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HAND SIZE AND LIGHTWEIGHT, but with the features of full- 310-C PLUS FEATURES
size V-O-M's. 1. Fully enclosed lever range switch
2. 15,000 Ohms per volt AC
(20,000 O/V DC same as 310)
20,000 OHMS PER VOLT DC; 5,000 AC (310)—15,000 AC (310-C). 3. Reversing switch for DC measure-

ments

EXCLUSIVE SINGLE SELECTOR SWITCH speeds circuit and - :
range settings. The first miniature V-O-M's with this exclusive MODELS 100 AND 100-C
feature for quick, fool-proof selection of all ranges. Comprehensive test sets. Model 100
includes: Mode! 310 V-O-M, Model 10
SELF-SHIELDED Bar-Ring instrument; permits checking in strong magnetic fields. Clamp-on Ammeter Adapter; Model
FITTING INTERCHANGEABLE test prod tip into top of tester makes it the common 101} Line Separator; Modeli gD NLE Attt
probe, thereby freeing one hand. UNBREAKABLE plastic meter window. BANANA- CEIL TR, (1800 Uaine

2 p Separate Unit Purchase Price.)

TYPE JACKS—pOSiﬁVe connection and Iong life. MODEL 100—U.S.A. User Net..$74.00
Model 310—$42.00 Model 310-C— $53.00 Model 369 Leather Case— $4.00 st MODEL 100-C—

Same as above, but
ALL PRICES ARE SUGGESTED U.S.A. USER NET, SUBJECT TO CHANGE ¥ with Model 310-C,

Net...........$84.00
THE TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OH10

FIELD ENGINEERS ¢« ELECTRICAL, RADIO, TV, AND APPLIANCE SERVICEMEN * ELECTRICAL
CONTRACTORS * FACTORY MAINTENANCE MEN s ELECTRONIC TECHNICIANS ¢ HOME OWNERS, HOBBYISTS
] STOCHK
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What Does electronics Mean To You?

As you know, this is the “electronics age.” And
electronics technology is changing so rapidly that
the average technician’s store of knowledge is
highly obsolescent. He must get more education
or get out of this ficld! He must understand funda-
mental principles and concepts. Only on the basis
of such understanding can he easily adapt to the
swift changes now occurring.

The technician who knows only the “how” of
electronics is left behind again and again by new
designs and techniques. But by comprehending
the “why,” he remains an expert — well paid and
respected in his field.

Where Do YOU Go From Here?

Are you standing still? If you meanjto be an elec-
tronicsman, get with it. You must prepare for the
swift changes which are now occurring. Grantham

—s¢trong-foundation training in electronics engineer-
ing technology leads to non-obsolescent skills —
to skills which are based more on reasoning than
on merely doing.

Earn Your FCC License and Associate Degree
The entire Grantham educational program is five
semesters in length. Semesters 1, 2, and 4 are of-
fered by correspondence. In the first two semesters
(by correspondence®) you earn your first class
FCCl license and radar endorsement. But you don’t
have to stop there.

In today’s world of electronics employment, an
FCC license is important and worthwhile, but it’s
not enough! Without further education, you can’t
make it to the top. Train with the School which
gives associate-degree credits for your license train-
ing, and offers you the opportunity to advance be-
yond the FCC license level to a college degree in
electronics. The entire curriculum is as follows:

Semester 1 — Basic Electronics Technology

(by correspondence,* 80 lessons)
Semester 2 — Communications Circuits & Systems
(by correspondence,* 80 lessons)

At this point you are prepared to pass the FCC examination for
your first class radiotelephone license.

Semester 3 — Electronics Laboratory
(in residence, or credit given for practical experience)

Semester 4 — Advanced Technical Mathematics
(by correspondence, 80 lessons)

Semester 5 — Circuit Design, & Computer Technology
(in resident classes)

Upon completion of the five-semester curriculum. you are awarded
the Degree of Associate in Science in Electronics Engineering.

Grantham School of Electronics

1505 N. Western Ave. 818 18th Street, N.W.
Hollywood, Calif. 90027 or  Washington, D.C. 20006

Telephone: Telephone:
(213) 469-7878 (202) 298-7460

< Circle 7 on reader’s service card

Credit for Practical Experience

Technicians who have had extensive practical ex-
perience in electronics may receive credit in
advance for Semester 3, thus reducing the resident-
instruction requirement for the associate degree
to one semester — Semester 5. Also, credit for
Semester 1 may be obtained by the passing of an
advanced-standing examination. Details concern-
ing these credits are found in our current School
Bulletin. Ask for your free copy.

Accreditation, and G.I. Bill Approval

Grantham School of Electronics is accredited by
the National Home Study Council, and is approved
under the G.I. Bill. For seventeen years. Grantham
has been preparing men for successful electronics
careers.

It’s Your Move

The move you make today can shape your future.
Begin now with a step in the right direction —
Step %1 — and then follow through with Steps
#2, #3, and #4.

Step #1 is a simple request for full information
on the Grantham Associate Degree Program in
Electronics. You take this step by filling out and
mailing the coupon shown below. We’ll send full
information by return mail. No salesman will call.
Step #2 is earning your FCC first class radiotele-
phone LICENSE and radar endorsement. You
complete this step in the first two semesters of
the Grantham educational program.

Step #3 is earning your ASEE DEGREE. This
degree is conferred when you have carned credit
for all five semesters of the Grantham curriculum.
Step =4 is getting a better job, greater prestige,
higher pay on the basis of your extensive knowledge
of electronics.

It’s your move! Why not begin now with Step #1.

*Semesters 1, 2, and 3 of the Grantham electronics cur-
riculum are available also in resident clusses at our Wash-
ington, D.C. school — at the address shown below.

: Grantham School of Electronics 12-67-RE {
i 1505 N. Western Ave., Hollywood, Calif. 90027 I
|

] Please mail me free literature describing Grantham :
l courses in electronics. I understand no salecsman will call. I
] [
I  Name e Age |
I |
I |
| Address_ NP — -l . o |
' |
|

| City b State Zip . :
]

e e e e WY e~ m = — =t
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“When you guarantee finer color pictures...

...like we do, you better deliver!” says
George Comer and Bob Garrison, of
Capitol TV Sales and Service, Atlanta,
Georgia.

“We install antennas for many dealers,
retailers, chains and department stores
here in the Atlanta area. They look to us
to give their customers the fine color re-
ception their customers were guaranteed
when they bought their sets. We make
sure we deliver the best possible color
pictures by installing JFD Cofor Lasers.

“Before using Color Lasers, we installed
VHF LPV Log Periodics. Frankly, we
didn't think a combination 82-channel
antenna would work so well across the
VHF, UHF and FM bands. But the Color
Laser is proving it to us where it counts
— in happy customers and protected
profits.”

George Comer and Bob Gartison know
from experience—like other professionals

b

— that JFD Color Lasers come through
with the superb reception people expect
from a professional service company.

Only Color Lasers offer:

[] BRILLIANT COLOR — flat (frequency
independent) response across each chan-
nel, free from suck-outs or roll-off. Keeps
colors vivid and alive.

[ PATENTED W-I-D-E BAND LOG PERI-
ODIC DESIGN — the most efficient ever
developed — provides higher gain, better

signal-to-noise ratios, needle-sharp di-
rectivity. Eleven patents cover its revolu-
tionary space-age design.

[1 MORE DRIVEN ELEMENTS. Harmoni-
cally resonant capacitor coupled design
makes dual-function elements wark on
both VHF and UHF frequencies. Entire
antenna (not just part of it as in other log
periodic imitations) responds on every
channel.

[J LUSTROUS, ELECTRICALLY CON-
DUCTIVE GOLD ALODIZING promotes
signal transfer, protects against corro-
sion, enhances appearance.

The Best Antenna for Color TV is The
Color Laser by £y

®

Now at your JFD distributor!

JFD ELECTRONICS CO. 15th Avenue at 62nd Street, Brooklyn, N.Y. 11219

JFD International, 84-14 Woodside Ave., Woodside, N.Y. 11377

JFD Canada, Ltd., Ontario, Canada

JED de Venezuela, S.A., Avenida Los Haticos 125-97, Maracaibo, Venezuela

LICENSED UNDER ONE OR MORE OF U.S. PATENTS 2.958,081; 2,985,879; 3.011,168; 3,108.280; 3.150.376: 3.210.767. RE. 25.740
ELECTRONICS CO. UNDER EXCLUSIVE LICENSE FROM THE UNIVERSITY OF ILLINOIS FOUNDATION. LICENSED UNDER ONE OR MORE

Circle 9 on reader’s service card
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AND ADDITIONAL PATENTS PENDING IN U.S.A. AND CANADA. PRODUCED BY JFD
OF U.S. PATENTS 2,955.287 AND 3.015.821 AND ADOITIONAL PATENTS PENDING.

RADIO-ELECTRCNICS
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CAREERS

Your Future in Electronics . ...................... Ray Clifton
Upgrade yourself . . . opportunity is knocking

Q & A on an Electronics Career
Electronic Schools Directory

The FCC License . .. and How to Get It ... .. Thomas R. Haskett
Your ticket to exciting jobs

CONSTRUCTION PROJECTS

Build a Solid-State Tape/Slide Synchronizer . .Robert S. Havenhill
Let your tape recorder trigger your slide projector

The Solar-Powered Gamma Goat .. ................ John Hoke
One way to get your youngsters interested in electronics

30 Basic IC Projects . ......................... R. M. Marston
Useful applications for an 80-cent
integrated circuit—Part 1 of a series

A Compact, High-Performance Flutter Meter ... .Earl T. Hansen

Spot tape recorder speed variations within 0.1%

Build a Professional Quality Transmitter Monitor. ... .. J. P. Neil
Keep tabs on your

CB, ham or commercial two-way rig

Build a Two-Way, Two-Way Lamp ............ Byron G. Wels
Inexpensive low-cost, high-intensity light

and transformer-less too

SERVICING

In the Shop . .. With Jack .....
Service Clinic

ceeqecsessnsnsae...jack Darr

Vertical Sweep Manual ......... eeesss.q..Homer L. Davidson
Ups and downs scanning problems

GENERAL ELECTRONICS

Rotary Stepping Switches ............. R - PO .. Tom Jaski
Part 2 of 2 parts . . . round and round it goes
Equipment Report: Ampex 985 Music Center

Equipment Report: Amphenol Millivolt Commander

THE DEPARTMENTS

Annual Index 88 New Semiconductors
Correspondence and Microcircuits
Miss-Q 4 News Briefs

New Antenna Equipment 92 Noteworthy Circuits
New Audio Equipment 87 Technotes

New Literature 93 Try This One

New Products 72 Reader’s Service Page

» 34-IT RUNS ON
SUNLIGHT

p 56— XMTR MONITOR

p 49-VERTICAL BUGS
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The new Sony FM Stereo Tuner is
highly sensitive. It pulls in the weak-
est stations sharply and clearly. For
all its sensitivity, it is unusually
insensitive. An ingenious new cad-
mium-sulfide CdS bandpass RF
attenuator protects weak stations
from being blanketed by strong sig-
nals. There’s so much to recommend
the ST-5000W. Double-tuning IF
transformers, at all 8 stages of the
IF section, reject spurious signals
and noise. A 5-gang, high precision,
silver-plated tuning capacitor con-
tributes to excellent sensitivity. A

tuning meter pinpoints the center of
any channel visually. Another meter
helps adjust the antenna for maxi-
mum signal pick-up. A stereo switch
automatically selects the correct
mode—stereo or mono. An indicator
light spots stereo programs. An
adjustable muting switch suppresses
interstation noise. Tune in the
ST-5000W at your hi-fi dealer. Sug-
gested list $399.50. Sony Corp. of
America, Dept. H., 47-47 Van Dam

SO St., Long Island City,
NY‘New York 11101

Can a sensitive FM Stereo Tuner also be insensitive?
Tune in and find out.

Circle 10 on reader’s service card

o
BYEREO TUNER

People who built their own
Schober Organs wrote this ad

Here’s what they say about the pleasure of assembling the Schober Electronic Organ from
kits . . . and enjoying the magnificent sound of an instrument they’ve created in their spare time.

Building was fun
“Building it was at least as much
fun as playing i1!”’
Mr. Lester F. Schwartz,
Somerset, N. J.
So proud | could pop
“I've done over 90 per cent of the
work on this organ myself—and I'm
so proud I could about pop!”
Mrs. V. P. Allbert,
Topeka, Kansas
Nothing as fine under $5,000
“. .. I could not find any organ that
sounded as fine as the Schober
under $5,000.”"
Mr. Jerome J. Fraenkel,
Franklin Square, N. Y.
Proud to own
“I am proud 1o own such a valuable
instrument.”’
Mr. Jean J. Juteau,
Montreal, Canada

Thousands of music lovers in every walk of
life—from teen-agers to grandmothers, from
people who are *“all thumbs” to electronic
engineers—have enjoyed the pleasure of as-
sembling, playing and hearing the magnificent
sound of the Schober organ. Whether you fa-
vor Bach or Bop, there is a Schober organ
that gives you full range of expressional and
tonal quality—so like a fine pipe organ that
many listeners can't tell the difference. You
can build a4 Schober organ for as little as $64S5.
And—even if you've never played a note before
— Schober’s self-teaching courses give you
immediate musical results.

Over 50% of Schober Organ owners never
handled an electronic job before and didn't
play a note, yet assembled some of the best
organs ever designed and get a daily thrill from
making their own music. Isn't it time for you
to take this cost-saving road to greater musical

The NEW Schober THEATRE ORGAN -
one of four models avaitable

Most cherished possession
“My spinet has become the
most cherished possession in
our home—fabulous, indeed.”
Mr. Frank J. Marion,

North Bergen, N. J.

Tremendous sound

“The sound is conservatively,
tremendous.”

Mr. Paul DeForest Wren,
Westbrook, Conn.

Unbelievably easy to build
““When we ran out of
instruction, the organ was
finished . . . To me it was
unbelievable!”

Mr. Ted Sowinski,

Chicago, 1llinois

pleasure—and enjoy the satisfaction of doing
it yourself?

Free Information and Demonstration Recording
Send today for your free copy of Schober’s 16-
page, full color booklet, plus 7” free recording.

The Schober Organ Corp., Dept. RE-52 l
43 West 61st Street, New York, N. Y. 10023

[] Please send me Schober Organ Catalog and
free 7-inch ‘‘sample” record.

~
!

!

|

| O Enclosed please find $1.00 for 12-inch L.P.
!

I

|

!

L

NAME.
ADDRESS

I
|
record of Schober Organ music. I
|
|
!
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NEWS
BRIEFS

TRANSISTORS—
THREE FOR A PENNY?

That’s the prediction of a major
semiconductor manufacturer. By 1970,
according to Philco-Ford’s Microelec-
tronics Division, the cost-per-transistor
will be a few tenths of a cent. By 1975,
cost should be down to a few hun-
dredths of a cent.

The reason is LSI, or large-scale
integration. Now being produced is an
IC package containing 10 IC’s, each
of which contains 1,200 transistors
fabricated at the same time. The pack-
age total is 12,000 transistors in a space
only slightly larger than an ordinary IC.

