepare for the next picture. The
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TO VIDEO, SWEEPS,
AND OTHER CAMERA
CONTROL CIRCUITS

vidicon faceplates are erased by special

DIGITAL
werure - lights built around the vidicons which
are flashed to saturate the faceplate. The
plate is then scanned twice by the elec-
tron beam to remove all traces of the
CommANDS previous image. The vidicon is then pre-

pared to receive the next image.

The camera output signals are proc-
essed, amplified, and sent to a video com-
biner that enables sequential transmis-
sion of the cameras in each channel. The
video combiner provides gating circuitry that blocks the
erase-video signal from the vidicons while they are heing
prepared for their next picture.

The output of the video combiner is converted into an FM
signal and sent to the two 60-watt transmitters where telcm-
etry information is added as a subcarrier, and the resultant
signal is transmitted to earth over the high-gain, four-foot
parabolic antenna on the spacecraft.

Lunar Orbiter

The Lunar Orbiter (Fig. 3) is one of the three NASA pro-
grams for the unmanned exploration of the moon in advance
of Project Apollo manned landing mission. The Ranger pro-
gram has given us our first close views of the lunar surface,
and it now remains for the Surveyor and Lunar Orbiter pro-
grams working as a team to provide specific types of informa-
tion about selected areas of the moon’s surface in order to
make a safe manned lunar landing possible.

Surveyor will make a soft landing so that its instruments can
measure important surface properties while eye-level TV cam-
eras provide visual information.

It will be the job of the Lunar Orbiter to make the initial
examination so that Surveyor data can be extrapolated over a
full-sized landing site. Since protuberances only half a meter
high are significant, and the area to be covered is over 8000
square kilometers per mission, heavy demands are made on
the Lunar Orbiter’s data-gathering capacity.

ROCKET ENGINE .
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Fig. 3. Configuration of the proposed Lunar Orbiter vehicle.

Fig. 4. Line-by-line photographic readout system proposed.
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The Lunar Orbiter difters from other video satellites in that
it mounts two photographic cameras and a roll of 260 feet of
70-mm film. Once the vehicle has been placed in the desired
lunar orbit, its cameras proceed to take the necessary pictures.
Using the Eastman Kodak “Bimat” process, the filns are fully
developed within the spacecraft, and the negatives are stored
pending electronic readout with the system shown in Fig. 4.

Television System

The high-resolution film negatives are placed in front of a
special flving-spot CRT whose electron beam traces one scan-
ning line only. At the beam intensities required, the phosphor
would burn up if it did not keep moving. In this tube, the
phosphor is coated on the outer surface of a continuously ro-
tating metal drum. The scan period is 1250 microseconds and
the scan line is about 2% inches long at the phosphor. The
emitted light is focused on the film negative through a scan-
ning lens that reduces the line width to 310 of an inch. Me-
chanical motion of the scanning lens moves the now-tiny
bright line across the film. It takes about 17,000 horizontal
scans of the original electron beam to cover the 57-mm. width
of the film negative. This process requires about 20 seconds.
The film negative is then mechanically advanced Y10 of an
inch and the scanning lens then scans the next segment in the
reverse direction. It takes 40 minutes to read out the 11.6
inches of film negative corresponding to a single exposure.

After the bright spot has passed through the film negative,
it is modulated by the exposed density existing at each point.
Collecting optics then pass this light to a photomultiplier. The
video is then combined with the necessary sync pulses, telem-
etry signals, and a reference pilot tone; then the composite
signal is conditioned for radio transmission to the earth.

At the earth station, the r.f. carrier is demodulated and the
telemetry signals diverted to equipment and stored on mag-
netic tape, while the picture information is passed on to the
picture-reconstruction system for further processing and mag-
netic-tape storage. The video data is displayed line by line on
a kinescope face with the image being recorded on a continu-
ously moving 35-mm. film strip.

Project Apollo

Within the capsule of this first three-men-to-the-moon flight
will be a hand-held TV camera head that will be used to pro-
vide real-time TV pictures of crew activities for public infor-
mation (TV as required, newsreels, and newspaper use) and
documentation.

The on-board camera has the unique capability of provid-
ing dynamic scenes of activities aboard and outside the space-
craft without the necessitv of vehicle recovery. Secondary ap-
plication such as monitoring propellant tanks, launch escape
tower, recovery chute development, etc., are probable as the

Fig. 5. The RCA six-camera configuration used in the Ranger craft,
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project progresses. These are secondary, however, and the TV
camera has been optimized around the public-information
requirement.

The 4%-pound camera has a bandwidth of 500 kec. with a
frame rate of 10 per second with 320 lines per frame. Consum-
ing 6% watts, the camera has a .1 footcandle highlight-illumi-
nation sensitivity minimum and a resolution of 227 lines. It
uses a one-inch vidicon and is provided with a 9-mm., f 1:9
lens and a 20- to 80-mm., f 2:5 zoom lens.

The camera will be mounted in one of two positions within
the spacecraft. One of these positions is near the bottom ol
the instrument panel and slightly to the right of the center
astronaut so as to view the crew during the launch phase.
After powered flight, the center astronaut will stow the center
seat so as to make an aisle, and he will mount the camera in
the second position where it can monitor activities of the crew
in this center aisle.

Alternate applications of the TV camera are provided for
portable operation. The camera may be hand held and moved
throughout the control module as desired. A second zoom lens
is available for external viewing through the module windows
to obtain TV pictures of the earth or moon.

The Apollo TV camera feeds into a premodulator where it
will be frequency multiplexed with both voice and telemetry
data. The composite signal is fed to an S-band transponder,
then power amplified and passed through either the S-band
omni antenna for near-earth transmissions or the high-gain
S-band antenna for transmission from deep space.

Once the Apollo command module has been placed in lunar
orbit, one astronaut remains in the command module while
the other two are soft landed on the moon by the Lunar Ex-
cursion Module (LEM). The same TV camera as used on
the mission will accompany them. Pictures will then be trans-
mitted directly between the LEM and the earth stations.

Tiros

Typical of the Tiros class of weather satellites is the Tiros I,
now circling the earth in a polar orbit.

The two-camera TV system used in these observations has
a ground resolution of about two miles at the picture center.
The two cameras are mounted on the sides of the spacecraft
so that they view the earth once every revolution (every six
seconds). An on-board timer programs the cameras to take
pictures only when they are looking directly at the earth.

The camera tube is a 500-scan-line vidicon with a persist-
ence that permits a two-second scan with less than 20% degra-
dation in picture quality. Each wide-angle camera, using 104-
degree lenses, nominally takes 16 pictures per orbit at 128-sec-
ond intervals, providing nearly full dawn-to-dusk coverage.
Each picture will cover a 550,000 square mile area. The
interval can be reduced to 64 or 32 seconds for overlap pic-
tures it desired.

The video data is stored on one of two tape recorders for
readout when the satellite passes within 1500 miles of a
ground station.

Transmission time for a full orbit of pictures takes about
three minutes from receipt of the ground rudio command. Suf-
ficient tape is provided in each of the two recorders for storing
48 picture frames at a speed of 50 ips. The tapes are erased
immediatelv after plavback and again just belore recording. A

EprTor’s NOTE: According to the latest report we have re-
ceived from NASA on Mariner Mars (Mariner 4), the space-
craft is still holding steady on its course and is continuing to
transmit scientific and cengineering data from interplanetary
space. Although two of the radiation experiments have evi-
dently failed. the other experiments are still operating. It is
expected that up 10 21 photographs of Mars will be taken when
the craft gets us close as 3600 niiles of the planet on July 14.
On June 16. Mariner 4 was over 109 million miles from Larth
traveling ar a velocity of about 57,000 mph.
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O find the power gain of an amplifier, it is necessary to com-

pute the ratio of its output to input power, take the log and
multiply by 10. When the input and output resistances are equal,
the voltage gain of the amplifier can be calculated by multiplving
20 times the log of the ratio of output to input voltages.

This nomogram eliminates the tedious calenlations involved,
and gain can be determined in a much simpler manner.

For values of 10" or 10-" times those on the E, scale. subtract
or add, respectively, n times 20 db from or to the values on the
voltage-gain scale. (n times 10 db from or to the power-gain scale
when the P. scale is used.)
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Power and voltage gain of amplifiers with equal
input and output impedances are readily found.

For values of 10" or 10-» times those on the E., or P, scales.
add or subtract respectively n times 20 db ta or from the values
on the voltage-gain scale and n times 10 db to or from the values
on the power-gain scale.

Example: Find the voltage gain of an amplifier whose input and
output resistances are equal, when 6 volts output is measured for
200 mwv. input.

Solution: Place one end of a straightedge over 6 on the left-
hand scale and the other end over 200 on the right-hand scale.
Find 29.6 at the point where the straightedge crosses the center
scale. This is the voltage gain in db. A
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RECENT
DEVELOPMENTS
in ELECTRONICS

Microwave Anechoic Chamber. (Right) A doorway to space is seen
from inside this microwave anechoic chamber, a room that al-
lows engineers to test electronic equipment in an echo-free
environment like that of outer space. Engineers at the Bunker-
Ramo Corp. are shown using the chamber to test antenna system
of a missile. The large chamber is lined with foam plastic
pyramids, developed by B.F. Goodrich, to absorb the microwaves.

TV Pictures from a Record. (Left) A new system, called “Phono-
vid,” plays still TV pictures as well as sound from a phonograph
record. Up to 400 pictures and 40 minutes of sound can be re-
corded on both sides of a 12-inch long-playing record. Heart
of the system is a slow-to-fast scan converter which takes the
signals from the phono pickup and converts them into a TV dis-
play. An electronic storage tube stores the picture line by
line and, when the picture is complete, reads it out to the re-
ceiver. Two such storage tubes are used. One is repeatedly
reading out a picture while the other tube is constructing the
next one from the video information in the grooves of the re-
cording. The storage tubes alternately read out a picture
every six seconds. Both the turntable and the television set
are entirely standard. The equipment, in laboratory prototype
form, was demonstrated recently by Westinghouse. The company
foresees the system for classroom instruction, industrial and
military training, vocational education, and sales presentations.

Nuclear Thermionic Converter. (Left) A unique approach for con-
verting heat directly to electricity is the nuclear thermionic
converter shown here. Such converters consist of a heated emit-
ter of electrons, a collector, and a gas (that becomes a plasma
when ionized) between these electrodes. The main problem with
conventional converters is that the gas used is highly corrosive.
Also, this gas tends to impede the passage of electrons, re-
quiring the use of undesirably small emitter-collector spacings
(a few mils). The General Motors Research Laboratories has been
working toward a nuclear converter that eliminates these draw-
backs. In this converter, uranium is used in the emitter. When
bombarded by neutrons from a reactor, the uranium undergoes
fission. As a result, the high-energy fragments heat the emitter—
to a much lower temperature than in other converters—and, at
the same time, produce the plasma by ionizing the gas. Elec-
trons then flow readily from emitter to the collector of the unit.

26 ELECTRONICS WORLD
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Laser Progress. (L=fti The laser's five-year progress is shown
in this compar sor o~ the original laser with one of the latest
devices. The original is -hz little device nestled in the hand
of its developer Dr. Theodare H. Maiman. The unit first “lased”
on May 26, 19€0 end hed a power output of 10,000 watts. The
new laser, made by th2 Korad Corp., of which Dr. Maiman is pres-
ident, is partly shown at the right in the photo; it has a power
output of up to 6,000,000,000 watts. Currently there are some
500 to €00 compan es, instrtutions, and government agencies in
the laser field. Curreat volume of laser business, including re-
search and dev2lopment, is estimated at $50 million, but this
figure may react $250 m Il or by 1970. The government is now
the biggest cusiomer but the commercial market will increase.

Fclded Laser Beam. (Right) A two-mile long laser beam has been
folded into a 10-foot space by reflecting it over a thousand
times between two mirrors. Because the points of reflection
on the mirrors do not overlap, information can be modulated
onto the light beam, stored and retrieved 10 microseconds
later. This experiment, conducted at Bell Telephone Labs,
opens the wav for cptical delay lines to be used as high-
speed, sequential, computer memories. It also provides an ex-
cellent means of measuring very small losses in lenses and
other optical materials. For this photo, the mirrors were
closer together and the beam was reflected about 400 times.

WORD WRITE

COPPER

Waff e-lron Computer Memcry. (Left) An experimental computer
memory has bez=n constructed of ferrite in a waffle-iron con-
figuraticn as shown. T1is memory unit, built by a British subsidi-
ary cf I”T, combines the advantages of conventional thin-film
and fer-ite-ccre systems. These include high packing den-
sity, simple ccnstructicn, low driving current, good output
voltage, and aktsence of creep. The flux is returned through
the soft ferrite struc-ure, while driving and sense conductors
are laid in grooves i1 the ferrite plate. The plate is pressed
into contact with the thin f Im (an iror-nickel alloy plated on a
aolished substrate), whict Fas square-loop magnetization curve.

STL ex® ‘;ﬁIMENfAL a WEFELE IRON STORE

o ® L J ® ® ®
HODEL  9E~30-4 o SER. No, 017

Largest-Capacity Computer Memory. (Right) The largest capacity
computer memory ever built has been delivered by IBM to the
NASA Manned Spacecraft Center in Houston, Tex. The unit
shown is the first of five to be installed at the Center. They will
process vast amounts of data generated during the Gemini and
Apollo space missions. In each of the memory units, almost
20 million ferrite cores, tiny doughnut-shaped objects, each
about the size of a pinhead, are strung in two-wire networks
and packaged, with associated circuitry, into a cabinet. Some
35,000 silicon diodes are used in the memory unit. A built-in
test system is provided in order tc reduce maintenance time.
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SELECTING
THE
PROPER
FUSE

By ARTHUR J. STEELE
Staff Engineer, Littelfuse, Inc.

Important factors to consider include physical size, amperage,
voltage, type, ambient temperature, and special characteristics.
A number of important rules for proper fusing are included.

trical or electronic circuit. Its purpose is to protect

the other elements of the circuit from a possibly dam-
aging overload. If it is to perform its function of protection
properly, it must be thoughtfully selected and installed or
mounted. Fuses are used to protect many different types ot
circuits. In some instances we are trying to protect only the
wiring and prevent a fire. In other instances, we may be pro-
tecting a very sensitive meter or an electronic component in
a television set.

Fuses are generally a glass-bodied cartridge with nickel-
plated brass caps. High-amperage fuses are made of a
punched zinc alloy element. Low-amperage fuses are made
with a filament wire of many materials from copper to plat-
mum and many alloys to accomplish the desired result.

3- FUSE is an intentionally weakened part of an elec-

Rules of Fusing

The first question that must be answered is, “What am 1
trying to protect?” Is it the wiring of a house? the wiring of
an electronic device in industry? the wiring of a very sensi-
tive mechanism to be used in our space program? In each
cuse, am | trying to protect against a fire hazard? or am 1
trying to protect a piece of equipment? a very sensitive ineter-
ing device? an expensive component? or eliminate shock haz-
ard to personnel? There is a definite series of questions that

Glass and ceramic cartridge fuses. From left: 3AG medium-lag
type; slow-blow fuse; 3AB ceramic anti-vibration fuse with
arc-quenching filler; 8AG low-current instrument fuse; and
4AG low-voltage medium-lag fuse developed for aircraft use.
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Fig. 1. Characteristics of fast-, medium-, and slow-blow fuses.

you should ask yourself when deciding on a fuse. Ask your-
selt the following questions:

1. What is the normal operating current?

2. What is the abnormal current at which the fuse is re-
quired to open the circuit?

3. What are the minimum and maximum times during
which abnormal current is permitted?

4. What voltage is applied to the fuse?

5. What is the normal ambient temperature at the fuse
location?

6. Are there pulse characteristics involved in the circuit?

7. What are the applicable commercial specifications?

8. Are there any applicable govermnent specifications?

9. Are there other requirements special to this application
(mechanical or electrical characteristics) beyond the normal
requirements of a commercial fuse?

10. What is the physical size desired?

Types of Fuses Used

The number and types of fuses and fuse mountings required
by the electronics industry have developed over the past 25
years in about the same proportion as those of resistors and
capacitors. In the same way, too, the pressure from engineers
las been to make fuses smaller and better. By far the greatest
number of fuses used in electronic components and circuit

ELECTRONICS WORLD
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Stondard Physical Bady | Amperage Mva:l"r::em | Typical
Designation Size Material | Range (a.)I Rating (v.)] Applications
JAG 12273V dia. | Glass 0-30 250 | Conmércial
125 & Industriol
32 Electronic Equipment
IAB 1Y%V, dia. | Ceramic 0-30 250 Appliance & Smali
125 Motor Protection
4AG 114" %%, Glass 0-40 250 [Aircraft Electricol
dia. 125 & Electronic
i 32 Circyits
SAG 1.4"x3%," Glass 0-60 250 Aircraft Electrical
dio. 125 & Electronic
32 Circuits
8AG. 1"x%4" dia. Glass 0-5 250 Instrument & Meter
Protection
Microfuse™ | .350"'x}4" dia. | Glass 0-5 125 Miniafurized
Plug-in or Electronics
Pigtail (Space Program, etc.)
""Picofuse’ 75y x.078” Ceramic 0-5 125 Printed-Circuit Board
dia. Pigtail Electronics
SFE 56”xV," dia. | Glass 4 32 Automotive
347xY4" dia. Glass 6 32 Electrical Circuits
787xY,” dia. | Glass A 32
%8"xV;"" dia. | Glass 9 32
14"xV," dia. | Glass 14 32
1475V, dia. | Glass 20 32
%46 "xV4" dia. | Glass 30 32
|

Table 1. Listing of fuses commonly used in electronic equipment.

protection are glass-enclosed, although ceramic is used for
the higher current, 250-volt Underwriters’ Laboratory listed
fuses.

The common fuse families are listed in Table 1. The most
popular fuses, their sizes, and maximum ratings are given,
along with their standard industry tyvpe designation. Readers
will be interested to note that there is no logical or rational
relationship between the recognized “AG” designation and
the physical size of the fuse. It has grown rather haphazardly
over the past 40 vears, starting with the automotive industry.
1AG was the frst “automotive glass” fuse; 2AG was next (no
longer used, dropped in an effort to standardize); 3AG was
next, etc.

As the industry grew, additional sizes were necessary and
they did not necessarilv fall within the phvsical size order.
In addition, the SAE (Societv of Automotive Engineers) es-
tablished a specification in an effort to trv to prevent over-
fusing by making the fuses non-interchangeable. As the am-
perage rating was increased, the phvsical length of the fuses
was increased, thus preventing over-fusing. This approach,
however, has not been too practical due to the limited num-
ber of amperage ratings available.

In general, then, the “AG” designations only classily the
fuse as to the specific physical size of the envelope in which
the fuse is placed.

The need for smaller and better fuses has led to the de-
velopment of such fuses as the “Microfuse” and “Picofuse.”
The “Microtuse” is being used in the Gemini space program.
It is small, accurate, and reliable, and is produced in either
plug-in or pigtail versions. The “Picofuse” is a pigtail-type
fuse with either radial or axial leads. This fuse is the smuallest
of protectors—accurate and fast-acting. It mav be used where
space and weight are at a premium and where mechanical
and electrical requirements are high,

Fuse Characteristics

Fuses are the safety valves of electrical circuits, therefore
it is important that thev operate or “blow” before damage
occurs in either the equipment or the wiring being protected.
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Fig. 2. Typical family of characteristic curves for 8AG high-
speed instrument fuses of various current ratings. Most of these
fuses are low-current devices with bead or filament construction.

Conversely, we do not want to have nuisance blowing. Thus,
fuses must not blow too easily and cause open circuits when
the equipment is operating normally.

It becomes obvious that time and current are the controll-
ing factors in the function of a fuse. There is a time and
current relationship at which the circuit will operate satis-
factorily and cause no damage to equipment or wiring. There
Is also a time and current relationship at which the equip-
ment will be damaged. In other words, the time-current char-
acteristics of the fuse must conform to the time-damage
characteristics of the equipment.

There are three basic types of fuse characteristics for
different types of applications. Fast:blowing fuses are used
for instrument protection where fast action is necessary in
order to protect the equipment. Medium-blowing fuses are
used for general applications. Slow-blowing fuses are used for
applications where a time lag is desirable (see Fig. 1).

Fast-acting fuses are designed to cary 100% of current
rating and blow rapidly at very slight percentages of over-
load. For example, they will open the circuit at a 200% over-
load within a maximum of 5 seconds. The greater the overload,
the more rapidly the circuit opens. There is very little mass
in the filament used, therefore the reaction can take place
very quickly under short-circuit conditions. This filament is
generally made of silver, platinum, or other precious metal
alloys.

These fuses are manufactured with wire diameters as low as
-000020”. Obviously this filament will open the circuit under
adverse conditions before any damage can be done in other
parts of the circuit. Typicul examples of the fast-ucting fuses
are the S8AG instrument fuses (see Fig. 2), “Microfuses,”
and “Picoluses.”

There are three basic constructions of these fast-acting

This super-small, fast-acting ceramic cartridge fuse will

almost fit through the eye of a needle. Fuse is only 7/32"
long and .078" in diameter and is available at up to 5 amps.
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A group of medium-lag indicating fuses is shown. When this
fuse blows, the silver-plated indicating pin extends from the
end of the fuse. This serves as a visval indicator. The pin
can also be used to actuate an audible alarm circuit as well.

fuses. One, the bead-type construction, uses a small onyx
bead holding two heavy wires, across which is placed a fine
filament. The second is a filament-type construction employ-
ing a diagonal lineup to insure the constant blowing charac-
teristics of the fuse; and third, the element construction for
heavy amperage fuses in this design. By observing the charac-
teristic curves, it will be noted that as the amperage rating
increases there is an inherent lag, automatically built-in, due
to the increase in mass of the fusible link.

Medium-Lag & Slow-Blow Fuses

Medium-lag fuses are by far the most widely used. They
are used in automotive, commercial, and industrial electronic
equipment, as well as in appliances. These fuses are designed
to protect a non-critical device, wiring, or equipment at mini-
mum cost. In general, they are designed to carry 110% of
rated current for a minimum of four hours. Circuits will be
protected if an overload of 135% of rating is placed on the
fuse; it will open in less than one hour. If an overload of 200%
of rating is placed on the circuit, the fuse will open the circuit
in a maximum of 30 seconds. Notice that the action of these
fuses is not as rapid as the fast-acting tuse. However, they
are perfectly satisfactory in the majority of general applica-
tions for fuse protection. All SFE fuses fall into this category,
as do many of the 3AG and 3AB fuses.

The slow-blow fuse is one that has a time-lag characteristic.
Many circuits or pieces of equipment have a built-in pulse
characteristic which is normal for the operation of this equip-
ment. The starting of a motor, for example, produces the
pulse characteristic referred to. Until the motor is up to speed,

Subminiature fuses may be assembled into cylindrical pin contacts
which are then inserted into military and industrial connectors.

current far higher than the normal running current flows in
the circuit. This is normal operation for this circuit, so we do
not want the fuse or protector to open the circuit during these
conditions. Therefore, a fuse must be designed with sufficient
mass or time lag to prevent nuisance blowing. In some highly
inductive or capacitive electronic circuits, this same charac-
teristic is required.

In the design of fast-acting fuses, we want to have a mini-
mum amount of mass in order to cause the fuse to open the
circuit as quickly as possible. FFor the slow-blow characteristic,
the reverse is true. We want a period of delay, therefore addi-
tional mass of one type or another is added to the fusible link,
thus causing a delay. This can be done by using a relatively
large mass of low-melting point alloy placed near the heat-
generating source. The fuse, being a thermal device, requires
a certain amount of time for the current passing through a
certain resistance to cause a reaction. It requires a certain
amount of time for the current passing through the heat-gen-
erating source, or the resistance of the fuse, to bring the
temperature of the low-melting point alloy to the point where
it becomes liquid, triggering the mechanical action of a ten-
sioning spring, and opening the circuit. The time that is re-
quired for this reaction is called the slow-blow or lag char-
acteristic of the fuse.

The low-melting alloys are made up of tin, lead, bismuth,
and small quantities of other materials to control the desired
melting point. The heat-generating source takes many forms,
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Fig. 3. Characteristics of slow-blow fuses for motor protection.

depending on the amperage rating of the fuse. In some in-
stances a small carbon or wirewound resistor is added, or the
resistance of a coil spring becomes the heat-generating source.

In most applications, the time-lag characteristic is de-
sirable only in a limited range of operating currents. The cur-
rent values in excess of this limited range require the fast
action. Therefore, slow-blow fuses are designed to carry 110%
of rating for a minimum of four hours and open the circuit at
135% of rating within one hour, have a minimum of 5-second
delay at 200% of rating, and open the circuit within 2 minutes.

For overloads in excess of 700%, a fusible link is placed in
series with the slow-blow fuse so that fast action is obtained
in opening the circuit when an overload of this nature is
encountered. Three types of characteristics are actually avail-
able in the slow-blow type fuse. First, a long life at the normal
operating characteristic; second, a time delay to prevent
nuisance blowing under slight overloads; and third, rapid
action under short-circuit or high overload conditions. This
type of fuse is used in TV horizontal sweep circuits, power
supplies, motor circuits, etc. See Fig. 3.

Fuse Mounting

There are many different ways of mounting fuscs. The least
expensive is the addition of a pigtail—or wire—to the ends of
the fuse, which can then be (Continued on page 64)
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By WARREN GRONER

Sr. Engineer, Electro-Optics Group
Spetry Gyroscope Co.

An authoritative explanation
of the operation of solid

and gaseous lasers.

The significance of such
effects as coherence,
population inversion, photon
amplification, and stimulated
emission is made clear.

Editor’s Note: This is the first in a group of three articles on
lasers. Our objective is to provide the reader with a clear and
accurate understanding of laser operation. Future issues will
feature articles covering the modulation and demodulation
of a laser beam, the injection laser, applications, and laser
meastrements.

waves by Hertz in 1888 ushered in the age of radio
communication. The reader is surely familiar with the
growth and importance of the communi-
cations industrv, The milestones which

r I VHE first experimental production of electromagnetic

preciate the importance of the laser, it is necessary to con-
sider what is required of a transmitter in a communications
link. An eftective transmitter is a generator of electromagnetic
waves which radiates a significant amount of coherent power
in a narrow band of frequencies, including the particular one
of interest. But why is coherence desirable?

Need for Coherence

The need for coherence in an efficient generator is some-
times overlooked by the radio or microwave engineer. For ex-
ample, the tacit assumption made when he designs or builds
an antenna for a receiving system is that increasing the area

Fig. 1. The effects of temporal {in time) and spatial {in space) coherence on three waves.

mark its progress are numbered in con- -
secutive orders of ascending frequency.

The reason for expanding the com-
munications spectrum toward the higher
rather than the lower end is that the rate i
of information (e.g., video signals)
which can be transmitted is directlv pro- l
portional to the center frequency of the |
carrier wave. In addition, motivation has
been furnished for the expansion of the
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It is curious that ordinary light, recog-
nized early in the game as electromag- |
netic waves of extremely high frequency
(=10'% cps), was never exploited for
communications purposes. To under-
stand the reason for this neglect and ap-
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A technician, eyes protected by dark goggles from the white-
hot glare of light, monitors growth of a laser crystal boule.
Painstaking eight-hour process starts with a crystal ‘‘seed”
dipped into a crucible filled with molten raw laser crystal
materials. Fixed to a slowly rotating rod, the seed is pulled
up a half inch an hour. The molten metal adheres to the
seed and cools and hardens as it is drawn from the crucible.
The crystal looks like o small icicle before it is cut, ma-
chined, and then polished into a usable, commercial laser rod.

over which the signal power is collected will increase the
signal-to-noise ratio at the detector. However, this is true only
if the phase of the incoming signal is constant or varies in a
predictable manner over all points of the antenna. If the
phase of the incoming signal changes in a random way from
point to point over the antenna, then the detector can sum
only the absolute value of the incoming power. The sum of
phase angles will be zero, in general, and all modulation will
be lost. This correlation of phase in the signal is just what is
meant by coherence. An instantaneous correlation of phase
from point to point in space is called “spatial coherence” and
a consistent correlation in phase at two neighboring points
over a length of time is called “temporal coherence” (see
Fig. 1).

The generators of radio, television, and radar signals ex-
hibit both temporal and spatial coherence in the emitted
signal. Until the advent of the laser, however, no sources of
signal power operating in what is known as the optical spec-
trum were coherent in any but a statistical sense. This fact,
more than anv other, has precluded the highly desirable use
of these frequencies for communications other than simple
“on-oft” switching.

The reason for the lack of coherence in optical sources other
than the laser is related to the lack of correlation among the
motions of the electrons, each electron behaving as a tiny
oscillator which emits light. FFor familiar light sources, such
as tungsten filaments and gas-discharge tubes, electrical en-
ergy is supplied to create conditions favorable to the emission
of light, e.g., by heating the filument or exciting the atoms in
the gas. The actual emission process, however, is uncon-
trolled. Each oscillator radiates independently of its neighbors.
Thus the emitted light, which is just the sum of all the individ-
ual radiations, lacks both spatial and temporal coherence. The
idea of maintaining a constant phase relation over the oscil-
lators by stimulating their emission with a wave of the fre-
quency to be radiated was first proposed by C.H. Townes in
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1958. Two years later, utilizing stimulated emission, Theodore
Maiman achieved pulses of coherent optical radiation from
a single ruby crvstal.

Since that time the development of the laser, an acronym
for Light Amplification by Stimulated Emission of Radiation,
has proceeded at a phenomenal pace. The intensity, mono-
chromaticity, and polarization of laser radiation has created
potential applications in medicine, industry, and scientific
measurement, in addition to the obvious application to com-
munications. In conjunction with this spectacular growth,
recognition of the importance of the laser, or optical maser as
it is sometimes called, has become widespread. A billion-dollar
laser market by 1970 has been predicted, and in 1964 Pro-
fessor Townes was a co-recipient of the Nobel Prize for his
pioneering work in this field.

The importance of the laser to the engineer and technician
cannot be sufficiently stressed. Before learning the funda-
mentals of laser operation, some preparation is required. The
laser is often referred to as a “quantum-electronic” device
thus necessitating the introduction of some important concepts
of modern or quantum physics.

Some Ideas of Modern Physics

In 1900 Max Planck formulated an accurate description of
the spectrum radiated from a black body. (A black body is a
perfect radiator or absorber of energy.) Planck offered the
revolutionary hypothesis that the energies of the electron
oscillators responsible for the radiation are quantized, that is,
restricted in certain integral multiples of a constant which
now bears his name.

Although not too well understood at the time, Planck’s
“quantum” hypothesis was successfully employed by Albert
Einstein in explaining, among other phenomena, the photo-
electric effect. In explaining the photoelectric effect, Einstein
extended the “quantum™ concept to the radiation itself, by
assumning that light interacts with electrons in a metal as if
the light were itself composed of discrete bundles of energy
whose energy E is given by E=hf where h=Planck’s constant
and f=frequency of radiation. Consequently, a light beam
can be thought of as a stream of massless particles called
photons which travel at the speed of light. Each particle con-
tains an energy of hf joules.

In 1913, Niels Bohr gave the quantum theory a big boost
by proposing a quantized model for the hydrogen atom. In
Bohr’s model the hydrogen atom is pictured as a small, posi-

Fig. 2. The Bohr model of the hydrogen atom showing electron
jumping from one energy level to another and emitting radiation.
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tively charged nucleus orbited by an electron. Bohr postulated
that the rotational energy of the orbiting electron can have
only certain discrete values. These values define a set of stable
electron orbits, that is, while an electron is rotating in a stable
orbit it does not emit radiation. A region which separates
allowed energy levels is called an energy gap. The electron
could change energy only in a jump in which it either ab-
sorbed or emitted a photon. Thus, the conservation of energy
for an electron jump may be written as E,,— E, = hf,,,» where
E, and E, are two allowed energy states for the orbiting
electron, and f.,,, is the frequency of the emitted radiation.
Fig. 2 shows this for energy levels corresponding to m =2 and
n=1. Using Bohr’s model, one could calculate the frequencies
of the emitted radiation and it was found that these frequen-
cies agreed almost perfectly with the observed characteristic
spectrum of hydrogen.

In the years following the introduction of Bohr’s model,
quantum theory grew in significance and power. Many
changes were made and even a brief sketch of this develop-
ment would carry us too far afield for the task at hand. How-
ever, some of the features of the Bohr atom provide a useful
introduction to the important concepts necessary to the
description of laser operation.

A graphical picture of the Bohr model in terms of energy is
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Fig. 3. Energy-level diagram for the Bohr model of hydrogen
atom. When electrons make transitions from a higher energy
level to a lower energy level, then radiation having a certain
specific wavelength {in angstroms) and frequency is produced.

given in Fig. 3, where energy is plotted on the vertical scale.
The horizontal lines are the allowed energy levels and the
vertical connecting lines represent examples of electron jumps
or “transitions” with the wavelength of the emitted radiation
given along the transition lines in angstroms (1 ang.=10-10
meter). Energy level E; denotes the lowest energy level or
ground state for the atom. The other levels (Es, Es....)
represent excifed states. Such a representation is called an
energy-level diagram.

The usefulness of these diagrams in atomic physics may be
appreciated when one realizes that the energy-level diagram
for a given atom is peculiar to that type of atom. The energy-
level diagram for an atom is to the atomic physicist what the
schematic is to the electronics technician because such a dia-
gram exhibits important information about atomic behavior.

Lifetime & Population of Levels

One feature of an atom’s behavior not included in an energy
diagram is the lifetime and population of levels. That is, if
the atom at some given time is in an excited state (its electrons
are at any level except the ground state), will it remain there

August, 1965

for all time if undisturbed, or will it spontaneously jump to
some other level and emit radiation? The answer to this ques-
tion is that there is always a tendency for an atom to return
to its lowest energy or ground state. Consequently it will
spontaneously make transitions downward until the ground
state is reached. IFor a gas of unexcited atoms almost all atoms
will be in the ground state.

