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introducing EICO’s New “Cortina Series”!

Today's electro-technology makes possible near-perfect Amplifier: Distortionless, natural sound with unre-
stereo at moderate manufacturing cost: that's the de- stricted bass and perfect transient response (no inter-
sign concept behind the new EICO “Cortina’ all solid- stage or output transformers); complete input, filter
state stereo components. All are 100% professional, and control facilities; faifure-proof rugged afl-silicon
conveniently compact (3%”H, 12"W, 8”D), in an transistor circuitry.

{
esthetically striking ‘'low silhouette.” Yes, you can pay Model 3200 Solid-State FM/MPX Automatic Stereo
more for high quality stereo. But now there's no need Tuner: Driftless, noiseless performance; 2.4.V for 30db |
to. The refinements will be marginal and probably quieting; RF, IF, MX are pre-wired and pre-tuned on
inaudibfe. Each is $89.95 kit, $129.95 wired. printed circuit boards — you wire only non-critical power ]
Mode! 3070 Ali-Sllicon Solid-State 70-Watt Stereo supply. J

TNew Ways to make Electromcs more Fun!

Save up to 50% with EICO Kits and Wired Equipment.

CRAFT ., cicocrarre casy-
to-build solid-state elec-
_....L.._._ tronic TruKits:® great
| for beginners and
| sophisticates alike. As |
professional as the
standard EICO line —
only the complexity is

® reduced to make kit-
M_‘é‘ J building faster, easier,
lower cost. Features:

wi -mdw;thh’, e NEW EICO 711 “Space m‘inzer"' NEW EICO 888 Solid-State plvet-ddriltle':i Somer.

4-Ban ort Wave Communications Receiver i plated etche rinte

Jlus ham operators, ship-to-shore, aircraft, Engine Analyzer Slreut boaMS;("rr':\s‘éa|p1r;séri:;e‘;b¥1:(§gu in-

o c -

gg&sct ‘(r;‘u%g,' gggd;hesg;’elétﬁ/r g::g;tnsgos'(fpe(: Now you can tune-up, trouble- isu?t)cstla?ges;mngoiroenc anld pliersp. Choose freem: Fire

het, modern printed circuit board construction. shoot and test your own car or Alarm; Intercom; Burglar Alarm; Light Fiasher;

| Easy, -fast pinpoint tuning: illuminated slide. boat. “Mystlfler" Siren; Code OSClllator Metronome;

rule dials, logging scale; ''S'" meter, electrical Tremolo; Audio Power Amplifier; AC Power SuD~
SSB reception, automatic noise limiter. 4~ tip-top shape with this completely
speaker. Headphone jack. Kit $49.95, Wired portable self-contained, self-

$69.95. y ed,
powered universal engine ana- )
lyzer. Completely tests your total .

I ignition /electrical system. The

,Q,

- |
bandspread tuning, variable BFO for CW and Keep your car or boat engine in ply. From $2.50 per kit. l

first time you use it — just to tune
for peak performance — it'll have u f’ A,
1 pald for itself. (No tune-up
charges, better gas consumption,
longer wear) 7 instrum in
one. the EICO 888 does ail these AL Bl e G TEZ D S0
3 2
3§ state 23-channel 5 watt CB Transceiver featur-
| for 6V and 12V systems; 4, 6 & ing a host of CB advances—plus exclusive
8 cylinder engines. pr;?lneermg innovations.
3 i T LUSIVE dual-crystal lattice filter for ad-
1 A EINSE, | The EICO 888 comes complete vanced razor-sharp selectivity of reception.
the ane 3n °"|Y 1AM/ and Trans- with a comprehensive Tune-u EXCLUSIVE highly efficient up-converter
celver Kit, new Model 753 _ n p P
— "the best ham and Trouble-shooting Manual in- frequency synthesizer provides advanced sta-
transceiver buy for 1966 — Radio TV Experi- A g bility and freedom from trouble in all 23
menter Magazine. 200 watts PEP on 80, 40 and | cluding RPM and Dwell angle for crystal-controlled transmit-receive channeis.
RO i i oning b U grer 49 mode|sof Agieringly and ExELBEIE R d |
gh level dynam ilicon solig-sta 8 i { use of precision series-mode
Unequaled performance, features and appear- Fore'g? tcards-' The IMOdel 8229'5 fundamental crysta!sfo'rlsupenortransmnand '
ance. Sensatlonally priced at $189.95 kit, an outstanding value at $44.95 receive stability. Wired only, $189.95
$299.95 wired. kit, $59.95 wired. l
b — - .l b —— —— .
e e i
1 |
EE-9

EICO Electronic Instrument Co., Inc.
131-01 39th Ave., Flushing, N.Y. 11352

Send me FREE catalog describing the full EICO line of
200 best buys, and name of nearest dealer. I'm inter.

—_—_——————————

ested in: [ 00
{7 test equipment [J ham radio Q /
[0 stereo/hi-fi [ Citizens Band radio ‘) {
[J automotive electronics \.\5 1
Name.___ IS S = | = . P = -

Mode! 460 Wideband Direct-Coupled S

57 Dscilloscope. DC-4.5mc for color Addresses— - LF ;= Mode! 232 Peak-to-Peak VIVM. A must

and B&W TV service and lab use. Push- for cofor or B&W TV and industrial

pull DC vertical amp., bal. or unbal. City. = | use. 7 non-skip ranges on all 4 func-

inpyt. Automatir sync fimiter and amp. 1 - | tions. With exclusive Uni-Probe.®

$99.95 kit, SI39 05 wired. State Zip. $29.95 kit, $49.95 wired.

e — . BaseSes —oass = e i e =




Cast your ballot for a successful future!

=

ACCOUNTING

Accounting for Business
Programmers

Accounting (Canadian)

Auditing Business Law

Cost Accounting

C.P.A. Review

Estate & Trust A ti

Aulomobile Technician
Automotive Mechanic
Diesel-Gas Motor Vehicle
Engines
BUSINESS
Advertising
Basic Inventory Control
pad PR

Executive Accounting

Federal Tax

General Accounting

Industrial Accounting

Junior Accounting

Legal Accounting

Office Accounting

Personal Income Tax
Procedure

Practical Accounting

Public Accounting

Small Business Accounting

Starting & Managing a
Small Bookkeeping Ser,

ARCHITECTURE

AND BUtLDING

Arch. Drawing & Designing

Architecture

Building Contractor

Building Estimator

Buitding Inspector

Building Maintenance

Carpenter-Builder

Carpentry & Millwork

House Planning & Interior
Design

Mason Painting Contr.

Reading Arch. Blueprints

Review in Arch. Design &
Practice

Review of Mech. Systems
in Buildings

ART

Amateur Artist
Commercial Art
Commercial Cartooning
Hiustrating with Options:
—Magazine
—Advertising Layout
—llustration
Interior Decorating
0Oif Painting for Pteasure
Show Card & Sign Prod.
Show Card Writing
- Sign Painting & Designing
Sketching & Painting
AUTOMOTIVE
Automatic Transmission
Specialist
Automobile Body
Rebuliding & Refi

Canadian Business Courses

Condensed Bus. Practice

Direct Mail & Mail
Order Advertising

Industrial Psychology

Magazine & Newspaper
Advertising

Managing a Small Store

Marketing

Marketing Management

Marketing Research

Programming for Digital
Computers
Programming the |1BM
1401 Computer
Programming the iBM
SYSTEM /360 Computer
DRAFTING
Alrcraft Drafting
Architectural Drafting
Design Drafting
Drafting Technology
Electrical Drafting
Electrical Eng’r’g Drafting
Eiectronic Drafting
Introductory Mech. Draft.
Mechanical Drafting
Pressure-Vessel and Tank
Print Reading
Sheet Metal Layout for
Air Conditioni

I.C.S. is the oldest, largest cor-
respondence school. Over 200
courses. Business, industrial, en-
gineering, academic, high school.
One for you. Direct, job-related.
Bedrock facts and theory plus

High School General
High School Mathematics
High School Secretarial
High School Vocational
ANGUAGES
{Edited by Berlitz)

French German
Italian Spanish
LEADERSHIP

Basic Supervision
Industrial Foremanship
Industrial Supervision
Modern Woman

3s 3 Supervisor
Personality Development
Personnel-Labar Refations
Supervision
MATHEMATICS
Advanced Mathematics
Math ics and Mech

Modern Exec. M t

Office Automation

Office Management

Production Management

Purchasing Agent

Retail & Local Advertising

Retail Bus. Management

Retail Merchandising

Retail Selling

Systems and Procedures
Analysis

CHEMICAL
Analytical Chemistry
Chemical Engineering
Chemical Engineering
Unit Dperations
Chemical Laboratory Tech.
Chemical Process Gperator
Elements of Nuclear Energy
General Chemistry
Instrumental Laboratory
Analysis
CIvIL
ENGINEERING
Civil Engineering
Construction Eng'r’g
Technology
Highway Engineering Tech.
Principtes of Surveying
Reading Highway Bi’pts
Reading Structural
Blueprints
Sanitary Engineering Tech.
Sewage Plant Operator
Structural Eng’r'g Tech.
Surveying and Mapping
Water Works Operator
COMPUTERS
COBOL P i

Automobite Ejectrical Tech.
Automobile EngineTune-Up

1€ =

Accredited member,

National Home Study Council.
Convenient payment plan.

Special Canadian courses
In French and English,

Approved for veterans
under the new G. 1. Bil

Special rates to members
of the U.S. Armed Forces.

ELEMENTARY ELECTRONICS is published bimonthly at $4.00
. 10022, Second class_postage paid at New

New York, N.Y

P
Fortran Programming for
Engineers

Clip coupon here., .. take your first step to real success!

Structural Drafting
ELECTRICAL
Electric Motor Repairman
Electrical Appliance Ser.
Electrical Contractor
Electrical Engineering
(Power option or
Electronic option)
Etectrical Engineering Tech.
Electrical Instrument Tech.
{ndustrial Ejectrical Tech.
Power Line Design
and Construction
Power Piant Operator
(Hydro or Steam option)
Practical Electrician
Practical Lineman
Reading Efec. Biueprinis
ENGINEERING
(Professional
Refresher Courul?
Chemical Civil Electrica
Engineer-in-Training
Industrial Mechanical
ENGLISH AND
WRITING
Better Business Writing
Free Lance Writing
tor Fun & Profit
Introductory Technical
Writing
Modern Letter Writing
Practical English
Short Story Writing
HIGH SCHoOL
High School Business
High School (Canadian)
High School College
Preg, (Arts)
High School College Prep.
(Engineering & Science)

for Engineering
Mathematics and Physics

for Technicians
Mathematics and Physics

for Engineering
Modern Elementary Stat.
M ECHANICA{
Aircraft & Power

Plant Mechanics
Hydraulic & Pneu. Power
Industrial Engineering
Industria) Management

tor Engineers
Industrial Eng’r'g Tech.
Industrial Instrumentation
Machine Design
Mechanical Engineering
Quality Control
Safety Eng’r'g Tech'i'gy
Tool Design Value Analysis
Vibration Analysis

and Control
PETROLEUM
Natural Gas Production

& Transmission
0il Field Technology
Petroleum Production
Petroleum Prod. Eng'r'g
Petroleum Refinery Oper.
Pipeline Engineering Tech.
PLASTIéS
Design of Plastic Products
Plastics Technician

NG,

HEATING, AIR

CONDITIONING
Air Conditioning
Air Conditioning Maint.
Domestic Heating with

| & Gas
Domestic Refrig. Heat'g

practical application. Complete
lesson and answer service. No
skimping. Diploma to graduates.

Send for the 3 free hooklets of-
fered here and find out how I.C.S.
can be your road to success.

Heating & Air Conditioning
with Drawing
Industrial Air Conditi

Dyeing & Finishing
Ltoom Fixin; Spinning

Industrial Heating
Pipe Fitting Plumbing
Plumbing & Heating
Plumbing & Heating Est.
Practical Plumblng
Refrigeration
Relrigeration & Air Cond.
PULP AND PAPER
Paper Machine Operator
Paper Making, Pulp Making
Pulp & Paper Engineering
Pulp & Paper Making
SALESMANSHIP
Creative Salesmanship
Real Estate Salesmanship
Sales Management
Saiesmanship
SECRETARIAL
Clerk-Typist  Commercial
Engineering Secretary
Legal Secretary
Medical Secretary
Professional Secretary
Shorthand  Stenographic
Typewriting
SHOP PRACTICE
Drill Operator
Foundry Practice
Industrial Metallurgy
Lathe Operator
Machine Shop Inspection
Machine Shop Practice
Machine Shop Practice &
Toolmaking
Metallurgical Eng'r’g
Technology
Miiling Machine Dperator
Muitieraft Maintenance
Mechanic
Practical Millwrighting
Rgaqung Shop Prints

IRRING
Tool Eng'r’g Tech'I’gy
Tool Grinder  Toolmaking
Turret Lathe Operator
welding Engineering Tech.
Welding Processes
STEAM AND

DtESEL POWER,

Boller Inspector
Induslrial Building Eng’r
Power Ptant Engineering
Stationary Diesel Engines
Stationary Fireman
Stationary Steam Eng'r'g
TEXT|LES
Carding
Carding and Spinning

Textile Designi

Textile Mill Supervisor

Textile Technology

Warping and Weaving

TRAFFIC

Motor Traffic Management

Railway Rate Clerk

Traffic Managmenl

TV-RADIO-
ELECTRONICS

Color Television Principles
& Servicing

Communicatlons Techn'l'gy

Electronic Fundamentals

Electronic Fundamentals
(Programmed)

Electronic Fundamentals
with Eiectronic Equip-
ment Training

Electronic Instrumentation
& Servo Fundamentals

Electronic Principles for
Automation

Electronics and Applied
Calculus

Electronics Technician

First Class Radiotelephone

License
Fundamentals of Electronic
Computers
General Electronics
General Electronics with
Electronic Equip. Trng.
Hi-Fi Stereo and Sound
Systems Servicing
industrial Electronics
Industrial Electronics Eng.
industria Electronics
Engineering Technician
Numerical Control
Electronics & Maint.
Practical Radio-TV Eng'r’'g
Practical Telephony
Principles ot Radio-
Electronic Telemetry
Principles of Semiconduc-
tor-Transistor Circuits
Radio Servicing with
Equipment Training
Radio & TV Servicing
Radio & TV Servicing with
Equipment Training
Second Class Radiotele-
phone License
Sound Systems Specialist
Telephony Electronics and
Radio Communications
TV Receiver Servicing
TV Technician

1.C.S., Scranton, Penna. 18515

Mr,
Miss.

INTERNATIONAL CORRESPONDENCE SCHOOLS Dept. N2189G, Scranton, Penna. 18515
(In Hawaii: P.O. Box 418, Honolulu. Canadian residents mail to Scranton, Penna. Further
service handled through I1.C.S. Canadian Ltd.)

Without cost or obligation, rush me your famous “'Success Packa
(2) sample lesson demonstrating [. C. S. method,
(3) catalog for program of study I’m interested in:

ge” —(1) “How to Succeed” booklet,

(Print name of course. See ist.)

Mrs.
Addre:

Science and Mechanics Publishing Co.

SEPTEMBER-OCTOBER, 1967

City ———

Occupation—

State

York,

E by.

7|p Code.

per year, by Science & Mechanics Publishin
N.Y., and at additional mailing office. Copyrighf 1967 by

- Working Hours
g Co., 505 Park Avenue,

-AM. to—_P.0.
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Dedicated to America’s Electronics Experimenters

THEORY wuzAcréLMk'%Er;r;Ewmz Editor

41 What's So Special About ESP? .
% 73 TV's Fussy Front End RICHARD A. FLANAGAN  Managing Editor

89 AFC, The Electronic Cop W. KRAG BROTBY Technical Editor

97 FCC Q&A . _ JIM MEDLER Art Bditor

105 On Twin-Lead's TW[Sty Trail HELEN PARKER Editorial Assistant
FEATURES . ‘ . ANTHONY MACCARRONE  4rt Director

54 Gulliver's Sticky String EUGENE F. LANDINO [Nl dssociate 4t Director

58 Try Tuning The Top 25

64 Raytheon Ray-Tel TWR-9 CB Transceiver IRVING BERNSTEIN CorerradDizsater

MARG! PACKARD

Art Associate

65 Make a Mighty Buck As A Ticketed Tech

95 Radio Shack DX-150 Communications
Receiver

101 Moses And The Ghost

CONSTRUCTION
¢ 44 Installing A Complete CB Station
Y¢ 49 X-Cal '67—Bi-Hertz Marker
Yy 70 4-D Power Supply
83 Doorbell DXer
86 Knight KG-663 Regulated Power Supply

ELECTRONICS SHORTIES
40 Traffic Report—Cartoon Page
57 Make A Mini-Mike
82 To A Smoker, It's A Cinch!
100 Charlie Chomps Chewing Gum Cheerfully

DEPARTMENTS

21 Positive Feedback—Editorial Chit-Chat

27 Hey Look Me Over—New Products Showcase
30 NewScan—Electronics In The News

32 En Passant—Chess Column

33 e/e Etymology

38 DX Central Reporting—SWL News

60 Home Study Bluebook
112 Literature Library

JIM CAPPELLO
LEONARD F. PINTO
CARL BARTEE
MICHELLE WOLFFS
DAVID COHN
WILFRED M. BROWN

Advertising Manager
Production Director
Production Manager
Assistant Production Manager
Promotion Director

Kit Division Manager

President and Publisher
B. G. DAVIS

Ececutive Vice President and Assistant Publisher
JOEL DAVIS

Vice President and Editorigl Direcior
HERB LEAVY, KMD4529

¢ Cover Highlights
AUTHORS IN THIS ISSUE:

Len Buckwalter—K10ODH/KBA4480, Joe Craig, Jchn
W. Collins, James A. Fred, Herb Friedman—KBI9457,
Webb Garrison, Edward Griffin Jr., C. Hansen, Fred
H. Horan, K.C. Kirkbride, Jim Kyle—K5JKX, Francois
Markette, Leo G. Sands—KOD1939, Jack Schmidt,
Hartland B. Smith—W8VvVD, Ronald Tom, and the
Elementary Electronics Editorial Staff. [ ]

ELEMENTARY ELECTRONICS, Vol. 5, No. 1 is published bi-monthly
by SCIENCE & MECHANICS PUBLISHING CO., o subsidlary of
Davis Publications, inc. Editorial, business and subscription offices:
505 Park Ave., New York, N. Y. 10022. One-year subscription (six
Issuesl—$4.00; two-year subscription {12 issues)—$7.00; and three-
year subscription {18 issuesl-—$10.00. Add 75¢ per year for postage
outside the U.S.A. and Canada. Advertising offices: New York, 505
Park Ave., 212-PL-2-6200; Chicago: 520 N. Michlgon Ave., 312-527-
0330; los Angeles: 6253 Hollywood Blvd., 213-463-5143; Atlanta: Pirnie
& Brown, 3108 Piedmont Rd., N.E., 404-233-6729; Long Island: Len Osten,
9 Garden Street, Great Neck, N. Y., 516-487-3305; Southwestern ad-
vertising representative: Jim Wright, 4 N. Eight St., St. louis, CH-1-1965.
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Radio Shack’
anniversary
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44

Radio Shack — the nation’s biggest company-operated Electronics Parts store chain —
is 44 years old today. In 1923 “The Shack” was a one-store pioneer. In 1967 we’re over
150 stores coast-to-coast. But we’ve brought our “one store” concept into your neighbor-
hood to give you instant service on the electronies gear you need to huild magazine proj-
ects, school experiments, and to repair and install things like speakers, antennas,
radio-TV, intercoms, CB, and audio components. We’ve brought “distributor” prices to
your doorstep, and 100’s of items not available in any other store. Visit your nearest Radio
Shack for 44th birthday bargains. Or phone. Or write. You’'ll discover why over 1,000,000
customers have made us #1 in electronics — nationwide!

e EXCITING IDEAS KEEP RADIO SHACK YOUNG AT 44

NEW?
perfboard

kits from
Science
Fair . . .

PAGE 6

BUNE

a “VOM”
for 3.95
factory
wired . . .

PAGE 9

RADIO!

a wired
6-TR radio
“in parts”
for installers
PAGE 19

SEPTEMBER-OCTOBER; 1967

STICKUP!

novel ‘“glue

gun” really
works as
advertised . .

CASH

for your

projects!
We pay
for ideas . .

PAGE 7

H (@AY
“Perfbox’’
makes it

easier to
build . . .

PAGE 8

CoPrs!
our monitor
portable

VHF radio
is “hot™ . .

PAGE 18

LOST?

here's where
to find the

**Shack’ near



BRILLIANT NEW KIT LINE!

Scrience
Far

Perf-board electronic
projects make soldering
optional, let builder re-use
parts or change circuit!

At last! — electronic kits that let you work
the same way engineers do — by “bread-
boarding”. Designed by Radio Shack’s en-
gineers and produced by its new Science
Fair Electronics division, the kit line fea-
tures step-numbered construction data, pic-
torial, schematic and add-on instructions.
Another welcome Science Fair feature —
each kit includes, as needed, potentio-
meters, line cords, and other components
often left out of kits. “It’s a matter of phi-
losophy,” said one Radio Shack engineer,
"but when a guy builds, say, an amplifier
kit, we don't want him to have to hunt for
a pot to make the darn thing work.” At
press time, 4 kits (see below) were avail-
able from stock. An audio amplifier and
an AC-to-DC power supply were sched-
uled for release in late July. Only first-
quality parts are being used. The packaging
is being done at the Company’s Ft. Worth,
Texas, facility.

For Store Addresses, Order Form, See Page 20

The First 4 From Science Fair™

WIRELESS AM | 1-TUBE DC
MIKE KIT RADIO KIT

i

TRANSISTOR
RADIO KIT

95

TRANSISTOR
ORGAN KIT

95

NO.

Tunes the standard

AM broadcast band;

can also be used as
a tuner. Battery-oper-
ated. Comes complete
with earphone. Perf-
board construction.

No. 95
28-102 28 101

Each note on the sev-
en-note scale is sep-
arately tone variable.
Unit is battery-oper-
ated and features
perf-board construc-
tion. Fun to build &
operate!

395 o,

Transmit through any
radio up to 20 feet
away! Battery-oper-
ated microphone is a
real broadcaster! Con-
structed of sturdy
perf-board.

28-100

Battery-operated!
Learn tube theory and
build a real working
radio. Equipped with
sturdy perf-board con-
struction. Kit comes
complete with ear-
phone.

ELEMENTARY ELECTRONICS



THESE ELECTRONIC PROJECTS HAVE EARNED

CASH AWARDS FOR RADIO SHACK CUSTOMERS

Build Yourself — or Win Cash by Sending Us Your Own Ideas!

RG | PILOT LIGHT FLASHER

Fremont,
lllustrates Fundamentals of Radar & Computers

California

X, 2NI70 X22N107 PROJECT PARTS LIST
¥ Stock No. ltem Net
70-0195 12K Y2W Resistor 2
70-0195 6.8K I2W Resistor 12
70-0195 22002 2W Resistor - . .12
R2 +$ 271-1715 10K Variable Potentiometer ... )
R4 6.8K = 70-0195 2.2K W Resistor 12
10K = By | 272.954 30MFO I5 Volts Capacitor e 29
= 276-1703 2NI170 Transistor p— .49
e 276-1701 2N107 Transistor 1.7
272-1535 Panel Indicators (Pak of 2} S
23-467  "'C" Cells (4 required) . .14
: + 270-1437 Double Battery Holder (2 required) .25

This project, requiring anywhere from 30:45 minutes principles. Can be expanded to become the basis for an
to complete, can be utilized as an ornamental device or automobile or boat warning light; it can also be used
for signalling purposes. It is a fine educational too! as for timing circuits, by determining the aumber of cycles
well, since it demonstrates basic relaxation oscillator per second. :

"DO-NOTHING" BOX

Philudelphifi,
Pennsylvania}  Cqpn Be Utilized As a Basic Timing Device

NE2 PROJECT PARTS LIST
9 Stock No. ltem Net
2 - 153 W0 Vol Battery - 3.65
} 1t 272-973 .1 MFD 100 Volts Capacitor (pak of 10) .99
N ceIMEe 700195 22 Meg. /oW Resistor (6 required) ... 12
e = ‘C%E‘ 276-1582 Circuit Board .59
NE2 2y, o 22M 77-3417 Neon Lamps (6 required) R}
A TR [:ZZMEG 270-325 Battery Clips (pak of 5) . .89
e = = s S
Y NE2 0 b 2.2MEG ¢ *90VDC

This ingenious device is a must for anyone with a keen of cost. The battery lasts indefinitely due to the rela-
sense of imagination. The project’s most obvious feature tively small amount of current required to ignite the
is a series of flashing lights, which illustrate the tech- bulbs. The device may be used, together with other cir-
nigue of sequential lighting. The neon bulbs produce cuitry, to actuate flip flops, muldi-vibrators, etc. It may
I'gtixt in much the same was as outdoor display adver- also be used as a basic timing device. Its action is simi-
tising. The "box" is easy to construCt — at a minimum lar to that of a ring counter circuit.

$$ FOR YOUR ELECTRONIC IDEAS!

Turn Ingenuity and Hobby into Spare-Time Profits!

We are looking for experiments built around Radio Shack or other electronic
parts. These will be published regularly in our catalogs. If published by us
WE WILL PAY YOU AN AUTHOR'S FEE and reimburse you for parts bought from us — maximum
850 cost. By submitting it, you state it's original with you. If we accept it, it is understood we can
publish it for use by our catulog, flyer, book and magazine readers. Submissions cannor be returned.
Send description, parts list, stock numbers, and schematic. DO NOT SEND ACTUAL SAMPLE as
we will build it here to see if and how it works. Write today!

. Radio Shack, Attn: Lewis Kornfeld, Vice-President
SEND TO: 730 Commonwealth Avenue, Boston, Mass. 02215

For Store Addresses, Order Form, See Page 20
SEPTEMBER-OCTOBER, 1967 1



.062” HOLES

"Professionalizes” Project Building!

The bloody-knuckie brigade will appreciate
Radio Shack’'s effort to eliminate chassis
cutting and drilling, and make things prettier!

Somebody at “The Shack” —thank heaven!
— must hate metal chassis and the gener-
ally sloppy look of breadboard projects.
Now they’'ve come up with a bakelite
chassis box into which they’'ve installed
(4 screws) a 314” x 6” perfboard top. But
that’'s not all —the back of the box is
pre-drilled for a 214” or other PM
speaker, and there’s a pre-drilled 14” out-
let hole on one side! This much-needed
item is called the Radio Shack Experi-
menter’s PERFBOX™. (Cat. No. 270-097,
price $1.69) and should sell like film at
Expo 67. As an added fillip, there’s a com-
panion deal they call Radio Shack Experi-
menter’s 5-Piece Panel Set, consisting of 3
perfboards and 1 aluminum and 1 bakelite
panel board, all 314"”x6” predrilled to fit
the PERFBOX™. The latter two boards
are un-perfed (to coin a word), and the
5-piece set (Cat. No. 270-100, price $1.69)
should answer just about any need for
extending the usefulness of the PERFBOX
short of filling it with champagne!

RECOMMENDED PARTS FOR USE IN PERFBOX PROJECTS

DESIGN, CONSTRUCT YOUR OWN CIRCUITS . . . using these
time-saving phenolic boards, breadboard or permanent type.
-3/32” holes punched on 0.265” centers. Can be sawed. Shipping

PUSH-IN TERMINAL KIT
Use with prepunched

~

@ 1%

weight | Ib. perf boards. .062 diam-
eter holes (1/16"). Ser-
= w ‘ rz}ted slots. Easy multi-
. ) B Kit o ple connections.

=4 [ UNCLAD PERF-BOARD IIOO 270-1394, V4 b, Net 1.49

® Accepts Miniature Components!

£y > e Easy-In, Easy-Out Mounting!

® [deal for Modular Construction! SPR|NG BANANA PLUGS

... Net 59
.. Net 115

276-1582, 3.45x6.87x1/186”

Punched 276-1583, 6.87x9.8x1/18"

«~7 - _—_ COPPER-CLAD SOLID BOARD

® Make Your Own Printed Circuits!
® Quality-Manufactured Board
® Bonded with Copper!

276-1586, 3.65 x 6.87 x K" ...
276-1587, 6.87 x 9.8 x Ms"” i

Net .79
Net 1.50

Ideal for 3/32” hole per-

; forated boards. Overall
length 1”.
Set of {y  270-1543, 2 oz. ... Net 99¢

COPPER-CLAD PERF-BOARD

® For Printed Circuit Design
and Circuit Checkout!

® Eosily Etched and Worked!

276-1584, 3.65x6.87x1/16" . ... Net. .89
276-1585, 6.87x9.8x1/16” ... Net L75

{Punched)
8

SOLDERLESS TERMINALS

Use with .093 diameter
holes. Takes up to 7
leads without soldering.
USA made. Spring ac-

Set of I5 270-1395, 4 or. ... Net 99

ALLIGATOR CLIP SET

99c 10 brass plated 13/3"

long with insulated phe-
ELEMENTARY ELECTRONICS

nolic barrels. Strong
spring. 5 red, 5 black.
270-1540, 2 oz. ... Net 99¢

For Store Addresses, Order Form, See Page 20



—=/cRanTA TEST EQUIPMENT

AVAILABLE ONLY AT RADIO SHACK

1000 OHMS/VOLT
POCKET AC/DC VOM

2 SALE| 37

s U/fra Compact Size; Only 315" x 213" x 1"
= ¢ Convenient Thumb-Set Zero Adjustment

! Pin jacks for 5 ranges. 2-color 134" meter scale.,
% Reads AC or DC volts in 3 ranges: 0-5, 150, 1000V,

¢ DC Current: 0-150ma. Resistance: 0100K ohms.
Accuracy +3% DC, *=4% AC. Bakelite case with

test leads, instructions, batteries.
22-4027, Sh. wt. | Ib.

HOME/AUTO TESTER DYNAMIC
1 TRANSISTOR CHECKER

® Checks Electrical Tircuits 5

in the Home or Garage! .
g ® Test Transistors "In"' or

"Qut" of Circuit. Tests
Low, Medium, High Po:‘/er

... Net '3.95

Factory
Wired -

Volt, ohm, ammeter,
wattage and leakage
checker; checks 6-12V
batteries. 0-7.5/13/150/
i1 300V, 15 amps. Resist-
1 ance 0-10009. With leads,
power cord. Gl4"%334"x
25", )

22-011, Wt. 3 Ibs. .

Visual indication of elec-
trode open & -short ciz-
cuits, current gain, GO/
NO-GO test 5ma-50ma,
clip leads for in circuit
tests. GL45x334x214".

22.024, Wt. 2 [bs. . 9.95

EDGEWISE PANEL
_METERS
99

11.95

TRANSISTORIZED REGULATED |
VARIABLE D«[ POWER SUPPLY

® Moving Coil Type! 29, Accuracy!
® Compact! Easy-To-Read Scales!

. 25% R/pple 0-20VYolts, Current 0-200 ma

Continuously variable output of 0-20 VDC. 2
operating ranges deliver 0-20ma to 0-200ma.
Meter reads output voltage and milliamps.
115 VAC @ 50/60 cy. Test leads. 473x273x

234", 22023, Sh. W+. 4 lbs. ... Net 3.44

For Store Addresses, Order Form, See Page 20
SEPTEMBER-OCTOBER, 1967

Moving coil of 1 MA with zero adjust set
screw. 2% accuracy, soldier lug terminals. 174"
m7ountmg hole centers. Size: 21y"Wx1-7/16"D
78"H
22-004, Signal Strength
- 22-006, YU, —20 to +3 (0-100%)
22-003, Balance & Tuning Meter

Net 1.99
Net 2.50
Net 2.50



ANY
ARCHER-PAK
ON
THIS
PAGE

PER
PAK

20 Power Resistors

Package consists of high-
quality vitreous, cand-oﬁm
and wire-wound types. In-
cludes 5 to 25-watt
power resistors; individual
catalog net — $10
271-1202, 2 tbs.

.. Net 1.00

Celebrating Our

4 Anmversary 3

35 Precision 19, Resistors

Large assortment of pop-
ular 13, and 2-watt
values; includes encapsu-
lated, bobbin, carbon
film, etc. Made by Aero-
vox, Shellcross, IRC, and
other famous names.

Uy 271-1196, 1 Ib. ....... Net 1.00

50 Tubular Capacitors

An assortment of quality
tubular capacitors, 100
mmf to .1 mf to 600
WVDC. Includes molded,
paper and porcelain
types. $10 if purchased
individually from catalog!
272-1568, { Ib. ....... Net 1.00

4 Subminiature 455KC
IF Transformers

Slug tuned, made for
printed circuit mtg.,
shlelded Size: r;ﬁ x 3

- 273 5I5 Y4 Ib. ... Net 1.00

8 Sets -RCA Plugs & Jacks
Quality items, ideal for
use in phono amplifiers,

P tuners, recorders, etc.

, Take advantage of this
Radio Shack Special low

price!
274-1575, '3 Ib. ... ‘Net 1.00

35 Miniature Resistors

World’s smallest Y4-wate
carbon type resistors! All
have axial leads; built for
transistor and subminia-
ture circuitry! Assorted
values, with resistor color
code chart.

2711546, ' 1b. ..... Net 1.00

40 Coils and Chokes

Shop assortment consist-
ing of RF, OSC, IF, para..
sitic, peakmg and many
mote types. Individually
purchased this would cost
you $15

273-1569, ) b, oo Net 1.00

45 Mica Capacitors

Famous -name micas —
Aerovox, Sangamo;, C.D.,
etc. This assortment in-
cludes popular vglues 100
.mmf to. .0 as well
as silver type condensers
A $10 catalog net value!

272-1573, | Ib.i........ Net 1.00-

8 Volume Controls
Most Popular Values

Contains 8 assorted values
including long and short

. shaft types. A tremen-
dous bargain for service-
men!

271-127, | 1b. .. Net 1.00

Special! 50 Capacitors

Assortment of many types
including disc,

ceramic, .

60 Half-Watt Resistors

Made by Allen Bradley
and IRC. Many 5% and

50 Ceramic Capacitors

Wide wvatie

of popular
values by

entralab and

% Here
% hundreds of uses! Assort-

Made by UTC and Rem-

PACKAGE!

X mylar, temperature coeffi- 10% tolerance.  Color other famous name mak-
cient, molded, paper, oil, chart. All most popular ers. 10 mmf to .04 mf to
W4  VitQ. You save $9 over values. ‘An absolute KV. Assortment includes
Wi industrial net catalog “‘must” for hobbyists and tubulars, discs, NPO’s,
¥ prices! kit-builders. temp. coefficient, etc.
: 272:1199, 1 1b. <. Net 1,00 ¥ 27140602, | 1b. s Net 1.00 272.1566, | Ib, ... Net 1.00
48 Terminal Strips 35 Disc Type Capacitors | 150’ of Hook-Up Wire
You get a wide variety of q
e andnlde lugt:;’pe A e‘;a“ﬁcl:;’lz;"“;%od Assortment consists of 6
terminal_strips with 1 to HEQ, N750's, taylar and V rolls of 25’ each —
6 lugs. Outstanding value ceran;c 10 mmf to 381 solid and stranded wire,
at this low price! 101 mf tol 6 KV. A $10 cat o 318 through #22. Nec-
uses for the builder and alog] dethvale! ata essary for multitude 'Of
experimenter. ) ] CUHEY Net 1.00 b jobs and always useful!
2741555, 1 Ib, ........ Net 1.00 2721567, Y4 1b. ... Net 1 278-025, 13 Ib, won Net 1.00
40 One-Watt Resistors 4 Transistor Transformers SURPRISE
3 are resistors for $ z 5

ment has Allen Bradley
and IRC carbons, with
5% values included. This
pack is a regular $8.00
caralog net!

271-1576, 1 Ib. ........ Net 1.00

ington Rand. Famous min-
iatures. Includes sub-
ouncer, mike, input types,
Color coded leads.