NEW LIGHT GENERATOR
AND DETECTOR

An acoustic domain—a concen-
tration of crystal lattice vibrations mov-
ing at the speed of sound—has been
used by Bell Telephone Laboratories to
generate light from an array of pn junc-
tions (see sketch).

ED
L

REVERSE &
BRE‘AKDOWN

FORWARD
CONDUCTION

| oo [ e P-TYPE
o I A CUPROUS SULFIDE
_n-TyPE

CADMIUM SULFIDE

-__ _GLASS
SUBSTRATE

ACOUSTIC
DOMAIN

When excited by an external elec-
tric field, SALS (for Solid-state Acoust-
oelectric Light Scanner) emits light.
Unlike other light-emitting solid-state
devices, each SALS pn junction need
not be connected in the circuit; the
acoustic domains travel down the rows,
exciting each junction in turn.

Depending on junction break-
down voltage and applied voltage,
SALS may also be used as a light detec-
tor. R-E

4 RADIO-ELECTRONICS

HEYE
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Amazing ‘“power tool”
for electronics men

Still working electronics problems with that old-fashioned
manual tool, the pencil? You're not alone. And that's
kind of a shame in this wonderful age when power
tools have speeded up so many manual jobs. .
Now here is an amazing "power tool" that zips -
through electronic calculations like a power

saw through soft pine. The CIE Electronics { O
Slide Rule. It has a special scale that ‘
works reactance problems in seconds.
And another scale that does the same
for resonance problems. Plus two more
scales that tell exactly where the
decimal points go.

No guesswork. No paperwork. No rough
calculations. You get an accurate answer in 20 seconds or less.
It also does the things ordinary slide rules do. Like multiply,
divide and extract square roots in one setting. Or find reciprocals
for resistance formulas, logarithms for decibel formulas, and trigonometric
functions for AC circuitry formulas. And work the formulas in seconds.

The Electronics Slide Rule is easy to use even if you've never worked
a slide rule before. It was developed by CIE, one of America's leading electronics
schools. And it comes with a 4-lesson course that turns you into an expert.
Not just an instruction manual, but a real Instruction Course. With assignments
you may send in for grading by our instructors. And when you finish, a Certificate
of Achievement that "tells the world" you're an electronics slide rule expert.

The slide rule and course are sold together -- for about half what we think
they're worth. It's our way of getting acquainted with men around the country
who want to get ahead in electronics.

Mail the coupon for FREE booklet describing this Electronics Slide Rule.
Or write to Cleveland Institute of Electronics, Dept. RE-147, 1776 E. 17th Street,
Cleveland, Ohio 44114. No charge or obligation.

&
CI Cleveland Institute of Electronics
1776 East 17th Street, Cleveland Ohio 44114

r
|

|

]

| Please send me without charge or obligation your FREE booklet, “How To Solve Electronics
| Problems In Seconds,” describing the CIE Electronics Slide Rule and Instruction Course.
i

|

|

|

|

|

|

i

Name e

(please print}

Address.

City _ ____State Zip S

Also free if you act now—our famous shirt-pocket Electronics Data
Guide with useful formulas, conversion tables, color codes, and more.

SEND COUPON TODAY —>»

Accredited Member National Home Study Council « A Leader in Electronics Tralning...Since 1934

Circle 12 on reader's service card
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When most voice
1L

*_ ohms or 8 ohms,
nl ? speaker replace-
"r" ems came transistor
sets, and equip-

the map.
It’s important to remember that a mis-
from a loss of volume to a blown transistor.
u“am (1T}

coil impedances

ment was relative-

ment without output transformers, and

matched impedance in a speaker replace-
1Bps | ﬂ\mlll

were either 3.2

ly simple. Then

now voice coil impedances range all over

ment will almost surely create problems. . .
[nese Ill'(llllBIIlS

1. WIDE CHOICE—As Photofacts/
Counterfacts participants, we know in
advance what voice coil impedance the
new equipment will require, so we generally
have the right speaker in our comprehen-
sive line when you need it.

2., VERSATILE SPEAKERS—Quam
multi-tap speakers offer a choice of imped-
ances in a single unit. Available in all the
sizes you need for automotive replacement,
Quam multi-taps handle 10, 20, or 40 ohm
applications.

3. SPECIAL SERVICE—Just in case
you run across an oddball, we offer this
convenient exclusive: any Quam speaker
can be supplied with any voice coil imped-
ance, only $1.00 extra, list price.

i ip
QUAM

THE QUALITY LINE
FOR EVERY SPEAKER NEED

QUAM-NICHOLS COMPANY
234 East Marquette Road « Chicago, lllinois 60637
Circle 13 on reader’s service card

orrespondence

INSTRUCTIVE AND ENJOYABLE

Why not more of your articles on
“Learn Color the Programed Way”. It
was very instructive and enjoyable to
read. And for Jack Darr, once again,
he is very helpful with his articles in
“Service Clinic”.

ANTHONY POLLIFIONE
Fairview, N.J.

More of these articles coming up, Tony.

RADIATION AND CROWD CONTROL

Do private and government
broadcasting stations control crowds
and riots by various and varying pulsa-
tions? I am interested in city planning
and would like to know if the street
lighting and ground pulsations of a city
affect outer space radiation.

Ot1is H. MCLAUGHLIN, Jr.
Oklahoma City, Okla.

Don’t know about street lighting and
ground pulsations, but the broadcast
stations use propaganda and advertis-
ing to move crowds. However, it’s an
idea: could try modulating the lights
and the eurth’s tremnblings.

TAPE/SLIDE SYNCHRONIZER

In your June, 1967 issue there is
an article by Lyman E. Greenlee de-
scribing a voice-controlled sound re-
lay. T would like to control a slide
projector from a specific sound re-
corded on a tape. Do you suppose Mr.
Greenlee could write another article
showing how this could be done?

ROBERT C. GAYHART
Boulder, Colo.

Bob, you must have been doing some
mindreading . . . see page 32.

INFO ON HYPERBOLIC
HORNS WANTED

I am taking your suggestion and
writing to tell you what T would like
to see in R-E. I liked Novak’s article
on speakers and enclosures (“Bafile:
Speaker-Air Interface,” June 1967).
How about having him write an arti-

(continued on page 12)
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- DeVry-trained
Men Step Into
Electronics Jobs
the Day after
Graduation!

EVERY GRADUATE CAN ALSO RECEIVE EMPLOYMENT HELP
THROUGH HIS ENTIRE CAREER, AT NO ADDED COST

DeVry's greatest claim to fame is the DeVry's educational programs are de-
progress of its graduates. Our aim is to signed to prepare men 17-45 in their
prepare a man so thoroughly that we spare time at home or in any of our three
can recommend him tc employers . . . well-equipped, modern resident schools
ready to step into a job the day after in Chicago, Phoenix or Canada. Why
graduation. If we expect to continue to not fill in and mail coupon for free facts
help employers, our graduates have to today?

be good! That is why we provide top Approved for Veterans.

uality instruction—followed b 5
SIS T R s DeVRY INSTITUTE of TECHNOLOGY

4141 Belmant Avenue, Chicago, lll. 60641, Dept.RE-12-X

Please give me your two free booklets “pocket Guide to Real Earnings,”
and “Electronics in Space Travel”; also include details on how to prepare
for a career in Electronics. | am interested in the following opportunity

long employment service at no added
cost.

. fields (check one or more):
For FREE Information %\ [] Space & Missile Electronics [0 Communications
Lack of technical expetience is no bar- ' - Real % I;.'er‘“s"’" Ao % g‘r)mzl::taesrts"n
rier to the man who wants to prepare ‘ Earnings 0 Ra'ﬁa?waves & InngstriallElgectronics
:)%rna fg?re:vzomFERLEEI;S)TE(?DTI(;E S::g Cf?nu(i Abisgrontetay W [ Automation Electronics [ Electronic Control

out why. | Name Age
Accredited Member of National Home Study Council I Address Apt
State or Zone or
City Province Zip Code
[ Check here if you are under 16 years of age.
HOME STUDY AND RESIDENT SCHOOL PROGRAMS
2106 AVAILABLE IN CANADA. SEND FOR DETAILS.
DECEMBER 1967 7
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DISCOVER THE EASE AND EXGITEMENT

OF TRAINING AT HOME THE NRI WAY

New Achievement Kit—Custom
Training Kits —"Bite Size” Texts

Only NRI offers you this pioneering method of simpli-
fied 3 Dimensional’’ home-study training in Electron-
ics, TV/Radio and Broadcasting/Communications. [t's
a remarkable teaching idea unlike anything you have
ever encountered, the result of more than half a cen-
tury of simplifying, organizing and dramatizing learn-
ing-at-home techniques. If you are an ambitious man
—regardless of your education—you can effectively
learn the Electronics field of your choice the NRI way.

NR| has simplified Electronics by producing ‘‘bite
size' lesson texts averaging only 40 pages each. Dozens
of illustrations open wide a picture window through
which you'll see and understand practical uses of Elec-
tronics. You start out with NRI's exclusive Achievement
Kit, containing everything you need to get started fast.
(Illustrated at right.)

NRI has organized Electronics training to take you
step-by-step from the first stages into more intriguing
areas. Once you know the fundamentals thoroughly, it's
easy to grasp more advanced theory and techniques.
You move with confidence and enthusiasm into a new
adventure filled with the excitement of discovery.

NR| has dramatized Electronics through the careful
development of special training equipment that is
programmed into your training systematically . . . be-
ginning with your first group of lessons. Things you
read about come alive in your hands as you build, ex-
periment, purposely cause ‘problems’’ in circuits—
and solve them. You learn to use test equipment, to
build radios and TV sets, transmitter, or computer
circuits. !t’s the priceless *“‘third dimension’” in NRI
training . . . practical experience.

More than 50 years of leadership
in Electronics Training

-
L R

sRviciNG

Al
YOU GET MORE FOR
YOUR MONEY FROM NRI

Mail postage-free card now for your free NRI catalog.
Then, compare. You'll find—as have thousands of others
—NR! training can’t be beat. Read about the new
Achievement Kit sent the day you enroll; about “bite-
size '’ texts and custom designed training equipment.
See why NRI gives you more value. Whatever your reason
for wanting more knowledge of Electronics, NRI has an
instruction plan for you. Choose from major programs in
TV/Radio Servicing, Industrial Electronics and Complete
Communications. Or select from

special courses to meet specific AvailableUnder
needs. Check the course of inter- NEW
est to you on postage-free card Gl BILL

and mail today for free NRI cata-
log.Nosalesmanwillcall. NATIONAL
Rap1o InsTITUTE, Electronics Div.,
Washington, D.C. 20016.

If you served since
January 31, 1955, or
are in service, check
Gl line in postage-
free card.

Career? Part-Time Earnings? Hobby? Choose From 12 Training Plans

1. TELEVISION-RADIO SERVICING —
Learn to fix all TV sets, including Color.
Includes your choice of NRI Color Kit or
19” black-white TV Kit. Also covers
radios, stereo hi-fi, etc. Profitable field
spare or full-time.

2. INDUSTRIAL-MILITARY ELECTRON-

ICS — Basics to computers. Starts with
fundamentals, covers servos, telem-
etry, multiplexing, phase circuitry, other
subjects.

3. COMPLETE COMMUNICATIONS 3K —
Operation, service, maintenance of AM,
FM and TV broadcasting stations. Also
covers marine, aviation, mobile radio,
facsimile, radar, microwave.

4, FCC LICENSE 3K — Prepares you for
1st Class FCC License exams. Begin
with fundamentals, advance to required
subjects in equipment and procedures.

DECEMBER 1967

5. MATH FOR ELECTRONICS — Brief
course for engineers, technicians seek-
ing quick review of essential math:
basic arithmetic, short-cut formulas,
digital systems, etc.

6. BASIC ELECTRONICS — For anyone
wanting a basic understanding of Radio-
TV Electronics terminology and compo-
nents, and a better understanding of
the field.

7. ELECTRONICS FOR AUTOMATION —
Not for beginners. Covers process con-
trol, ultrasonics, telemetering and re-
mote control, electromechanical meas-
urements, other subjects.

8. AVIATION COMMUNICATIONS 3} —
Prepares you to install, maintain, serv-
ice aircraft in-flight and landing sys-
tems. FEarn your FCC License with
Radar Endorsement.

www.americanradiohistorv.com

9. MARINE COMMUNICATIONS 3k —
Covers electronic equipment used on
commercial ships, pleasure boats. Pre-
pares for FCC License with Radar
Endorsement.

10. MOBILE COMMUNICATIONS 3¢ —
Learn to install, maintain mobile trans-
mitters and receivers. Prepares for FCC
License exams.

11. ELECTRICAL APPLIANCE REPAIR —
Learn to repair all appliances, including
air conditioning, refrigeration, small gas
engines. Leads to profitable part or full-
time business.

12. ELECTRONICS FOR PRINTERS —
Operation and maintenance of Elec-
tronic equipment used in graphic arts
industry. From basics to computer cir-
cuits. Approved by major manufacturers.

*You must pass your FCC License

exams (any Communications course) or NR}
refunds in full the tuition you have paid.
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Reward

for the recovery of each of these shunt regulator tubes

2

6LCo
(white branded)

6EA4

6EF4

General Electric has discovered that certain of its large screen
color TV sets containing these high voltage regulator tubes could
emit soft X-radiation in excess of desirable levels.

Almost all of the sets which might have this potential X-ray
emission have been found and modified with a new regulator tube
specially designed for the purpose. We are now conducting a nation-
wide search for the remaining obsolete regulator tubes.

We are looking for these tubes in two ways. Those in use in
any model General Electric color television set. And new tubes in
cartons, on shop shelves, in trucks and kits.

Now here’s how you can help us and pick up your reward.

First, look for the above tube types of any brand in every
large screen GE color set you service. If you find one, remove it
and return it to this address:

General Electric Product Service Section
Northern Concourse Building
North Syracuse, New York 13212

For every one you turn in, you will receive a check for $5.00
plus a new replacement tube at no extra charge. To qualify, you need
only to provide the customer’s name and address and the model and
serial number of the TV set serviced.

Second, should you have unused tubes bearing these num-
bers in your shop or truck, send them to the following address,
and you will receive a check in the amount of 50% of list price (plus
transportation expense) for each and every tube returned:

General Electric Company
Building #12, Old Hartford Road
P.O. Box 1008

Owensboro, Kentucky 42301

Remember, every used tube will get you $5.00 when mailed to
Syracuse. And every new, cartoned tube when mailed to Owensboro
will bring you a check worth 50% of the list price.

If you haven’t seen it, we recommend you ask your GE Distrib-
utor for a copy of GE’s recent “Service Talk” on X-ray precautions in
servicing color TV receivers.

GENERAL @ ELECTRIC

WWW. americanradiohistorv.com

CORRESPONDENCE continuved

cle on hyperbolic horns, both bass and

high frequency, including nomograms

to calculate the necessary parameters
since the math is so complicated.

ARTHUR GONTY, M.D.

Menominee, Mich.

SUBMINIATURE INTEGRATED
ANTENNA

In News Briefs (July 1967), you
mentioned the Subminiature Integrat-
ed Antenna developed from the use of
high-gain rf transistors, under an Air
Force program. Can you provide me
with information to build one of these
antennas at home?

WiLLiaM G. RINGEL
Indianapolis, Ind.