The situation, however, is complicated by the fact that the
average time an atom remains in a state before decaying to
some lower level depends on what state it is in to begin with.
Therelore, in order to complete the picture, a set of numbers
must be made available which represents the mean lifetimes
of the electron in all its possible states before it decays spon-
taneously. In general, these lifetimes are quite short, <10-8
second. However, there exist levels for which the lifetime is
considerably longer and these are known as metastable states.
It also must be remembered that each of the spontaneous
transitions must conserve energy and therefore is accom-
panied by the emission of a photon. Photons emitted by spon-
taneous transitions are called spontaneous emissions. Because
one atom does not know what another atom is emitting, there
is lack of interaction among atoms, and the resulting emis-
sion that is produced is incoherent.

Stimulated Emission

Recalling what was said earlier about ordinary light sources,
it would appear that these sources rely on spontaneous emis-
sions for their output. Spontaneous transitions are not the
only means by which a particular atom may return to its
ground state.

Consider the hypothetical case of a coherent light or photon
beam traversing atoms of a gas.

When the frequency of such a source coincides with one of
the frequencies of spontaneous emission, atoms are induced
to make transitions between two particular energy levels
whose difference is A E and satisfy the relation A E=1f. An
important result is that transitions from the upper to lower
energy states are induced in addition to those in the opposite
direction. In fact, the probability that the induced transition
will be in one direction rather than the other depends only
on which level the majority of atoms find themselves. When
the transition is from a lower to an upper energy level (ac-
companied by the loss of one photon from the beam), it is
called absorption, and when the transition is from upper to
lower energy levels a photon is emitted and it is called induced
or stimulated emission. Note that in this case the emission
was induced by the presence of an energy source.

If equal numbers of atoms are in each of two levels, the
beam intensity will remain constant in traversing the gas.

Experimental laser radar resembles a battery of rocket launch-
ers as it is set up for a test. In operation, the laser beam
flashes from the transmitting telescope (right! and bounces
back off a distant target into the receiving telescope (left). Two
smaller telescopes are used for alignment and photography.
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Fig. 4. Atomic transitions producing emission and absorption.

For more atoms in the upper than in the lower state the beam
will see a net gain of photons or will be amplified by stimu-
lated emissions in traversing the gas. Because photon emis-
sions will be induced by interaction with the photons in the
beam, which were assumed coherent, they will all be in phuse,
and the amplified beam will be coherent (see Fig. 4). In this
way a single spontaneous emission may be amplified into an
intense colierent beam. The remaining problem to solve is to
obtain the higher concentration of atoms in the upper energy
level necessary for amplification. This is known as population
inversion, and this particular topic will be treated for the par-
ticular case of rubv in the next section.

The Ruby Laser

Obtaining population inversion involves the addition of
energy to the gas. The process of populating an upper energy
level at the expense of a lower one is called pumping. One
possible method of pumping between two levels whose dif-
ference in energy is A E is by supplying electromagnetic ener-
gy of the frequency satisfying the relation if =\ E and thus
raising the energy by absorption. This method is efficient only
at the start, when the population of the lower level exceeds
that of the upper. As equal population is obtained the number
of upward transitions becomes equal to the number of down-
ward transitions irrespective of the pumping energy. Thus,
to obtain inversion, a more sophisticated technique is neces-
sary, involving at least one intermediate energy level upon
which the pumped atoms may be stored.

A simple example of the three-level system is in the chrom-
ium ions present in chromium-doped aluminum oxide, more
familiarlyv known as ruby. Before continuing, it must be ob-
served that since the essential property of a gas is that the
constituents do not interact with one another, a lightly doped
(< <1%) crystal is essentially a gas of dopant atoms in a
rather special container. However, their energy levels are
somewhat modified by the presence of the host material. A

Fig. 5. The three levels of the chromium ion in a ruby
rod which is involved in pumping and in laser action.
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simplified energy level diagram of the chromium ion in a ruby
ervstal is shown in Fig. 5. The intermediate level (3) is
metastable with a lifetime of approximately 10-% second. The
operation is as follows:

A pumping light of frequency fi2 causes transition between
levels (1) and (2). The atoms in the excited (2) state may
retun to the ground state spontaneously either directly or
bv first stopping at the metastable state. Because the lite-
time of the metastable state is 100,000 times longer than that
of state (2), the atoms which fall there may be considered
almost stationary. The rate at which atoms find themselves in
state (3) is proportional to the rate at which they arrive in
(2) which, in turn, is proportional to the pumping power
and independent of the population. Thus, it sufficient pump-
ing power is supplied, the population of the (3) state will
grow at the expense of the (1) state without the limitation
imposed on the two-level svstem, and population inversion
is obtained.

As long as the population is inverted, the ruby can be an
amplifier for radiation of frequency fs1 and, as with any am-
plifier, adding a positive feedback loop can cause sustained
oscillation. In this case what is meant by positive feedback
is the return of some of the output light (fs; radiation) into
the ruby. This may easily be accomplished with mirrors. In
fact, by making use of the geometry of the mirrors so that
the feedback is directional, a resonant cavity is formed. The
amplified radiation, referred to as photon amplification, will
build up in a standing-wave pattern familiar in microwave
technology.

The resonant cavity is formed from the crystal itself by
carefully grinding and polishing the ruby and silvering its

Fig. 6. {A) Output of
ruby laser. Time scale
is 0.1 millisec./div.
The envelope is the
pump-lamp flash. {B)
Expanded portion of
the trace with time
scale of 1 psec./div.
Incidentally, in the
scope traces shown
time proceeds from
right to left rather
than left to right.

(B}

ends. Because of the shortness of optical wavelengths, an
essential difference exists between our crystal cavity and the
more familiar microwave cavity. Calculating the wavelength
from the energy-level diagram, the wavelength corresponding
to 41 radiation is found to be 69434 in vacuum. Thus a ruby
ground to form a cavity 7.3 em. long (a typical size), has
100,000 nodes in the standing wave and will be resonant for
everv [requency that satislies the standing-wave condition:
(n/2)x=L where A is the wavelength and n an integer. For
example, taking n as 10° the difference between resonant
wavelengths A\ is given by: (AA/A) = (Jf/f)=1/n=10".
The cavity is resonant for a large number of frequencies right
around fi, instead of being resonant for only one particular
frequency as in the microwave case.

Practical Considerations
Before turning to a description of operation of the helium-
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neon gas laser, it is worth mentioning some practical con-
siderations which arise in carrying out the scheme just de-
scribed. First, the pumping power required to obtain popula-
tion inversion for a reasonable size crystal is considerable,
and may be accomplished only in brief bursts of light from
a Hash lamp. The operating time of the ruby laser is therefore
limited to a couple of milliseconds. Second, while the ruby
is lasing, the metastable state is being depopulated by stimu-
lated emission, and quickly (in 10 ¢ second) outruns the
pump, cansing lasing action to stop until the pump can again
create a population inversion. Hence, the output of a ruby
laser consists, typically, of a series of irregulurly spaced spikes
about 106 secord in duration in an envelope defined by the
pump lamp duration. Fig. 6 shows an oscilloscope trace of
the output of a photo detector receiving light energy from a
ruby laser.

Finally, we mayv consider the over-all efficiency of the ruby
laser by forming a percentage from the ratio of total output
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Fig. 7. Operation of four-level system as in gaseous laser.

of laser light energy to the electrical energy supplied to the
pump. This efficiency is typically less than 1% with most of
the lost energy heating the ruby. This makes cooling the
crystal an important practical consideration.

The Gaseous Laser

To understand the operation of the helium-neon gas laser,
a different meaus of obtaining population inversion as well
as of pumping must be considered. The modification of the
energy-level scheme is shown in Fig. 7. Note that a fourth
or terminal level has been added above the ground state.
The population inversion is now obtained between the (3)
and (4) levels. The advantage of the four-level scheme is
that the initial population of the terminal level is negligille
compared to the ground state and therelore inversion is more
easily obtained (i.e., less atoms in the (3) state are necessary
for its population to exceed that of the (4) state than that
of the ground level). This reduces the pumping power re-
quired and opens up the possibility of pumping by a differ-
ent method, called electron-collision pumping.

In quantim theory a striking analogy is found for an elec-
tron beam traversing atoms of gas and that of a photon beam.
Only when the kinetic energy of the electrons coincides with
the differences in energy hetween any two levels are atoms
induced by collisions with the electrons to make transitions
between these levels. As in the electromagnetic case, the most
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Fig. 8. Example of resonant transfer by collision of gas atoms.

probable direction of the transition depends only on the rela-
tive populations of the states. Hence, as un alternative, we
may consider pumping atoms of gas with accelerated electrons
in a discharge tube instead of by a light beam. These may be
the result of a glow discharge when r.f. energy is applied to
the discharge tube. The obvious advantage of this method
is we can maintain this energy constant over extended periods
of time and obtain a continuous laser output. This presup-
poses the availability of sufficient pump energy for inversion.

The first successful operation of a laser by collision pump-
ing required the presence of two gases, such as helium and
neon, in the discharge tube to realize the proper energy
scheme. A slight digression is necessary to consider the trans-
fer of energy Dbetween atoms of different gases. A sort of
resonance phenomenon is encountered where energyv transfer
proceeds only when an energy gap is shared. That is, an atom
of oue typeof gas (A) in a given energy level (2A) may trans-
fer its energy to an atom of another tvpe (B) in a stage (1B)
via a collision if, and only if, there exist energy levels 1A and
2B such that I’:‘g‘\ = 151/\ E]]; Egn (see Flg 8) As l)efore,
the probability of the transition direction is determined by
the population of the levels.

In this gas laser, the higher and lower energy levels are
in different gases, and their population may be modified by
changing the relative concentration of the different gases in
the discharge tube. This additional control was fundamental
in achieving the first observed laser action in a gaseous mix-
ture of helium and neon. (Continued on page 63)

Fig. 9. Energy levels of helium and neon during laser action.
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Fig. 1. An economy-line transistor is at the center. The
case is about the same size as the TO-18 case at the left
and is smaller than the regular TO-5 case shown at right.

ECONOMY-LINE
TRANSISTORS

By ROBERT TELLEFSEN

Special lines of inexpensive
“n-p-n” silicon transistors have been introduced
to compete with the imported units.

ECENTLY several manufacturers have introduced
R special lines of low-cost transistors to compete with
devices imported from Europe and Japan. These tran-
sistors are intended mainly for use by original electronic
equipment manufacturers but there are also transistors of spe-
cial interest to hams, experimenters, and CB’ers in the line. At
least one type costs as little as 46 cents in single quantities.
There are low-noise v.h.f. receiving r.f. amplifiers, r.f. power
amplifiers for ham and CB transmitters, and general r.f. and
audio transistors—all available at low cost.
The entries of one manufacturer, RCA, in this low-price
field are unique in that they all have metal cases; other pro-
ducers encase their devices completely in molded epoxy. The

Fig. 2. Suggested circuit for a 200-mc. r.f. amplifier.
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L1—2” #14 Formvar or enam. bent

RCA case is smaller than a regular TO-5 case and similar in
size to a TO-18 case (Fig. 1).

Table 1 shows some applications, ratings, and approximate
costs of the RCA line. The lines of the other manufacturers
are, in general, similar. The devices are all n-p-n silicon tvpes
and are intended to replace germanium units. The replace-
ment process is not difficult and has heen discussed elsewhere
(“Substituting Silicon for Germanium Transistors” by Williamn
O. Hamlin, ELEcTRONICS WORLD, December 1964). Germa-
nium is not a plentiful element but silicon is. In time, the cost
of silicon transistors will go lower still and germanium will
possibly be used for replacement-only devices.

Recommended Circuits

The low-noise v.h.f. r.f. amplifier mentioned earlier is the
2N3478. It has a typical noise figure of 5 db at 470 mc. and
2.5 db at 60 mec. The circuit of Fig. 2 is recommended for use
with this transistor. The 2N3478 is capable of an unneutral-
ized gain of 11.5 db at 200 mc., so it should work well in the
6- and 2-meter ham bands. The collector current should be
kept between 1 and 2 ma. to utilize the low-noise capability.
The case of the 2N3478 is identical to the one shown in Fig. 1,
except that a fourth lead is connected directly to the case for
grounding and shielding independently of the other three ele-
ments. With the high gain of the amplifier, thorough shielding
between input and output is essential.

The economy line also includes three transistors in stand-
ard TO-5 cases intended for use in 5-watt CB rigs, but they
work equally well at 29 me. These transistors are designated
by company house numbers 40080, 40081, and 40082; they
have no equivalent 2N numbers. The 40080 is used as a crys-
tal-controlled oscillator (100 mw. output); the 40081 is an
r.f. driver (400 mw. output); and the 40082 is a power ampli-
fier (3.5 watts output). The 40080 and 40081 will also work
in the 6-meter ham band, but no information is available on
the 50-mc. performance of the 40082.

A typical CB or 29-me. ham transmitter r.f. section using
these three transistors is shown in Fig. 3. It can provide an
unmodulated r.f. output of up to 4.5 watts, well above the
FCC limit for CB equipment. (Continued on page 72)

Table 1. Listing of economy-line transistors along with

R1-—About 2000 ohms, adjust for best
gain or best noise figure (see text)

C1,C4—510 pf. capucitor

C2, C7-—-2300 pf. capacitor

€C3,C5-—-2.25 pf. var. capacitor

C6—10 pf. capacitor
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into hairpin loop and center tapped
L2—113” #14 Formvar or enam. bent
into hairpin loop
L3—1 phy. r.f. choke
J1.J2—R.f. connector
Q1—2N3478 transistor (RCA)

characteristics, applications, and single-unit prices.
: | APPROX.
TYPE | CASE | COST
Audio and low r.f. amplifiers to 30 mc ]
(fr=-60 mc., Pr=2 w. max.) )
2N3241 F!g. 1 $ 073
2N3242 (higher B, lower noise) . ............ Fig. 1 0.96
V.H.F. and low U.H.F. r.f. amplifier ;
2N3478 NF @ 470 mc.=5 db, fr=900 mc.,
Pr=-200 mw. max. o 2] & et Fig. 1 2.06
R.F. oscillator to 50 mc.
40080 Po @ 12 v.=100 mw., fr=300 mc.,
Pr=0.5 w. max. e T0-5 1.40
R.F. driver to 50 mc. l
40081 Po @ 12 v.=400 mw., fr=300 mc.,
PT=2 W. MAK. 1 g =m0 o s Emamisrs G e 44 4 9 T0-5 l 1.90
27-me. r.f. power amplifier l
40082 P. @ 12 v.=3.5w, Pr=5wmax. ....| T0-5 11.14
very-low-noise, high-gain audio amplifiers (NF @
10 kc.=2 to 2.8 db, fr=60 mc., Pr= 1 w. max.) ) |
40231 (lower B) sl At | F!g. 1 .54
40232 (higher ) . e | Fig.1 | 59
40233 +higher B, lowest noise, lowest leakage i
current ... ... ... PP F[g. 1 66
40234 (lower £, highest B spread) Fig. 1 46
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MICROFILM
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By DANIEL M. COSTIGAN

Wadely used for record keeping, storage of documents and
drawings, mucrofilm equipment uses electronic techniques
both for creating and retrieving the desired information.

ICROFILM has been quietlv building itself a new
M reputation as one of the most versatile of industry’s
space-age tools, thanks in large part to electronics.
Banks began using microfilm for record-keeping nearly forty
years ago. Then, during World War II it won acclaim for its
role in easing the overseas mail load. Meanwhile, libraries
have used it increasingly over the years for the preservation
of periodicals and rare books.

But the real boom has come within the past decade, with
industry’s mushrooming adoption of the medium to minia-
turize paper records of all sorts. Electronics has helped im-
measurably to insure the exacting stand-
ards that industrv demands. Below are
described some of the applications of
electronics used in microfilm work.

INlumination Conirol

Reflectance characteristics tend to
vary from one microfilmed item to an-
other, making it necessary for the camera
operator to perform frequent exposure
adjustments. Production is speeded sig-
nificantly by use of electronic illumina-
tion control.

Unlike the electronic eye as used in a
home-movie camera, in which the photo-
cell output directly operates a delicate
mechanical device that varies the size
of an aperture (this method also is used
on some microfilm cameras), the same
feeble photocell output in an automatic
illumination control acts to vary the volt-
age on a bank of high-wattage flood-
lamps.

Fig. 1 shows a commercial automatic
light control mounted on a 35 mm. mi-
crofilm camera. Basically, this equipment
consists of two components: a motorized
photocell pickup arm, which “reads” the

August, 1965

Fig.

reflected light from the document or drawing being copied;
and the control unit, which contuains the electronic circuitry.
The illuminating lamps are part of the camera.

When the item to be microfilmed is in place on the cam-
era’s copyboard, the operator presses a button to bring the
motorized pickup arm out to sample a portion of the back-
ground area. The lamps automatically dim or brighten ac-
cording to need to insure proper exposure.

The button is pressed a second time and two things hap-
pen: the pickup arm swings back out of the picture area, and
the lamps “lock in” at whatever illumination level they have

1. Microfilm camera with automatic illumination control.
Lights automatically dim or brighten as required by document.

e e —

CAMERA HEAD

PHOTOCELL

T rickup ARM CONTROL

UNIT
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DIFF. FIRING A.C.
CHOPPER AMP. - DEMOD AMP. CONT. SCR INPUT
REF. AC.
o —
0scC. LEVEL MEMORY REG. LAMPS
PHOTOCELL

Fig. 2. Automatic illumination control uses reflected light
from document to operate an SCR lamp brightness controller.

been adjusted to. A separate button snaps the shutter and au-
tomatically advances the film spool to next unexposed frame.

The block diagram in Fig. 2 illustrates the operating prin-
ciple of this system.

The output of the photocell is first chopped to convert it
to pulsating d.c.—varying in amplitude according to light in-
tensity—and is then amplified through four transistor stages.
The varying amplitude component is demodulated and com-
pared with a pre-adjusted, zener diode-controlled reference
signal. The difference voltage is amplified and fed to the fir-
ing control circuit, which uses a pair of silicon controlled rec-
tifiers to adjust the voltage applied to the illuminating lamps.
The lamps are dimmed or brightened depending upon which
condition is necessary to produce an amplitude difference of
zero between the amplified photocell output and the fixed
reference signal.

The memory circuit, which uses a single vacuum tube and
is the only exception to the unit’s being fully transistorized,
stabilizes lamp voltage at the compensated level long enough
to allow taking several shots at the same illumination.

Densitomelry

Among the methods used to spot-check processed micro-
film for consistent quality is measurement of the density
(opaqueness) of the dark, or background, portions of the
negative images.

Measurements are made on a transmission densitometer, an
electronic instrument in which the sample is introduced be-
tween a light source and a photocell or photomultiplier tube.
The varying output of the light-sensing unit, depending on
the density of the sample, is indicated by a meter calibrated
in “density units.” The higher the reading, the more dense
or opaque is the sample being measured. Rigid standards are
set to keep density within acceptable limits.

One typical transmission densitometer, such as shown in
Fig. 3, uses a photomultiplier tube in a special feedback cir-
cuit designed to hold the anode current constant by auto-

Fig. 3. Transmission densitometer measures image opaqueness.
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matically varying the voltage applied to the cathode and dy-
nodes when a sample is being measured. Unlike the usual
photomultiplier-tube circuits, in which the dynode voltage is
held constant and the output current allowed to vary, this
arrangement permits a more linear meter scale. It also pro-
vides greater stability and, with the aid of an “anti-fatigue”
lamp to keep the photomultiplier cathode bathed in light be-
tween readings (thus reducing dynode voltage), it uffords a
substantial increase in tube life.

The decrease in the amount of light striking the photomul-
tiplier-tube cathode results in a corresponding decrease in
the input signal from the anode to the first voltage amplifier
stage. The amplified signal appears at the input of a power
amplifier as a decrease in bias, thus increasing plate current.
The result is a corresponding increase in the negative output
of the high-voltage power supply due to the increased current
flow through the dynode resistor chain. The gain of the pho-
tomultiplier tube is thus increased and the anode current re-
stored to its original value.

A microammeter, from which density measurements are
read, actually functions as a voltmeter, measuring the vary-
ing cathode-dynode voltage.

Because the feedback circuit alone cannot effect a per-
fectly linear relationship between cathode-dynode voltage
and transmission density, a compensating circuit is provided
to shunt the voltage appearing across the meter. Six factory-
adjusted pots countrol the shape of the voltage-density curve
at six critical points within the calibration range.

Electrostatic Reproduction

Xerography, an electrostatic copying process, may not be-
long strictly in the electronics category, but it rates at least
a passing glance for its unique application of a photoelectric
principle.

In one printer, designed to produce enlarged paper prints
from microfilm, a photosensitive selenium-coated drum serves
as intermediary between the microfilm input and paper out-
put. The negative film image is projected onto the drum,
which has been charged to a given static potential by a high-
voltage source. Wherever light strikes the drum, the charge
is reduced, thus forming an enlarged, latent electrical copy
of the original image on the face of the drum.

Through differences in static potential, a heat-sensitive
resin in the form of black powder is first made to cling to the
neutralized portions of the drum and is then transferred to
a sheet of paper. Application of heat completes the process
by melting the black resin and fusing it to the paper, result-
ing in a permanent and convincing paper copy of the origiual
document or drawing.

Other electrostatic copiers eliminate the photosensitive
drum by the use of special paper onto which the image is
projected directly. Still others utilize a combined chemical-
electrical process in which the Iatent electrical image is made
visible on the paper by chemical action.

Automatic Retrieval

Having applied electronics to the streamlining of micro-
film production, the next logical step is to design equipment
to expedite the “retrieval” of a specific microfilmed item from
among the many thousands or millions in a given file.

Oune company offers an automatic microfilm retrieval sys-
tem through which a specific micro-image is electronically se-
lected from among several hundred by a photoelectric scan-
ning technique. The system, known as MEDIA (Magnavox
Electronic Data Image Apparatus), utilizes a coded identi-
fying track optically printed along the edge of the microfilm.
Selection is made on a keyboard, and the capsuled film “chips”
containing the micro-images zip past the photocell at the rate
of ten per second until the selected image is found. The image
is then either projected on a screen or reproduced electro-
statically as an enlarged paper copy, after which the film

ELECTRONICS WORLD
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chip is automaticallv returned to its proper place in the
storage capsule until recalled at some future needed time,

A retrieval system developed by the GPL Division of Gen-
eral Precision, Inc. and the Mosler Safe Company goes a step
farther by permitting the stored microfilm to be in one loca-
tion and the selecting controls and viewing facilities in an-
other. Selection is by keyboard and delivery by closed-circuit
TV. The code for the desired item is keved and the item is
automatically retrieved from storage at the distant location
and placed in position for camera pickup. A 21-inch monitor
screen at the selecting station displavs a 1000-line, 10X en-
larged view of the selected micro-image. The retrieval unit
holds 5000 IBM-sized cards, cach of which can contain as
many as 1000 tiny micro-images, giving the unit a total stor-
age capacity of 5,000,000 separate documents.

New Concepis

For the most part, the devices we have looked at so far
are merely aids in expediting the normal microfilm routine.
Somewhat more immpressive are certain imaginative new con-
cepts aimed at broadening the scope of microfilm.

Recently one such concept to become a reality is the crea-
tion, by machine, of microfilm images from actually nonexist-
ent documents and drawings. Basically, it works something
like this: the raw data—statistical information, schematic sym-
bols, etc.—is fed into a computer, which stores it in coded
form on magnetic tape. The recorded data is then fed into
another electronic device, at the output of which it is made
visible in standard symbols on the fuce of a cathode-ray tube,
from which it is recorded on raw microfilm.

A typical unit records data on microfilm at the rate of
17,500 characters per second. The end product may be a se-
quence of complex engineering drawings, schematic dia-
grams, texts, or graphs, each of which can be produced in
less than a secon:d, some in less than half a second. An ex-
ample of such a computer-derived diagram is shown in Fig. 4.

The computer data is converted to visual form by a Char-
actron shaped-beam tube (Fig. 5). Voltages applied to the
selection plates determine the matrix character through which
the beam will pass en route to the tube face. The metal ma-
trix can contain as many as 220 separate etched characters.

YOKE ADJUSTER

HELICAL ACCELERATOR

VIEWING
SCREEN

August, 1965

CONVERGENCE COIL \
o= s‘“

FROM MEMORY

A
PT10-30
PT10-30
Lt
pT10-30

—_—

Fig. 4. This logic diagram was produced directly on micro-
film by computer techniques in less than one second of time.

The convergence coil and reference plates set the shaped
beam back on axis, and the signals applied to the deflection
yoke determine the spot at which the heam strikes the tube
face.

The Census Bureau of the U.S. Department of Commerce
has developed a system which reverses the procedure just
described. The svstem, known as FOSDIC (Film Optical
Sensing Device for [nput to Computers), transforms micro-
film images into impulses ou magnetic tape. A computer, us-
ing the tape as its storage medium, may then be queried, and
the desired information is delivered in black-and-white via
high-speed printers.

The marriage of microfilm to electronics is by no means
complete. In the offing are svstems through which the iden-
tifying number of a document or drawing can be “dialed”
from any number of remote locations, and a copyv of the de-
sired item automatically retrieved from a central file of com-
puter-produced microfilm and delivered by facsimile within
seconds. A

MAGNETIC
SHIELD

D \\\
ELECTRON
// GUN
_ ‘ SELECTION
PLATES

MATRIX

REFERENCE PLATES

FOCUS ELECTRODE

DEFLECTION YOKE

Fig. 5. Charactron shaped-beam CRT passes electron beam through
a shadow-mask matrix to choose the desired character which is
then positioned on the screen by beam deflection techniques.
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Fig. 1. A finished driver-amplifier using a board made by the
*long-hand'’ wiring technique is at the left. The template at
right was employed to produce the finished amplifier board.

F you are like the anthor, you have probably found that
the biggest stumbling block to building most projects is
mechanical. How to mount the circuit components?

Where to find a suitable chassis? How to transfer the sche-
matic to a practical physical lavout?

Most of us like to sec a neat finished product. We also know
how easy it is for our project to wind up looking like u mess
of bailing wire. Printed circuils are neat, but they are also
final. Even a slight change in circuitry can be extremely diffi-
cult.

The method of circuit building to be described can be the
answer to the mechanical problems presented in building
many projects. Although primarily devised for solid-state cir-
cuilry, this technique can be used for circuits employing nu-
vistors, relays, and small transformers and possibly even 7-and
9-pin miniature tubes.

This approach, called “long-hand” circuitry by the author,
has been used in two ways: first, as a quick method for build-
ing a single item and, second, as the prototype of future print-
ed-circuit designs. In the first case, the final product, while
neat in appearance, can be changed later if some modification
is desired. As a prototype, much fuss is eliminated as would
be the case in making even a simple printed-circuit board,
while modifications are easily made. Because a template is
used in the initial phase of this approach, a printed-circuit
board may be obtained easily and quickly at a later date.
This is true even if the original intention was only to build a
one-of-a-kind project.

A completed “long-hand” circuit is shown in Fig. 1, along
with the original template board. This template was used to
lay out the board of the final model. Probably the most unique
feature of this circuit-building technique is the board material
used—cardboard. Actually, many tvpes of cardboard can and
have been used by the author. Insulating “fish paper” was
used on one occasion for a three-transistor square-wave gen-

Fig. 2. Method used to punch holes in “‘long-hand’’ circuit board.

Long-hand’
PRINTED CIRCUITS

erator. If vou wish to make your finished circuit impervious
to environmental conditions, you can encapsulate it. This
can be done by using various expoxies or silicones.

Making the Template

The first step in building a “long-hand” circuit is to get a
piece of cardboard which is a little larger than the anticipated
finul size. Start in the upper left-hand corner of the board.
Male certain that the schematic from which vou are working
is clear and logical. This will provide the basis for a clean
circuit-board lavout.

Begin sketching the parts on the board, using the actual
parts vou will be using as a guide. Bend the leads of resistors
and capacitors, elc. as you would insert them into the circuit
board. Locate the holes for these parts by placing them
against vour board. You will be sketching the parts on the
board as theyv will be viewed from the top of the board. Use
a soft pencil to sketch the parts and the interconnections. As
vou draw the circuit remember: the lines ol a schematic mayv
cross but on a circuit board they may not. Even if vou are
careful you may find it necessary to redraw certain portions to
achieve a more practical layout. With practice, vou will find
the layout process becoming easier.

Since the %-watt resistor is the most common part, vou will
find it worthwhile to spend a few minutes making a template
for this part. Obtain a piece of stiff plastic, such as is used in
packaging. Cut out the rectangle of the resistor body with a
razor blade or an “X-Acto” knife. Since the cut-out for the re-
sistor bodv must be larger than the actual resistor body, to
allow for the pencil lead, it would be difficult to locate the
lead-hole pattern in the template. Use a %” hole-to-hole spac-
ing for the resistor leads. Space them equally ofl the ends of
the resistor body. Because capacitors are of varying sizes and
shapes, it would be difficult to make templatcs for each of
them and no time would be saved by doing so.

Since transistors can either be wired directly into the cir-
cuit or be mounted by using transistor sockets, you should
determine beforehand which approach you will use. If sockets
are to be used, cut the appropriate opening in the circuit
board with your blade. Remember, you will be using standard
sockets for the “long-hand” circuit and printed-circuit types
for any future printed-circuit hoards.

A circle template is handy for drawing the transistors,
stand-up electrolytics, and other round objects to be
mounted on the board. Such templates are readily available.

Fig. 3. The underside view of a fairly complicated circuit design.
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Whether you are designing new circuits for future production or
for a single prototype, this technique will speed your work. No
chemicals, photo processes, or phenolic boards are used. Template

By EDWARD M. LONG

After the complete circuit has been drawn on the board,
check it out visually to make certain that all connections have
been made and that none of the wiring crosses over itself.
While the “long-hand” wiring technique lends itself to cross-
over wiring if insulated wire is nsed, it should be avoided if
a printed circuit is desired later on.

Once you are certain the drawing is correct, the holes for
the inserton of parts may be punched. Fig. 2 shows the
method of hole punching. An ordinary compass is used. Ac-
tually Fig. 2 is intended to show the depth to which the com-
pass point should be inserted.

A better way to punch the holes is to place the circuit board
on a flat piece of polystvrene foam about one inch thick. The
compass point is then pushed through the board to the desired
depth. When all the holes have been punched, trim the board
to the correct size. At this point you will have a master tem-
plate and circuit-wiring guide from which you can make other
circuit boards if these are required.

The Prototvpe

Place the template over a second board cut to the same size
as the template. As a precaution, to prevent slipping, tape the
template and the second board together at the edges with
some short pieces of masking tape. Place them on the poly-
styrene pad and punch the holes in the second board by
pushing the compass point through the holes in the template.
When the hole pattern is completed, mounting of the parts
on the second board can begin.

Since the circuit and parts have now been drawn on the
template board, vou can use this as a guide in building the
actual circuit on the second board. Begin in the upper left-
hand corner of the board. Insert the first tew parts and, using
the leads of the parts themselves, begin soldering the circuit
together. Bend the leads down close to the board. It is best to
do only a few parts at a time. If all the parts were inserted at
once, the jungle of wires would be almost impossible to sort
out and interconnect. This is true even if the circuit is rela-
tively simple.

Iig. 3 shows the bottom of a fairly complicated circuit. You
will notice that some crossovers are made with insulated wire.
As noted before, these are permissible if a correction has to be
made. This can be eliminated in two ways. The obvious way is
to redraw the circuit to eliminate the crossover entirely.
Sometimmes this will prove almost impossible and vou will
have to use the second method. A jumper on the top of the

Fig. 4. Top view of board in Fig. 3 with components mounted.
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permits simple changeover to more conventional printed circuitry.

board will allow a permanent crossover to be made. For the
sake of neatness, jumpers should be eliminated by careful
circuit layout.

You will also note the use of insulated wires for long runs
and for wires which come near each other. These would be re-
placed by copper on a future printed-circuit board. Therc are
also holes which are not used because of modifications in the
final lavout. If modifications are made as the circuit is being
built or later during testing, corrections should be made on
the template. This will assure that anv future boards will be
up-to-date. Holes in the template which will no longer be used
should be marked, possibly with a red dot, so that vou will
not punch them into future boards.

Fig. 4 shows the top of the circuit board of Fig. 3, with all
components mounted. Most circuits will be less complicated
than this. Once you have built a few circuits using this tech-
nique you will find that it is easv.

In building simple circuits, there will be a temptation to
build them directly without first making the template. The
author has done this at times and regretted it later when the
same circuit was needed again. The template stage may seem
unnecessary at times, but in the long run it is well worth the
time invested. The template can be used for both future “long-
hand” circuits and for preparing the artwork that is needed
for a printed circuit.

Printed Circuits

Fig. 5 shows the template of Fig. 1 and the printed-circuit
artwork which was obtained from it. The method used to ob-
tain this artwork will be explained. A piecc of thin white pa-
per is used to prepare the artwork. Lay the template on top
of the paper. A pencil with soft lead is pushed through each
hole in the template and a small dot is made on the paper.
Make these dots very lightly. The template is removed and
the circuit is drawn lightly on the paper using the circuit on
the template as a guide. Draw a small circle around the holes
so that they may be seen easily through the paper.

Now turn the paper over and lightly trace out the circuit
with a pencil. Next, vou may either ink in the circuit or make
use of some of the printed-circuit drv transfer materials avail-
able.

The printed-circuit boards can now be made from thjs art-
work using standard techniques. This artwork can also be
blown up for re-touching and then reduced to the actual size
that is required. A

Fig. 5. Template of Fig. 1 was used to produte artwork shown.

Wwww amercanral


www.americanradiohistory.com

S 3 I

Fig. 1. Side-looking radar installation on an Army Mohawk aircraft. Notice
the long cigar-shaped radar antenna housing mounted beneath the fuselage.

and infrared, is plaving an increasingly greater role in the

reconnaissance efforts of the military services. Such im-
agery not only supplements the aerial photograph, but in
certain instances provides information that cannot be ob-
tained by photographic techniques. For example, it has long
been established that the ability of various tvpes of electronic
sensors to penetrate clouds and darkness as well as to map
large areas is a most desirable characteristic.

Side-Looking Radar

An example of an electronic sensor currently used for map-
ping purposes is the AN/UPD-2 Side-Looking Radar System
produced by Motorola’s Military Electronics Division for the
U. S. Army. The name “side-looking” stems from the fact that
this form of radar collects mapping information from the ter-
rain to the sides of the aircraft. In contrast, infrared and pho-
tographic systems are generally used to record terrain be-

IMACERY produced by electronic sensors, such as radar

By J. L. NELSON

Military Electronics Division
Motorola Inc.