2731581, 1 lb. e ‘Net 1.00

50 Plugs and Sockets

Ideal bench assortment
for servicemen, hams, etc,
Subminiature and printed
circuit types included!
This assoriment saves you
$10 over individual cat-
" alog prices!
'274-1562, 1 Ib. —..oe. Net 1.00

2-Watt Resistors

These quality 2-watt re-
sistors are non-inductive,
magnetic film, carbon
types. Many with 5%
values. Made by famous-
name manufacturers.

271-1211, Y2 b, ... Net 1.00

For Store Addresses, Order Form, See Page 20

10

Loaded with
Parts! $

The biggest sutprise
package yet! Enough
electronics’ compo-
nents to make your
eyes pop! Resistors,
capacitors, condensers,
diodes . . . your guess
is as good as outs. The
famous-make parts are
worth at least $25.00!
270-1251, | Ib., Net 1.00

ELEMENTARY ELECTRONICS



Celebrating Our

44 Anniversary

4 Type 2N107
PNP Transistors

One of the most widely
used transistors today for
general audio use. Com-
plete with base wiring
diagram.

276-501, 4/, Ib. ... Net 1.00

6 Zener Rectifiers

Includes zener refer-

ences! Ratings from
250MW-10 Watt. Stud,

5 axial  lead, upnght

E lses, assorted voltages;
: N821, etc.

4 zu 538, '/, Ib.... Net 1.00

ANY
ARCHER-PAK

ON

THIS St
PAGE

10 MAT High Frequency
Transistors

Similar 0 2N501 type
PNP Freq. 30-180 MCS.
Used in RF and switch-
ing circuits. Ideal for CB,
Hams, and experimenters.

276-522, /3 I1b. .. Net 1.00

4 100 Mc. NPN
Planar Transistors

Similar to 2N1613, 2N.
1893 and 2N2049: Made
by Fairchild and Rheem.
Rated at 700 MW. Vce
75; Hfe 40-120; 150 Ma;
TO-18, TO-46 cases.

276-536, 13 1b. oo Net 1.00

8 Pre-Etched Boands

Assorted types
of pre-punched
boards ideal for
transistor experi-
ments, hobby work.
Any path may be

used.
276-1572........ Net 1.00

5-10W PNP Power
Transistor Pak

Ideal for the experi-
menter wanting higher
wattage rating transistors.
Types similar to 2N155.

276-527, | Ib. ... Net 1.00

2 Silicon NPN 400 Mc.
Planar Transistors

Excellent for VHF,
switching and oscillator
applications. Made by § l-
vania. Similar to 2

707-8. 360 MOW Vcb 15

5-6 Volt Zener Diodes

Rated ac 1 watt. Gold
plated. Long axial leads.
Idea]l for voltage regu-
lated power supplies, tran-
sistor bias, etc.

3 Coax Silicon
di Transistors
e Similar 0 Hughes

2N12412N1243 type

W PNP. Used in audio and

switching circuits Vcb
35 Hfe 30 Ic 10. Rated

Hfe 12-75; 1 wate.

276841, Y, [b. . “Net 100 276-518, 'z lb. .. Net 1.00 276-550, Y Ib. .. Net 1.00
Pak of 8 PNP 25-Pc. Surprise Pak 3 Silicon 100MC 2W
Switching = Transistors

Transistors %:I]}c’llgld:s&??c!:n ];I:dp (32;1 ENE e TO uscies

PNP includes TO-5, TO-22, cases.
Similar to 2N1305, 2N394 2N404.
Frequency: ‘I‘VIMC 150MV, Vcb 10;

manium types. Assorted

f@ cases TO-5, TO-18, and
TO-46. Ideal assortment

Similar w0  2NI1132,
2N2104 and 2N2303
types. Ideal for high fres
quency work. Vcb 60

Hfe 70, 10 for the experimenter. Hfe 40-120.
276-539, Sh. W+, !4 Ib. ... Net 1.00 276-524, | ib. ... Net 1.00 276-523, /3 Ib. .. Net 1.00
Pak of 8 NPN 25 Germanium Diode 3 RF Silicon Transistors
Swntcl'ung Surprise Pak NPN type — similar to
Transistors Used in computer switch- 2N7903N792," 2N1150
ing and general experi- ) andlgoNUO typ;s Rated
N15N6 3y_}>e Sngllar to 2N333, lr::tri]st?l 15’3:1' %&qgex;);ai{ i E"i I::/}C Veb ‘%WMA EEZq Té)a.

%{/l?}?dg mn?pecn cations as above. mencerradibnitden 22 case.

276540, Ship. Wt. V3 Ib. ... Net 1.00 276-519, Y Ib. .. Net 1.00 276-528, Y; Ib. .. Net 1.00

10 Popular PNP and
NPN Transistors

Includes most popular
types: CK:722, 2N35, 2N
107, 2N440, and 2N335
Invaluable to experiment-
ers and hobbyists.
276510, Y4 Ib. «reene Net 1.00

20 Top Hat

¥
Rectifier Pak

Some up to T AMP.
Flangeless types roo! As-
sorted volrages and cur-
rent. Long leads. Each
Pak a real surprise!

274520, | Ib. ... Net 1.00

3 PNP High Power
Transistors

Rating: 10-40 W. Simi-
lar w0 2N155, 255,
B 2N1320, 2N1504. Top

L 3§ Quality manufacrurer In.
i i cludes cases TO-3, TO-10,
~yy* TO-13.

276-529, '3 1b. .. Net 1.00

New! 6 NPN and PNP
Micro-Transistors

! Both SlllCOnS and planars
g with and T-46 cases.
Slmllar to T- 706 2N995,
2N834, 2N2357. Fre:
quency: to 200 MC. Wir-
ing diagram.
276-542, V3 1b. s Net 1.00

SEPTEMBER-OCTOBER, 1967

250MW Silicon

Zener Diodes

Glass miniature diodes in
assorted voltages. Long
axial leads. Excellent for
transistor power supply
regulation.

276-521, /2 1b. .. Net 1.00

New! 4-Micro Silicon
Epoxy Rectifier

Rated at 1 amp a 400
PIV. Mfg. by GE. Long
l axial leads. Ideal for mi-
& cro mlmamre Cerqu’y
where space is a factor.

276-549, Y, b, .. Net.1.00

For Store Addresses, Order Form, See Page 20
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PNP TYPES

Twin PAK
Popular PNP Types

R % ® 5.2N107 Types

® 5.CK722 Types
I98 '

Radio Shack Exclusive!
Great for experimen-
ters, hams, hobbyists

. all_audio applica-
tions. Complete with
transistor  base  dia-
grams.

276-031, Wt. 3 oz. 1.98

M-ARCHER>
Replacement Transistors

For high frequency, RF.IF, and

converter cireuits. R?I)\%C;;
2N247,  2N248,
IN267.  2N274,  2N308, 276406 Wh 3 on s 119
2N309, 2N310. F&ro h;sgopowlgr f‘fesc"cz‘ilﬁfs"
. al adios. Replaces: e
HAIR, AR B 129 ON174 aNDTT . 3N278.
For mixer/oscillator converter 2N441, 2N442, 2N443,
:czu-Nulnltg Rzeﬁllaﬁs: %g}%% 2N1515, ecc.
2N136,  2N137,  2Ni4p, 274407 Wi 3on . 229
2N175, etc. NPN_ TYPES
276-401, Wt. 3 oz, . 99 For mixeré{osc;llator cgrgergter
For universal IF circuits. Re- Clrcults. eplaces: 193,
places: 2N111, 2N112, 2N139, 2ZN194/A, 2N211, 2N212;
2N218,  2N219, ~ 2N315; 2N233, © 2N234, 2N357,
2N366, 2N406, etc. 2N358.
276-402, Wt. 3 oz . . 99 276408, Wt 3 o1 U
For 6 volt audio circuits. Re- For universal IF ampllﬁer cir-
. places: 2N77, 2N104, 2N105, cuits. Replaces: 2N98, 99.
2N107,  2N109,  2NI130, 2N100, ~ 2N145, 2N
SN131 2N147, 2N148, 2N 149, erc.
276-403, Wt. 3 o1. . .. .99 274-409, Wt. 3 oz. I.1E
For 9 volt AF amplifier circuits.
ll:&:ceslz ;%llt amdnzo cnrcuule;g' Iz(epla(:;a 2#354. 21511116292%
T INa4l 2N85. 3308 HNFS. N313, e
27-408, W. 3 oz, g9 276:410, Wi, 3 on. 99
For 12 Volt AF amplifier cir-
For 9 volt audlo CIrcults Re- cyits. Replaces: 2N306A
fli 2N188, 2N189, 2N190, SN4454, INA4CA, *N447A
2N191, 2N192 2N19 2N556,  2N557," 2Ns87}
2N196, 2N197, etwc. ING49 etc. i
276-405, Wt. 3 oz1. 276-411, Wt. 3 oz. d 99

For auto radio AF amplifier cir-
cuxts Replaces 2N176, 2N178,
2N179, N234, 2N235,
2N35B, 2N236 2N242 etc.

“POP" SERIES

Popular NPN Types

® 5.2N35 Types
® 5.2N170 Types

Big savings on NPN
type transistors! Especi-

ally suited for audio

_ applications. Great for

hams, hobbyists! In-

98 t cludes transistor base
diagram.

276-032, Wt. 3 oz1. .98

Silicon Field-Effect
Transistors

I98

® High Impedance Input!

® low Noise! High Gain!

® Characteristics Similar
to Pentode Yacuum Tube!

5T

|\

1000’s of applications where pentode
tubes are used in low level circuits: field
strength meters, “‘gate dippers,’” receivers,
flea power transmitters, etc. TO-5 case.
Includes specifications.

276-664, Sh. wt. 2 oz. Net 1.98

IBM Component Boards

Fi'y

SAVE!
& 4 for 1.00

All quality American made parts; ideal
for builder and hobbyist alike. Each
board contains at least two transistors,
plus loads of other components: re-
sistors, capacitors, coils, diodes, modules,
chokes, and heat sml\s Size: 233 x 3%3”
276- 6I6 Sh. wt. U4 Ib.

Photo-Multiplier

198 Power

Transistor
Photo-sensitive cell,

amplifier, electronic
specs. and diagrams.
276-847, Wt. V4 |b.

transistor
Includes

power
relay.

Net |.98

- ARCHER> Twin-Pak Transistor Kit

=

17]9

BIGGEST BUY

8 K" 10 NPN
25 15 PNP

yet for the hobbyist or experimenter

12

750 MA Top Hat

! Rectifiers
i 25¢ P
of 2
From 50-1000 PIV

J pphescons. swisching and-general éﬁ?ﬁzse“ii%.o“’{yp‘éf pe11e7 0PIV pkotz .28
3 E 3 ‘ i Replace many popular numbers without circuit change 2761109 200 PIV  Pak of 2 :59
| 276-1516, Ship. wt. 2 Ibs. Net (.98 276-1110 400 PIV Paokof2 .89
T i
3 Amp Silicon- 10 GERMANIUM ;;:-ma 1000 PIV  Pakof2 198
Controlled Rectifiers DIODES
95 Similar fo 1N34, IN34A, 1N60 Transistor Sockets
I S W
g | Wy e
TO-66 Case! 200V i T of 10

Designed to deliver loads up to 3
amps. Ideal for use in speed con-

trol operation, power converters,
276-1085 Net 1.95
276-1066, TO-66 mtq. hdwr. . .30

For Store Addresses, Order Form, See Page 20

Equivalent in use to silicon di-
odes with lower forward voltage

drop.
276-821, 4 Ib..... Net 99

Ship. wt.

Takes PNP or NPN transistors with
3 contacts in line or triangle; com-
plere with mounting plates. For every
experimenter!

274-15i0, Wt. 2 o1. ... Net 99

ELEMENTARY ELECTRONICS



SOLID STATE Cneur sonmns.

COMPACT 1-WATT 4-TRANSISTOR
PUSH-PULL AUDIO AMPLIFIER

ws 5695 NOW 5™

* Completely Wired — Easy to Connect!

Can be used as an intercom, phono, rape or microphone am-
plifier. Color-coded leads. Frcq response +1.15 db. 300-
15,000 cps. Input: 50001). Qutput: 8-12 ohms.

277-038, Sh. wt. | Ib., 2x3¥%x1V," . Net 5.44

3-TRANSISTOR AM TUNER WITH
STANDARD 540-1600 KC BAND

wis 5795 NOW §%4

Superhet Sensitivity & Selectivity!

Low-power tuner has variable capacitor with dial, loopstick an-
tenna, oscillator converter, IF's, detector and associated com-
ponents. Vertical & horizontal mounting. Extra-long leads for
easy connection to amplifier, bauery, ctc.

I
277329, Ship. wt. 10 020 .o Net 5.44 Fully Wired!

- ARCHER> DELUXE MODULES
Solid State Dependability! 95
Screw Terminal Connections!

Can be Mounted in Any Position!

Ideal for Builders & Hobbyists! MADE IN U.S.A.

SIREN MODULE WIRELESS GUITAR AMPLIFIER

A perfect warning device! Reproduces the upward scream
and downward wail of a siren. Size: 378x214x78".
277-266, Ship. wt. 12 1b. ... . ctierirniee. Net 4,95

SUPER HIGH GAIN AMPLIFIER

Extremely high gain of 100,000. Can be used as hearing
aid, audio signal tracer, etc. Size: 3%x2%xﬁ;"

277-251, Ship. wt. I3 Ib. . Net 4.95

POWER AMPLIFIER

2-watt amplifier is ideal with tuners, mikes, paging sys-
tems, or as a signal tracer. Size: S%xZMxA;
277-253, Ship. wt. ' Ib.

Play guitar through standard AM radio. Range up to 25
feet. For use with crystal or ceramic pickups.

277-299, Ship. wt. | lb. ... - Net 495

AC POWER SUPPLY

Use with rectifier-electronic filter. Comes
complete with line cord.

277-258, Ship. wt. 2 Ibs. . . Net 1.95

ELECTRONIC FILTER

Dual 6VDC output; low ripple and fil-
tered! Use with any AC power supply.

. Net 4.95 277-259, Ship. wt. Y2 1b. ... .. Net 3.95
AUTO BURGLAR ALARM PHONOGRAPH AMPLIFIER
Gives instant alert when car door or rrunk is forced Designed for ghonographs using hxgh impedance crysral or
open. Horn blows even after doors are re-closed. ceramic careridges. Size: 37 ’sx2V4x/s

277-252, Ship. wt. Y2 Ib. e, Net 4,95 277-261, Ship. wt. '; 1b.

................... Net 4.95
For Store Addresses, Order Form, See Page 20
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SAVE BIG! ELECTRONIC PARTS

NOW WAY OFF REGULAR PRICES

RUNNING TIME METER

367>

® Records 0 to 9999.99 Hours!

Measures elapsed operating time of elec-
tronic equipment, transmitters, recelvers, in-
dustrial machmes, etc. Records running time
in hours, tenths and hundredths.
either from 40 or 110/125 VAC, 60 cy.,
with external resistor (supplied). Synchron-
ous motor drive. Size: 214x214x314".

Sale Price

544

Reg.

Operates

500" OF HOOK-UP

WIRE
Solid & 249
sizes #18

Stranded
Five 100-ft. coils,

through #22. Cotton, vinyl
insulation; different colors.
278-1484, Wt. 2 Ibs. ... Net 2.49

273-1628, Sh. wt. 3 lbs. Net 5.44
NUMERAL LAMPS 5-LB. ELECTRONIC
ﬂa MYSTERY
Orig. 44 BOX
0000 $199 | I98 Worth af
- Least 325/

00008

Bayonet type socket with 11 incer-
changeable lenses. For %" hole.

272-343, Sh. wt. 4 oz. Net |.44

Hobbyist's delight! Assorted switches,
resistors, capacitors, transformers,

270-496, Sh, wt. 5/ tbs. Net 1.98

75’ MINI-SPEAKER

@ WIRE l|9

Place speaker away from amplifier.

2-conductor #24 wire. Plastic in-
sulation.
278-1509, Sh. wt. Y, ibs. ... Net L.19

E‘? DPDT SWITCH

Neutral Center

€ Pak

_ of 2
Kit of two DPDT toggle switches
with long bar handles. Heavy duty
excellent for power circuits, PA sys-
tems, etc. Rated at 10 amps, 125
VAC. With on/off plate, screw term-

inals, and mounting nut.

275-1533, Sh. wt. ¥4 Ib. . .. Net .99

6-PDT PUSH BUTTON

‘SWITCH49‘

Replacement switches for most walkie
talkies. May also be used in circuits
where momentary action is required.
Size: 1x11/66x7/16". Shaft length,
with knob: 35”.

275-051, Sh. wt. Y4 1b. .. Net .49

6-FOOT LINE CORDS

&7 39

Feature ftls wire complete with
molded plug. Ideal for home or shop!

278-1255, Sh. wt. Yy 1b. Net .39

FUSE HOLDERS

€ Kit
of 6

Chassis mounting fuse holders for
popular 1V4xV4” fuses. 3 holders ac-
cept 2 fuses, and 3 take single fuse.
Each equipped with snap-on dust
cover.

270-337, Sh. wt. s lb.

Net .99

COMPOSITION
RESISTORS

199 Pak

of 100
1/10, Y4, 1, 2 watts.
5% and “‘Magnetic Film”
Comes complete with free

Code Char
271-810, 2 lbs Kit of 100 Net 1.99

Many
pes.
olor

COAX CABLE
CONNECTORS

3y

278-200, PL-259 .. . Net .59
278-201, S0-239 Net .50
278-1370, UG175/U, Adapter

for RG58/U cable .... Net .16

'-ARCHE R> TWILIGHTER

® Aufomatically
Turns Light On af
Dusk, Off at Dawn!

® Silent Guardian of
Your Home or Office!

An electronic “eye” that automatic-
ally controls selected lights, turning
them on at sunset, off at dawn, daily
~— without resetting. Ideal for con-

trolling  driveway lights, interior
lights, displays. Size: f/sxl%xz% .
275-1399, Sh. wt. | tb. e Net 4.44

14

Sale

444

Store Addresses, Order Form, See Page 20

6.3 VOLT FILAMENT

i E TRANSFORMER

g 8c
Hundreds

of applications! Input:
117 volts at 60 cy. Output: 6.3 volts
at 1.2 amps Tinned color-coded
leads. Size: 1-15/16x1V4x9/16”.
273-050, Sh. wt. | Ib. Net .98

24 VOLT POWER
TRANSFORMER

I98

Use for transistor, semi-conductor
circuitry (‘onversnons, etc. Operates
from pnmary 117V 60 cy. Second-
ary: 24 VAC 1.2 amps. Open frame.
Size: 2x1-15/16x3-3/16"

273.1480, Sh. wt. 2 Ibs. ... Net 1.98

ELEMENTARY ELECTRONICS



Thrifty Buyers Will Save During Our

44" ANNIVERSARY SALE

MINIATURE 6 VOLT SYNCHROS

For All Remote Control Uses!

Ideal for:
44 ® Amateur Beam
or Antennas!
gair ® Weathervanes!

® [ndicating Uses!

Used originally in aircraft equip-

ment. Compact; ruggedly built. For
26 VAC 400 cycles; guaranteed
to operate efficiently at VAC @

60 cycles. Includes wx’rmg diagram.

ixze l}@ x 1.9/16”. Shaft size:
273-2006, Sh. Wt. 1 |b. . Pair 4.44

273-050, 6.3 VAC Transformer. Net .98

HAYDON 1 RPM TIMING
MOTORS
® Made in U.S.A.!

I49

5 watts. Shaft size
0verall 178 x 238 x
173", Perfect for
& countless other

New! Rated @
%" x %"
1-1/6” mtg. curs:
displays,
timing uses'

sngns,

273-1481, Sh. Wt. 15 ib. . Net 1.49

SLUG-TUNED FERRITE
LOOP ANTENNA COIL

For. transistor, tube or crystal
radios! Sensitive high Q"
antenna matches all tunin
condensers in broadcast band.

Complete with mounting
brz’a,cket and hardware. 2 x

270-]430, 4 oz. Net .79

3-DIGIT RESET COUNTER

29

Multi-purpose — counts to 999!
Black numerals on white; steel lever
actuating arm. 114" knob for zero

Orig.
$1.49

4” VENTILATING FAN
AND MOTOR

o 4.Bladed!

® Made in USA!

244

Use to cool hi-fi equipment, amateur
gear, etc. Rugged laminated steel
motor. Permanently lubricated bear-
ings. Long leads haft 14” x 134",
3 x 2V x 1}

115 VAC SOLENOIDS

IS9

e Continuous
Operation!

Max. stroke 114” DC resistance of

25 ohms +10%. Max. lift: 4 to 11

Ibs. Removed from equipment but

guaranteed 1009%. Size 2-1/16 x 214
13/16". Mfg. by Soreng

275 I49 Wt 2 ibs ... . Net 1.59

e iess enoh and lever arm. | 2731430, sh. Wit. 1 1b, Net 2.44
POTTER- MINIATURE DC MOTORS
BRUMFIELD — C
399
AC RELAY

149

e 3-pole Single Throw!

All brand new! Contacts rated @ 5
mps. Coil operated at 6 VAC.

134 x 118 x 17,
275 096, Wt 1/4 Ib. Net 1.49

® [low Battery Drain!
® Double Permanent
Ferrite Magnefs!

Perate from a single flashlight cell,
115 to 12V. Bronze bearings, brass
shoe bearings, & connecting leads.
Shaft: 14 x 1/16".
273-232, Wt. /2 Ib I%". 2" x3,",

Net 3/99¢

HIGH CAPACITY, LOW
VOLTAGE CAPACITOR

& 49

Ideal for power supplies, replace-
ments, hobbyists, cxperimenters.
20?0 /400 100 mfd at 25 VDC. 2V

272- I496 Wwt. 2 oz. Net .49

NEON PILOT LIGHTS

99

With neon lamp, jewel and
socket. Includes 100,0000
droprmg resistors, Operates

15 volts.. Size 33 x
114”. 1 red and 1 yellow.
272-328, Wt. Ya Ib. ... Net .99

Set
of 2

SPST MINIATURE
MERCURY SWITCH

69

Normally "On or Off’. Tipping
one side or other makes or dis-
connects mercury with contacts.
Silent operation. For 1 amp @
115 volts. Long wire leads.

27-9000, Sh. Wt. 4 ozs. Net 69¢

IOO

cuits.
checkers!
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270-627, Wt. 2 Ibs.
For Store Addresses, Order Form, See Page 20

EXPERIMENTERS UTILITY BOX

® Sturdy Bakelite Case!
® Removable Aluminum Cover!
® 33 x 614 x 27!

Perfect _for housing test equipment, experimental cir-
Build multa-meters,

speed controls, transistor

Net 1.00

METAL BATTERY HOLDERS

f/‘ ~x\\? 99

Kit of 8

AA”, 1 double

4 smgle
1 "C” cell, and one double “D”’ cell
holder. All metal construction with
solder lugs at each end.

“AA”,

270-38F, Sh. Wt. | |b. ...



MIKES, SPEAKERS, HEADSETS, TOOLS

[t L=
BIRTHDAL

4" Acoustic Suspension
FE-103 Speaker System!

The fabulous Realis-
795

tic FE-103, complete
with cabinet construc-
tvon dewils as pub-
lished in Electronics
Illastrated! 30-17,000
cps; 15 watts; 8 Q.

40-1197, FE-103, Wt. 5 Ibs. Net 7.95
CONTOUR NETWORK KIT.

With instructions.

40-808, coil, capacitor, etc., Net 3.95

MINIATURE PM

40-247, 214",
40-248, 2",
40-245, 2",

ONLY

8 Ohm Impedance

Small in size but big in sound! Thtee
sizes to choose from: 215", 214", or 2.
All for the same bargam price!

98

FOR THE ELECTRONICS EXPERIMENTER

BUILD ‘“‘EV'S” MIGHTY
SUB-MINI SPEAKER

SPEAKERS FOR

TRANSISTOR PROJECTS, RADIOS

EACH!

MIDGET
EARPHONES

For Teansistor Radios

98

50-9000 cps.

STEREO
HEADSET

Separate Transducers!

279

Resp. With :
replaceable earplug, cord. Perfect for use with re-
10 ohms. ceivers, tuners, amplifiers,
33-175, Wt. 2 o1. ... Net .98 kits and recorders! 8 ohms.
33- I74 w/3/32" plug, Net .98 33-1008 Net 2.79
CRYSTAL LAPEL CRYSTAL MIKE
MIKE CARTRIDGE

® For Recorders,
PA, Pagingl

189

Sensitive! Concealable! Re-
sponse: 200-300 cps.
13-100, Wt..8 oz. ... Net 1.89

) 89

GLUE GU

599

for make-or-
mend jobs

FABULOUS THERMO-ELECTRIC

REALLY
WORKS!

60-Second Bonding Plus Instant-set Caulking!
No Clamping! No Cleaning!

Makes all other kinds of
gluing obsolete! Uses unique
hot-melt glue sticks: melted
glue bonds permanently in
60 seconds, providing a
flexible bond that's perfect
for furniture, pottery, metal,
leather, plastic or fabr:c

Use with white sealer sticks
§ for water proof caulking.
Glue and caulking included.
64-2860, Gun, 2 |bs..Net 5.99
64-2841, 7 Glue sticks, | |b.

- .. Net 49
64-2862, 7 Sealer Sticks, | Ib.
Net .49

Precision made crystals!
Response up to 7000 cy.
270-095, 8 oz. Net .89

695

LAVALIER DYNAMIC MIKE
Neck/Hand/Desk Use!

Pencil-slim hi-Z for use at home,
studio, or in PA and guitar sys-
tems! With cord, stand. 50K.

33-928, Ship. wt. 2 Ibs.

. Net 6.95

1,000's of Home,
Office, Auto Uses!

64-1885

64-1875

POWERFUL CERAMIC MAGNETS

15¢

Each
Singly

IO For 1%

25¢

Per Pair

10¢
Each
For

LOW COST 25-W.
SOLDERING IRON

@ ‘|89

iy
Precisiondesigned!
Comes complete
with UL Cord and
Plu?. Uses 117V
AC/DC.
64-2182,
1 Ib. ... Net 1.89
64-2178, Extra cop-
per Tip .. Net .25

16

OUR OWN 60/40
SOLDER

69c Each

12 & UP

59¢ e

US made with superac-
tive rosin core. Fits fed.
specs. QQ-S-571d

STEEL CATCH-ALL
STORAGE BOX

W‘6"H x 81L"D x
53%"wW

‘|95

4 draws with adjustable
compartments.
.. Net 1.95

88-0002 —...oooooverene. Nt 69

64-2050, 3 )bs.

For Store Addresses, Order Form, See Page 20

ASSORTED ELECTRIC
eaeil) HARDWARE

6”Hx814"Dx
53 W

. 99

Over 600 pieces! Something
here for everyone! All
brand new — no sweepings!
One full pound. Compar-
able value: $4.50!

64-2890, Wt. 1 Ib. ... Net .99

ELEMENTARY ELECTRONICS



NOW anyone
buy his own
STANDARD

Comes Ready to Install
Save Time! Save Money!

Only 795

Complete with Dial, Bell, Coil and Connecting Cable!

Instant service! Most popular phone for intercom, extension,
private system use! Get this modern, low-cost, easy-to-install
telephone for the sheer convenience of it! Each is factory re-
conditioned for trouble-free service. Bakelite body, simple
three-wire hook-up, handset, metal base. Plus— a generous

can

supply of connecting cable! (Note: Use of telephone equip-
ment nof installed by a telephone company may be subject to
local telephone tariff.)

279-371, Ship. wt. 10 1bs. .o, N@t 7,95

30 Fi. Telephone
Extension Cord

Move your phone from room to room!
Highest-quality 4-conductor flexible cord
plus standard telephone jack and plug.
Ideal for intercom. Use 2 or more for

extra length.
279-1261, Sh. wt. 14 Ibs. ... Net 2.98

Telephone

Carbon Type Handset

For Mobile and
Replacement Use!

Great for use with mobiles & intercoms,
or as outdoor mike for camps and con-
struction sites. Withstands extreme tem-
peratures. High output mike can be used
with low gain circuits. Adapt to your CB
transceiver or radio. Includes earpiece
and 3-conductor cord.

279-135F, Sh. wt. | Ib. ... Net 2,99

Plugs & Jacks

Ideal for making extensions, these plugs
and jacks each weigh approximately 14

pound.
279-366, plug Net 1.25
279-367, jack Net 1.40

Coiled Phone Cords

Sound-Powered
Elements

Kit of two! Talk without electricity —
your voice powers these devices. Hook
them up and talk up to 300 feet. Ship-
ping weight: 15 pound.

2791353 . Net 99

Stretches up to six feet. 3 -conductor.
Shipping weight: 14 pound.
278-361 oo Nt 119

Four conductor extends up to fifteen feet.
Shipping weight: 14 pound.
278-1389 .. oeeiireerrnenene. Nt 5.95

Shoulder Rest

100 Ft. 3-Conductor
Telephone Wire

Multi-use 100’ 3- conductor wire for
telephone  work. Ideal for linking
temporary phoaes for field uses.

278-370, Sh. wt. 2 Ibs. ... Net 3.49

Frees both hands! Spring mechanism g s
enables arm to be folded out of sight Y
when nor in use. Easy to attach to any °
phone. Long lasting metal construction. #£
Manufactured in the nited  States.
Weight: 1 pound.

279-606 ... Net 1,49

Handset Hanger

Hang up your phone without cutting off
party on other end. Ideal for wall tele-
phones. Anodized black aluminum.

279.1528, Sh. wt. Y4 1b. ... Net 1.25

Telephone Wall Jack

For 2, 3, 4-wire systems. Fits standard
wall conduit boxes. 1 1b
279-1507 ... -

Telephone Dials

Standard Western Electric unit. Can be
used with automatic control circuits, &
electronic combination lock circuis

279-359, Sh. wt. 1t Ibs. .. Net 2.99

Store Addresses, Order Form, See Page 20
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Every Walkie Talkie in Our 1967
Catalog is ‘‘Birthday Priced’!

-PE4LISI7Q 8-TRANSISTOR TRC-2A

Have fun this summer with America’s $

hottest walkie talkie buy — now re-
duced an incredible 35%! It’s a rugged,
no-nonsense, no-license beauty with
separate speaker and Orig.
mike; superhet 8-t1:n-
sistor circuitry; die-
Si:g::*feor cast chrome finished
S case. Includes chan-
Nolumed nel 11 crystals, carry
strap, batteries, tele-
scopic antenna.
21-1001, Wt 24 1b. ...
Net ... .. 12,44
21-1200, Extra Crystals
(state channe!, whether

Separate Mike
for Vastly
Increased

Speech clarityl J transmit or receive) ...

Each ..cccoovvivririnnnnes 2.49

2.WATT DUAL CHANNEL * MODEL TRC-33
MODEL TRC-88 . ® Dual Channel 100

Orig. 3,7«9'95/ 7 444 MY 0 license re-

quired; Superhet-tuned
Order #21-188

RF stage; Adjustable
Squelch.

1-WATT DUAL CHANNEL

MODEL TRC-44

® Bactery Level Indi-
Orig. 25,9'95 5 444

cator; 54” telescopic
Order #21-1137

HIGH BAND! LOW-BAND! AIRCRAFT BAND!
REALISTIC PATROLMAN™ and JETSTREAM™
DUAL BAND RADIOS ARE HOT! HOT! HOT!

speaker; Earphone and
penlite batteries.
® Carry Strap; Crys-
tals for Channel 11.
Tune in real life drama as it happens, with
these amazing Realistic dual band radios, your
“hot lin€”’ to news in the making. Each model e — s e
features VHF plus the regular broadcast band FREALISOIC,  sounn srave

F£21-906, Wt. 5 lbs.

5 2 MWy

for news and sports; Continuous no-drift tun- oo S
ing; batteries and AC adaptor jack. Net 1 Ib. e ST e =l
Shipping weight 3 Ibs. Size: 6x314”. Built-in o e ot
AM and VHF antennas. “Buy” of the year! o e ST e
ST T e
s
Patrolman. Low Patrolman. High Jetstream,  Air — I S T
Band. VHE 30- Band. VHF 147- Band VHF 108- s e e o el
5¢. MC. AM: 174 C. AM AM —-__-_-_-__—-..._.—-—...:"._:--_
515.1605 KC 535.- 1605 KC 535 1605 "KC s e vy Soorasm.

Satsotmatets, sesssoemnrmy

24%| 24% | 21

& - Cat. t12-428 Cat.. #12-627 . Cat, #12-626 For Store Addresses, Order Form, See Page 20 i i
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What's your project for
our "'Build In" radio?

Here's a wired transistor radio in 3 pieces.
Dextrous do-it-yourselfers should have
a field-day with this one.

You carpenters, metal-workers and gift designers
will really appreciate Radio Shack’s novel “Build In”
~— a G-transistor superhet that's really a kit that isn’t
a kit. Confused? Part one is the radio, 1009 wired,
installed in a crystalline 214 x 1 x 318” case with
the tuning knob sticking out of one end, and 8 wires
out of the other. Part fwo is a separate volume con-
trol with built-in switch, knob, and soldered leads.
Part three is a 214" PM speaker installed in a plastic
case, with soldered leads.

The three parts (plus a flat 9V battery, not in-
cluded) can be installed in, on, or under anything,
in just about any desired angle or position. And
you don’t have to be an engineer — Radio Shack’s
geniuses have provided a simple, idiot-proof lashup
pictorial. Now all you need is the price (just $6.98,
Cat No. 12-1150) and some Yankee ingenuity!
Whether you hide “Build In” in a jug of corn likker,
junior’s wagon or Tillie’s sewing box, the result is
sure to please.

The basic radio itself looks like a little jewel, a
real work of art — our photo doesn’t do ir justice.
And the “kit that isn't a kit” is another of Radio
Shacks’s exciting exclusive products that can't be
bought elsewhere. Get a “Build In” at your nearest
Radio Shack store . . . and start your Christmas project

eatly' For Store Addresses, Order Form, See Page 20 PM SPEAKER lN CASE i

RADIO SHACK PROJECT BOOKS (4¢ A’ PROJECT)

“50 EASY TO BUILD “A MODERN TRANSISTOR EACH
SOLID STATE PROJECTS” WORKBOOK"

" VOLUME
CONTROL
AND SWITCH

Build your own tran-
sistor radios, electronic
organs, amplifiers, code
oscillators, megaphones,
generators, etc. Ideal for
hobbyists.

62-1050 ..o Net 2.00

SEPTEMBER-OCTOBER, 1967

Build your own wireless
microphone, AM broad-
cast tuner, audio pre-
amp, PA system, experi-
menter’s power supply,
etc. 50 schematics.

62-2025 ......ccocvnen Net 2.00

BOOK

$

19



ORDER BY MAIL FROM YOUR NEAREST

ARIZONA
Phoenix: 3905 East Thomas Rd.

ARKANSAS
Little Rock: University Plaza
CALIFORNIA
Anaheim: 507 Eost Katella Ave.
Bokersfield: Valley Square Shop. Ctr.
Covina: 1065 West Badillo
Downey: Stonewood Shopping Center
Gorden Grove: 9836 Garden Grove Blvd.
Glendole: Brocadway & Chevy Chase Dr.
Inglewoead: 4736 West Century Blvd.
La Habra: 1511 West Whittier Blvd.
Long Beach: 4684 Long Beach Blvd.
Los Angeles:
830 W. Olympic Blvd.
Lodera Shap. Ctr., 5305 Centinela Ave.
Mission Hills, 10919 Sepulveda Blvd.
Reseda, 19389 Victory at Tampa
West L.A.,, 10650 W. Pico Blyd. at Overland
Mountain View: San Antonio Shop. Ctr.
Qakland (San Leandro): Bay Fair Shop. Ctr.
Pasadena: 1715 East Colorada Blvd.
Pomena: 1335 Holt Ave.
Sacramento: 600 Fulton Ave.
San Bruno: 481 El Camino Real
San Diego: Grossmont Shopping Center
305 Mission Valley Ctr., W. San Diego
College Grove Shop. Ctr.
Son Francisco: 36 Geary Street
Santa Ana:
Bristol Plaza Shop. Ctr.
2713 South Main St.
Santa Monica: 732 Santa Monica Blvd.
Torrance: 22519 Hawthorne Blvd.
‘West Covina: 2516 East Workman Ave,
COLORADO
Denver:
798 South Santa Fe Dr.
Westland Shopping Center
2186 So. Colorado Blvd.
CONNECTICUT
H Hamden Mart Sh
e ccHeser Manach Shoppi
New Britain: Newbrite Plaza
New Haven: 230 Crown St.
New Llondon: New London Shop. Ctr,
Orange: Whiteacre Shop. Cir.
Stamford: 29 High Ridge Rd.
West Hartford: 39 So. Main St.
FLORIDA
Jacksonville: Regency Square Shop. Ctr.
Orlando: Winter Park Mall, Winter Park

GEORGIA
Atlanta:

917 Peachtree St.
Greenbriar Shopping Cenfer
No. DeKalb Shop. Cir., Decatur
ILLINOIS
Belleville: Bellevue Plaza Shop. Cir.
Chicago: Evergreen Plaza at 95th St.
Harvey: Dixie Square Shop. Ctr.
KANSAS
Wichita: Parklane Shopping Center
LOUISIANA
Gretna: Ockwood Shop. Ctr,
New Orleans: 3112 Paris Ave.