I am very much interested in the
Subminiature Integrated Antenna con-
cept, and would like to see more on
this subject as it becomes available.

Davip B. GissoN
Dade City, Fla.

I would like more detailed infor-
mation on S.I.A. antennas or possibly
a schematic diagram.

ANDREW Usis
Cleveland Heights, Ohio

One article on how to make an S. I.
Antenna is scheduled to appear in the
February 1968 issue, if we can get the
antennato work.

R-E IN VIETNAM

I want to take this opportunity to
thank you for your wonderful Read-
er’s Service. We really appreciate a
great magazine like yours over here
where it’s so hard to get information
and literature, so thanks again.

PFC RaymonD R. Saksa
3rd Marine Division
Vietnam

REMINDER BETTER ON TAIL LIGHTS

The “Parking Light: Brake Re-
minder” described in Noteworthy Cir-
cuits (April 1967) will work with
either parking lights or headlights if
the buzzer is connected to the tail
lights rather than the parking lights.

WiILLIAM R. SPEAKMAN
Reading, Pa.

WANTS FAIRCHILD'S .1914

I would like to build the Audio
Tone-Burst Generator (July 1967)
described by Dr. De Sa. However, I
have not been able to locate the Fair-
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~ NEW!
* MASTER COURSE
IN COLOR TV...

WITH NTS COLOR KITS

Big 25” Color TV kits included in new Master Color v
Home Study program. Learn Color TV; keep the new 25"
color TV receiver you build with exciting kits we send you.

10 million homes in this country will have color TV by
the end of 1967. This industry needs technicians as never
before, and NTS-trained men can move quickly into the
big money.

COLOR TV SERVICING BRINGS HIGH PROFITS
New color sets need careful installation, precision tuning and skilled servicing. NTS home
training can put you in this profit picture—prepare you for big pay, security, or start a business of your own.

'« is the ‘““space age”. It offers new op-
LlFT OFF Tn Lglrstulriities inpcommunications, industrial
" electronics, computer technology, and many

9y others. Automation has incrga§ed the need

A“SPACE AGE for skilled electronics technicians in thou-
sands of manufacturing plants. Only the well

trained man makes it big. Industry wants and

N this kind of man. .. the NTS man.
cAREER l S o t an NTS Project Method

Pick your field. Le

ELECTRONICS program help you toward s et e
= NEW CAREER KIT ... FAST, EASY START TO NTS HOME TRAINING

The exclusive Project Method Career Kit helps you move quickly into
your training program. Earn while you learn as you progress with your
¢, shop-tested Project Method lessons and Kkits.

“ Send for the New illustrated NTS Color Catalog. It shows the equipment
/| and kits you work with and keep. Describes in detail the advantages
of NTS Project Method Home Training. Tells you everything you need
to know about starting your career in electronics.

Rt poll T i | T g i it = e e ol SR
APPROVED
~ HIGH SCHOOL AT HOME NI FOR B
National offers accredited high school | VETERAN J
programs. Take only subjects you need. 4000 S. Figueroa St.. Los Angeles, California 90037 RANS
Study at your own pace. Everything ¥ . i
included at one low tuition. Check § Please rush Free Color Catalog and Sample Lesson, plus detailed
; special High-School box in coupon for ] information on field checked below. No obligation. I
full information & FREE catalog. J (O MASTER COURSE IN COLOR TV SERVICING est- SERL Y
£ i ' B : R '] [ COLOR TV SERVICING I
CLASSROOM TRAINING AT LOS ANGELES  J [ masTER COURSE IN TV & RADIO SERVICING I
You can take Classroom Training at Los Angeles in I
Sunny Southern California. NTS occupies a city (O PRACTICAL TV & RADIO SERVICING I
block with over a million doliars in facilities devoted [ [J MASTER COURSE IN ELECTRONIC COMMUNICATIONS 1
exclusively to technical training. [
e . - . [J FCC LICENSE COURSE -
MAIL REPLY CARD OR k.-\‘ e 1 [ INDUSTRIAL & COMPUTER ELECTRONICS Y_.v-”‘ %""c_,
COUPON FOR NEW, FREE %4\ . [J STEREO, HI Fi & SOUND SYSTEMS §
COLOR CATALOG AND e\ J [ BASIC ELECTRONICS ~ [] HIGH SCHOOL AT HOME %
SAMPLE LESSON. L./
e — ] \2me Age
== S A i == g [}
o R 1 1
[ONA L Cety DURO I Address H
world Wide Training Since 1905 . .
4000 S. Figueroa St., Los Angeles, Calif. 90037 Iociy — . State Zip
You enroll by mail ] [J Check if interested in Veteran Training under new G.I. Bill.
We have no salesmen: This means lower tuition for you. \ [J Check if interested ONLY in Classroom Training at Los Angeles.
Accredited Member National Home Study Council. Accredited L Y
Member: National Association of Trade & Technical Schools | e ———— L T L L N T T
DECEMBER 1967 13
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NEW
HOLLOW
SHAFT

Wilh Locknut/Screw
adfusting leature

Speeds, simplifies setting of combination lock-
nut/slotted screw adjustments on rheostats and
simifar controls used in a wide variety of elec-
trical and electronic equipment.

Handle is drilled so you can run an 8" screw-
driver blade right through its center and down
through the hollow nutdriver shaft.

Ideal for all-around production, maintenance,
and service work, this new HSC-1 Set contains
eight interchangeable hollow nutdriver shafts in
the most popuar hex opening sizes from 3/16”
thru 9/16”

Really compact! Set

is small enough,

“ light enough to carry
in your hip pocket.
Sturdy, see-thru,

plastic carrying case
doubles as a bench stand.

WRITE FOR BULLETIN N867

XCELITE, INC., 10 Bank St.,Orchard Park, N. Y, 14127
In Canada contact Charies W. Pointon, Lid.

Circle 17 on reader’s service card

CORRESPONDENCE continued

child xL.914 integrated circuit, at the
price mentioned (under $1.00). Would
you please advise me as to where [
may order this part. Incidentally, I en-.
joy your magazine a great deal, espe-

cially the construction articles.
L. CHARLES D. HAMILTON, USAF
Valdosta, Ga.

Try Powell-Florida, 2049 W. Central
Blvd., Orlando, Fla., 32805: Cramer
Florida, Inc., 4141 N.E. Sixth Ave.,
Ft. Lauderdale, Fla., 33308; Hall
Mark Electronics, 7233 Lake Ellenor
Drive, Orlando, Fla., 32809; Caro-
lina Radio, 221 W. Washington St.,
Greenville S.C., 29601; or Schweber
Electronics, 2109 Clinton Bldg., Hunts-
ville, Ala., 35805. These are 5 stock-
ing distributors nearest you. If you
still have a problem, write directly to
Fairchild Semiconductor Div., P.O.
Box 1058, Mountain View, Calif.,
94040. Keep in mind when ordering
that many distributors have a mini-
mum charge per order requirement
and the less-than $1.00 charge may not
be available to you if your order is too
small.

MANUFACTURERS AS VILLAINS?

Dear Editor:

I suppose you would not dare to
tell about how the manufacturer is the
serviceman’s worst enemy, since he
comes along with different parts just to
be different. I mean minor changes not
affecting quality. They should not be
allowed to introduce new components
unless there is at least a 5% increase in
quality or performance. The electronic
business should be cleaned up.

V. N. EVERT
Moncton, N. B., Canada

If the manufacturer is the ser-
viceman's worst enemy, as you say, he
would not make it possible for the ser-
viceman to be in business. At the risk
of oversimplification—the formula is
simple; no products made and sold, no
products to service. Would you be-
lievé that a manufacturer does not
make a change or add more parts to
his inventory than he has to? Each ad-
dition or modification costs both time
and money and complicates his opera-
tion. There is no arguiment about the
need to reduce number of parts to be
inventoried, but if things were made
simpler, you would have more people
competing with you for your servicing
business. As it siands, there is a short-
age of servicemen. R-E

14 RADIO-ELECTRONICS
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Microminiature Electronics

by Israel Kalish. Microminiature electronics devel-
oped for the space and missile programs is now
spreading into all phases of electronics, and will
soon be commonplace in entertainment, commercml
and industrial electronic equipment desngn This
book clearly explains microminiature basics, and
will not only help the reader prepare for packagmg,
operating, and servicing military microminiature
equipment, but also orient him in the 'think small”

trend in civilian equipment. The text is of the pro-
grammed type, including questions and answers to
review and accelerate learning. 304 pages; 54g5
514 x 814”. Order 20582, only .. . ... il b

AM-FM-TV Allgnment

by Robert G. Middleton. This book tells you all you
need to know about the proper alignment of a-m,
f-m radios and tv sets. Each section of the receiver
is analyzed step by step, and the fastest, easiest
methods of alignment are shown, Separate chapters
are devoted to ahgnment of the following: a-m re-
ceivers, f-m receivers, black-and-white tv, color-tv,
f-m stereo multiplex adapters; special chapter on
audio-amplifier frequency-response checks. ;350
160 pages; 5}4 x 814”. Order 20602, only.. ...

b

Mmmmmiatm
figotionics

ABC’s of Thermocouples

by John D. Lenk. This book provides much-needed
information on the important but little known sub-
ject of thermocouples. Provides a basic understand-
ing of how they work, how they are constructed,
and the many ways in which they are applied.
Standard types of thermocouples and their acces-

sories are descri ; color coding is explained; in-
cludes full data on calibrating and methods of com-
pensation control for use in laboratory, flight, data
system, and other environments. Also covers ther-
mocouple readouts, recorders, and controllers. 5225
128 pages; 5% x 8}/2 Order 20586 only ..

Symfact® Guide to TV Servicing

by Howard W. Sams Engineering Staff. Explains the
normal operation of a given tv circuit, and then
shows exactly the waveform display, voltage symp-
toms, picture-tube display, etc., that occur when
any component in that circuit is faulty. This inval-
uable book, in eight main sections, illustrates apd
describes the malfunctions that occur in specific cir-
cuits and shows how to identify and overcome them.
Unbelievably practical for fast troubleshooting. ’295
160 pages; 5% x 824”. Order 20597, only.....

Practical Power Supply Circuits

by John Potter Shields. Provides a thorough under-
standmg of the basic types of power supplies used
in current electronic equipment. Explains the oper-
ation of various rectifier circuits—half-, full-wave,
and bridge types—and describes the charactenstlcs
of gas and high vacuum tubes, as well as scr’s used
in these circuits. Explains the basics of filters and
voltage regulators; describes solid-state voltage and
current regulation. Includes semiconductor-type
power supplies, converters, and inverters. Provides
typical values and construction data. 112 pages; ;250
534 x 8%”. Order 2057Y, 0nly. . .............

These and over 300 other SAMS
Books are availabte from your local
Electronics Parts Distributor . . .

QHOWARD W. SAMS & CO., INC.

4300 WESY 62nd ST. - INDIANAPOLIS. INDIANA 48288

Circle 18 on reader’s service card
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EXTRA POWER

with

FINCO

AMPLIFIERS

FINCO MODEL #65-4

Antenna Amnplifier
$47 .95 list VHF-TV
Two-transistor Antenna
Amplifier for 75 OHM
Downilead, and power
supply with built-in
single or dual 300 ohm
outputs. Provides 12
dB gain in the low band
and 14 dB gain in. the

For perfect color TV and
FM Stereo Reception

FINCO MODEL #65-1
Distribution Amplifier
$29.S5 list 2-tube 4-
output VHF-TV or FM
Distribution Amplifier
for 300 OHM Opera-
tion, providing 8 dB
gain at each 300 ohm
output to feed home or
cammercial systems.

FINCC MODEL #65-2
Distribution Amplifier
$39.95 list 2-tube 4-
output VHF-TV or FM
Distribution Amplifier
for 75 OHM CO-AX
Operation, providing 6
dE gain at each 75 ohm
output to feed deluxe
hame or commercial
systems.

FINCO MODEL #65-3

Antenna Amplifier
$44.95 list New VHF-
TV Antenna Amplifier
and Paower Supply with
built in single or duatl
outputs to improve re-
ception of weak signals
in fringe areas. Pro-
vides 12 dB gain in the
jow band and 14 dB
gain in the high band.

Sets “COME ALIVE" with
Brilliant Sound and Color

A Finco high-gain, low-noise amplifier
will bring in the sharpest COLOR or
B & W TV picture and the finest sound!

All FINCO Products are Engineered
For Color!

high band.

FINCO MODEL #65-5
Distribution Amplifier
$44.95 list VHF-TV 75
OHM Single Outlet Dis-
tribution Amptified for
deluxe home or com-
mercial use to feed
multiple sets through
line tap offs or split-
ters. Delivers 17 dB
Low Band and 14 dB
High Band.

AN
‘\‘\:‘\\:.“

FINCO MODEL #65-6
Amplifiers $79.95 list.
VHF-TV Antenna Mount-
ed two-transistor pre-
amplifier with 75 OHM
two-tube Single Cutput
Distribution Post-am-
plifier up to 30 dB gain
for improved reception.
Used in home or com-
mercial installations to
feed multiple sets.

FINCO MODEL #65-7
FM Signal Amplifier
$24.95 list. One-tran-
sistor Indoor Behind-
the-set FM amplifier
with a passive filter in-
put circuit to reject sig-
nals outside the FM
band which cause in-
terference. Delivers 20
dB Gain.

_‘1 {
s BLACK /| WHITE / g')

\AND Fm ANTEN

Write for Color Brochure #20-411,

THE FINNEY COMPANY

34 W. Jnterstate Street « Dept. RE « Bedford, Ohio 44146

Circle 19 on reader’s service card
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use Sony Tape

If you've been using any of the
so-called bargain tapes, chances
are you should have your heads
examined. The odds are good
that the heads are excessively
worn and you're not getting the
most out of your recorder. If you
want to keep ‘“factory-fresh”
sound to your recorder—and
avoid future “headaches” and
keep it that way —Here's the pre-
scription—buy Sony Professional-
quality Recording Tape. Sony
Tape is permanently lubricated
by the exclusive Lubri-Cushion
process. Sony's extra-heavy Oxi-
Coating won't shed or sliver and
is applied so evenly that record-
ings made on Sony Tape are not
subject to sound dropouts. Sony
Tape captures and reproduces
the strength and delicacy of
every sound-—over and over
again. There's a bonus, too, with
every 5” and 7” reel of Sony
Tape—a pair of Sony-exclusive
“Easy Threader” tabs to make
tape threading the easiest ever.
And Sony reels are a sturdier,
heavier gauge plastic for protec-
tion against possible warping.
It's just what the “Doctor”
ordered and yours for just pen-
nies more than “bargain” tape.

| soNy JFIEFIT

SUN VALLEY, CALIFORNIA ¢ 91352
Circle 20 on reader’s service card

In the Shop . .. With Jack

By JACK DARR

ONE OF THE WORST PROBLEMS IN A
TV is the flyback that runs hot with no
apparent cause—no shorts, yoke good,
and so on. It just runs hot! The set
usually makes a pretty good picture:
Voltages are off just enough to be ob-
vious, and the cathode current of the
horizontal output amplifier (tube or
transistor) will be too high. (The en-
ergy’s got to come from somewhere,
to heat the flyback, and this is it.