Side-looking radars mounted in our
military reconnaissance planes
provide near-photographic mapping
coverage in clouds and darkness.

neath the aircraft. Radar as a sensor is a ranging device; its
maximum range limit is approximately equal to the line-of-
sight distance to the horizon.

For example, an aircraft flying at 3000 feet above the ter-
rain is capable of mapping in excess of 50 miles to each side
of the aircraft during a single run. It is not uncommon to map
areas in excess of 30,000 square miles during the course of a
single run, and this record may be contained on a strip of
film less than 2 feet long. To better understand the structure
of a radar image, the mechanics of the technique must be
examined.

Fig. 1 illustrates a typical side-looking radar installation in
the Army’s Mohawk aircraft. The cigar-shaped structure be-
neath the aircraft is the radar antenna.

Fig. 2 shows the geometry peculiar to a side-looking radar.
Note that the antenna pattern is a narrow fan-shaped beam
extending from the aircraft outward to the horizon. In gen-
eral, this beam is less than 1° thick; therefore, the radar illu-

Fig. 2. Geometry of a side-looking radar that has been installed on a reconnaissance aircraft.
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minates and receives returns from only
a narrow strip of terrain at any one time.
As the aircraft moves forward, succes-
sive strips of terrain are viewed by the
radar system.

As contrasted to a camera, a radar
system does not examine the entire area
contained in the strip at one time. It
accomplishes its purpose by transmitting
a high-energy pulse and recording the
intensity of the return echo in synchron-
ism with the time required for the pulse . e
to reach a particular element of terrain
and return to the aircraft.

Thus, the basic terrain information is
contained in terms of “range vs time” as
a video signal. This signal is converted
to a film record by placing the video in-
formation on a cathode-ray tube as in-
tensity modulation, sweeping the cath-
ode-ray tube in synchronism with the ra-
dar return from each element ot terrain,
and photographing the resultant display.
The film is caused to move at a rate pro-
portional to the ground speed of the aircraft, thereby building
up the map in synchronism with the illumination of success-
ive strips of ground by the radar antenna. In general, the
ground-scanning process may be likened to the scanning spot
of a television raster.

The process, as viewed {rom a point directly above the
surveillance aircralt, is illustrated in Fig. 3. The narrow light
area perpendicular to the side of the aircraft represents the
geometry of the radar beam; hence the strip of terrain under
surveillance. The area immediately alt of this beam repre-
sents terrain already mapped by the sensor.

Examples of Imagery

A tvpical example of imagery produced by a side-looking
radar is shown in Fig. 4. The horizontal dimension is related
to radar slant range. The black central stripe represents the
range to the ground directly beneath the aircraft. Features
such as roads, cities, farms, and other landmarks are readily
discernible. Another example of a radar map made in the area
of Phoenix, Arizona is shown in Fig. 5.

Imagery such as that of Figs. 4 and 5 does not always lend
itself to direct correlation with terrain maps or other systems
of coordinates because of various types of distortion. Two
prominent forms of imagery distortion often found in radar
strip maps are: drift-angle distortion and ground-speed dis-
tortion.

Taking first the case of an aircraft encountering a side
wind, it will be necessary for the pilot to intentionally “crab”
or vaw the aircraft to maintain the desired ground track. If
the antenna is rigidly affixed to the aircraft for aerodynamic
reasons, the beam will no longer be perpendicular to the
ground track but will be rotated by an angle equal to the
drift angle of the aircraft. In general, side-looking radar svs-
tems compensate for this by rotating the intensity-modulated
line scan on the cathode-ray tube a proportionate amount,
thereby providing first-order correction.

Distortion Eflects

To avoid ground-speed distortion, it is necessary to syn-
chronize the motion of the film across the image plane to
that of the aircraft over the terrain. In the event such syn-
chronization is not achieved, the scale fuctor lengthwise along
the film record will not be in agreement with the scale factor
laterallv across the film record. Thus, it is necessary that two
vital pieces of information be provided to render proper co-
ordinates on the final imagery.

One device used for obtaining this basic information is a
Doppler navigator. (Continued on page 80)
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Fig. 3. Coverage patterns obtained with side-looking radar. (A}
Pattern as viewed from abova, {B) View from in fiont of plane.
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Fig. 4. Side-locking radar imagery of Los Angeles area.
The black central stripe which resembles a roadway di-
rectly below the plane is the aircraft’s fine of flight.

Fig. 5. Side-look radar imagery of Phoenix, Arizona area.
Notice the outward-going shadows on both sides of the
center stripe resulting from radar beam illumination.
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CAPACITANCE
TOUCH-PLATE
LIGHTING
SWITCH

By R. WAYNE SIMISTER

Touching a single, small metal plate
or several remotely located plates
turns on and turns off lamp or appliance.

HE puwrpose of this article is to describe a simple, in-

expensive, and compact capacitance touch-plate light-

ing switch adaptable to home use. The power consump-
tion is about 1 watt; the reliability is very high; and because
it is transistorized, there will be very little maintenance.

Oue of the desired features in touch-control lighting is be-
ing able to use one touch plate for both turn-on and turn-off.
With such an arrangement, switches in unlighted areas are
easily located and turned on. Cost of such a svstem will be
lower because fewer control lines are necessary.

In applications where hundreds of switching operations
are performed daily, considerable time can be saved with
touch-control switches. Several plates can be brushed by
the fingers in patterns to achieve the desired combinations.

The switch becomes an immediate and fascinating conver-
sation piece in the home. Constructed in a small box into
which a table lamp can be plugged, the unit is inconspicuous.
A control wire leading from (Continued on page 74)

TOUCH PLATES

Jl:\‘

Circvit is built into a 4”7 x 2” x 2% " metal box, Lamp
or low-wattage appliance is plugged into convenience out-
let while touch-platels} is connected via the phono plug.

Components are mounted on 21,” x 3% " piece of perfor-
ated circvit board that is mounted within the metal box.

“PLYTIC
TVA-1420

C7
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2NI305 3 RI3 }
Q2 PR
cl RI
LT_MMM,_A
'
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+
2N404

b: Q3 C

Z RITS

]

il [ I ' [ i
- cs
y, - Ca — + R9 RIO
+ I:
_f\_/\—‘ L
Fl
c7|+ +|ca s S0l
H7Vv.A.C. —— A.C.OUT.
= 3 MAX.200 WATTS Fig. 1. Circuit uses 4 inexpensive
Ot and readily available transistors.
RIS RI6

R1—6800 ohm V3 w. res.

R15—27 ohm, V5 w. res.

R2—1 megohm, 14 w. res.
R3,R11,R12—10,000 ohm, !4 w, res.
R1,R7—4700 ohm, '3 w. res.
R5—22.000 ohm, 14 . res.

R6—100 ohm, !5 w. res.

R8—2700 ohm, ¥} w. res.
R9,R10—100,000 ohm. ¥; w. res.
R13.R14—27,000 ohm, V5 w. res,

aa

R16—15,000 obm, 2 w. res.

Note: All resistors -+~ 10%

C1—.003 uf., 100 v. disc ceramic capacitor
C2.C3,C4,C5—5 uf., 25 v. elec. capacitor
C6-0.15 pf. 200 v. Mylar capuacitor
C7—100 uf., 150 v. elec. capacitor

C8—20 uf.. 25 v. elec. capacitor

C9 0.05 pf.. 400 v. Mylar capacitor
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F1—2 amp 3AG fuse

RL1-—2500 ohm, 5 ma. relay (Potter & Brumfield
RRS5D)

J1—Phone jack

P1—Phono plug

SO1—A.c. outlet

D1,D2—IN34 diode

D3-—1N2069 silicon power diode
(200 p.i.v. @ 750 ma.)

0Q1,03,Q1—2N404 transistor

Q2-—2N1305 transistor
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eceiver Noise

FROM ANTENNA TO DETECTOR

HE most common bvproduet of our civilized world is

noise in one form or another. We rise in the morning

to noise; we ride to and from work with noise; and we
eat and relax with noise. In its most common form, noise is
the effect of vibration upon our eardrums, and subsequently
through the message centers of our nervous svstem, upon our
brain.

In electronics, however, noise is a different matter. More
than being just annoving, it is the limiting factor in the re-
ception of intelligence through the medium we call communi-
cations.

The ultimate goal is the reception of intelligence and the
reproduction of the originally transmitted material in its
truest fidelity, whether the receiver be a simple table radio
or an extremely complicated and sensitive piece of electronic
laboratory equipment. The weak signal received at the an-
tenna must be amplified, sorted out of the myriad of other
signals and assorted electrical impulses, amplified to a greater
degree than the undesired signals and noises, converted to a
varving d.c. voltage by a detector, and then applied to func-
tional circuits to actuate a speaker, CRT, relay, or any of a
multitude of recording devices.

Kinds of Noise

The various types of noise can be broken down into two
basic categories: natural and man-made. There are various
methods of dealing with noise, but no matter what the source,
there is a limit to the amount of reduction we can achieve.

Man-made noise includes both intentional and uninten-
tional signals within the passband of the receiver; interference
from sparking, such as antomotive ignition, arcing of genera-
tor or electric motor brushes, and defective wiring; and a
host of other causes, most of which result from an electric
spark. Such a spark produces interference over an extremely
wide frequency range and is impossible to filter out if it is
near the level of the signal to be received.

Intentional signals might include those that are produced
within the passhand of the receiver, either due to drift of the
transmitter or poor design of the receiver. Such a signal, if
strong enough in intensitv, will cause the first few stages of
the receiver to draw grid current and hence block (in the
case of tubes) or saturate (in the case of transistors). If auto-
matic gain control (a.v.c. or a.g.c.) is used, the strong un-
desired signal will cause drastic reduction in the gain of the
stage or stages, and the desired signal will then be amplified

August, 1965

By JOSEPH TARTAS

A The sensitivity of a radio receiver is governed by the amount of
internally generated noise. How this noise originates, how it is

measured, and how it can be reduced are covered in this article.

to such a small degree that it will be unintelligible or un-
usable. (Fig. 1.)

This effect is known as cross-modulation, and its eftects are
determined by the type of tube used in the r.f. or i.f. stages,
the bandpass of the receiver, the shape factor of the selective
circuits (relation of peak to skirt bandwidth), and the type
of interference. If the interference has a different time relation
or duration than the desired signal, it may have little or no
effect on the intelligibility of the received signal. (Fig. 2.)

Another eftect of undesirable signals within the passband
is known as intermodulation distortion. Intermodulation dis-
tortion results when an interfering signal is applied to the
mixer along with the desired signal. The non-linearity ol the
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Fig. 1. (A) Passband of receiver showing both desired
and interfering signal. (B) Detector output with and with-
out a.g.c. Bias change due to a.g.c. can reduce or elimi-
nate desired signal when the interfering signal is present.

Fig. 2. If the interfer-
ing signals shown on
the right occur be-
tween T1 and T2,
their relatively short
duration and low am-
plitude have no ef-
fect. If situation is re-
versed, receiver would
then be blocked for
that period of time.
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mixer produces both sums and diflerences of the two, in ad-
dition to the modulation of one by the amplitude variations
(modulation) of the other. In addition to this, if the interfer-
ing signal produces cross-modulation suflicient to bias the
r.f. stage back to a non-linear point, then the r.f. stage itself
will act like a mixer and produce its own sums and differences,
which will then be passed on to the mixer stage to further
produce sums and differences of those that get through the
passband of the r.f.-output, mixer-input circuits.

Natural interference causes noise in a form we call static.
Such interference results from lightning, aurora, whistlers,
and, to some extent, so-called galactic noise. Lightning, or
other static electricity, produces a spark during discharge,
and hence vields the same result as man-made static. The only
difference here is that the intensity of a lightning discharge
is tremendous and in most cases completely blanks out the
receiver, whether or not the signals coming through are de-
sired or undesired. Aurora, on the other hand, produces a
wide variety of effects, from sizzling static to rapid fade or
flutter, not to mention the complete blanketing of electro-
magnetic circuits such as telephone lines. Whistlers are
usually of short duration and, because of Doppler effect,
change frequency to some degree as they progress. Depend-
ing upon the selectivity of the receiver, they may pass com-
pletely out of the passband before the a.g.c. can react.
Galactic noises, except for u.h.f. and microwave receivers,
and some v.Lf. equipment, with antennas designed specifieally
for the reception of these fixed noises, are not of any sig-
nificance to the average reception medium, since the inverse-
square law of r.f. signal strength vs distance shows them to
be too minute. It is the natural law that makes the intentional
reception of these stages difficult in radio astronomy. Galactic
noises are so weak that other noises tend to obscure them,
and the search for better reception methods is an unending
one.

Receiver noise, other than that due to antenna or cable
defects, is the most important factor to consider. Since the
antenna itself is essentially a passive device, there is no sig-
nificant noise contribution from it other than that received by
it in the form of the electrical radio signals.

In most cases, the sensitivity of a receiver is set solely by

loIn= Fig. 3. Germanium diode will

start to conduct at a lower
signal than will silicon.

GERMANIUM

SILICON

OUTPUT CURRENT (MA))
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the front-end of that receiver itself; that is, between the an-
tenna terminals and the first i.f. stage. Because the r.f. stage,
mixer, or first i.f. stage can contribute to this sensitivity, they
must be considered separately and together.

Defining Sensitivity

The relation among sensitivity, gain, detector levels, and
selectivity seems to be a confusing one to many, yet each is
a separate entity. Further confusion is often added by the
concept of noise, signal-to-noise ratio, noise figure, and noise
voltage. It is one aim of this article to clarify the meanings
and relationship among these terms.

Sensitivity means just what it says. It is the degree to which
a receiver is sensitive to a signal. In other words, a more
sensitive receiver will be able to reproduce the same intel-
ligence from a smaller amplitude signal, all other things being
equal. A less sensitive receiver will require a larger signal, all
other conditions being the same. However, the sensitivity at
the input end will also depend upon the amount of gain, or
amplification, that follows it and the level desired or obtained
at the detector. By a detector, we mean the point at which
r.f. is converted to d.c., AM, or any other tvpe of intelligence.
Tor practical purposes in this discussion, let us consider the
recciver as being a high-frequency communications or radar
receiver with a diode detector, the intelligence being in the
form of positive square pulses. This is something that could
be observed on an oscilloscope and thus serves well to aid
in the explanation.

Because of the characteristics of the usual r.f.-type silicon
or germanium diode detector, the last i.f. stage must have
sufficient output to drive the detector well into the linear
region. I'or most of these diodes, the output must be at least
0.5 volt to produce a minimum of distortion and good linearity
of the modulation. (Fig. 3.)

If we put a pulsed signal into the receiver and increase its
level until we can see a small output from the detector but
no random noise, we have no way of knowing the actual sensi-
tivity of the receiver. Additional amplification between the
v.f. stage and the detector might show either of two things:
the increase of output signal level resulting might also be ac-
companied by the appearance of noise such that any decrease
in input signal would cause the output signal to disappear
into the noise; and a decrease in input signal would still pro-
duce an output with no visible noise.

If additional gain produces noise at the output, no further
gain would help and, for the given conditions, the maximum
sensitivity of the receiver has been attained. This is also
known as the threshold sensitivity.

If, however, no noise appears, the receiver still has in-
adequate gain between the r.f. stage and the detector, and
the sensitivity can be further improved by additional stages
of gain. This should be increased to the point where noise
does begin to appear in the output, and we are then at the
same point discussed previously. The point of adequate ampli-
fication has been reached when sufficient noise is seen at the
detector output. This noise level should be about 0.5 volt
or half the desired 1.0-volt signal.

Front-End

The selectivity of the front-end is the ability of the receiver
to receive or reject certain signals close to each other, Thus
selectivity means to select, to reduce or remove interference,
and reduce cross-modulation and intermodulation inter-
ference. Traps and bandpass transformers eliminate specific
signals that are sufficiently displaced from the desired signals
and limit those that are not sufficiently out of the passband
to be rejected completely.

The greatest amount of receiver noise is due to the action
of electrons within the first tube or transistor. If the first
stage is a converter rather than an r.f. stage, then the relative
noise out of the receiver will be greater for a given input
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signal level. If a mixer (converter) stage follows an r.f. stage
but the r.f. stage has little gain, then the relative noise level
out of the receiver mav be somewhere between the two levels.
This will be explained subsequentlv.

Origin of Noise

Even in the most perfect component, some noise is alwavs
developed due to the random motion of free electrons within
the material. Since the velocity of the electrons represents
current flow, then a varving a.c.-voltage component is pro-
duced due to the natural resistance of the material. Because
electron motion is always random, so is its velocitv, and hence
the frequency and amplitude of the noise voltages are con-
tinuously changing. The net result is called white noise, and
its energy is evenly distributed throughout the entire radio
spectrum.

Because the r.m.s. voltage taken over a relatively long
period of time is measurable, we know that for a given band-
width the voltage would be the same at 100 ke. as it would
at 100 me. because of this even distribution. This noise volt-
age, when due to the antenna and transmission line, is usually
negligible compared to the tube or transistor noise and is
further dependent upon the temperature, the resistance across
which the noise voltage is developed, and the bandwidth of
the component, circuit, or receiver.

Although the average noise voltage is zevo, the a.c. com-
ponent exists in cvcles varving in a perfectly random manner
and has a constunt r.m.s. voltage. The mean-square noise
voltage associated with the input circuit is found by: e,?
4kTRAf, showing that the noise i1s dependent upon the
temperature (T'), bandwidth (2Af), and the equivalent input
resistance (or noise resistance) for the first stage (R). k is
a natural constant, a relation of energy-per-degree of temper-
ture discovered by Boltzmann.

In a vacuum tube, random emission and random velocities
ol the electrons as they leave the cathode or arrive at the
plate produce a random modulation of the d.c. plate current
component known as “shot noise,” If a tube is relatively noisy,
then the equivalent resistance in the grid circuit is quite high.
Hence, the merit of a tube in relation to its noise contribution
is dependent upon how low an equivalent resistance can be
assumed to be present in the grid circuit. This equivalent
resistance for a triode is simplv 2.5/Gm, but tor a pentode it
is much higher because the electron stream is divided into
two paths—plate and screen—and the random modulation of
the d.c. plate component is considerably greater.

For any given tube tvpe, there is a value of source resist-
ance for which the best noise figure of that tube can be
achieved. This information has been calculated for various
tvpes and is normally found in the manufacturer’s data sheet
for that tube. For transistors, the information is usually given
as a typical noise figure at some test frequency, with a fixed-
source impedance. In addition, curves are often shown that
give the range of frequencies over which the transistor or
tube is usable, and these show both the variation in noise fig-
ure with frequency and the difference in noise figure with
different source impedances.

Except for the filaments, a transistor presents a similar
problem in relation to noise. Since the flow of electrons (or
holes) in both cases is from a lower to a higher energy level
the same sort of thermal agitation takes place, and the modu-
lation of collector current produces u noise voltage. The trans-
istor, however, because of its base-spreading resistance, meth-
ods of biasing, and impedances, has until recently resulted
in a relatively high noise level. For the sake of discussion,
however, the terms tube and transistor may be used inter-
changeably.

As the frequency is increased, there are further eftects of
transit-time loading with a reduction in gain that appears
to increase the noise of the stage, and the equivalent input
resistance seems to be as much as five times greater.
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Fig. 4. Typical input circuits. (Top) Vacvum-tube cascode.
(Bottom) Grounded (common) emitter circuit. Except for
the bios and input circuits, r.f. circuit is similar in both.

If the signal and the noise in the first stage are amplified
sufficiently, then all the noise added by the next stage will
be hardly significant. For example, if the noise voltage at the
input of the first stage is one microvolt, and the signal is two
microvolts (representing a 2:1, or a 6 db signal/noise ratio),
and the gain of the stage is 20 (or 26 dbv), then the noise
voltage and signal voltage at the input of the next stage will
be 20 and 40 microvolts respectively. 1f the next stage then
adds one microvolt of noise to this, then it represents an in-
crease of 1/20 or 5%. The third stage, if the second stage is
similar to the first, will then add 1/400 or 0.25%.

The formula for this is usually given as: NF...q=NF,+
(NF3/Gain,) where NF represents the noise figure of that
stage in db.

It is therefore essential that the first stage have the lowest
possible noise contribution with the highest possible gain.
Because the lowest noise figure in a tube is obtained with a
triode, this is normally used as the input stage, or more often,
two triodes in a cascode circuit are employed (Fig. 4). This
circuit comprises a low-noise triode in a grounded-cathode
stage with little or no gain, to eliminate Miller effect (change
in tube capacitance with gain change from a.g.c.), tollowed
by a grounded-grid stage with the gain of a pentode, to eli
minate the grid-plate capacitance feedback problem. The

Fig. 5. Detector outputs. Top row, left to right: output, no visible
noise; increased gain, still no noise; same condition, noise
visible, shows adequate gain; signal reduced to original 1-volt
level, noise disappears, signal good; noise level approaching that
of signal. Bottom row, left to right: adequate gain and noise fig-
ure; gain not improved but noise reduced; same as last case but
with additional goin after first stage, over-all signal still good;
last condition shows moximum sensitivity (tangential sensitivity)
when bottom of noise in pulse is equal to top of noise outside.
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cathode impedance of the second stage, usually a few hundred
ohms, serves as a low-impedance output load for the first
stage, thus making this section extremely stable.

Transistors, until recently, were notorious for their noise
and could not be used as input stages where good sensitivity
was desired. As a result, hybrid receivers were constructed,
with input stages using low-noise vacuum-tube -circuits
(usually the cascode) followed by transistor circuits for the
mixer and i.f. amplifiers.

Recent improvements in semiconductor materials have
resulted in germanium transistors with noise figures of 2 db
up to several hundred megacycles and silicon transistors with
noise figures near 3 db for the same frequency ranges. The
nearest devices until then were the low-noise triode tubes,
such as the W-E 417B, and the more recent RCA nuvistors
and G-I ceramic subminiature triodes, but these required
considerably more power for the active elements.

Noisy Converters

At reasonably low frequencies (up to 500 mc.), there is a
definite advantage to the use of one or more r.f. stages to give
adequate amplification with minimum noise contribution.
Because the conversion gain of a triode used as a mixer (again
the less noisy tube) is less than its gain as an amplifier, noise
contribution can be minimized if the gain of the preceding
stage or stages is adequate.

The input equivalent resistance as a mixer is 4/Gm, in-
stead of the 2.5/Gm as an amplifier, and the conversion noise
figure is higher than that of the amplifier noise figure.

At some high frequency, known as the transition frequency,
the use of an r.f. amplifier ahead of the mixer becomes im-
practical because of the transit-time loading effect, excessive
feedback, insufficient gain, and other problems.

In this case, the signals are fed directly to a converter or
mixer. This may consist of a special tube circuit or, at the
higher frequencies where the reactances within the tubes or
transistors cannot be tuned out, the use of mixer crystals or
diodes is preferred. These are usually preceded by tuned
circuits or cavities to provide the necessary selectivity to cli-
minate images or other interfering signals within the passband
of the following circuits.

Because there is no amplification in this tvpe of converter,
and even a loss in signal during the conversion process, the
first i.f. stage then becomes an important factor in the over-all
noise of the receiver. In this case, the total noise figure be-
comes: NF g0+ L (NF,; + ¢t — 1) where L is the diode con-
version loss and t is the diode noise temperature. The total
noise then obviously rests heavily upon the noise contribution
of the i.f. amplifier. Just as in the case of the r.f. stages, the
first i.f. stage must have highest gain and lowest noise in order
to have a minimum noise contribution from the i.f. stages
as a whole when this system is operating,.

Matching Considerations

Of equal importance in the consideration of low-noise
circuitry is the matching of impedances between antenna and
input stage, or input stage and mixer. Aside from the con-
sideration of maximum power transfer, it is essential to pro-
vide the match from the source to the correct input noise im-
pedance. 1t is only under these conditions that the minimum

Fig. 6. A simple noise generator. The output is fed to re-
ceiver antenna terminals while the input circuits are adjusted
for maximum noise for fixed settings of noise potentiometer.
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noise conditions can be achieved. In transistor circuits, some
designers intentionally load down the input circuits with
excessive damping resistance in order to make the stage more
stable. This is often done at the sacrifice of gain, since this
additional power is dissipated uselessly in the loading resistor.
If such excessive loading is attempted, it should not only pro-
vide the correct noise-match impedance, but it should also
be done by using the low input impedance of the transistor
itself. In this way the excess power is not dissipated in a re-
sistor but instead is dissipated as useful power within the
active elements of the transistor, providing a stable amplifier
but with more gain (and hence better sensitivity for the same
noise voltage). This is the ideal solution.

Measuring Noise

We have discussed the requirements of receivers with re-
spect to noise, and in order to obtain the best possible noise
figure for a receiver, it is necessary to make some adjustments.
A noise gencrator as an outside noise source is quite often
used in laboratories, but a calibrated signal generator may
also be used.

A noise generator uses a temperature-limited diode, also
known as a noise diode, with a variable anode current source.
Because the noise output has a wide spectrum and its ampli-
tude is directly related to the anode current, the generator
can be calibrated directly in noise figure. It is connected
through suitable d.c. isolation to the receiver input. The input
is shunted by a resistive termination equal to the antenna
impedance, and the noise power at the receiver output is
measured. The anode current of the noise generator is then
increased until the noise power out of the receiver has been
doubled. The noise figure (usually in decibels) is then read
directly off the generator. Theoretically, this represents the
number of db of noise greater than a perfect receiver where
all of the noise was due to the antenna. This perfect receiver
would then have a noise figure of zero db.

The indicator for output power may be an oscilloscope, a
peak-reading v.t.v.m., or a thermocouple indicator. When
reading voltage, the power is doubled when the voltage is
increased by 1.414 times the original value.

The noise factor is then F = 20I,R,,,, where I, is the anode
current of the noise diode and R,,; is the equivalent antenna,
or receiver input impedance.

When trving to optimize the performance of a given re-
ceiver for best noise figure, it is not necessary to have an ac-
tual noise figure. A noise generator may be made from a high-
frequency diode, and the receiver circuit is then adjusted for
minimum relative noise. Such a generator is shown in Fig. 6.

The signal-generator method depends largely upon the
bandwidth of the receiver and the linearity of the detector. If
the detector level is adequate, as discussed earlier, the meas-
urement may be considered quite reliable.

The standard of receiver measurement is that of the cquiv-
alent-noise-sideband-input, or ensi. In this method, the un-
modulated carrier is applied to the input of the receiver (al-
ways through its proper antenna impedance) and the noise
power is read on an r.ms.-reading instrument. This level
should be three to ten times as great as the expected noise
voltage, or about 2 to 5 volts. The carrier, still at the same
level, should now be modulated at 400 c¢ps and 30%. The sig-
nal-power output is then measured through a filter that will
pass only 400 cycles (this eliminates the problem of different
bandwidths in the receivers). The ensi is then equal to 0.3
E,VP,/P, where E, is the unmodulated carrier level, and
P, and P, are unmodulated and modulated output power,
respectively.

Initially, it is necessary to select a tube or transistor with a
good noise figure. This information, along with the best noise-
match impedance, is usually provided in the manufacturer’s
data sheet. Sometimes it is necessary to use some other im-
pedance, or because of (Continued on page 72)
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DETERMINING
METE
RESISTANCE

By JOHN T. BAILEY / vitro Engineering Co.

Using just two meter readings and very little pencil work,
the exact value of a meter’s resistance can be determined.

internal resistance of a meter will recall the often-

published and safe procedure of connecting the meter
in series with a d.c. source (Fig. 1A) and, with switch S
open, adjusting R1 for full-scale deflection. Then S is closed
and Ry is reduced from its full resistance until the meter reads
exactly half scale. The measured value of Rg will then be
equal to the internal resistance of the meter, assuming that
the meter scale is accurate.

This circuit is basically sound only if it is a constant-
current circuit. In other words, the current flowing through
R1 must not change when § is closed. A simple calculation
will show how an erroneous measurement can be produced.
Assume the conditions of Fig. 1B where a 200-pa. meter
having a resistance of 1000 ohms is connected to a 1.5-volt
battery through a 6500-ohm resistor. When S is open, the
total resistance in the circuit is 7500 ohms. According to
Ohm’s Law, the current flow will be 200 pa. and this will
produce full-scale deflection of the meter. When S is closed,
the parallel resistance of the meter and the shunt will be 500
ohms. Therefore, the total resistance in the circuit with S
closed is 7000 ohms, hence, the current flow will increase
because of the reduced total resistance. The current now is
1.5/7000 or 214.3 pa. This will split equally between the
meter and the shunt so that a little more than 107 pa. will
pass through the meter. Half-scale on the meter is 100 pa.
Therefore, an error of 7% is produced because the current
increased when S was closed.

The obvious remedy for this situation is to use a much
higher battery voltage and a correspondingly higher dropping
resistor, R1. The voltage should be high enough so that the
dropping resistor will be many times higher than the change
in resistance when the meter is shunted, say 1000 times
higher. The change in resistance for this example when the
meter is shunted is 500 ohms so that the dropping resistor
should be 500,000 ohms and the source should be 100 volts.
This arrangement would produce an error of only 0.1%,
which is much better but which involves a high d.c. source.

Another problem associated with this basic scheme is that
the value of the shunt has to be measured after the meter
reading has been reduced to half scale. Unless a bridge is
obtainable, an ohmmeter will probably be the only instrument
available to measure the shunt, and ohmmeter accuracies are

PROBABLY anyone who nceds to be concerned with the

Fig. 1. {A) Circuit to be used to make the test. (B} Although
looking like (A}, text shows how this circuit produces errors.

D.C.vOLTS

200uA.
™ JRm =K
200MV.

1965

August,

not exactly precise, plus or minus 10% being a typical value.

One way of getting around the problem of not being able
to accurately mcasure the value of the shunt is to determine
the shunt value as measured by an ohmmeter, select a 1%
precision resistor of approximately the ohmmeter-measured
value, and substitute it for the ohmmeter-measured shunt.

The meter scale, with § closed, will now be different from
half-scale by an amount depending on how much different the
precision resistor is from the original shunt. Note this new
reading and enter it into equation (6) derived as follows.

Referring to Fig. 1A, with S closed, the voltage drop across
Ry is the same as that across the meter, or

( 1) Ry Is = Ry Iy S closed

With a high d.c. source (equivalent to a constant-current
circuit), meter current when S is closed is equal to meter
current when S is open minus the shunt current, or

(2) Lt s closea = Iy s open — Ig

Substituting in equation (1):

(3) Rsls = Ry lys open Is, or
(4) Ry = RsIg / (Ius open —Is)

From equation (2)

(5) Is = Inr g open — Lt 8 closea

Substituting in equation (4)

(6) R.‘l[ = RS (IM S open T I.\[ 8 clmsed) / IM S closed

The meter resistance Ry then equals the value of the pre-
cision resistor Ry multiplied by the difference between the
full-scale reading and the part-scale reading (not necessarily
the half-scale reading), all divided by part-scale reading.
The calculations are valid if Iy s opex is less than full scale,
but it is desirable to have it near full scale because meter
accuracies are stated as percent full scale.

However, there is another approach that eliminates the
need for a high d.c. source and constant-current circuit.

Assume that the d.c. source is low and that the current
flowing through it will increase when the switch is closed.
Only two 1% resistors are needed, one for R1 and the other
{for Rg. The value of the d.c. source need not be measured. It
is only required that a full-scale, or slightly lower than
full-scale meter reading be obtained when the chosen preci-
sion resistor is used for R1 when switch S is open, and that
some other scale reading occurs when S is closed.

The meter scale value with S open is noted as Iy, and
with switch S closed as Iy¢. Enter these values, along with
the value of Rg, into the following equation:

Ry Ry (Ino — Luc)
Lic

Once the value of Ry is determined, enter it into the fol-
lowing equation for finding the value of the meter resistance:
Rl X Ry
Rl — Ry

Therefore, from just two meter readings and knowing the
values of precision resistors R1 and Rg, the value of the meter
resistance (R,) can be determined. A

Ry =
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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.

CREI 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
withthe assurance that whatyoulearn can be applied on the job
immediately to make you worth more money to your employer.

You're eligible for a CREIl 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: CREI, Dept. 1108 C 3224 Sixteenth Street, N.W.,
Washington, D.C. 20010

Founded 1927

CRET

Accredited Member
of The National Home Study Council
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Maintaining communications in the face of a disaster is
a job calling for both radio amateurs and CB operators.

EMERGENCY RADIO SERVICE

ting at the service bench reading the paper when Bar-

ney, his assistant, came in. “Good morning,” Mac
greeted him. “The Morning Blabber here says vou spoke at a
CB club meeting last night. For a crusty old ham like you,
doesn’t that come under the heading of consorting with the
enemy?”

“Heck, no. I have a CB license myself, and a CB rig sits
right next to my ham station. Since we’re going into CB serv-
ice, I want to get the feel of CB operation; and, anyway, this
is the second time I've been invited to talk to CB'ers. The
first time was last winter. Then I tried to put across the idea
that in a real emergency hams and CB’ers would need each
other and the community would need both of us—working to-
gether. I warned that dependable CB working range would
be drastically reduced when sunspots started to climb and
the rare skip conditions of the past becane a continuous nui-
sance.”

“Did they believe you?”

“Not really, 'm afraid. You see, most CB operators have
never known any conditions except those prevailing the past
three or four years as we passed through the hottom of the
11-year sunspot cycle. I could see smiles of disbelief on their
fuces when I said they would be lucky to work mobiles three
or four miles away when signals started pouring into the Mid-
west from Texas, Florida, California, and New York. But they
believe me now.”

“What changed their minds?”

“It was a long siege of sporadic-E skip that occurred
around the end of April and the beginning of May. Dav after
day, every CB channel was jammed with dozens of stations
skipping in from all over the countrv. The heterodynes
sounded like cats quarreling over a fish head, and this went
on for days. A local signal had to be at least $-7 to get over
the top of this, and there were times when even an $-9 signal
couldn’t cut the mustard. Trving to monitor a channel was
enough to drive you crazy because of that bedlam of voices
continually tripping a very still squelch setting. It was next
to impossible to sort a local signal of medium strength out of
the welter of signals skipping in from distances of 500 to 1500
miles away.”

“And things will probably get a lot worse before they get
better.”