Center
Parkade

MAINE
Portlond: Pine Tree Shop. Ctr.
MARYLAND
Longley Park: Hampshire-Langley Shop. Ctr.
MASSACHUSETTS
Boston:.
167 Washington St.
594 Washington St.
Brointree: South Shore Plaza
Brockton: Westgate Mall
Brookline: 730 Cammonwealth Ave.
Combridge: Fresh Pond Shbpcing Center
Dedhom: Dedham Mall, 300 VFW Pkwy.
Framingham: Shoppers’ World
Lowell: Central Shop. Plaza

Medford: 3505 Mystic Valley Pkwy. (Durrell Div.

Natick: 136 Worcester Rd. (Durrell Div.)
Quincy: 221 Quincy Ave. {Durrell Div.)
Savgus:

N, E. Shop. Ctr.

704 Broodway (Durrell Div.)
Springfield: Springfield Plaza
Walthom: 922 Main St. (Durrell Div.}
West Springfield: Century Shop. Ctr.
Worcester: Lincoln Plaza

MICHIGAN
Detroit:

Macomb Mall (Roseville}
Lincoln Ctr. (Qak Park)
MINNESOTA

Minneopolis:

1121 Nicollet Ave.

140 Apache Ploza

Hub Shopping Ctr.
St. Paul: 471 Na. Snelling Ave.

MISSOURI

Kansas City:

1234 Grand Ave.

Antioch Shap. Ctr.

20

§t. Joseph: East Hills Shop. Ctr.
§t. Louwis:
1125 Pine St. (Walter Ashe Div.)
South County Shopping Center
Northiand Shopping Center
10483 St. Charles Rock Rd., St. Ann
NEBRASKA
Omaha: 3002 Dodge St.
NEW HAMPSHIRE
Manchester: 1247 Elm St.
NEW JERSEY
Pennsavken: Rt. 130 and Browning Rd,
NEW MEXICO
Albuquerque:
6315 Lomas Blvd., N.E.
4th and Copper N.W.

NEW YORK
Albany: Colonie Shop. Ct., Colonie
Bingh Vestal Shopping Plaza

Buffalo:

725 Main Street

Transltown Ctr. (Williamsville)
New York: 1128 Ave. of the Americas
Schenectady: Shoporama Ctr., Rotterdam
Syracuse:

3057 Erie Blvd. East

Fairmount Fair Ctr., 3675 W. Genesee St,

NORTH CAROLINA

Charlotte: 1010 Central Ave.

OHIO

Cincinnati: 740 Swifton Ctr.
Cleveland:

Southgate Ctr. (Maple Hts.} Village Shops

Richmond Mall (Ri:ﬁmond Hts.)
Lima: Lima Mall

OKLAHOMA

Oklahoma City:

Mayfair Shop. Cir.

Hilterest Shop. Ctr.
Tulsa: 2730 South Harvard

OREGON
Portland: 1928 N.E. 42nd St.
PENNSYLVANIA

Greensburg: Greengate Moll
Philadelphia:

2327G Cottman Ave., Roosevelt Mall

1128 Walnut St.

Plymouth Meeting
Pittsburgh:

309 So. Hills Village Ctr.

East Hills Shop. Ctr.

RHODE iSLAND

Providence: 355 Reservoir Ave.
East Providence: Shoppers’ Town

TENNESSEE

Memphis:
1208 Southland Mall, Whitehaven
96 North Avalon
Eastgate Shopping Cr.
Frayser Ploza Shop. Ctr.
1825 South 3rd St.
Nashville: 100 Oaks Shop. Ctr.

TEXAS

Abilene: 2910 North First St.
Arlington: Collins at Park Row
Austin: Hancock Shopping Center
Brownsville: 847 S.E. Elizabeth St.
Corpus Christi: 520 Everhart Rd.
Dallas:

Medallion Center

125 Wynnewood Village

Plymouth Park Shop. Ctr.

138 Marsh tane Plaza

156 Inwood Village

507 Casa tinda Plaza
El Paso: 85 Bassett Center

Fort Worth:

1515 So. University Dr,

900 East Berry St.

3524 Denton Highway

2615 West 7th St.

6303 Camp Bowie Blvd,

138 Seminary South
Houston:

7949 Katy Freeway

8458 Gulf Freeway

322 Northline Mall

Bellaire, 4759 Bissonnet

9417 Jensen Rd.
Lubbock: B-10 Caprock Shop. Ctr.
Midland: South “9" Meta Drive
San Antonio:

150 Wonderland Shop. Ctr.

684 S.W. Military Drive

7107V2 San Pedro Ave.
Sherman: 1620 Highway 75 North
Waco: K-Mart Shop. Ctr.

UTAH
Salt Lake City: Cottonwood Mall

) VIRGINIA
A_rllr!g!on: Parkington Shop Ctr.
Virginia Beach: Pembroke Mall Shop. Ctr.

WASHINGTON
Seattle:

2028 Third Ave.
837 N. E. 110th St.
116 SW 148th St,

r—————————————————————

1
RADIO SHACK CORPORATION, Dept. SA I
SUBSIDIARY OF TANDY CORPORATION
Fill out and mail coupon to Radio Shack store nearest you:

CAT. NO. | ary. |

DESCRIPTION

PRICE EACH

NEW 1968 CATALOG

FREE

Orders up to $5.00: add 50¢; over $5.00: add
75¢ to cover cost of handling and postage.

Add STATE TAX where Applicable:

L B I I R R ———

[J Add to My Ace't.

|

] Check Enclosed. [ Free Catalog ~ TOTAL |
NAME
STREET
ciTy STATE ZIP |
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POSITIVE FEEDBACK|

I NS T S ST OSSO T N TS NS0T

Jurian M. SieNkiEwICZ, EDITOR

Bye Bye Bait! Somewhere in the world’s great
fishing waters, a school of fish swims by.
Suddenly a ring of bright light goes on aroImd
the gaping mouth of a huge underwater pipe.
Simultaneously, a closed-circuit TV camera
switches on to observe the scene, and a radio
signal goes out to the fisherman, who may be
hundreds of miles away. The fisherman pays
little attention. The signal showing on his in-
strument panel is but one of hundreds, and
everything will be taken care of automatically.

Intrigued by the lights, the fish swim closer
to the pipe mouth, prodded in the right direc-
tion by mild jolts from electrodes in the water.
As they near the opening, a powerful pump
comes on and slurps them through into a float-
ing trap of nets. When the entire school has
been captured, the pump shuts itself off and the
fish are electrically goaded into a larger hold-
ing pen where they await the fisherman’s return.
When he arrives, the pen is drawn up to his
boat and the fish transferred to the hold, except
for those too small to keep, which are sorted

i

SHOPPING MART

Products available by mail. Money-back guarantee.
Order direct by Stock No. Send check or M.O.

A
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GIANT WEATHER BALLOONS

‘*Balls of fun’’ for the kids,
traffic stoppers for stores, ter-
rific for amateur eteorolo:.

gists. Create a neig borhood
sensation. Great bnck ard fun.
Exeiting beach attracti’t’m Ama-
teur meteorologists use
measure cloud heights,
speed and temp, Made of heavy
duty neogprene. Inflate with vac-
uum cleaner or auto alr hose;
or locally avallable hehum for
high rise. 8’ diam. $2.0! pd.
Order Stock No. GO.QBSF‘K
Edmund Scientific Co., Barrington, New Jersey 08B007.

WAR SURPLUS ELECTRIC GENERATOR

Brand new Signal Corps Elec-
tric Generator. Generates up
L to 90 volts by turning crank.

o Use in high impedence relays.
Charge ground &
night  crawlers
study. 2 /

— = $6.95 Ppd. Order Stock #50,
r: T i 225EK. 4
denronstrate electric!ty %11.9
e Ppd. Order Stock No. 50,
- 365EK.
Edmund Scientific Co., Barrington, New Jersey 08007.

MINIATURE BALL-BEARING MOTOR

" =g W it2 to 3-V DC type—most

Power with least current. Ideal
N
=

for experiments. hobby proj-
ects, models, displays, etc. Sin-
tered graphite-copper brushes
with min. frietional drag. Field
magnets within armature coils,
Runs 50 hrs. on 2 flashlight
batteries, over a week on 1.2.V
Nickel-Cadmium rechargeable

nds
Ya” x 1”7 gdia. metal housing
with trnnsparentg;gairxat!l(c end. Brushes removabie. Wt. 214 oz. $3.95

Ppd. Order #40.
Edmund Scientific Co., Barrington, New Jersey 08007.

DuPONT PLASTIC LIGHT GUIDE XIT

Experiment with amazing new
plastic fiber optie light guldes.
01 uses for mfrs., experi-

menlers. hobbyists. Use for
exeiting new’ projects and
Products Guides transmit

remote areas,
tions from single source, con-
fine lght to small areas, con-
duct sensing and control sys-

tems. Inc. 2 puides, source,
lens, dyes, conreectora. $10
Ppd. Order #70,855EK.

Edmund Scientific Co., Barrington, New Jersey 0B007.

NEW MODEL DIGITAL COMPUTER

Solve problems, tell fortunes,
with miniature

complements,
memorizes.  Colored
plastie parts easuy assembled.
12" x 33" x 434"”. Incld,
step-by-step assembly dia~

U grams, 32-p. instruction book
covering operation computer

| a language (binary system) pro-
,‘%.r_ i gramming, proiems & 15 exe

[ e .),:l.l__ Periments. $5.98 de Order

stock it 70,8683EK AD.
Edmund Scientific Co., Barrington, New Jersey 08007,

"FISH" WITH A MAGNET

Go treasure hunting on the
bottom! Fascinatlng fun &
sometimes profitable! Tie a
line to our . Magnet—drop
it overboard in bay, river, lake
or ocean. Troll it along bot-
tom—your ‘‘treasure’’ haul can
be outboard motors,
other metai valuables. 5.1b.
Maugnet is war surplus—Alnico
V Type—@Gov’t. cost $§50. Lis

over 150 1bs. on land—much
greater weights under water.
$12.50 Ppd. Order Stock

#70,57T1EK.
Edmund Scientific Co., Barrington, New Jersey 08007.

GIANT FREE CATALOG

Completely new 1987 edition.
New items. categories, illus-

_<=‘ trations, 148 easy-to-read pages
packed with nearly 4000 un-

| usual items. Dozens of clectri-

o5 cal and electromagnetlc parts,
| accessories. Enormous selection

n*"' of Astronomical Telescopes,
Microscopes, Binoculars, Magni-
e fiers, Magnets, Lenses, Prisma.
Many war surplus items: for
hobbyists, experimenters, work-
| shop, factory. Write for cata-
& log “EK.” Please include you’
Zip Code.
Edmund Scientific Co., Barrington, New Jersey 08007.
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out and returned to the ocean by an electronic
scanning system.

Fanciful? Not any more. Many of these
techniques and devices already exist, and the
rest are high on the research priority list of the
U. S. Bureau of Commercial Fisheries. The
Russians tried the lights-and-pump idea while
fishing for Krilka in the Black Sea more than 10
years ago, but the size of the catches was small
compared to the cost of the project. Electric
potential fields have been used successfully to
empty nets in menhaden fisheries off the East
Coast of the U.S, and shrimp have been
shocked off of the floor of the Gulf of Mexico.
(That may be why some shrimps have surprised
expressions. )

Radar, loran, and other electronic systems
have appeared on the majority of large fishing
vessels in a revolution that has taken place since
the end of World War II, when a virtually new
technology and a raft of surplus hardware be-
came available. With continued development,
elaborate automatic fishing systems could oper-
ate similarly to offshore petroleum installations,
with pump or conveyor systems which would
periodically transfer the catch to an inshore
processing plant. Why, the day may come when
some farmer in Kansas, who never had salt
water on his swim suit, will be the most success-
ful fisherman in the Gulf of ‘Aqaba.

(The following eight paragraphs of this
editorial are reprinted from the Editor's
column that appears each issue in
RaDIO-TV EXPERIMENTER magazine. Tlese
paragraphs were written after the FCC
made a complete about-face on denials to
various rumors. It is not our practice to
repeat editorials; however, we believe the
issue in this instance is importunt enough
to make an exception.)

White Paper on a White Liet You read it in
this column and elsewhere—the FCC’s emphatic
denials that there is no truth whatever to re-
ports that it planned to switch 27-MHz walkie-
talkies to a new band located on 49 MHz. They
said that there was “no such proposal,” that the
first publication to run the story was misrepre-
senting the facts, that someone had apparently
seen a rough and early stage in-house FCC
worksheet which was eaningless and had
drawn many wrong conclusions, etc., etc.

Since the story had created such a furor jn
CB manufacturing circles and had upset users
so much, just about every major publication
had been only too happy to relay the FCC's
message to the public—the message which
squashed the entire story as a cheap hoax.

Funny thing about the story, though. Would
you believe that only a month or so after the
FCC’s denials it quietly released its plan to

move walkie-talkies from 27 MHz to 49 MHz?
The proposal was almost word-for-word the
same as the one that had been reported earlier
and then denied so loudly. In short, the FCC
had succeeded in hoodwinking the CBers of the
nation, lying 1o the public, and then embarking
on its irrational plan despite a barrage of com-
plaints.

CBers, of course, are stuck with the FCC.
And they are used to the shabby treatment doled
out on the shores of the Potomac. Editors,
however, are something else again. We don’t
particularly like to be told a pack of barefaced
lies—especially by a tax-supported government-
al agency. The FCC forced many publications
to go out on a limb with their readers. And we,
for one, have a feeling that when the FCC
makes its humble appearance at the editorial
offices for story coverage on one of their self-
aggrandising projects, it may not get the hearty
welcome to which it has become accustomed.

Reason has it that there are plenty of walkie-
talkie people—not to mention Hams and CBers
—who are nauseous and noxious over the
shoddy treatment that Big Brother Frank-
Charlie-Charlie has ungracefully bestowed on
them in the past and will likely continue to
confer in the future. To put an end to this
philistine farce let’s send the FCC a protest—a
short message that'll wake them up to us little
folk in the outside world. We propose that you
join with us in sending an empty beer can to the
FCC.

It's easy to do. Just address a label to the
Federal Communications Commission, Washing-
ton, D. C. 20554 and paste it on a beer can.
Slap a 10¢ stamp on the can and drop it into the
nearest mailbox on September 1, 1967. That’s
right, on the first of September. When our
friends at the FCC return from their Labor Day
fun and frolic they can play a game worthy of
their talents—Stack the Cans. Thus occupied,
maybe they’ll leave the Rules unchanged for an
hour or two.

A word of caution—we have no gripe with
the Post Office, so clean out those cans (don’t
go out of your way to attract flies). Also, tape
the edges at the open ends—Mr. Postman
doesn’t want any cut fingers. )

Now, get on the pipe and tell all your friends.
If we make the FCC look like a scrap dump,
maybe they’ll realize that us littie folk is what
America is made of.

slowdowndare! A souped-up tape recorder
that can play back voices at double speed with-
out changing their pitch or making them unin-
telligible may be the key to tasks ranging from
faster, better teaching, to enabling men to
literally talk with animals.

The tape recorder is actually a device called

(Continued on page 26)
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IN ELECTRONICS AND ELECTRICITY
THIS AMAZING NEW SLIDE RULE
SEPARATES THE MEN FROM THE BOYS'

LOOK WHAT YOU GET...

YOU GET... a patented*,
10” electronics slide rule. ‘‘Your computer in a
case’’. Has special scales for solving sticky reactance
and resonance problems . . . an exclusive “fast-
finder’’ decimal point locater . . . widely-used elec-
tronics formulas and conversion factors. PLUS . . .
all the standard scales you need ~for non-electronic
computations such as multiplication, division, square
roots, logs, etc.

YOU GET ... a complete, ““AUTO-PROGRAMMED"’
self-tutoring instruction course. Four fast-moving
lessons with hundreds of easy-to-understand exam-
ples and diagrams. You'll learn how to find quick,
accurate answers to complex electronics problems

. soon be your outfit's slide rute “expert’”. Free
examination and consultation service if you want it
plus a Graduation Certificate! THIS COURSE ALONE 1S
WORTH FAR MORE THAN THE PRICE OF THE COMPLETE
PACKAGE!

YOU GET.. - asturdy, handsome carrying case. It's
made of genuine top-grain leather, doubly reinforced
at the ‘‘wear-spots”, features heavy duty liner for
extra slide rule protection, has a removable belt loop
for convenient carrying. “Quick-Flip'’ cover makes it
easy to get your rule in and out of the case. Stamps
you as a real ““pro"’ in electronics.

A $50.00 VALUE FOR LESS
THAN

*Under U, S. Patent #3,120,342

high-quality, all-metal

ACT NOW! SEND SPECIAL *““NO-RISK COUPON TODAY!

NOW . . . take full advantage of what you know about
electronics and electricity . . . solve complex problems
in seconds while others plod along the old-fashioned
“pad and pencil” way!

READ WHY OTHERS CALL THIS REMARKABLE
NEW SLIDE RULE PACKAGE TODAY'S
BIGGEST BARGAIN [N ELECTBONICS.

The Editor of Popular Electronics, Mr. Oliver P. Ferrell says:
“Why didn’t someone think of this before. The con-
venience of having all relevant formulas imprinted right
on the slide rute saved me time the very first day!”

A student, Mr. Jack Stegleman says:
“Excellent, I couldn’t say more for it. I have another
higher-priced rule but like the CIE rule much better
because it's a lot easier to use.”

The Head of the Electrical Technology Dept., New York

City Community College, Mr. Joseph J. DeFrance says:

‘| was very intrigued by the ‘quickie’ electronics prob-
lem solutions. Your slide rule is a natural.”

SPECIAL BONUS OFFER:

ANYONE WHO SENDS IN THIS COUPON WILL RECEIVE, ABSOLUTELY
FREE, A HANDY POCKET ELECTRONICS DATA GUIDE.

It's a useful, pocket-sized electronics “en-
cyclopedia” . . . jam-full of valuable facts,
formulas and other helpful infermation. Car-
ry it with you . . . when it comes to electron-
ics, you'll be the “man-with-the-answer"?

Cleveland Institute

of Electronics
Dept. EL-104, 1776 E. 17th St., Cleve. Ohio 44114

& . q
CIE Cleveland Institute of Electronics |
1776 E. 17th Street, Dept. EL-104, Cleveland, Ohio 44114 Gl-i_T ! :
Please send FREE illustrated Slide Rule Booklet and FREE Pocket Electronics Data Guide. BOTH REE' |
NAME [
(Please Print) I l
ADDRESS. COUNTY :
CiTY STATE ZIP. . l
A leader in Electronics Training...since 1934 J
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Now Available For Immediate Delivery...

Kit GR-295

'479%

(295 sq. inch viewing area)

Exclusive Features That Can’t Be Bought

In Ready-Made Sets At Any Price!

All color TV sets require periodic convergence and
color purity adjustments. Both Heathkit Color TV’s
have exclusive built-in servicing aids, so you can
perform these adjustments anytime . . . without
calling in a TV serviceman . . . without any special
skills or knowledge. Just flip a switch on the built-in
dot generator and a dot pattern appears on the
screen. Simple-to-follow instructions and detailed
color photos in the manual show you exactly what
to look for, what to do and how to do it. Results?
Beautifully clean and sharp color pictures day in
and day out . . . and up to $200 savings in servicing
calls throughout the hfe of your set.

Exclusive Heath Magna-Shield . . . surrounds the
entire tube to keep out stray magnetic fields and
improve color purity. In addition, Automatic De-
gaussing demagnetizes and ‘‘cleans” the picture
everytime you turn the set on from a *‘cold’™ start.
Choice Of Installation . . . Another Exclusive! Both
color TV’s are designed for mounting in a wall or
your own custom cabinet. Or you can install either
set in a choice of factory assembled and finished
Heath contemporary walnut or Early American
cabinets.

From Parts To Programs In Just 25 Hours. All critical
circuits are preassembled, aligned and tested at the
factory. The assembly manual guides you the rest

Deluxe Heathkit Rectangular Color TV

Kit GR-180

SAVE $30 $349 95 **
NOW ONLY
(180 sq. inch viewing area)

of the way with simple, non-technical instructions.

Plus A Host Of Advanced Features . . . a hi-fi
rectangular picture tube with “rare earth” phos-
phors for brighter, livelier colors and sharper defini-
tion . . . Automatic Color Control and Gated Auto-
matic Gain Control to reduce color fading and insure
jitter-free pictures at all times . . . deluxe VHF
Turret Tuner with “memory” fine tuning . . . 2-
Speed Transistor UHF Tuner . . . Two Hi-Fi Sound
Outputs for play through your hi-fi system or con-
nection to the special limited-field speaker . . . Two
VHF Antenna Inputs — 300 ohm balanced and 75
ohm coax . . . 1-Year Warranty on the picture tube,
90 days on all other parts . . . plus many more
deluxe features. For full details, mail coupon for
FREE Heathkit catalog.

“Kit GR-295, everything except cabinet,

1371 0bS. . o e $479.95
GRA-295-1, walnut cabinet (shown above)
56 |bs...19”" D. x 31" H.x 34%" W....... $62.95

Deluxe contemporary walnut & Early American
cabinets also available at $94.50 & $99.95

**Kit GR-180, everything except cabinet, 102 Ibs.
Was $379.95. ........... NOW ONLY $349.95
GRA-180-1, walnut cabinet (shown above}

41 |bs...18%" D. x 28%” W.x 29" H.. .. .$49.95

Early American cabinet available at $75.00

Deluxe 12'' Solid-State B & W Portable TV

Unusually sensitive performance. Plays anywhere . . .

runs on household 117 v. AC, any 12 v. battery, or optional

Kit GR-104 rechargeable battery pack ($39.95); receives all channels;
new Integrated sound circuit replaces 39 components; pre-

$1 1 995 assembled, prealigned tuners; high gain IF strip; Gated
AGC for steady, jitter-free pictures; front-panel mounted
speaker; assembles in only 10 hours. Rugged high impact
plastic cabinet measures a compact 11%4” H x 15%” W
x 935" D. 27 lbs.
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Build Your Own Heathkit Electronics!

60-Watt Solid-State Guitar
Amplifier ... All The Features
Guitarists Want Most!

- —

e_e@@@db‘é@_{@_:;i@_@.»

Worth $300! Two channels, 4 inputs handle ac-
cordion, guitars, organ or mike. Variable tremolo &
reverb.. Two foot switches. Two 12" speakers. Line
bypass reversing switch for hum reduction. Leather-
textured vinyl cabinet of %" stock. 28" W x 9" D x
19” H. Build in 12 hours. 52 lbs.

Kit TA-16

$12995

NEW Heathkit 150-Watt Solid-State
AM /FM Stereo Receiver

B DL
Kit AR-15 $32 95
(less cab.y

World’s Most Advanced Stereo Receiver . . . with
features like integrated circuits and crystal filters in
the IF amplifier section; preassembled & aligned
field effect transistor FM tuner for superidr cross
modulation index and image rejection; positive cir-
cuit protection; all silicon transistors; 2 tuning
meters; and much more for the finest in stereo
listening. See Julian Hirsch’s review in the May
issue of Hi-Fi/Stereo Review. 34 Ibs.

Optional walnut wrap-around cabinet @ $19.95

NEW Solid-State Stereo
4-Speed Portable Phonograph

wr.

@Kit GD-107

Go *“Mod™’! Go Stereo! Features two 4” x 6” speakers
and special “in-depth” cabinet design for a robust
sound others can’t match; automatic stereo or mono
play of any size, any speed record; ceramic cartridge
with dual diamond/sapphire styli; volume, stereo
balance and tone controls; preassembled, fold-up
changer and handle for suitcase portability; 3 watts
music power ; 45 rpm spindle; preassembled cabinet ;
120 v. 60 Hz operation. Build in 3 to 4 hours. 24 lbs.

NEW Amateur Radio
Novice CW Transceiver

Who Said Getting Started In Amateur Radio Is Ex-
pensive? Check this new low cost Heathkit CW
transceiver. Covers 80, 40 and 15 meter CW bands
only. Features full break-in operation, provision for
using HG-10B VFO; 50 to 90 watt adjustable power
input; grid block keying; highly stable crystal con-
trolled heterodyne receiver with RF stage; crystal
lattice filter for 500 Hz selectivity; outputs for
speaker or headphones; handsome gray-green cabi-
net. 23 lbs.

———————— ioaes FIE ATEI I I T
HEATH COMPANY, Dept. 139-9 m ﬁ

' 1
F R E E \'{E?;gr;,'ﬁacrﬁtst | Benton Harbor, Michigan 49022 |
Catalog! | /n Canada, Daystrom Ltd. i
HEATHKIT 1967 Describes these and | [T] Enclosed is § , plus shipping. |
N o gy over 250 its for stereo/ | 0 I
m-dn. col;rrIV, amateur | Please send model (s) |
radio, shortwave, test, R

CB, marine, sducation: | [ Please send FREE 1967 Heathkit Catalog. |

al, home and hobby.
Save up to 50% by do- | Name |
ing thtle' easy Iassemblr | 1

yourself. Mail coupon
or write Heath Com- | Address |
&an{‘ Bent%nzﬂarbor, | City State 7i |

ichigan 4902, p
] | Prices & specifications subject to change without notice. CL-291 !
R/ e e
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a speech compressor, and your Editor heard it
transform one of Julie Andrews’ renditions from
“My Fair Lady” into “Wouldntitbelovely” with
perfect clarity. The voice of one speaker at the
conference was speeded up and slowed down
un_til the listeners broke out laughing. Yet the
voice was always the same, never like that of
Donald Duck or the Jolly Green Giant.

Speech compression is already being studied
as a new educational tool capable of giving a
stu@ent much more information in a given
period of time. And according to Dr. Robert D.
Gates, chief educational investigator of the
Philco-Ford Corp., the info is planted much
more deeply in his mind. As a result Dr. Gates
envisions more and more schools switching to
four-day weeks, or even shorter ones, from
use of speech compression. In addition, news,
statistical data, instructions, and other messages
can be monitored at high speed with consider-
able time savings, which could mean money to
hard-pressed businessmen. (No promises for a
four-day work week.)

One curious phenomenon that results from
speech compression is that after a while listen-
ers find themselves speaking more rapidly and
sometimes even feeling a bit rushed in other
ways besides speech. The reverse is true for
speech expansion, in which voices are greatly
slowed down. This slowing-down feeling is
actually accompanied by a slowing-down of
metabolism, which could be used to produce
a helpfully relaxed condition in people suffer-
ing from heart ailments.

The Navy has a problem which could easily
be solved by the compressor, since the device
enables the speed and pitch of a voice to be
varied independently of each other. Deep-sea
aquanauts who breathe high-pressure atmos-
pheres of oxygen and helium suffer a pro-
nounced “Donald Duck effect,” which can
sometimes make speech comparatively useless.
An instant playback compressor would lower
the pitch of their voices while maintaining nor-
mal speed. The Navy is investigating this prob-
lem with several speech compressors of its own
design.

Normal speed for humans is actually less effi-
cient than that of many animals. Research with
birds and recordings of dolphins substantially
slowed down give evidence that man, compara-
tively speaking, is operating in low gear.

Speech compression is not confined to the
laboratory, however. The Presbyterian Church,
for example, listens to field reports from its
missionaries with the aid of a compressor.
(You'd be amazed at what happens to the
speech of a missionary who has lived in the
jungles for 15 years with no hurries!)

The key to the compressor’s operation is the
fact that while the speed of a voice being played
back on a tape recorder depends solely on the

speed of the tape, the pitch of the voice de-
pends on the speed at which the tape passes
across the playback head of the machine. By
spinning the playback head in the direction of
tape travel, the relative speed of the tape across
the head is reduced, thereby lowering the pitch.
If the head is rotated in the opposite direction
from tape travel, the pitch of the voice during
playback increases.

Copper from Keystone. A -couple of issues
back we published a short piece in our NewScan
column called “Battery Contact Corrosion.” In
this piece we stated: “Do not use manganese-
alkaline batteries in any equipment that has
unplated brass or copper contacts. Use conven-
tional zinc-carbon batteries. If your equipment
has contacts of stainless steel or nickel plating

. any kind of batteries may be used.”

However, even nickel plated brass or copper
is vulnerable to contamination from manga-
nese-alkaline Dbatteries. Steve Wolfman of
Keystone Electronics Corp. informs us that
Keystone manufactures a full line of steel bat-
tery holders which have stainless steel contacts.
These holders are ideally suited for replace-
ment of original holders when manganese-alka-
line batteries are to be used. Of course, due
to some design restrictions, where a holder is
molded into the product, replacement is diffi-
cult. Consult Radio-Electronic Master or the
local electronics distributor regarding Keystone
battery holders.

Our thanks to Steve Wolfman and Keystone
for the information. Next time we talk about
battery holders we’ll keep Steve’s comments
in mind. |
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New Products
that caught
the Editor’'s eye

FET VOM

Amphenol is producing a field-effect tran-
sistor voltohmeter that incorporates measuring
capabilities never before available in a low-cost
instrument. Known as the Model 870 Millivolt
Commander, it measures voltages as low as 0.1
VDC full scale and 0.001 VAC full scale. Up
to now, the serviceman had to have a VIVM
(as a rule with maximum sensitivity of 1.2V)
to work on transistorized equipment. With the
Millivolt Commander he not only gets a full-
scale indication of such low voltage but also a
sensitivity range from 100 mV full scale to
1000 V full scale in nine increments. Audio
buffs will welcome the unit’s capability to mea-
sure both AC and DC voltages with only one
low-cost instrument. Input resistance of the

Amphenol 870 Millivolt Commander VOM

unit when used as a voltmeter is 11 megohms on
all DC ranges; when used as an AC voltmeter,
its input impedance from 10 mV to 1V is 10
megohms shunted by a 31-pF capacitor, and
from 3V to 300V impedance is 10 megohms
shunted by a 20-pF capacitor. When used as an
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SERVICE MASTER

ANDIEST HANDFUL

of service fools

23 essential tools at your fingertips in this lightweight (only
23, Ibs.), compact, easy-to-carry, rell-up kit. Contains fong
nose plier, diagonal plier, adjustable wrench, regular and
stubby plastic handles with these interchangeable blades:
9 regular and 3 stubby nutdriver, 2 slotted and 1 Phillips
screwdriver, 2 reamer, 1 extension. Eyelets in plastic-coated
canvas case permit wall hanging. New elastic loop secures
roll, eliminates need for tying.

many optional accessories:

Junior and Tee handles . .. Additional nutdriver, Phillips &
slotted screwdriver, and extension blade sizes ... Allen hex
type, Bristol multiple spline, Frearson, Scrulox, and clutch
head blades...Awl/Scriber...Chuck adaptors to use
blades in spiral ratchet drivers.

Xcelite, Inc.
80 Bank St., Orchard Park, N. Y. 14127

I

|

|

| send Catalog 166 containing information on
| Service Master kit and accessories.
|

|

|

|

name.

address.

state & zip.




Live Better Electronically With

LAFAYETTE

RADIO ELECTRONICS
1967 Catalog 670 FREE!

T e 0

= Now OFF PRESS
' BETTER THAN EVER

Over 500 Pages

Stereo Hi-Fi e Citizens
Band ® Ham Gear ® Tape
Recorders ® Test Equip-
ment @ TV and Radio Tubes
and Parts @ Cameras @
Auto Accessories ® Musical
Instruments @ Toois ® Books

~ Featuring Everything
" in Electronics for
o HOME e INDUSTRY o LABORATORY

from the “World's Hi-Fi & Electronics Center”
LAFAYETTE Radio ELECTRONICS

Dept. DEEH-7 P.O. Box 10

Syosset, L.l,, N.Y. 11791

| “Send me the FREE 1967 LAFAYETTE Catalog 670 DEER7 |
} Name ...

: Address

: City ... State...... :
HE . . i
A8 (Please Give Your Zip Code No.) i

NAVY "o WALKIE-TALKIE
BAND = I-
TRANS. & RECEIVER—This equipment is erystal
controlled and can be operated on any one channei in
frequency range 2.3 to 4.5 MC. Voice (A3) communica-
tion oniy; output of Trans. 15 0.2 watts & satisfactory
communication between units over average terrain/
shouid be maintained approx. up to one (1) mile. With g
Tubes: 1/IR5, 1/185, 2/1T4, 3/384. Voltages required:
67.5 VDC 3 MA; 135 VDC 4 MA; 1.5 VDC 225 MA
VDC 1.5 MA; 135 VDC 19 MA; 1.5
vDC 30 l\aA f/Trans. Unit comes
in a waterproof plastic case w/space for batt. or power
supply. Telescoping antenna 8 ft. Has spee. loading
coil. Complete w/tubes, antenna, 2 crystals FT-243
{no choice of freq. earbon i1
eanvas cover, & manual, Size: Bx8x214", 59 95
U8 CINTETOAIE " T AT R R J e b
“DAV'" MODEL_Same as above, but with direction finding 51295
loop and lip mic., plywood case w/straps. Size: 14x10x3" g

VIBRATOR Power Supply f/MAB & DAV. Operates from 6 VDC 4 A
N-T-8 Batt. or other power source. 815x384x134". 2 1bs. New,$6.95

Dry Charge Battery N-T-6 f/nbove power supply. 6 VDC 4 A. . .$3.95
Prices F.0.B. Lima, 0.—-256¢)p Deposit on COD’s—Address Dept. M

Huge Nationwide Demand for

DRAFTSMEN

EARN UP TO $4.58 AN HOUR
Take your choice of thousands of big pay jobs open to Draftsmen
(see high salary drafting jobs listed every day in ‘‘help wanted'’
sections of metropolitan newspapers), Huge nationwide demand
. . . U. S. Dept. of Labor reports not enough applicants to
fili jobs available. Our easy '‘Quick-Learn’'' Method has helped
hundreds toward good income, security and
prestige as draftsmen. Why not you? Leading

0UR
wor

= { g Y 1
SAMPLE ing skill many have succeeded with only
LESSON ’|

| Future in Drafting'' and ‘SAMPLE LESSON—

professional draftsmen guide you step-by-step.

[l Spare time Home-Study Plan requires no draw-

grade school training. Send for FREE ‘'DRAFT-

ING CAREER KIT,' 20-page BOOK, ‘‘Your

NORTH AMERICAN SCHOOL OF DRAFTING
Campus Drive,  Dept. 1359, Newport, Calif. 92660
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ohmmeter, its resistance ranges from 10 ohms
center scale to 10 megohms center scale and ac-
curacy +=3% of arc. The Millivolt Commander
measures 9% X 6% x 5% in., is priced at
$99.95, and you can get the full story on this
handy unit by writing Amphenol Distributor
Div., 2875 S. 25th Ave., Broadview, Ill. 60153.

i
v =
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Nortronics Full-Track Replacement Heads

Don't Be Half-Tracked!

With Nortronics’ new WR-30, you can con-
vert the monophonic Wollensak and Revere
transistorized tape recorders from half-track to
full-track recording; thus giving you better fre-
quency response, improved sound definition and
greater recording range. The WR-30 consists of
a full-track erase head and a full-track record-
play head mounted on a brass plate to permit
full-track recording compatible with studio-type
tape transports. The all-metal erase head has a
double gap for complete erasure and the record-
play head has laminated cores and a very fine
gap. Incidentally, Nortronics has replacement
heads for almost every tape recorder ever made.
If in doubt or in need of more information—
drop a line to the Nortronics Co., Inc., 8101
10th Ave. N., Minneapolis, Minn. 55427.
They’ll put you on the right track i a jiffy.