All right now—why? Well, let’s
look at the basic characteristics of all
flyback circuits, especially the amplifier
itself. It’s a pulsed stage. Although the
tube or transistor used will have a
rating of maybe 15 watts, the actual
power dissipated during conduction
can run as high as 500 watts!

The reason the stage can get away
with this massive overload is simple—
it goes on only for a few microseconds,
Then, the poor thing cools off for quite
a while, comparatively speaking, until
the next pulse comes along. You can
see that conduction time is a key factor
in how much power the tube or tran-
sistor has to dissipate. Another factor
is the output load (the flyback trans-
former),

Now, we're getting near the key
point—the shape of the driving pulse
voltage. Fig. 1-a shows a normal tube
pulse, and Fig. 1-b a transistor drive
pulse. Note the difference between “on
time” and “off time.” This is it.

Pulse shape is dctermined by the
driving circuits and the horizontal os-
cillator. In transistor circuits, you'll
usually find a driver stage; its main pur-
pose is to get the required rectangular
pulse shape, and to set the on-off time
ratio.

+

SANA

BIAS
POINT

16

This column is for your service
problems—TYV, radio, audio or general
and industrial electronics. We answer
all questions individually by mail, free
of charge, and the more interesting
ones will be printed here.

If you're really stuck, write us.
We'll do our best to help you. Don't
forget to enclose a stamped, self-ad-
dressed envelope. Write: Service Edi-
tor, Radio-Electronics, 154 West 14th
Street, New York 10011.

INPUT-

I}\/I_l/l_(\_ AT
RAAA
Rt

Fig. 2

The basic output of the horizontal
oscillator may be a sawtooth, sine wave
or even a fair square wave. None of
these shapes will do, for driving the
output amplifier. Transistor output
stages are driven by what looks like a
square wave, A close look with a scope
shows that it’s actually a rectangular
wave, with a very precise ratio of on-
time to off-time, usually about 1:2.

This output wave is shaped by RC
networks to make the proper shape.
Fig. 2 shows the basic circuit, and what
it does. The output waveform is deter-
mined by the point of takeoff, and by
the ratio of part values—resistance to
capacitance. The proportions of the
drive waveform, with respect to the
cutoff point (bias) of the output ampli-
fier, determine the on—off time of the
amplifier and its total power consump-
tion.

Sounds complicated ‘but it isn't.
Use a scope to look at the waveform
and compare it to the one shown on
the schematic. Then measure its p-p
voltage. If there is enough distortion to
cause trouble, it’ll be pretty obvious.
Confirm the diagnosis by taking voltage
measurements, current readings and
checking the output. Another way:
substitute a known good drive wave-
form from another TV set.

If you “sub” a drive signal from

(continued on page 22)
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T Tins for Technicians /||/UY, -

Remember to ask—"What else needs fixing ?”

DECEMBER 1967
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That’s the question to ask to add extra profit to every
service call. It makes sense. Just about every customer
who calls you for TV repair owns other electronic prod-
ucts that are excellent prospects for service. You've
already invested your time getting to his home. So why
not see what further service you can render?

Does it work? You bet! On a test program sponsored
by Electronic Industries Association, in which Mallory
is an active member, service men got 6%, more profit
from business they added just by asking that simple
question.

Here are some tips that you can use to cash in on this
idea.

Portable radios, for instance. Most homes have at least
one. Ask ’em, “How about fresh batteries?”” And then
sell Mallory Duracell® batteries . . . best buy in long
life and fade-free power. And don’t forget cameras,
flashlights and toys. They need batteries, too, and
there’s a Duracell type for every job.

Ask to check table radios . . . then listen for hum as the
set warms up. Many people put up with hum because
they’ve forgotten how well the radio sounded when
new. But hum may be a sign that a filter capacitor is
near the end of its life. Replace with a Mallory FP,
WP, TC or MTA. Your Mallory Distributor can supply
the exact size and rating you need.

How about hi-fi and stereo? Ask to turn them on, and
see if you detect anything that calls for service. You
can suggest adding remote speakers for a porch or family
room. Be sure to include a Mallory balance control and
remote volume controls, to make the installation com-
plete. Record changers and electronic organs are good
service opportunities, too.

Try this profit-building “What else needs fixing?”’ idea
on the next calls you make. And for the quality com-
ponents that make every job sure, see your Mallory
Distributor. Mallory Distributor Products Company,
a division of P. R. Mallory & Co. Inc., Indianapolis,
Indiana 46206.

®Duracell is a registered trademark of P. R. Mallory & Co. Inc.

Circle 21 on reader’s service card
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“He's a good worker:
I'd promote him
right now if he had
more education
in electronics.”

Could they be talking about you?

You'll miss a lot of opportunities if you try to get along
in the electronics industry without an advanced edu-
cation. Many doors will be closed to you, and no
amount of hard work will open them.

But you can build a rewarding career if you supple-
ment your experience with specialized knowledge of
one of the key areas of electronics. As a specialist,
you will enjoy security, excellent pay, and the kind of
future you want for yourself and your family.

Going back to school isn't easy for a man with a

full-time job and family obligations. But CRElI Home
Study Programs make it possible for you to get the
additional education you need without attending
classes. You study at home, at your own pace, on
your own schedule. You study with the assurance that
what you learn can be applied to the job immediately.

CREI Programs cover all important areas of elec-
tronics including communications, radar and sonar,
even missile and spacecraft guidance. You're sure to
find a program that fits your career objectives.

RADIO-ELECTRONICS
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You're eligible for a CREI Program if you work in
electronics and have a high school education. Our
FREE book gives complete information. Airmail post-
paid card for ycur copy. If card is detached, use cou-

pon at right or write:

CREI, Dept. 1412E

3224 16th St., N.W., T fri
Washington, D.C. 20010.

DECEMBER 1967

Founded 1927

CRET

Accredited Member
of the Nationat Home Study Councit

———————— —-—————————————1
The Capitol Radio Engineering Institute
A Division of McGraw-Hill, Inc.
Dept.1412E, 3224 Sixteenth Street, N.W.
* Washington, D.C. 20010
Please send me FREE book describing CREl Programs. |
am employed in electronics and have a high school education.
NAME AGE
ADDRESS
CITY. STATE ZIP CODE

EMPLOYED BY.

TYPE OF PRESENT WORK_ - [ G BILL

| am interested in [0 Electronic Engineering Technology
[0 Space Electronics [ Nuclear Engineering Technology
3 tndustrial Electronics for Automation
[0 Computer Systems Technology

e e e o e e s e o S — —

APPROVED FOR TRAINING UNDER NEW G.l. BILL
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“ HERE’S
PROOF!

PROOF that “SUPER 100"
tuner cleaneris BETTER!

Tested by a leading independent
laboratory against competitive products!

SUPER 100 A B (o]
CLEANING Excellent Good Fair Fair
LUBRICATION Good Fair Fair Poor
PLASTIC ATTACK None None None None
FLAMMABILITY None None None None
CONDUCTIVITY None None Slight Slight
ANJI{‘S‘I@E{'(I:ON Excellent Fair Poor Poor
DRIFT None Slight Yes Yes

SUPER 100 TUNER CLEANER. . . for COLOR
and Black and White TV tuners

6 oz. spray can with INJECTORALL steel needle
CAT. NO. 100-6 net $1.95

Buy it at your Electronic Parts Dealer.
For free catalog on the complete line, write to:

INJECTORALL ELECTRONICS CORP. ¢ Great Neck, N. Y. 11024

Circle 22 on reader’s service card

Popular Science
Top-Rates

Scotts Stereo

Tuner Kit s . somo ressons

Popular Science magazine’s reviewer said, “I rate the LT-112-B as one of the
finest FM tuners available — in or out of kit form.” All of this fabulous
tuner’s critical circuitry comes pre-wired, pre-tested, and pre-aligned . . . and
the full-size, full-color instruction manual makes the rest simple. In just
eight hours, you’ll have it completed. Again, in the reviewer’s words: “Stereo
performance is superb, and the set’s sensitivity will cope with the dcepest
fringe area reception conditions . . . drift is nON- Scott._where innovation is a tradition
existent.” See your Scott dealer and review the J

new LT-112B-1 for yourself. Only $199.95. SCOT’E

©@Copyright 1967, H.H. Scott, Inc.

H.H. Scoty, Inc., Dept. 570-12, Maynard, Mass. 01754. Export: Scott International, Maynard, Mass. 01754
Circle 100 on reader’s service card
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In the Shop . . . With Jack

(continued from page 16)

a working set, read the cathode current
and compare its value to what you had
with the original drive. This will tell
you what’s really going on.

Divide and conquer

In all cases of flyback trouble, you
should divide the circuit into two parts:
input (or drive) and load (see Fig. 3).
The load includes everything fed by the
flyback: yoke, damper, HV rectifier
(also regulator and focus rectifiers in
color sets), and the boost circuits, in-
cluding the boosted-boost. The drive
section includes the horizontal oscilla-
tor and driver, afc and all wave-shaping
networks in its output.

DRIVE | LOAD
I
DRIVE - :
(HORIZOSC,| | y—— HV RECT. ——=
AFC, |
DRIVER) :
I FLYBACK
]

!

HORIZ
OUTPUT r—J

AMPL

YOKE, DAMPER,

BOOST-
{(BOOSTED-BOOST,
FOCUS, ETC.}

Fig. 3

Load defects are usually pretty
easy. They’ll affect the output pretty
badly—narrow sweep, low HV, etc. If
you suspect yoke trouble, substitute
the horizontal windings of another
yoke, and read the boost voltage. Since
the flyback pulse from the yoke is con-
sidered as the source of boost, if boost
returns to normal, you've confirmed
your diagnosis without even seeing a
raster!

Input trouble can be harder. A
substitute signal can confirm the diag-
nosis pretty quickly, after a scope
check has shown the possibility of
trouble—drive signals with excessive
flattening of the tops, curvature, too
much spiking, and so on; any kind of
noticeable deviation from the correct
waveform shown on the schematic.

Monitor the cathode current of
the output amplifier as a good guide.
When you find the real trouble, cath-
ode current will go back down to nor-
mal, and the output will come up to
normal.

Now, if a sub-signal shows that
the set’s own oscillator circuit is out of
shape somehow, you’ve got to find out
what and why. The cause of this kind
of trouble is usually pretty simple (like

(continued on page 26)
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Are you eligible for the
Bright Guy Awards?

It’s easy to get them—and to get all the busi-
ness they’ll bring you. New customers. More
sales. More money.

The Bright Guy Awards is the big pro-
gram Sylvania’s running this year to boost
your sales.

Your Sylvania distributor can put your
name and address in TV Guide ads in your
area. The ads call you “the
brightestservicemanintown”
—and tell people in your town
why they should call you.

You’ll get into the Yellow
Pages, too, un-
der the heading @
“TV Service and Repairs.” o

Once again this year you’ll Pages
be eligible for over one hun-
dred valuable, interesting

| SMB-Bright Guy gifts, just

@) for buying the Sylvania TV

SMB (| replacement parts you nor-

7 mally buy anyway.

‘j‘ .. lAnd youl’ll'ge.t window d;]s-
plays proclaiming you “the

‘i__‘zjbrightest”—the TV service-

man everyone’s reading about.

You're eligible for the
Bright Guy Awards just by —_—
buying Sylvania’s famous color bright
color bright 85° picture
tube. And our other pic-
ture tubes, and our receiv-

color bright &
ing tubes. So see your \ =— -
Sylvania distributor.

Sylvania Electronic Tube Division, Elec-
tronic Components Group, Seneca Falls,
New York 13148.

SYLVANIA

A SUBSIDIARY OF

GENERAL TELEPHONE & ELECTRONICS

Circle 23 on reader’s service card

DECEMBER 1967
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Etives i

L

the best color out

1o bring

Downlead and Pre-Amplifier Hous-
ing—permanent housing is built-into the
antenna; provides complete weather-
proofing for downlead connector car-
tridge or pre-amp cartridge.

High Tensile Aluminum Elements; with
Gold Anodizing—aluminum alloy has PSI
rating of 38,000 compared to 27,000 PSI for
alloys used in other antennas. More than
49% stronger and 29% more resistant to
bend and wind distortion. Elements and
boom are gold anodized for the only perma-
nent protection against corrosion and
fading.

Solid State Pre-Amplifiers—incorpo-
rate revolutionary new silicon overlay
transistors, the best performing and
most powerful transistors available for
antenna use, Drop into pre-amplifier
housing at point of signal interception.

M Ellipsoidal Boom—the only aluminum
shape engineered especially for antenna

use; proved far stronger than any other
boom design.

Electro-Lens* Director System—pat-
ented system absorbs entire signal and
focuses it directly onto driven elements
for pinpoint directivity.

*U. S. Patent No. 2700105

Canada No. 511984

FM Control Element—provide exception-
ally high gain on FM bands and provide for
the attenuation of FM bands in areas where
strong FM signals interfere with tv recep-

- tion.

Impedance Correlators—patented cor-
relators automatically increase 75 ohm
driven elements to 300 ohms to provide
100%; signal transfer from antennato set.

CS-285 Band Separator (with printed cir-
cuit)—comes at no additional cost with all
82 channel Super Colortrons to separate
UHF and VHF signals. Attaches easily to
terminals on back of set.

#l gain on channels 14 to 83 because of

Model No..

nsialled By.

Registration

00000@

Number
Date.

Vertical Resonant Reflectors—UHF

@ Winegard

2-Year Antenna Re-

reflectors achieve highest realizable
{2 YEAR)

24 Month Antenna Replacement Warranty

placement Warranty—
the only antenna in the

exceptionally large vertical capture area;
more UHF gain than any other 82-chan-

Seo Reverse For Detsils

industry that gives your
customer a 2-year re-

.

ms FOR YOUR RECO@ gh

nel design.

placement privilege.
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No wonder

SO many dealers

: are selling
o many Winegard
Super Colortrons

You're right, that's a lot of features. A
lot more than any other antenna ever
designed.

But what's really important is what
happens when all those features are
sandwiched into one super-performing,
super-compact antenna.

And just in case you don't know yet,
we'll tell you what happens.

First off, you get an antenna so power-
ful and with such pinpoint directivity
~even without solid state pre-amps) that
it eliminates ghosts and snow more
effectively than anything you've ever
seen before.

And when you drop-in an instant-
loading pre-amplifier (there are eight to
choose from not counting the color
spectrum filter) you've got yourself an
antenna that does just about anything
you want it to do, just about anywhere—

so fast.

especially when it comes to color tv.

The solid state pre-amplifiers enable
you to instantly increase gain on all
channels. They let you custom match
the Super Colortron to any reception
requirement in seconds, using either 75
ohm coax or 300 ohm downlead—and
with all connections completely en-
closed and protected against the
weather.

You can take your choice. There are
ultra high gain, low noise 82-channel
UHF-VHF-FM pre-amplifiers... VHF-FM
pre-amplifiers. . . UHF pre-amplifiers...
and FM pre-amplifiers. And then there's
that color spectrum filter. It shuts out
electro-magnetic interference...lets
only pure TV signals come through for
the clearest color pictures ever.

So you see, there's really a lot to talk
about when it comes to Super Colortron

antennas, all 14 models—with 7 patents
and patents pending.