“That’s what I told them last night. Sporadic-E ionization
is chiefly a spotty, short-term, seasonal phenomenon; but now
we're in the increasing part of the sunspot cvele, and in two
or three years 1l-meter skip will be a winter-and-sumimer,
around-the-clock affair. Intense ionization will extend skip
distance to thousands of miles. From my experience on ten
meters, I know West Coast stations will be rolling in with un-
believable and overwhelming strength.”

“What’s the point of all this calamity howling®”

“It does sound like that, doesn’t it?” Barnev admitted with
a grin. “The point is I'm concerned because some CD and
other groups are tempted to build up emergencv communica-
tions nets using only CB stations. These groups have been

r I YHE day promised to be another hot one. Mae was sit-
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over-sold by CB’ers who have gone all out to demonstrate how
CB stations can handle emergency communications. Some of
the CB’ers have been motivated by a genuine desire to be of
help; others, possibly, have been trying to justify their hobby
use of the band; but whatever their reasons, they have done
a bang-up job of displaying their wares to public officials.
They have volunteered for Halloween ‘ghost patrols’; they
have taken part in search and rescue missions; they have
worked with traffic-control officials; and they have helped
with charity fund-raising endeavors. Some CB’ers have told
me it is their aim to put a CB rig in every police station and
sheriff’s office in the country.

“And CB’ers have a lot going for them in an emergency.
Number is one thing. Even the smallest community usually
sports one or two CB stations. Another thing is the great num-
ber of mobile units. Still another asset is their habit of moni-
toring the band almost continuously.”

“If all this is true, why not build an emergency net of CB
stations?”

“Because of the things CB operators cannot do. Remember,
demonstrations given CD and legal officials have been made
during low sunspot activity when interference on CB chan-
nels from skip stations is at a minimum. Under these condi-
tions, mobiles can be worked fairly dependably out to ten or
fifteen miles and base-to-base contacts over 25 miles are com-
mon. But these distances may be reduced to one-fourth or one-
fitth these values at the peak of the sunspot cycle. Any realis-
tic evaluation of an emergency communications system must
be based on minimum conditions. CB operators are confined
to fixed {requencies on a single band, and they are limited to
five watts input. These things handicap them seriously when
it comes to providing dependable commmunications under dit-
ficult conditions.”

“You think hams can do a better job?”

“I know they can do a better job covering distance. Why
not? They can run up to 1000 watts of input power; thev can
emplov AM, SSB, c.w., FM, or radio-teletypewriter transmis-
sions; thev can choose any one of manv bands and can slide
about on those bands with their v.f.0.’s to dodge interference
or static and to provide the best frequency for covering a re-
quired distance.”

“You sure you aren’t a little prejudiced in favor of the
hams?” Mac quizzed.

“Not in this case,” Barney answered soberly. “After working
in the emergency that followed those Palm Sunday tornadoes
that killed 137 people in this state this past spring, all I want
to do is make sure that we have the best possible emergency
communications system. I'll use whatever means of commu-
nication is best for the particular job, be it telephone, tele-
graph, ham radio, CB radio, or smoke signals. When people
are depending on vou to bring help or to find out as quickly
as possible if their loved ones are injured or dead, that’s no
time to be pushing a hobby at their expense.”

“Excuse my foolish attempt to be funny,” Mac said.

“That’s okay. There are other good reasons why some hams
should be included in any emergency setup. For one thing,

ELECTRONICS WORLD

WWWwW americanradiohistorv com


www.americanradiohistory.com

there’s not nearly the turnover in ham
ranks there is in CB operators. That
means it is easier to maintain a seasoned
cadre for training new people if there
are hams in the group. Hams are better
prepared technically to improvise and
‘make do’ under emergency conditions
when antennas may be down, power
may be off, and transmitting and receiv-
ing equipment may be damaged.

“But it’s just as important that emer-
gency arrangements include CBers.
They can do a wonderful job of collect-
ing information about the extent of a dis-
aster with their mobiles and of directing
help to where it is most needed. And CB
mobiles, working with law officials, can
keep sightseers and looters out of the dis-
aster area. Hams, on the other hand, can
quickly establish communications in and
out of the disaster area so that officials
may know the amount and kind of help
necded. After a few telephone and tele-
graph wires have been restored, hams
can still relieve these overloaded circuits
by handling health and welfare inquiries.
CB’ers can check out these inquiries with
their mobiles if the local telephones are
out—which is usually the case. Then the
hams can return reassuring messages to
anxious relatives. Working together, the
two services can do a far better job than
either could do alone.”

“Bv ‘working together’ I take it you
mean there should be a good liaison be-
tween the hams and the CB’ers rather
than that they should actually be talking
to each other.”

“That’s right. Each group should work
separately, but their activities should be
coordinated by a CD or other official so
there’s no duplication of effort. I'm con-
vinced it’s a mistake to try to mix the two
groups directly together. By the way,
there’s one other proposed emergency
use of the CB band I think is excellent.
I'm talking about the HELP program
proposed to the FCC by the Automobile
Manulacturers Association.

“Originally I heard some talk that
channel 9 was supposed to be used as a
calling frequency for cars in distress, and
[ didn’t think much of this. Because of
QRAI from local and skip stations, that
would be next to useless. But the AMA
proposes that two little-used channels
between CB channels 22 and 23 be
turned over exclusively for emergency
traffic to und from cars.

“As I understand it, all cars would
transmit on channel A and be ‘crvstal-
locked” for receiving on channel B. All
monitoring receivers in police stations,
sheriff’s offices, highwav garages, toll-
road plazas, etc, would transmit on
channel B and receive on channel A. This
would insure that there would be no car-
to-car talking. The two frequencies
would be used only for emergency calls
from cars or for warnings to cars of dan-
gerous conditions on the highway.”

“Sure sounds like a fine idea to me,” |
Mac remarked. “Think what a comfort- |
ing thing that would be to women driv- |
ing alone, to handicapped and el(lerlyl
drivers, and so on. And we radio techni-
cians would doubtless pick up quite a bit
of extra business keeping these mobile
units going.”

“Depend on my canny Scottish boss to
think of that!” Barney said, grinning
broadly. “But you're right. It would cre- |
ate a lot more business for manufacturers
and service people.” 1

Mac stood up and stretched. “We'd
better get to work, but I want vou to
know I agree with you. Any emergency I
organization not including hams in its
plans would have to blind itself to their
long and honorable record for being in
the midst of every national emergency
down through the years. They may not
be very good at beating their own drum,
but anvone the least bit curious can find
out how hams train themselves day in
and day out by working in emergency
and traffic nets. On Field Day each vear,
they check out their ability to provide
conmununications with emergency power.
Their Amateur Radio Emergency Corps
is specifically designed to work with CD
and Red Cross people in emergencies.
For my money, hams are near-profes-
sionals when it comes to providing emer-
gency communications, and I expect
their experience and know-how to be
used in any community where 1 live.” A

NEW U.H.F. OSCILLATOR

HE local oscillator used in the G-E 9-

inch transistor TV is shown in the
diagram below. The oscillator tank coil,
swilched for each channel to be received,
is {ine-tuned by C1 and is shunted by L1
which contains an adjustable core for
alignment. Each of the 12 v.h.f. channels
can be coarse-tuned by brass screws
mounted on the individual coil strips.

The 1ank coil is shunted by €2, C3, C4,
and C5. The base of Q1 is connected 10
the junction of C2 and C3 while the
emitter is connected to the junction of
C3 and C4 and is returned 1o ground
through stabilizing resistor R1. The a.c.
return for the collector is provided by C6,
C4, and C5.

Oscillator injection is tuken from ihe
junction of the capacitor divider com-
posed of C4 and C5, while base bias is
supplied by the voltage divider action of

R2 and R3. A
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“for 1-year subscripfions
outside the U.S.A.,

its Possgessions & Capada.
(AlPprices include pdstag;g).

=

Australian pounds: 2/14
Austrian schillings: 155
Belgian francs: 300
Colombian peso: 78
Danish kroner: 40

Dutch guilders: 20
English pounds: 2/3
Finnish new markka: 20
French francs: 30

Greek drachmas: 180
Hong Kong dollars: 35
'ndian rupees: 29

Irish pounds: 2/3

Israeli pounds: 17

Italian lire: 3,745
Japanese ven: 2,150
Lebanese pounds: 18
Mexican pesos: 75

New Zealand pounds: 2/3
Norwegian kroner: 43
Pakistan rupees: 29
Philippine peso: 23
Portuguese escudos: 172
South African rands: 4.25
Spanish pesetas: 375
Swedish kronor: 31
Swiss francs: 26
Venezuelan bolivares: 27
West German marks: 24

Mail order with remittance to:
ELECTRONICS WORLD
Portiand Place / Boulder,Colo.,U.S.A./ 80311

STEREO
INFORMATION
®

FM station directory . . . covers FM
stations in U. §. and Canada. Factual
equipment test reports. Test reports
on tuners, preamps, poweramp/
preamps. Find out what the experts
think. A complete 36 page catalog
tells about tuners, power amplifiers,
preamplifiers, preamp/power amp
combinations, and tuner preamp.

-

ALL FREE —
JUST WRITE
TO:

Mclintosh Lab.Inc. 8 Chambers St.
Binghamton, N. Y. 13903

NAME __ . _.__ T
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——1 0 €74 04
Winegard Chroma-Tel V type (Approximate Figures) n
Boom Length: 60" 140" Model CT-80 $27.50 Model CT-40 $17.50
Total Weight: S 1b., 1 oz. 10 Ib., 3 oz.
Carton Size: .97 cu. ft. (less than 1) 5.8 cu. ft. W‘ ’d C
Number of 17 lnega 00
Elements: Antenna Systems
(s A 750 REHED 3000 Kirkwood e Burlington, lowa
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NEW LOWER PRICES

ON HEATHKIT" CB!
e e

Save $20 On "Master Station”’
Transceiver!

Kit GW-42 $9 995

(was $119.95)

® 5 crystal-controlled transmit
& receive channels ® Tunes 23
channels ® 4-tone selective call
®60or12v.DC,117 v. AC * PTT
mike, cables & crystals for 1
channel. 23 Ibs.

LA RN B BN NN ENNEEYEEE
Save $15 On Selective Call Transceiver!

Kit GW-32A $6 995

(117 v. AC)
(was $84.95)

® 5 crystal-controlled transmit & re-
ceive channels ® Built-in selective call
¢ PTT mike. cable & crystals for 1
channel ® Kit GW-32D (6-12 v. DC)
$74.95. 5 Ibs,

Save $12 On 5-Channel Transceiver!

34795

(was $59.95)

Kit GW-22A
(117 v. AC)

- (o5 crystal-controlled transmit & receive
@ @& channels ® PTT mike, cable & crystals for 1

_ | channel e Kit GW-22D (6-12 v. DC) $49.95.
13 Ibs.

G 0 B edes e e o e oo
Save $5 on 6-Channel Transceiver!

Kit MW-34 38495

(was $89.95)

® Receives 23 channels ® 1 front-panel
transmit crystal socket ® 5 crystal-
controlled transmit & receive channels
®6-12v. DC, 117 v. AC * PTT mike, cables,
crystals for 1 channel. 16 Ibs.

& o ® & ©

Save $5 On
1-Watt Walkie-Talkie!

Kit GW-52 $6 995

P
L 4

[ ]

e €9 R w4 v [ ]

Illlll

!

Hiy (pair $129.95)
T3 | .
® Operates up to 3 miles ® Battery charges
P from 117 v. AC or 12 v. DC * All-transistor

circuit ® Case, earphone, crystals 4 |bs.

r
[

| HEATH COMPANY, Dept. 15-8, Benton Harbor, Michigan 49023 |
| In Canada: Daystrom, Ltd., Cooksville, Ontario |
| O Enclosed is $ plus shipping. Please send model(s) |
[ |
| _ |
| O Please send FREE Heathkit Catalog. |
| Name _ I
| Address |
I City. ___State____ Zip :
L Prices & specifications subject to change without notice. GX-141
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OSCILLOSCOPE
CALIBRATOR

By LOUIS E. FRENZEL, JR.

Designing a built-in oscilloscope calibrator
using a zener diode and one resistor. Multiple
output voltages can be obtained if desired.

NE of the most annoving things about using an inexpen-

sive oscilloscope is its lack of vertical gain calibration.
This makes it difficult to determine the peak-to-peak value
of a waveform being displayed on the CRT. Most expensive
oscilloscopes have a calibrated vertical gain control switch
and an accurate grid graticule on the CRT face. With this
arrangement, a glance at the CRT face will reveal not only the
waveform shape but the peak-to-peak value of the wave as
well. This is a handy feature since it eliminates the need for
having to determine the amplitude of the signal by other
means, usually in a separate measurement,

Many inexpensive scopes have a calibration terminal on the
[ront panel to which is connected 6.3 v.a.c. r.m.s. from the
filament supply. This can be applied to the vertical input,
and the continuously adjustable vertical gain can be set so
that the CRT grid is calibrated. This is a satisfactory calibra-
tion for simple, not-too-accurate measurements, but for more
critical, wide-range tests, something better is needed.

This problem was solved recently on a large number of low-
cost scopes used in a technical-school laboratory. The circuit
VERTICAL

INPUT

VERTICAL AMPLIFIER
IN SCOPE

RI I I ; h
o
I3 £, 372
ALTERNATE VOLTAGE DIVIDER
| 1 ~——~E, IF A SECOND LOWER CALIBRA-
§ TION VOLTAGE IS DESIRED

Fig. 1. Resistors R2 and R3 can be added for other voltages.

of Fig. 1 was installed in each oscilloscope to enable the stu-
dents to get accurate voltage waveform measurements for
their lab experiments.

A high-voltage, 60-cps sine wave from the secondary of the
power transformer in the oscilloscope is applied to a zener
diode through current-limiting resistor R1. The waveform
across the zener is a clipped sine wave wilh a peak-to-peak
amplitude equal to the zener voltage.

Diode D1 can be any inexpensive low-power zener with the
desired voltage and tolerance. Voltages from 3 to 200 volts
are available with tolerances of 5%, 10%, and 20%. A 5% unit
is recommended for greater accuracy.

The value of resistor R1 will be determined by the trans-
former secondary voltage E; (r.m.s.) as measured between
the grounded center tap and one end of the transformer sec-
ondary, the zener voltage Ez, and the zener current I. In
turn, I will be a function of the zener voltage E; and power
Py. Therefore, R1 is equal to (1 4Es— Ez) /I, where I, equals

| (Py/2E,)

Assumie that Eg equals 200 volts and that a 20-volt calibra-
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tion signal is needed at the output. Select a 20-volt, 4-watt
zener diode (IN968B, for example). Calculate 1;=P;/
9E,~=.4/40= .01 ampere. Resistor Rl then equals (1.4Eg

Ez)[1,=260/.01= 26,000 obins. A conventional 27,000-ohm

resistor can be used. The power dissipated by RI equals
I’R=(.01)2 26,000=2.6 watts. A three-watt unit can be
used.

Switch S1 provides a convenient means of switching the
vertical amplifier input between the calibration signal and
the external signal to be measured. For an economy installa-
tion where the convenience of S1 is not desired, the calibra-
tor output can be routed to a terminal post on the front panel
and attached to the vertical amplifier input when calibration
is desired.

To use the calibrator, set S1 to the calibrate position (posi-
tion A) and adjust the vertical amplifier gain control to the
desired number of volts-per-CRT-grid division. Once this has
been determined, S1 can be returned to position B and the
peak-to-peak value to the input signal can be obtained.

If more than one calibration voltage is needed, a resistive
voltage divider (B2 and R3) can be added across the zener.
The exact values of these resistors are not critical, but they
should be selected to provide the desired lower calibration
voltage. The voltage output from the divider network (Ep) is
found from Ej; equals (E;x R3)/(R2+R3), I, equals Ez/
(R2+R3), and I equals 1/10 I;.

Care should be taken so that the value of I; does not ex-
ceed its maximum current rating of Pz/Ez.

The accuracy of the measurements obtained with this cali-
brator depends upon the tolerance of the zener diode (and
divider resistors B2 and R3 if used), as well as the care with
which the vertical amplifier gain is set and the CRT grid
read. With the values used here, measurements with an accu-
racy of 5% to 10% are possible. A

REGULATED LOW VOLTAGES
By IRWIN MATH

HEN using voltage regulator tubes, it is often desired to

obtain voltages other than the conventional 90, 105, and
150 volts. This can usually be done by adding VR tubes in
series as shown by the 180-v. supplv in (A).

There are many times when regulated voltages below 90 v.
are desired. An easy way to accomplish this is shown in (B).
Here, Rl and R2 are the conventional VR tube current-limit-
ing resistors while V1 and V2 are voltage regulator tubes
whose voltage difference is the desired voltage. A VR90 and
a VR105, for example, will produce 15 volts. Note that this
supply is above ground.

In another example (C), a regulated 30-v. supply is pro-
duced. Here again, the supply is above ground.

By using this idea and various VR tubes, a wide range of
regulated voltages can be produced. Remember that when
using some of these circuits, both the positive and negative

outputs may be above ground. A
4B+ —>e+ e
s , E l
SR R2: RI
i +
[ vr-90 4 yR90 VA0S 1—— -—
180V,
\
VR-90
oL L— > 15V, o+
(a) () (
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KIT OR ASSEMBLED!

Either Way, These HEATH Instruments
Are Your Best Buy!

(A) Heathkit1M-21 Laboratory ACVTVM.
e 10 voltage ranges—0.01 to 300 volts
RMS full scale ¢ 10 megohm input Z

Kit IM-21,51bs........... 0b 4004 $33.95

Assembled IMW-21.. . ... ... ... $52.95
Heathkit IM-11 VTVM . .. Versatile!
e/ AC,7DC,70hms ranges e Frequency
response + 1 db, 25 ¢cpsto 1 mc.

Kit IM-11,51bs,................ $24.95
Assembled IMW-11 .. .. . ... .. .. $39.95

Heathkit Wide-Band Oscilloscoge
e 5 mc bandwidth ¢ Sweep 10 cps to 500
kc o 5” screen with graticule

Kit 10-12, 24 Ibs............... $76.95
Assembled 10W-12. ... ... . ... $126.95

@ Heathkit IM-13 “‘Service Bench'’
VIVM ¢ 7 AC, 7 DC, 7 Ohms ranges e
Extra-large 6” meter ¢ Gimbal mounting

Kit IM-13, 7 1bs... ............. $32.95
Assembled IMW-13........ .. .. $49.95

Heathkit Variable-Voltage Regulated
&

Power Supply e Furnishes B +, Bias, &
Filament voitages o Fully metered

Kit IP-32,161bs.. ... .......... $56.95
Assembled IPW-32 .......... $84.95

D Heathkit Audio Generator ¢ Switch-
selected output—10 cps to 100 kc e
Near-perfect sine wave

Kit 1IG-72,81bs.................. $41.95
Assembled IGW-72 ... .. .. .. .. $64.95

Heathkit *‘Solid-State’” Regulated
DC Power Supply ¢ 0.5 to 50 v. ¢ Up to
1.5 amp. e Less than 150 uv ripple

Kit IP-20, 13 Ibs.. ... .. R— .$72.95
Assembled IPW-20.... . ... . $114.95

. Heathkit Battery Eliminator ¢ Switch
select 6 or 12 v. DC power ¢ AC ripple
less than .3%

Kit {P-12,201bs................ $47.50
Assembled IPW-12. ... .. ... .. .. $59.95

FREE CATALOG

Fully describes these at over 200 other dif-
ferent and exciting Heathkits and savings of
50% or more! Fill out the coupon below and
send for your FREE copy today!

g S N— HEATI—IKIT"

HEATH COMPANY, Dept. 15.8 }
Benton Harbor, Mich. 43023

l O Please send my free 1965 Heathkit Catalog. I

I O Enclosed is $ , plus postage. ]

I Please send model(s) ]

I Name ]

(Please Print) I

I Address I

I City State Zip I
Prices & Specifications subject to change without notice. TE- 134
I-_-——-—————-—-—_.__—_-——————_-—-—.
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Eico 965 R-C Bridge Analyzer

For copy of manufacturer’s brochure,

o

CUMHERT-NUCS
26

4 v

HE new FLico Model 965 “Farad-

Ohm” is an unusually versatile
instrument which can be used for meas-
uring resistance, capacitance, induct-
ance, power factor, d.c. voltages, and
current. It is designed for servicing, pro-
duction testing, and inspection, as well
as for use in school and design labora-
tories.

As a bridge, the 965 can be used to
measure capacitance from 5 pf. to 5000
uf., and resistance from 0.5 ohm to 5000
megohms; and, by employing its built-in
metered variable d.c. power supply, re-
sistance up to 100,000 megohms can be
measured. This latter feature is useful {or
measuring leakage resistance of insulat-
ing material. It can also be used as a
comparator to measure inductance as
well as resistance and capacitance. Since
the bridge voltage is only 0.45 v.a.c. (at
60 cps), even the lowest voltage tran-

circle No. 26 on Reader Service Card.

sistor capacitors can be checked safely.
An internal d.c. polarizing voltage can
be applied to capacitors where necessary.

The built-in d.c. v.t.v.m. has six full-
scale ranges from 1.5 to 500 volts and an
input impedance of 10 megohms. The
meter can also be used as a low-current
milliammeter with eleven full-scale
ranges from 150 nanoamperes (0.15
pa.) to 15 ma., making it possible to
measure currents as low as 3 nano-
amperes.

The instrument employs a two-stage,
balanced d.c. amplifier utilizing four tri-
ode sections (V2, V3) to drive a 0-1 d.c.
milliammeter. The bridge detector/amp-
lifier stage employs a pentode (V1).

An internal d.c. power supply for
measurement purposes has six metered,
variable, overlapping output ranges to
provide from 0.4 to 500 volts at 10 ma.
maximum. In addition, VR-tube-regu-

0. SuPRL
.C. SUPPLY
| sw. s4AB,C ¥ - - -{ Rowen
Ve | va,vs

! =

! POL.EXT. | L ]

| STANDARO VOLT. GEN. r—— —

F ]
— ¥ LT T 5 A = —
BRIDGE BRIDGE FUNCTION METER
| FUNCTION SW. . - —
> NTWK DET /AMPL. — — AMPL. METER
Test '_I S2IAELC: | sw.si vi SV E2D v2,v3
L 17 I l L _f L
L VOLTAGE '
——  RANGE } —  —— == ]
SW. S4D
CURRENT
- RANGE >
Sw. 53
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lated d.c. is provided for powering the
instrument amplifier and bridge detector.

All controls and terminals are on the
front panel, including an “Instant Zero”
push-button which makes it possible to
zero the meter at any time without hav-
ing to change any of the other adjust-
ments or remove any of the connections.
A switch position for discharging tested
capacitors is provided, In addition, a
panel lamp blinks to provide a warning
when there is voltage at the test binding
posts. The circuit is so designed that il
is impossible to overload the meter by
more than 200%. Furthermore, for oper-
ating convenience the bridge detector/
amplifier incorporates a.g.c. to keep the
meter needle on the scale in the out-of-
balance condition, yet without loss of
sharply defined null indications.

By using an external standard, the in-
strument can be employed to measure
inductance without fear of saturating
coils with magnetic cores because of the
low a.c. bridge voltage. Also, diode re-
verse current and the quiescent current
of transistors can be readily measured.

The 965 is compact, measuring 8%” x
12%” x 9”7, and weighs 15 pounds. It sells
for $129.95, factory-wired and tested. A

Ballantine Model 345 V.T.V.M.

For copy of manufacturer’s brochure,
circle No. 148 on Reader Service Card.

HE Ballantine Model 345 measures
d.c. and a.c. voltages and resistance
with an extremely high accuracy for a
multi-purpose instrument. Measure-
ments may be made to 1% of indication
on d.c. from 1 volt to =1100 volts, 2%
of indication on a.c. from 1 volt to 350
volts, and 3% of indication on resistance
from 1 ohm to 100 megohms. This ac-
curacy, which applies over the entire
five-inch meter scale, has been made
possible by using an individually cali-
brated logarithmic scale indicator. Only
one log-voltage scale is required for a.c.
or d.c. volts and one for ohms. Auxiliary
scales in red are used for voltages and
ohms from one to zero because a log
scale never reaches zero. A.c. voltage
measurements may be made at frequen-
cies from 20 cycles to 1000 megacycles.
The instrument is basically a d.c. dif-

ferential voltmeter whose input is a %-
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meg attenuator. The d.c. probe contains
a l-meg resistor at its tip to reduce the
cltects of probe-cable capacitance on
any circuit to which it may be connected.
The a.c. probe contains a thermionic di-
ode whose d.c. output is fed to the at-
tenuator and differential amplifier. The
ohmmeter makes use of a zener-regu-
lated d.c. source which allows current to
flow through the resistor to be measured.
The voltage developed is measured by
the same instrument that is used to meas-
ure d.c. voltages.

An accurate instrument for use in a
laboratory or on the production line must
be independent of the line-voltage
changes that are bound to occur
throughout the day. Ballantine uses a

Sola regulating power transformer that
maintains all a.c. and d.c. voltages to
within .5% for a =10% change in line
voltage. With a fixed a.c. or d.c. voltage
being measured, the input line voltage
can be varied from 150 volts to 80 volts
without any movement of the indicating
needle. This regulation also makes it
possible to operate tubes below the nom-
inal heater and plate voltages and thus
to increase the expected life to more than
20,000 hours.

All probes are stored in a drawer
which mayv be pulled out for extraction
of the desired probe and then closed,
thus keeping the instrument free of dang-
ling unused cables and probes. Price is
$350 including all probes. A

Mercury Model 1500 R.F. Signal Generator
For copy of manufacturer’s brochure, circle No. 27 on Reader Service Card.

e

HE new Mercury Model 1500 signal

gencrator is a low-cost, wide-range
instrument for the service technician.
The unit can be used for quick alignment
of radios as well as a marker generator
for TV and FM sweep generators. The
instrument was designed to have a high
output on all bands, including the higher
frequency ones.

The generator has five overlapping
fundamental frequency ranges, from 115
ke. to 37 me. A sixth frequency range is
calibrated on the instrument’s dial from
30 to 110 mc.; this is the third harmonic
of the highest range.

The circuit is simple and conventional.
It uses half of a 12AU7 as an r.f. oscilla-

or. Qutput from this section is applied

to the second triode section of the tube
operating as a cathode follower. A vari-
able attenuator in the cathode circuit
permits output level to be adjusted.

A built-in neon-lamp audio oscillator
at about 400 cps modulates the r.f. sec-
tion of the generator. Audio output is
also available separately from this circuit
for audio testing.

The power supply uses a simple half-
wave rectifier with RC filtering. The sup-
ply is line-isolated by means of a power
transformer so that the instrument is safe
to operate with any equipment.

The Model 1500 is housed in an at-
tractive metal case with a convenient
storage space for test cable and line cord.
The unit is available for $37.50. A

GREASE EQUALIZES TRANSISTOR TEMPERATURES
By CHARLES C. MORRIS

_\ {l ANY times while working with par-
allel, bridge-type, or balanced
transistor circnits, the transistor case
temperatures must be equalized 10 assure
stability. In many instances, heat sinks
are cither not needed or are impractical
due 1o small area design. To equalize the
case temperatures, apply a thick coating

August, 1965

of silicone grcase (Dow-Corning ¢Hi-
vae™) on each case, solder the iransistors
into the circuit, and then bntt the cases
together. Apply additional grease around
the “butt joint.” If the cases must be elec-
trically insulated from each other, apply
a coating of G-E “Glypial” paint prior to
the silicone grease. A
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PERMANENT PROTECTION !

=
electronics degree
now in 36 months!

Small professionally-oriented college. Four-
quarter year permits degree completion in
three years. Summer attendance optional. En-
gineering: Electrical (electronics or power op-
tion), Mechanical, Civil, Chemical, Aeronau-
tical. Business Administration: Accounting,
General Business, Motor Transport Administra=
tion. One-year Drafting and Design Certificate
program. Graduate placement outstanding.
Founded 1884. Rich heritage. Excellent faculty.
Small classes. Well-equipped labs. New library.
New residence halls. Attractive 300-acre cam-
pus. Modest costs. Enter Sept., Jan., March,

Tri-State College’s electronics lab

June. For Catalog and View Book, write Di-
rector of Admissions.

1685 College Ave. Angola, Indiana _

Electronics

World

Deluxe Magazine Files
that hold a full
year's copies!

Designed to keep your
periodicals orderly and easy to refer to. These
durable files guard against soiling, tearing, wear
or misplacement of issues. They look, feel like
leather and are washable! 23kt. gold Iettenng and
exquisite 2-color binding make them highly-deco-
rative additions to your bookshelves.

Shipped POSTPAID! FULLY GUARANTEED!
Only $2.95 each—3 for $8, 6 for $15!

Order several to&ay for ELECTRONICS WORLD
and all your other favorite magazmes

__________________________ 3

Jesse Jones Box Corp., Dept. EW

Box 5120

Philadelphia 41, Pa. Bbl ) RACKING/

Please send me: MAROON BLACK
TITLE ary. SIDES SIDES

Electronics World == I O

(Other publications
“~ shipped in colors

l
i
I
L}
I
]
]
1
]
]
]
]
]
]
]
]
1
]
]
1
1
1
]
]

available.)
Total amount enclosed $
name
address
city state zip-code

3 = = = = (Payment Must Accompany Order} = = ==
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Fastest

heating

gun in the world

A Weller gun reaches full soldering temperature
up to 40% faster than other guns. This is just
one of the reasons why Weller is the choice
of nearly all professional electronic service
technicians.

Weller guns also have trigger-controlled dual
heat that permits instant switching to high or
low heat to suit the job. They deliver the most
heat per rated watt, resulting in the greatest
soldering efficiency.

When you buy a soldering gun, be sure to
insist on Weller.

Weller Dual Heat Guns and Kits come in watt-
age ranges from 100 to 325, priced from $6.95
to $12.95 list.

WELLER ELECTRIC CORP., EASTON, PA.

In Canada: Kingston, Ontario » In England: Horsham, Sussex

World Leader in Soldering Technology

CIRCLE NO. 98 ON READER SERVICE CARD

EUROPEAN
SEMICONDUCTOR CODE

By PATRICK HALLIDAY

NOWLEDGE of the standard European code for semi-
conductor type numbers, now gradually coming into
general use throughout Europe, will be found useful when
dealing with tape recorders, radios, and other electronic
equipment imported into the United States. The code type
number shows useful information about the type and func-
tion of the device.

Although the code is still not universally adopted even in
Euwrope and some earlier semiconductor designations may
still be encountered, almost all the newer devices marketed
by European firms now conform to this code.

The first letter of the device type number immediately
identifies the semiconductor material. A device beginning
with the letter A is germanium, Silicon diodes or transistors,
on the other hand, begin with the letter B. Photoconductive
materials using compound materials begin with an R.

The second letter of the device designation shows the gen-
eral construction or application, in accordance with the fol-
lowing code: A, diodes (except certain special types having
their own identification letter; C, audio-frequency transis-
tors, other than power types; D, audio-frequency power tran-
sistors; E, tunnel diodes; F, radio-frequency transistors, other
than power types; L, radio-frequency power transistors; P,
photodiodes, phototransistors, or photoconductive cells, in-
cluding the light-dependent resistors sometimes used to pro-
vide automatic contrast control for different ambient light
values in television receivers; R, control and switching
devices, other than power types; S, power transistors for
switching application; T, control and switching devices with
specified breakdown characteristics; U, power transistors
(switching); Y, power diodes or rectifier diodes; Z, zener or
reference diodes.

The remainder of the device designation consists of a serial
number. For “entertainment” devices used in consumer goods
this usually consists of three figures. Professional or industrial
semiconductors have one further letter (usually X, Y, or Z),
followed by two figures.

Thus a device with a designation AF117 can be immedi-
ately identified as a germanium r.f. transistor for “entertain-
ment” applications; in fact this is a small p-n-p transistor
widely used in the mixer and i.f. stages of small broadcast-
band radio receivers. An AD140 could be identified as a
germanium a.f. power transistor, and this is a type often used
in the output stage of car radios and is also a p-n-p device.

A BF115 code shows us that this is a silicon “entertain-
ment-type” r.f. transistor and is one of the very recent silicon
n-p-n transistors introduced for use in portable und car ra-
dios. The BY100 is a silicon diode rectifier (with 800-volt
p.i.v. rating) commonly used in European television receivers
for operation from 240-volt power-line supplies.

Perhaps unfortunately the code does not indicate whether
a transistor is a p-n-p or an n-p-n device. The great mujority
of the European “entertainment” transistors have in the past
been p-n-p types, although more recently a number of
matched p-n-p/n-p-n types have been introduced for use in
the popular complementary-svmmetry output circuits.

Until the recent introduction of low-cost silicon r.f. tran-
sistors, practically all r.f. germanium types for consumer
goods have been p-n-p types, but many of the newer silicon
units are n-p-n.

Many of the older European entertainment devices intro-
duced before the new code came into general use begin with
OC (transistors) or OA (diodes). There have also been a
number of designations used by individual makers. A

ELECTRONICS WORLD

www americanradiohistorv com


www.americanradiohistory.com

runorTo CREDITS

Page Credit
12 et vmmmm e gda Harman-Kardon
21,24 ... RCA Astro-Electronics Div.
22 ... .Jet Propulsion Laboratory, California

Institute of Technology
28 W 2 @ 08 dae e bkl Al . e S 4 aa NASA
26 (top) . ...... Westinghouse Electric Corp.

26 (center) Bunker-Ramo Corp.

General Motors Research
Laboratories

26 (bottom)

27 (top) Korad Corp.

27 (center) . ... .Bell Telephone Laboratories

27 (bottom left)

. .International Business
Machines

27 (bottom right) ..

Littelfuse, Inc.

32,33 ... .. Sperry Electro-Optics Group
36 ...l Radio Corporation of America
37 0% cma bWe s dNGR LA Recordak Corporation
38 L mr o e - Macbeth Instrument Corp.
42,43 L Motorola Inc.
60 . .dk. ! Eico Electronic Instrument Co., Inc.
(SN = ——e Ballantine Laboratories, Inc.
G111 Loiotn o ERerr- Mercury Electronics Corporation
66 ....KLH Research and Development Corp.