Light That Does the Twist

A light that bends around corners, pokes j

Edmund Scientific Fiber-Optic Flexilight

ELEMENTARY ELECTRONICS
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through small holes into remote and inaccesible
places and spotlights hidden areas (like the back
of a TV), has been dubbed Flexilight by the
Edmund Scientific Co. The way it works is: 64
plastic fibers are bundled together in a .130-in.
outside diameter light pipe covered with vinyl.
Maximum bending radius is %-in. The Flexi-
light is unaffected by temperature up to 175°F,
withstands repeated vibration without loss of
light transmission. Edmund supplies light guide,
penlight, rubber centering guide and adapter,
plus assembly instructions, and you can use the
penlight separately if you wish. Edmund Scien-
tific (107 E. Gloucester Pike, Barrington, N.J.
08007) delivers Stock No. 60,648 tc vour door,
shipping charges prepaid, for a mere $2.75.
(And for something that great, that’s not bad.)

JFD Electronics LPV-UCL22 Color TV/UHF Antenna |

LPV Means More UHF

The new LPV-UCL series of UHF antennas
in the JFD Color Laser group employ two new
advanced features. First is the disc-on-rod direc-
tor system that increases the capture area and
brings in higher gain than conventional thin-
linear director elements. It also broadens the
bandwidth and pulls in sharper color reception
on all UHF channels. This disc-on-rod system is
omni-polarized to intercept UHF signals that
often depart from horizontal polarization. The
other new feature is a wideband “zoned” trape-
zoid driver which is said to deliver unprece-
dented gain and flat frequency responses through
wide log periodic dipoles, reinforcing the per-
formance of the disc-on-rod directors on the
low end of the UHF spectrum. There are four
models: LPV-UCL13 (to 40 mi., $12.95);
LPV-UCLI8 (to 70 mi., $17.95); LPV-UCL22
(to 90 mi., $23.50); LPV-UCL26 (to 100 mi.,
$27.50). Model numbers indicate the number
of elements. At distributors, or write to JFD
Electronics Co., 15th Ave. at 62nd St., Brook-
lyn, N.Y. 11219. B
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HIGH PERFORMANCE

AT A LOW PRICE

CONAR PROFESSIONAL
5-INCH WIDE BAND

OSCILLOSCOPE
$89.50 «ir

$5/MONTH
Kit Stock 250UK

ASSEMBLED—
$139.50

$6/MONTH

Stock 250WT
26 Ibs. Exp. Coll.
* Exclusive Features
» Easy To Wire

Dependability proved, the CONAR 250 is among the
lowest priced in its class, yet its specifications are
those of much more expensive units. Has push-pull
outputs, two-stage blanking amplifier, built-in flyback
checker. Comes complete with easy-to-read assem-
bly manual.

WRITE FOR FREE CONAR CATALOG

Division of National Radio Institute,
C NARDept. IV7C, 3939 wisconsin Ave.,
washington, D.C. 20016

CTl AUTOMATION ELECTRONICS

HELPS YOU CRACK THE
$12,000-A-YEAR BARRIER
2 .

' ¢ Advanced Design
* High Performance

This is one of America’s fastest growing industries! It offers higher
pay, more job security and more job opportunities than most other
fields. If you are 18 or over and want an exciting, big pay future
in this dynamic field, CTI training is for you! Get the facts that can
put more money in your pockets—fast! Use the coupon to send
for the free CT/ book—now/!

APPROVED FOR GI TRAINING If you served since January 31, 1955

or are in service. check Gl line in coupon
T e e o ot i G . S e D R, PO e e e Sy

| COMMERCIAL TRADES INSTITUTE~Dept. EE-1067 l

1400 Greenleaf, Chlsago. Mlinols 60626 ~ |

l Name Age ‘

3 G

| Address .Phone____ 1

City = State County ‘

5 3 e Qs'

| Zip Code ) Check for facts on GI am‘.j
C.T.1 Is an Accredited Member National Home Study Councii
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No Extension Cord

If it’ll fit on a G.L’s back the Army will buy
it. So, when a new portable generator weighing
only 35 lbs. (with fuel) was developed by 3M
Company, the dog face became a walking
powerhouse. The compact thermoelectric gen-
erator is designed to deliver 300 watts of elec-
trical power, has an eight-hour fuel supply, and
can operate on kerosene, jet fuel or diesel fuel.
The generator is expected to replace battery
power for certain military applications and soon
may take the place of engine generators in
forward battle areas.

Currently being evaluated for Marine Corps

Thermoelectric generator can be easily carried
about boy scout style. It weighs only 35
pounds with fuel and is designed fo be
transported on the soldier's packboard.

field use in powering communications equip-
ment and other field gear, the new generator
also features: capability of operating in hot and
humid conditions, exceptionally quiet per-
formance, cost savings due to minimum of
maintenance, and continuous power refueling
can be done while the generator is still provid-
ing power.

The “man-pack” generator, a rugged solid
state power unit, measures 11x17x18". It can
be transported on a Marine Corps packboard,
strapped to the back of the soldier, and can be
rapidly and easily controlled and put into
operation. Moreover, since the generator is
silent, unlike engine powered generators, it also
can be used to quietly charge batteries in the
field without fear of alerting the enemy. Earlier
models required bottled propane gas, but this
new model was produced by 3M to specifically
run on fuel readily available in the field.

Thermoelectric generators convert heat en-
ergy into electric energy. The thermoelectric
principle involves a series of pellets of semi-
conductor material connected electrically by
copper straps. Electricity is produced when a
temperature gradient is maintained across the
length of the pellets heating one end and cool-
ing the other.

Soft Landing Wins Hard Cash

A passionate interest in space exploration,
capped by the soft-landing of a home-built
model spacecraft, launched a lanky 17-year-old
boy into college and a probable science career
today. Ronnié J. Lagoe, a high school senior of
Oswego, N. Y., made a “Surveyor-R” working
scale model, which he patterned after the Sur-
veyor now on the moon. The rewards he
reaped from Hughes Aircraft Company were
a college scholarship, a trip to California and a
summer job at Cape Kennedy. Plans for the
model were drafted the day after Surveyor 1
landed on the lunar surface. Ronnie began con-
struction of his 1/7-scale model three days later,
and successfully equipped the craft with tiny
retro and vernier rockets which enabled him to
make five drops last October 18 from heights up
to 85 feet to soft landings on the earth near
his own back yard.

He has termed his experiments, and entitled
a scientific paper he wrote to describe them,
“Tribute to a Miracle.” This, Ronnie said, is his
way of paying his respects to the real Surveyor
spacecrafts. Ron sent the paper to Hughes Air-
craft Company, Culver City, Calif., which built
the moon-landing Surveyor for NASA’s Jet
Propulsion Laboratory. This resulted in an
exchange of correspondence and an eventual
meeting with Hughes scientists.

Many boys can build a model, but Ron flew
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Ron Lagoe, a 17-year-old graduating senior
of Oswego, N. Y., high school, displays a
1/7-scale model of the Surveyor spacecraft
that he built and "'soft-landed" on Earth
from 85 feef up his neighboring water tower
for Sheldon Shallon, chief Surveyor scientist
for Hughes Aircraft Company, Los Angeles.

bis spacecraft to five successful soft landings on
earth, which has six times as much gravity as
the moon. Ron achieved an intricate launch-
in-reverse, and duplicated in many important
respects the Surveyor 1 and Surveyor 3 landings
om the moon. He built his model using high
hopes, Y2-inch maple dowling, epoxy, Elmer’s
glue, a bathtub calk, foam rubber for the foot-
pads, and ping-pong balls and cork fishing
bobbers covered with aluminum foil as dummy
fuel tanks. After he built the Surveyor-R,
which measures 2 by 2 feet and weighs almost
2 pounds, he had to figure out how he could
test-drop it without endangering the craft in a
crack-up. He decided to build a proof-test
model, just as Hughes did with the actual Sur-
veyor. He weighted his model, mounted it with
tiny rockets and made about 60 tests from
heights ranging up to 500 feet. He sent his
proof-test model aloft with a cluster of helium
balloons, then cut loose the model for a drop to
earth.

When he was ready to launch Surveyor-R,
he equipped it with a small radio transmitter,
armed the rockets, and began the mission with
a free drop from 85 feet followed by retro-fire
at about 53 feet above the ground. After retro-
fire, a marked decrease in spacecraft velocity
was noted until retro burnout occurred at 20
feet and the verniers burned alone. Complete
counteraction of gravity was achieved at two
feet, after which vernier shut-off occurred and
the craft dropped to the surface.

With the radio equipment, Ron maintained
continuous communication with the craft during
descent and after the touchdown for a period of
66 hours, 24 minutes and two seconds, he re-
ported. Temperature data was transmitted by
the craft through the use of a bimetallic strip
hooked up to the craft’s transmitter. |
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~ when it's time to think of college
- you should read this

“FREE CAREER BOOKLET

. about electronics at

MsS-237

MILWAUKEE
SCHOOL OF ENGINEERING

Dept. EE-967, 1025 N. Milwaukee Street
Milwaukee, Wisconsin 53201

Tell me about an engineering career through
residence study in:

[J Mechanical fields [J Electrical fields

Name Age.

Address

City, State

wonir M CGEE?’S
furr CATALOG

1001 BARGAINS IN
SPEAKERS—PARTS—TUBES—HIGH FIDELITY
COMPONENTS—RECORD CHANGERS—

Tape Recorders— Kits—Everything in Electronics
1901 McGee Street, Kansas Clty, Missourl 64108

CB’'s SPECTACULAR!

Everyman's communications system—that’s
CB. And whether you're an old salt or a
rank beginner the 1967 CB BUYERS’
GUIDE is chock full of nifty needed know-
how, know-why, and know-when on the
biggest radio service in the world. Every-
thing, absolutely everything, on CB from
base station to boat station is included.
You'll find complete, easy-to-understand
lab checks on 75 CB rigs; the lowdown on
what CB can do for you; the full scoop on
CB organizations. Get with it—zero in on
where the action is—with the 1967 Edition
of CB BUYERS’' GUIDE—at your local
newsstand now!

SEND FOR FREE CATALOG

s Featuring transistors, rectifiers, zeners, SCR's,
biswitches and other semiconductor devices in
large and small guantities. ALL DEVICES
ARE CHECKED AND GUARANTEED. IN-
TEGRATED CIRCUITS (JK, SR, SRT FLIP
FLOPS AND GATES) with checked inputs
and diagrams are available.

SOLID STATE SALES
Box 74E, Somerviile, Mass. 02143
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Short games are universally popular.
Perhaps it is because there is a strain of sadism
in chessplayers. Or perhaps it is because the
punishment should fit the crime. Whatever the
reason they are enjoyable, and that much more
so when the victim is a famous master. In the
following miniature masterpieces we find two
World Champions losing in ten and twelve
moves!

1. Dr. Max Euwe, Holland, champion 1935-
1937, loses a Pawn and a Knight in this quickie.
It is a Queen Pawn Opening, played at Amster-
dam, 1920, and the winner was G.C.A. Oskam.

1 P-Q4 P-Q4 5 P-K3 P-KR3?
2 B-N5 B-B4 6 BxN QxB
3 N-KB3  N-KB3 7 Q-N3! N-B3?
4 P-B4 P-K3 8 QxP K-Q2

Indirectly protecting the QR, for if 9 QxR??
B-N5# wins the White Queen.

9 PxP
10 B-N5!

PxP
Resigns

There is no defense to the threats of 11 N-
KS5#, hitting the pinned Knight a third time, or
of 11 BxN# QxB 12 N-K5#, winning the
Queen.

2. The name of Paul Morphy, United States,
champion 1858-1859, is synonymous with bril-

liant, combinative, attacking chess. Even a
hundred and twelve years later it is news when
he is mated in twelve moves. The opening is a
King’s Gambit Accepted, played at Springhill,
1855, Morphy was White and gave the odds of
Queen Rook, and the lucky man was Charles
A. Maurian.

1 P-K4 P-K4 7 P-Q4 N-B3
2 P-KB4 PxP 8 B-N3 B-R3!
3 B-B4 Q-R5# 9 Q-K2? NxQP!
4 K-B1 P-QN4 10 NxN  P-N5!
5 B-Q5 N-QB3 11 OQxB Q-Q8#
6 N-KB3 Q-R4 12 K-B2 N-N5 mate
Black
1
Z
s
e
L
White
Problem 8
By Joseph Opdenoordt
Venlo, Holland
Black
White
White to move and mate in two.
Solution in next issue.
Solution to Problem 7: 1 Q-N2.
Personal Service. The Editor of this depart-
ment, a former New York State and U. S.

Correspondence Champion, and Co-reviser of
“Modern Chess Openings,” 9th edition, will play
you a correspondence game and give critical
comments on every move for a $15.00 fee.
Write to John W. Collins, Stuyvesant Town,
521 East 14th Street, Apt. 3A, New York,
N. Y. 10009. &
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ELEMENTARY
ELECTRONICS
ETYMOLOGY

By Webb Garrison
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Filament
A From the Latin verb filare (to spin), any-
thing formed by spinning came to be called a
filament. This name was applied to silk and
woolen threads as well as the gossamer strands
with which spiders weave their webs.

So it was natural that filaments should loom
large in minds of electrical pioneers. Develop-
ment of a practical incandescent lamp, they
realized, was absolutely dependent upon finding
a suitable filament.

Edison’s lamp that first glowed on October 21,
1879, had a filament made from carbonized sew-
ing thread. It burned for two days. But the
inventor knew something more substantial would
have to be devised. Using carbonized strips of
paper cut from visiting cards he made filaments
that lasted several hundred hours. Then for a
time carbonized bamboo was regarded as “the”
filament material.

About 1899, osmium was used for the first
commercial metal filaments—made in Berlin
and Vienna. Tantalum filaments (developed by
a Russian) appeared on the U. S. market about
1906. A year later pressed tungsten came into
use; it was not until a method for drawing
tungsten was developed in 1913 that “spun wire”
of great tensile strength yielded filaments for
long-burning electric lamps.

Ham
A Long before members of their race became
professional entertainers, many American Ne-
groes displayed their special gift for music.

Favorite instruments included the bones (a kind.

of clapper), tambo (tambourine) and banjo.
White men borrowed the instruments of the
Negro, learned his songs, blacked their faces—
and the minstrel show was born.

Many performers won fame and fortune. Mc-
Intyre and Heath, perhaps the greatest blackface
team of all time, were in their heyday during
the 1880’s. Their act called “The Ham Tree”
proved one of Broadway’s most celebrated at-

tractions for month after month after month.

Through the influence of “The Ham Tree”
plus impact of “Ham” as a jocular label for any
minstrel, the name came to stand for any enter-
tainer not up to opera house standards—that is,
an amateur.

In that sense it attached to early enthusiasts
who operated radio sets as a hobby. Instead of
eliminating the role of the amateur, commercial
radio has magnified it by supplying a host of
instruments and techniques. As a result, the ham
operator is found far more often today than in
the era when minstrels fixed his name in speech.

Transistor

A Before electronics was a science, experiment-
ers recognized that certain substances have odd
qualities. Crystalline in structure, they are
neither electrical conductors in the ordinary
sense nor true insulators. Because of their para-
doxical behavior, these substances came to be
called semiconductors.

They entered practical use quite early. Hein-
rich Hertz used them in his pioneer work on
detection of wireless radio waves, about 1889.
This was almost a decade before discovery of
the electron.

Development of the vacuum tube pushed
semiconductors into the background, though.
They played minor roles in radio-frequency de-
tection, power and telephone rectification. Then
Russell 8. Ohl made a discovery. During World
War 1I he found that semiconductors with
“crystal mixers” are much more sensitive to
radio microwaves than are vacuum tubes.

Ohl’s triumph was a hollow one—for after
fifty years’ use, no one knew how to make semi-
conductors amplify. Quantum physics helped
spur a breakthrough. Using point-contact prin-
ciples, experimenters in Bell Telephone labora-
tories developed an amplifier based on strange
behavior of semiconductors. John Bardeen, Wal-
ter Brattain, and William Shockley soon found
a practical application for “transfer by means of
a resistor.” Combining the two words, they
called their novel device the transistor.

Their work brought them the Nobel Prize
in physics in 1956. According to their analysis,
a semiconductor such as germanium has two
interacting energy levels. One is formed by va-
lence electrons that bind the crystal together;
the other is a product of conduction electrons.
Electrons moving in one direction through the
crystal are considered to form “holes” that flow
in the opposite direction.

Applications for this “resistor that transfers”
developed rapidly. Within a decade of its dis-
covery, the transistor had become dominant in
electronics—outpacing the vacuum tube as the
most versatile and widely used electronic am-
plifier. |
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Learning
electronics
at home

is faster,
easier, more

GET A FASTER START IN THE
COURSE YOU CHOOSE WITH NRI'S
REMARKABLE ACHIEVEMENT KIT

When you enroll with NRI we deliver to your door
everything you need to make a significant start
in the Electronics field of your choice. This re-
markable, new starter kit is worth many times
the small down payment required to start your
training. And it is only the start. .. only the first
example of NRI's unique ability to apply 50 years
of home-study experience to the challenges of
this Electronics Age. Start your training this
exciting, rewarding way. No other school has any-
thing like it. What do you get? The NRI Achieve-
ment Kit includes: your first set of easy-to-un-
derstand ‘‘bite-size’” texts; a rich, vinyl desk
folder to hold your training material in orderly
fashion; the valuable NRI Radio-TV Electronics
Dictionary; important reference texts; classroom
tools like pencils, a ball-point pen, an engineer’s
ruler; special printed sheets for your lesson an-
swers—even a supply of pre-addressed envelopes
and your first postage stamp.

interesting with new achievement kit

Only NRI offers you this pioneering method of
“3 Dimensional” home-study training in Elec-
tronics, TV-Radio . . . a remarkable teaching idea
unlike anything you have ever encountered.
Founded more than half a century ago—in the
days of wireless—NRI pioneered the “learn-by-
doing’”’ method of home-study. Today, NRI is the
oldest, largest home-study Electronics school.
The NRI staff of more than 150 dedicated people
has made course material entertaining and easy
to grasp. NRI has simplified, organized and
dramatized subject matter so that any ambitious
man — regardless of his education—can effec-
tively learn the Electronics course of his choice.

DISCOVER THE EXCITEMENT
OF NRI TRAINING

Whatever your reason for wanting knowledge of
Electronics, you'll find the NRI ‘3 Dimensional”
method makes learning exciting, fast. You build,
test, experiment, explore. Investigate NRI train-
ing plans, find out about the NRI Achievement
Kit. Fill in and mail the postage-free card. No
salesman will cail. NATIONAL RADIO INSTITUTE,
Electronics Division, Washington, D. C. 20016
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ELECTRONICS COMES ALIVE
AS YOU LEARN BY DOING WITH
CUSTOM TRAINING EQUIPMENT

Nothing is as effective as learning by doing.
That's why NRI puts so much emphasis on
equipment, and why NRI invites comparison with
equipment offered by any other school, at any
price. NRI pioneered and perfected the use of
special training kits to aid learning at home. You
get your hands on actual parts like resistors,
capacitors, tubes, condensers, wire, transistors
and diodes. You build, experiment, explore, dis-
cover. You start right out building your own pro-
fessional vacuum tube voltmeter with which you
learn to measure voltage and current. You learn
how to mount and solder parts, how to read sche-
matic diagrams. Then, you progress to other ex-
perimental equipment until you ultimately build
a TV set, an actual transmitter or a functioning
computer unit (depending on the course you se-
lect). It's the practical, easy way to learn at
home — the priceless *‘third dimension’ in NRI's
exclusive Electronic TV-Radio training method.

SIMPLIFIED, WELL-ILLUSTRATED
"BITE-SIZE” LESSON TEXTS
PROGRAM YOUR TRAINING

Lesson texts are a necessary part of training, but
only a part. NRI's “'bite-size’’ texts are as simpli-
fied, direct and well-illustrated as half a century
of teaching experience can make them. The
amount of material in each text, the length and
design, is precisely right for home-study. NRI
texts are programmed with NRI training kits to
make things you read come alive. As you learn,
you'll experience all the excitement of original
discovery. Texts and equipment vary with the
course. Choose from major training programs in
TV-Radio Servicing, Industrial Electronics and
Complete Communications.

Or select one of seven spe- | Available Under
cial courses to meet spe-
cific needs. Check the GTS:?.’L

courses of most interest to
you on the postage-free
card and mail it today for
your free catalog.

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

custom training kits “bite-size”’texts
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Reporting...

News and views
from e/e’s
listening post

Arecem addition to the world’s DXcasts is now
aired by Radio Nederland the third Thurs-
day of each month. It is taped in the U.S. by
Glenn Hauser, a professional announcer, top-
flight all-band DXer, and Utility Editor for the
Canadian DX Club. Glenn. a resident of Albu-
querque, N. M., produces this program with the
cooperation of the Association of North Amer-
ican Radio Clubs (a federation of all the major
radio clubs in the U.S., Canada, and the West
Indies). With all this going for it, the program,
titled “North American DX Report,” promises
to be a first-class source of up-to-date short
wave news.

SWLs can hear it twice on that third Thurs-
day—at 1615 EST on 11730 and 15425 kHz
from transmitters at Hilversum, Netherlands;
then at 2045 EST on 9590 from a transmitter at
Bonaire, Neth. Antilles (just off the Venezuela
coast). This latter facility, incidentally, is leased
from Trans World Radio.

North American DX Report will not only
cover news of SWBC stations but also aero-
nautical, marine, and utility DX. And most im-
portant of all, the items aired will probably be
more accurate than those of many other SW
DX programs, some of which are so bad that if
you claimed reception from a five-dimensional
flying saucer they'd probably believe it.

The Numbers Game. A group of clandestine
stations that are receiving a great deal of atten-
tion by SWL clubs these days are those trans-
mitting what appears to be coded messages
(number groups) on a variety of frequencies
between 2 and 9 MHz. It is generally believed
these are secret messages intended for 007 types.
Those transmissions above 4 MHz undoubtedly
are legitimate spy stations. But those below
4 MHz are even more interesting, and easier to
hear because the frequencies are more or less
constant.

The below-4 MHz numbers are usually in
Spanish (often read with an American accent),
though English is occasionally substituted. One
of these stations is on 3200 kHz every Wednes-
day night starting around 2100 EST with con-
sistently good signals throughout Eastern North
America. But contrary to what you might think,
this station is not in Southern Florida. Later
Wednesday evenings another station shows up
on 3385, often transmitting the very same mes-
sage which has apparently been pre-recorded.

A similar station was also heard for a time
on approximately 3100 kHz with very powerful
signals in New Hampshire. And on another
occasion Spanish numbers were noted on 2300
kHz at 0645 EST by R. Nederland’s Glenn
Hauser, then listening from Oklahoma. He
took DF bearings and found it to be in an East/
West direction.

The stations below 4 MHz are obviously in
the U.S. and operating with Washington’s ap-
proval. If they were spy stations, transmissions
would, because of the low frequencies involved,
have to be intended for CIA operatives in Latin
America. But if they were aimed at points
south of the border, transmitters would be lo-
cated either in Southern Florida or the lower
part of Texas. However, all of the evidence
clearly indicates that most, if not all, of the
stations are considerably further north.

Two possible solutions suggest themselves.

GNVI¥303N OlaVvy
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HILVERSUM!
i

HOLLAND

RELAY VIA BONAILIRE

QSL card issued by R. Nederland (Box 222, Hilver-
sum, Holland) sports flamingo, windmill, and sun.
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Number stations below 4 MHz are decoys.
However, this seems unlikely because with those
frequencies and locations, Castro’s inept moni-
tors probably wouldn't even notice them. Or
they could be an experiment in psychological
warfare with American SWLs as guinea pigs
(just think what a panic these stations would
create if they suddenly appeared on the stand-
ard BCB). Sound pretty wild? Well, maybe. But
if it is an experiment, anyone can take part.
Just tune in and use your imagination.

On The Broadcast Band. There are three clear-
channel stations which West Coast BCBers had
better hurry up and log. They are WMAQ, 670
kHz, Chicago (soon to be blocked by KBOI in
Boise, Idaho); WCBS, 880 kHz, New York
(KMMJ in Grand Island, Nebraska is switching
to this spot); and WBZ, 1030 kHz, Boston
(where KTWO in Casper, Wyo., will shortly
hold sway). That latter move will make the
whole state of Massachusetts difficult to log out
West.

For Easterners, of course, the new powers and
frequencies assigned to KBOI and KTWO are
good news. The now rarely heard states of Idaho
and Wyoming will suddenly become inviting tar-
gets Monday between midnight and 0200 EST.
Of course, you might say this situation is typical
of domestic DXing—one section’s QRM always
seems to be another’s prize catch.

Listening on 670 for either KBOI or WMAQ
just might see you run afoul of Castro’s power-
ful new (Czech-built) 150 kW transmitter at
Holguin, Eastern Cuba. This one, which relays
programs of R. Progreso, will often be heard at
night in most parts of the U.S. And that, come to
think of it, would make 670 kHz the perfect spot

for “psychological warfare” experiments. LIS
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Can’t
find
the
key
to
electronics?

— then get your electronics cool with

this introductory offer to the 2 leading
electronics magazines!

£LBmeniBrg

ELEMENTARY
ELECTRONICS

The magazine that serves up
electronics theory in pleasant
spoonfuls and reinforces the
knowledge you gain with
exciting and useful projects.

“Ratfig TV
RADIO-TV |

EXPERIMENTER
The magazine dedicated to the
hobbyist—the man who =
wants to obtain a fuller and 2=,
broader knowledge of
electronics through the |

applications of his hobby.

Now, both of these fine magazines will be
delivered to your mailbox at the special
subscription rate of just $7.00 . . . you
save $2 from reqular newsstand price.

r
| DAVIS PUBLICATIONS, INC. EE-967
| 505 Park Avenue/New York, N.Y. 10022

| Yest | want to find the key to electronics.

| Begin my subscription to both RADIO-TV EX-
| PERIMENTER and ELEMENTARY ELECTRONICS
| at your special low-subscription rate of $7.00

I ] Bill me later. [ Check enclosed.

| Name ........... Ceeesesandene olelatoiele 3ol ol TN |
| [
| Address ....cevenienns ©0.00000006090000600 P00000 |
| .

City ovverinennnnnnn State........ Zip........ I
L-(Outside U.S.A. & Canada add $1.50 pstge. & hndlg.)_l
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9 REPORT

by Jack Schmidt

“KMD4313 to little lady in the blue Ford,
I'd like to pass...please!"

"Right now | am at the corner
of ‘One-Way' and ‘Stop'!”’

“Surfside Beach at Seventh Street—
two blonds, one redhead . ..”

"WA2CQL to all Hams—Slow down
to legal limit at North End curve!
WA2CQL toall Hams .. ."”
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Electronics

By K. C. Kirkbride

)

what’s so special about

EN?

Put a frog in a box. Cut an opening in one side so light can pour In.
Little friend frog will merrily hop toward the newly opened “window.”
Close up that side and open a “‘window” on the opposite side. Pet frog
will then Jauntily leap toward the new source of light. He sees the light,
you say?

Hamper his sight any way that you choose. Blindfold him (some ex-
perimenters have used more emphatic methods), and try again. Friend
frog will still hop toward the lighted ‘‘window,” turn around when that
“window’’ closes, and hop to the other side where there is light.

Or watch a prowling tabby stick his handlebar-mustached head into
black hole. If his wide whiskers brush a mouse in the dark he will pounce
and the mouse will scream to warn his fellows. The thing is, he’ll do so
with sound no ear can hear—at some 100,000 Hz.

Or observe a honeybee dancing its ‘‘directions” to its feliow bees,
“telling” them where to find a new source of food. Or listen to the noisy
world under the sea. Hydrophones have “listened” as fish cackled, gos-
siped, groaned, moaned, and whined. Some of their sounds have been
compared to those of steaks sizzling, coal rattling down a chute, or
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the dragging ot heavy chains. Yet fish have
no ears in the normal concept of the term, so
how do they talk and listen through the wa-
ters of the sea?

‘Five” Senses. Some advanced scientists
say man will one day learn to “hear” through
his skin, pick up vibration messages through
the soles of his feet. For these are but a few
of the clues to the extraordinary jigsaw world
of the senses, a world never put together until
recently. The best man could do before was
name the senses. Aristotle named five. Mod-
ern anthropologists count perhaps thirteen,
some even sixteen. But to explain their func-
tioning was something else again.

Granted, the nervous system is electrical.
The waves of the brain can be measured
on an electroencephalograph. But the senses
themselves defied understanding—until re-
cently, that is. Now, scientists have opened
the door wide to a full appreciation of this
fabulous world. And they prove what we
should have suspected before, that senses
deliver messages to an electrical nervous sys-
tem to transfer to an electrical brain because
the senses, too, are electrical.

The Suntan Stuff. Biology Professor
Richard Cone, working with a Yale grad-
uate student, H. Becker, in Cone’s laboratory
at Harvard, was studying the retina of the
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Curves reveal effects of light flash on skin from black-
pigmented guinea pig (A), albino guinea pig (8),
and control with white cotton in place of skin (C).

human eye. When a strong light was flashed,
electrical signals seemed to generate from a
pigment just behind the retina. Called mela-
nin, this pigment is known for its response to
ultraviolet rays.

Melanin is the stuff in your skin that reacts
to sunlight and gives you a suntan (without
Man-tan), or, concentrated in larger quanti-
ties, gives some folks’ skin a dark hue. Cone
reasoned that if melanin in the eye responded
electrically to light, it was entirely possible
that it did the same thing in skin.

Choosing a variety of “guinea pigs,” he
sought to test the possibility. With frogs,
guinea pigs, rats, and black mollie fish to
work with—including some albino speci-
mens, he first anesthetized the creatures, then
took a patch of skin from the back of each.

The patches were bathed in a saline solu-
tion, and silver-silver chloride electrodes
were attached on opposite sides to pick up
possible signals that would be amplified and
recorded photographically on an oscillo-
scope. Placing the patches in a copper box
to rule out interference waves from a flash
lamp, and mounting a condensing lens inside
to focus light on the skin, the experimenters
next flashed light from a strobe onto the skin
patches.

With . .. And Without. Watching results
on the oscilloscope, they found the electrodes
reported signals not only from melanin-pig-
mented skin, but from patches of albino skin
as well. So melanin with its unique attach-
ment to ultraviolet light didn’t have to be the
whole answer. Other skin pigments respond-
ed to light. Skin itself must respond elec-
trically to light, and this could account for
our little friend frog jumping toward the
lighted “window.” It could explain, too, why
the chameleon changes his suit at whim.

The Harvard team had for the first time,
linked sight, light, skin, and electricity. But
it took two other experimenters, reasoning
much as Cone did, to pin down the fact the
fundamental senses, such as touch and hear-
ing, are electrical.

As New York University Physics chair-
man Dr. Morris Shamos puts it, “We knew
messages traveling along nerve pathways are
electrical in nature, but it was not known
precisely how these electrical messages orig-
inated.”

Piezoelectricity Yet! Only one known
phenomenon changes mechanical force or
motion—such as the pressure on skin as in
touch or vibration of hair cells as in hearing
—into electrical impulses. That effect is
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Apparatus used by Dr. Shamos to detect skin's piezo-
electricity appears above; detail of force generator
is shown at right. Box at far right records angle

at which tissue is squeezed; greatest output occurs
with stress af right angles to collagen fibers.

called piezoelectricity, taken from the Greek
word, piezo, meaning pressure. Found in
crystals, it is popularly described as the
process that transfers stress on a needle as it
plays a phonograph record into electrical
pulses.

Known to exist in wood, silk, and wool, it
had never before been thought of as a trait of
biological tissue. Yet Shamos, teaming with
Dr. Leroy Lavine of Downstate Medical
Center, followed a reasoning route similar to
Cone’s. A common protein molecule, col-
lagen, found in wood and wool, also exists
in connective tissue in animal and man.
Could collagen be the agent prompting the
piezoelectric effect in the inorganic sub-
stances? Then it might do the same in ani-
mate tissue.

Like Cone and Beck, the two worked out
an experiment to test the premise. Thin discs
of skin (some of them from humans) were
cut, 1.3 cm in diameter, and dried for at least
24 hours. Electrodes were attached, and the
entire set-up placed in an oven to govern
temperatures and add shielding.

Then an electromagnetic force generator,
driven at a 50-Hz frequency by a signal gen-
erator, applied stress to the discs. Electrical
charges picked up by an AC voltmeter also
registered on Shamos’ oscilloscope, and he
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says this proves piezoelectricity can explain
much we thought mechanical in the func-
tioning of the senses.

It can explain such physical vibrations as
the touch of a finger pressing a table trans-
ferring the mechanical/electrical message
through the nerves to the brain. It may
explain how the honeybee “listens” through
its feet, the cat “‘sees” in the dark, the fishes
“hear” gossip of their fish neighborhood
without ears.

And may one day pave the way for man
to hear through his skin, and, like the honey-
bee, pick up messages through the soles of
his feet. So what’s so special about ESP? B
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CB BONANZA

the
EASY way

to install a

COMPLETE
CB station

By Herb Friedman, KBI9457

The right way is
the easy way,
and here’s the painless
step, by simple step,
to maximum CB joy
with minimum CB heartache

Again, do as the experts did—run your

coax along same route as the telephone cable.
4 After running coax from antenna in through
outside wall, seal hole with a calking compound.

[

Selecting the right location for the base
I station is important. The
kitchen is convenient if the rig will
be used by the little woman—near the coffee pot, too,

hile the very basis of CB is convenient

and simple radiotelephone communi-
cations, all too often the operating facility
itself approaches the complexity of an old
spark-gap transmitter. The result is a multi-
tude of wires, jacks, and controls buried
under reams of paper or auxiliary equip-
ment that only a graduate engineer can
master.

For maximum effectiveness and convern-
ience, a CB installation should be complete-
ly free of clutter. Even more important, it
should be arranged so that the minimum

W here coax must be exposed, carefully staple it

5 to the molding with a round staple gun.
Coax and staples can then be painted

to mateh color of the molding.
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I#'s easy to install the base anfenna

by using standard TV antenna

hardware. The mast can be attached to the
side of the house using mast clamps.

number of motions are required for com-
munications. In addition, the equipment
should be placed in a convenient location
(burying the rig in the basement when it
will be used only by the XYL to talk to the
OM returning from the office is almost guar-
anteeing that the transceiver will not be
used at all).

Base Installation. Fortunately, base in-
stallations generally create no problems other
than selecting the equipment location. After
all, about the only thing involved in con-
necting the tranceiver to the antenna and

Easiest and most convenient to install of the
6 mobile CB antennas is the CB/AM whip
that serves as antenna for both. Unif here
is a conversion kit mounting on existing AM antenna.

P _— 1 42 s 4 AR e e
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The telephone company has already found the easiest
3 way in through the walls of your house,

so drill your transmission line hole, using an
electrician's bit, next fo the phone line.

plugging the rig into the 117-VAC Tine. Ex-
cept for a motor-driven directional beam, all
CB antennas employ the same mounting
technique as a standard TV antenna. You
screw a couple of mast brackets to the wall
or roof, snap a mast into the bracket, and
mount the antenna on top of the mast.

But unlike 300-ohm TV twinlead which
can be fed through the window, the coax
cable generally must pass through the win-
dow frame itself or through the side of the
building. Either way, you're not going to be
able to drill through with a standard drill bit

The first step in installing the CB/AM conversion
7 kit is to snip the anti-static ball
off the end of the AM antenna.
The end is then sanded fo remove corrosion and dirt.
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since it’s only about 6 in. long. But most
hardware stores handle what is called an
“electrician’s bit,” a drill some 15 to 30 in.
long and designed to fit into a standard
brace. These bits will cut through just about
everything but brick—wooden window
frames, shingles, asbestos, even aluminum
siding.