And that's why we're doing a lot of
talking in Life and Newsweek and Sun-
set. 17 ads, between now and Christmas,
telling more than 60,000,000 prospects
exactly how remarkable the “transistor-
ized" Super Colortron is.

No wonder so many dealers are selling
so many Super Colortrons so fast.

So what are you waiting for?

&H E‘t‘;‘:i . . *ﬁ o svt" o

—biggest, most powerful national ad-
vertising campaign in the industry.

Winegard
WINEGARD COMPANY *

3000 KIRKWOOD STREET L BURLINGTON, 1I0WA 52601

Circle 24 on reader’s service card ©Copyright 1867, Winegard Company, Burlington, lowa
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Solid State Gircuit Boards

Featuring Professional Performance
at Low-Budget Prices

Mode! AA-100

$695

Model AA-300

$1495
Transistorized audio pre-amplifiers and | Model AA-100 | . Model AA-300
amplifiers capable of delivering 200 [Frequency | =3 db, 100 to =1 b, 20 to 20K cps @ 200 MW
MW of audio power, sufficient to drive |Response | 12K cps =2 db, 20 to 35K cps @ 100 MW
a small speaker or a number of ear- “Less than 1%, 20 to 20K cps

phones. The AA-100, which includes a |Harmonic Less than 3%, @ 100 MW
mounted volume control, is designed |Distortion | 100 to 12K cps Less than 2%, 20 to 20K cps
for general purpose audio applications @ 200 MW

and can also be used to modulate the 150, 600, and 50 to 150 ohms, or 600 ohms,
TR-100 Transmitter (see below). The [input 100K ohms balanced {mu-metal shielded
AA-300, a 200 MW amplifier, has ex- Impedance | (shielded permalloy core transformer)
cellent frequency response and low transformer) | 2K or 100K ohms unbalanced
distortion characteristics which make (63 70db_ 80 db, 50 ohm input, 8 ohm ioad
it ideally suited for broadcast, record- |Output 500 ohms and 8 ohms (grain oriented transformer)
ing, and TV applications. Either ampli- p 0 MW . L

fier may be powered from a 9 volt |Circuit 5 transistors, 7 transistors, 1 thermistor
source such as a battery or the PS-300 1 thermistor

Power Supply. In applications where |FoWer 9 volts DC, 50 MA | 9 volts DC, 100 MA

greater audio power is required, the [SUPPY -

AA-100 or the AA-300 may be used to |gize shanlx 8" L x 214 W x 132" H

drive the Model AA-400 Power Ampli- ) 13" W x 1" H

fier (see below). Weight 3Y2 ounces 12 ounces

1-WATT AUDIO POWER AMPLIFIER

A transistorized audio power amplifier that can be driven to a

full 1-watt output by a 1.5 volt signal. When the AA-400 is

Model AA-400 used with the Round Hill AA-100 or AA-300 Amplifier, a
$095 complete high gain, 1-watt audio system is obtained.
9 Power can be furnished by any stable DC source de-
livering 14 volts at 150 MA, such as the PS-300.

Frequency Response.......... =1 db, 20 to 20K cps @ Output Impedance ........ .4 t0 16 ohms
1 watt Circuit - oz . 4 transistors
Harmonic Distortion....... Less than 1.5%, 20 to 20K Power Supply 214 volts DC, 150 MA

cps @ 1 watt Size .
Input Impedance ... 500 chms and 2,000 ohms Weight'

REGULATED POWER SUPPLY

The PS-300 is a zener-referenced, voltage regulated
power supply which delivers a highly stable, ex-
tremely low ripple DC output of 9 volts with loads
up”toD(Z:O(_)rhMA 33nd an ;nregulattedd (f)utptut of t14
volts DC. The PS-300 is ideally suited for transistor
circuit applications requiring a well-filtered reg- Model PS-300
ulated DC source, and may be used to furnish $1895

power to all Round Hill circuit boards.

Input Voltage ..... 105-120 volts AE 60 cps, 5 wartv}s Output Voltage............... 9 volts DC fully regulated;
i \i

31/2” Lx2”Wx2"H
ceeeeens 3 OUNCES

Regulatnon 14 volts DC unregulated
Ripple .U Size . 4151 L x 27 W x 1%" H
Maximum Load Current ... v 200 M wenght . .23 ounces (with transformer)

TRANSMITTER

The TR-100 is a complete crystal controlled Trans-
mitter for the Citizens' Band. It is.factory pre-tuned
and supplied with a channel 10 crystal. The Trans-
mitter is capable of an RF output in excess of 100
MW and may be modulated with the Round Hill
AA-100 Amplifier. Transmitter power supply require-

Model TR-100

- - ments are 9 volts DC which can be obtained from the

$1095 d PS-300 Power Supply.
Circuit ...o..ocoene Crystal controlled, 3 transistors RF Output . 100 MW, 50 ohm load
Frequency Range......... Any CB channel (channef 10 Power Supply ..... 9 volts DC, 50 MA
crystal supplied) Size ... 514" L x 134" W x 27 H
Modulation........ CW or AM with external modulator weight 3Y2 ounces
such as Round Hill AA-100 Addmonal cB Crystals ........................... $3.00 each

=iy ROUND HILL ASSOCIATES INC. A sussipiARY OF MILO ELECTRONICS

434 Avenue of the Americas, New York, N.Y. 10011
PLEASE SEND ME THE FOLLOWING CIRCUIT BOARDS: [ Send postpald—enclosed is full payment.

MODEL QTY. [PRICE ea AMOUNT
AA-100 AUDIO AMPLIFIER $695 |5 [ Send C.0.D.
AA-300 AUDIO AMPLIFIER $14.95 |$
AA-400 AUDIO POWER L=

AMPLIFIER $9.95 |3
PS-300 POWER SUPPLY $18.95 |$ ADDRESS
TR-100 TRANSMITTER $10.95 |3
CB CRYSTAL (channel: ) $ 3.00 % CITy

TOTAL: [$ STATE

WWW.americanradiohistorv.com

In the Shop ... With Jack

(continued from page 22)

all others!): too much leakage in a
small capacitor, or a resistor that has
drifted off value too far.

A wee bit of leakage in the coup-
ling capacitor from oscillator output to
amplifier grid will really shake things
up, by upsetting the dc bias level on
the grid. (This of course, determines
the cutoff point of the amplifier, and
the amount of time it is held in conduc-
tion, dissipating power.)

Normally, this kind of trouble will
not be in the frequency-determining
parts of the circuit or in the afc. If it
is, you can certainly tell! The most
common cause will be a defective
“saw-forming network” somewhere be-
tween the oscillator and output.

Red hot mystery

Once in a while you’ll find a trou-
ble, the cause of which won’t be a short
or a leak, but an open input capacitor,
as in the B+ boost filter circuit shown
in Fig. 4.

VERY HIGH
PULSE
VOLTAGE ~—
T+
\
i }/’/ RL s
OUTPUT
« OPEN o
CAPACITOR 600D
l ELECTROLYTIC

Fig. 4

If the input filter capacitor is open,
a greater proportion of the pulses goes
through the resistor; some of which are
bypassed to ground by the ouput filter
capacitor and some of which get into
other circuits to cause other troubles.

Under this circumstance Yyou
could wind up with a big mystery . . .
the resistor would run red hot even
though there is nothing abnormal on
the load side to draw an excessive
amount of current.

To find these things, use the scope
again; it’s the only thing that’ll let you
see what’s going on. Look for the pres-
ence of high pulse voltages in what
should be “pure dc” circuits. Hook the
scope to the circuit, and then bridge
good capacitors across all suspected
ones. When you find the open one, the
pulse will just about disappear.

Just remember the old adage:
“This thing worked, once, with these
part values in it. So, if I can get all the
parts back to where they were then,
it’ll work again!” R-E
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Merry Crystals from...

\
i
\\&\\\\\\\u\\\\\\\\\\\\

Al

Send for our catalog. ..
It will cost you nothing.

SENTRY MANUFACTURING COMPANY
1634 Linwood Boulevard-0klahoma City, Oklahoma 73106

PHONE: 405-232-1431-TELEX: 071-361-TWX: 910-831-3175

Circle 25 on reader’s service card
DECEMBER 1967

WwWWW. americanradiohistorv.com

27


www.americanradiohistory.com

10 Reasons why
RCA Home Training is

Your best
investment

for a rewarding
career

in electronics:
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LEADER IN ELECTRONICS

TRAINING
When you think of electronics, you
immediately think of RCA...a name
that stands for dependability, integrity
and pioneering scientific advances. For
over a half century, RCA Institutes,
Inc., a service of Radio Corporation of
America, has been a leader in technical
training.

2 RCA AUTOTEXT TEACHES
ELECTRONICS FASTER, EASIER,
ALMOST AUTOMATICALLY

Beginner or refresher, AUTOTEXT,
RCA Institutes’ own method of pro-
grammed Home Training will help you
learn electronics more quickly and with
less effort, even if you've had trouble
with conventional learning methods in
the past.

THOUSANDS OF WELL PAID JOBS

ARE NOW OPEN TO MEN SKILLED

IN ELECTRONICS
RCA Institutes is doing something pos-
itive to help men with an interest in
electronics to qualify for rewarding
jobs in this fascinating field. Every year,
literally thousands of high paying jobs
in electronics go unfilled just because
not enough men take the opportunity
to train themselves for these openings.

WIDE CHOICE OF CAREER

PROGRAMS
Start today on the electronics career
of your choice. On the attached card is
a list of “Career Programs”, each of
which starts with the amazing AUTO-
TEXT method of programmed instruc-
tion. Look the list over, pick the one
best suited to you and check it off on
the card.

Construction of Multimeter.

DECEMBER 1967

SPECIALIZED ADVANCED
TRAINING
For those already working in elec-
tronics or with previous training, RCA
Institutes offers advanced courses. You
can start on a higher level without wast-
ing time on work you already know.

6 PERSONAL SUPERVISION
THROUGHOUT

All during your program of home study,
your training is supervised by RCA In-
stitutes experts who become personally
involved in your efforts and help you
over any “rough spots” that may de-
velop.

7 VARIETY OF KITS YOURS
TO KEEP

To give practical application to your
studies, a variety of valuable RCA In-
stitutes engineered kits are included in
your program. Each kit is complete in
itself. You never have to take apart one
piece to build another. At no extra cost,
they’re yours to keep and use on the job.

FROM RCA INSTITUTES ONLY —

TRANSISTORIZED TV KIT,

VALUABLE OSCILLOSCOPE
Those enrolled in RCA’s television
course or program receive complete
transistorized TV Kit. All students re-
ceive a valuable oscilloscope —both at
no extra cost and only from RCA Insti-
tutes.

9 UNIQUE TUITION PLAN

With RCA Home Training, you
progress at the pace that is best for you!
You only pay for lessons as you order
them. You don’t sign a long-term con-
tract. There’s no large down-payment
to lose if you decide not to continue.
You’re never badgered for monthly

bills. Even if you decide to interrupt
your training at any time, you don’t pay
a single cent more.

10 RCA INSTITUTES GRADUATES
GET TOP RECOGNITION
Thousands of graduates of RCA Insti-
tutes are now working for leaders in the
electronics field; many others have their
own profitable businesses. This record
is proof of the high quality of RCA In-
stitutes’ training.

CLASSROOM TRAINING
ALSO AVAILABLE

If you prefer, you can attend classes at
RCA Institutes Resident School, one of
the largest of its kind in New York City.
Coeducational classroom and labora-
tory training, day and evening sessions,
start four times a year. Simply check
“Classroom Training” on the attached
card for full information.

JOB PLACEMENT SERVICE, TOO!

Companies like IBM, Bell Telephone
Labs, GE, RCA, Xerox, Honeywell,
Grumman, Westinghouse, and major
Radio and TV Networks have regularly
employed graduates through RCA
Institutes’ own placement service.

SEND ATTACHED POSTAGE PAID CARD
TODAY! FREE DESCRIPTIVE BOOK
YOURS WITHOUT OBLIGATION! NO
SALESMAN WILL CALL!

All RCA Institutes courses and
programs are approved for veter-
ans under the New G.1. Bill.

RCA INSTITUTES, INc. pept. RE-D7
320 West 31st Street

| New York, N.Y. 10001

ACCREDITED MEMBER National Home Study Council

The Most Trusted Name in Electronics

Construction of Oscilloscope.

www americanradiohistorv com

Temperature experiment with transistors.
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COVER STORY

Easy automatic slide changing with

commentary from your
tape recorder

By ROBERT S. HAVENHILL

SHOWING COLOR SLIDES is a good way
to recreate your vacation for friends.
By adding commentary on tape, you're
relieved of repeating the same thing,
and you can’t forget what you said last
time. But changing slides is still a
nuisance.

The synchonizer changes slides
for you automatically. All you need is a
stereo tape recorder. You put the voice
commentary on one track, and a sync
signal on the other. When friends drop
in, you simply load the projector and
the recorder, turn them on, and the
show runs automatically. The recorded
sync pulses advance slides as your com-
mentary moves ahead. And there are
no relays to chatter or stick.

Theory

The heart of this synchronizer is a
bidirectional thyristor, called a Triac.
As you know, a silicon controlled recti-
fier can conduct only on one-half of an
applied ac voltage. Why? Because an
SCR is simply a diode with a gate. A
Triac consists of essentially rwo diodes
in reverse parallel, with a gate. It can
conduct on both halves of an ac wave-
form and can be used as a full-wave
control and switch. A Triac can also be
gated by ac, which is quite useful.

Figure 1 shows the symbol for a
Triac and one method of triggering it.
When S1 is closed the gate is con-
nected to anode 2 through current-lim-
iting resistor R2. The Triac then con-
ducts and switches on the ac motor.
(Some slide changers are operated by
a solenoid, but the principle is the
same.)

32

UILD A SOLID-STATE
TAPE/SLIDE SYNGHRONIZER

Figure 2 illustrates a second meth-
od of triggering: An ac signal is applied
to the gate-anode | circuit of the
Triac through isolation transformer T1.
This second method is used in the tape/
slide synchronizer on playback. The
recorded sync signal on the tape is fed
to the primary of T1. The signal then

A2 |(ANODE 2) l

JTRIAC

7 VAC
60 Hz

Al |(ANOCDE 1)

Fig. 1—Triac is turned on with voltage
between gate and anode 2. It can conduct
on both halves of an applied ac voltage.

6
AF TRANS

FROM
RECORDER PRI
OUTPUT L

Fig. 2—Either ac or dc will trigger the
Triac. Signal can also be applied between
gate and anode 1 to turn the device on.

www.americanradiohistorv.com

triggers the Triac, which conducts and
activates the motor (or solenoid) in
the projector. The slide advances.

In the record mode, it’s necessary
to simultaneously trigger the Triac (to
advance the slide) and produce an ac
signal (to put sync on the tape). The
circuit is shown in Fig. 3. Closing S1

’

7V AC
60Hz

AF TRANS

TO RECORDER
INPUT
T!

Fig. 4—Typical Triac outline, terminal
connections, with mounting stud at top.

RADIO-ELECTRONICS
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triggers the Triac and advances the
slide. At the same time the 60-Hz ac
to the motor passes through R, causing
a 1-volt drop. This I-volt signal is
passed through T1 to the second tape
channel, while voice commentary is go-
ing on the first channel. Fig. 4 shows
outline and terminal connections of
the Triac.