Lasers
(Continued fromn page 35)

Fig. 9 shows the pertinent sections of
the energv-level diagrams for helium and
neon with the transitions indicated. Note
that when the (3) level is well populated
by pumping energy, there is amplifica-
tion for two different frequencies, f3; and
fsar. Note also that the alternate route 1,
27, 3, 4 should result in amplification
at the frequency fs4.. Lasing action has
been observed at all of these frequencies
in helium-neon mixtures. Selection of
oscillation between these frequencies is
acconmplished by using feedback mirrors
with reflectivities at the diflerent fre-
quencies.

It must be pointed out that the above
discussion by no means covers all known
lasers. In fact, the list of laser materials
grows on an almost weekly basis. Laser
action has been observed in other solids
doped with small quantities of rare earth
ions, almost all the noble gases, and even
in some special lHquids. In addition, the
observation of coherent light generated
by injection currents in semiconductor
diodes such as gallium arsenide and
gallium phosphide has added another
important class of laser (called injection
lasers) to this fast-growing field.

It is interesting to compare in a gen-
eral way the helium-neon laser to the
ruby crystal luser. In the first place, the

NEW

FROM INTERNATIONAL

1 S——————

60 . . . new in styling . . . new in

L
The International Model 6
advanced technical features, combines

decor with greater operating convenience.
Designed for base and mobile installations, the Model 660

provides instant push-to-talk operation

Silicon transistors and tubes are combined in a new hybrid ]
circuit for the highest degree of reliability.

A transistor power supply operates from 6/12 or 115 vac. |

See the International Model 660 at your dealer today. It |
comes complete with crystals and dynamic microphone.

18 NORTH LEE — OKLA. CITY, OKLA.
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atoms in a gaseous discharge tube are
more widely spaced than the dopant
atomas of even a slightlv doped solid. A
longer path length in the discharge tube
is usually necessary to obtain sufficient
optical gain for lasing. The helium-neon
laser resonant cavity is, therefore, gen-
erallv larger than that of a ruby laser.
However, the over-all efficiency of the
helium-neon laser (total laser output
power/pumping power) is considerably
higher than that of ruby. Consequently,
power supplies for ruby lasers are most
often larger than those for the helium-
neon tvpe.

The most striking difference between
these devices is in their outputs. Whereas
the ruby laser output is typified by ir-
regular spiking, the helium-neon laser is
capable of a continuous wave of ex-
tremely narrow bandwidth. This great
disparity in emissions has divided the
two tyvpes of lasers into their respective
fields of application. Microsurgery, mi-
crowelding, micromachining, and
pulsed-tvpe communications systems re-
quire high instantaneous powers for short
durations and consequently have
adopted the ruby laser. On the other
hand, continuous communications re-
quiring sophisticated demodulation
techniques such as heterodying, as well
as the practical usage of light inter-
terometry, find the gaseous tvpe of lasers
well suited for this particular applica-
tion.

MODEL 660
CITIZENS RADIO
TRANSCEIVER |

ONE
SOURGE
FOR
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| For complete information on the Alpha Product Package
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small tag...

The 1965 CAR AND DRIVER YEAR-

BOOK is here . .. and there . . . and
everywhere you find men who really
love cars! This new edition is a true
gem, sparkling with 144 photo-packed
pages—a veritable International Auto
Show in print! Check all these exclu-
sive highlights . . .

@ Road Tests on 58 imported and

domestic cars!

@® A comprehensive tech section on
racing cars, complete with cut:
aways and specifications!

@ Big Accessories Section!

@ New portfolio of exciting racing
photographs!

fus . .. complete specifications
on all the 1965 automobiles . . . a
consumer's comparison of Ford,
Dodge, Pontiac . . . your own per-
sona!l showroom to the dazzling auto
world of 1965!

Big wheel? You bet. Small tag? $1.25
is all. So don't miss it—fill in and
mail the handy coupon below today,
and we'll have your copy on the way
before you can shout ‘“Where's my
copy?"'!

Ziff-Davis Service Division / Dept. CDY
589 Broadway / New York, N. Y. 10012

What are you waiting for? My $1.25 (plus 15¢
shipping and handling: 25¢ outside U.S.A))
is enclosed for the 1965 CAR AND DRIVER
YEARBOOK. Send my copy at once, to-
day, Now!

name PLEASE PRINT
address

EW-85
city state zip code

(Payment must be enclosed with order)
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Selecting Proper Fuse
(Continued from page 30)

soldered directly into the circuit. The
second method, and one which is very
commonly used, is the open-clip-type
mounting where the fuse is supported
by metal fuse clips and the circuitry is
cither wired or attached by screw termi-
nals or solder lugs to the fuse clip. The
third refinement is the fuse-extractor
post, which is generally panel-mounted,
giving access to the fuse from either the
front or back panel without danger of
shock hazard to the operator. In auto-
motive or low-voltage applications, an-
other method of mounting is offered in
the fuse retainer, or in-line type
mounting.

When many fuses are used, it is de-
sirable to have some indication of which
fuse has blown; therefore, indicating

| g 9
fuse-extractor posts are available. In this

type, a lamp in the transparent knob of
the fuse post lights up at the time of fuse
failure, indicating which circuit has the
blown fuse. When the fuse is replaced
with a good ftuse, the light is no longer
energized. There are also available spe-

| cial types of fuses with built-in indicators

to show when a fuse has blown.

There are some specialized holders for
specific applications, for example, the
limited-current fuses and fuse holders
used for TV sets. These limited-current
fuses are made with a pair of tabs on
one cap, which are indexed with a pair
of slots in the head of the fuse holder.
As the amperage rating is increased, the
tab width is increased, thus making it im-
practical to use a higher rating of fuse.

Common Fusing Errors

There are some common fusing errors
in the use of fuses which create problems
for the user and, in some instances, result
in damaged equipment. One of the most
common errors is over-fusing. A piece of
equipment may be designed to use a
certain amperage fuse—which gives ade-
quate protection. Because of overload-

ing, the fuse blows occasionally and
when the fuse is replaced, the equipment
seems to work all right. Because of this,
the obvious conclusion to the layman is,
“Put in a larger fuse and everything will
be OK.” A larger fuse is installed and
suddenly there is a cloud of smoke due
to the continuing overload and the use
of a fuse that is not capable of opening
the circuit because it is overrated for that
particular application.

Always replace a blown fuse with the
same rating fuse that was originally de-
signed into the equipment. There have
been many instances where Y-amp.
fuses have been replaced by 20-amp.
units in order to prevent nuisance blow-
ing. Obviously, over a period of time
this can only lead to ultimate failure of
the equipment.

Another common fusing error is using
the wrong type of fuse in a piece of
equipment. For example, a piece of
equipment that has a high inrush surge
should not use a medium- or fast-blowing
fuse. In this type of application, a slow-
blow fuse should be used, thus prevent-
ing nuisance blowing and the possibility
of uprating or over-tfusing. On the other
hand, for the protection of a delicate in-
strument or an instrument circuit, we
want a fuse that will open the circuit
as quickly as possible in order to prevent
damage. In this case, the use of a me-
dium- or slow-blow fuse would not be
correct. An instrument fuse, or fast-blow-
ing fuse would be the correct choice. Re-
member, use the right tvpe of fuse tor
vour particular application.

The use of a fuse with the wrong volt-
age rating is also o common fusing error.
The voltage rating of a fuse is the maxi-
mum voltage it will break without arcing
or bursting. (This is assumed to be in a
direct-current system with a 10,000 am-
pere capacity power supply, unless other-
wise indicated.) In other words, 32-volt
fuses should not be used in 250-volt cir-
cuits. This can be dangerous to the user
as well as to the equipment in which it
is installed. All voltage ratings on fuses
are maximum voltages; fuses may be

These slow-blow fuses have different lengths and different
widths of bayonet locking tabs on the fuse caps. The fuse
post accepts only one type so that over-fusing is prevented.

www americanradiohistorv com
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used up to and including their voltage
rating.

The ambient temperature is a con- |
tributing factor in the opening of a fuse.
One of the common errors in fusing is a
complete disregard of the temperature
in which the fuse is required to operate.
We have stated that the fuse is actually
a thermal device. It operates by virtue
of the heat dissipated in the fuse
element. Therefore, an increase in am-
bient temperature can also cause de-
rating of the fuse. Conversely, a decrease
in ambient temperature can also cause
an increase in rating in the fuse. Thus, |
when temperatures other than normal
room temperature are encountered, they
should be taken into account in selecting
appropriate fuses. I

Other minor considerations often over- |
looked vet responsible for fusing errors |
include pulse fatigue, vibration, shock
and exceptional atmospheric conditions.
All of these conditions should be con-
sidered at the time the equipment is
designed and the fuse application de-
termined. This is another good reason
for replacing fuses that have blown in
service with the same type of fuse that
was in the original installation.

In summary, when choosing a fuse
for vour particular application, select |
the proper unit by carefully considering
the following: 1. size, 2. amperage, 3.
voltage, 1. type, 5. ambient temperature,
and 6. special characteristics,

The selection of proper fuses can pre-
vent nuisance blowing, fire hazard, and
danger to personnel. A

1-KC. OSCILLATOR
UGGESTED by G-E, the circuit shown

in the diagram is useful in applica-
tions where a l-ke. sine wave, or l-ke.
sharp-wavelfront pulses are required. Sta-
bility is dependent on using high-Q™
mductance and low temperature coefli-
cient capacitors.

The two capacitors connected across
the inductor provide a balanced tank o
ground resulting in improved waveshape
across the resonant cireuit. The sine-wave
output is suflicient to drive an emitter fol-
lower for coupling to low-impedance

loads. An additional result of using two | —

capacitors is rapid turn-on of current |
conduction by the 2N2712 causing the
generalion of sharp-wavelront pulses,
adaprable for driving and synchromniza-
tion applications.

Frequeney stability is .13% between

zero and 70°C. A

AM—3-0U T
g} 068 Iy B

2.2K

E = o
068 o
F— 2N2712
g COIL: 450uhy. SLUG
2100k TUNED |
12v. 3 Q=6 AT IKC |
+ - D.C. RES.=4800
[{I[E{F—
1
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AsSTATIC ML~ A EY
UPER TALK POWER

ASTATIC

for CB, Ham
Model 531

and other
Model 539

-

communications

A top performer at low
cost. Response character-
istic carefully calculated
to give maximum clarity
and intelligibility; mini-
mizes interference in ad-
jacent channels.

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.

ASTATI C

AS'I;ATlc CORPORATION conneaur, oHio 44030 u. s. A,

See your distributor
or write us for
complete information.

In Canada: Canadian Astatic Ltd., Toronto, Ontario
Export Sales: Roburn Agencies, Inc., 431 Greenwich Street, New York 13, N. Y., U.S. A,
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Back Issues
Available

Use this coupon to
order back issues
of ELECTRONICS WORLD

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, enclose your remittance
in the amount of 65¢ each and
mail.
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ZIFF-DAVIS SERVICE DIVISION
Dept. BCEW, 589 Broadway
New York 12, New York

Please send the following back issues of
ELECTRONICS WORLD. | am enclosing

to cover the cost of the maga-
zine, shipping and handling.

Month Year
l Month Year _
Month Year
Name. _ —
Address
City Zone State

No charge or C.0.D. orders please.
EW
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ATTACH
LABEL HERE

p—

If you've recently changed your ad-
dress or plan to in the near future, be
sure to notify us at once. Affix address
label showing old address here, and
print new address below.

N\

My New Address is:

name please print

address

city state
zip-code date at new address

Notify us of your address change as far in
advance as possible—it takes about 2
months for a change to become effective.
(Eg. A notice received in May becomes
effective with the July issue.)

Mail to: ELECTRONICS WORLD
1255 Portland Pl., Boulder, Colo. 80311

ATTENTION CLASSIFIED
ADVERTISERS

175,000 Active, Eager Electronics Hobbyists—
those who bought and thoroughly enjoyed the
SPRING 1965 ELECTRONIC EXPERIMENTER'S HANO-
BOOK-—are now anxiously awaiting the FALL 1965
ELECTRONIC EXPERIMENTER'S HANDBOOK.

If your Classified Advertising appeared in the
Spring Edition, you should receive even better
responses in the Fall Edition, but if your ad is
not presently scheduled for this great Handbook,
don’t miss out—Act At Once!

FALL 1965 ELEC. EXP. HANDBOOK—75¢ WORD

CLOSING DATE: Aug. 13th
ON SALE: Sept. 30th

Send Order and Payment Today to:

Hal Cymes, Classified Advertising Manager
Electronic Experimenter’'s Handbook
One Park Avenue
New York, New York 10016

GET

INTO

V.T.1. training leads to success
as technicians, field engineers,
specialists in communications,
guided missiles, computers,
radar and automation. Basic &
advanced courses in theory &
laboratory. Electronic Engi-
neering Technology and Elec-
tronic Technology curricula
both available. Assoc. degree in
29 mos. B. S. also obtainable.
G.I. 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
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EW Lab Tested

(Continued from page 14)

very nearly as good on the SR300. RTIAA
phono equalization was within =1 db
of the ideal characteristic on all three
receivers. The NAB tape playback
equalization of the SRG00 and SR900
had a broad rise in the upper middle
range, resulting in an over-all response
of =4 db from 30 to 15,000 cps.

The IHF Usable Sensitivity of the
FM tuner of the SR300 was 8 uv. (rated
4.5 pv.); the SR600 was 3 uv. (rated
1.95 uv.); and the SR900 was 2.9 auv,
(rated 1.85 pv.). The stereo channel
separation of the SR300 was good in
the middle range (33.5 db at 1000 cps),
but fell off considerably at lower and
higher frequencies. The SR600 and
SR900 had exceptionally good separa-
tion, —38.5 and —33.5 db respectively,
over most of the important audible
range.

The FM-tuner hum levels of all the
receivers was low, between —57 db and

60 db referred to 100% modulation.

| The capture ratio of the SR300 was 10

db and that of the SR900 was 3 db. We

measured the capture ratio of the SR600
at 1.8 db, one of the best in this respect.

As far as their operation is concerned,
all the receivers performed well. The
SRG00 and SR900 were noticeably more
sensitive than the SR300, which is
nevertheless well suited for use in urban
and suburban areas. The audible I"M-
stereo separation of the SR300 is not
as good as that of the other two, but is
quite adequate for a satisfying stereo
effect. All three have excellent sound
quality. The low power output of the
SR300 requires the use of moderately
high efficiency speakers, such as are
likely to be used with a budget-priced
stereo system.

None of the receivers had any ap-
parent vices or operating idiosyncrasies.
Their FM-stereo indicator lights are
illuminated on interstation noise (except
when muting is used on the SR900), and
flicker on high-frequency modulation
peaks even in mono reception. How-
ever, they will remain lit only when
tuned to a station broadcasting in stereo,
so their purpose is served.

The prices of these receivers are:
SR300, $279; SR600, $389, and SR9Y00,
$469. A

KLH Model 17 Speaker System

For copy of manufacturer’s brochure,
circle No.25 on Reader Service Coupon.

rl‘ HE KLIH Model 17 speaker system
is the successor to the manufacturer’s
Model 10, offering even finer perform-
ance at a lower price. It is a true “book-
shelf”-sized system, housed in an oiled
walnut cabinet measuring 23”7 x 11%”
x 97,

RESPONSE-DB

Eopri ) TONE |
[ BURST [

- FREQUENCY RESPONSE ~KLH 17 SPEAKER SYSTEM i
AVERAGE OF EIGHT INDOOR RUNS it sain e i 1
----- EFFECTIVE ROOM RES_E’ONSE | ¥ : 1

The Model 17 has a 10” acoustic-
suspension woofer and a 1%” cone-type
tweeter. A three-position toggle switch
on the rear of the cabinet provides in-
creased or decreased treble response,
relative to the “normal” setting.

We measured the frequency response
of the system in a “live” room, averaging
eight sets of data taken at different mi-
crophone positions. It has a remarkably
smooth over-all response, within = 5 db
from 25 to 4000 cps, and falling olt
gently at a 3 db/octave rate above 2000
cps, at the “normal” tweeter setting. The
dashed line in the plotted response curve
is the inherent response of our room and
test setup, averaged from measurements
made on dozens of speakers. It clearly
shows the flat bass response of the
speaker, free from any significant peaks
or holes. The high-frequency response

TF

500

IKC. 2KC.

% HARM. DIST.
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is even smoother, and with the tweeter
level at its increased setting would be
nearly flat to the limits of audibility.

The Model 17 has the very low bass
distortion which is a property of a well-
designed acoustic-suspension wooler. At
10 watts electrical input (far more than
would ever be used in normal listening),
the harmonic distortion is under 5%
down to 45 cps, rising then to 15% at 30
cps.

All the KLH speakers we have tested
in the past have exhibited outstandingly
faithful response to tone-burst signals
(as indication of good transient re-
sponse). The Model 17 is no exception.
The tone-burst photos, tuken at 300 cps,
3500 cps, and 8000 cps, are typical of
its response throughout the audio range,
and are as nearly perfect as we have ever
observed on a speaker system.

Based on the test data, one would
expect top-quality sound from the Model
17, and that is just what it delivers. Al-
though we were not able to compare it
directly to its larger and more expensive
relative, the Model 6, it appears to come
very close to matching it in over-all
sound quality. The Model 17 is a de-
lightfully smooth, balanced speaker sys-
tem. It needs no bass boost in the am-
plifier to give it a solid, tangible “bot-
tom-end” response. We found it most
satisfving with the normal tweeter level
setting, but the available range of ad-
justment should be adequate to match
the requirements of unusually “live” or
“dead” rooms.

This speaker does not sound in any
way like a small box. It delivers a full,
open sound, with outstanding clarity
and definition, and enough low bass to
satisfy anyone but the most confirmed
pipe organ “buft.” Although it is priced
just above the leust expensive high-
quality speaker systems, its sound
matches or surpasses most other speak-
ers we have heard which sell for twice
its price.

The KLI Model 17 is an outstanding
value at $69.95. A

“Your service work has saved our firm over

$100,000. Please accept our heartfelt thanks!" !

August, 1965

Where there's
a contact...
~._ or a relay...

FOR ““DOCTORS
OF SERVICING”

R

L

Service with Contact Shield! Pro.
tective! Corrective! It not only

l
l

cleans and safeguards contacts bet-
ter on TV, radio, and hi-fi sets; on
all relay-operated electrical equip-
ment, regular protective mainte-
nance with this versatile cleaner
prevents sticky relays—while cor-
rective servicing unsticks them. ..
in seconds. Promotes greater con-
ductivity, keeps relays working
smoother, longer. Contact Shield—
the professional service man’s
cleaner.

‘ APPLICATIONS |
INCLUDE:

¢

it o Bowling Alley |
e Vending Machines

o Slot Machines ©®

d
{BM Computers an
* processing equipment Iy
e Industrial Equjpment using 1 ,
welding machines, etc.

-

tomatic Pin Spotters
pute e Pinball Machines

Telephone Switchboards
other data

CLe
a‘\Ns, LUBRICATES
" PROTECTS |

s
For handy guidebook to better servicing, uch 2

write Channel Master Corp., Ellenville, N.Y. l

The only lab instrument you need
to complete Scott’s new 80-watt
solid-state stereo amplifier kit

Scott’s new solid state amplifier kit is completely protected against transistor blow-
out. An ingenious “Fail-Safe” circuit using an ordinary light bulb takes the load
off expensive silicon transistors when you first plug in your LK-60 . . . so, if you’ve
made a wiring error (almost impossible with this kit), no harm done! Other bright
new ideas from Scott: preassembled, factory-tested modular circuit boards; full-

color instruction book; amazingly low price: $189.95 ___
SCOTT®

Write for complete spec sheet: H. M. Scott, Inc., 111 Powdermill Road, Maynard, Mass. Export: :
Scott International, Maynard, Mass. Cable HIFI. Prices slightly higher west of Rockles.
CIRCLE NO.106 ON READER SERVICE CARD
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RFRCC |

Thae s send Oday for your

dusen |

the most-used electronics catalog
508 VALUE-PACKED PAGES

OuR #8th

soua SIME
sTumo MCEER

twt

5“,\,,;,;:“!_5.&.oﬁaf;;og;-““’" SAVE MOST ON

' EVERYTHING IN ELECTRONICS |
including exclusive products E
and special values available only tm%

rom AJLLIED

You
Snishctlon Gununto‘d or

send for
it today!

., RSN
%3

i1 Lloyd's Deluxe *?
' 9-Transistor -
Walkie-Talkie .

&, € = G .

3 PAAM
KN-330 32-Watt - )
i i Fisher TX-200 90-Watt

HRRRlexpRe el el Solid-State Stereo Amplifier

SEE WHAT'S NEW—
SEE THE BIG VALUES!

A ————— y Automatic
Turntable

m{
(;‘s

|
(O

Oki Solid-State
4-Track Stereo
Tape Recarder

Knight

. KN-2590
Hallicrafters ! Dual-Power
S$-200 5-Band F CB 2-Way
Short-Wave B Radio

B & K CRT 445
Picture Tube
Checker-
Rejuvenator

& AM Receiver

i R WA g =, TR e i T b - e
EASY TERMS satisfaction
Us.e the c'onven‘ient ALLIED RADIO yuarantaedar
Allied Credit Fund Plan , .
—over 24 months to pay The World’s Largest Electronic Supply House your money hack
68 ELECTRONICS WORLD
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SP QCiﬂl in your FREE 1966 ALL1ED cATALOG

see what’s new in the wonderful world of k”igbt 'kits®

KG-964 Superba
Series 64-Watt Solid-
State FM-AM Stereo
Receiver Kit.

$189.95

KG-895 Superba Series
120-Watt Solid-State
Stereo Amplifier Kit. $149.95

KG-371 Solid-State Safari-l Deluxe

Auto DC Power
Timing Light Kit,

23-Channel Citizens
Band Transceiver Kit. $129.95

KG-375 Solid-State
UniversalAuto Ana-
lyzer Kit. $49.95

Hs|

KG-201 Solid-State
Motor-Speed/Light
Control Kit. $9.95

! $19.95
KG-635 5-Inch DC

to 5.2 Mc Wide-

band Oscilloscope

Kit. $99.95

KG-415 Superba
Series Professional
Solid-State Stereo
Tape Deck Kit.
$249.95

KG-221 FM Moni-
tor Receiver Kit
(police, fire, ma-
rine, weather
bands, etc.) $39.95

Low-Cost

¥ €-540
5-Watt Citizens
Band Transceiver
Kit. $49.95

THERE 1S A knight-kit FOR EVERY NEED/
easiest to build—enjoy big savings

* Stereo Hi-Fi » CB 2-Way Radio
* Hobby Kits * Test Equipment
» Intercom * Amateur Gear

Knight-Kit GUARANTEE : Buy any Knight-Kit.
Build it. Operate it. You must be satisfied or we

refund your money. * Short-Wave

e Automotive

e

R
send for your 508-page 1966 Allied Catalog

ALLIED

ELECTRONICS
FOR EVERYONE 1966

PN IR GED BN G5 GD G OGN SN G5 G5 GN G5 G G .. - e W 1

.

F n E E ALLIED RADIO, Dept. 1-H :

100 N. Western Ave., Chicago, lll. 60680 1

1

Send today for your [] Send FREE 1966 Allied Catalog !

508-page Allied 1966 :

value-packed catalog 1

Name ]

A PLEASE PRINT :

- : Address :

' '

' '

: City State Zip Il

‘ '

ALLIED RADIO § == o ezoon . . RS .J
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SELLING THAT
RECORDER?
BUYING A
RECEIVER?

L------- "

4

ELECTRONICS WORLD runs a Hot
Line into the 192,000 electronics
professionals who buy the magazine
each month. And, for only 35¢ a
word, a personal classified ad will
help you make your connection.

ELECTRONICS WORLD has the
largest audience of its kind in the
world, and this creates an ideal
market place for you. Actually, when
you get together with your co-pro-
fessionals, you may find that many
are near neighbors. Yet your mutual
needs may be met only through the
medium of our classified columns.

Take advantage of our special per-
sonal rate of 35¢ a word (including
name and address)

NO MINIMUM REQUIRED

a saving of 25¢ a word
from our commercial
rate of 60¢.

d

A small investment can bring quick
results, and complete data is
printed in the Classified Advertis-
ing Section. Write your ad and mail
it today, with your payment to:

HAL CYMES

Classified Advertising Manager
ELECTRONICS WORLD

One Park Ave,, N. Y, N. Y, 10016
OCTOBER ISSUE CLOSES AUGUST 5th.

---I.‘
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Economy-Line Transistors
(Continued from page 36)

When the output is adjusted to 3.5 watts
unmodulated, it will kick up to about 4.8
watts with 100% modulation. At least one
CB equipment manufacturer is currently
using the 40082 in his equipment.
There are six other types in the econ-
omy family., The 2N3241 and 2N3242
are high-gain, low-noise transistors for
use in audio and low r.f. (to 30 me.) ap-
plications. The 40231, 40232 40233,
and 40234 are high-gain, very-low-noise
(2 to 2.8 db at 10 ke.) audio amplifiers.
Thev muake excellent preamplifiers in

40080 4008
Ql Q2
TI
e
—
XTaL]
L]
RIS R2 R3S a c3 :14
b: b: ~ T sR4 T

hi-fi svstems. The cases are identical and
the 40231 is shown in Fig. 1.

Although most of the transistors dis-
cussed here have house numbers, rather
than JEDEC-registered 2N numbers,
they are readily available from regular
RCA semiconductor distributors and
mail-order electronics supply houses.

The present efforts to reduce the cost
of transistors make further reductions
seem likely. Original equipment manu-
facturers are already buying some tran-
sistors for as little as 22 cents in orders of
100 or more where they once had to or-
der 1000 to get the price break. It may
not be long before vou can buy a single

Fig. 3. Suggested circuit for 5-watt CB or 29-mc. ham transmitter r.f. section.
Note that circuit must not be used in a home-built CB rig unless the unit meets
with FCC approval. A heat sink is recommended for the 40082 output transistor.

transistor for that price. A
c5 40082 cit
Q3
T2 L3
€6 c8
= ==
L2
colr
/I L4
c7
RS QUTPUT
clz (50n)

L[—O-i- 11 TO I5V.

R1—510 ohm. V3 w. res.

R2—5100 ohm, V5 w. res.

R3—51 ohm, Y4 w. res.

R4—120 ohm. V5 w. res,

R5—47 ohm, Y5 w. res.

C1—75 pf. ceramic capacitor

C2—30 pf. ceramic capacitor

C3,C4.C7.C9—0.01 uf. ceramic
capacitor

C5—47 pf. ceramic capacitor

C11—100 pf.

1.3—Var.
why.b:

(Arco 429 or equiv.)

[ Locs
I O+ 11 TO 15V, 100%

ceramic capacitor
C12— 220 pi. ceramic capacitor
L1.L2—15 puhy.
Miller 4624 or equiv.)
inductor (0.75 to 1.2
11t
on V}” CTC coil form having
“‘green dot’ core; Q=120

‘‘green dot’’ core; Q=140

MODULATED

TI—R. f. trans.; pri. 14 t., sce. 3
t. #22 wire wound on V4”7 CTC
coil form having ‘“‘green dot”
core; stug-tuned (0.75 to 1.2
why.); “Q" =100

T2—R.f. trans; pri. 14 t.. sec.
234 t. £22 wire wound on )"
CTC coil form having ‘“green
dot’’ core; slug-tuned (0.75 to
1.2 uhy.); Q=100

r.f. choke (J. W.

#22 wire wound

C6—S51 pf. mica capacitor L4—Var. inductor (0.5 to 0.9 Xtal.—27 or 29 mec. crystal
C8—24 pf. mica capacitor uhy.). 7 t. #22 wire wound on Q1—400K0 transistor (RCA)
C10—90-400 pf. var. capacitor 4”7 CTC coil form having Q2—40081 transistor (RCA)

Q3—40082 transistor (RCA)

Receiver Noise
(Continued from page 48)

supply voltages available, it is not pos-
sible to duplicate the manufacturer’s
test conditions exactly. In this case, the
best conditions must be arrived at.

A triode tube usually produces the
best noise figure when it is biased for
class A operation where the gain is max-
imized, consistent with linearity. In a
transistor, it is most often found that the
best noise figure is obtained when the
collector current is quite small, usually
around 1 to 2 ma.

Depending upon the circuitry, it is
usually advantageous to adjust the
matching transformer and its loading for
best noise figure. By observing a signal
(either on an oscilloscope, or modulation
through a 400-cycle filter), adjust for the
greatest signal-to-noise ratio for a given
gencrator output. When the noise match
has been optimized, the smallest input
signal will be seen above the noise.
| The noise figure may be further im-
rproved in a grounded-cathode tube cir-

wwWw americanradiohistorv com

cuit, or in a common-emitter transistor
circuit, by neutralization. This reduces
the effects of the grid-plate or base-col-
lector capacitance upon the input im-
pedance. The usual practice is to place
a small inductance between the grid and
plate through a series-blocking capacitor.
When the reactance of the inductor is
equivalent to the reactance of the grid-
plate capacitor, the two will be in paral-
lel resonance. and the effect is the same
as replacing the capacitive reactance
with a very high series reactance of the
value of QX, the “Q” of the inductance,
and the reactance of either the coil or
capacitor.

It will be found that the maximum
noise voltage, maximum gain, and max-
imum sensitivity will result simultane-
ously with the best noise figure. Do not
look at the noise voltage alone when ad-
justing for best noise figure, as this is
deceiving. A signal must be visible with
the noise in order to determine whether
or not the ratio of signal to noise has
increased or decreased with an increase
in noise voltage. See Fig. 5. A
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T looks like TV has taken a firm grip
on modern civilization as the totul

number of TV transmitters and TV re-
ceivers in world-wide use grows by
leaps and bounds.

The number of overseas TV stations
increased more than 34% last vear to a
total of 4628, while the number of TV
sets in use rose more than 17% to
94,474,000,

At the start of 1965, 90 countries or
territories abroad had TV stations in
operation. Liberia, Ethiopia, Pakistan,
Aden, Barbados, and the Frencli Antilles
started TV broadcasting in 1964.

This world-wide census does not in-
clude the U.S., Canada, or the Armed
Forces stations abroad.

The top six countries overseas in num-
ber of TV sets as of January 1, 1965 are:
Japan (17,710,000); United Kingdom
(14,616,200); Soviet Union (11.800,-
000); West Germany (10,024,000);
France (5,585,000); and Italy (5,106,-
300).

In Latin America, Brazil leads with
2,156,000; Argentina is second with
1,360,000; and Mexico is third with
1,071,000 TV sets.

Ahnost half of the overseas TV sets
in use are in Western Europe, which has
45,931,600. The Far East, because of
Japan’s eminence, is second with 20,-
977,200. Eastern Europe is third with
a total of 19,704,000,

There were an estimated 67,100,000
TV sets in use in the U.S. and 4,950,000
sets in Canada at the end of 1964,

Solid-State Vidicon

Researchers at NASA have come up
with a new approach to the vidicon TV-
camera tube using a single sheet of sili-
con containing 2500 light-sensing
elements amrranged in an approximate
half-inch  square. Each element is a
three-layer phototransistor that conducts
current as a function of the amount of
light impinging on it. After amplifica-
tion, the signals are processed for trans-
mission. Resolution of this syvstem is
equivalent to a 50-line svstem.

Engineers at Westinghouse feel that
it is possible to place up to 40.000 light
sensors in the same half-inch square to
raise the resolution to about 200 lines,

Avugust, 1965

equivalent to present-day commercial
television standards.

New Battlefield System

Radar and infrared equipment aboard
reconnaissance aircraft can detect many
things that an unequipped human can't.

However, having this information and
being able to use it immediately has
been a problem. The tactical situation
can change drastically during the hour
or so that it takes to gather the informa-
tion from the aircraft and pass it along
to the field commander.

According to Arnold Kashar of Gen-
eral Precision Acerospace, a unique dig-
ital data-transmission system has been
tied to an existing data link so that radar
and infrared readouts can be transmitted
to a ground console simultaneously with
aircraft coordinates and flight condi-
tions.

The new system interrogates the air-
craft-position system to determine its
coordinates in X and Y references and
altitude. The digital data derived from
this interrogation is processed into the
proper format for telemetering during a
blanking-time interval (a period when
no other information is being sent).

The composite signal consisting of
aircraft radar or infrared display, to-
gether with moment-by-moment aircraft
position and altitude information, is
then sent to the ground station.

Space Fallout

We are well acquainted with the large
number of new electronic circuits and
components arising from our continued
research into space-vehicle communica-
tions. However, there is one non-elec-
tronic fallout that may be of interest.

Space-vehicle researchers at the
NASA Goddard Space Flight Center
have recently applied for patents on a
new type of paint that will adhere to
most metals and many non-metals and
that will not crack, peel, chalk, flake,
or fade when subjected to temperature
extremes ranging from 1800°F to
—320°F. These paints arce also wash-
able, can be made in any color, and
have long shelf-storage life.

When these paints will be available
and under what name is unknown., A
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“Which
microphone
should [
I use?” |mhee

Phones
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# f{or tape recording |

# for broadcasting

# for CB and ham

s for public address

= for any application...l

Free Booklet-
Everything You |
Want To Know
About Micro-
phones! Send
Coupon Today! e o L

UNIVERSITY.

A DIVIZION OF LING TEMCO.VOUGNT, ING,

Dept. 8 P.0O. Box 1056, Oklahoma City, Okla,
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BUZIT

TRANSISTORIZED
SIGNAL TRACER
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Dollar Stretcher!
If you're in the market for photography equipment,
and you want to get the most for your money, send

for the 1965 PHOTOGRAPHY DIRECTORY & BUYING
GUIDE right now!

Then, just sit back and be as choosy as you like!

You’'ll have access to over a thousand dif-
ferent items—with complete, point-by-point
information on manufacturer, model num-
ber, size, built-in extras, special character-
istics and price. Flip through the 192 pages
of this big, valuable factbook—you'll see all
the latest equipment! Still cameras, elec-
tronic flash, flash guns. Projectors, movie
cameras, tape recorders, titlers, editors.
Enlargers, exposure meters, films, lenses
galore! Plus—expert tips on how to buy and
what to look for!