After you've drilled the hole and fed the
coax into the building, fill the hole with
calk or putty to prevent rain from running
down the transmission line and into the
building. And once the transmission line
is in the building, the question is what to do
with it? Connect it to the transceiver, natur-
ally—but where to place the transceiver?
Best answer is to place it in the most con-
venient location for the primary communi-
cations purpose.

For example, suppose the transceiver will
be used primarily for the XYL to chat with
the OM. What’s the most convenient loca-
tion for the XYL? In nine cases out of ten,
the answer is the kitchen, not the den, work-
room, or basement. The average XYL
spends a good part of her day in or near
the kitchen, so CB operations should be as
convenient as possible for her. If the rig
is to be used by the OM, like for chatting
with his buddies in the evening, pick a nice
quiet spot away from the kids’ TV.

The CB loading coil is screwed down on fop of
8 AM antenna. It is then secured

by tightening the set screw on the bottom
of the loading coil with the tool provided.

Okay, you picked the tranceiver location
and the coax is sticking out of the wall—
now to mate the two. If youre the sloppy
type, you can drape the coax behind the
furniture, over the doorsill, and on to the
rig. But if you don’t want the coax crushed
under the legs of a chair some day, why not
install the coax the same as the telephone
wiring? Latch onto a staple gun that shoots
Ya-in. round staples (the Arrow T25 is a
good bet), and staple the coax neatly to the
baseboard molding.

Finally, get some kind of ground on the
transceiver, either to a cold water pipe
(preferred) or the building’s electrical
ground. While it’s true that the transceiver
will be grounded through the coax shield
if the antenna is properly grounded (as it
should be), you need a transceiver ground
to allow for times when the antenna is dis-
connected. Without a ground, a power-sup-
ply short-circuit can place the transceiver
cabinet the full line voltage above ground;
place one hand on the cabinet, the other on
a radiator, and ZAP!

That’s all there is to base installations.
Just pick the most convenient operating posi-
tion, connect the coax transmission line be-
tween the transceiver and the antenna, and
you're ready to go.

Mobile Installation. Depending on your
choice of equipment, a mobile installation
can take 15 to 30 minutes or several hours.
The time-consumers are large, tube-type
transceivers requiring extra bracing to pre-

The CB whip mounts on top of the loading coil.

9 When a standing wave ratio (SWR) meter
is available, the top whip should be

trimmed for lowest SWR on the CB frequencies.
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vent the dashboard from bending, body-
mount antennas that demand what is almost
a precision drilling job on the car body,
and setups that demand excessive “snaking”
of the transmission line from the front to
back of the car or through the headlining.
On the other hand, if you use some of the
new solid-state transceivers and insta-mount
antennas like those in our photo, the en-
tire installation should take no longer than
30 minutes. Let’s go through a typical solid-
state installation.

The solid-state rig, to begin with, is small,
so it can fit just about anywhere on the dash
without interfering with passenger legroom
or controls. Select the most convenient lo-
cation for the operator (so he can work the
tuning and volume controls without stretch-
ing almost parallel to the seat) and mount
the transceiver’s mobile bracket to the bot-
tom of the dash.

Since solid-state gear is very light, a
couple of #8 sheet metal or machine screws
are all it takes to rigidly mount the trans-
ceiver. But most cars have the lighting
cables running in a channel under the dash,
so take care that the drill doesn’t slice them
off as it goes through.

Next step is to get power to the rig.
If the transceiver has two power leads, make
certain you utilize both of them. A tube
transceiver requires a relatively high supply
current and should be connected to the pow-
er source with the shortest possible length
of (usually #12) stranded wire. Do not use

Lay out the dashboard holes using the mobile rig’s
llo mounting bracket as o femplate. Being careful
not to cut any wiring, drill the mounting holes a

trifle smaller than self-tapping screws supplied.
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solid wire, since it tends to break under
severe vibration. A good power source for
tube transceivers is the ignition key switch
terminals marked accessory—generally the
same terminal used for the radio’s power
input.

Solid-state jobs are something else again.
The power lead for one of these rigs carries
relatively little current (generally about 1.5
amperes), so # 16 or # 18 stranded wire is
quite adequate. Also, it can be cut into any
convenient power source such as the power
lead to the cigarette lighter (though you’ll
probably have to connect to the ignition
switch’s accessory terminal if you want the
transceiver’s power input to be disabled when
the ignition key is removed).

If the transceiver is supplied with a single
power lead, make certain the chassis is really
grounded, preferably with a separate ground
strap. Just a few ohms resistance in a poor
ground connection can make the difference
between a 3.5- and l-watt RF output, not
t0 mention poor reception.

One note of warning: A solid-state trans-
mitter should never be keyed (turned on)
until the antenna is connected. Keying the
transmitter without having the antenna con-
nected can result in the destruction of the
RF output transistor.

Mobile Antennas. There are almost as
many mobile antennas as there are peas in a
pea-patch. As a general rule, however, most
mobile antennas give similar performance.
For example, while a full-length whip theo-

Attach mounting bracket to the dashboard using
'" the self-tapping screws furnished

with most rigs. Be sure that the bracket
is securely fastened—you don't want it falling off.
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retically outperforms a loaded antenna in
terms of signal strength, the whip favors one
particular direction if mounted on a fender
or bumper (the usual positions). And while
a loaded whip doesn’t give equal radiation,
it’s generally mounted in a mare favorable
position for omni-directionality (equal radia-
tion in all directions), which balances out
the more directional and stronger full-
length whip characteristics.

Bumper antennas, though easiest to
mount, are subject to damage should the
driver “kiss bumpers” when parking. Fur-
ther, a hole must be drilled in the body for
the transmission line and the line must be
snaked to the transceiver.

Body-mount antennas with shock springs
require three screw holes and a large knock-
out, and these of course reduce the trade-in
value of the car. The performance of the
bumper- and body-mounted full-length
whips is generally similar.

A small loaded antenna mounted in the
center of the roof is generally excellent as
far as omni-directivity is concerned because
the entire car body acts as a ground plane
for the antenna. But again, a hole in the
center of the roof might not be appreciated
at trade-in time.

Other loaded antenna almost exactly re-
semble the standard auto-radio antenna, with

Place the mobile rig in the bracket and fasten

12 it down with the supplied screws through
the side of the rig; tilt it for the most

convenient operating position and snug it down.

the addition of a small loading coil to reson-
ate the antenna on 11 meters.

An oddball combination consists of a
conversion kit for a standard auto antenna,
which allows the same antenna to be used
for CB and AM reception—and with no
additional holes in the car’s body. The kit
consists of a loading-coil assembly that con-
verts the AM antenna to a CB/AM antenna,
and a two-way converter that splits the sig-
nals from the antenna and feeds them to
either the CB transceiver or the auto radio.
Our photos show a typical antenna con-
verter installation.

To install the kit, you simply cut off the
anti-discharge ball at the top of the AM
antenna. Next, you screw on the conversion
coil and connect the two-way converter in-
side the car. The converter is supplied with
all jacks and cables to match the CB and
AM gear. Connect the SWR meter between
the converter and the transceiver, and you're
ready for tune-up. Have someone key the
transmitter and observe the SWR meter
while you adjust the length of the short top
whip (part of the conversion coil) for mini-
mum SWR.

The Lafayette 99C3116 conversion kit
shown in our photos is supplied with two
different-length top whips to insure mini-
mum SWR. Once the antenna system is
resonant, as indicated by the lowest SWR
meter reading, tighten the antenna mounting
screws, remove the meter, and you're ready
to go on the air. o

Final step in the mobile installation is to check
l|3 the SWR and, if necessary, adjust whip
length for minimum reading. Button

everything up and you're ready to go on the air.
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. . . a cool little crystal calibrator that’ll give you
plenty of pizzaz way up there where you need it most

By Hartland B. Smith, W8VVD

For the serious Ham, SW1, or experimenter, a good crystal calibrator is pretty
much a must. Trouble with the ones on the market is that they don't seem to take
into account the fact that when you try to use one of them above 6 meters, phhfft

—like nothing, man. And the fact is that radiodom is forever going into higher realms.

Crystal calibrators are all pretty much alike—they usually have a crystal controlled

oscillator producing a fundamental of 100 kHz. Harmonics are then supposed to
provide a usable output every 100 kHz from thereon out. But when you want
markers on 6 meters, you're trying to get an output 540 times the fundamental fre-
quency. By that time there's not much poop left.

Futhermore, up around 6 meters, 100 kHz markers get so close together on the
average receiver dial, that it becomes rather difficult to identify with certainty the exact
check point to which you're tuned. And unless the receiver is so accurate that you don't

need a calibrator in the first place, you can easily mistake a 54.1 MHz signal for

54.2 or 54.0 MHz.

The X-Cal overcomes both of these difficulties. It not only produces strong 100 kHz
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harmonics, even at 54 MHz, but, in addi-
tion, it boasts a separate 1000 kHz crystal
oscillator. With even a poorly calibrated re-
ceiver, you can tell which 1000 kHz marker
you’re tuned to. Then, starting from this
point, you can easily count 100 kHz markers
until you reach the exact frequency you’re
looking for.

Even on the 144 MHz band, where
most crystal calibrators refuse to function
at all, the X-Cal puts out 100 kHz and 1000

Assembl:ng Knight-kit X-10 Crystal Calibrator
is first step to X-CAL '67. Output diode CR1
(dotted lines) is removed, as shown at right,

kHz markers of excellent strength. Needless
to say, on the lower frequency bands this
unit does a superb job too, so if you'’re look-
ing for a gadget that'll give you accurate
check points all the way from 160 to 2
meters, the X-Cal is definitely worthy of your
construction time and dollars.

How It Works. The heart of the device
is a Knight-kit X-10 Crystal Calibrator. The
100 kHz output from the Knight X-10 is
fed to the base-emitter junction of transistor
Q2 and then is either switched to the LO
frequency terminal of TS1 for 160 through
6 meter use, or to the grid circuit of V1B
where the marker harmonics are aniplified

;  REMOVE DIODE. CONNECT 10 MMF
DISC CAPACITOR TO THIS
TERMINAL

GREEN WIRE
Interior view of completed X-10.
If unit comes with diode, remove it, and
you're ready fo go on fo the next step.

Fa

Schematic of X-CAL shows straighttorward
circuit design. Transistors Q1 and
Q2 are used as harmonic generators.

V1A
26EA8
.9
1 g
L) 74 o
-TAL 7 |3-3
1MHz MMF
bk
117VAC

K IGHT-KIT
X-10 CRYSTAL |
CALIBRATOR

i

70 2 METER
RECEIVER

160-6 METER -~
RECEIVER

ILU% GNDT VHF? l 51
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to usable strength for the 2 meter band.

Whenever a radio frequency signal is
passed through a non-linear device, such as
a silicon diode, numerous harmonics are
generated. Some diodes, however, do a bet-
ter job of producing harmonics than others.
Although the diode originally supplied with
the X-10 generates usable harmonics above
35 MHz, far better results can be achieved
in the VHF range by replacing it with the
base-emitter junction of an RCA 40244
transistor. This single change in the Knight
X-10 provides markers of excellent strength
well above 60 MHz. As a matter of fact,
you can even hear them faintly, every 100
kHz, on a sensitive 144 MHz receiver!
However, since it’s no fun fishing for weak
signals when attempting a quick frequency
check, V1B has been included in the X-Cal
to supply the amplification required to bring
the 2-meter harmonics up to a very usable
level. On the author’s 144 MHz receiver,
for example, the 100 kHz check points ex-
ceed the S-9 level.

VIA is employed as a 1000 kHz crystal
oscillator which, in conjunction with Ql,
puts out S-9 plus harmonics well into the
VHF range.

Power for the X-Cal is supplied by a
half-wave transformer, a silicon diode and
a resistance-capacitance filter. A 4-pole, 5-
position switch, S1, connects B-plus voltage

c

CASE
BOTTOM VIEW Q1, Q2

VIEWED FROM
TERMINAL END
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KNIGHT-KIT
X-10 CALIBRATOR

Follow photo for layout of major
components. Uncluttered arrangement
makes for easy construction.

to either the 100 kHz or 1000 kHz oscillator
when a frequency check is desired. Sl also
switches the outputs from the oscillators and
the 144 MHz amplifier between the LO fre-
quency and the VHF terminals of TS1.

Construction. First, wire up the Knight
X-10, adhering strictly to the instructions
supplied with the kit. Next, mount the major
parts required for the X-Calona § x 7 x 3-in.
chassis. Carefully follow the layout shown
above. Locate VI’s tube socket so that
pins 4 and 5 are nearest the rear of the
chassis. Using the shortest possible leads,
ground the center post of the tube socket to
solder lugs placed under both of the nuts
on the socket mounting screws. Snip off the
antenna wire which is supplied on L1 by
the factory.  Now, wire the power supply
components associated with T1.

Temporarily connect the heater and B-
plus leads of the Knight X-10 to the power
supply and run the green output lead to the
antenna terminal of a ham, short-wave or
broadcast receiver. Check the 100 kHz os-
cillator, as suggested in the kit’s instruction
manual. When you're satisfied that the X-10
is working, turn off the power supply and
remove the temporary hookup.

Disconnect the output diode supplied with
the Knight X-10 if your unit comes with
one—if not (later models don’t use it),
£0 on to the next step. Attach the free end
of the 10-mmF disc ceramic capacitor com-
ing from pin 5 of the 6AK6 tube directly
to the tie point where the green wire is con-
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nected, as shown in X-10 photo. Save the
diode. You'll undoubtedly be able to use it
in some future project.

Fasten the shield cover to the Knight
X-10 and then mount the entire 100 kHz as-
sembly behind the power transformer.

Orient S1, as shown in photo below, so the
two screws which support the wafers are
at the top and bottom of the switch frame.

Now proceed to wire the balance of the
circuit as shown in the schematic. The leads
of C6 and C7 should be cut to less than
Y4 in. and the capacitors soldered directly
between their respective tube socket termi-
nals and the grounded metal ring surround-
ing the tube socket. Run one terminal of
C5 directly to pin 2 of VIB. Solder the
other terminal of the capacitor to a ground
lug bolted to the chassis. There should be
just enough lead length on L2, in addition
to the actual winding, so that the coil may be
connected across the terminals of C5. One
end of L3 goes directly to pin 6 of VIB.
The other end has a 38 in. lead which runs
to an insulated tie point. Capacitor C9 goes
from this tie point to the grounded ring on
the tube socket. A 38 in. piece of wire must
be connected to C8 so that it can be fitted
between pin 6 and the grounded mounting
foot of the tie point that supports L.3. Before
installing C1, C5 and C8, examine them
carefully. Make sure that the capacitor

terminals which you ground are the ones
connected to the movable plates directly
beneath the adjusting screws.

Q1 and Q2 require no sockets. Their base
and emitter leads may be soldered to insu-
lated tie points placed at convenient loca-
tions on the chassis. During the soldering
process, heat sink the transistor leads with
long nosed pliers. Bend the collector and
case leads out of the way to prevent them
from shorting against nearby objects.

The grid and plate circuits of VIB must
be well shielded from each other. Suitable
material for the job can be obtained from a
well tinned vacuum coffee can. Cut a piece
of tin 1x2 in. and flatten it. Place it along-
side the tube socket center post and run one
end of it midway between pins 1 and 9.
Cut a Y4 in. slot in the rear half to clear
pin 4. Solder the shield, at its mid-point, to
the socket center post. Run a short lead from
the center terminal of TS1 to the end of
the shield nearest the rear of the chassis.

Testing. After you've carefully checked
for wiring errors, plug the calibrator into the
power line. Attach a wire from the LO fre-
quency terminal of TS!, below right, to a
radio that tunes somewhere below 30 MHz.
Throw on S2 and set S1 at position 2. Tune
the receiver to WWV (any frequency but
2.5 MHz) or to a BC station operating at
1 MHz. Adjust the slug in L1 until the
1000 kHz crystal begins to oscillate. Back
out on the slug 2 turn. Now, slowly in-
crease the capacity of C1 until the frequency
of the oscillator is zero beat with the incom-
ing station.

Switch S2 to position I. Adjust the 100
kHz oscillator to zero beat as described in
the Knight X-10 manual.

Run a wire from the VHF terminal of
TS1 to the antenna connector of a 144 MHz

Internal arrangement

of X-Cal leaves plenty of
working space.

The only critical parts
are in the HF oscillator
section—here

normal high-frequency
wiring practices

should be followed.
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converter or receiver. Flip S2 to position 4.
As you tune back and forth across the 144
MHz band, you should hear harmonics at
1 MHz intervals. Set the receiver to the
145 MHz harmonic. Throw S2 to position
5. A faint harmonic of the 100 kHz oscil-
lator should peep through. Adjust C5 and
C8 for maximum output, as evidenced by
the receiver’s S-meter. If either capacitor
must be fully open for the strongest signal
stretch the turns of its companion coil apart
a bit. On the other hand, if best results are
obtained at full capacity, squeeze the turns
together.

Operation. The X-Cal is now ready for
use. Whenever you want to calibrate a re-
ceiver dial on the 144 MHz band, switch
first to position 4. Find the desired 1 MHz
check point. Then switch to position 5 and
start counting 100 kHz markers until you
reach the one you are seeking. Always use
the 100 kHz checkpoints for precise fre-
quency measurements, because of the supe-
rior stability of the 100 kHz oscillator. The
1000 kHz harmonics should be relied on
solely for identifying every tenth 100 kHz
signal.

Although it won’t usually be needed on
the average ham-band-only receiver, the
1000 kHz oscillator (with SI at position 2)
will prove very helpful when setting up the
bandspread scale on a two-dial, general-cov-
erage shortwave set.

Always switch S1 to the OFF (3) position
when not actually checking calibration.
Otherwise, Q1 and Q2 will generate a cer-
tain amount of noise which will degrade the

Rear view of completed X-CAL,
ready fo provide
bi-Hertz markers clean info UHF land.
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reception of weak stations. In addition, some
of the more potent signals coming in from
the receiving antenna may reach the tran-
sistors, be rectified and produce spurious re-
sponses that can interfere with desired sig-
nals.

Because of the X-Cal’s low standby power
drain, you’ll probably want to leave S2 on
whenever the receiver’s in use. This will
allow you to make instant frequency checks,
without having to wait for tube warmup.

Anyway, however you use this unit, you'll
find it the most useful calibrator going—in
fact, it’s the last word in its field. =

X-CAL '67 PARTS LIST

C1-—3-30-mmf mica trimmer capacitor

C2~—100-mmf disc ceramic capacitor

C3-—.0047-mf disc ceramic capacitor

C4, C10—15-mmf tubular or disc ceramic ca-
pacitor

C5, C8—0.9-7-mmf mica trimmer caopacitor

C6, C7, C9—.001-mf disc ceramic capacitor

C11-—50-30-mf, 150 volt, dual electrolytic ca-
pacitor

D1—400-P.1.V., 750 ma silicon diode

L1-—540-1650 kHz loop antenna (J. W. Miller
2002 or equivalent)

L2—3 turns, No. 20 tinned wire, 3% in. id.,
turns spaced 3/32 in. Tap 1% turns from
ground end.

L3—4 turns, No. 20 tinned wire, % in. i.d.,
turns spaced 3/32 in. Tap 1% turns from C9
end.

Q1, Q2—40244 transistor {RCA)

R1—180,000-0hm, 4 -watt resistor

R2-—15,000-ohm, 1-watt resistor

R3—330-0hm, 14 -watt resistor

R4—39-ohm, Y,-watt resistor

R5-—680-ohm, 1-watt resistor

S1—4-pole, 5-position rotary switch {Centra-
lab PA-1013 or equiv.)

$2—SPST slide switch

T1—Half wave power transformer. Primary:
117 v., Secondary: 150 v. @ 25 ma., 6.3
v. @ .5 amp. (Stancor P-8181 or equiv.)

TS1-—3-screw terminal strip

VI1—6EAS8 tube

Xtal—1000 kHz quartz crystal ($2.50, post-
paid. Quaker Electronics, P.O. Box 215, Hun-
lock Creek, Pa. 18621)

1—Knight-kit X-10 Crystal Calibrator ($10.95,
plus postage. Allied Radio Corp., 100 North
Western Ave., Chicago, lil. 60680}

1—Crystal socket

1—9-prong miniature tube socket

1—1-terminal insulated tie strip

2—4-terminal insulated tie strips

2—5-terminal insulated tie strips

1—5x7x3-in. aluminum chassis

Misc.—Solder lugs, wire, solder, 4-40 and 6~
32 machine screws and nuts, line cord and
plug, rubber grommets, etc.

Estimated cost: $34.00
Estimated construction time: 8 hours
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Scientists here are determining capabilities of
Gulliver life detection system which
may be sent to the nearby planefs in a few years.

Gulliver’s Sticky String

By Joe Craig

xobiology, the newest of the space sci-

ences, is the study of extraterrestrial life
—on the moon, on other planets in our
solar system, and in the far reaches of other
galaxies. At the moment, there isn’t much
extraterrestrial life available for study, but
exobiologists will soon have their day—
sometime this decade in fact, when a life-
detection device will be landed on Mars
and/or Venus.

“STICKY
STRING™

GULLIVER-MODEL MARK I}

Gulliver picks up soil samples in effort
to detect micro-organisms by shooting out
projectiles attached fo sticky string.

What this device finds may have the most
profound influence on man’s conception of
the Universe since Newton’s telescope. For
determination of life on another planet will
answer age-old questions and give man new
insight into the question of the origins of
life and the universe.

Sentience? Dr. Carl Sagan of the Harvard
Observatory thinks there may be as many as
a million planets in our galaxy that bear in-

CHAMBER

At left, Gulliver's projectile gun is shown in detail. String is aftached to reel in life- detection
mechanism (cenfer). Reel recovers string, drawing it info mechanism for analysis. Right,
complete unit with cover in place as it will appear in the remote reaches of outer space.
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Another approach being studied by NASA scienfists employs spectrophotometry to defermine
composition of other-world soils. Research is aimed at producing a small, rugged unit that will survive
the rigorous trip through outer-space and land infact fo send data back fo Earth.

telligent life, and many millions more in
other galaxies. What this life is like has
been the subject of centuries of speculation,
and anybody’s guess is as good as anybody
else’s right now.

But finding even one unearthly plant cell
or bacteria on Mars will be enough to bring
this new branch of knowledge to everyone’s
attention. No serious scientist expects to find
human-like creatures on other planets, but
all hold the view that certain chemical com-
binations of elements known or suspected to
exist on Mars or Venus, for example, could
very well form the basis of some type of
living organism.

The recent fly-bys of Mars made by the
Mariner spacecraft indicated that the planet

has very little atmosphere and no oxygen.
But oxygen may not be necessary for life,
since there are some bacteria and fungi on
earth which live without oxygen. And recent
studies have proven that these kinds of life
could survive even in the hostile atmosphere
of Jupiter, loaded as it is with poisonous
gases.

Faraway Life-Detection. Currently, there
are several different types of life detection
devices being developed and tested by NASA
experts and independent laboratories. Some
will be operated on the moon, Mars, and
Venus by spacemen; others will be rocketed
there aboard spacecraft and make their bac-
teriological investigations by remote control.

Though some of these instruments are

Exobiologists are studying the latest maps of planets accessible to Earthling space ships
in order fo determine which are the most likely to have life of some form. Results of these studies
will decide which way the nose of space ships carrying life-detection systems will point.

SEPTEMBER-OCTOBER, 1967
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THE MULTIVATOR

DISTRIBUTION

Another life-detection system under current study is the Multivator. With this device,
dust from an alien planet is drawn up through loading tube (center) info reaction chambers.
There, multi-step analysis of constituents is made, the results being radioed back fo earth.

extremely sophisticated, scientists fear they
may fail to report extraterrestria! life be-
cause it might have evolved in some wholly
unpredictable form. And though there is
but a slight chance of this, exobiologists are
nonetheless planning for the broadest pos-
sible means of data gathering and interpret-
ing. If life exists on other planets or the
moon, scientists want to study it before man
actually lands there and faces unknown (and
perhaps dangerous) conditions.

Detection Systems. The principal physio-
logical instruments have been nicknamed
Gulliver, Wolftrap, and Multivator. Gulli-

A third life-detection system in the works is Wolftrap
—this device will be used to ferret out the secrets
of possible bacterial growth on other planets.

ver, the most fully developed, shoots out
sticky strings to collect soil or dust from the
surface around it. Coated with special nu-
trients, these strings are pulled back into
the instrument, and if bacteria are present,
a radioactive carbon dioxide will be released.
This will be measured and the amount re-
ported back to earth by radio signal.

Wolftrap, named after its inventor, Dr.
Wolf Vishniac of Rochester University, de-
tects bacterial growth. It uses a vacuum tube
whose fragile tip will shatter when it hits the
surface of another planet. Then the vacuum
will suck in dust and test it chemically for
bacterial growth.

The third device, the Multivator, is a
miniature laboratory for conducting a va-
riety of biological and biochemical experi-
ments on the planets and measuring changes
caused by the growth of micro-organisms by
an acidity detector and a light sensor.

In the Works. Among the chemical life-
detecting techniques NASA is working on
are a Mass Spectrometer to identify amino
acids and peptides (necessary to proteins,
which are necessary to life as we know it);
Ultraviolet Spectrophotometry, geared to
detect peptides; a Gas Chromatrograph to
analyze planetary atmospheres for biologi-
cally significant gases; and the Firefly, which
detects the chemical ATP, another ingredi-
ent essential to life.

No one knows what these devices will dis-
cover, but Man will soon start getting some
of the answers to questions he's asked since
the ancients gazed wonderingly into the
night sky. |
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unscrewing circuit board.

MAKE A
MINI - MIKE

If you've an old, broken-down transistor
radio just waiting to be thrown away, grab
onto it before it's too late. The reason: it can
be turned into a great little all-purpose, low-
impedance mike. To make your Mini-Mike,
just follow our photo sequence.

If the impedance is too low for your pur-
poses, you can try salvaging the audio output
transformer. By hooking the speaker to the
secondary and using the primary as the out-
put, the output impedance will be increased
to approximately 250 ohms.

Miniature transformers with higher im-
pedance ratios are also available from parts
houses. —Ronald Tom B

Start by removing back of radio and [>

g

Snap back of case on, plug into your
recorder, and you're all set to go
with this all-purpose Mini-Mike.
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Cuf wires and remove circuit
board, leaving only speaker and ifs wires.

Clip earphone from cord and
plug—this plug size is often

used in portable tape recorders.

Q

Carefully strip cord wires, solder
to speaker wires, then tape. Make a strain
loop to prevent pulling speaker wires off.
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TRY
TUNING
THE TOP

For a New Lease on the Lively World of

S -

DXing

By Edward Griffin, Jr.

H as shortwave DXing lost its thrill? Do
QSLs from the super-power voices of
such stations as Radio Moscow, Radio Aus-
tralia, the BBC and others leave you unex-
cited? If you can answer “‘yes” to that ques-
tion, perhaps you should switch to broad-
cast band DXing. Unlike the high power-
ed voices on shortwave, most broadcast band
stations make little or no attempt to be heard
beyond their own general listening area.
Often you may hear an SWL DXer brag
about a long haul to Australia, but an equal-
ly good catch, if not better, is TGW, Guate-
mala on the broadcast band.

There are three essentials needed to get

started on this part of the radio spectrum:
a receiver with high selectivity, a good long
wire antenna, and a great deal of patience.
A novice just breaking into the DXdom
should start by trying his hand at some of
the clear channel stations in the U.S. such as
WIR, Detroit (760 kHz), WCFL, Chicago
(1000 kHz), or KSL, Salt Lake City (1160
kHz) in order to get the feel of this band.

Once you become familiar with the broad-
cast band, it's time to try for a real catch.
However, this is easier said than done. The
BCB DXer is constantly challenged by
receiving conditions, crowding by hundreds
of stations, and extensive interference. Prob-

-
TRANS WORLD RADIO

BONAIRE, NETHERLANDS ANTILLES

Ty e
PORTUGAL

Part of the beauty of BCB DXing lies
in the QSL cards you'll soon amass.
Pictured are two from Trans World
Radio and one from Radic Porfugal.

MONMTE CARLO MONACO
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ably the best way for a DXer to overcome e/e's GUIDE TO BCB'S TOP 25

interference from local stations is to switch oo e I e
the BFO on and to tune to either side of the (Ck]Hz) { 8!
desired frequency. Tricks such as this dis-

i : 0 CFWH  Whitehorse,
tinguish the true DXer from the ordinary p Y.T., Canada
listener. 620 R. Nacional de Canary
i Espana Islands
n
The .BCB presents ripe fields for anyone 3 TIRICA R. Costa Rica San Jose,
who wishes to harvest rare rewards. These CostalRica
stations, especially the foreign ones, are hap- 640 TGW  R.Nacional Guatemala
o verif te repo clude City, Guat.
py t Yy accurate reports that in e BEC Baventry,
the date, time (EST), station, program re- England
marks, and return postage. 650 KORL Honolulu,
So warm up the set and try your hand at Hawaii
the top twenty-five BCB catches. And lest 2 Wil Z?;;bkznks’
you feel that BCB DXing is for pro’s only, 732 SaudiArabia
consider that the author himself has logged 764 geﬂegal.
. L aKar
every one of the st.atlons in our table, and 780 CSB9  R.Miramar  Miramar,
that he also lays claim to QSLs from 17 out Portugal

of the 25 stations listed. Operating from his 800 PJB Trans World Bonaire,

QTH near New York City, he listens on a Rl mi?iqllles
Hallicrafters S-118 receiver and makes use 818 Andorra
of two antennas. PR R Zaragoza,
W, o . . Mexico
One, the rig’s built-in loopstick, might 885 Plymouth,
pose some problems were it not for the fact 5 Mon,tse"?tf
that the receiver itself is mounted on a 1000 M ﬁﬁz’x‘ﬁﬁg Sl
plastic turntable. This way, the receiver can 1034 R. City (Pirate)
be readily rotated for best possible pickup, £ 1035 AVEH ﬁzﬁiHamen,
while simultaneously serving as a kind of 1040/1120 VOA Marathon
direction finder. Too, the fact that the turn- Key, Fla.
table places the receiver at eye level makes 1133 R London (E’;';;i)d
needle-point tuning the rule rather than the 1165 R. Americas Swan Island,
Skeeption. 1178 VOA S
The other antenna, a 30-ft. long-wire, is Ru;:(?/\ﬁ,s.
unfortunately not movable at present, though 1187/1520 R. Caroline  (Pirate)
England
it doesn’t seem to lack in pulling power. A 1,00 o0 R.Monte Carlo Monte Carlo
cold-water pipe serves as an A-1 ground. 1500 PCJ7 Willemstad,
Now who says you, too, can’t try for the ‘ _ Curaco
Top 25? m 1529 Vatican Radio Vatican City

. 4 4 X = v - - 4 R R T T Y Rk > 4 s = 4

HOME STUDY BLUEBOOK COUPON

(Turn page for details)

— Areyoua Veteran?__________ Employed in Electronics?_____
Occupation_____ Male Female Single Married
Are you a student? Fulltime_____  Parttime___  Home Study
Check the last school you attended: Circle schools you graduated:
$ Grade School High School College Graduate School
$ Have you ever taken a Home-Study course?

What school(s)? .
What is your yearly income to the nearest thousand? §.

—_———

—Completed?

(If your income is $6745, write in $7000)

e = B O i 20 At Bt R [ S r e et s s es s s
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'HOME STUDY

e/e’s Guide to selected
Home-Study Courses
now being offered by
Electronics Schools

BLUEBOOK

57

82

€O One of the E’s in Electronics is for Educa-
tion—wherever you can get it. Fortunately,
many of our readers are located near resident
schools offering electronics courses suited to
their educational needs. A far greater number,
however, are less privileged on one, or both, of
two counts: resident schools are either located
so far away that attendance would be impracti-
cal, or personal educational needs have become
so esoteric and specialized that resident schools
simply can't provide appropriate instruction.
And this is where home-study courses from non-

resident schools can prove indispensable. For
such schools not only fill normal educational
needs, they actually forge ahead by offering
courses and personalized educational services
resident schools can never hope to provide.
> Listed below are three courses offered by
home study schools. For more information,
circle those course numbers that interest you on
the coupon below, and fill out both sides of the
coupon. ELEMENTARY ELECTRONICS will for-
ward your request to the schools and ask that
additional data be sent directly to you.

13. 2-Way Radio. If you don’t pass the FCC First Class Radiotelephone license exam
after taking National Radio Institute’s Complete Communications Course, you gets
your money back. This beginner-oriented course covers mobile, marine, aircraft, and
railroad communications, plus radio-TV transmission, microwave relay, and teletype.
Course contains 70 lessons, 13 reference texts, 7 training kits; average completion
time, two years. Further details are included in NRI's 72-page, full-color booklet.
GI Bill approved.

14. TV Servicing. RCA Institutes’ Television Servicing Career Program 200 is for the
beginner and completely prepares you for a career as a television serviceman. There
are 110 pay-as-you-order lessons, starting with basic electricity and electronics, going
on into black-and-white television, and concluding with a thorough study of color
television. There are 26 kits, two of which are an optional picture tube and cabinet.
Details are spelled out and pictured in a free 66-page book called “Your Career in a
World of Electronics.” GI Bill approved.

15. Sound Info on Sound. International Correspondence Schools has a course called
“Hi-Fi/Stereo and Sound Systems Servicing” which the average student completes in
about 295 hours. With this training under your belt, you’ll be qualified as a mono/
stereo sound technician and you’ll also be able to troubleshoot your own sound
equipment. More info is contained in “Electronics,” subtitled “The booklet you sent
for that can change your life.” GI Bill approved.

'--—-------------cur HERE 0 Wt &) EN SN 5N BN BN G5 BN BN 5N GN an Ee B

(Fiil in facts on reverse side)

1
I ELEMENTARY ELECTRONICS, Dept. HS-4 I
: 505 Park Avenue, New York, N. Y. 10022 :
1 o Yes! | would like to know more about the electronics home study courses described above. | am 1
1 interested in only the course numbers circled below. 1
1 13 14 15 1
] 1
i Name Age [ ]
| i
1 Address— i
I ey State. Zip i
| ]
i

-----------------------------------J
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10 Reasons why
RCA Home Training

iS your best investment
for a rewarding career
in electronics!

1 LEADER IN ELECTRONICS
TRAINING

RCA stands for dependability, integrity
and pioneering scientific advances. For
over a half century, RCA Institutes,
Inc., has been a leader in technical
training.
RCA AUTOTEXT TEACHES
ELECTRONICS FASTER, EASIER

Beginner or refresher — AUTOTEXT,
RCA Institutes’ own method of Home
Training will help you learn electronics
faster, easier, almost automatically.

THOUSANDS OF WELL PAID

JOBS ARE OPEN NOW
RCA Institutes can help you qualify for
arewarding career if you have an inter-
est in electronics. Every year, thousands
of well paid electronics jobs 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. Look the list over, pick

Transistor experiments
on programmed breadboard —
using oscilloscope.
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the one best for you and check it off on
the card.

SPECIALIZED ADVANCED
TRAINING

For those working in electronics or
with previous training, RCA Institutes
offers advanced courses. Start on a
higher level. No wasted time on mate-
rial you already know.

6 PERSONAL SUPERVISION
THROUGHOUT

All during your program of home
study, your training is supervised by
RCA Institutes experts who become
personally involved in your efforts and
help you over any “rough spots” that
may develop.
7 VARIETY OF KITS, YOURS TO KEEP
At no extra cost, a variety of valu-
able specially engineered kits come with
your program—yours to keep and use
on the job.

FROM RCA INSTITUTES, INC.
TRANSISTORIZED TV KIT AND
VALUABLE OSCILLOSCOPE
All students receive a valuable oscillo-
scope. Those enrolled in the TV pro-
gram or courses receive the all-new
Transistorized TV Receiver—both at no
extra cost and only from RCA.

UNIQUE TUITION PLAN

You progress at your own pace.
You only pay for lessons as you order
them. There’s no long-term contract or
large down-payvment to lose. Even if
you decide to interrupt your training,
you don’t lose a single cent.

10 RCA 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 . . . proof of
the high quality of RCA Institutes
training.

SEND ATTACHED CARD TODAY FOR
FREE DESCRIPTIVE BOOK

All courses and programs
approved for veterans under
new G.1. Bill.