Operation—record

The synchronizer (Fig. 5) is con-
nected to onc recording input of the
tape recorder through J!, and, to the
slide changer through PI. SI is set to
the record function. The tape recorder
is then adjusted to record voice from a
microphone on the other input channel.
The tape is started and when you want
to change slides, S2 (or remote switch
S3) is pressed. This triggers the Triac
into conduction and starts up the slide-
changer motor (or solenoid). In a mo-
tor-operated changer, when S2 is re-
lecased the cam switch in the slide
changer continues to feed ac to the
motor or solenoid until the cycle is
complete.

Meanwhile, as S2 is closed, the
sync signal is passed through TI, vol-
ume control R3 and J1 to the input
of the recorder. The level of the sync
signal can be set with R3; thus the vol-
ume control of the recorder does not
need to be changed in going from rec-
ord to playback.

S3 is an optional remote-control
switch. It lets you put sync on tape
without having to be near the unit.

Operation—playback

The cable connecting J1 to the
recorder microphone input is now used

i

Fig. 6—Remote jack J3 isn’t required . . .

Locking control is used for R3 to avoid

to connect J2 to the external speaker
jack of the recorder. (This jack must
be on the same channel the sync signals
were recorded on.) SI on the tape/slide
synchronizer is set to the playback
function, and the recorder controls are
set for sterco (or split-channel) play-
back.

When you play back the tape,
you’ll hear commentary as usual
through the tape speaker. But the sync-
channel speaker should be muted, and
the sync signal goes into J2 and the
primary of T1l. The signal is stepped
up about 2.5 times by T1 and is then
applied to the gate of the thyristor.

Note that closing either S2 or S3
will override all automatic controls
and cause a slide change during cither

it is useful for remote operation of S2.
accidental misadjustment of sync level.

recording or playback.

This synchronizer can be used
with nearly any slide changer with re-
mote pushbutton operation, and with
any stereo or split-channel tape record-
er with power amplifiers. It cannot be
used with a tape deck since preamp
output isn’t high enough to trigger the
Triac. The SC40B requires 1.5 to 3
volts and 25 to 100 mA for triggering,
and will control up to a 6-amp load at
120 volts.

Transformer T1 isolates the pow-
er line from the recorder and gives a
fair impedance match between record-
er output and the Triac gate. In the
record function the impedance match
to the recorder input is not good, but

continued on page 91

SYNCHRONIZER

MOTOR OR
SOLENOID
SLIDE CHANGER

Pl 7 Jé ol
REMOTE R SCAC At LB cABL !
J3 I !
A i1 00 1
.- = !
I
= ; )
REMOTE
CONTROL
TO TAPE RECORDER SOCKET SWITCH
PLAYBACK
QuUTPUT
Fig. 5—You need huild only the synchronizer
RECORD (left) but your slide changer must have
INPUT 2:250 Ri . gy 3
30 a remote change facility (right).
SEE TEXT
Parts List P2—Cable plug to match re- R3—1-megohm, audio-taper po- MISC—Steel utility box 4” x 4”
J1, J2—Phono jacks mote-control socket on tentiometer x 27, aluminum plate 115"
J3—4-prong  chassis socket projector S1—D.p.d.t. slide switch x 1%” x Y, 2 insulated
(Cinch-Jones S-304-AB or P3—a4-prong cable pfug (Cinch- S82—S.p.s.t. pushbutton switch, threaded V" spacers or
similar) Jones P-304-CCT or similar) normally open contacts stand-off insulators; cables
J4—A4.prong cable socket Ql—Triac (G-E type SC40B, S3—S.p.s.t. cable-mount push- —one 2-wire power cabie
(Cinch-Jones S$-304-CCT or Texas Instruments TIC23 button switch (Switch- to connect unit to slide
similar) or similar) craft 913 or similar) changer; one or two single-
P1—A4-prong chassis plug R1—3-ohm, 5-watt resistor (see T1—Output transformer, 25 wire shielded cables to con-
(Cinch-Jones P-304-AB or text) ohms to 4 ohms (Stancor nect unit to input and out-
similar) R2—100-ohm, 5-watt resistor TA-62 or similar) put of recorder (see text)
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By JOHN HOKE

Fig. 1—First lay out the materials you

will need to build the solar vehicle.

: 178, Sy |
178 BALSA - _¢ ¥
4-5/16"
-+ |

TOP OF VEHICLE - |

YIS

HOLE FOR PHONE JACK

END PLATE

(SEE TEXT)
DRIVE ROLLER
) 3/32° NOTCH,
2 PADDLES-6 |
a4 |Fe Griva” - |}
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B — 6-17/32" — > (/2%

Fig. 2—Unless otherwise marked, sections
are cut from two sheets of &” balsa.
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The Solar-Powered

Self-powered amphibious vehicle will get the

A FULL-SCALE GAMMA GOAT IS A MILI-
tary vehicle designed to operate effec-
tively on any kind of ground. This
solar-powered model doesn’t look
much like the real thing, but it does
have similar rough-terrain capabilities.
It manages well on land or water, and
solely with light power.

You’ll find the goat easy to build.
It’s assembled almost completely from
tailored-to-fit parts that can be ob-
tained easily from local sources (see
Fig. 1).

The vehicle frame is made from
18” balsa wood, with Y4” balsa used
for the yoke and for local reinforce-
ment of the thinner wood.

To make later finishing much eas-
ier, all surfaces of the balsa should be
filled before you cut out the parts.
Spread shellac or Elmer’s glue smooth-
ly over the wood surface. Lightly sand
the treated surface (when it’s dry)
with about a 320-grit paper before cut-
ting. Use a onc-sided razor blade or
X-Acto knife to cut the wood. Follow
the plans shown in Fig. 2.

Roller construction

Assemble the front roller as shown
in Fig. 3. Use acctone or methylenc
chloride to cement together the lids of
two 6-oz Styrofoam cups. Carefully
cut a ¥2” hole through the center of
both lids. An eyelet “bearing” must be
centered in the bottom of each cup, to
receive the axle.

Next, make the balsa yoke for the
front roller, following the plans shown
in Fig. 2. Assemble the yoke and
mount the front roller in it (Fig. 4).
Install two eyelets “bearings” in the
yoke with collars inward. The axle can
be a piece of coat-hanger wire.

The drive roller is the only com-
ponent that must be constructed to
fairly exacting tolerances. The arrange-
ment is a fixed-shaft device in which
the whole roller and motor revolve
around an axle held stationary to the
frame of the vehicle. The roller is
made of two more Styrofoam cups
glued together bottom to bottom as
shown in Fig. 5. Be sure to cut well-
centered holes large enough to accom-
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modate the motor. A sharp razor
blade, wet with soapy water, makes
cutting the Styrofoam much easier.
(Make sure all parts are dry before
you cement them.)

Using RTV (room-temperature
vulcanizing) rubber, cement the motor
mount—a discarded core from a roll
of cellophane tape—into place against
the bottom of one of the two cups.
Center it well so that the motor, when
put into the mount, also will be prop-
erly centered.

Making the wheels

The end plates (Fig. 6) seal the
drive roller. They also are the wheels
on which the model runs on land. Each
is made from a balsa disk and a plastic
cup cover. The eyclets “bearings” used
to support the drive roller in the frame
of the vehicle must be carefully cen-
tered. Cement a cup lid to each balsa
disc so the grooves into which the lip of
the cup fits will remain uncovered. Be
careful to center the lids well on the
balsa discs. Use Silastic for joining
these two pieces.

Six paddles are provided for pro-
pelling the model in water. Mark pad-
dle locations on the drive roller as fol-
lows: Using a compass, draw a circle
on paper—make it a bit larger than
the drive roller ends. Then make a six-
pointed star pattern with the compass.
Transfer the points directly to the rim
of one cup, marking them with a pen
(see Fig. 5).

The paddles should be sanded
smooth, and filled with shellac or El-
mer’s glue. To keep the paddles from
trapping air or picking up water when
running in water, cut vent holes ( %»”
notches) into the apex of each paddle,
as shown in the pattern (Fig. 2).

Next, cement the paddles to the
drive roller (Fig. 7).

After the drive-roller end plates
and covers have been bonded firmly
together, drill out the center holes in
which the eyelets will be mounted.
Hole size depends upon the size of the
eyelets you use. Be sure to strip the
eyelets of paint or enamel; they have to
carry current from the solar cell to the

RADIO-ELECTRONICS
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Gamma Goat

kids out in the sun this Christmas

Fig. 4—Front roller is mounted beneath  Fig. 5—Cement two additional Styrofoam
two Styrofoam cup Yids together. Then cut  the movable yoke, using two eyelet bear-  cups together, bottom to bottom. to form
Y% hole through each lid center for axle.  ings and a piece of coathanger wire. Unit  the drive (or motor) roller. Then mark
Finally, push cups into lids as shown. functions as the steerable roiler axle. ends for locations of six drive paddles.

Materials Llst

Balsa wood—1%"” x 8” x 2’ (vehicle frame)
4" x %" x 1" x 3’ (yoke and sup-
ports)

Cups and lids—Styrocups, 6 oz. #67s

Eyelets—Brass, or painted eyeleis

Mode! paint—For painting styrene; Spray
Pla by Testor's, and AMT lacquer

Anodized aluminum (or Lucite)—3’ x 4”
x 3/32”

Shaft coupler—Motor and drive-shaft
coupling; Aristo M233:20, Universal
couping, two required

Solar cells—Series strings of three cells
each; H. & R. No. TM13K490/3;
$2.50 per 3-cell module. Minimum
of two modules required. Herback &
Rademan, 1204 Arch St., Philadel-
phia, Pa. 19107

Phone plug—Subminiature two-conduc-
tor (Switchcraft No. 850)

Phone jack—Subminiature two-conduc-
tor (Switchcraft No. TR-2A

Gearhead motor—Dc drive motor, Inca-
bloc No. SR601A0, with reductor of
1, 5, 10, 15, or 20 rpm (select one
speed) $8.37 to $9.42 depending on
speed (plus shipping). Portescap
U.S., 730 Fifth Avenue, New York,

N.Y. 10019
. . : L Switch—D.p.d.t. togg! itch
Fig. 6—Cement a balsa disc (follow the Fig. 7—Use silastic rubber (or bathtub M‘?’s'ca|ane°':,s_D°5,gReTvs:i'|§:one rubber,
pattern of Fig. 2) to each Styrofoam cup  caulk) to cement paddles to the outside bathtub caulk (white-clear), Elmer’s

glue, spray paints, shellac, epoxy,

lid. Then slip each “sandwich” on end of of the drive roller. Be careful not to e, e

a drive-roller cup. Use two cups and lids.  plug or block the vent holes in paddles.
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motor. As Fig. 8 shows, you'll need
four eyelets, each with about 8” of
wire attached. Use an enameled wire—
No. 26 is a good choice—for this
hookup. Make the connection to the
outside of the eyelet so the wire won'’t
interfere with the axie. Two eyelets are
used in the vehicle frame (Fig. 9) and
two more are used in the drive roller
(Fig. 10). Wire the drive-roller eyelets
to the motor terminals, as shown in
Fig. 11.

Instead of eyelet bearings, you can
use miniature phone jacks and plugs
(transistor radio size) at one end of
the drive roller. This is a much easier
and more reliable way to apply power
to the motor.

Construction of the vehicle frame
is straightforward—refer to Figs. 2

and 9. Take care (o locate the side
panels exactly before you glue them;
their leading and trailing edges are not
parallel. (Carry the “top” marking
onto the pieces, when you cut them.)
Use Elmer’s glue or a twin-mix epoxy
resin for bonding.

Hole drilling

To make things easier later on,
drill out the bearing holes as soon as
the side members and their braces
have been cemented. Drill all other
holes, too, so you won't have to juggle
the finished frame while you are trying
to drill holes in it.

If you plan to use a “plug-in”
solar panel (so you can remove the
panel to use it for other purposes) drill

THIS WIRING MOUNTED —.

IN VEHICLE FRAME } i JACK

MOTOR TERMINALS

ON-OFF SWITCH
o

EYELET
él_dl/ CELLOPHANE TAPE CORE
/ PADDLE

EYELET

__ [
=1

d, BALSA END PLATE

Fig. 8—Cement the moltor inside the drive roller with some
RTV rubber. Cellophane tape core holds motor securely in place.

Fig. 10—Solder motor wire to
eyelet; mount eyelet in end of
drive roller with collar out.

Fig. 11—Solder wires from the
drive-roller eyelets to the two
motor terminals. Don’t overheat.

an opening for the phone jack at this
time (Fig. 12). If you also wish to use
a forward-reverse switch, do necessary
drilling and cutting at this time. In all
such drilling operations, use pieces of
backup wood so the holes will be neat.
Add epoxy cement to the wood around
the phone jack hole, for strength.

Before spray-painting the frame,
sand it lightly with a fine emery paper.
When spraying the model, take care
not to get any paint on the unfinished
roller assemblies; most spray paints will
dissolve Styrofoam. A special paint
(see Parts List) must be used to finish
the rollers.

Assembly of the drive roller comes
next. Use a round pin file or a tube of
emery paper to clean out the eyelet
bearings thoroughly so they will offer

Fig. 9—Motor and drive roller turn when power is applied.
Drive shaft is held fixed by cotter pin tied to vehicle frame.

Fig. 12—Cement the solar cells to piece
of Lucite or aluminum with a phone plug
at one end. Wire cells, plug in series.
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good electrical contact. Carefully study
Fig. 8 and you will note that one axle is
friction-fitted to the motor shaft with a
piece of snug-fitting spring. If the ve-
hicle is to be run in only one direction
—that in which the spring will “grab”
the shafts—this simple hookup is all
that will be needed. If, however, you
plan to provide a forward/reverse
switch, you will need to use a nonslip
coupling, such as one with set screws at
both ends.

Motor coupling

The drive shaft can be a picce of
coat-hanger wire, but a length of ¥&”
drill rod is better. Cut the axle long
enough to let it extend through both
the bearing in the drive-roller end

Fig. 15—Drice-roller paddles permit the goat to chop its way through deep snow.

DECEMBER 1967

plate and the bearing in the vehicle
frame (sec Fig. 10). About '8” to V4"
of the shaft should extend beyond the
frame bearing. As the shaft must be
held stationary at this point, it should
be slotted with a file. A %e” hole
drilled through the tip also will provide
a means to anchor the shaft.

When the motor and shaft are in
place, the two end plates can be put in
place, the cup lips tucking into the
grooves of the lids.

The drive-roller assembly will
need an axle for use in the opposite
end of the assembly when it is placed
in the frame. A piece of bare coat-
hanger will work, but a piece of heavy
copper wire is better, since this axle
also must conduct clectrical current.

This axle is slipped into place

www.americanradiohistorv.com

through both frame and drive-roller
bearings, when the drive roller has
been positioned in place. You can bolt
the axle in place if you wish, but a sim-
ple right-angle key-headed member is
all that is needed. Use a piece of Mylar
tape, placed over the keyed portion, to
hold it in place.

When the drive axle is in place, it
must be pinned so that it cannot turn.
Usc a partially straightened-out paper
clip, leaving a “key head” on it over
which Mylar tape can be put to hold it
to the frame. The end slips through the
axle slot to keep it from turning.