Arranged for easy reference in three comprehensive
sections, and 32 pages larger than last year—the
1965 PHOTOGRAPHY DIRECTORY & BUYING GUIDE
was compiled by the editors of POPULAR
PHOTOGRAPHY. That means authoritative, unbiased,
unerringly precise information. Dollar-stretching
data that will help you select the best equipment in
your price range, consistently, all during the next
twelve months!

This year, play it smart. Shop before you buy, confi-
dently, with the up-to-the-minute 1965
PHOTOGRAPHY DIRECTORY & BUYING GUIDE. All the
guesswork is out. And the only legwork you do is
walk to the nearest mailbox with an envelope bear-
ing the coupon below and just $1.

Darn good deal for a genuine, one-of-a-kind dollar
stretcher.

S S ———
Ziff-Davis Service Division « Dept. PD

I ]
. 589 Broadway * New York, N.Y. 10012 |
| YES! Send me a copy of the new, up-to-date i
| 1965 PHOTOGRAPHY DIRECTORY & BUYING

i |
| GUIDE! My dotlar (plus 15¢ for shipping and
| handling; 25¢ outside U.S.A) is enclosed. |
I |
[ name please print !
I
| address I
| EW-85 I
| city state zip code I
]

o e e e e e e e e e e e e =]
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Touch-Plate Lighting Switch
(Continued from page 44)

the box can be run several fect to one
or more touch-plates. Because any num-
ber of touch-plates can be added, the
device becomes a practical addition to
a lamp which needs control from several
points. One touch of any plate first turns
the light on, while the sccond touch
turns the light off.

The unit is made up of four general-
purpose transistors and one inexpensive
relay. No particular precautions are
necessary in constructing the unit. The
challenge comes in making efficient use
of space to obtain the compact size.

Construction

The unit is constructed on a small
piece of perforated circuit board 2%” x
3%”. It is then mounted in a 4”7 x 2”7 x
2% box (LMB #102). An a.c. receptacle,
phono jack, and a.c. cord are then con-
nected.

Since this is a transformerless device,
make sure that the chassis is not con-
nected directly to the a.c. line, but
through C9 only. (See Fig. 1.)

When running the touch-plate wire,
use a small insulated shielded wire.
This shield must be grounded at the
phono jack and not at any other point.
The metal touch-plates are then con-
nected to the inner conductor. Keep the
touch-plates small if several of them are
to be used. It is best to mount the touch-
plates in a way that theyv are insulated
from the wall to prevent them from be-
ing grounded out should high humidity
or moisture cause the wall to become
conductive. Several objects on shelves or
tables, such as metal lamp bases, small
metal models, or even conductive ore
samples can be easily wired as touch-
plates.

Cirenit Description

The human body has a certain amount
of capacitance to earth ground. If we
build a sensitive device that operates as
a result of this capacitance to ground,
then we have the capacitance-operated
switch.

In this device, the a.c. plug is polar-
ized so that onc side of emitter resistor
R3 is in the live or hot side of the a.c.
power line. A voltage will now appear
across (V1 from hase to emitter when any
one of the touch-plates is capacitance-
coupled to ground by the body. The
small value of C1 limits the amount of
current flow into the base of Q1. Q1 takes
the high-impedance input and reduces it
to the low impedance necessary to satu-
rate the following transistor.

Q2 accomplishes two things. Tt is an
amplifier and a pulse generator. The
base is biased through R4 so that the
transistor is normally cut off and the
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collector and C3 are at supply potential.
When an a.c. signal comes in, the nega-
tive peaks from Q1 cause Q2 to conduct
and rapidly discharge C3, thus creating
a large positive-going pulse at the col-
lector of (2. This transistor must be a
fairly high-gain unit such as the 2N1305.

Q3 and Q4 form a bistable multivi-
brator. The positive-going pulse from
Q2 is limited by R7 and applied through
C4 and C5 to steering diodes D1 and
D2, To best understand their action, as-
sume (O3 to be cut off. This means that
its collector will be at supply potential
(negative) as will be the anode of D1
through R9. Under these conditions D1
cannot conduct. On the other side, how-
ever, (4 is in strong conduction and the
relay is energized. Its collector will be
near 0 volts potential as will be the
anode of D2 by wav of R10. This means
that the positive pulse would pass
through D2 and cut off transistor Q4,
thus reversing the circuit and de-encr-
gizing the collector relay.

Every time the plate is touched, then,
the circuit is reversed and the relay is
alternately energized and de-energized.

CG is a stabilizing capacitor to pre-
vent r.f. interference from triggering the
bistable multivibrator prematurely.

The unit will handle 200 watts of
power using the relay shown in the parts
list. The control line mayv be extended up
to 30 feet using the values shown in the
schematic.

When plugging the unit in for the
fivst time, vou will notice a tendency for
the relav either to stav de-cnergized or
to pull in due to the particular unbalance
in the bistable circuit. By wiring the re-
lav contacts to take advantage of this
fact, the unit will return to the “off”
position should a power failure occur.
Short power failures of less than 10 sec-
onds may reset the bistable circuit in
the opposite state. Also, when plugging
the unit in, it may show some insensi-
tivitv. Merely reverse the plug to solve
this problem. A

~
“Am | glad you're home! OQur set went
on the blink today.”

ELECTRONICS WORLD
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NEW PRODUCTS
& LITERATURE

COMPONENTS e TOOLS @ TEST EQUIPMENT @ HI-FI ® AUDIO @ CB ® HAM ® COMMUNICATIONS

D.C.-TO-A.C. POWER SUPPLY
Kato Enginecring Company has developed a

compact, -kw. motor-generator set lor d.c.-to-
60-cvcle a.c. applications, including standby for
vital connmmunications equipment: ciergency sig-

nals, alavms, and timing deviees; essential light-

ing in hospitals, furnace controls, cte, Tt can also

AN -

be nsed to power equipment in the ficld or usedl
as an isolated load sowree for testing and labora-
Loy usc.

“the 2-hp, shunt-wonnd, 220-volt d.c. motor
diives the I-kw., single-phase, T15-volt 60-cycle
generator. Motor and generator are on i comimon
shatt within a common frame. Operating speed
is 3600 rpm. A speed governor controls the speed
all maintains output and frequency within one
ocle.

Units with closer regulation are available on
special order. Sizes extend o 17.5 kw. oulput.

Circle No. 1 on Reader Service Card

INEXPENSIVE TUNER CLEANER
Coteman Electronic Prodacts Inc. has come out

with a low-cost tuner cleaner that is guaranteed
to be harmless to plastics used in tuners, This
uew formula, called “Kleen-16.” consists of long-
listing protective silicone iubricants which have
bean cavefully selected 1o provide the best pos-
sible prowection without detuning the tuner.
The product is not flammable, contains no
crbon tet, and has a very low toxicity rating.
I comes in a handy caddy-sized container and is
packed with o shockprool, flexible extension.

Circle No. 2 on Reader Service Card

MAGNETIC LATCHING RELAY
Mitwaukee Relays, Inc. has developed a new

magnetic latching velav which is claimed to be
virtually free from mechanical failures. The unit,
a low-cost multiple general-purpose relay, uses a
magnet instead of interlocking metal levers. In
operation a one-piece armature on the magnet
10cks up and down with a scesaw movement. In
normal operation the armature is attracted to
the coil side energized. Tt also operates in the
opposed mode at about half the voltage or a
(uaricr the power.

“The unit is available in all these variations:
eleetrical or mechanical operation or both; polar-
ized: center-ofl np to G-pole d.t., 10-amp con-

Avgust, 1965

tacts; plug-in dust cover; push-to-reset feature.
The company will supply coniplete mechanical
and clectrical specification on these new units
upon request.
Circle No. 126 on Reader Service Card

METALLIC-OXIDE CAPACITOR

Syncro Corporation has developed a completely
new metallic-oxide capacitor, the MO-1 which the
company claims is directly competitive with mica,
glass. ceramic, plastic, and paper capacitors. ‘1 he
new units are available as buttons or cncapsulated
with leads.

These new components have a metallic sub-
strates with the oxide of the substrate acting as
the diclectric. These units are stable over an un-
usually broad temperature range, being essen-
tially lincar from —350° 10 4125°C.

Literature with complete characteristics and
performance graphs is availalile irom the com-
pany.

Circle No. 127 on Reader Service Card

SIX-INCH V.T.V.M.

Allied Radio Corporation has released a new
6-inch v.t.v.m. which is being offered both as
a kiv oand in factory-assembled  form. The
“Knight-Kit” Maodel KG-62% has a Vyp-volt (ull-
scale e range for transistor seivicing. The
meter has a 200-ga. movement with a fluorescent

knile-cdge pointer, ten separate color-correlated
scales. and 1007 meter arce for larger scale area
and casy viewing (rom all angles, plus a gimbal
monnting bracket.
Specifications and pertinent details will be sup-
plied by the company on request.
Circle No. 3 on Reader Service Card

DIFFERENTIAL-AMP TRANSISTORS
Sperry Semiconductor has introduced a new

line of low-level “p-n-p” diflerential-amplifier
transistors which have a typical gain of 100 to
200 at 10 pa.

The devices contain two clectrically isolated
“pm-p” silicon triode transistors designed pri-
marily for small-signal, low-power  (—45 volts)
applications. Packaged in TO-5 cans with six
leads, the devices are designated SMT-100 through
SMT-105.

Full performance specs are available from the
company.

Circle No. 128 on Reader Service Card

INTEGRATED-CIRCUIT POWER AMP
Motorola Semiconductor Products Inc, has de-

veloped a onc-watt, integrated-circuit power am-
plifier, packaged in a single TO-5 can. with a
usable frequency range from d.c. to well above
100 kc. and harmonic distortion as low as 0.5%.

The amplifier, designated MC1524, has three
external taps which offer a choice of three in-
ternal, negative-feedback loops. These leedback
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Additional information on the items
covered in this section is available
from the manufacturers. Each item
is wdentified by a code number. To
obtain further details, fill in cou-
pon on the Reader Service Card.

arrangements assure low distortion and excellent
gain stability under a vavicty of conditions over
the temperatire range —55° to -+ 125°C.

As an aundio amplificr, its output of one watt
is more than adequate for normal room listening
levels. The complementary  class-B output cir-
cuit permits direct coupling to low-impedance
loads. thus avoiding the use of bulky output
transformers or capacitors.

When connected as a d.c. power amplilier, the
MCEI521 may be used to drive low-power servo
systems, or as an operational amplifier when
power ourput and very low source impedance
are required.

The data sheet specifies maximum. minimum,
and typical values Tor all important parameters.
It is available on request.

Circle No. 129 on Reader Service Card

D

DESOLDERING TOOL FOR PC’'S
Ungar Eledtric Tools has introduced a new

desoldering tool for printed-citcuit bond repair
that melts and vacuums away solder with casy,
one-hand  operation,

Named “Hot-Vac,” the tool speeds and simpli-
fies P repair. No tinning of the tip is necessary
since it has the firm’s special coating that resists
solder.

On plastic-coated PG boards, the unit melts
through the plastic. melts and remoses the solder.
all in one operation. The complete assembly,
Model #7800, includes a “clean room™ handle
with  clean-cool grip. standard heating  unit,
special tip, and a yubber aspirator bulb. A stin-
tess-steel cheek valve is provided in the tip to
prevent molten solder from being drawn up into
the bulb.

For further information on this new tool, con-
tact the company,

Circle No. 4 on Reader Service Card

10-AMP SILICON TRANSISTORS

Motorola Semiconductor Products Inc. has in-
troduced “p-n-p” silicon power (ransistors with
10-amp and 3-amp current ratings. The 10-amp
units permit the immediate conversion of exist-
ing high-current germanium “p-n-p” transistor
equipment to silicon and will create new high-
current applications where the “p-n-p” configura-
tion and temperature stability of silicon are
cssential.

Further details on these new transistors are
available in the form of data shects froin the
company.

Circle No. 130 on Reader Service Card

PLASTIC-FILM CAPACITOR
Union Carbide Corporation’s Kemet Depart-
ment has developed a new plastic-film capacitor
that is onc-fifth the size of polystyrene capacitors
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and up 1o Tyth the size of glass, mica, or porce-
tain capacitors,

I'he “Flat-Kap™ fihm-foit capacitor is made
by a novel process whereby the plastic is vapor-
deposited on a thin aluminum foil in thick-
nesses less than 2 microns, producing a higher
capacitance per unit volume than is possible
by any other means, according to the company.

These new capacitors are being offered in
ratings from 0.001 to 0.1 uf. amct in tolerances
of =10, 5. 2, or 1 percent. Capacitance shift
versus temperature is less than 2% from —55°C
to +125°C.

For additional infomation on the
line

Circle No. 131 on Reader Service Card

“Flat-Kap”

FLAMELESS TORCH
Henes Mannfacturing Co. has developed a

lightweight, pencil-type hot-aiv torch which s
capable of producing temperatures to 750°F.
Only 97 long and weighing but 4 ounces, the
torch handpicce has a changeable tip cnabling
the user to vary hot-air flow and temperature
for sclective heating applications.

Air is supplied from a small remote pump with
adjustable air output up to 7 cubic fect per
hour. The torch and pump operate from a H5-
volt, 60-cps line and are connccted by four feet

of coupling line, The pump itself is designed
for long duty cycles and fteatures all-metal con-
struction, stainless-steel bellows, nyvlon valsves,
and complete insulation for quict running.
The torch comes with pump and 24 torch tips
ranging in diameter {rom 0.0377 1o 0.093”,
Circle No. 132 on Reader Service Card

ADJUSTABLE-STOP SWITCH
Grayhill, Incorporated is now offering an ad-

justable-stop rotary switch which adds new flexi-
bility to circuit design. The 441 stop system lets
the designer seleet the civeuitry deshed, then
change the experiment with other combinations
by simply re-adjusting the stops (no tabs to bend).
The 44D series is suitable for prototypes, labora-
torics, test fixtures. and experimental systems.
It is completely interchangeable with the firm’s
fixed-stop 44\ series which can then be used
for production rons.

The switches comes in 1 to 12 decks, 1 to 4
poles per deck. shorting or non-shorting contacts
with 30° angle of throw, and of c¢nclosed cxplo-
sion-proof construction.

The company will supply complete details.

Circle No. 133 on Reader Service Card

MINIATURE SELENIUM RECTIFIERS
International Rectifier Corporation has made

available a low-cost miniature seleninm rectifier
for radio and phonograph service. Suitable for
the OEM or replacement market, the TO65U is
rated for 65 ma. d.c. nutput and 130 volts maxi-
mum r.s. input or 380 volts peak reverse volt-
age. The maximum cell operating temperature
is 105°C (221°F) and a series resistor of 22 ohms
is recommended as a surge suppressor.

Fxcluding the mounting tab and tcrminals,
dimensions of the rectifiers are 174:"x1"x%4g".
Quantity orders and prices can be obtained from
the company on rcquest,

Circle No. 5 on Reader Service Card
TOROIDAL TRANSISTOR XFORMERS
Bundy Electronics Corporation has introduced

a uew toroidal transistor transformer for use in
d.c.-d.c. and d.c.-a.c. power supplies. These new
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epoxy-molded units exceced MIL-T-27A, Grade 5,
requirements. They are designed to give reduced
noise level, increased efficiency, increased life ex-
pectancy and reliability—all with appreciable re-
duction in size.

Normal operating frequencies are in the range
between 1500 and 3000 cps but specially designed
units can be obtained with operating frequencies
up to 10,000 cps.

For full details on this new line of components

Circle No. 134 on Reader Service Card

THERMOELECTRIC MODULE
Energy Conversion, Inc. is now in production

on a small thermoelectric module, the HY9-65,
Designed for the component cooling market, the
new module combines small size with reliability,
performance, and economy, according to the
manufacturer. Suggested applications include the
cooling of semiconductors, infrared detectors,
dew point sensors, tissue samples, etc,

The Model H9-65 measures %4y inch square
by #4 inch thick. It can attain a maximum un-
loaded  temperature  diflerential of 65°C with
the heatsink temperature equal to 27°C; maxi-
munt current is 9 amps: maxintum loaded heat-
pumping capacity is 3.9 watts; weight 7 grams.

Technical bulletin 20, which describes the unit
more fully and includes design nomographs and
proccdurcs, will be sent on request.

Circle No. 135 on Reader Service Card

SUBMINIATURE SILICON PHOTOCELL
International Rectifier Corp. is in production

on a line of ultra-small silicon photocells for
counters, position indicators, readouts, and light-
activated switches.

Typical currents of 0.2 ma. at 0.3 volt arc
generated when a 0.01-square-inch photocell is
activated by 500 footcandles illumination. Yor
increased system sensitivity, the cclls can be used
in the reversed bias mode and driving a tran-
sistor. The devices can be obtained in the ''n on
p~ or “p on n” type as an aid to design require-
nients,

Packing densities of ncarly 90 units per square
inch are possible if lead connectinns are neglected.
The cells are typically 0.025 inch thick.

Full details on this new line, including prices,
arc available from the manufacturer.

Circle No. 136 on Reader Service Card

VENTILATING FANS
Rotron Manufacturing Company, Inc is in
production on the new “Mark 47 muffin fan
which provides static air delivery of 100 cfm.
New design features for longer life include a
totally enclosed stator, “Pyre-ML” magnet wind-
ings: lubricated-for-life sleeve bearings; and a

built-in heat sink. The fan is 112" deep by 4427

square. The unit is available in four basic styles:
skeleton, venturi, grille, and filter. In addition,
it may be equipped with any of a complete line
of accessories.

For information on the fan and rclated acces-
sories, or for assistance in determining suitability,
contact the manufacturer.

Circle No. 6 on Reader Service Card

ELECTROLYTIC-CAPACITOR BOX
Sencore, Inc. is now offering an electrolytic-
capacitor substitution box which is designed to
be used with all types of transistor as well as
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vacuum-tube cirenits, The ES-132 “Electro-Sub”
provides 10 dual electrolytics from 2 uf. 10
250 uf. to operate from 4 to 430 volts d.c. The
clectrolytics can be used singly, as duals, or par-
alleled to provide up to 32 different cnmbinations.

The unit is housed in an all-steel case and
is simple and quick to use. The leads are simply
hooked up. the selector switch is sct to the de-
sired capacity value, and the “push-to-test” switch
operated. A surge protection switch  prevents
arcing, sparking, or accidental healing of the
clectrolytic under test. The unit also discharges
its clectrolytic to prevent shock.

Circle No. 7 on Reader Service Card

CIRCUIT-BOARD KiIT
Vero Electronics Inc. has just come out with

a handy kit containing six of the company’s
“Veroboards,” a spot-face cutter, and instruction
sheet for building various circuit-board projects.
The boards consist of a high-grade synthetic-
resin-bonded paper laminate with a number of
copper strips bonded to it. The strips are picrced
with a regular matrix of holes. Components are
placed across the board acenrding to the circuit
plan, interconnections being made by the copper
strips. Where the circuit must be broken, the cop-
per strips are cut with the spot-face cutter. This
cutter is a precision, hardened steel tool which
has a pilot pin that fits any hole, and two auting
edges.

The cntire kit is packaged in a clear plastic
bag. A data sheet on Kit-Model BK-6 will be
forwarded by the manufacturer on request.

Circle No. 8 on Reader Service Card

MINIATURE REED RELAY

General Electric Company has announced the
availability of a new miniature reed relay that
has been specifically designed for the military
market. The new component features a unique
tead  design, small size, and exceptional re-
liability.

A scctional spool body cnables the capsule
leads to be formed prior to insertion in the spool
body. This step also permits precise fixturing
necessary to form the leads without damage, thus
climinating any possible abuse to the leads dur-
ing relay assembly.

The relay is being marketed in a package only
1.88 inches long by 0.405 inch high. Additional
poles incrcase the width by only 0.15 inch per
pole. The unit will last through 50 million op-
eration at low level and 20 million operation
at 0.4 amp, 25 volts,

Complete specifications are available.

Circle No. 137 on Reader Service Card

METAL FILM TRIMMER
Miniature Electronic Components Corp. has

just introduced a microminiature metallic-film
trimimer pot which is ¥4” in diameter, with in-
finite resolution, low-temperature coefficient, as
well as a full range of resistance values from
10 ohms through 100,000 chms,

This single-turn unit is housed in a molded
diallvl-phithalate case and is being offered cither
with or without stops. It is designed for printed-
circuit mounting, is “0O’” ring sealed, and will
withstand vibratinn, shock, and humidity condi-
tions as specified in MTL.STD 202B.

ELECTRONICS WORLD
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Complete details on the various units comprising this line will be sup-
plicd by the manufacturer.
Circle No. 138 on Reader Service Card

PRECISION MINIATURE TRANSFORMERS

Microtran Company, Inc. has added a new line of "Pico” miniature
transformers built to MIL-T-27B, Grade 5, Class §. Size of the new units
is only %a”x13427x13%.” high. Weight is 0.1 ounce.

The new series has leads on 1”7 grids and have been developed for printed-
circuit board application where class-S temperatures are required. Gold-
plated  0.020 " diameter, high-tensile nickel alloy lcads permit reliable
soldered joints and high-density welded packaging. Of epoxy-molded con-
struction, these units are designed for a minimum life of 10.000 hours.
The line is available in impedance vatings from 3.2 to 100,000 ohms.

Additional information on this new line, including all mechanical and
clectrical speces, will be supplied by the company on request.

Circle No. 139 on Reader Service Card

SELF-LOCKING CONNECTORS
Harvey Hubbell, Incorporated has available a complete line of sclf-

locking. sclf-adjusting connectors designed to insure uniuterrupted clec-
trical circuits. Becituse the connectors are locked in until purposcly re-
leased, the possibility of accidental disconnects is climinated.

The line consists of four basic types and desigus. ‘Type A indudes plugs
and connectors, both insulated and non-insulated crimp terminal devices,
panel jacks, angle plugs and jacks, terminal strips, eyelet panel jacks and
insulated plugs. Type B includes the same equipment in miniature sizes
while Type C ave subminiature versions. Type S consists of larger size
automatic locking plugs and jacks.

A new catalogue covering this complete line is available on request.

Circle No. 140 on Reader Service Card

HI-FI AUDIO PRODUCTS

BASS ENERGIZER
Altec Lansing Corporation has recently introduced a low-cost bass

energizer which is designed to compensate for low-frequency deficiencies
in small speakers by providing an increase in very-low bass levels relative
to the rest of the spectruim.

The Model 100A is a passive device requiring no additional electrical
power. 1t connects between the amplifier output and speaker input. 1t can
be attached either to the back of the speaker enclosure or can be hooked
up next to the amplifier. 'The unit becomes eflective only below 150 cycles
and builds to full efficiency from 60 cps down to the speaker’s cut-off.

The company will supply full details on request.

Circle No. 9 on Reader Service Card

35-WATT STEREO RECEIVERS

Bogen Communications Division has added two moderately priced stereo
receivers 1o its line of audio components. Both receivers are rated at 35
watts (1702 watts per channel). The RP235 is an FM-AM/FM-stcreo unit
while the RF35 is an FM/FM-sterco receiver. The RP235 has a frequency
responsce of 20-20,000
cps =1 db with dis-
tortion less than 1%
at rated output. In-
puts are provided for
phono, tape, or auxili-
ary, Stereo head-
phounes may be con-
nected to an outlet
on the front pancel.
‘There are nine con-
trols as well as electronic-eve tuning and an automatic stereo indicator.
Sensitivity is 8 uv. and stereo separation is 38 db at 1000 cps.

The RF35 is similar to the RP235 except that it does not include the
AM scction or the headphone outlet.

Both units are equipped with brushed gold front panecls with walnut
wood enclosures or wood-grained vinyl-clad metal enclosures available
as accessories. Dimensions are 16”7 wide x 157 deep x 5%4” high.

Circle No. 10 on Reader Service Card

RECORD/PLAYBACK TAPE HEAD
Michigan Magnetics has added the 4NL-300 record /playback tape re-

corder head to its Series 300 laminated heads. This two-track mono head
is suitable for professional applications. It utilizes a special glass-filled
composition to resist tape wear. According to the company, the heads will
last five times as long as heads made with conventional metal or Bakelite
materials.

All heads in the new series are made to a standard mechanical size and
offer versatile mounting to fit all brackets, with or without shiclded leads.
Each head is also available in a wide range of impedances.

Further information on the new line may be obtained from the manu-
facturer.

Circle No. 11 on Reader Service Card

LOW-COST MONO RECORDER
Superscope Incorporated has put the new Sony Model 135 tape re-

corder on the market for those who want a versatile instrument without
sacrificing features to price.

August, 1965

Use it... mohile...
hase...
or portahle!

MESSENGER III

Cape Horn t Fairbanks, Alaska

“Massenger 111" goes all the way on Mercury
Coret 16,200 mile durability run! Comet
drivers report: Over 40 continuous days
and nights, through rain, fog, sleet and
sncw ., . on washboard roads, some
scarcely more than a trail . _ . in tropic
he:t and frigid Arctic weather—the
“Messenger t11" never let them down!

For unmatched quality
and dependability— G0 JOHNSON!

The most popular CB transceiver in the world—
the ““Messenger 111" offers everything you ever
wanied 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—set-and-forget “Volume™ and “Squelch”
controls—I11 channel coverage—‘Tone Alert”
Selective Calling System available as accessory.

E.F. JOHNSON C0.

1127 10th Ave, S.W. « Waseca, Minnesota 56093
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T'his cconomical recorder offers new simplified
controls which make vecording  virtnally fool-
proof. The a.v.c. circuit self-adjusts all recording
levels without need for a knob. The instrumeut
is a dunal-track mono machine with two cap-
stan-driven speeds: 3%4 and 178 ips. The machine
will record up to 3 hours of matcerial on its full
S-inch reels.

I'he unit, which comes complete with vinyl
carrying bag and dynamic microphone. measures
914" wide x 11”7 deep x 5427 high and weighs
7% pounds. Frequency response is 90-9500 cps
at 3% ips and signal-to-noise ratio is better than
40 db. The tube amplifier is powered from a 117-
volt, 60-cvcle sonrce.

Complete specifications and price are available
from the distributor.

Circle No. 12 on Reader Service Card

PHONO-DRIVEN TAPE TRANSPORT
Casco Music Systems, Inc. has developed a

unique continuous-loop cartridge system which
can be driven by any phonograph or turntable,

e
allowing such units to be converted into a tape-
playing system.

Known as “Tape-Top,” the cartridge is ac-
tually a complete tape transport incorporating
capstan, feed and takc-up mechanism, and tape
heads, According to the company, the large ca-
pacity and varied specds of operations will per-
mit the unit to be adapted to many commercial
and industrial applications. The cartridge is
normally available with 3200 fect of Vi-inch tape
and can be supplied with 1- to 8-track heads. As
much as 88 hours of program material may be
recorded.

The mechanisms and prcamplifiers are avail-
able in a noumber of models and the company
will supply full details on request.

Circle No. 13 on Reader Service Card

ALL-SILICON-TRANSISTOR PREAMP

Bogen Communications Division has developed
a portable, allsilicon-transistor preamp with a
frequency response of 20-20,000 cps =+ 1 db.

The Model RTP-1 has been specifically de-
signed for p.a. systems, sound recording, broad-
casting, and for use with portable tape recorders.
Two of the units can be paralleled to mix six
signals,

The circuit can be powered by internal or ex-
ternal batteries or from the 117-volt a.c. line. The
unit comes complete with an a.c. line cord, head-
phone monitor jack, calibrated output meter,
built-in 500/600-ohm output transformer, an at-
titude stand that serves as a carrying handle,
and a push-button light to check battery condi-
tion.

Inputs include two high- or low-impedance mi-
crophones, two auxiliary on fader control, and
one bridging. Battery drain is 30 ma, and output
into a 600-ohm line is 100 mw. maximum.

FFor additional information and complete per-
formance specs, the company will supply a data
sheet.

Circle No. 14 on Reader Service Card

TRANSISTORIZED TAPE RECORDER
Martel Electronics is handling distribution of

the new Uher Sterco 7000, a two-speed. fully
transistorized tape recorder which features both
single-channel mono vecord/playback and four-
track stereo record/play. Recordings can be made
from microphone, tuner, or phono inputs.

78
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Lhis 334 and 7V% ips unit features sound-on-
sound, automatic end-of-reel shut-ofl, two built-
in speakers, illminated vu meter for recording
levels, tape lilter for fast modes, and a four-
digit counter with push-button reset. I'requency
response is 40-18.000 ¢ps at 742 ips and 40-14.-
000 cps at 3% ips. Channel scparation is 50 db
and wow and Hutter is +=0.2%.

Those wishing further information on  this
recorder may request it from the distributor.

Circle No. 15 on Reader Service Card

FLEXIBLE INTERCOM SYSTEM

Bogen Communications Division has just in-
troduced its new “Executive Series 9.7 a flexible
intercom svstem that can accommodate up 1o
nine master and remote stations in any combi-
nation. Master stations can talk selectively to any
station and remote stations can reply without
operating the controls,

In operation. the caller simply touches the
push-button station selector on the master sta-
tion, presses the lever, and starts to speak. The
called master station can converse “‘hands-free”
alter its remote talk-listen switch is placed in
the non-private position. The remotcs—which
are non-private—can always reply “hands-free.”

The master station is housed in either a low-
profile solid walnnt wood cabinet or in a metal
box for flush wall mounting in cxisting or new

('W)‘*auuuu’ L)
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construction. Only the control amplifier, solid-
state Model OA-1, requires conncection to a 117-
volt outlet.

Information on the various units comprising
this system is available from the manufacturer.

Circle No. 16 on Reader Service Card

CB-HAM-COMMUNICATIONS

FIVE-BAND LINEAR AMPLIFIER
Heath Company has comc out with a full-

kilowatt SSB lincar amplifier which is housed in
a cabinet that mcasures just 33716” high x
12 37167 wide x 107 deep.

The HA-14 “KW Kompact” is offered in kit
form. "The five-band lincar amplifier (80 through
10 mecters) develops 1000 watts p.c.p. to a pair of
572-B's in parallel. Tt features provisions for
a.l.c.. a tuned input circuit, and built-in antenna
changeover relay. There is also a built-in s.w.r.
meter.

BNV
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‘Ihe amplifier can be powered either by the
HP-1E die. supply {or mobile applications or by
the HP-24 a.c. supply for fixed-station operation.
Both provide automatic resct circnit-breaker pro-
tection.

The company will supply complete details and
specifications on request.

Circle No. 17 on Reader Service Card

COMPACT CB UNIT
Hammarlund  Manufacturing  Company  has

added the CB-214 to its line of two-way radio

cquipment. This moderately priced unit comes

complete with mounting bracket, d.c. cable, and

high-quality ceramic microphone.

T'he unit has been shock-tested to withstand
S

15 G’s in any planc. Switching is all-clectronic.
Six channels are covered in both transmit and
reccive functions and both wmodes are crystal-
controlled. The unit interchanges from 12 volts
d.c. to 117 volts a.c. Power consumption is 6 amps
on d.c. and 70 watts on a.c.

The I4-pound unit measures only 5¥4” high
x 12”7 wide and is less than 77 deep.

Circle No. 18 on Reader Service Card

FM BUSINESS RADIO
Llectronics Communications, Inc. is now ofler-

ing a two-way FM business radio designed to
provide small business and professional men with
a low-cost mcans of two-wav contact with off-
premises personnel and associates.

The “*Courier 50 FM' operates in the 25-50-mc.
range and is rated at 50 watts, ‘The unit is being
offered with either a.c. or 12-volt d.c. power sup-
plics.

Price and complete specifications on this new
unit will be supplied by the manufacturer.

Circle No. 19 on Reader Service Card

TWO-WAY RADIO FOR ‘‘HELP”
Raytheon Company has designed a two-way

radio that uses less than half the eclectrical cur-
rent required by an automobile tail light, es-

pecially for the “HELP™ highway
scrvice.

This completely transistorized unit, the “Ray-
Tel™ TWR-7, covers five channels including
channel 9 for emergency calls. The circuit in-
corporates 11 silicon transistors and 6 silicon di-
odes. Current requirements are 0.03 amp on
standby, 0.8 amp on receive, and 1.3 amps on
transmit.

Circle No. 20 on Reader Service Card

cmergency

2.5-WATT PORTABLE CB UNIT
Lafayette Radio Electronics Corporation has

just introduced a compact, solid-state CB trans-
ceiver which uses 12 transistors (8 of them sili-
con) and 5 diodes, as the Model HA-450.

ELECTRONICS WORLD
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Measuring 1034”7 w. x 2947 ho x 67 d. it is powered by a battery pack
which can be removed when the anit is used in mobile appliciions, Six
crystal-controlled  transmit and reccive channel positions are provided
with 25 watts input. Other featares include: single 1oty channel selector,
anl and adjustable squeich, 87 and bhattery condition cter. volume
control, and whip antenna. Sensitivits is gy, at [0 db signal plns noise/
noise. The unit is powered by 8 D™ cells for pmitable operation, Re-
chargeable cells and charger a1e available exira,

Circle No. 21 on Reader Service Card

MANUFACTURERS’ LITERATURE

CHURCH MICROPHONES
Turner Microphone Company is currently olfering a new 4-page cata-

logne featuring gold microphones and accessorices specially designed for
church amd svmagogue installations. Printed on heavs stock paper, the
brochme is illostiated with full-color diawings and offers three micio
phone models which were sclected by the company alter field tips and
consultation with somnd contractors specializing in chuarch applications,
Acoustical performance, beanty, and functionality are the main advan-
tages of these microphones,

Circle No. 22 on Reader Service Card

FERRITES

Kearfott Division of General Precision Inc. has recently published a
16-page, 2-color booklet describing in detail the company’s line of ferrite
products. Entitted " Fervites!” the brochure inclhudes high-permeability
tvpes, magnetic recording-head and memorv-drum Aervites,  permanent-
nagnet focusing arrays for traveling-wave tubes, and ferrite composition
for cerantic magnelts.

Circle No. 141 on Reader Service Card

LABORATORY EQUIPMENT

Cole-Parmer Instruwment & Equipment Co. has issned an extensive, new
1963-66 catalogue containing infornmation on 2000 laboratory instruments
and appliances for use in biochemistry and clinical labs, chemical process-
ing plants, and agricultural research facilitics.