CLASSROOM TRAINING ALSO AVAIL-
ABLE. FREE CATALOG ON REQUEST.
NO SALESMAN WILL CALL.

RCA INSTITUTES, inc. pept ea-97

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

The Most Trusted Name In Electronics

®

Construction of Oscilloscope.

Construction of Multimeter.
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GG COMMUNICATIONS

RAYTHEON RAY-TEL TWR-9
Transceiver/Intercom
CB Communications Center

B While the Ray-Tel TWR-9 is basically a
6-channel crystal-controlled CB transceiver,
it is also the “heart” of a complete office and
home CB communications center. It takes
only the addition of a remote speaker to
provide a “hands-free” intercom, remote
paging, and remote CB monitoring.

Unlike most other transceivers, the
TWR-9 is designed for base station opera-
tion only, with the full intention that the
user utilize all the communications features
that are built-in. To this end there is no
microphone; the speaker doubles as a mike
—just as it does in an intercom. Depress
one switch and the TWR-9 functions as a
transceiver—you speak and the signal is
transmitted. Depress a second switch and
the TWR automatically becomes an inter-
com. A third switch feeds the received CB
signal to a remote speaker or through the
intercom.

When a “channel switch” is depressed, the
intercom facility is automatically discon-
nected and the TWR-9 instantly reverts to a
straight CB transceiver.

The TWR-9 is a hybrid; that is, it utilizes
both transistors and tubes. Actually, tubes
are used only for the final RF and modulator
amplifiers, all the rest is solid-state circuitry.

The Receiver. While the receiver is
single conversion, a 455 kHz bandpass filter
is used for high adjacent channel rejection.
The particular model we tested checked out

with 50 dB adjacent channel rejection (very
good)—35 dB better than Raytheon’s claims.
The image rejection also proved better than
the specifications, measuring slightly better
than 30 dB rejection.

While a 30 dB image rejection is note-
worthy for a 455 kHz single conversion re-
ceiver, it was also indicative of the excellent
front end design of the TWR-9. Many solid-
state front ends tend to overload or to even
break into oscillation under moderate to
strong signal input level; this was not true
of the TWR-9. Even the maximum test
signal of 100,000 uv. (0.1 v.) failed to
“break up” the TWR-9.

The input sensitivity checked out as
0.7 uv. for 10 dB S+N/N (signal plus noise
to noise). Even here the TWR-9 was out-
standing (compared to other solid-state
units) as the speaker sound was crisp and
undistorted even at very low signal levels.
The noise limiter performance proved to be
about average.

MASTER INTERCOM GAIN

REMOTE INTERCOM GAIN

One of the many features of the Ray-Tel TWR-9

is the built-in intercom system with

separate sef-and-forget gain controls. Other features
include push-tab controls like those on tape decks.

The AGC action—the change in speaker
output level for a 94 dB change in input
level (2 to 100,000 microvolts)—was only
6 dB (very good). In plain terms this means
that if the user has the volume cranked wide
open to hear a weak signal a strong signal
coming on the channel will not blast the
speaker.

Both the internal and external speaker
impedances are 45 ohms; a “standard” 8 ohm
speaker cannot be used for the intercom
or remote speaker if the user is to realize
the rated (and measured) 2.5 watt audio
output. (Continued on page 118)
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MAKE A
. MIGHTY BUGK
A
TIGKETED
[EGh

By Leo G. Sands, KOD1939

Possession of a Second Class Radio-
telephone Opérator license, knowl-
edge of transmitter and receiver operat-
ing principles, and skill in the use of
tools and test equipment are your open
sesame for a career as a two-way radio
technician.

You can get a full-time job with a serv-
ice shop, equipment manufacturer, rail-
road, pipe line or power company, air-
line, a large industrial user of two-
way radio, or a police or fire de-
partment. You can also service
two-way radio on a part-time
basis or even open your Own
service shop.

More than 5 million trans-
mitters have been licensed by
the FCC, most of them two-way
mobile units and base stations.
All of them require serv-
icing, and thousands of
new ones must be installed
every year. There are
plenty of job op-
portunities,
and, ifyoupre-
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TICKETED TECH

fer, the chance to go into business for your-
self.

What It Takes. First of all, you must be
well enough grounded in electronics to pass
the examination for a Second Class Radio-
telephone Operator license. The written
examination covers basic electrical and elec-
tronics theory, radiotelephone circuits, FCC
rules and radio laws. If you are already
familiar with electronics, you can bone up
for the exam by getting any of the several
radio operator license test question and an-
swer books. Or, if you’re starting from
scratch, you can take a correspondence
course or attend a resident school (see ad-
vertisements elsewhere in this issue).

To gain first-hand experience, get a novice
ham license (very easy to do), buy a second-
hand FM mobile radio unit or base station,
and modify it for operation in the two-meter
ham band. Also, buy a ham rig kit—prefer-
ably an SSB transceiver, because SSB (single
sideband) will be in wide use in the future.
In short, get plenty of practice building, tun-
ing and using two-way radio and thus get the
most mileage from your ham ticket.

Another route you can take is to get a
job as an apprentice at a two-way radio serv-
ice shop. You won’t need a license if you
work under the supervision of a licensed
technician. You’ll gain experience making
installations, repairing equipment, getting rid
of ignition noise, and the like.

§ ——— -
Cab companies are excellent job prospects, since
radio equipment must be maintained in top working
order. Here, mobile unit is removed for repair.

: o 3 = e
Work in repair shop is generally varied enough to
offset possible horedom. Technician above is using
grid-emission tester fo weed out erratic tubes.

Getting A Job. After you've gotten your
license and feel confident you can service
two-way radio equipment, you can start your
own business or look for a job. If you don’t
want to move to another town, prepare a
resume (see our illustration) and mail copies
to the two-way radio shops in town, the po-
lice and fire departments, and other large
local users of two-way radio.

If you don’t mind moving to another town,
send copies of your resume to the organiza-
tions listed in table 1. You might also run a
classified advertisement of the “situations
wanted” variety in selected magazines cover-
ing the electronics field.

Some unique opportunities are available.
For example, Kaar Electronics Corporation,
a member of the Canadian Marconi group,

Manufacturing plants generally have well-equipped
and well-staffed labs, often with high-precision
equipment, This technician is using impedance bridge.
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hires two-way radio technicians and gives
them intensive training—with salary and liv-
ing expenses paid while attending school.
Graduates are assigned jobs at one of the
company’s 34 service centers in North
America.

What You Do. A two-way radio techni-
cian may be required to perform any or all
of the tasks described below.

Working for an independent service shop,
you may be required to install and check out
mobile units in cars and trucks, hook up and
check out base stations, and repair sets on
the bench. You may also have to work at
eliminating ignition interference generated
by radio-equipped cars.
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If you work for a railroad, you might be
assigned as a bench man at a shop, or you
might be required to travel to service base
stations and microwave repeaters, or tc
supervise radio equipment installations at a
location other than home base. You'll get
free transportation and be reimbursed for
living expenses while out of town. Besides,
you’ll be eligible for a pension.

Working for a pipe-line company would be
similar. But, working for a large local user
of two-way radio, you probably wouldn’t
have to travel far enough to be required to
spend nights away from home.

Bench Chores. Regardless of whom you
work for, you would have to know how to

Resume is often an all-important first step in land-
ing a job. Idea is to give employers a capsule sum-
mary of your education, abilities, and experience.
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do the following if assigned as a test bench
man.

Measuring transmitter frequencies is a
basic chore. You use a frequency meter or an
electronic counter to determine that the
transmitter operates on frequency, within the
specified FCC tolerance. If it’s off-frequency,
you adjust the crystal trimmer, replace the
crystal, or both.

You tune transmitters for optimum per-
formance and measure modulation and pow-
er output, using a modulation meter and an
RF wattmeter. You measure the sensitivity,
selectivity, and image rejection of receivers,
using a laboratory-type signal generator and
a VIVM. You also align receivers using the
same equipment.

You change tubes only if they are weak or
otherwise defective (old tubes in good con-
dition are usually more reliable than new
ones). You will seldom have to check tran-
sistors, since they usually work or don’t func-
tion at all.

Troubleshooting may take up a lot of your
time. You’ll probably use a scope, signal
generator, VOM, VTVM, and a grid dip
meter. When you replace parts, you’ll un-
doubtedly use factory-furnished parts which
must be mounted securely to withstand mo-
bile service.

Tuning transmitters into their antenna sys-
tems (in a vehicle or at a base station) may
be another of your chores. You’ll probably
use a through-line RF wattmeter (SWR me-
ter). You may also be required to make
service calls at base stations.

If your employer is also in the marine

Many technicians find duty calls them for service

on the front line, and the one in the photo is no
exception. Employed by a firm servicing 2-way marine
radios, he checks transmitter output af dockside.
field, you’ll probably have to repair marine
radiotelephones on the bench and check them
out on boats.

Your Own Shop. If you want to go into
business for yourself and don’t have a few
thousand dollars in reserve or can’t get a
loan, stick with your job and start on a part-
time basis. You’ll have to lease or buy much
of the equipment listed in table 2. To get
customers, write, phone, or call on your local
taxicab companies and other users of two-
way radio. If you do a good job, your cus-
tomers will probably refer you to others.

When you're ready to go into the two-way
radio service business full-time, find a garage
building or vacant store with an enclosed
area into which cars can be driven. Set up
your bench, get all of the necessary equip-
ment, install adequate lighting, and provide
an office for receiving calls for service.
Guard your telephone line with an automatic

Kaar Electronics Corp.
1203 W. St. Georges St.
Linden, N.J. 07036

Communications Co., Inc.
300 Greco Ave.
Coral Gables, Fla. 33146

General Electric Co.
Communications Products Dept.
Lynchburg, Va. 24500

Radiation Services, Inc.
Melbourne, Fla. 32901

Director of Communications
Police Department
Any City, U.S.A.

Table 1. Where to Apply for Jobs

RCA Service Co.
Cherry Hill, N.J. 08034

Motorola Communications & Electronics
4501 W. Augusta Blvd.
Chicago, 1. 60651

Mr. lvan Loucks

Association of American Railroads
59 E. Van Buren St.

Chicago, 1. 60605

Hammarlund Mfg. Co.
73-88 Hammarlund Dr.
Mars Hill, N.C. 28754

Canadian Marconi Co.
2442 Trenton Ave.
Montreal 16, Que.
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Above, technician uses International Crystal C-12N
to gauge Kaar marine transmitter. Placing transmit-

ter on frequency requires simple screwdriver adjust-
ment, but years of training and practical experience.

telephone answering machine or use a tele-
phone-answering service.

To get business, have an announcement
printed and mailed to all known two-way
radio manufacturers. Some of them may be
looking for a shop in your area to serve their
users.

To keep up business development, you
should keep posted on who’s buying two-way
radio in your area. Subscribe to Industrial
Communications (1327 F St. N.W., Wash-
ington, D. C.) which lists all new land mobile
licensees. And don’t overlook the CB market.
About 3 million CB sets are in use and some
40,000 new ones are being sold monthly. You
can buy lists of new CB licensees in your area
from CB Mailing Lists, Box 60445, Okla-
homa City, Okla. 73106.

You might also advertise occasionally in
your local papers on the financial pages. By

Technicians with radar-endorsed licenses are free to
service marine radar on ships and pleasure craft.
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Public transmit, like cab industry, is another heavy
user of 2-way radio and thus another prime job pros-
pect. Most such organizations offer excellent
working conditions and a variety of fringe benefits.

all means, have your business listed in the
telephone directory yellow pages under “Ra-
dio Communication Equipment & Service.”

Selling Equipment. To build your in-
come, you can also sell communications
equipment. Actually, most two-way radio
manufacturers (RCA and Motorola are two
notable exceptions) are seeking dealers. You
won’t have to invest a lot of money in mer-
chandise, except for demonstration samples.
When you make a sale, you order the equip-
ment with the proper crystals installed at the
factory. You can get a radio station license
for demonstration purposes.

You can also sell antennas, ignition-noise
suppression systems, monitor receivers, pag-
ing receivers, and even radar (for weather
observation). If you’re in a boating area,
don’t overlook marine radio.

(Continued on page 117)

Table 2. Test Gear You Will Need i

AF signal generator f

Dummy load, 50-ohm

Frequency meter, 2-25 MHz, 0.001% tolerance

Frequency meter, 25-470 MHz, 0.001% tolerance

Modulation meter, AM (scope may be used)

Modulation meter, FM (sometimes included in
frequency meter)

Oscilloscope, DC to 5 MHz frequency range

Power supply, 0-16 volts, metered

RF signal generator, general purpose

RF signal generator, lab type, to 470 MHz !

RF wattmeter, 0-10 and 0-100 watt ranges

Transistor tester, in-circuit type

Tube tester, transconductance or dynamic mu- I
tual-conductance type |

VOM, 20,000-chms/volt or better

VTVM, AC and DC with prebes for RF
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So what's new in power supplies? Not
much, but you still need ’em every time
you want to diddle, fiddle, or experiment
in any way. Catch is, a handy little inex-
pensive rig for powering transistorized de-
vices is hard to come by. But our 4-D Power
Supply will fulfill the requirements of the
most avid experimenter—and serve the needs
of the solid-state device repairman as well.
Here’s what our 4-D goodie’ll do for you.

Most transistorized home entertainment
equipment—i.e., radios, recorders, and rec-
ord players—operate on multiples of 1.5-volt
zinc/carbon cells or on 1.35-volt mercury
cells. There are also some units that require
negative voltages of 1.5 or 3 volts in addi-
tion to 4.5 or 6 volt positive.

Our 4-D Power Supply will give you volt-
ages of 1.5, 3, 6.8, 8.3, and 9.8 volts—posi-
tive or negative. These voltages are all Zener-
diode regulated and will supply a total of
100 mA regulated output. Each output is
metered by the self-contained current
meter. The 100 mA supplied is in excess of

4:D Powersy S

Supply

This neat and nifty little power
package is easy to build and
will earn its keep day in, day out.

most requirements in the entertainment field,
but that makes the unit useful in just about
any eventuality.

Until recently, there were no diodes capa-
ble of regulating as low as 1.5 volts. This
power supply makes use of a new device
called the amp-gate diode, originally de-
veloped for use in preventing overcharge of
nickel-cadmium 1.5-volt cells.

How 4-D Ticks. Two amp-gate diodes
are connected in series with a 6.8-volt Zener
diode and current limiting resistors R1 and
R2. There will always be approximately 125
mA current flowing in the circuit. When the
load isn’t drawing any current, 125 mA will
flow through the three diodes in series.
When the full 100 mA is drawn by the load,
the diode string will draw 25 mA.

The accuracy of the output voltages will
depend on the tolerance of the diodes in
series. If at all possible, buy a 6.8-volt Zener
with a = 1% tolerance. The amp-gate
diodes are nominally rated at 1.5 volts. How-
ever,”because the power supply has a float-

i 2 49.8V
20 20 i ‘sz\——T—O i
+ Q Q
()]
; + +C1 +]C2 "'0'53\?— X +3'UVOJ2
= “Toow  osow *”2 \ 1.5
J y, = N +1.
‘-f ! 25V0C 25V0C 0 g e ——0J3
D3
I i Mo At =
- S5 —O M
CR1 R Lo L l
SELECTOR 0 LO 0
SWITCH : 7 LE
————— 30
Clever design of 4-D Power Supply lets 2 a8
one Zener and two amp-gate diodes R3

be used as both voltage regulators and as 0——4 — M VWVVN—

voltage divider network supplying

three sets of output voltages.

Floating ground allows unit fo supply both positive
and negative voltages—simultaneously yet!
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ing ground, it’s possible to use any voltage
as the zero reference point.

Since one of the drawbacks of many com-
mercial power supplies is the lack of a cur-
rent meter, you will find one included here.
It is a miniature type, 0-50 mA meter cali-
brated in 50 divisions. A shunt and switch
are provided that increase the meter range
to 100 mA for the higher current loads. The
meter selector switch is in parallel with a
slide switch that is in series with each out-
put terminal. When the selector switch is set
for a particular circuit and its slide switch
is opened, the meter will read the current in
that line.

Putting 4-D Together. To build our 4-D
Power Supply, it will be necessary to obtain

LINE CORD

~ S7

O

Photo of back of panel shows layout of components
and panel wiring of quthor's prototype.

2B K
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Uses of the 4-D Power
Supply are unlimited—by
virtue of providing
a variety of voltages
commonly required by
transistor equipment,
being fully requlated

. up to 100 mA output, and
by allowing accurate
monitoring of current
consumption.
Here unit is being used
to service portable
transistor radio.

the parts listed. Some substitutions may be
made for the manufacturers mentioned, but
the values shown should be adhered to as
closely as possible.

The power supply proper is mounted in
the bakelite box, while the metering and
switching circuits are attached to the front
panel. The completed unit is very compact,
but if you wish, it can be made larger with
a corresponding increase in the ease of con-
struction.

To start the project, you should lay out
the front panel, following our photo. Make
the various size holes by whatever method
is simplest.

After all the holes are done, etch the
aluminum to a satin finish in a mixture of
lye and hot water (the lye and water must
be mixed in a stoneware crock or an enam-
eled pail). After etching, rinse in cold water
and carefully dry with a paper towel. Now
spray the panel with a coat of Testors clear
spray (available at most drug, variety, and
hobby stores). Apply decals or press-on let-
ters to indicate the function of the various
switches, binding posts, etc. A second coat
of spray will serve to seal and protect the
lettering. Carefully mount the needed parts
on the front panel.

The power supply guts are secured to the
bottom of the box. The layout here is very
important because if you’re careless, the
cover may not go on. The heat sink is made
from V&-in. aluminum. If you can’t find the
thick stuff, use several layers of thinner ma-
terial. If you use l-watt diodes, you'll have
to heat-sink by clamping them to the alum-
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inum with the cable clamps as specified.

The heat sink is located by pushing it as
far as it will go into the end of the box. The
holes for the transformer and line cord are
drilled in the opposite end of the box. Also
drill the other holes for terminal strips and

PARTS LIST

€1, €2—250-uF, 25-WVDC electrolytic capaci- -

tors

CR1—Full-wave rectifier bridge, 300 V, 200
mA (Mallory FW50 or equiv.)

D1—6.8 V, 125 mA Zener diode (Mallory
ZA68B or equiv.)

D2, D3—1.5 V, 125 mA amp-gate diodes
(Mallory AGD or equiv.)

11—Pilot light assembly (Lafayette 99€6226 or
equiv.)

¢l

R

03

0

Major componeats of power supply are mounted in
box as shown above. Actual location of parts isn't
critical, but make sute there's enough room

left to get the front panel on.

Completed 4-D Power Supply below is ready to fire up
those transistor projects you've been itching to build.

J1, J4—Binding posts, 1 black, 3 red (Lafayette
99C€6233 or equiv.)

M1—0-50 mA, 13, -in. square face (Lafayette
9985054 or equiv.)

R1, R2—20-ohm, 3-watt resistor (Mallory
3AE20 or equiv.)

R3—1-ohm, 3-watt resistor (Mallory 3AE1 or
equiv.)

R4—Integral part of 11 assembly

S$1, S6—S.p.s.t. slide switches (Lafayette
34C3703 or equiv.)

§7—2-pole, 4-position selector switch (Mallory
4M2215 or equiv.}

T1—Filament transformer: primary, 117 VAC;
secondary, 12.6 VAC @ 1A; size max. 1¥,x
3x3 in. (Burstein-Applebee 178392 or equiv.}

1—Bakelite case and panel, 6V,x3%x2 in.
(Radio Shack 270-627 or equiv.)

5-——2-terminal strips (Allied 24A9088 or
equiv.)

2—1-terminal strips (Allied 24A9085 or
equiv.}

Misc.—Knob, screws and nuts, wire sleeving,
solder, wire clamps, etc.

)

Estimated Cost: $20.00
Construction time: 6 hours

e

capacitor mounting straps—be very careful.

After mounting and wiring the parts,
solder two 4-in. long black wires to the
minus terminal. Three 4-in. long red wires
are soldered to the positive points between
the diodes. The transformer primary is
brought to the other end of the box to con-
nect to the on/off switch. One line cord
wire ends at this switch. The other line cord
wire goes to a terminal, as do a transformer
fead and a 4-in.-long white wire. The other
end of the white wire connects to the pilot
light on the front panel.

Before connecting the balance of the wires
to the front panel, check the voltages at the
ends of the red wires. Temporarily connect
up the AC leads so you have power. The
DC voltages should read + 1.5, 4+ 3.0 and
-+ 9.8 volts.

If the voltages check out, finish the wiring
to the front panel and attach it to the box
with the four mounting screws. With the
4-D Power Supply finished, you’re all set for
years to come—whatever your transistor
power needs may be. n
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TV's Fussy
Front End

By Len Buckwaliter

K10DH/KBA4480

Before you can-do, you gotta know how, and that's why what
it takes for perfect pix is knowing how your tuner ticks.

een-agers twist it with gusto, toddlers
Ttear off its knobs. Servicemen tremble
when they look inside, TV setmakers gladly
let an outsider produce it. An object of awe
and scorn? No, it’s your TV tuner. Located
inches behind the channe! selector, it’s a
mish-mash of components eerily electronic
and magnificently mechanical. In a few
thunk-thunks of the dial, it grabs one of 82
channels, trims away interference, whisks off
snow, restores the signal’s spent vigor, then
shunts it onto an intermediate frequency.
Easier said than done. When the job of
the TV tuner is closely examined, it sounds
like the Twelve Labors of Hercules. First,
tuners cover a galloping tuning range. Chan-
nels 2 through 83 are really three bands with
yawning frequency gaps between. Too, the
tuner must operate with remarkable sensi-
tivity and low drift to keep sound, picture,
plus a mixed bag of synchronizing signals
perfectly centered on the bandpass of follow-
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ing circuits. And all the while it can’t suc-
cumb to the pulverizing pounding, estimated
at 100,000 twists over a decade. Put a tuner
on the block and you’ll see why they call it
television’s “front end.”

It’s Super Yet. The TV tuner is the start-
ing point of a superhet circuit little different
in principle from that of an AM or FM
radio. Any incoming channel is treated to
the superhet’s usual 3-step process: selection,
amplification and mixing. The end result is
the desired channel stepped down to the
receiver’s intermediate frequency, approxi-
mately 44 MHz, in this case. Then a fixed
IF amplifier can further boost the signal with
high efficiency and selectivity.

How Channel 4 jogs through the tuner is
shown by the block diagram in Fig. 1. All
channels in the area surge into the antenna,
flow down the twinlead and bark at the
tuner’s doorstep, the RF Amp. Tuned cir-
cuits in the amplifier, set up for Channel 4
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by the channel selector switch, permit only
69 MHz (Channel 4 center frequency) to
ride through to the mixer.

Also aimed at the mixer stage is a signal
from the local oscillator. The channel selec-
tor has set up tuned circuits in the stage to
emit a steady 113 MHz. The mixture of
channel and oscillator signals creates the
difference frequency—or 44-MHz IF signal.
That’s a constant value. Switch to Channel
13, for example, on 213 MHz and the
tuner responds by tuning to the new fre-
quency. Now the local oscillator steps up
to 257 MHz so the difference frequency is
still 44 MHz.

This aspect of tuner operation is hardly
a challenge. Programming tuned circuits to
mix and match frequencies might be done
by an engineer with little more than a sharp
pencil on the back of an old envelope. It’s
mostly a matter of figuring the values of
coils and capacitors to do the tuning. What
might cause him to run off at the mouth is
the enormity of the tuning range. Tuned
circuits act cantankerous when pushed too
far.

Too Many Variables. Most simple radios’
tuned circuits have a fixed coil teamed with
a variable capacitor to determine the re-
ceived frequency. As the radio dials higher
on the band, capacitor plates open to reduce
capacity. But in addition to changing tuning
frequency, another effect sneaks in to nibble
at the circuit’s efficiency. At the high end
of the band, the coil becomes relatively large
in value compared to the capacitor. This
blows up the effect of coil resistance as a
circuit element. Like any resistance, it cuts
down current flow. This explains why sta-
tions on the high end of the band are seem-
ingly weaker than frequencies received at
the low end. The resistance also tends to
broaden out the circuit so it accepts a wider
range of frequencies. If these conditions are
reversed—high capacity, low coil inductance
—circuit efficiency shoots up. But the cir-
cuit bandpass also becomes razor sharp.
Thus the circuit designer must play with the
tuned circuits until he strikes a working com-
promise with what's known as “L/C ratios.”

In the TV tuner the problem is magnified.
Not only would simple circuits slaughter sen-
sitivity due to vast tuning ratios, but ruin
selectivity as well. It is rarely practical to

MTTsr213Mz _ _  TVINR

e r CHANNEL 4 h

el 69 MHz 1 IF
| RF it | 44 Mz
I e [T, MeR I .
| | TP AP
| ‘iililii’_ 13 Wiz

-5

| @ LOCAL f
| CHANNEL 036 I
L SELECTOR o
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Fig. 1. Channel selector controls both RF
tuning and local oscillator frequency by in-
serting different LC networks info tuner circuit.
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»
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Fig. 2. Tuner's tuned circuits resonate at pic-

ture (video) carrier and sound-carrier frequency
to provide broadband response necessary to ac-
commodate 6-MHz composite signal bandwidth.

construct a single coil-capacitor combo to
cover Channels 2 through 13, a span which
runs from 54 to 215 MHz. (And there’s a
100-MHz hole between Channels 6 and 7.)
Some early TV receivers attempted to solve
the problem with the “continuously tunable
inductor.” As the channel selector turned,
a shorting bar moved along a coil and
changed its inductance. This kept tuning
ratios in check. In another system, the chan-
nel selector raised and lowered tuning cores
inside coils but it also required a *“Hi-Lo”
switch to choose between low band (Ch.
2-6) and high band (Ch. 7-13).

Systems in today’s television sets handily
attack the tuning problem. In each approach,
tuning circuits are shaped to each channel.
Switch-selection makes tuners easy to op-
erate, as opposed to tedious continuous
hand-cranking of earlier days. Since L/C
ratios are carefully selected, the tuner’s door
to an incoming signal opens to a bandwidth

ELEMENTARY ELECTRONICS



Fig. 3. Typical wafer-switch has coils
soldered to swifch lugs—movable confacts switch
coils in or out of RF and oscillator circuits.

\_ GANGED TO OTHER WAFERS AND
CHANNEL SELECTOR KNOB

Fig. 4. Schematic representation of RF section in
wafer-switch tuner shows series-connected

coils that add inductively to select channel.
Distributed capacitance allows circuit fo resonate.

of approximately 12 MHz. This occurs for
any channel so the tuner accords about the
same amount of sensitivity and selectivity
throughout the bands.

Big Bandwidth. A TV tuner’s opening, or
bandwidth, presented to a signal is shown in
Fig. 2. Something wrong with that curve?
You can see the tuner opens to 12 MHz
(bottom), but the signal itself is merely 6
MHz wide. That’s the slice of spectrum is-
sued by the FCC to each TV station. It
takes 6 MHz to accommodate everything
from picture and sound carrier, their modu-
lation, plus hip room to prevent adjacent
channels from sidling against each other.
(Channel 10 is 192-198 MHz, for example.)
Nevertheless, the tuner is broadened to 12
MHz for reasons of economy. You'd have
to be NASA to afford a circuit that clamps,
vise like, exactly over the signal. Besides,
tuning would be extremely critical. The 12-
MHz figure is a comfortable compromise be-
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tween high gain and adequate selectivity.

The selectivity curve shown in Fig. 2, in-
cidentally, is not the response of a single
tuned circuit. As we’ll see, the signal passes
through several resonant stages. When the
tuner is aligned at the factory, one coil is
peaked on the picture carrier, and another
is tuned to the sound signal. This system
of “stagger tuning” produces a composite
response and explains why the two carriers
are sitting atop bumps in the curve. The
peaks represent individual tuned circuits.

One trick used in low-cost television re-
ceivers is aligning circuits so the curve Tises
higher than shown. This is done to make
up for a deficiency in the receiver’s sensi-
tivity. But as the curve rises, it also pulls in
its sides (becomes more selective) and clips
some frequencies at the sides. You can
often spot these sets by carefully viewing the
picture; it suffers from loss of small detail
(like clothing texture). These picture fre-
quencies don’t fare well through flinty cir-
cuits. Let’s inspect several tuners that de-
liver solid pix and sure sound.

Wafer-Switch Tuner. The photo in Fig.
3 is that of an Admiral tuner with its bottom
cover removed. The series of flat plastic
wafers with coils mounted around the edges
identify it as a wafer-switch tuner, one of the
three most common types. Each wafer tunes
a major section in the tuner (RF amplifier,
Mixer and Oscillator). Since all wafers are
similar, we can show the operating principle
by the action of one; the input of the RF
amplifier in Fig. 4.

The coils arrayed around the wafer arc
actually one long inductor in terms of elec-
trical effect (though they physically appear
as separate coils). As the Rotor swings
around it grounds, or short-circuits, more
coil sections. Thus, when the selector is on
Channel 12, as in this example, total coil
inductance is that of the small hairpin loop
between pin 12, 13 and the tube grid. This
is enough inductance for the high frequency
of Channel 12 (207 MHz). There is no coil
on the wafer for Channel 13. There is
enough inductance in the wiring between
switch and tube grid to resonate 213 MHz.

Neither are there tuning capacitors for
any of the coils. There is ample distributed
capacity between coil turns, switch, wiring
and tube grid to resonate the inductors to
the desired channel frequency. When the
tuner is manufactured, a technician adjusts
each channel by squeezing or pulling apart
coil turns. (Turn page)
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A look at an actual schematic of a wafer-
switch tuner reveals some refinements, espe-
cially for tuning the local oscillator. In Fig.
5 is an RCA tuner used in one of that com-
pany’s 19-inch sets. Three wafers and coil
assemblies along the bottom provide tuning
(from left to right) for input of the RF am-
plifier, input to the mixer, and frequency
control of the local oscillator. If we concen-
trate on the oscillator wafer at the lower
right, we see that each coil contains a tuna-
ble core, or slug, identified by an arrow to
each coil “L” number. These slugs permit
exact tuning of the local oscillator and, in a
sense, actually constitute 13 steps to perfect
pix. For unlike RF and mixer sections, the
oscillator must generate an exact frequency.
Otherwise, the emerging IF signal would not
be squarely centered on the IF amplifier
frequency.

In most TV sets, those oscillator slugs are
accessible from the front of the cabinet. The
channel selector knob is removed and a
screwdriver inserted through the hole into
the front wall of the tuner. (See Fig. 6.)

The slugs are tuned for best picture and
sound on each channel. These adjustments,

Fig. 6. Most tuners' oscillator coils are
permeability tuned and can be adjusted from
front of sef for correct center frequency.

however, are not final and tend to drift off-
frequency within a short time. This is solved
by the fine-tuning control operated by the
viewer. It enables him to jog the local oscil-
lator a few MHz whenever the set is used.
If you refer back to Fig. S, you’'ll see the
position of the fine-tuning control in the
circuit; at top right is a variable coil (“Fine
 FROM AGC

|
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I
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Fig. 5. Schematic of wafer-switch tuner shows RF amp, mixer, and oscillator tuning circuits.

ELEMENTARY ELECTRONICS




S
..—Jn"
g

or\i\l*'."-
"9 P

w3

Fig. 7. Popular turret tuner (left) has a separate strip (right) for each channel.
Strips snap into place on turret and have permeability tuned coils eoclz connected
to o separate set of contacts. Defective strip can easily be replaced with new one.

CHANNEL

Ve STRIP FOR ONE CHANNEL——\

10 ANT RF AMP MIXER

Tune”) which manually trims the oscillator
frequency. In other tuners, fine-tuning might
be a variable capacitor.

Firing from the Turret. Another tuner
in the sets of many manufacturers is the
Turrer type. 1t’s easy to spot since the chan-
nel selector turns a large drum, or turret,
like the one in Fig. 7: Positioned around
the drum are plastic “strips”—each contain-
ing a set of coils for one channel. (Several
strips are shown removed from the drum
at right.) As the viewer turns the channel
selector, the turret brings strips into contact
with the rest of the tuner through spring
contacts. Let’s examine the schematic of a
turret tuner to see how the coils operate.

The model in Fig. 8 is made by Standard-
Kollsman, supplier to many major TV-set
makers. One strip and its complement of
coils may represent all other channel strips.
Note that spring contacts connect coils to
the various stages, The front, or knob, end
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SELECTOR KNOB

Fig. 8. Coil strips of turret
tuner are rotdted by selector
knob; spring contacts connect
strip's coils to tuner circuit

as shown in schematic. Note
that both RF output and mixer
input are tuned by separate
coils in turret tuner—wafer
switch tuner uses only one set
of coils between RF and mixer.

0SCILLATOR

T e L uow

of the tuner is on the right in the schematic.
This places the oscillator just behind the
channel selector knob so it will be easy to
tune the slug (Fig. 6) from outside the set.
It also places the fine-tuning coil closest to
its knob.

Slipped Disks. A more recent entry into
the tuner game is the Disk tuner. It is really
a combination of the types already de-
scribed; wafer and turret. As our example,
we've shown in Fig. 9 the transistorized
tuner from a Hitachi 12-inch portable. Elec-
trically, there is little difference; it's the
mechanical arrangement that’s novel. All
coils are mounted on wafers, or disks, but
instead of remaining stationary, the com-
plete wafer rotates with the channel selector
switch. Spring contacts (as in the turret
tuner) make connection between the disk
and the rest of the tuner’s circuitry. A big
advantage of the disk system is that a tech-
nician doesn’t have to poke deep into the
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tuner for most repair and alignment. Coils
FUSSY FRONT END are easily rotated into view—especially im-
portant in this teeny tuner.

U-Too. Since 1964, all TV sets by law
must be equipped (Fig. 10) for UHF re-
ception (Channels 14 through 83). Since
frequencies on this band are so much higher
than for VHF, there is a different tuner de-
sign approach. As mentioned earlier, it is
possible to tune Channel 13 with virtually
no discrete coil due to high frequency. Yet,
even the lowest UHF channel puts a regular
tuned circuit to a severe test. UHF com-
mences at 470 MHz and surfaces at the
near-microwave region of 890 MHz. The
solution to UHF has been a separate tuning
unit and a clever tactic which makes full use
of the VHF tuner. Several UHF systems
have been developed, but here’s the one
that’s won out in most sets today.

The overall plan is shown in block form
in Fig. 10. When the viewer wishes to

iy

i
&

fiq~ 9. /; nenfype_lcompajf ;uner-—'”;ge di;k_ ; tune a UHF channel, he first turns the
uner—has the coils mounted on rotating disks, N .
combining compactness of wafer switch tuner rggular ch.an.nel Se.]ecwr 5 the. U BOSL
with easy serviceability of turret tuner. tion. (This is equivalent to switching to a
RF 1
(U B\ i MIXER ’ 0sC
U pERATIVE
4 0P
mgz 4%;12 Fig. 10. TV sets tuning UHF range usually employ
VHF CHANNEL T converter to reduce UHF frequency of 470 o 890
SELECTOR 44UMHZ l——z—} MHz to 40-MHz signal. VHF tuner section
CHANNEL 2-13 T0 IF AMP is used for additional gain. Process of fre-
quency conversion is shown in block form ot left. H
Aﬁdf; WIXER 05C Tuning of UHF channels (below) is accomplished
by setting VHF channel selector to U, then
1 E.}g - 515z adjusting continuous-funing UHF selector to
575MHZ“’-4—0 area of desired channel. Fine tuning is usually
UHF CHANNEL 4 done with same control and is set for best picture.
SELECTOR I :
CHANNEL 14-83 UHF ANTENNA
CHANNEL 31
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fictitious Channel 1.) Inside the VHF tuner,
coils don’t set up the various stages exactly
as before. As you may recall, the coils tuned
the RF amplifier and mixer to the channel
frequency, and determined the oscillator
frequency. But when the tuner is in the U
position, the RF and mixer stages are tuned
to 40 MHz. Now they function as straight
40-MHz amplifiers. Also, the local oscillator
stage is completely disabled by suitable con-
tacts on the wafer switch (or strip if it’s a
turret tuner).

Now to follow the action of the UHF
tuner. Note that it has the same stages used
in the VHF tuner; RF, mixer and oscillator.
What's more, they seemingly perform an
identical electrical function. Incoming UHF . . . .