Before mounting the drive-roller
assembly, spray it with a paint that will
not dissolve or damage the Styrofoam
cups (see Parts List.) Do nor use heat
to hasten drying; it will permanently
damage the Styrofoam.

The yoke of the steering roller is
secured to the frame with a small nut
and bolt. An eyelet can be potted into
the frame to serve as a mount if you
wish. Washers should be used to dis-
tribute the loading this junction must
endure. A {lat rubber faucet washer
should be sandwiched between the
yoke and frame both to separate them
and to provide enough friction to hold
the yoke in any position.

Final assembly

After the yoke is mounted, the
roller assembly that fits into the yoke is
secured in the yoke bearings. A single,
straightened-out piece of coathanger
rod extending through all bearings
does the job nicely. An L-bend in one
end of the wire provides a lever across
which to tape the rod in place to one
leg of the yoke.

A word about choice of motors:
The gear reduction you select from
those listed depends on how you plan
to use the vehicle. If you use three
strings of solar cells, the goat will go
over pretty rough ground with a 10 to
15 rpm motor—in sunlight. Even with
a 20-rpm motor, it will manage well on
dirt or grass.

If you want it to perform well on
water, the higher the rpm the better!
(Even a 40-rpm unit will run it on wa-
ter.) The prototype model was made
with a 15-rpm motor, which moves
over fairly rough ground; it also runs at
a reasonable rate on water.

Under a full sun, it is exciting to
watch such a device operate, knowing
that the energy source is free! But take
care: If you tire of watching the goat—
or if the sun goes behind a cloud—
don't just go away and leave the Gam-
ma Goat untended. You might forget
it. Then. when the sun returns, it will
wander off! It’s a toy and it’s in time for
Christmas, so have a Merry Christmas.

R-E
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YOUR
FUTUREIN
ELECTRONICS

Exciting, challenging opportunities await
you in this fast-growing field

By RAY CLIFTON

Photos courtesy of DeVry Institute of Technology, Grantham School of
Electronics, National Radio Institute and RCA Institutes, Inc.
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Item: Today at least 50,000 trained electronics technicians
are urgently needed to fill well-paying jobs in the U.S.
Item: Additional jobs are being created each year for elec-
tronics technicians. The ficld is expanding rapidly.
Question: Are you an electronics technician?

Question: Would you like to become one—or become a
better one?

Statement: Whether you become a (better) technician or
not is up to you. Here's how vou can.

Job Opportunities

Consumer electronics: Installing and servicing home radio
and television receivers, hi-fi and stereo equipment, public-
address systems, burglar and fire alarms, and other elec-
tronic devices are included in this segment of the industry.
Some technicians are self-employed, and some work for
others.

With widespread public acceptance of entertainment

and other electronic equipment for the home, this field is
wide open for skilled technicians.
Industrial electronics: Installation and service of in-plant
gear, including computers, servo systems, microwave equip-
ment, burglar and fire alarms, closed-circuit television
equipment, intercoms, electronic machine controls, etc.
Most technicians work in a plant; some are field-service
representatives traveling around the country with expenses
paid, and some arc self-employed.

These days the wheels of industry are turned elec-

tronically, and technicians are in high demand. Wages are
good. with periodic raises and promotions, paid vacations
and health benefits.
Electronics manufacturing: Quality control, assembly-line
inspection and testing, installation and maintenance of in-
plant electronic equipment, building prototypes, instrument
calibration, etc.

Many technicians in this field are promoted to engi-

neering assistants or associate engineers. They have pres-
tige and a solid future. Salaries are good and employment
is steady.
Broadcasting and communications: Includes operation, in-
stallation and maintenance of transmitters, studio and asso-
ciated equipment at AM. FM. TV and shortwave broad-
cast stations. Installing and servicing commercial two-way
mobile radio and fixed stations, and telephone equipment.
Operation, installation, maintenance of tape, disc and film
equipment for motion-picture and recording studios.

More people use radio communications today than
ever before. The number of transmitters in use grows each
year. All need qualified technicians to service them.
Hobby electronics: Some persons like electronics for its
own sake. They are hi-fi/stereo addicts, ham radio opera-
tors, construction builders or CB enthusiasts. They often
study electronics because it makes their hobby more fun.
A hobby isn’t a job, but playing around with a hi-fi ampli-
fier or a ham rig is an easy way to gain valuable practical
experience. An electronics hobby can even help you get a
better job.

Skills Needed

Regardless of the type of electronics work you would
like to do, you must know a certain amount of theory and
have some practical experience. The more you know about
any equipment, the better and faster you can get it to work;
that means money and personal satisfaction.

Consumer electronics: You must know how to use basic
test equipment such as a voltmeter, oscilloscope, signal
generator, etc. You must be familiar with AM, FM and TV
receivers, as well as their antennas, and audio amplifiers and

RADIO-ELECTRONICS
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power. supplies. You should understand how transistors,
vacuum tubes and semiconductor diodes work, as well as
how to handle them.

Industrial electronics: You should be as qualified as the
man in the consumer electronics field. In addition you must
be familiar with the specialized equipment or systems used
in your chosen industrial electronics field. Such things as
tachometers, Q-meters, dc choppers, magnetic control am-
plifiers, polyphase rectifier circuits, telemetering equip-
ment, medical equipment, closed-circuit TV systems, TV
cameras, etc., are all part of this exciting industry.
Electronics manufacturing: You need most of the preced-
ing skills, and more. Since your work can be that of an
engineering assistant, you must be able to construct equip-
ment from notes, schematics and other plans. You should
know how to use laboratory-type test equipment. You may
be given an opportunity to supervise and instruct others.
Broadcast and communications: A technician in this field
must first have an FCC Commercial Radio Operator li-
cense. so he may legally operate, service and maintain ra-
dio and TV transmitters. He needs a working knowledge of
electronic test instruments and of transmitters. Test equip-
ment includes rf bridges, field-intensity meters, sound-level
meters, etc. Other equipment includes TV sync generators
and cameras, subcarrier generators and single-sideband
equipment.

Acquisition of Skills

There are several ways to become technically quali-
fied for a rewarding career in electronics.

Self-study: You buy a book, read it, work some problems
and examples, perhaps build some electronic devices to get
to know circuit operation and hardware. This method re-
quires much self-discipline. You have no teacher to guide
you or explain things not covered in the book. Many tech-
nicians have started this way, but as their thirst for knowl-
edge grew with their experience, many of them found it to
their advantage to pursue a more formalized program.
On-the-job training: Quite a few technicians got their start
helping out around a radio or TV shop after school. They
learned the tools of the trade, the hardware and much of
the jargon. However, on-the-job training is only as good as
the quality of supervision and programing of activities. Just
taking any job in any radio and TV store or factory is not
the answer.

But on-the-job training, while it puts you in electron-

ics right away and brings in income, can be a dead end
unless you also study theory. Many persons use the self-
study method along with work. Some attend manufactur-
er’s seminars and technician association training meetings.
Most technicians at one time or another have beefed up
their training with a correspondence course.
Home study (Correspondence course): You follow formal
lesson plans designed by experts to include all needed in-
formation. After studying a lesson, you answer questions
on the subject, your answers arc read and graded by in-
structors. They will answer any questions you have and
give you extra help when necessary. Kits are often used.
You begin your program with a course in basic electronics,
then pick a more specialized area to work in, such as in-
dustrial electronics or consumer electronic servicing.

You can study at home while you are employed full-
time. You set your own speed, and you study at your con-
venience. Costs and time are determined by the complexity
and completeness of a course.

Classroom study: For many persons, this is the best way to
learn electronics in the shortest time. You attend regular
classes, meet your instructor face-to-face 'at each session,
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and follow a planned course. You learn not only “book
theory” but perform bench experiments and get the feel of
the hardware.

Supplementary Reading

You will find many fine electronics books and maga-
zines in your local electronics distributors, bookstores, and
newsstands. Some books are short and deal with a specific
subject such as how transistors work using a vom, etc. Oth-

With training, you can be a part of the big TV
network shows as a video control technician.

ers are complete texts, and still others are comprehensive
reference books. Practically all electronics technicians read
such books and magazines from time to time to keep up
with the field.

Guidance

Many companies will advise you how to go about quali-
fying for employment with them. Some have complete on-
the-job training programs for new employees, and will start
you as an apprentice with little or no clectronics knowl-
edge at first.

You can also seek guidance from the last school you
attended, or from the school you would like to attend. You
can write any school and ask them for their catalog and
other descriptive material about the courses they offer. The
National Ceuncil of Technical Schools and the National
Home Study Council (see the partial listing of electronic
schools for address and more photos on page 40) will also
provide you with helpful information. R-E
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Q. and A. On an
Electronics Career

Q: Can a woman study electronics and work in the field?
A: Yes. Sex is no barrier to training or employment.
Knowledge, ability and experience are what count.

Q: Is there any age limit for new students?

A: Generally no, but educational prerequisites make it dif-
ficult for young children to qualify. Teenagers and persons
in their 60’s have benefited {rom electronics training.

Q: What educational requirecments are there?

A: For vocational training (such as radio-TV servicing or
industrial electronics) at least an 8th-grade education is
necessary. For engineering technology (assistant to engineer
in manufacturing) a student must often be a high-school
graduate. These are general rules; each school has its own
requirements.

Q: Does a student have to take a basic electronics course
first?

A: Not always. If you’re already working in electronics
and have basic knowledge, you may qualify for an inter-
mediate or advanced course. Most schools have guidance
counselors to help you choose the right course for you.

Q: Does an electronics school have contact with major
electronics employers to assist graduates to obtain jobs?
A: Yes—most schools maintain placement services for such
purposes.

Q: Will a school guarantee a graduate a job?

A: An cthical school won’t make such a promise. The final
decision on employment is a personal one between grad-
uate and employer.

Q: Do employers recognize diplomas?

A: Yes. Accredited schools must meet standards which re-
quire that only students who have made passing grades
obtain diplomas. Thus the certificate means you have satis-
factorily completed a course or program.

Q: Docs a student have to choose his entire program at
once?

A: No—ryou can take each course as you want it. (How-
ever, you must take certain subjects before advanced ones.)

Q: Can a student take a home-study course, then transfer
to resident school and receive credit?

A: Generally yes. depending on the school(s) involved. It
is usually ecasier to do this at the same school.

Q: Can members of the armed forces on active duty enroll
in correspondence courses?

A: Yes. Since lessons are handled by mail, it makes no dif-
ference where the student is.

Q: Can veterans attend electronics schools under the GI
Bill?
A: Yes. Most schools are approved for veteran training.

Q: Don’t training courses become obsolete, with such new
devices as FET’s and IC’s appearing in electronics?

A: Yes—advances in electronics make lessons out-of-date
from time to time. Because of this, schools constantly re-
vise and update their courses to include the latest technical
material. Some schools even issue regular bulletins to stu-
dents and graduates, with details of new devices and tech-
niques.
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All schools today use training aids and test equipment. You
learn the functions, the symbols, and how the circuits work.

deuvclop the feel of tools, test equipment and troubleshooting.

Electronics Schools Directory

Academy Avionics
Reno-Stead Airport
Reno, Nev.
American Institute of
Engineering and Technology
1139 W. Fullerton Pkwy.
Chicago, I1l. 60614
American School
Drexel Ave. at 58 St.
Chicago, Ill. 60637
Canadian Institute of
Science & Technology
263 Adelaide St., W.
Toronto, Ont., Canada
Capitol Radio Engineering Institute
3224 16 St., N.W.
Washington, D.C. 20010
Central Technical Institute
1644 Wyandotte St.
Kansas City, Mo. 64108
Cleveland Institute of Electronics
1776 E. 17 St.
Cleveland, Ohio 44114
Commercial Trades Institute
1400 W. Greenleaf Ave.
Chicago, Ill. 60626
Cook’s Institute of Electronics
Engineering
P.0. Box 10634
Jackson, Miss. 39209
Coyne Electronics Institute
1501 W. Congress Pkwy.
Chicago, Ill. 60607
DeVry Institute of Technology
4141 Belmont Ave.
Chicago, Ill. 60641
Elkins institute
2603 Inwood Rd.
Dallas, Tex. 75235
Grantham School of Electronics
1505 N. Western Ave.
Hollywood, Calif. 90027
Heald College
1215 Van Ness Ave.
San Francisco, Calif. 94109
Hemphill Schools
1584 W. Washington Blvd.
Los Angeles, Calif. 90007
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Indiana Home Study Institute

P.0. Box 1189

Panama City, Fla. 32401

International Correspondence
Schools

Scranton, Pa. 18515

National Radio Institute

3839 wisconsin Ave., N.W.

Washington, D.C. 20016

National Technical Schools

4000 So. Figueroa St.

Los Angeles, Calif. 90037

Niles Bryant School

3631 Stockton Bivd.

Sacramento, Calif.

Northrop Institute of Technology

1199 W. Arbor Vitae

Inglewood, Calif.

Philco Technical Institute

219 No. Broad St.

Philadelphia, Pa. 19107

RCA Institutes, Inc.

320 W. 31 St

New York, N.Y. 10001

Sams Technical Institute, iInc.

1720 E. 38 St.

Indianapotis, Ind. 46218

Technical Training International Inc.

10447 So. Torrence Ave.

Chicago, 1ll. 60617

Tri-State College

2487 College Ave.

Angola, Ind. 46703

Valparaiso Technical Institute

Valparaiso, Ind. 46383

Some schools offer correspondence
courses, some residence training,
some both. This is only a partial
listing. For more information about
other schools, write:

National Council of
Technical Schools

1507 M St., N.W.

Washington, D.C. 20005

National Home Study Council

1601 18 St., N.W.

Washington, D.C. 20009
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The FCC License

...and how to get it

Your admission ticket to a career.

By THOMAS R. HASKETT

ONE OF THE MOST COMMON “DIPLOMAS” FOUND IN ELEC-
tronics is the Commercial Radio Operator license issued by
the Federal Communications Commission. By act of Con-
gress, most of the nearly 2 million radio and television
transmitters used in the US today must be operated—and
all must be serviced and maintained—only by persons hold-
ing one of the various classes of FCC operator license.

To obtain a “ticket,” you must pass a writtecn examina-
tion covering, among other things, clectronics and radio
theory and practice. Thus, possession of an FCC license is
generally considered proof of clectronics knowledge. Such
proof can help you obtain a technical job, even though the
position may not legally require a license.

Table I-Requirements for

To work as a technician servicing transmitting equip-
ment you must have a ticket, of course. But even if you
don’t intend to troubleshoot transmitters, a license can be
helpful. At nearly half of the 7000 US broadcast stations,
for instance, you’ll be a more valuable employee if you
have a Radiotelephone Third-Class license with a broadcast
endorsement. Whether you’re an announcer, a typist or a
janitor, you can then legally perform routine transmitter
operation.

License requirements

To be eligible, you must be a US citizen and capable
of transmitting and receiving spoken messages in English.
Further requirements depend on the class of license you
want. Table I lists the elements of the examination you must
pass for each license. Here’s what the exam covers:
Element 1—Basic Law: Radio laws, treaties and regula-
tions which every operator must know.