One special 30-page section describes a wide variety ol pumps, while
another 30-page section is devoted to plastic items and utensils, Also in-
cluded in this comprehensive volume are numerous kinds of m:lgnelic,
mechanical, and electronic mixers, a wide range of temperature controllers
and indicating instruments, and spedial equipment, ranging from baths
and envivommental test chambers to incubators and ovens.

Circle No. 142 on Reader Service Card

COAXIAL RELAYS

Magnecraft Electric Co. is now offering a new 6-page engineering bul-
letin (No. 46)) covering a wide scelection of r.f. switching relays. Fifieen
variations of five basic sl)lcs are presented, including coaxial rclays de-
signed for minimum size and weight as well as for great operating sensitiv-
itv. Flat, bulkhcead, and “"Thru Panel” mounting constructions are offered.

The booklet contains complete technical data, detailed jllustrations, a
number of civcuit diagrams, and a special section on coaxial-relay char-
acteristics and definitions.

Circle No. 143 on Reader Service Card

CAPACITOR CATALOGUE

Republiic Electronics Corp. is currently offering a comprehensive 12-page
2-color catalogue on its “Mucon™ line of subminiature ceramic capacitors.
Ten different tvpes arve presented, including “Thinline” temperature-
compensating and  general-purpose capacitors, molded-box and uncased
varicties, monolithic capacitors, and w.h.(. standofls and ribbon-lead units,

Complete technical information is supplied for all devices listed.

Circle No. 144 on Reader Service Card

WIRES & CABLES

Belden Manufacturing Company has anmounced publication of a new
wire and cable catalogue, No. 865, Over a dozen new items are introduced,
including a four-conductor, polvethvlenc-insulated shielded cable suitable
for strain gauges and a miniature 75-ohm coaxial cable ideal for shoit-
length installations,

In addition. a handy "Cable Finder” chart appears on the inside front
cover. This chart employs color coding to separate diflerent tvpes of
shielded and unshiclded cables, thereby speeding up cable selection.

Circle No. 145 on Reader Service Card

COMPONENTS CATALOGUE
Automatic Coil Company is now distributing copies of its new 12-page
cataloguc covering a wide range of coils, toroids, r.f. and i.(. transformers,
delay lines, and electronic assemblies. Complete specifications on products
available from stock are included.
In addition, the brochnre contains a section devoted to special custom-
designed assemblics,

Circle No. 146 on Reader Service Card

SPECIAL PROBE
American Electronic Laboratorics is now making available a new tech-
nical bulletin (No. 80-8) which discnsses the use of the companv’s “Tri-
Contact™ probe with all (vpes ol in-circnit semiconductor (esters.

August, 1965

a new money-making,
traffic-building tube tester

THE ALL NEW SENCORE TCI3
SEMI-AUTOMATIC TUBE CHECKER

After thousands of requests here is the “counter/bench”
version of the famous Sencore Mighty Mite Tester; designed
for the ultimate in tube checking thoroughness and oper-
ational simplicity! Designed for two-way use —as a pro-
fessional shop tester and customer self-service unit. Tests
over 2500 tubes — including Nuvistors, Compactrons, 10-
pins, Novars, Magnovals and foreign tubes with a big
6-inch meter for easy reading. Semi-automatic; simply
turn function control to any test and watch lighted arrow
on meter automatically stop on right scale. User can’t go
wrong — no guess work — everything is read right on the
meter (no tricky neon lights to misread); only 3 set-up
controls. Easy to read, speed-indexed set-up cards make
every test fast and sure. Like the famous Mighty Mite, the
TC131 uses 100-megohm grid leakage sensitivity to spot
those “tricky” tubes other testers miss; tests inter-element
shorts and makes cathode emission tests under full oper-

ating levels. A real profit maker as a

counter checker or self service tube seller
in your shop . . . and it's only
See your distributor about the big TC131 trade-in deal.

professional quality — that's the difference!

S ENCOREKE

426 SOUTH WESTGATE DRIVE e ADDISON, ILLINOIS
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THERE’S BIG moNEY

IN
MOBILE-RADIO MAINTENANCE

with o 2nd Class Ticket and

LAMPKIN METERS

with a steady extra income.
around — the LAMPKIN

except the high-band split channels;

Maintenance''!

LAMPKIN 105-B FREQUENCY
METER 100 KC to 175 MC and
up, continuous coverage. Hetero-
dyne type. Only 8 Ibs. $295.00.
{0.0001% accuracy with inex-
pensive accessory PPM Meter.)
LAMPKIN LABORATORIES, INC.

MFM Division, Bradenton, Florida

At no obligation to me, please send free
booklet and information on Lampkin

|
|
: meters.
|
|

Name
Address
City

|

CIRCLE NO. 110 ON READER SERVICE CARD

Business and Industrial Radio . . . CB .
Aircraft Radio all are booming; all need maintenance and frequency checks.
this can be on a long-term contract basis, so you an ftll in those non-productive hours

Begin with the ideal instrument to build your business
i05-B FREQUENCY
unlimited numbers of channels and is all you need for CB and all other mobile services
later you can add the LAMPKIN FM MODULA-
TION METER and the split-channel PPN METER as your business grows.
more, use coupon for your free copy of “How

oo and
Much of

. Public Safety . Marine

METER. Low-cost, it will measure

To learn

to Make Money in Mobile Radio

LAMPKIN 205-A FM MODULATION METER 25 to
500 MC continuous. Dual scales, 0-12.5 and 25

Peak KC, $290.00. With nuad scales, 0-1.25
and 2.5 KC added, $340.00

mait coupon TODAY!

LAMPKIN
LABORATORIES, INC,

MFM DIVISION
BRADENTOM, FLA.

—> SUB CARRIER DETECTOR <«—

Adds programs of commercial-
free music thro your FM tuner
when plugged into multiplex
output of tuner or wired into
discriminator. Detector, self-
powered, permits reception of
famous background music pro-
grams now transmitted os hid-
den programs on the FM broadcast band from coast
to coast.

WIRED UNIT $75.00. KIT, with pretuned coils, no
alignment necessary $49.50. Crystal-controlled re-
ceivers available.

MUSIC ASSOCIATED
65 Glenwood Road
Upper Montclair, New Jersey
phone 744-3387 area code 201

353B AM/FM VHF

Covers 26-54 and 88-174 MC in
eight calibrated bands. High
sensitivity. Completely self-con-
tained, ideal for fire, police, air-
craft, amateur, CB, etc. listening.
Headphone jack for private Iis-
tening.

RECEIVER

$6450

Order today or send for free catalog on full line of
converters and receivers for every application.

KUHN ELECTRONICS

CINCINMATI 17, OHID

Electronics
Englneering

EARN DEGREE

You can earn an A.S E.E. degree at home. College
level HOME STUDY courses taught so you can under-

the highly pald electronles industry. Mlsslles
- automation. complete electronics.
now employed. Resident
school avallable at our Chicago campus—Founded
1934. Send for free catalog.

American Institute of Enginsering & Technology
1141 West Fullerton Parkway, Chicago 14, 1l

;s Y

i
A

SEND ELEGTRUNIGS WURLD

SUBSCRIPTION SAVING UNDER
OFFER SINGLE-COPY PRICE

[13Years $12.....YOU SAVE $6
[]2Years $9......YOU SAVE $3
[]1Year$5.......YOU SAVE $1

[0 New [0 Renewal [0 Extension
name please print
address
- 4
city [ { state zip code
.

[ Payment enclosed. (We will add 2 EXTRA ISSUES
at no extra cost, for each year of your order!)
3 Bitl me, I'll pass up the bonus.
initial
Additional postage: Add $1 per year for Pan-Am
and all other foreign countries.

Mail to: ELECTRONICS WORLD

80

Dept. 0083, Portland Place, Boulder, Colo. 80311
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REGULARLY EACH MONTH, FOR:

Housed in a lightweight, high-impact, poly-
carbonate resin-plastic case, the probe is designed
specifically for tests to be conducted on printed-
circuit boards and can be operated with only one
hand. Two conveniently located thumb wheels
control the lateral and vertical extensions of the
stainless-stecl probe tips.

Circle No. 23 on Reader Service Card

MICRO INDUCTORS
Collins Radio Company is now making avail-

able a bulletin discussing the firm’s new line of
high-frequency micro inductors. Designed to meet
MIL Spec MIL-C-15305, Type LT7j. the new
units offer inductance values from 1.0 phy. to
L0 mhy. and provide (3" values of approxi-
mately 100 in the preferred frequency range from
I mc. to 10 mc.

Packaged in hermetically scaled, tall TO-5
cases, the micro inductors may be inserted cither
manually or echanically.

Circle No. 147 on Reader Service Card

Radar Imagery
(Continued from page 43)

However, present Doppler navigators
provide drift-angle and ground-speed
information to accuracies on the order
of 1 to 2 percent. After this information
is further processed by the radar sys-
tem, this error may be increased by an-
other 1 or 2 percent.

A number of higher order distortions
are often apparent in a radar photo-
graph. Such second-order effects as
slant-range distortion and calibration ac-
curacy and third-order effects such as
cathode-ray tube and lens pin-cushion
or barrel distortion, film shrinkage, and
other factors may be present. Although a
trained interpreter with suitable viewing
equipment can often compensate for
such distortions, the radar system design
should minimize them as far as practical.

For practical, day-to-day utility, a
mapping radar requires other character-
istics often overlooked by systems de-
signers. Foremost among these is sta-
bility—freedom from drift of important
parameters such as video gain, CRT in-
tensity and focus, ete. Since the map
is recorded photographically, it is not
feasible for an operator to “tweuak” con-
trols to obtain optimum imagery.

The future of radar holds much prom-
ise in improving radar surveillance im-
agery. Fig. 4 demonstrates the dramatic
improvements in map realism now con-
sistently obtainable through better scan-
ning geometry, higher resolution, and
longer grey scale. Further improvements
in resolution could result from the use
of shorter wavelengths and/or longer
antennas. The first is negated by rain
and fog attenuation and the second by
aerodynamic considerations.

The effects of long antennas can be
synthesized by complex signal process-
ing. Although such techniques hold the
promise of future resolution improve-
ments, equipment based on these prin-
ciples is not yet dependable enough for
field use by military personnel. A

ELECTRONICS WORLD
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ELECTRONICS
MARKET PLACE

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 60c per word (including name and address). Minimum order $6.00. Payment
must accompany copy excent when ads are placed by accredited advertising agenc:ies. Frequency discount: 5% for & months; 105 for 12 months paid in advance.
READER RATE: For individuals with a personal item to buy or sell. 35¢ 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 boid caps at 10¢ extra per word. All copy subject
to publisher's approval. Clesing Date: 1st of the 2nd preceding month (for example, March issue cfoses January 1st.) Send order and remittance to: Hal Cymes
ELECTRONICS WORLD. One Park Avenue. New York. New York 10016

JAPAN & Hong Kong Electronics Directory. Products,
components, supplies. 50 firms—just $1.00. Ippano

FOR SALE Kaisha Ltd., Box 6266, Spokane. Washington 99207. TUBES

: TV CAMERAS, transmitters, converters, etc. Lowest
JUST starting in TV service? Write ror free 32 page  factory prices. Catalog 10¢. Vanguard, 190-48 99th  yYBES Ty, Radio Transmitting And Industrial Types
catalog of service order books, invoices, job tickets, Ave.. Hollis. N.Y. 11423 At Sensibly Low Prices. New, Guaranteed, 1st Qual-

hone message books, statements and file systems. e .
Se.mh pub,igcaﬁons, 6556 W. Higgins Rd. Chicago, ~ WEBBER Labs. Transistorized converter kit $5.00. Two  ity. Top Name Brands Only. Write For Free Catalog

1. 60656 models using car radio 30-50Mc or 100-200Mc, one ev’ayca“ev"\‘l“vgei :-300100'0?;”)’ Electronics, 512 Broad-
GOVERNMENT Surplus Receivers, Transmitters, Snoop- |, SPead Easily constructed. Webber, 40 Morris, i : :

erscopes, Radios, Parts, Picture Catalog 20¢. Meshna, ynn. Mass. BEFORE you buy receiving tubes, Transistors, Dlodfs,
Nahant, Mass. ELECTRONIC Ignition Kits, Components. Free Diagrams. L cclronic Companents and Accessories . . . send for

Giant Free Zalytron Current Catalog, featuring Stand-

INVESTIGATORS, free brochure, latest subminiature ~ Anderson Engineering, Epsom, New Hampshire 03239. ' "p ' ' 1vec"RCA, GE, etc.—all Brand new pre-
electronic surveillance equipment. Ace Electronics,  gyjip 7v Camera Cheaper Than Ever! Send 10¢ for de-  mium quality individually boxed. One year guarantce
11500-J NW 7th Ave., Miami 50, Fla. tails. ATV Research, Box 396, South Sioux City, Nebr. ~ —all at biggest discounts in America! We serve pro-
CANADIANS-—Giant Surplus Bargain Packed Catalogs.  68776. fessional servicemen, hobbyists, experimenters, engi-
Electronics. Hi-Fi, Shortwave, Amateur, Citizens Radio. T = = = = neers, technicians. Why pay mare? Zalytron Tube Corp.,
Rush $1.00 (Refunded). ETCO. Dept. Z, 464 McGill, ~ ACHTUNG! Das machine is nicht fur Gerfingerpoken  4gq. Jericho Turnpike, Mineola, N.Y. 11502,

Mantreal, Canada. und mittengraben. Is easy schnappen der Springen- S
—— = : : : : werk, blowenfusen und poppencorken mit spitzen- ~ TUBES—33¢ each. One year guaranteed. Complete
INVESTIGATORS—Electronic surveillance devices. Price sparken. Ist nicht fur gewerken by das Dummkopfen. stock. Free list. Cornell, 4215—W University, San

breakthrough on ultra miniature professional devices. Das rubbernecken si 5 Diego, Calif. 92105
: ! h sightseeren keepen hands in das g0, I .
:‘:: sg:a”i" J’Ol Electronics-EW, 342 Madison Avenue, pockets. Relaxen und watch das Blinkenlights. This
. vt _— _ attractive, brass metal plaque only $2.00 ea. ppd.
RESISTORS precision carbon-deposit. Guaranteed 1%  Southwest Agents, Dept. E, 8331 Hwy. 80 West, Fort DO-1T-YOURSELF
accuracy, 2 watt 8¢. 1 watt 12¢. 2 watt 15¢. Rock Worth, Texas 76116.
Distributing Co., 902 Corwin Road. Rochester 10, N.Y. — - —
NEW su efsensiti 1 istor Tocators detect buried CANADIANS, transistors, all semiconductors and com- PROFESSIONAL ELECTRONIC PROJECTS-$1.00 up.
A sil‘\)ler coinsveKitrsan:sIZe%bled models. $19.95 up. ponents. .Free catalogue contains.reference data on Catalog 25¢, refundable. PARKS, Box 25565, Seattle,
Free catalog. Relco-A22. Box 10563, Houston 18, Texas. 300 transistor types. J.&J. Electronics (Dept. EW), P.O. Wash. 98125.

Box 1437 Winnipeg, Manitoba, Canada.

CONVERT any television to sensitive, big-screen oscil- 141 H
T OODHEART! BE=* ‘ ‘ . Rectifiers & Transistors
m pe. Only minor changes required. No electronic e . -~ n
EE IT fru E “ experience necessary. lllustrated plans, $2.00. Relco, 750 ma. Silicon Diodes | Silicon Power Diode

. s ke i T At ;
ALLBAND Sak N ARGANGE il Gee 45/ | | Box 10363, Houston 18, Toras pEpuy” ar “Ton'Hat” | | TStud 3 amps.
et e TR A YT OR " 1 -“u'i'l‘.‘é s 7 Factory 50 5¢ 600 21¢ 25 66 300 25¢
Y PR T TEOR S8 R ST | | NEED RESISTORS? Factory fresh, NAME BRAND, 12| | 30 3¢ €00 21¢ 25 B a0s 3b¢
Cl“(;t"‘-:'rllsrﬂi\lllg:\,\“grksIlkea 199.50 watt, 10% standard carbon resistors. Any regular 200 10€ *800 32¢ 100 14¢ 500 35¢
TIME PAY PLAN. am purhice foU g 109 | | oy hom 10 ohms to 2.2 megohms, $.05 each! Post-| | 400 14¢ *g00 40¢ 150 16¢ 600 40¢
U Tl At . dHhen paent ol 0% paid. Any quantity assorted. Minimum order $1.00. 500 18¢ *Top hat only 1200 22¢  All tests
R-23/ARC-5 Command rcvr 190-550 kc . 14.95 TEPCO, Box 508, Tullahoma, Tenn. - - 10F\;«Irla’t{_(‘sai‘l‘.s'Ztgﬁz‘rm;'tucd"?;r-“lns‘(()‘s“' American rag(éeéa
ARC. 12 #22 Command revr 540-1600 kc. 17.95 | | yoaNeicToRS Miniature Electronic Parts. Send for | | 1 Watt Zener Diode Axial leads 6v-200v. . .506 ea.
ARR-5 rcvr, 60 cy, am/fm, 38-140 mc,,.., 179.50 . . Sil. diode stud 1500piv 300 50¢
Panadapter 5.25 mc for above. 60 ¢y . ... 69.50 Free Catalog. Electronic Control Design Company, “la- ! o Ud S PIV” U ea.
APR-4 rcvr, plug, book, 381000 mc..,,,,179.50 | | P- 0. Box 1432M, Plainfield, N.J. L LR oL T fseocr:q'ef 10? piv ;52 25
Add $65.00'for 975-2200 mc. Add $125.00 for 2175 — - Sit diode 1500 piv, 50 ma, dhoae, Bisixe R
4000 mc. Add $30.00 for AM/FM w/60 cy pwr. ELE?TRUNIC Bargains—Free Catalog, Tubes, .DIOdES, lUFFMA%l 30I0|0 n epoxy di 27XY8 X2
RA-62-B s AC pwr sply for SCR-522, only.. 17.95 CRT's Tuner Cleaner, etc. Cornell, 4213-W University, I’:OFFMAN ool g:\y:%gg o §J'49 g:
D'?ES;TIO&N Seiger And D-‘f lm\]:'f ThUE m ARING  Tn san Dle_go' Calif. 92105. Thermistor, glass bead, 1200 ohms, 600°F.2/$1.00
3 seconds, Use yiead of any revi a0G 160 he, DETECTIVES! Free Brochures; Electronic intelligence Silicon Power Transistors—85 w. 2N1724 $1.50
Gots IH— & hir from reer. New, hs 29 95 .
WG & o comvert o MARINE AN devices for your needs and budget. SILMAR ELEC- ' ZIU W;" ?ermfnhlun; .
i:lst?gn( 1’3{13"1;5"3””"“ Revr. .54-64 mc.....395.00 TRONICS, 3476 N. W. 7th Street, Miami, Fla. 33125. 21038 (internal an ] sink)
cvr. 225-400 mc. ... © 295, " .
TDZ 60 cy xmir 225-400 me 30 w Po, new .. PUR | | EXPANDED THEORY GRAVITATION because pushing ra- | | 201039 ... snioas -
LM-14 fréq. meter, .01% 125 kc- 20 mec. 57.50 diation from stars. $1.00 refundable. Carnahan, 4407 2n1041 201045

TS-323/UR freq. meter 20-480 mc., .001%.199.50 Avenue H, Austin, Texas.

Tektronix 541A scope w/preamplifier .., . Light sensitive Power transistor T0-3 case
Tektronix 514AD scope dc to 10 mc GEIG;R Counters Cheap! Shirt pocket size! Ideal for with circuit instructions........... $195 e

LP Signal Generator 9%2 kc-50 mc. .. warning you against accidental exposure to radiation 2n1149 5 for 51 go
AEn 00 sibnal genenalior I0-00 ey hazards. Send 15¢ for catalog. Franks Scientific Co., | | Sngs50 ... 0 7 oo

i m - . . A . PR LB B 4] | 0 L N R R R N I S
H.F. 608D like new uncond. grtd ... ... P.0. Box 1192, Corinth, Mississippi. HF Silicon—2N702—100mc 40¢; 2N703— 150mc su¢

SG-66A/ARM-5 (A.R.C. H-14A) OHC ...

TRANSISTOR Ignition Coils 400: ial $3.95. Two
SG-1A w/home-made pwr sply 0K grtd .750.00 e e RS s

Light Sensitive Resistor |
Delco Transistor Cascade Amplifier (15 Amp) in Ano-

I 75 ohms-—10 meg, 100 volts, 150MW, $1.75 ea.

T$:4184/U sig. gen. 10 0 dbm 0.4:1.0 gc.. 39500 | | 04 auminum Heatsink. Below Parts Cost at $5.95.| | Philco SIL_NPN, 2N2479, new ... 3 for $1.00
LINE VOLTAGE REGULATION | BARGAINS 4/10-6/10 80 Watt Ballast Resistors, 69 Cents, 6-10 | | 20117, Silicon ............o.ovoe 5 for $1.00
Larkest sejection in the WORLD: ask for list. trom | | yoit 20 Amp load Relay with fuse, 99 cents. Complete | | 21233, Silicon Power ............. R
Sola 250 VA to Sorcnsen 10.000 V Kit for 6-12 N { ! y mp HF Silicon tetrode, 3N35 .............. 75¢ ea.
REGULATED DC POWER suppLy BARGAINS dérs OJnd'elr s‘/gg Aggasge G’?“"désff-i’f g?“pa'dt- OH Sil, diodes 1N200 series, asst'd new 15 for $1.00
HEXY_jarRo selectiont Ask for list of these! w merchan-dise suppl celr; s“;;d Egle-ctroonsiiouu’ Ei r(\;l?rk ?lgdgs,. gIaEsa,nr:wb.l/. "0z, & am SRL AR
HEWLETT-PACKARD & OTHER METERS, VIVMS | | i ot ioe ooy e el . vy S arxayar 2 O AR 95 ea
Neey_larresselectiopl Tasi] for List ofithese] aors, - Magnetic reed switch with mounting ... .75¢ ea.
WHEATSTONE BRIDGES, SAFEGUARD Privacy! New instrument detects electronic 12 different volume controls ............. $1.00
VOLTAGE DIVIDERS, ETC. “bugs’’, wire tapping and snooping devices. Free in- Varicap—voltage variable capacitor—

Very large selection! Ask for list of thes formation. Dee Equipment, Box 7263-E11, Houston 8, 47 pfat 4 v, d:1, new .......... $1.25 ea.
Gomtions: i Counters” & *rop pure’ el || Texas, - SILICON CONTROLLED RECTIFIERS _
iMiges & Voltare Dividers, AC & DOy Gaiv ”“‘{“’" HEATSINKS! Designed for 40 watt push-pull transistor 25 amp amo | amp. Foy
Lg‘gc'{f_fxm"aﬂr:‘;,“‘gg;s aeeinnle. T amplifier. Only $1.25 plus 20¢ postage. Send 15¢ for S0 ‘a8 76 | 399 1.60 2220
VHONE! | YOUR 'SPECIFIC NERDSI cMatang Franks Scientific Co., P.0. Box 1192, Corinth, HE ] Teaollias e 2210
ississippi. ALL TESTS STUD TYPE | 600 3lo0 3l30
R. E. GOODHEART CO. INC. COIN-COMBER Metal Detector. Sensitive Silicon Tran- | | Postake. Catalorue ase, =100 MM oraer: fnclude

Box 1120-A, Beverly Hills, Calif. 90213 sistor circuit. $39.95 Assembled. Racom, Box 13469¢ Electronic Components Co.
Phones: Area 213, office 2735707, messages 275-5343 Orlando. Fla. Box 2902 Baton Rouge. La. 70821
CIRCLE NO. 118 ON READER SERVICE CARD CIRCLE NO. 121 ON READER SERVICE CARD
August, 1965 81
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GREGORY ELECTRONICS
RE-CONDITIONED FM
2-WAY RADIO SAVINGS

Partial list—Send for New '65 catalog

ELECTRONICS ENGINEERING
AND INSTRUCTION

FCC LICENSE in six weeks. First class radio telephone.
Results guaranteed. Elkins Radio School, 2603C, In-
wood, Dallas, Texas.

SPECIAL PURCHASE
RCA 25-54 MC

CMV2F5 6/12 volt 30
watt vibrator power sup-
ply FULLY NARROW
BANDED (TX & RX) com-

plete with all acces-

gamedu?if 1u'qed ,Lo sories.

esired frequency in-

cluding new antenna

l $128.00 $88
MOTOROLA

30-50mc

r wide band

Complete with all
accessories, less
crystals & antenna.

FMTR80D, 30 watts. 6 voit.
(Less accessories, $48.)

FMTR80D, 30 watts, 12 volt. ..... 0aa

(Less accessories, $88.)

FMTR140D, 60 watts, 6 volt. ............ $98
(Less accessones $88)

FMTR140D, 60 watts. 12 volt. ......... $1 28

(Less accessorles $98.)

Add $55.00 to narrow band transmitter, tuning of
transmitter and receiver to desired frequency and
new antenna.

ELECTRONICS! Associate degree—29 months. Techni-
cians, field engineers, specialists in communications,
missiles, computers, radar, automation. Start February,
September. Valparaiso Technical Institute, Dept. N,
Valparaiso, Indiana.

ELECTRONICS—F.C.C. License Training—correspond-
ence, or resident classes. Free details, Write: Dept. 6,
Grantham, 1505 N. Western, Hollywood, Calif. 90027.

REI 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, ldaho 83523.

LEARN ELECTRONIC ORGAN SERVICING at home. All

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. Fundamental and
advanced correspondence courses. Free information.
Huntington Institute, division of Lantec, Box 2244B,
Huntington Park, Calif.

WANTED

148-172mc
RCA CMC 60B

6/12v dual dyna-
motor 60 watt. Fully
narrow banded complete

less crystals & €178
$213

with all accessories,
antenna.
Less Accessories $148.00. Same unit
tuned to desired frequency including
new antenna

[ RCA 148-172mc CMC25

12v 25 watt transistor power supply

(a) Fully narrow banded complete with
all accessories, less crystals & an- $198
tenna ... e
Less accessories $158.00

(b) Same unit tuned to desired frequency
including new antenna $233

G-E 4ETS 6v 30 watt 40-50mc
Transmitter .....cieiiiieiiiiiines 00

G-E 4ETS 12v 30 watt 40-50mc
Transmitter
Extra Special Purchase
Reconditioned General Electric

Voice Commander

Persona! FM Transmitter-Receiver
132 to 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
charges for these units,

h P s

GE Model #4EP27A10,
Price: $18.

If addt'l. nickel cadmium
batteries are required,
$25. each. Lapel micro-
phones at $5. . .. or bat.
tery pack, power supply

bottom housing at $40.

QUICKSILVER. Platinum, Silver, Gold. QOres Analyzed.
Free Circular. Mercury Terminal, Norwood, Mass.

CASH Paid! Sell your surplus electronic tubes. Want
unused. Clean radio and TV receiving, transmitting
special purpose. Magnetrons, Klystrons, broadcast
types. Want military and commercial lab/test equip-
ment. 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-
14c, ARN-18, ARN-59, 51X-2/17L-7, 17L-4, RT-68/GRC,
Test Sets With ARM, UPM, URM, SG, Prefixes. Top
Dollar Paid. Siep Electronics, Drawer 178-ZDEW, Ellen-
ton, Fla. 33532.

World's

"BEST BUYS”
in GOV'T. SURPLUS
Electronic Equipment

OSCILLOSCOPE

0S- ZB/USM 24: 3 inch CR

Tube JP1; recurrent
sweep, s cyc. per sec. to
00 KC. Triggered sweep
1.25— M Micrasec
vert. deflec, sensmwty .03S
horz. defiec, V. Rorz.

response .5 cyec. per sec. to
700 KC., Vert, response 4

cyc. per sec. to ] C.
Beam mod. response 50
cyl: per sec. to 1 MC.
Horz. input i
. input
ohms.
resist. §

resistance
Beam mod. input
56,000 ohms, Operates
Hom 115 Volt 50 to 1000
cycle radio freq. & mod. Circuits use BCN scries coaxial
connectors. Size: 17x15x15”; Wt.: 60 Ibs. USED, serve
iceable. Prices given helow nre Iess blowcrs. probhes. ca-
bles. coaxial fittings and as offered:

With Back and Front Cover

Less Back and Fromg Cover ...........

Less Both Covers & Delay Lines

BC-221* FREQUENCY METER

This is a simple, accurate and reliabte crystal cal»brated
'requenl:y indicating instrument for use in

20,0 KC range. with a normal operating accuracy ol
less lhan 029, . Can he used also as a signal gencrator or
variable freq. oscillator. Complete with Tubes, Crystal and
original Calibration Book. (No Modulation.} Operating
voltage required for dry cell operation: 6 VvDC .9 Amp, &
135 VDC 20 MA, Size: 10x13%/4x10”; Wt.: 25 Ibs, Units
may be in Wood or Metal Cases; various letters*!

NEW UNITS——compiete as described above,

plus Headset and Manual . .............. $12500
New Units are in original Gov't. packing, If you want
them this way we will not he responsible for their oper-
ation. Specity if wanted checked—or in original boxes!

USED UNITS—complete as described above, $79 50

checked for operation ... ................. 0

TEST EQUIPMENT:
TS-147B Signal Generator—8500-9600 MC u: % 59 50
T5-117 Wavemeter —2400-3400 M se
UPM-19 Pulse Generator—2650-2950 MC. Use

39.50
URM-23 Attenuators—1000 to 4000 MC . . 14.95
TS-102B Range Calibrator . ........... 18.95
UPM-1 Scope-0scil.-Wavemeter—155.580 MC. 99.50
BC-1277 Signal Gcnerator—-zaoo 3400 MC. . 22,95
1-193 Pglar Relay Tester . ... .. ..... .. Use 16.95
LAF-2 Signal Generator—so to 700 MC. . . Use: 75.00
TS-118/AP RF Wattmeter ............. u 39.50

FOR BIG CATALOG—SEND 25¢ (stamps or coin)
& receive 50¢ CREDIT on your first order!

Address Dept. EW ® Prices F.O.B. Lima, O. ®
259, Deposit on C.0.D.’s ® Minimum Order $5.00
AIR DIO SALE
2133 ELIDA RD. - Box TQ5 - LIMA, OHIO

BARGAINS

Write for a copy of our
Complete Bargain Brochure

Collins 5KW, 10 Chan, Autotune
XMTR A-1, A-2, A-3 2-26MC $Llow

ANTENNAS Boonton 1704 *'Q"" MELET ««evnvranenn. s 200,00
HP? 3a0D VTVM HRack ’\Inun[ . 135.00
Teletype Test Set TS-2/TG . Q
l‘(‘rthhl }{\lla Ilr'l"q;x:n[(‘\ l)hl(lr‘r i i ;gg.gg
H H Genera o fower S Ne .. .
FAMOUS Channel Master antennas now available in Ganeral 1tadio 120%B OsellAtor H3-500 mc. 140,00
i i ! - General Radio 821A Twin Impedance Bridge 310.00
kits, Do it _yourself and save! Also rotators, UHF“COR General Radio 1021A Sig. Gen, H Q
vertennas, indoor TV, FM antennas. Free catalog “W’'": Hewlett Packard 1520 Dilal Trace o
. mplitier ..o L 1 .00
Jefferson-King, South Fallsburg, N.Y. 12779. R gk Mount 135.00
Boonton 160A Q 290.00
Boonton 207G ('nl\erl(‘r . . 300.00
Collins R-388/51J3 Recveivers .. .. .. PUR
REPA'RS AND SERVICES TS-410/U Sig. Gen. BOO-2100MC ... ..., 349.50
{1 Band Tuning Units o1 AlI'R-1 Re-
ceivers, Slide Rule lnll Type O 53
H38-1000 MC Like New oo 159.50
TV Tuners Rebuilt and Aligned per manufacturers spe- }}Illr’ rzgﬁ i‘{‘ uo( G""Qf}ﬂf»?«' EERELL (LR g;g.gg
H ) b 1 T A00MC > -
cification. Only $9.50. Any Make UHF or VHF. We ship G.R. Unit Seeirrn 15T 5710 Samer Rew 315.00
A Pulse Generator. Excellent ... .. z5,
COD Ninety day written guarantee. Ship complete with HP 305 AG Audio Generalot. kxcellend [ 295.00

tubes or write for free mailing kit and dealer brochure.
JW Electronics. Box 51B. Bloomington, Indiana.

FAST Service. Transistor radios. Free wholesale
brochure. Twinlakes Electronics, Leitchfield, Kentucky
42754,

GOVERNMENT SURPLUS

JEEPS $64.50...Boats $6.18...Typewriters $4.15

. Airplanes, Electronics Equipment, 100,000 Bar-
gains Typically like These Direct From Government in
Your Area. For Complete Directory and Surplus Cata-
log Send Only $1.00. Surplus Service, Box 820-K,
Holland, Michigan.

We Buy Late Model Equipment for Cash
—Write; Wire or Phone!

T GREGORY

(5= ELEcTRONICS

sacrmomes..  CORPORATION

249 Rt. 46 ¢ Phone 773-7550
Sadd!e Brook, N.J. ¢ Area Code 201

CIRCLENO. 116 ON READER SERVICE CARD
82

ELECTRONIC Bargains—Free Catalog, Tubes, Diodes,
CRT's, Tuner Cleaner, etc. Cornell, 4213-W University,
San Diego, Calif. 92105.

PRINTING

QUALITY Business Printing. Reascnable. Free Samples.
Prestige, Box 146-E, Newton. lowa 50208.
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TS llS/U Sig. Gen. 400me. tn 100me.
Like new
TS-32¢ i/UR F
Go o
Me’uuremuns Corp. 31 Intermodulation
Moni

tor. NCW L.l i e e
Empire Deviees Broadband X-tal mixer type
CM-107C. 1120me to 1700me. Excel-

lent ... e e e 30.00

Empire Devices RF1 Test Set NF-105/205 (Ml
Type, AN/URM-7). Like new with two tuning
units and antennas—20MC.400MC. Price on Re-
quest.

PRD 390 Adaptor. NEW ... ........... 22,50
PRD 130B 6db. Attenuator 3.95
AN/URM 14 Mike Simulator Q
AN/URM 25 Sig. Gen. 10Kce- .)()Mc Q
Ballentine 300 VTVM ............ 99.00
T< 2GHD /U Fxtal thtlﬁer Test Sm 560 17.50

S-217 Analyzer for 1T 175.00
Measurements 8O sxg (;o Q
SP-600 JX 540 Ke-5 o/ 450.00
R- J(](l Uh!'lill Job )U() 3’!\\(‘ Q

4

oome/s ...
Hl’ ')lﬁ'\ sig. Gen. 1.R-
HP 30 Wave Analyze .
HP 713A Klystron Supply .