. . Fig. 12. RF, mixer, and oscillator sections

sn.gnals .enter the RF stage where the des_lred of typical UHF tuner occupy separate shielded

signal is tuned and sent on to the mixer. comparfments. Heavy metal spirals take the place
For example, channel 31 on 575 MHz is of coils at temperamental UHF frequencies.

being mixed with the oscillator frequency of

615 MHz. The result is the IF on 40 MHz. nal is tuned. Next the identical tuning action
This is amplified by the VHF tuner and sent  is repeated. The signal is coupled, through
along to the regular amplifier. Yet there is the “window,” to the next tuning rod and
much that is different about the UHF tuner. capacitor. (The window is actually a small
For one, it contains no amplification. This opening in a compartment of the tuner.)
can be seen by the actual UHF tuner shown The second tuning section simply imparts
in Fig. 11, used in a recent Setchell-Carlson  additional selectivity and helps reject inter-
TV receiver. Only the transistor oscillator ference.

at the extreme right is active. The RF Now the signal is ready for mixing. The
tuning and mixer sections are “dry”—or mixer stage is simply a diode that receives
passive. Here’s how they work. channel and oscillator frequencies and pro-

The heavy vertical bars in the tuner are duces the difference signal, or IF. From the
short rods or spirals which are equivalent left, the diode picks up the channel fre-
to coils at UHF frequencies. Below the quency via a short rod positioned next to
three bars are sections of a variable tuning the window. The oscillator signal is received
capacitor, controlled by the channel selector.  from the right through a short pickup link
When an incoming UHF channel arrives poking into the oscillator compartment. Just
from the antenna, it enters the circuit at the above the diode is a tuned circuit on 40 MHz
top left. A small matching coil here (L1) (L2) which taps off the IF or difference
couples the signal to the first rod. This is signal and sends it to the VHF tuner.
equivalent to an RF stage—the desired sig- The UHF tuner is a simple device from
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an electrical standpoint, but mechanically,
it’s a very sophisticated piece of plumbing.
Its operating frequencies are very high and
intricate mechanics take the place of con-
ventional components in lower-frequency

circuitry. And since it exploits the ampli-
fying power in the VHF tuner, the VHF
remains remarkably simple, rugged and ef-
fective. (See Fig. 12.)

In most UHF tuners (as in VHF) there
are both main and fine-tuning controls. But
in UHF, fine tuning is done mechanically
through gearing-down between the two
knobs (Fig. 13.) Continuous, (smooth)

Fig. 13. Tool points to mechanical coupling
of main tuning and fine tuning of typical
UHF tuner. Gearing-down of fine tuning
knob gives simple and direct control.

Fig. 14. Typical modern, high-performance
tuner layout is shown below. New designs
offer cascode front end for tremendous
sensitivity and memory fine tuning that
prevents having to adjust fine tuning

each time channel selector is rotated.
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tuning on UHF is no problem since stations
on the band are few and far apart. Rapid
tuning is possible with the main selector.
Tuning in Tomorrow. Circuits in VHF
tuners have experienced steady progress in
electrical performance. (A recent model is
seen in Fig. 14). Designers have improved
RF stages in a persistent quest for hotter
front-end performance. Greater sensitivity

Fig. 15. Tool points to gear on slug of oscil-
lator coil used for memory fine tuning.

Y

Fig. 16. Block diagram shows how AFC is em-

ployed in new tuners for automatic fine tuning.

— o — o e

Fig. 17. New tuner diode may allow electronic
tuner to replace current mechanical jobs.
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permits tuning weaker stations with Iess
snow or noise. What began as a simple
pentode tube has evolved into the efficient
“cascode” circuit found in higher-priced
models. But the big change in tuners today,
is surprisingly, in tuning. That’s primarily
due to the success of color TV.

Tuning a color program is far more touchy
than for black-and-white. The reason is the
color sub-carrier, a signal which must drop
into the narrow-band IF amplifier with pre-
cision. This is accomplished by the viewer
through careful adjustment of the fine-tun-
ing control. He must repeat this for each
channel. In tuners of most new sets, how-
ever, the manufacturer adds a new feature
to case the burden. It’s called “memory” or
“pre-set” tuning.

As mentioned earlier, fine-tuning in a
VHF tuner is accomplished by manually ad-
justing a small coil in the oscillator. Problem
is there’s only one coil for all channels. This
means an adjustment on one channel is rare-
ly correct for another, so fine-tuning must
be repeated every time the channel selector
is moved. In the memory-type tuner, each
channel has an independent fine-tuning ad-
justment. But this is not as revolutionary
as it might seem.

If you recheck Fig. 6, you’ll see that slugs
in each oscillator coil are adjusted by a
screwdriver inserted through the front of the
set. What the memory tuner does is present
these same adjustments to the viewer when-
ever he turns the fine-tuning control. The
tuner-maker adds a small gear wheel to each
oscillator slug, as shown in Fig. 15. When
the viewer grasps the fine-tuning, it auto-
matically bites into that channel’s gear
wheel, permitting him to make adjustments.
This automatically disengages when the
viewer releases the knob. Let’s say he turns
to a new channel. Its gear wheel pops be-
hind the fine-tuning knob and the viewer
may repeat the process for the new channel.
The important feature is that adjusting one
channel doesn’t upset all the others. It elim-
inates the need for frequent touch-up of the
knob.

AFC Here Too. Even this mechanical con-
venience is showing signs of giving way to
a better system. It’s AFC, or automatic fre-
quency control, used for years in FM radios.
Now TV makers are grabbing it for color
sets. After the viewer adjusts fine-tuning
one time for each channel, an electronic
hand takes over from there. This system,
as it appears in some current models, is
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shown in Fig. 16. It’s based on the fact that
a perfectly tuned channel ultimately has a
picture carrier on 45.75 MHz as it travels
through the receiver’s IF amplifier. A small
sampling of the signal is tapped from the
IF and applied to a frequency discriminator.
This is little more than a sharply tuned cir-
cuit on 45.75 MHz with a couple of diodes
for converting the signal to DC. If tuning
is perfect, output of the discriminator is
zero volts—the diodes exactly balance each
other. But let the carrier shift off frequency,
and voltage will go positive or negative, de-
pending on the direction of drift. This is
the error voltage, fed to a Varicap diode.
The semiconductor has the ability to change
capacity with applied voltage. Since it is tied
into the tuner’s local oscillator, it exerts a
variable capacity effect to kick the oscillator
back on frequency. This electronic fine-
tuning circuit operates so long as the set
is on and counters the effects of heating,
component aging and anything else that
nudges the oscillator off-frequency.
Non-Mechanical Tuning. A very recent
development might upset the classic con-
struction of today’s TV tuner. It is an an-
nouncement by ITT that could convert a
tuner into a switchless and coil-less wonder.

The company has developed a semiconduc-
tor similar to the Varicap just described for
automatic frequency control. The difference,
though, is that the new diode won’t simply
adjust fine-tuning. It will electronically tune
every major section of the tuner through the
VHF and UHF bands. By using the diode
as a variable capacitor several advantages
are stated. A spokesman for the company
told us that the 52 odd tuner coils will shrink
to a mere 8. The mechanical wafer switch
or turret will be eliminated since the diode
can be controlled by a potentiometer to vary
the applied voltage. No circuits are avail-
able yet, but the diagram in Fig. 17 illus-
trates the concept.

Capacity-variable diodes have been around
for some time, but ITT’s breakthrough is in
tuning range. Older diodes offered a tuning
ratio of about 3-to-1, not quite enough for
the big frequency changes in the TV band.
The new unit, however, is specified at a ratio
of 4.2-to-1 (a capacity of 2.2 pF to 12 pF).
Not only does it promise to simplify the
tuner, but permit the channel selector to be
positioned away from the tuner proper, even
outside the set if desired. Only a DC con-
trol voltage, rather than delicate high fre-
quencies, flow through connecting wires.
And the new diodes aren’t very expensive
at all—a piddling 36 cents each. (Oops! . . .
unfortunately that’s for a minimum quan-
tity of 100,000.) A

To A Smoker, It's A Cinch!

Tulk of necessity being somebody’s mammy, it
happened to me one night when I wanted
to read total current of a portable radio and
had my VOM with me but no tools of any
kind. I solved the problem with a matchbook
cover, cigarette foil wrapper paper, and Scotch
tape.

You simply tear the match cover at the fold,
then grab your pack of smokes and sacrifice to
the cause by divesting it of its integral piece
of foil (you cam put your remaining smokes
back in the outside cover). Trim the foil into
two strips just slightly narrower than the card-
board. Scotch-tape both strips to opposite sides
of the cardboard with the foil side out, and
voila! Slip the gizmo between the cells, attach
a meter to the loose foil ends, and you’re all set
to count electrons. —Fred H. Horan W

ALUMINUM FOIL ALUMINUM FOIL

SIDE vibW

mMIlUAMMETER

FRONT VIEW

INSERT
BETWEEN ANY BATTERY
WO CELLS HOLDER

Drawings show how author managed to
measure current with makeshift probes
made from matchbook and foil.
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At least once a month nearly everyone stays
within hearing range of the doorbell,
waiting for a mail package delivery, or just
a visitor you don’t want to miss. And
let's not forget REA (Railway Express
Agency), for if you don’t answer the door
they tack on another charge when they come
back for re-delivery.

But why kill hours, or even a day, waiting
for the doorbell to go boing? Just add the
Doorbell DXer to your home’s bell circuit
and you can go about your normal business,
never fearing you'll fail to hear the doorbell.
Want to work in the basement? The DXer
will page you there. Cleaning the car in the
garage? The DXer will call you in. Even if
you’ve got a blast going in the back yard you
won’t miss the Doorbell DXer's boing, for
wherever there’s an AC outlet, you can have

RECEIVER TRANSMITTER

o s e,
;‘{w%i“‘w -

H’.' fgg

ON-0FF
SWITCH

AC RECEPTACLE
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By Francois Markette

an extension of your doorbell with you.
The heart of the device is Lafayette Ra-
dio’s Wireless Remote Control, a two-unit
system that transmits and responds to low
frequency (about 80 kHz) RF pulses fed
through the building’s AC power lines. The
wireless control consists of two separate
solid-state units—a transmitter and a receiv-
er. The transmitter plugs into the AC recep-
tacle and has only an on/off switch; when
the switch is set to'on, an RF signal is fed
into the power line. When the switch is set
to off, the RF signal is interrupted.
Uncontrolled Reception. The receiver
has no controls, just a 117 VAC power re-
ceptacle. When the receiver—which is always
on—receives the RF signal from the trans-
mitter, 117 VAC is applied to the built-in
power receptacle. When the RF signal is in-

Heart of the Doorbell DXer is
this wireless remote control duo
made by Lofayette Radio.

AC receptacle on receiver (left)
is energized when transmitter
sends ouf signal via

the house power lines..
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to drill a mounting hole in the bottom sec-
tion of the cabinet. To remove the cover,
insert a small set-screw size screwdriver un-
der the front panel nameplate and gently pry

@ @ DOORBELL DXer
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terrupted. the AC is removed from the re-
ceptacle. Either a light, buzzer or appliance
can be controlled through the transmitter
and receiver. By using something other than
a finger—such as a doorbell circuit—to turn
the transmitter on and off, the wireless re-
mote control becomes part of a complete
unattended remote signaling device.

How The DXer Works. The schematic
diagram shows how the Doorbell DXer
works. When the doorbell is activated, the
AC voltage used to operate the doorbell or
chimes also keys relay K1, which in turn
applies power to the transmitter unit which
already is set with the on/off switch to on.
As soon as K1 closes the transmitter broad-
casts its signal.

Any receiver unit plugged into the house
wiring is activated by the transmitted signal,
and if a lamp is plugged into the receiver
it will glow each time the doorbell is pressed.
If a 117 VAC buzzer or bell is plugged into
the receiver it will similarly sound off each
time the doorbell is activated.

When not being used the entire system
can be turned off by simply setting the trans-
mitter’s power switch to off.

No Modifications To The Receiver. The
receiver is used “as is,” unless you want to
hang it on a wall as shown in the photo-
graphs. The lamp or buzzer can be plugged
directly into the receiver’s power outlet, mak-
ing a complete portable *“pager”.

If you want to hang the receiver semi-
permanently on the wall, it will be necessary

the plate off the cover—you can snap it back
into position when finished. Remove the two
screws under the plate and the cover will
come away. Two inside screws hold the
printed circuit board to the bottom section.
Drill whatever size hole is needed to mount
the receiver on a screw and reassemble the
unit.

The Transmitter. The control relay is
mounted on the main section of an aluminum
chassis box approximately 5 x 3 x 2 in. Dis-
assemble the transmitter the same way as
for the receiver (above) and drill two holes
in the bottom cabinet section. Drill two
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The receiving unit can be mounted anywhere
there's an AC outlet. Unit can be used fo furnona
light or to ring a bell.

PARTS

K1—S.p.s.t., 12-VAC relay (Potter & Brumfield
type KAYAY-12AC or equiv.}

1—Wireless remote control, transmitter and re-
ceiver (Lafayette 99C9118)

J—Aluminum chassis box, 5V4x3x2% " (Pre-

HOUSE BELL CIRCUIT

—
i J,——(R' :
|117
Vi
i REAR BELL  FRONT BELL

t

— e i a—— — o—

LIST

mier AMC1006, Radio Shack 77-0674 or
equiv.)
Misc.—Wire, hardware, grommets, solder, etc.
Estimated cost: $18.00
Construction time: 3 hours

LOW FREQUENCY RF

SWITCHED
AC OUTLET

RCVR
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matching, holes in the main section of the
cabinet—then set the transmitter aside.
Mount relay K1 in the center of the main
chassis box section. If you use the relay
specified, you must file down the mounting
screw flush with the mounting nut to provide
clearance when the transmitter is mounted.
Now install the transmitter on the alumi-
num chassis box and reassemble the trans-
mitter. Cut into the transmitter’s power cord
and connect to K1 as shown in the schematic
diagram; make certain you connect to the
normally-open relay contacts. The power
cord wire that does not pass through the
relay contacts can be spliced together with
a wire nut, or you can twist-solder-tape.
Select a location—generally in the base-
ment—near an AC receptacle and the bell

Screws through back cover of receiver are the
simplest way fo mount unit on a wall for permanent
installation. To get back cover off to drill mount-
ing holes, remove nameplote and screws underneath.

WIRE NUT

TRANSMITTER
\ 3 AC POWER

B Cioc

..:-%

Addition of relay in metal base box is all that's
needed fo complete transmitter—running leads
to bell circuit and plugging unit in finishes job.

SEPTEMEBER-OCTOBER, 1967

Install bottom of base box in convenient

location close to bell wires and

AC outlet. Attach transmitter half of box; then
just set it and forget it—you'll always hear the bell.

wires. Connect the two wires from relay
K1 across the bell wires going to the front
(or rear) doorbell; whenever power is
applied to the bell, power will also be applied
to operate K1. Connect P1, the transmitter’s
power plug to the nearest AC receptacle.

Set the transmitter’s power switch to the
on position, so that a signal is “broadcast”
whenever the doorbell is activated.

Getting The Message. Connect any
117 VAC signal device to the receiver’s AC
receptacle and plug the receiver into any AC
receptacle on your home’s power circuit—it
probably won’t work as far as your next door
neighbor, but you can try; it might work if
you’re both on the same power line.

Anytime the doorbell is pressed, your re-
ceiver will sound off, or light up if you've
plugged in a lamp.

While the transmitter can be left perma-
nently in the on position—even when the
receiver isn’t used—it can be disabled by
simply setting its power switch to the off
position; the relay will still operate but no
signal will be “broadcast.” It is not necessary
to disable the relay.

The relay specified in the Parts List will
accommodate a bell circuit voltage range of
11 to 16 VAC. If you have one of those
rare old 6-volt bell circuits, substitute the
6-VAC model of the specified relay.

If you’re against toting the receiver around
the house with you, extra units can be had for
about ten bucks each. Happy boinging! W
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KNIGHT KG-663
Regulated DC
Power Supply

wemrght
RgGULATED YORER KOFLY

B8 Not too long ago, the average experimen-
ter and service shop could easily handle solid-
state projects and equipment by simply using
a battery as the power supply. But today,
most solid-state gear is relatively high-
powered, and a development or test power
supply must deliver a lot more current than
the few mils available from a battery. In ad-
dition, you need some way to limit the maxi-
mum current since solid-state devices get
zapped faster than it takes a meter pointer to
get pinned.

There are other tight specifications for a
power supply suitable for solid-state research

and service ‘work, and you’ll find all the
needed features in the Knight KG-663 Regu-
lated DC Power Supply.

The KG-663—available in kit or wired
form—oprovides a fully adjustable output
voltage from 0-40 VDC at currents up to 1.5
amperes. A separate meter is provided for
both voltage and current monitoring. The
output voltage is available from two 5-way
binding posts, with a third post providing the
ground connection. Either polarity output
terminal can be connected to ground.

A front panel current-limit control allows
the power supply to be set to a maximum
current limit to provide absolute protection
against short circuits and excessively high
current surges.

Both a power switch and a standby switch
are provided, as are lights indicating when
the switches are in on position. The power
switch turns on the supply, allowing the de-
sired voltage to be set as indicated on the
voltage meter; however, no voltage is applied
to the output terminals until the standby
switch is activated. To insure that equip-
ment is not unknowingly connected to fully
charged filter capacitors, the power switch
automatically discharges the KG-663’s filter
capacitors when set to the off position.

How Much Protection? The big feature
of this supply is the current limiting capa-
bility, so it was the first thing we tested. The
current limit control sets the maximum cur-
rent the supply can deliver, up to the maxi-
mum of 1.5 amps. Here’s how it’s used.

Assume you are working on a transistor
amplifier normally rated for a maximum cur-
rent drain of 1 amp, and you suspect there
might be a short which will “blow” a few

(Continued on page 116)
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Block diagram of sophisticated Knight KG-663 shows elements of circuit design that makes
unit ideal for the serious solid-state experimenter, laboratory researcher, or equipment re-
pairman. High stability, accurate voltage regulation, and current limiting are features of this unit.
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WORLD’S LARGEST SELECTIONS

Imagine shopping for hi-fi where you can select
from every model of 15 major manufacturers of
receivers, tuners and amplifiers, 14 brands of
tape recorders, 7 makes of turntables, nearly 100
speakers from a dozen manufacturers. Plus simi-
lar choices in every area of electronics—CB, Ham,
test equipment, kits (including Knight-Kits),
parts, supplies . . . almost anything you want.
MANY PRODUCTS NOT AVAILABLE ANYWHERE ELSE
As the world’s largest supplier of electronics,
Allied can afford to stock thousands of items not
available elsewhere. In addition, many products
are specially-built to our specifications.

FIRST WITH THE LATEST FOR 47 YEARS

We have always been the first to offer the latest
developments in electronics, as you will see when
you get our new free catalog.

WE QUALITY-TEST WHAT WE SELL

Among all electronics supply houses, only Allied
has a continuous program of quality-testing to
assure you that everything you buy meets the
highest standards.

COUNT YOUR SAVINGS AT ALLIED

You always get the lowest prices at Allied. Check
Allied prices and compare. Look for special
values—available only in the Allied catalog.

IMMEDIATE SHIPMENT

There’s no delay when you deal with the world’s
largest electronics supply house. Orders are filled
promptly —usually the day they’re received.

NO MONEY DOWN — UP TO TWO YEARS TO PAY
You don’t need cash at Allied. Up to 2 years to
pay. Make “add-on” purchases — even though
you are already paying for something else. It’s
easy to be a credit customer at Allied.

SATISFACTION GUARANTEED OR YOUR MONEY BACK
Buy with confidence from Allied. We guarantee
satisfaction or money back.

ENJOY “EASY-CHAIR" SHOPPING
Shopping’s easy at Allied. More
accurate, too! You always know g,
exactly what you get. And what
a choice! A selection of mer-
chandise so vast no store could
ever assemble and stock it all.
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THE ELECTRONIC COP
THAT MAKES SWINGERS
TOE THE LINE

Unuppreciuied it may be, but AFC—
short for automatic frequency control—
is one of electronics’ most devoted slaves.
It lets you loaf when you’re taking your
pleasure from the ether, and it can prove
indispensable for those who jockey jets. In
fact, AFC in one form or another comes
into play in a multitude of nefarious ac-
tivities involving electronics.

For example, it keeps your Bach sweet
and pure if you are an audiophile listen-
ing to FM. It prevents pips from being
bouncy, blurry blips if your abiding interest
is watching radar scopes. And it keeps
Jackie Gleason as near vertical as can be
by holding his horizontal lock. Here is how
this unprepossessing device works.

AFC grips an oscillator until it wrings
out the right number of cycles come heat
or high water. It’s an electronic bird dog
that sniffs out frequency error, tracks it to
the source, then applies the right correction.
Best-known example of AFC occurs in FM
tuners where it prevents ear-nagging distor-
tion caused by a drifting local oscillator.
AFC keeps a receiver locked to the de-
sired station from warmup to sundown.

AFC is secretly at work behind many
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By LEN BUCKWALTER, K10DH
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another front panel, but it goes unnoticed
since it’s automatic and needs no attention.
Your TV set has an AFC circuit in the
horizontal section. Without it you’d have to
ride the horizontal-hold control with the
precision of a helicopter pilot to keep pic-
tures from sliding sideways.

If the set is color, another AFC circuit
nudges a crystal oscillator into vibrating
down to the last digit of 3579.545 kHz (a
small error here introduces the Jolly Red
Giant). Late-model TV sets also boast AFC
in the tuner so that the fine-tuning is less
touchy to operate. Though AFC is used in
diverse applications, its operating principle
is about as common as a 3-penny nail.

Manual Frequency Control. Whenever
you tune a radio that has a signal strength
(VU) meter, you illustrate the dynamic con-
cepts of AFC. In fact, the radio designer
depends on you as the missing link in a
human servo system. It works this way:
Your eye senses an error by viewing the
meter. That error might be that a desired
station is poorly tuned. This information is
processed by your brain and the result is a
control message directed to the arm.

The hand rocks the tuning knob until
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the eye sees the needle rise on the desired
station. Then you’ll probably hunt back and
forth across the station to find the highest
point. Similarly, AFC must sense a tuning
error, its degree, and follow up with the
right amount of correction. The action, how-
ever, is purely electronic and happens even
if you drop off during the commercial.

AFC Blocks. Hidden in most AFC circuits
are the two building blocks shown in Fig. 1.
Note that they form a closed loop with the
oscillator stage to be controlled. Within the
loop the oscillator’s frequency is sensed in
two ways. Not only must AFC decide if fre-
quency is running high or low, but how far
it’s drifted. Both are determined by the fre-
quency detector, or discriminator.

The detector can produce a control volt-
age that bears all the needed information.

For example, if the oscillator operates pre-
cisely on frequency, the detector may pro-
duce zero control volts. But an upward or
downward shift generates a corresponding
positive or negative voltage. The amount of
voltage will tell how many cycles off fre-
quency the oscillator has drifted.

Output of the detector, called a “DC con-
trol voltage,” is then applied to a variable
reactance. This component, as we’ll see, may
behave like a coil or capacitor and its use-
fulness lies in the fact that a DC control
voltage can vary its capacity or inductance.
(This is equivalent to adjusting the re-
ceiver’s tuning knob.) If, for example, the
oscillator drifts up in frequency, the DC
control voltage might signal the reactance
to add more capacity to the oscillator cir-
cuit. This would lower the frequency to
correct the error.

That’s an AFC circuit’s basic action. It
may be tied to a variable (local) oscillator
of an FM receiver, a crystal-controlled
oscillator of an FM transmitter or color TV

CORRECT

QUTPUT

)i SIGHAL
[_ —_— — — e |

VAR IABLE 0c
| [t o [ |
| Shio VALTAGE | (01SCRIMNATOR) | |
= T ¢
AFC CIRCHIT

Fig. 2. Circuit at right
produces a DC output voltage
dependent on frequency

of AC input as shown by
OUTPUT curve. Comparing DC
output with AC input tells
difference between oscillator
frequency and tuned

circuit resonant frequency,
but not whether oscillator

is high or low.

PRIMARY SECONDARIES

Fig. 1. The functional blocks at left

summarize the AFC story. Most AFC circuits
are basically the same and will contain

the three sections shown by the blocks.

If the Controlled Oscillator changes frequency,
the Flequency Detector "blows the

whistle' and directs the Variable Reactance

to shove the oscillator back on frequency.

D100E
10MHz* DETECTOR

PULSATING OC

Fig. 3. To tell the oscillator
whether its frequency

is high or low, two

tuned input circuits are
used. As above, DC output
level indicates degree of
oscillator frequency shift,
but now polarity says which
way it wenf—up or down.
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receiver. (Crystals are generally considered
fixed in frequency, but AFC can still shift
them enough for correction.) AFC may
have other names, like “phase lock” or “syn-
chronous detection.” But the fundamental
sensing, feedback, and control loop is vir-
tually the same. Here’s how each building
block performs its task.

AC To DC. A circuit to convert part of
an oscillator signal to an equivalent DC con-
trol voltage is the diode detector, shown in
Fig. 2. The oscillator generates an AC signal
on 10 MHz and this is applied to a tuned
circuit (also on 10 MHz). The signal is
next applied to the plate of the diode tube
where it is rectified; only the positive por-
tion is conducted through the tube. There
is now a pulsating DC signal, subsequently
smoothed to pure DC by the diode’s load re-
sistor and filter capacitor.

Notice the shape of the curve (in Fig. 2)
marked “Output.” It is indicating highest
voltage (4 VDC) when centered on a 10-
MHz signal. The reason is the tuned cir-

cuit; it passes most oscillator energy only
when that signal falls exactly on 10 MHz.
If the frequency moves slightly above or be-
low the 10-MHz resonant center frequency
the DC output voltage falls.

Thus, the detector circuit not only creates
DC from AC but also senses how far off
center frequency the AC signal is. One de-
fect, though, is that a simple detector can-
not tell in which direction the signal departs
from 10 MHz. This is cured by adding an-
other section, as shown in Fig. 3.

Now the circuit contains three tuned cir-
cuits. The first one. centered on 10 MHz,
merely serves as the primary of a trans-
former that couples the oscillator to two
secondary windings. Those secondary wind-
ings, however, are not tuned to the 10-
MHz center frequency. The top one is ad-
justed to a higher frequency—10.5 MHz—
while the lower winding is tuned to 9.5 MHz.
Each secondary winding, therefore, is
slightly off frequency.

A 10-MHz signa! entering the out-of-

10.5MHz (HIGH)— REACTANCE
+§. (HIGH)~, - TUBE - OSCILLATOR SIgu
bl g CAPACITIVE —- =]
p Y{CAPaCITOR EFFECT W
oc P *g a1y .
(vours) LN i
02 z 1
¥, (CENTER) LI
4 ; CIRCUIT
0.5 MHz (LOW) il
Fig. 4. Within operating range, the =3 ;AU};A;{LZE
discriminator gives an almost linear s =
DC output voltage in direct relationship '
fo the input frequency. A graphic e <

summation of the discriminator input
frequency to DC output is shown above.

ANT 86-108 OISHRINATORF(BAL) above, varying reactance-
RF MHz tube grid voltage varies the
AMPLIF IER MIXER ‘ 10'I7FMHZ plate to cathode capacitance,
effectively giving
JFC (REACTANGE you.ab\l/oI;ag‘e-confrollid
i variable tuning capacitor
LOCAL —] ( \UBE) (124T7) which is used to control
OSCILLATOR p IV Ty | 2HME oscillator frequency.
(212A17) AFC
4 b CONTROL 1.
«-VOLTAGE-
-
3.IMEG AUDIO
L =
AFC DEFEAT
= SWITCH Fig. 6. Left, typical
‘ =l application of the three

Fig. 5. In the circuit

AFC blocks. Shown is AFC
in front end of FM tuner.
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tune secondaries might produce, say, only
2 VDC at each diode output. Further, note
how each diode presents its 2 VDC across
the *hot” and ground output sides of the
circuit. The voltmeter connected to these
points measures zero volts, since no poten-
tial difference exists between +2 and +2.
This is precisely the desired action: when
the oscillator is operating on frequency,
there is no error and correct frequency is
represented by zero output volts.

But assume the oscillator starts to drift
higher in frequency. (An oscillator coil, for
example, could be warmed by a nearby tube
and its turns might expand, or line voltage
could vary.) As oscillator frequency rises,
the signal finds an increasingly better path
to diode D1. This is because the tuned cir-
cuit at this point was previously -adjusted to
a higher frequency (10.5 MHz).

Voltage output of D1 now rises to +3
as the signal increases frequency. Mean-
while, a proportionately lower voltage de-
velops in the lower D2 circuit section. Since
the tuned circuit here is adjusted to the low-
frequency side of the oscillator, D2’s output
might rise to a mere +1 volt. The voltmeter
across hot and ground sides of the output
circuit indicates +2 volts—the potential dif-
ference between the two points.

Assume now the oscillator is drifting in
the opposite direction; that is, below its 10-
MHz center frequency. Since the lower
tuned circuit favors a lower frequency, it
causes diode D2 to conduct more heavily.
Circuit conditions are exactly reversed; there
is +3 volts output from D2, which appears
at the ground point. Only +1 volt is con-
tributed by the top diode.

Now the voltmeter across hot and ground
sides of the output indicates —2 volts.
Though the two output voltages are posi-
tive, the meter is reading the difference of
potential between them. A positive ground
point makes the hot point appear relatively
negative.

The action of the circuit is graphically
summed up by the curve in Fig. 4. Note
that at any frequency between 9.5 and 10.5
MHz there is a given DC control voltage.
It contains the requisite information; volt-
age polarity tells whether drift is in the high
direction (+) or toward the low end (—).

And the amount of voltage encodes the de-
gree of frequency drift. Beyond the limits
of the curve voltage falls off sharply since
the signal falls outside the discriminator’s
tuned circuits, or bandpass. This is not likely
to happen as the next major AFC circuit
section is activated to correct drift before
it gets out of hand.

Varying Reactance. A common triode
tube can be connected in a fashion which
fools . an oscillator into believing it’s a
variable capacitor. How the system operates
appears in Fig. 5. We begin with the oscil-
lator to be controlled (at bottom left). Tied
to if is a tuned circuit which determines the
oscillator’s normal frequency output. A por-
tion of that signal is tapped off and applied
to the reactance tube through a small ca-
pacitor.

Notice that another capacitor appears
across the plate and grid of the reactance
tube. If the tube is considered to be con-
ducting current, that capacitor is effectively
connected between plate and ground. This
also would place the capacitor across the
oscillator’s tuned circuit, and cause a drop
in oscillator frequency.

But remember that the capacitor returns
to ground through the reactance tube. By
controlling the current through the tube, it
is possible to regulate signal current through
the capacitor. This is electrically the same
as varying its capacity. If the capacitor has
a high-resistance path to ground, for ex-
ample, it behaves as if its capacity is reduced.

As shown in Fig. 5, the flow of current
is governed by the DC control voltage ap-
plied to the grid of the reactance tube. When
DC voltage increases in the positive direc-
tion, tube current increases. As this occurs,
the grid-to-plate capacitor increases ca-
pacity across the oscillator tuned circuit
and frequency is lowered. Thus the DC con-
trol voltage can continuously alter oscillator
frequency.

Circuits described to this point are widely
applied in FM transmitters and receivers.
How AFC is used in a commercial FM
tuner is shown in Fig. 6. The major stages
of the tuner are shown at the top; signals
enter the RF amplifier and are applied to
the mixer where they convert down to the
tuner’s 10.7-MHz intermediate frequency.
The FM signal becomes an audio voltage
in the discriminator (or detector) stage.

A big advantage in an FM tuner is that
its discriminator (or ratio detector) not
only provides an audio signal, but an AFC

ELEMENTARY ELECTRONICS



control voltage as well. These circuits pro-
duce DC output which contains all the in-
formation of the diode stages described
earlier.

Note that the stage marked “AFC” is the
reactance tube (12AT7); it shares the same
tube envelope as the tuner’s local oscillator.
The cathode of the AFC tube is returned
to ground through an AFC defeat switch.
This enables the operator to easily tune the
receiver to a weak station. If AFC remained
on it would tend to lock onto stronger sig-
nals. When AFC is in operation it keeps
the local oscillator on frequency and the
incoming signal centered in the tuner’s IF
frequency.

It’s Solid, Too. With FM receivers aban-
doning tubes for transistors, a new com-
ponent is supplanting the reactance tube.
It's the semi-conductor variable capacitor
known under such trade names as Varicap
and Semicap. Fig. 7 illustrates its operation.

NARROW WIDE
BARRIER BARRIER
.

— e + +— + 4+ |-*— —_—t]
O— —O O —O
—_— - + -— - -— —

N P N P

HIGH CAPACITANCE LOW CAPACITANCE

Fig. 7. With the advent of semiconductors,
naturally someone would come up with

a solid-state, voltage-controlled variable
capacitance. Above, voltage magnitude and
polarity controls capacity of Yaricap.

The device is a diode consisting of two
pieces of semiconductor material joined as
shown. One section is N-type, rich in elec-
trons; the other is P-type, rich in positive
charges (holes).

When an external voltage is applied to the
diode, the charges respond by varying the
width of the barrier region. When the bar-
rier narrows, internal capacity of the diode
increases—equivalent to raising capacitance
of a conventional capacitor by reducing the
spacing between plates. When charges are
attracted away from the barrier by an ex-
ternal voltage, capacity decreases. This
property of the diode, to change capacity
under changing voltage, makes it a useful
component for an AFC circuit.

One recent use of the device is for AFC
in color TV receivers. A black-and-white
set can tolerate some mistuning, but color
signals quickly deteriorate unless fine-tuning
is on the nose. Also, the receiver’s local os-
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cillator shouldn’t drift or the viewer might
have to retune several times after the set
is turned on.

How Magnavox adds AFC to its color
receiver is shown by the simplified diagram
in Fig. 8. Object of the circuit is to keep
the incoming picture carrier exactly on a
frequency of 4575 MHz as it travels
through the set’s IF strip. Let’s trace circuit
action, as given in Fig. 8.

A sample of the picture carrier from the
IF strip (see top right) is sent down to the
AFC discriminator. As in earlier circuits,
a pair of diodes develops a DC control volt-
age when the signal departs from the desired
frequency (45.75 MHz). The DC control
voltage is applied to the Varicap mounted
near the set’s local oscillator. Capacity
variations in the diode drive the oscillator
back to the correct frequency.

If, for example, the oscillator is running
too high, the AFC discriminator develops a
positive DC control voltage. Applied to the
Varicap, it causes an increase in capacity,
which lowers oscillator frequency. Note that
the top side of the Varicap is connected to
a source of B+ voltage. This establishes
necessary bias for the correct operating
range of the diode.

The circuit is also equipped with an AFC
defeat switch. It’s automatically turned on
whenever the viewer handles the fine-tuning
control. This prevents AFC from fighting
back during channel adjustment. When
channel tuning is approximately correct,
the viewer releases the fine-tuning and AFC
switches back in to take over further con-
trol.

Puckered Pix. Color TV and its need
for accurate tuning is bringing AFC back
into vogue for television. But nearly every
TV ever made contains AFC in its horizon-
tal section. You may have sensed it while
turning a horizontal hold control. When the
knob is far out of adjustment, the picture
is torn into slanting lines. As the knob
reaches the proper setting the picture is not
only solid, but attempts to remain stable
even as the hold knob is turned slightly off
position. The unseen hand holding the pic-
ture is an AFC circuit.

The need for AFC became apparent in
early TV sets. In the original system, the
TV station sent out horizontal synchroniz-
ing pulses to lock the home receiver pre-
cisely on 15,750 Hz. That’s the number of
times per second the picture tube’s scan-
ning beam flies across the screen. The re-
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ceiver contained an internal oscillator
operating on approximately 15,750 Hz and
TV station pulses purportedly kept it ac-
curate.

That system works extremely well for the
receiver’s vertical section. The vertical oscil-
lator moves the scanning beam downward
at 60 times per second and it easily locks
to vertical sync pulses transmitted by the
station. However, the higher frequency of
the horizontal oscillator makes it far more
susceptible to error, due to incoming noise
being mixed with the sync pulses.