Element 2—Basic Operating Practice: Procedures used
when communicating by means of radiotelephone stations.
Element 3—Basic Radiotelephone: Technical, legal and oth-
er matters which apply to radiotelephone stations (other
than broadcast). Covers general electronics theory.
Element 4—Advanced Radiotelephone: Advanced techni-
cal, legal and other matters which apply particularly to AM,
FM and TV broadcast stations. Covers advanced electron-
ics theory.

Element 5—Radiotelegraph Operating Practice: Proce-
dures used when communicating by means of radiotele-
graph stations.

Element 6—Advanced Radiotelegraph: Technical, legal
and other matters which apply to all classes of radiotele-
graph stations, and associated matters such as radio navi-
gational aids and message traffic routine. Covers advanced
electronics theory.

Element 7—Aircraft Radiotelegraph: Basic theory and
practice in the operation of radio communication and navi-
gational systems used on aircraft.

Element 8—Ship Radar Techniques: Specialized theory and
practice which applies to installation, servicing and main-
tenance of ship radar equipment used for marine naviga-
tron.

Element 9—Basic Broadcast: Basic regulatory matters
which apply to the operation of AM and FM broadcast
stations.

FCC Operator Licenses

LUl | Umoa GWa- |4  WHdd War WEPR wWoa | wod| Oa wne E

RADIOTELEPHONE f | !
First-Class License I x X X | x| 3 (3)
Second-Class License R X | X 1 (3) | )
Third-Class Permit X x | ()
Restricted | | At least 14 yrs old;

Permit 1 | declaration only req’d.
RADIOTELEGRAPH T 1 | GE
First-Class License X X X | x RENE) 25/2q  feast 2t s old;
Second-Class License X X | | X X 2) | 3) 20/16
Third-Class Permit X X l X | 20/16

1 Aircraft telegraph endorsement required on this license to operate
radiotelegraph station on aircraft. (Exception: If license holder has
been chief or sole operator in such capacity prior to 2-15-50.)

2 Aircraft telegraph endorsement, 25-wpm code speed, and at least
18 years of age required on this license to operate radiotelegraph
station on aircraft.

DECEMBER 1967

3 Ship radar endorsement required on these licenses to service and

maintain ship radar equipment.

4 Basic broadcast endorsement required on this license to operate

certain classes of broadcast transmitters.

5 First figure indicates plain-language words; second figure indicates

5-character code groups; both per minute.
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Preparing for the exam

There are two general ways to study: One is to buy (or
borrow) a handbook. Several are listed in Table II.

These books contain sample questions similar to those
contained in the FCC exam. Each question is followed by
the correct answer and the theory behind it. The best way
to study is to cover the answer with a piece of paper while
you read the question. Then write your answer. If you are
correct, check that question off and go on to the next.
When you miss a question, study the background material
and work a few problems based on the subject. Refer to
other books if you like; the object is to become familiar
with the theory and practice, not just the answer.

The second way to study for the FCC exam is to en-
roll in a correspondence or residence school and take a
course designed to prepare you on this subject.

To pass the examination for any class of radiotele-
graph license, you must be able to transmit and rececive
International Morse code at the rate specified in Table 1.

Code instruction is seldom available at the schools

Table Il—License Study Manuals

Commercial Radio Operator’s Question & Answer Guide, by Martin
Schwartz. No. 8-01 (Elements 1, 2 and 9) 1964, $0.75; No. 9-01
(Element 3) 1967, $1.95; No. 10-01 (Element 4) 1958, $1.25. Ameco
Publishing Corp., Williston Park, N.Y.

First-Class Radiotelephone License Handbook, BON-2, by E. M. Noll.
Howard W. Sams & Co., Inc., Indianapolis, Ind., 1966, $5.25.

Radar ticense Endorsement Handbook, RLH-1, by E. M. Noll. Howard
W. Sams & Co., Inc., Indianapolis, Ind., 1964, $2.95.

Radio Operating Questions and Answers, 13th Edition (text), by J.
Hornung and A. McKenzie. McGraw-Hill Book Co., Inc., New York,
N.Y., 1964, $6.00.

Radio Operator’s License Handbook, RON-1, by E. M. Noll. Howard W.
Sams & Co., Inc., Indianapolis, Ind., 1965, $3.25. (Covers Third-Class
Radiotelephone license with hroadcast endorsement.)

Radio Operator’s License @ & A Manual, 7th Edition, by Milton Kauf-
man. Hayden Book Co., Inc., New York, N.Y., 1966, $7.95.

Radiotelephone License Manual, 3rd Edition, by Woodrow Smith. Edi-
tors & Engineers, Ltd., New Auvgusta, Ind., 1962, $5.75.

Second-Class Radiotelephone License Handhook, 3rd Edition, GAN-2,
by E. M. Noll. Howard W. Sams & Co., Inc., Indianapolis, Ind., 19686,
$4.95.

Successful Preparation for FCC Radio Operator License Examinations,
by D. L. Geiger. Prentice-Hall, Inc., Englewood Cliffs, N.J., 1960,
$9.95.

mentioned; thcy usually prepare you only for radiotele-
phone exams. Code-practice tapes, records and books are
available through electronics distributors. *

Taking the exam

If you live in or near any of the cities listed in Table
I, look up the FCC field-office phone number and call
them for information. Exams are usually given each week
at these oftices. T

If you live away from the cities in Table I, your
best bet is to write to the nearest listed office. Ask them
where your nearest examining point is, and when the next
exam will be given. Ask them also to send you one each
of FCC Forms 756 and 756-B (the official applications for
license). When you plan to take an exam anywhere but
an FCC district office (those shown in Table II1) you must
fill out and mail in the application in advance.

You must pay a fee with your application for a license.

*One useful book is Learning the Radiotelegraph Code, American Radio
Relay League, Newington, Conn., $0.50.

tDon’t apply to a field oflice for a Restricted Radiotelephone Permit. While
there are some exceptions, you should usually write to FCC. Gettysburg,
Pa. 17325. Ask for FCC Form 753, which is the application for this class
of permit.
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Table I1I—FCC Field Offices

P.0. Box 644 Boston, Mass. 02109
Anchorage, Alaska 99501 Detroit, Mich. 48226
Los Angeles, Calif. 90014 st. Paul, Minn. 55102
San Francisco, Calif. 94126 Kansas City, Mo. 64106
San Pedro, Calif. 90731 Buffalo, N. Y. 14203
Denver, Colo. 80202 New York, N. Y. 10014
Washington, D.C. 20555 Portland, Ore. 97205
P.0. Box 150 Philadelphia, Pa. 19106
Miami, Fla. 33101 P.0. Box 2987

Atlanta, Ga. 30303 San Juan, P. R. 00903
Honoluly, Hawaii 96808 Dallas, Tex. 75202
Chicago, Ili. 60604 Houston, Tex. 77002
New Orleans, La. 70130 Norfolk, Va. 23510
Baltimore, Md. 21202 Seattle, Wash. 98104
Address all communications to “Engineer in Charge, Federal
Communications Commission.”

If you appear at an FCC district office in person, you may
pay cash; otherwise send only check or money order by
mail. Cost depends on the class of license or permit: First-
Class, $5; Second-Class, $4; Third-Class, $3; Restricted
Radiotelephone permit, or renewal of any license, or en-
dorsement of license, or duplicate license, $2.

When you take the exam, you’ll be given the code test
first if you apply for any class of Radiotelegraph license.
You must receive and transcribe consecutive words or code
groups for a period of one minute without error at the
specified rate of speed. If you fail the code test, you won’t
be given the written exam.

You will be given a series of printed questions to an-
swer in writing, and (for some elements) you’ll be required
to draw (or correct) a few schematic diagrams. The mini-
mum passing grade for cach element is 75% .

If you fail any element, you are not allowed to go any
further in the exam. You will be issued, however, whatever
license you have qualified for. For example, suppose you
applicd for a Radiotelephone First-Class license, passed
Elements 1 and 2, but failed Element 3. You would then
be issued a Radiotelephone Third-Class permit.

Once you have failed an element, you normally can-
not take another commercial exam for two months, (If
you have urgent need for the license and are willing to do
further study at once, however, you can apply for a waiver
of this rule, on FCC Form 757-B.)

License privileges

Okay, you passed the exam, you got the license—now
what can you do with it? That depends on which license.

The Restricted Radiotelephone permit is intended for
operators only, and has limited usefulness, You are author-
ized to operate the following classes of stations: remote-
pickup broadcast, land and ship maritime telephone, avia-
tion, public safety (police and fire), industrial, land
transportation (taxicab and trucking). You may not per-
form any servicing or maintenance of transmitters.

The holder of a Radiotelephone Third-Class permit
may operate all of the preceding stations, plus instructional
fixed TV stations, international fixed public stations (com-
mon carriers) and-—with a broadcast endorsement—AM
broadcast stations with power output of 10 kW or less and
nondirectional antennas, and FM broadcast stations with
power output of 25 kW or less. This permit does not allow
any servicing or maintenance of transmitters.

A Radiotelephone Second-Class license permits opera-
tion of all the preceding (no broadcast endorsement re-
quired to operate broadcast stations), plus TV auxiliary and
booster stations, and CATV relay stations. This license is
also really useful in an electronics sense; it allows you to
perform servicing and maintenance at the following types

(continued on page 71)
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30 BASIC IC PROJECTS

Part 1 of 2 parts to help you learn how to work with IC components

and their related circuits

HAVE YOU IGNORED INTEGRATED CIR-
cuits in your construction projects as
“too expensive” or “specialized”? For-
get those ideas—cheap, plentiful 1C’s
are here, and you can build many cir-
cuits with them.

A real winner is the Fairchild
rL914—it costs less than a dollar. For
your money you get 4 silicon planar
2N708 transistors and six resistors, all
encased in an epoxy block roughly the
size of a TO-5 case. The 2N708 tran-
sistors have an f, (gain—bandwidth
product) of 450 MHz.

The internal circuit of the uL914
is shown in Fig. 1, and lead connec-
tions in Fig. 2. By juggling around the
connecting leads and maybe adding a
few extra components, you can come
up with: a differential amplifier, a
multichannel audio mixer, or an audio
oscillator, just to name a few examples.

Remember just two basic rules:
(1) Do not think of an IC as some
fantastic new technical device needing
new application techniques all its own.
(2) Do think of the IC as a bunch of
perfectly normal transistors and re-
sistors, bonded togcther in a single
block, and requiring perfectly normal
transistor-circuit design techniques.

With Rule 2 in mind, take a look
at Fig. |, the internal circuit schematic

+Vccjﬁ

4500 (4) 4
[ g b3 5
NEEDS NEEDS NEEDS NEEDS

®

*FIGURES INDICATE NUMBER OF “GAIN UNITS"-
SEE TEXT

INTERNAL CIRCUIT OF pL 914
Fig.l

By R. M. MARSTON

of the pul914. Unwanted transistors
can be effectively cut out of the circuit
by shorting them base to emitter.

Cut Q2, Q3 and Q4 out of circuit
by shorting pins 2, 3, 4 and 5. Wire a
bias resistor from pin | to pin 7, and
you’re left with a perfectly normal
common-emitter amplifier, Q1. Short
out only Q2 and Q3, and apply bias to
Q1 and Q4, and you have two normal
common-emitter amplifiers.

Cut Q3 and Q4 out of circuit, and
apply bias to QI and Q2. Now you
have a two-channel mixer with output
at pin 7. Apply bias to all four transis-
tors and short pins 6 and 7, and the
[C works as a four-channel mixer.

As you can see, it’s easy to wire
the ©LL914 to work in a number of al-
ternative basic modes. Once you’ve
figured out which mode you want, you
can get on with circuit design just as if
you were using standard transistors.

Want to use the pul.914 in pulse
or logic applications? A nice feature
about this micrologic line of IC’s is
that you don’t have to figure input and
output drives in terms of impedance
and current. Fairchild specifies input
and output nceds as so many units of
drive, as shown circled in the diagrams.

Thus, the pL914 needs 3 units of
drive at each input and gives 16 units
of drive at each output. Each output
can therefore drive as many as five fol-
lowing input stages. This means that,
if you want to use a stack of the cir-
cuits interconnected, you can easily

TOP VIEW

BASE LEAD CONNECTIONS OF
uLol4
Fig.2
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calculate just how many inputs each
output can drive directly, and normal-
ly complex circuit layout calculations
can be simply made.

Now let’s look at some practical
applications.

Waveform generators

When the plL914 is operated as a
differential amplifier, one of the two
outputs will be in phase with, but of
greater amplitude than, the input sig-
nal. It follows that if this signal is fed
back to the input the circuit will act as
an oscillator or waveform generator.
The waveform generated will depend
on the form of positive feedback con-
nection used in the circuit.

Fig. 3 shows how to connect the
IC as a wide-range audio generator to
cover 150 Hz to 40 kHz in three
ranges. An approximately rectangular
waveform is generated, since a simple
RC (R6-C2) feedback network is
used. R6 acts as the variable frequency
control.

Fig. 4 shows the connections for
making the circuit act as a 1-kHz Wien
bridge sine-wave generator. The fre-
quency-determining components are
RI1-C3-R6-C2.

When using this circuit R6 should
be adjusted to give a pure sine wave
on an oscilloscope. It is possible, using
a 4.5-volt supply, to obtain a pure
sine-wave output of about 1 volt peak
to peak from the circuit. Note that the
values used for C2 and C3 are not
standard and must be built up by wir-
ing standard components in parallel.
The operating frequency can be
changed, if required, by changing the
values of C2 and C3; an increase in
value gives a decrease in frequency.

Dc meter amplifier

The differential amplifier is wide-
ly used as the basis of an electronic
voltmeter or for increasing the sensi-
tivity of moving-coil current meters.
The trouble with normal transistors in
these applications is that the circuits
are subject to considerable zero drift
with small changes in temperature.
This is partly due to differences in
characteristics of individual transistors.
Another reason is that, due to its phys-
ical position in the circuit, one transis-
tor may be subjected to larger tem-
perature changes than the other.

When an IC is used as a meter
amplifier, however, drift troubles do
not exist. IC transistors are etched on
a common slab of silicon and must in-
evitably be held at equal temperatures
and have their characteristics closely
matched as a result.

Fig. 5 shows how to wire the
uL914 for use as a dc meter ampli-
fier. If a 1-mA meter is used, its sensi-
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[The pl914 IC retails for $0.80
at Fairchild distributors. Most of them
do not accept mail orders for less than
$10.00. Semiconductor  Specialists,
P.O. Box 8725 O’Hare International
Airport, Chicago, Ill. 60666 accepts
mail orders of $3.00 or more. If you
must purchase by mail-order, we sug-
gest you order four pLL914’s. They are
quite versatile and you can use them in
future construction projects.—Ediror]

= =

tivity will be increased more than 20
times (to 50 pA). A 100-uA meter
can be increased more than 10 times
(to better than 10 uA).

If a voltage-range multiplier
(R11) is wired in series with the input
lead as shown, the sensitivity of the
resulting electronic voltmeter will be
raised to 20,000 ohms/volt using a 1-
mA meter, and to 100,000 ohms/volt
with a 100-uA meter. Note that this
circuit uses a 6-volt stabilized supply
which can be obtained from a Zener
diode.

Once the meter amplifier has been
built, set it up as follows:

(a) Short the input terminals, and set
R8 for a zero reading on the meter