WANTED: CV-43, TN-131, RT-263/ARC-34, AN/
GRC—and all milltary & ‘commercial test equlp
ment as well as commercial aircraft communica-
tinns gear.

4178 Park Ave.

SPAGE Bronx, N. Y.
ELECTRONICS (212)'cy s:0300

CIRCLE NO. 102 ON READER SERVICE CARD
ELECTRONICS WORLD
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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.

TAPE-MATES MAKES AVAILABLE TO YOU—ALL 4 TRACK
STEREQO TAPES—ALL LABELS—POSTPAID TO YOUR DOOR
—AT TREMENDOUS SAVINGS. FOR FREE BROCHURE
WRITE TAPE-MATES CLUB, 5280-E W. PICO BLVD., LOS
ANGELES, CALIF, 90018.

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 tibrary, Box 2262, Palm Village Station,
Hialeah, Fla. 33012.

TAPE RECORDER SALE. Brand new, latest models,
$10.00 above cost. Arkay Sales, 1028-B Common-
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.

HIGH FIDELITY

LDW, 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 Turnpike, New Hyde Park 10, N.Y.

FREE! Send for money saving stereo catalog YE8W
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.

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.

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.

IMMEDIATE cash, for Patent Applications, free Patent
Searches. Write for details, Universal Patents, 184-Y,
Marion, Ohio.

PATENTS

INVENTIONS: l|deas developed for Cash Royalty sales. |
Raymond Lee, 1606G Bush Building, New York City 36.

RECORDS |

DISCOUNT Records, All tabels—Free Lists. Write Cliff
House, Box 42-E, Utica. N.Y.

MUSIC

POEMS Wanted for songs and records. Send poems.
Crown Music. 49-RB West 32, New York 1.

SONG ideas wanted. Write with Professional Song-
writers. Share royalties. Songwriters' Associates, 236
W. 55th St., New York 10019-v.

August, 1965

THE LARGEST STOCK OF OBSOLETE TUBES IN THE USA AT THE LOWEST PRICES—

%
BRAND NEW A
UNITED'S FIRST QUALITY :
TUBES biscounts wp 1o OFF
GUARANTEED ONE FULL YEAR! MOT USED! NO PuLts! WHY PAY MORE ?

Price | Type Price | Type Price

Type Price | Type Price | Type Price | Type Price | Type Price

1.95 9t |1978 ..1.
1.75 5
2,50 .
1.59 .1.49
..99 1.65
i.08 L1.15
1.99 22BW3 1.21
1.01 .11s
1.29 1.95
1.25 ..3.25
.1.03 25ACs .2.50
11133 ‘168
...95 2L6 . ...7 .1.05
1.65 12L8 ....50]| 25BK5 ,1.15
...89 12767 1.39| 258Q6 .1.45
l2.7a 12q7m 1.50| 2588 . .1.93
11135 . 32R5 . .1.18| 25¢5 ' .lé6
75 12,78 cA .. 12SA7 1,60 | 25CAs [1.15
30 .1.50 |g B8 ..1.49|10DE7 .1.18|125A7GT 25CD6 .2.10
4s -1.2916L5G ..1.50|10DX8 .1.37 1.65| 25CU6 1.70
.20 -1.69 l6L6G 98| 10EG7 .1.49|125C7Tm 25DN6 .2.10
75 -1.21 lgL6GA .1.50|10EM7 1.75 . 25EH5 . ..B2
1AJ5 ‘o5 <9531 6GB .1.50| 10EW7 1.45 | 125F5GT 25F5 . .1.29
1AU3 .25 .+7561.6GC .1.61{10GNS .1.30 1. 25!6 ....75
1AX2 ..1.10 ..1.35|5.6m ..3.30|10HF8 .1.69|125F5m 1.50|25W4 . ..95
1AY2 ...98 . 2.39|6L7M  .2.50| 10HT8 .1.21|12SF7M 2.15[2525 ..1.70
B3 . 2.97 <1.3916L7G .1.75|10JA8 .1.35|12SJ7GT 2526 ..1.10
184P | .2.00 -1.5516m11  .1.81|10Jv8 (1,39 1.35 | 27685 .1.49
Ccs ...1.10 --1.1916N5 . .3.20|10KU8 .1.15| 125G67M 32€ET5 ...89
1€6 . ..1.25 -1.531gN76 .1.49| 10Y . ..95 1.39 .
lxg;,cp ;%g :gg N7M .1.9}2 1 -1.10] 125H7 igg
B <1.55|6N7GT 1. 11.49 5
5o -1.471sps .. .2.50 |1 2.35| 12547M
11.19 |gq76T .1.95 |1 .95 5
-1.75lgqrm .2.00 |1 1.25{1212SA7GT
-1.6016q11 . 1,291 . .89 5
1.100er7 .. 1.75 1 :2.95[ 125K7M
-79 654 .89 12 8 5
1.21 es7 - lliles 1 -:98| 1251767
-1.39155 ‘1l 5
1-2916sa7GT 1.39
-1.931gsa7M 1.
1-12lesm7v -2.35
g -1.3%16sc7 . 1.
& o 3:15(esp7 | l1.49
-1.19 »35 Dileo|e2ESer 130
19 SR 3
Lo 15 T1l10|€367 . 1.65 =
1118 a8 A 2]l S e 3
g Bt “123 [eSiTer Lias|izare 32 2
0t - D 5J7M .1.
oheEH 2 -2.79 |esk7cr 1025 9
o :s5|6Ezs | (1ia1 |SSKIN 133 i
...52|eBDa ..7.00|6Fa7 [ 1.10 (53 0 3z
1133 1:39|35N7GT .93
198 4.58 880767 1.25 39
13s " l1.s50/8507M 1.45 g
125 J1.72|6SR7 . .1.42 €9 .
‘1.2 1.95|65Y7 .2.00 9s .60
1.00 3719 |6557M 1.95 75 75
.2.15 '3.95 (BSS7GT 1.89 35 15
208 t3l28(6527 ..1.25 39 35
89 1199 R oo 0
sii27 Ll1lzs — a0 o
Jl1.25 ‘1lio|euss ... .. s
.95 95 e
DoCC c:1-75leus . . 1.29 95 o
. Jlil2s e (TR £ B
.- 1.31 1. 0 ‘10 s
1Us .-97 |5cG8 . .1.25 143 .79 10 5
1v_ .. 1185 |scis  1.30 ..l89 -89 £ad s0
1v2 .. .79 |5cmM8 . .1.47 1,19 .79 -9S 50
1x2 .1.10|56qQ8 ..1.52 ‘1,33 2.39 85 10
122 .3.25 70 ‘1'1s .92 £ 10
243 ' .3]25 1s ‘158 1.03 75 95
2As5 .2.95 00 9 .6 95 .40
2A6 ...3.75|5EAg . 1.21 i .75 02 .98
2A7 ...1.50 | 5ESS . .2.21 o|s 1.30 iz )
2AF4A .1.39 |5EUS . .1.29 5 1.65 25 25
2AH2  [1.19 |cEewe  [1.01 3|7 1.95 89 ..55
2As52 . .1.19 | 2fg7 . 1.07 81 1.95 98 95
2av2 .1.l9s [2FVZ - 131 119 1.85 25 .00
283 2.70 |sgH8 . .1.50 Sl1.59 2.25 .15 .00
287 .. .1les |23N9 o182 e T119 2.75 20 .50
2BN4 T les | 2 1100 38 1l1la3 125 02 75
2cYs . .1.15 23| earr (l1les 2.10 .05 ‘s0
2D21 ....75 65|6GHS . 1.19 .2.85 .98 75
2DZ4 . .1.95 o8| 6GJ5 . 1.69 1.95 15 1.25
2EAS | .1.45 01| 6637 (1137 ' .67 73 1.50
2EN5 | ...83 “72| 6GKs | L1.55|7 .2.25 a9 1.50
2ER5 . .1.60 [a5|eckeé | .99 L2175 .15 3.00
2FHS . . 1.40 .60|8GL7 . il9s 1.25 -35 1.25
2FQ5 . . 1.95 s4|6GMs |1.21 2.50 G N
2FSs . .2.5S5 60| 6GME | .91 2.00 05
2FY5  .1.49 00 |6GNS . .1.35 Tl1l1s
2GKS . .1.57 l95/66GQ7 [ .1.89 1.35
2GU5 . .1.69 53|6GR7 . 11.42 2.7s
2GW5 .2.40 77| 66715 11139 1.25
98 20| 6Gvs . .1.65 2'00
60 ‘a5 |6Gve . l1.85 125
30 25 |6cwe . 1.55 1.85
as . ‘"53| 6Cws [1.21 110
9 .00 p5|6Gx6 ....88 2.10
a 72 ?g ‘95 |6Gx8 31 I3l10
3A8GT [1.25 120 e 2 1.65
3AFa . [1.a9 75 560 6 s
3ALS 7 15 00 5 des
3AT2 3| 6ABGT .2.50 12 9 2.50
3aUs 5|easm 2,50 5a 9 3-00
3ave !...68|eaB4 ....82 39 s ek
3aw3’ [1.31|6aB5 ..3.10 ‘e ] 2.75
3B2 ...1.29|6AB7 ..2.10 i.as 5 -1.85
ggZ\s .1.32 6ACS f§§ a2 19 f;g
8o 6AC7 ..1. 3 .19 1. v
iBcs 89 | 6an7 . .3.25 3 121 181 G o
eEE TN TN
. 6AF 1. .
38N6 | .1.35 |GAFa . 1.45 73 2175 [FFy otidB
3BUS . .1.27 | 6AF4A .99 5 .2.25 & 8s
3BY6 ..1.05 |6AF6 ..2.65 6 .1.79 )
3826 ....90|BAF11 .1.95 s |7z4 215 ss
gggg 8 ..l.?l.'; 9|3aus ..1.50 .
7" alsaws ~.1.35
3CF6 ..1.25 S|3ens .:1:38 coaoms 150
3Cs56 -.1.88 20 .99 Q
3cvs R 9 95
3p6 .1.95]6CY7 Il1.22 72|3cm7 [li07[12Fxs ] 150N 1736 Krseme " o8
30Ga ..1.50'6€z5 ;.1.59 11.1.85'8CN7 [ .1.05 12FX8 .1.27 19Q9 . .1.15 1.00
e e e SEND FOR CDMPLETE PARTS CATALOG WITHOUT COST e e 0
TERMS: Mnmmum‘ order $5.00 exclusive of postage. Remit full price pfus postage. NO ABOVE PRICES
(.O.D: The above list does not reflect our entire stock as we have one of the largest SUBJECT TO (HANGE
selections of SPECIAL PURPOSE, BROADCAST & TV TUBES in the U.S. Write for quotation. WITHOUT NOTICE

ESTABLISHED 1920 SEND FOR
c BOX 1000R, DEPT. EW, COMPLETE PARTS
® NEWARK, N.J. CATALOG

THIS AD CANCELS ALL PREVIOUS QUOTATIONS BY MAIL OR ANY OTHER ADVERTISING MEDIUM
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15 Tubes 435 to 500 MC i 5:2NEW i
Can be modified for 2.way ‘,
e Yiand 4504 0 AUTHORS! Learn how to have your book published, Pl
g, ;:ii\l,ief‘«-n;n;w‘gghdg“;)};- promoted, distributed. FREE booklet ““ZD,"” Vantage, 1
: revin west 31 St., New York 1. i
ﬁ'v.fi'{'].ﬂ"l‘c255'5,},“.“‘&,5;”‘;:“’;“v \INZAONTEZSW?RITERS' Siw t(:to ies, articles, books, pl Siis Gpe e g
Bt new Cwith tubies, ll‘l, d LN 0T QA TR Cop L OL S LIC £ to 2000 Ibs. One
power supply in facters car poetry. Will help place, sell your work. Write today, A f
ton. Shipping welght 25 Ibs. free particulars! Literary Agent Mead, Dept. 37A, 915 hand operation!
SPECHIALL, o1 ¢ v o s 2 St it e e Broadway, New York 10, N.Y.
- 2/24v g
Hir CAntenna Asoewmbty | i hwut i \ $L£L95
g::;g‘ﬁteans‘ct ot lo PIugs i s e D :1: PHOTOGRAPHS 'y 5 ..
SPECIAL ‘‘PACKAGE"” OFFER: L L
B oa? oLy nRAND NEw., M A wgiﬁ”ga - ; Weighs only
While S1OCKS LASL 2 vwvntnonanan s B PHOTOGRAPHS and transparencies wanted, to $500.00 13 ounces
—AN/APR-4Y FM & AM RADIO RECEIVER each. Valuable information free—Write Intraphoto-EW,
High precision lab instrument, suitable for Box 74607, Hollywood 90004.
monitoring and measuring frequency and relative : .
signal strength of signals from 38 to 4000 Mc., ) ; Complete with
ionpesrattgg:‘ngbu_:ut_ ragge:. ForpplI;O V 60 cycle AC HYPNOTISM Ginee 100 feet of 550 Ibs. darian
on, butlt-in wer su 3 d lon cord = Lomplete
LIKE NEW, SPECIAL $79.50 : : per strand ny N
T TR S - - - tooled lifting slings and i
Tinlng Units Tor above t stack. 11U B FREE Hypnotism, Self-Hypnosis, Sleep Learning Cat-| o of ori % ool rgings g pareying
smemmml | alog! Drawer H400, Ruidoso, New Mexico 88345. SR - s
LORAN R-65/APN-9 RECEIVER As powerful as it is small!
& INDICATOR Carry it in your car, tuck it i
| Used in ships and aircraft. Deter- P LS R S in any drawer. This finely
kmines posi_ttiton byAradio tsitzrtigls _ftr'?_m engineered precision device
o distance. . Comolete  with FLORIDA WATER WONDERLAND—Home, cottage, Mobil- | has hundreds of uses e :
{ubes and crystal. IN LIKE NEW Con- sites. Established area. $590 full price, $9.00 a month. | around home, shop, boat, st i
BHION L e 5 Swimming, fishing, boating. Write: Lake Weir, Box | factory, warehouse, etc. No s L
Used, with all parts, Tess Tubes, crystal  ¢9g 5Q KE38, Slver Springs, Fla. AD 6-1070 (F-1) more struggling to lift heavy
7:‘1!‘:";:"‘ P OWER SUPPLY Tos S"“L‘L’g lNP'UT FREE'—SUMMER CATALOG. Thousands of new prop- | objects. Do it with one hand b :
v PPLY for above APN- : erties described, new photos too—Land, farms, homes i
E - ] . ] 5 . . and a POCKET HOIST!
24 VDC. QUTPUT: 115 V AC. 800 cy. Like NEW$:22 :‘; businesses—Recreation, Retirement. 470 offices, 34 | ____" _ _—
Shock Mount for above ,................ states coast to coast, “World's Largest.” Mailed FREE! | g
, CONSUMER SERVICE ®
Circuit diagram and connecting piugs available slgg;,;” REALTY, 50-2D East 42nd St., New York, N. Y. : T80 Marcor St Now Yocht‘:”;' 10012 .
LORAN APN-4 . Enclosed is $ for—Pocket Hoists at $6.95
- °® L °®
ea, plus 35 . for postage handling.
@ij NAVIGA;II::AI?UAEI;;EYIPM ENT : (:{. _Yp.uC‘ regid::ts pleagg _aadgd 4a°2)d salaens tar;g.) :
Determine exact geographic position of your boat HELP WANTED @ fForeign orders $1.00 additionat. : :
or plane. Indicator and receiver complete with all °
tubes and crystal. - — ® Name Triease FRINT) twas @
INDICATOR ID-6B/APN-4, and RECEIVER R-9B/ YOUR Own B_usmest. Sell tmanihbsvok taﬂvertlsn’\]g— : Kidress :
APN-4, complete with tubes. Exc. Used....$88.50 J] | Part or full-time. No investment. We tell you how.| g 4
. - - No experience needed. Earn cash commissions Pplus e City State Zip Code b4
{‘Ew- AP{“"‘A Rece"’i’,;“‘f';af‘°' as a°°"§v C"afnged free gifts. Sales kit furnished. Matchcorp, Dept. MO-85, | o Sorry—No Charges or C.0.D. orders. 4
o caperate same as APNA- Tor I Proy et ¢80 50 [| | Chicago 60632. 0000000000000000000000000000
Shock Mount for above . $2.95 I—————————————— —_—————————
0V e, 'OUTPUT. 115 V" AG, "800 cyeles, Like CLASSIFIED ADVERTISING ORDER FORM
New .o ciiiiieiiiiiii $22.50 Please refer to heading on first page of this section for complete data concerning
e ies euebinesotrgnlacement=parts-and terms, frequency discounts, closing dates, etc. |
SCR-625 MINE DETECTOR
Complete portable outfit in origi 50 1 2 3 4 5
nal packing, with all accessories
Brand New ......
Exc., Used . . $27.50 -
6 7 8 9 10
EE-8 FIELD PHONES I
Ch‘ehcked out, perfelct working orier Complete |
with all parts Excellent condition. LIKE
NEW! Each - .......... - $1450 § " 12 13 i e |
s co“sﬂss 274 COMMAND EQUIPMENT | . ] ] |
Bescription | usea  Wew NEw [ || 16 17 18 19 20
Bc-l 53 Recelver
0-550 Ke. .. ... ..., 4i4.9% $18.95 PF.U.R I
28.1 ?3 Beceiver 3:¢ ME 1A s1s.50 poum L —
BC946 Receiver, 550-1500 Kc. Compléte with ali | 21 22 23 24 25 I
tubes, Brand New, in nr:gindl packl ;, ...... P.uH,
1.5 to 3 MC. Receiver Brand N ... .%21.50 I
I ARC- )oll:.‘(‘ohers '?;m]:‘lupey“l'::\ xan 'e.dl,:ll- I 26 — 27 = 28 29 30
vnucuons Factory wired, tested, reud\ to ODOIB
SPLINED  TUNING ‘KNOB Tor "874-N “and ARC.S I
RRQEIVEI s Bonton, SCrtetand.) o 408 | 31 22 T a3 7 S— 35— |
i do 3 Mc Trancmitter. Brand New . ... ..$12.95 I l
¢ omplete
I“l'hm I.:n tubes and crystal, OBRAN% mnwp s“ 95 I words s @ '35 Reader Rate l — $ I
ml:l?sg&?mu’usmn:n—s 3 16 7 be. Coipléte with I I @ .60 Commercial Rate S
1] ubes vn( cry': & .
P Rew & pimeriiidenie ¥ St Insert time(s) Total Enclosed $

BC.459 TNANSMlTTER—’I (o 0 ‘\lc Compl('t(- with:
tphes & ervstal ., vy rmmr s

B(‘:-GSG TNANSMITTEN ‘4 th Cnmplete wltll $I4 95 NAME I

All Tul)t& & C
H(,-4.)B M()(h
ALL AC

45 5.9
ORIES AVAILABII FoR AB()V!u

ADDRESS

e e

Willard 2-v, Storage Battery, 20 Amp Hi
lgh. Brand New ..... . ...... ... $2,79
W d 6-V. Midget &ornze Amp-Hr,

ar
x238”7. NEW. . .. .... . £l B
Il A e || CITY ZONE STATE
Please include 257 Deposit with order—Balance
€.0.D.. or Remittance in Full. 30¢ Handling Charges

d .00. All shi F.0.B. O
e T e At Merchandise subject to Prior I SIGNATURE

Sale and Price Change. I
WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one
G & G RADIO SUPPLY CO. word each. Zone or Zip Code numbers not counted. (Publisher reserves right to omit Zip Code if space does
Telephone: CO 7-4605 not permit.) Count each abbreviation, initial, single figure or group of figures or letters as a word. Symbols
New York 13. N. Y such as 35-mm, COD, PO, AC, etc., count as one word. Hyphenated words count as two words. EW-865
.N. Y. !

34x47X514 ¢

77 Leonard St.

ELECTRONICS WORLD
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20 PIECE

SUPER SOCKET

Ideul for\«
HOME

CAR --”’“
SHOP
HOBBY -——
OFFICE ;

“WITH
REVERSIBLE RACHET,
UNIVERSAL HANDLE

Wide range of sockets
and screwdriver bits
for screws, bolts, nuts
with square, hex, slotted
or recessed heads.

Complete with offset and

Ha “dsome‘y

ackaged in )] double offset adapters,
5 specially awl point, etc.
designed
=16 A 95

Mail
Today!

CONSUMER SERVICE COMPANY
160 Mercer St., New York, N. Y. 10012

Only Complete

Enclosed is $ for Socket
Tool Kits at $4.95 ea. plus 35¢ ea. for postage
and handling (N. Y. C. residents please add 4%
sales tax.) Foreign orders 50¢ additional.

Name.

(PLEASE PRINY) EW-BS
Address.
City State. Zip Code.

Sorry—No charges or C.0.D. orders.
COEOURIEONuIRRUORENYORNOUORUOREDOUINDE

-
-

August, 1965

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.

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 asfeep. Remarkable. scientific. 92% ef-
fective. Details free. ASR Foundation, Box 721, Dept.
e.g.. Lexington, Kentucky.

USED Correspondence Courses and Books sold and
rented. Money back guarantee. Catalog free. (Courses
Bought). Lee Mountain, Pisgah, Alabama.

FREE Education! Greater Success! iInformation Free!
Cameo Enterprises, Carrolltown, Pa. 15722.

IBM COMPUTER PROGRAMMING. Home Study. UCI, P.O.
Box 495, Freehold, N.J.

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.

EMPLOYMENT Resumes. Get a better job & earn more!
Send only $2.00 for expert, complete Resume Writing
Instructions. J. Ross, 80-34 Kent St., Jamaica 32, N.Y.,
Dept. EW.

CALIFORNIA employment. Names and addresses of 500
Southern California electronics firms $3.00. Air Mail
$4.00. Spindler, P.0. Box 103, Canoga Park, Calif.
91305.

COINS

“$" MINT Lincolns! 25 different, $2.00. 30 different,
$3.50. 35 different, $8.00 postpaid! John Finneran,
22166 North 6th St., Castro Valley, Calif.

CLEARANCE! Cents to Dollars! Tremendous Reductions!
Special List 15¢. Fairway, 121.Z, Rye, N.Y.

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. Investigate
full time. Or earn $6.44 hour spare time. Write for
Free Literature. No obligation. Universal, CZ-8, 6801
Hillcrest, Dallas 5, Texas.

! Made $40,000.00 Year by Mail Order! Helped others
make money! Start with $10.00—Free Proof. Torrey,
Box 3566-N, Oklahoma City 6, Oklahoma.

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.

FREE Book ‘990 Successful. Little-Known Businesses.’"
Work home! Plymouth-845H Brooklyn 18, New York.

PHDTOGRAPH accidents for Insurance Companies.
$10.00 hour, spare time. Not a school. Free Informa-
tion. Underwriters ZDG, 7400 Pershing, St. Louis,
Mo. 63130,

MISCELLANEOUS

FORTUNE in ideas! Today, companies must innovate
with products, services, advertising, etc. Sell them
your ideas. Instructions manual, protective contract—
complete $1.00 Action Press, Box 98, Brooklyn, N.Y.
11214,

WORLDWIDE Export and Buyers Guide $1.50. Burke
Associates, Manchester, Mass.

FOREIGN CAR SEAT COVERS. Prices, Samples: 25¢. Box
385, Arvada, Colorado 80002.

www americanradiohistorv com

¢ SALE!

DISC CONDENSERS ....30 for $1 60 for 1
PRECISION RESISTORS ..30 for $1 60 for 1
PLANAR TRANSISTORS . 4 for $1 8 for 1
25 AMP RECTIFIERS ... 2for $1 4 for]
SWITCHING TRANS. .15 for $1 30 for 1
ZENER REFERENCES ... 6 for 31 12 for 1
GERMANIUM DIODES ..25 for $1 50 for 1.01
TOP HAT RECTIFIERS ..25 for $1 50 for 1
TRANSISTORS ......... 30 for $1 60 for 1
1for $1 2 for 1
1 for $1 2 for 1
2 for $1 4 for 1
1for $1 2 for 1

T0-WATT ZENER 30V ..
2N1613 100MC TRANS..
4W PLANARS 2N497-98.
3N35 TETRODE TRANS..

[ ] FREE DOUBLE

WORTH OF

$ ® Transistors B o N U s
® Diodes P $
® Rectifiers
® Knobhs L D FREE
® Condensers U POLY PAK
L ]

Coils, ete. OF YOUR
Include 25¢ for handling | S CHOICE

I

BOTH FREE WITH EVERY $10 ORDER

Awous DOLLAR POLY PAKS

3 TRANSISTOR AUDIO AMP, tiny, wired .$
MAGNETIC REED SWITCH, glass sealed . .. ...
40 WORLD'S SMALLEST COND., to 05mf . ...
4 TRANSISTOR TRANSFORMERS, asst, worth $25
T FILAMENT TRANSFORMER, 117 to 6.3vct, 3A
$25 RELAY SURPRISE, sealed, tiny types ... ...
3 INFRA-RED DETECTORS, with leads ........ 1
$25 SURPRISE PAK: transisturs, rect, diodes, etc.$1
40 PRECISION RESISTORS, 12,1, 2W; 1 % values $1
30 CORNING "'LOW NOISE" I'Eﬂ\ll)l'\. asst. .. §1
60 TUBULAR CONDENSERS, to .5mf, to 1Kv, asst §1
40 DISC CONDENSERS, 27mmf to .05mf to 1KV $1

1

1

1

1

1

1
1
1
1
1
1

60 TUBE SOCKETS, receptucles, plugs, audin, ete. §
30 POWER RESISTORS, 5 to 50W. to 21 Kolms.
50 MICA CONDENSERS, to .1mf, silvers too! ..
10 VOLUME CONTROLS to 1 meg, switch too! .
10° ELECTROLYTICS, to )(i()mf asst FP & tubulars$

50 RADIO & TV KNOBS asstd. colors & styles . $1
10 TRANSISTOR ElECTROLYT'CS 10mf to ;l)(}mfsl
50 COILS & CHOKES, if, rf, ant, osc, & more . .$1
35 TWO WATTERS, asst incl: A.B., 5 % too! ...§1
75 HALF WATTERS, asst incl: A.B., 5% too! ..
60 HI-Q RESISTORS, %%, 1,2W, 1% &5 v alues $1
10 PHONO PLUG & JACK SETS, tuners, amps . .$1
50 TERMINALSTRIPS, 1 to R solder lug types . .$1
30 “‘YELLOW"' MYLAR CONDENSERS, asstd val §1
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
1 CONTROLLED SCR SWITCH, Trdn<llron TO18, .$1
10 SILICON TOP HAT RECTIFIERS 50 to 400PLV §3
2 2N721 PNP PLANAR, 2W. T5MC, TO-1R8 ... .sl
2 2N735 NPN MESA. 50_1)M\\', 135MC, TO-18 .81
2— CLAIREX PHOTO ELECTRIC CELL, CL60T ... §1
2 500MC TRANS'TRS, 2N964, mesas, pnp, TOIR $1
4 PIN HEAD 2N790 NPN SILICON transtrs, TO18 §)
4 2N43 OUTPUT TRANSISTORS, by GE, pnp, TO5 $1
4 2N333 NPN SILICON transistors, by GE, TO5 $§1
8, 2-6Amp RECT's, studs, silicon, 50 to 400V . §1
10 1000 MC-1N251 GERMANIUM DIODES ....$1
5 30MC TRANSISTORS, like 2N2.47, Sylvania . .$|
5. —2N155 TRANSISTORS, or equals, TO3 jcases $§1
2800 MC, 2N709 NPN Silicon planar TO46 , .
3 2N711 300MW. 300 MC, PNP MESA, TO18 . .
15 TAMP 200V epoxy rectifiers, made by Sylvania
2 25-AMP SILICON RECTIFIERS, 1-50V, 1-100V
4 ZENER REFERENCES, 1N429, 6-volt, silicon .
10 ZENERS GLASS SILICON DIODES, axial, leads $
6 2N408 TRANSISTORS, TO1, pnp, driver ... ..
2 2N718 NPN SILICON PLANARS, by Fairchild .
4 2N219 TRANSISTORS, mixer-conv, TO22 ., ..
10 MICRODIODE STABISTORS, epoxy, silicon . .
2 2N706 500MW, 300MC NPN PLANAR, TO46 .
10 1000-MIL *‘CERAMIC'' RECT, slll(‘nn,.)(] 400V$)
10 POPULAR CK772 TRANSISTORS, pnp, no test $1
5 2N107 TRANS'TRS, by GE, pnp, pop. audio pak $1
10 PNP SWITCHING TRANSISTORS, 2N1305,TO5 $1
10 NPN SWITCHING TRANSISTORS 2N338, 440 $1
15 PNP TRANSISTORS, CK722, Zl\'ia 107, .} |
15 NPN TRANSISTORS, 2N35, 170, 440, S
2N998 TYPE, 1000 GAIN, npn silicon, plandr . .81
“'MICRO-T'" TRANSISTOR like TMT-1613, $)
4 2N35 TRANSISTORS, npn, by Sylvania, T022 .§)
4 ““MICRO" TRANSISTORS 2N131%s, 1/167, rf $1
4 CK721 TRANSISTORS, pnp, aluminum case ..$1

1o¢ FOR OUR “‘SUMMER’’ BARGAIN CATALOG ON:
L] Semiconductors ] Poly Paks [] Parts

o lY TERMS: send check, money order,
$O. LYNNFIELD, MASS.

Include postage—avg, wt. per pak
"PAK-KING" of the World

1
1
1
1

OO0O0C00000000000NONO0D0D000 00000 000 0noo 20 0000000000000000000! |UuuuuDE|

b. Rated net 30 davs. CODS
P.O. BOX 942w
CIRCLE NO. 108 ON READER SERVICE CARD
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The NEW ‘POP’
RiVQTOOl with

Interchangeahle Heads

for ANT!!

= NO ANVIL OR HAMMERING

& NO SPECIAL SKILL REQUIRED ..

» A STRONG, NEAT FASTENING =
f EVERY TIME

Cadmium
Plated Steel
Rivets replace
screws, bolts, sol-
dering, etc. in re-
pairs or workshop
projects. Use on ap-
pliances, TV antennas,
gutters and downspouts,
toys, bicycles, ductwork,
chassis -virtually anything
from hardwoods to plastic,
leather, metals, etc.

ONL.Y‘B 595

COMPLETE KIT WITH “POP" RIVETS

DELUXE GIFT KIT in metal box with 3095
exlra large supply of "'FD vets

¥ 1. Insert rivet in tool.
e “ 2. Place rivet in hole of
ANUW et materials to be fastened.

for the first ime! 3. Squeeze handles to

New interchangeable . S°t rivet
heads allow use of IT'S THAT
light and heavy ?
duty rivets. Order form for™ N\ TV
additional rivets (available

> in six sizes) enclosed with kit.

3 S N
S

o «
TERNNONNNINNNIN NN nan e n IR eIy

CONSUMER SERVICE COMPANY
160 Mercer St., New York, N. Y. 10012

Enclosed is $ ... Please ship me

the following:

____ RiveTool kits at $5.95 ea. plus 35¢ ea.
for postage and handling.

_ . Deluxe Gift Kits at $9.95 ea. plus 35¢ ea.
for postage and handling.

|
[ |
|
|
|
|
(N. Y. C. residents please add 4% sales tax). J
|
|
|
|
[ |
[ |

Foreign orders $1.00 additional.

Name.

(PLEASE Pmur) EW-85
Addre:

City State. Zip Code
Sorry—No charges or C.0.D. orders.

Biansnasnunnnunnnannsnsnnnnnnsannanng
86
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SERVICE NO. ADVERTISER PAGE NO. SERVICE NO. ADVERTISER PAGE NO.

125 Allied Radio .......... 68, 69,70, 71 93  Mcintosh Laboratory Inc. ........ 55
200 Alpha Metals, Inc. .............. 63 109 Milwaukee School of Engineering .. 14
American Institute of Music Associated . .............. 80
Engineering & Technology ...... 80
124 Amperex Electronic
Corporation ........ THIRD COVER
National Radio
123 Astatic Corp. . .oovviiiniinvnnn, 65 Institute ..onn... SECOND COVER
95 Nortronies ....o.vvviiii .. 14
Capitol Radio Engineering
Institute . ......... 50, 51, 52, 53
Channel Master Corp. .......... 67 108 Poly Paks ..vvviennrenaennannn 85
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Electronies . ............vu.ne 7
Cleveland Institute of RCA Electronic Components
Electronies ........ 16, 17, 18, 19 and Devices . .... FOURTH COVER
RCA Institutes, Inc. ............. 5
121 Electronic Components Co. ....... 81 LS RULE (EE 0e oocebannae ot cay
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Corp. oo e 1
Fair Radio Sales ............... 82
120 Finney Company, The ............ 9
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106 Scott Inc,, HUH. ... ... ......... 67
119 G & G Radio Supply Co. ........ 84
105 Sencore ...........ceviiiiuinn. 79
118 Goodheart Co. Inc., RE. ... ...... 81
104 Shure Brothers, Inc. ............. 2
Grantham School of Electronics ... 8
103 Sonatone Carp. ......c..ovnn.. 10
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PICK ANY NUMBER [/ iy o e 1o

6HAS 9A8

FROM lcsGT TO 19AU4 3876 508  6CCT 6HG3  10CWS

AND YOU'RE A WINNER! 6 swen s s o
* ams 6AUGA  6EJT  6UBA 12AX4GTB
4BL8 6AVE 6685 6U9 128X 7Tk
4EH7 BAX4GTE 6347  6X3 15CW5
AEJT 6BA6 6GK5  6Y9 1648
4GK5 68L8 6GK6  8BQ5 19AU4
...AND ON AND ON. FOR THE COMPLETE LIST, WRITE
CIRCLE NO. 124 ON READER SERVICE CARD AMPEREX ELECTRONIC CORPORATION, HICKSYILLE, L.1.. NEW YORK 11802,
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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 whenzaver 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 commerciz! 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 callbacks 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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