The slow speed of the vertical section per-
mits it to elude the effects of noise, which
tends to occur in short bursts. Not so for
the horizontal. Early TV receivers pro-
duced jittery, unstable pictures as noise
competed with sync pulses in the effort to
control the horizontal oscillator. Another
defect of the system: each scanning line of
the picture could begin at a slightly differ-
ent time. This produced ragged edges on
the outline of objects in the scene. So an
AFC circuit was introduced to vastly im-

prove the horizontal oscillator system.

One of the most popular TV receiver
circuits now in use is Synchroguide. In sev-
eral ways it resembles the AFC systems
described earlier: it develops an error-cor-
recting signal to control an oscillator. In
the TV receiver, however, error isn’t de-
tected in a tuned circuit. Since extraordinary
accuracy is needed to keep picture elements
in place, the TV station transmits the hori-
zontal sync pulses previously mentioned.
They are always accurate since they origi-
nate from horizontal signals simultaneously
used at the TV station to operate the
cameras. How those sync pulses lock the
receiver is shown in the Synchroguide sche-
matic of Fig. 9.

Consider the role of the horizontal oscil-
lator (bottom tube in the diagram). It is
a free-running oscillator. (This simply re-
fers to its ability to be easily controlled by
an external signal applied to its grid.) Note
that it generates a sawtooth wave which is
ultimately applied to the picture tube.

This waveform is specially shaped so the
beam scans at a relatively slow rate from
left to right, but returns very quickly to
begin a new line. A sample of the sawtooth,
at approximately 15,750 Hz, is applied up

(Continued on page 114)
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IS COMMUNICATIONS

RADIO SHACK MODEL DX-150
Solid-State, All-Band
Communications Receiver

We test so much equipment that we rarely
get excited about anything until all the
test results are in. But from the moment we
unpacked Radio Shack’s Realistic DX-150
Solid-State Communications Receiver we
knew we had something different and excit-
ing, for though the DX-150 is priced at only
$119.95, it had the appearance and “control
feel” of a receiver in the $200 to $300 class.

The DX-150 is all solid-state, covering
the frequency range from 535 kHz to 30
MHz. Calibrated bandspread is provided for
the 80 through 10-meter ham bands and the
Citizen’s Band. Unlike other budget receiv-
ers, the DX-150 is actually designed for both
AM and sideband reception, having a prod-
uct detector and selectable slow and fast
AVC (automatic volume control).

BROADCAST BAND ANTENNA

TUNING CAPACITOR
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An effective noise limiter is provided in
addition to an S-meter, RF gain control, an-
tenna trimmer, and variable BFO.

While the receiver has a 117 VAC power
supply, provision is made for operation from
several sources of 12 VDC power. An op-
tional DC power supply kit provides all the
“hardware” needed to power the DX-150
from a battery pack, DC supply, or an auto’s
12 volt battery through the cigar lighter.

At first glance, the DX-150 appeared to
utilize more-or-less standard receiver cir-
cuitry: An RF amplifier, oscillator, mixer,
and single conversion 455 kHz IF amplifi-
cation; the only unusual feature appeared to
be the product detector for SSB. Closer
inspection, however, revealed several isola-
tion amplifiers, whose purpose appeared to
be to give the DX-150 the stability common
to communications receivers priced consid-
erably higher than $119.95. As examp.es,
to reduce front end overload, oscillator pull-
ing caused by strong signals, and instability
on the high frequency band, an isolation
amplifier is connected between both the RF
amplifier and the. mixer, and the osciliator
and the mixer. To avoid the common prob-
lem of the S-meter drifting off the zero-set
when the RF gain is reduced, the DX-150
utilizes a separate full-time zero-set S-meter
amplifier that keeps the S-meter on zero re-
gardless of the setting of the RF gain control.

Yest Resuits. Since so much aiuention was
given to stability, our first test was to de-
termine how the DX-150 wouwd respond to

POWER TRANSFORMER

Internal view of the Realistic
DX-150 communications receiver
reveals a unit surprisingly
professional in its construction.
RF and oscillator coils as

well as tuning capacitor are
mounted on heavy copper
plate at right; IF and AF
printed-circuit board is al left,
For another view of the DX-
150, in full color, take a

peek at our Front cover.

3 BANKS
' BAND COILS
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high-band (14-30 MHz) SSB signals. We
chose the high band as a starting point as
it is usually the frequency range on which
ordinary receivers literally fall to pieces, with
severe drift and growling CW and SSB re-
ception. The DX-150 passed this test with
flying colors, having but a very slight drift
even at 28 MHz; enough to raise the pitch
of the voice on an SSB signal, but not
enough to lose intelligence or produce mon-
key chatter. The SSB product detector
worked just fine with no apparent distortion
caused by very-weak or very strong signals.

Front-end stability proved very good for
a solid-state rig. Up to 20,000 microvolts
signal input, the front-end was rock steady,
with no tendency to break into oscillation
or block-up. Above 20,000 microvolts there
was considerable break-up and cross-modu-
lation. But when one considers that 20,000
microvolts is equivalent to a station located
down the block, this is good performance.
The built-in loopstick for the AM band is
specially equalized to prevent excess signals
overloading the front end, so there’s no prob-
lem on that score.

Sensitivity, Selectivity, and Images. The
overall sensitivity for a 10 dB S+N/N (sig-

DX-150 SENSITIVITY CHECKS
Sensitivity— Minimum
Frequency for10dB S+S/N  Sensitivity
(MHz) (uV) for CW (uV)
30 1.55 0.2
21 14 0.2
14 2.8 0.3
10 1.3 0.1
() 1.0 0.1
3.5 1.6 0.1

nal-plus-noise to noise) ratio was outstand-
ing, even for a much higher priced receiv-
er. As shown in the chart, the nominal sensi-
tivity was 1.5 microvolts, even at 30 MHz.
(This is strictly top quality performance.)
The reduced sensitivity of 2.8 wuv. (still
superb for a low-cost receiver) at 14 MHz
was caused by a not-too-careful alignment
job on the low end of the high band.

An unusual characteristic (which we have
previously noted in some solid-state receiv-
ers) was that input signals were 100% read-
able when the input signal was below the
usual 10 dB S+N/N test. Frankly, we don’t
know why this is so, but we were able to
obtain 100% readability on signals equiva-
lent to a 6 dB S+N/N test level (nominally
1 uv.)

The minimum usable input signal level
for 80% copy of CW signals is also noted
in the chart. While these signal levels were
well into the noise level, the signals were
still usable.

Selectivity through the front-end at 27
MHz (the worst possible test conditions)
checked out 32dB down for 20 kHz band-
width—the equal of 32dB adjacent channel
rejection on the Citizen’s Band. This is 7
dB over Radio Shack’s specifications.

Image rejection on the high band was es-
sentially nil, improving to 46 dB at 3.5
MHz.

AVYC Action. The change in speaker vol-
ume vs. an 80 dB variation in input signal
(1 to 10,000 microvolts), was 12 dB; about
average for a tube receiver and a little be-
low average for a-solid-state job.

The noise limiter action is very hard, cut-
ting deeply into the noise spikes. Unfor-
tunately, heavy clipping also means that
some of the audio must be clipped, with re-
sultant distortion. While the noise limiter

(Continued on page 114)

Rear apron of DX-150 contains
anfenna terminals, standby/
remote-control facility, AC/DC
power selector switch, and DC
input plug. Available as an
opfional accessory, DC power
kit contains case to house
batteries and assortment of cords
so receiver can be powered
from several DC supplies.

SWITCH 0C INPUT

/
ae/0c z /7 STANDBY SwITCH

REMOTE CONTROL
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There’s more to FM than meets the eye, so study up on these oft-asked
Q’s and the boys over at the FCC won’t catch you with your A’s down.

Don’t congratulate yourself yet on learn-

ing FM radio. The questions in the last
column were the easiest to be found on the
FCC tests concerning FM. This column will
take up the more difficult questions. If you
plan to work in radio communications, FM
radio will probably be the principal type of
equipment you will work on. A good basic
understanding of FM principles will be very
valuable to you. Study these often-asked
questions and answers thoroughly.

Q. What is meant by pre-emphasis in an FM
broadcast transmitter?

A. Pre-emphasis is the process of giving more
amplification to the higher audio modu-
lating frequencies. By increasing the
high frequency audio modulation level,
compared to the lower frequency audio,
de-emphasis at the receiver overrides any
high frequency noise picked up in route

¥ 1

Typical pre-emphasis network employs R/C
time constant to provide relatively
greater signal strength of AF high frequencies.

TYPICAL
PRE-EMPHAS IS
NETWORK

-
»

AUDIO
OUTPUT

-
»
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to the receiver. Pre-emphasis on the or-
der of 17 to 20 dB is normally used.
The network is much like a high-pass
filter. See diagram for a typical network.

Pre-emphasis networks cannot be used
on phase modulation (PM). The major
difference between FM (frequency mod-
ulation) and PM (phase modulation) is
that in true FM, the deviation of the
carrier is proportional to the amplitude
of the modulating signal, and not to its
frequency. In PM, the deviation of the
carrier is proportional to the amplitude
and to the frequency of the modulating
signal. Usually, in a typical two-way PM
radio, a clipper and integrator circuit
precedes the modulator, and no pre-
emphasis is used.

. Explain why high gain antennas are used

at FM broadcast stations.

. At the frequencies used for FM broad-

cast (88 to 108 MHz), the sky wave is
lost through the ionosphere and the
ground wave suffers much more attenua-
tion than it would at lower frequencies.
For this reason, it is necessary to radiate
a stronger signal than would be neces-
sary at lower frequencies to cover the
same area. Fortunately, at these fre-
quencies, the short wavelength makes it
possible to build multiple element direc-
tional antennas. These antennas have no

97



98

§/6 ~ =

>

vertical radiation and concentrate power
in the horizontal plane, giving a good
power gain. For this reason, FM broad-
cast stations have two power specifica-
tions. The first is the normal power in-
put to the final amplifier stage, or power
output. The second is the Effective Radi-
ated Power (ERP) of the antenna. Since
the antenna has a gain factor, it is pos-
sible in some cases to supply 10 kilowatts
of power to the antenna, and to have an
Effective Radiated Power of 100 kilo-
watts from the antenna.

An FM transmitter operates on 150 MHz
and uses a crystal oscillator tuned to
4637.5 kHz. If the deviation of the FM
carrier is 15 kHz each side of center fre-
quency when modulated by a 1000 Hz
audio tone, how much does the react-
ance-tube modulator vary the crystal
frequency?
The audio frequency is not important.
We first determine the frequency multi-
plication of the transmitter by dividing
150 MHz by 4687.5 kHz. This tells us
that the frequency multiplication of
transmitter is 32 times. If the deviation
at the carrier frequency is 15 kHz, the
eviation at the oscillator must be 15
times 32, or 469 Hz each side of center
frequency.

What is the purpose of a discriminator in
an FM broadcast receiver?

A discriminator in an FM receiver is sim-
ilar in purpose to a demodulator in an
AM receiver. That is, its function is to
change carrier variations, in this case
variations in frequency, in-

Q.

A.

What is the purpose of a de-emphasis cir-
cuit in an FM broadcast receiver?

The de-emphasis circuit compensates for
the pre-emphasis circuit used in the trans-
mitter. Any high audio frequency noise

TYPICAL
: 75 DE-EMPHASIS

010 < NETWORK
INPUT FROM >
DISCRIMINATOR s <
e AUp!I0
T W uTPUT
—»
Typical de-emphasis network restores proper relative

strength of transmitted highs; this reduces
strength of predominantly high frequency noise.

Q.

that is picked up is also de-emphasized,
greatly increasing the signal-to-noise ra-
tio at the receiver output. The diagram
illustrates a typical de-emphasis circuit.
Usually these two circuits are designed
to have exactly equal and opposite re-
sponse curves. Sometimes the transmit-
ter manufacturer uses this pre-emphasis
to simplify the modulator design, but it
is not possible to do this at the receiver
since the low rather than the high audio
frequencies must be favored here.

How wide a band of frequencies must an
IF stage in a FM broadcast receiver pass
for full signal reproduction?

A. Since a broadcast FM transmitter is al-

lowed a maximum deviation plus a minus
75 kHz, the total bandwidth of the signal
would be 150 kHz. In practice, for eco-
nomic reasons, the bandpass of a typical
FM receiver IF amplifier is not made
this wide. Usually the bandpass is down
6 dB at each extreme. This allows more
gain in the IF amplifiers, and causes
little noticeable distortion.

to an audio signal. The dis-
criminator puts out a DC
voltage whose value varies

Discriminator (right) requires preceding limiter stage.
More popular ratio detector needs no limiting, isn't AM sensitive.

in step with variations in
carrier frequency. The

Foster-Seeley  discrimina-
tor will not reject AM,
and must be preceded with
one or more limiter stages.
The ratio detector does re-
ject AM, and, thus does not
need limiter stages.

B+

A RATIO DETECTOR

AVC

LINE

A
P4
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Q.

Q.

What characteristic of an audio tone de-
termines the percentage modulation of
an FM broadcast transmitter?, and—
What determines the rate of deviation of
an FM broadcast transmitter?

A. In any AM system, the amplitude of the

modulation is determined by the ampli-
tude of the audio modulating signal. The
frequency of the modulating signal de-
termines how far the sidebands, which
carry the transmitted intelligence, will be
from the carrier. Thus, we can limit the
bandpass of the AM receiver to receive
any sort of the AM signal, based on the
frequency of the modulating audio. In
FM this will not work. The deviation of
an FM transmitter is proportional to the
amplitude of the audio modulating sig-
nal. For this reason, the receiver must
have a bandwidth adequate to pass the
entire frequency deviation range of the
transmitted signal. The rate at which
the carrier of the FM signal is changed
or deviated is determined by the fre-
quency of the modulating audio signal.
Thus, an audio modulating signal of
1000 Hz will cause the FM transmitter
carrier to deviate at a 1000 Hz rate. How
far' (in KHz) the carrier deviates from
its normal rest or center frequency is de-
termined by how much audio signal is
supplied to the modulator.

An FM broadcast transmitter has a final
plate voltage of 2000 volts, and a final
plate current of 1.2 amperes. The manu-
facturer specifies the final amplifier to
have an efficiency of 65%. If the an-
tenna has a field gain of 10 dB and the
transmission line losses are negligible,
what is the Effective Radiated Power of
the transmitter?

UNMODULATED RF CARRIER

LN/

A,

L T

AF MODULATING WAVE

FREQUENCY-MODULATED RF WAVE

Rate of FM carrier shift is determined by
AF frequency—amount of carrier shift
is dependent on AF amplitude.

The power of the final stage is stated to
be 2000 x 1.2 x 65%, which equals 1560
watts. The transmission line delivers this
power to the antenna with no losses. The
antenna has a power gain of 10 DB.

Pi
From the formula DB =10 log —, we

P2
know that this is a positive ratio of 10.
The ERP of the transmitter is therefore
1560 x 10 or 15.6 kilowatts.

W hat is the tolerance of operating power
of FM broadcast stations?

The operating power tolerance is plus
5% or minus 10% of the license rated
power.

Q. An FM broadcast trans-

B DiscRIMINATOR

A
N

li_@

mitter is modulated 35%

Al
/1
A

et

AUDIO by a 1000 Hz test signal.
QUTPUT

If the percentage modula-

tion is doubled, what is

° the transmitter deviation?

OU%T A. For 100% modulation, a

deviation of 75 kHz is al-
lowed. Therefore, dou-
bling 35% gives 70%, so
0.70 x 75 is equal to 52.5
kHz deviation each side
of the center frequency.
(Continued on page 115,
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Charlie

Chomps
Chewing Gum
Cheerfully
—-Or
Does He?

homping on gum, chewing food, and
talking are acts we seldom give even
casual thought to, yet all involve the jaw and
all entail some extremely complex move-
ments. Now, a new device promises to guide
dental researchers to a clearer understanding
of the complicated actions of man’s jaw.
Developed by the General Electric Re-
search and Development Center in Schenec-
tady, N.Y., the gizmo can measure and re-
cord minute jaw motions—even those below
the level of human consciousness. It can be
used to study the movements of the human
jaw during chewing, talking, and swallowing
and will first see service as a research tool at

Marquette University’s School of Dentistry
in Milwaukee, Wis.

Constructed of aluminum and weighing
only 20 oz., the device measures the six
angles of jaw movement in inches and de-
grees of rotation. The gadget is attached to
the teeth by a dental “clutch”; electrical sig-
nals produced by the device can be fed di-
rectly into an analog computer for analysis.

Though the jaw-motion measurement in-
strument made for Marquette University is
a prototype, it’s entirely possible that similar
units will find their way into dentists’ offices
and thus help keep Charlie’s gum-chomping
on the cheerful side. —C. Hansen 1

Jaw-motion measurement device
developed for Marquette Uni-
versity's School of Dentistry
will first be used to study
retrusion (backward) motion of
jaw during swallowing, since
knowledge of this movement is
important for fitting dentures.
Instrument weighs only 20 oz.,
provides signals that can be
fed direct to analog computer.
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by Jim Kyle
K5JKX

Modern instrumentation acquires strange names to do even
stranger jobs—all to help man to find out what goes on.

HE TIME WAS just 10 days after April

Fool’s Day, 1966. Moses was transniit-
ting from New Zealand to Australia, while
at an altitude of approximately 40,000 feet
a Ghost was fulfilling still another Jules
Verne prophecy.

And though the names might lead you to
believe that this was all the product of a 10-
day-late practical joker’s imagination, the
fact is that the accomplishment of Moses
and the Ghost bid fair to make possible

SEPTEMBER-OCTOBER, 1967

the long-anticipated control of the weather.

For Ghost is the name of a project called
in its longer form Global Horizontal Sound-
ing Technique, and Moses is a part of this
project—the Meteorological Observing Sta-
tion, Extremely Simple.

The Ghost which fulfilled the Jules Verne
prophecy on April 10, 1966, was a 7-foot-
diameter balloon trailing radio telemetry
equipment underneath. On that date, it
completed the first nonstop round-the-world
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flight ever made by a balloon. The Verne
prophecy, of course, was Phineas Fogg’s fa-
mous trip Around the World in 80 Days.
The speedier Ghost took only 10 days for
the trip, from New Zealand all the way
around.

What’s more, that same Ghost balloon
made five more trips around in the follow-
ing 64 days before project trackers lost radio
contact with it. While it was the first, it
was by no means the longest-lived. That
honor goes to a later Ghost which went
around 17 times. Several have remained
aloft more than six months.

Data, Then Control. The purpose of the
project is to develop a way of obtaining
weather data from the 90 percent of the
earth’s atmosphere not now accessible to
weather observers. When such data can be
gathered, then scientists believe it will be
possible to not only forecast weather accu-
rately, but to actually control it on a major
scale.

Such a plan is many years away from be-
ing operational—but Ghost is being tested
now. The idea behind Ghost is to launch a
huge fleet of long-lived balloons which float
at various heights in the atmosphere (all
above 15,000 feet, however, to minimize air-
craft danger) and gather atmospheric data.
Each of the more than 10,000 balloons in

Exploded View of
Sun Angle Sensor.

Optical Filter {rejects blue)
Opol Gloss Diffusers
~Atuminum Housing

€

Photo Resistor

Elevation Angle of Syn

120

I [ I | |
20 40 60 80 100
Resistance of Sun Angle Sensor in Thousands of Ohms

The sun-angle sensor consists of photoresistive cell,
opal-glass diffusers and filter to reject scattered
blue light. High sun angle lowers sensor resistance.

the fleet would relay its data to orbiting sat-
ellites, and the satellites in turn would send
the data to ground stations for processing.

Balloon Life. So far, only about 50 Ghost
balloons have been launched from the Christ-
church, New Zealand, test facility. At pres-
ent, the object of the program is to develop
long-lived balloons which will remain aloft
for an average of at least six months; the
longer, the better.

When the life problem is solved, scientists
of the National Center for Atmospheric Re-
search, Environmental Science Services Ad-
ministration, and the New Zealand Weather
Service intend to proceed to the next step—
interrogation of the balloons by satellites.
This step is expected sometime during 1968
or 1969. At present, signals from the Ghosts

Single coder block diagram

Resistance M Cod
Controlled  |——m Wi
. Generator
- Oscillator
Sensor resistance sensor
controls frequency of ]
ujt oscillator, 4 Coder block diagram
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controls keying
rate of Morse Code —» RCO
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This map, centered on the South Pole, shows the track of balloon number 18, launched from Christchurch (1) at
2200 GMT on March 30, 1966. Only the first 33 days of the 74-day flight are shown. Flight ended June 12 (2).

are tracked by ground-based stations in New
Zealand, Mauritius Island, Australia, South
America, and Africa.

While the project is still considered to be
experimental, it is already providing valu-
able weather data. Each Ghost balloon re-
mains at an altitude determined by atmos-
pheric pressure but which is essentially con-
stant and known. Simply tracking the course
of each balloon indicates the wind velocity
and direction at the balloon’s altitude—and
this is information not available from any
other source.

The Radio System. The voice of each
Ghost is a tiny transistorized transmitter
which ranges in power output from 1 watt
at noon to only 50 milliwatts just before
sunset (it is powered by solar cells). Despite
the microscopic power level, these rigs have
been tracked at a range of 4,000 miles regu-
larly.

Each Ghost transmitter operates at a fre-
quency near 15.025 MHz, and is identified
by a CW code letter. The telemetry data
varies the transmission speed of the CW
character, and a different character is used
for each channel of telemetry. Present flights
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use four channels, so each Ghost transmits
four different characters. Transmission fre-
quencies may vary slightly from 15.025
MHz.

Each of the characters transmitted is sent
16 times before the next channel of telemetry
is chosen and the character changed. On
many flights only a single channel is used,
so that the character never changes. These
flights are measuring sun angle.

To determine the telemetry results of the
single-channel flights for yourself, be sure
your clock is set exactly to WWYV Time.
Then time how long the Ghost takes to trans-
mit 10 consecutive code characters, and
write down both the time of day to the
nearest second and the time required for 10
characters.

Present Tests. Ghost transmitters used
in the present tests contain a single-transis-
tor crystal oscillator and a single-transistor
power amplifier, together with an 18-transis-
tor-per-channel telemetry modulator system.
All power is obtained from a bank of 26
solar cells which produces 12 volts. The en-
tire transmitter is assembled on a printed-
circuit board approximately five inches in
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diameter. Total weight of the radio system
carried aloft is only about 4 ounces.

To keep everything operating in the 90-
below-zero temperatures encountered at
40,000-foot-altitudes, the entire system is en-
closed in a black plastic cover which absorbs
heat from the sun. This cover worked too
well at first, getting the transmitter too hot
at 20,000-foot-altitudes. A small ventilation
hole solved that problem, and now the radio
system remains at about normal room tem-
perature despite the sub-zero cold surround-
ing it.

In the fully operational Ghost system, the
plan is to have the entire transmitter built
with integrated-circuit techniques, directly
upon the skin of the balloon. Then nothing
need dangle beneath, and there will be no
chance of an aircraft hazard since the bal-
loon itself will collapse with any impact
against a hard surface.

What About Moses? Where does Moses
come into the picture? Moses, a modifica-
tion of the Ghost radio system, is intended
for ground-based use. Like the Ghost,
Moses handles four channels of telemetry.
However, Moses’ power supply is larger—
it contains 90 solar cells (instead of 26) and
a rechargeable nickel-cadmium battery to
boot. Thus Moses can operate for seven days
without sunlight, and can keep going indefi-
nitely if it gets 3 hours of sunlight daily.

Moses is housed in a section of 6-inch
pipe which is mounted on a 12-foot pole.
The antenna is a simple ground-plane com-
posed of the pole’s guy wires.

To conserve power, Moses transmits at a
slower speed than does a Ghost. Also, each
character from Moses is repeated only four
times rather than 16.

Range of Moses is somewhat greater than
that of Ghost. The present model has been
heard from 6,000 kilometers (almost 4,000
miles) distance. Installed at Christchurch,
the present version transmits to a receiver
at Melbourne, Australia. Three channels of
telemetry transmit air temperature, package
temperature, battery voltage, and the fourth
1s a reference chanel.

In an operational version different sensors
would be used to transmit data other than
air temperature. Cost is expected to remain
less than $1,000 per unit. Such weather sta-

104

tions could be installed at many remote lo-
cations, and any number monitored by a sin-
gle receiving station within range.

The Future. Even when both Moses and
Ghost are fully operational—which in itself
is an event not likely to occur during the
next 3 to 5 years—scientists will have only
a data-collection network. Why go to such
lengths to collect data?

Since the 1920’s, when British scientist
L. F. Richardson first proposed the idea,
weathermen have been attempting to develop
a mathematical model of the earth’s atmos-
phere. Such a mathematical model is a sys-
tem of equations which completely describe
all the effects of all observable variables in
the weather, Models of this sort have been
developed for many processes, including
those of management and of manufacturing,
but no workable mathematical model of the
atmosphere has yet been perfected.

About 10 years ago, John von Neumann
(the father of the electronic digital com-
puter and the inventor of game theory,
among other notable accomplishments) and
his co-workers at Princeton’s Institute for
Advanced Study produced a model which
they were able to test with a computer, but
it was too simple to be practical. Today,
the scientists are still stumped in developing
their model. The reason, largely, is lack of
sufficient data.

That is one of the major purposes of the
Ghost project. Hopefully, the project will
provide enough data to enable formulation
of an accurate mathematical model of the
weather. Then additional data collected by
Moses and the Ghost can be “plugged into”
the mathematical model to produce reliable
forecasts for up to two-week periods—with
at least the accuracy now obtained in elec-
tion-night vote forecasts.

Outlook. When the mathematical model
is perfected, weathermen will have the most
accurate forecasting tool yet developed, but
more than that it will be a means of testing
all their theories about weather control.
As Walter O. Roberts, NCAR director, puts
it, the scientists can “paint the Mojave Des-
ert black, by means of a numerical model,
and use computers many times the speed of
nature’s computer, the atmosphere” to deter-
mine what the resuits of such action would
be. After many such simulations, they will
be able to determine what experiments
should be attempted in the actual atmos-
phere, to achieve man’s long-time goal—
planet-wide weather control.

ELEMENTARY ELECTRONICS

E7S



There’s many a slip twixt “tenna and TV, and it’s usually the lead-in that's
to blame. To learn why, join with us as the experts take us . . .

On twin-leads twisty trail

By the Engineering Staff of the Belden Manufacturing Company

There’s one thing about a TV installation we all invariably take
for granted—and the result is all too often less than optimum per-
formance from the receiver. Some people will shop around for the
best TV on the market, and buy an expensive, high-gain antenna
engineered to snap up the maximum TV signal from the ether. But
they’ll still end up with mediocre performance simply because the
least expensive part of the installation, the lead-in cable, is either
the wrong type or is incorrectly installed.

If your TV suffers from ghosts, fuzzy detail, or poor color, odds
are that the condition or type of lead-in you're using—and not paying
much attention to—is the stick in the mud. And the same holds true
if your FM-stereo sounds better mono. The fact is that spending
a few minutes correcting some of the common mistakes—like re-
routing the lead-in, taking the kinks or sharp bends out of it, or
maybe replacing it with the correct type—will make that picture
come out as good as the old Orpheum’s down the street, or the FM
sound like the ghost of Toscanini is there in person.

The antenna lead-in cable accounts for only a fraction of the cost
of a television receiving system, but its physical and electrical
characteristics can make the difference between good and bad
reception. Selecting the optimum transmission line is just as im-
portant as installing a suitable antenna.

What's With It Anyway

The primary requirement for a power transmission line is low
conductor resistance. But with an RF transmission line, such as
television lead-in, the capacitance between the conductors and the

e K2
a //// This article is based on material contained in the

o
iy
%

X RECTRONIC Electronic Cable Handbook, by Belden Manufacturing
GABLE

Co., published by Howard W. Sams and Co. Inc.,

Indianapolis, Ind. This Handbook covers all phases of
wiring and cabling and is available from the

B publisher. Only the section of special

interest to our TV readers is covered here

and comes from Chapter Five of the Handbook.

Handbook
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inductance of the conductors have a great deal of effect on power
transmission.

Since each foot of RF line has the same physical dimensions, each
given length will have identical inductance (L) and capacitance
(C). When the transmission line is terminated in an impedance
equal to the square root of 1/C (known as “characteristic imped-
ance”), energy will travel along the line to the termination where it
will be absorbed. When the line is terminated in an impedance other
than the square root of L/C, some of the energy is “reflected back”
from the termination, causing a power loss (known as “mismatch
loss”). However, in actual practice, since the source (antenna) and
load (FM or TV receiver) impedances vary considerably, it is more
important to have a transmission line with impedance uniform
throughout its length to avoid multiple internal reflections which
cause picture deterioration. Correct lead-in impedance is main-
tained by careful control of conductor size and spacing as the cable
is being manufactured.

There are three other kinds of signal losses in lead-in; remember
that these losses increase with signal frequency.

Conductor loss occurs as signal current in the lead-in conductors
dissipates energy in the form of heat. As frequency increases, this
loss rises rapidly, because the current is increasingly nearer the sur-
face of the conductor (skin effect), thus reducing the effective cross-
sectional area of the conductor.

Copper-clad steel core lead-in is most often preferred since it
has about 150 percent greater breaking strength and about 250
percent greater flex life than lead-in made of similar size, all-copper
conductors. High-frequency conductivity is approximately the same
with either type conductor, since the signal occupies only the thin
outer layer of copper on the conductors.

Dielectric losses are caused by the insulating material heating
when a voltage difference exists between the lead-in conductors. Air,
cellular polyethylene, solid polyethylene, and some other dielectric
materials exhibit relatively low losses. This is one reason why poly-
ethylene is used on lead-in. Cellular polyethylene is even better
because it combines polyethylene with dry air dielectric (which has
the lowest loss).

Radiation and induction losses result from electrostatic and electro-
magnetic fields surrounding the conductors. When the field around
the conductors is disturbed by a metallic object less than six inches
away, current is induced in the metal, resulting in power loss. Addi-
tional loss occurs because some of the energy radiates into space.

Transmission Line Types

Transmission lines for TV and FM receivers include flat lead, open
wire line, tubular lines (cellular core and hollow), flat lines en-
capsulated in cellular polyethylene, as well as shielded and coaxial
lines. Three of these are shown in the illustration.

Open line has two parallel conductors kept uniformly apart by
insulating spacers. These open lines have a very low dielectric
constant but losses increase as the amount of moisture in the air
increases. The unwieldy physical structure and packaging of open
lines discourage their use except in installations requiring minimum
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line losses, especially when the antenna must be located a consider-
able distance from the receiver.

Selecting the Correct Lead-In

Many installation technicians have used the flat ribbon lead-in
almost exclusively in the past. Though these installers can cite
many examples of satisfactory reception using this type of line, flat
line was designed for indoor use only.

Today’s lead-in cables must carry both UHF and VHF signals,
including critical color signals. Any installations requiring outside
antennas should use a lead-in which is specifically designed for out-
door operation. When moisture accumulates on the surface of a flat
line, or when the flat line is routed near metallic or conductive ob-
jects, part of the electromagnetic field surrounding the lead-in is
induced into these objects, increasing attenuation losses. These
conditions also result in losses due to impedance changes and signal
reflections. This problem is not eliminated by increasing the thick-
ness of the insulation web; flat twin-lead with 0.08 in. or 0.1 in. web
thickness has essentially the same electrical limitations as twin-lead
with a thinner web.

The color of the polyethylene insulation used on outside lead-in
cable is quite critical, odd as it may seem at first. Polyethylene in its
natural state (translucent milky color) or in any light color is very
susceptible to stress-cracking from the effect of ultraviolet light,
which is a strong component of sunlight. Such cracks collect mois-
ture and dirt and cause leakage paths which distort and greatly
weaken the signal through losses. A dark-pigmeunted color, such as
the brown commonly used on lead-in, screens out this ultraviolet
light and eliminates stress-cracking. Black would be even better,
but black pigments contain carbon, which is conductive and would
therefore impair the dielectric strength of the polyethylene
insulation.

The choice of transmission line for outdoor installation should
be made between cellular core and encapsulated lines as shown
below. Cellular core lines are designed for transmission of VHF

FLAT RIBBON CELLUAR CORE ENCAPSULATED
LEAD iN LEAD-IN LEAD-IN

Drawings show three types of lead-in commonly found in home installations.
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signals from the antenna to the TV set, while encapsulated lead-in is
designed for all-weather transmissions of both VHF and UHF sig-
nals, including color signals.

Cellular core lead-in is designed to reduce wet weather effects
and normal dielectric losses by lengthening the conducting path
between conductors and by providing a low dielectric constant
material between the conductors. Hollow tubular lines, however,
accumulate considerable moisture inside the hollow core through
condensation caused by temperature changes, which lowers the
dielectric strength of the air in the core and results in signal losses.

Cellular core lead-in results in a more rigid line; this semi-rigidity
reduces line flutter in heavy winds and, when a rotor is used in the
antenna installation, the lead-in holds a firm position around the
rotor. The cellular core eliminates the need for end-sealing the
lead-in after installation, and also eliminates moisture condensation.

The requirements for transmission lines conveying UHF and/or
color TV signals are even more critical. Ultrahigh frequencies re-
quire a uniform-impedance line which can only be achieved when
two conditions are met: first, the proper conductor spacing must
be maintained, and second, the electromagnetic field surrounding
the conductors must travel through a low-loss insulation.

The old style flat and tubular lead-ins perform well at UHF
frequencies only when they are free from all trace of surface deposits.
As soon as these lines encounter rain, snow, smog, fog, industrial
deposits, etc., the impedance drops abruptly causing attenuation
losses to soar, and reflections in the line, which cause multiple images
or ghosts.

Encapsulated lead-in contains properly spaced conductors com-
pletely sheathed in a low-loss protective jacket. The cellular poly-
ethylene outer jacket keeps all surface deposits out of the critical
signal area regardless of weather conditions, assuring that signal
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transmission is maintained at a level close to that of a laboratory
environment. This impedance protection means that the encapsulated
lead-in is correctly matched to both the antenna and the receiver
under all environmental conditions, so that the strongest possible
signal reaches the TV set.

Attenuation, or Signal Loss

A comparison of lead-in signal-loss characteristics must include
bad weather performance data to be meaningful. Laboratory, or
good weather, TV lead-in performance is charted below, left; the
attenuation losses are so similar that any line could be chosen and
no difference in receiver performance would be noted, assuming good
installation practices were followed.

The graph below shows the problem from a more realistic point of
view. It is evident that TV lines which have performed satisfactorily
for black-and-white VHF reception cannot be used for color or UHF
channels. The signal losses become intolerable using these lines in
bad weather while the encapsulated lead-in continues to deliver a
strong signal.

The term dB (decibel) is used in attenuation measurements to
express the ratio of signal in to signal out. Any signal passing
through a given length of cable will lose a certain amount of signal;
this loss is expressed in dB. The engineering term dB may be con-
verted into a percent loss figure. As an example, assume a cable
with 5.0 dB loss over 100 ft. A quick reference to the table (see next
page) indicates that 56 percent of the original signal would be
available at the end of the 100 ft. Note that this is not a linear rela-
tionship; because 44 percent of the signal was lost in the first 100 ft.,
it does not mean that 88 percent would be lost in 200 ft., or 132 per-
cent lost in 300 ft., etc.! Rather this means that if 44 percent of the
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Under worst conditions, some lead-in performs better than others, as graph shows.

SEPTEMBER-OCTOBER, 1967 109



signal is lost in the first 100 ft., then 44 percent of the signal pre-
sented to the second 100 ft. would be lost at the end of 20 ft., and so
on.

Coaxial Lead-In

Coaxial cable has concentric conductors separated by solid or
cellular polyethylene insulation. It is used for special applications.
RG-11/U and RG-59/U coaxial cable types, with line amplifiers, have
been used for hotel, motel, hospital, apartment house, and similar
master antenna system installations, or in other commercial situations
where high ambient noise levels exist, caused by such sources as
elevators, automotive ignition systems, industry, and medical equip-
ment. In addition, long horizontal runs of unshielded flat type lead-
in would pick up unwanted signals.

Shielded Twin-lLead

A new development in shielded twin-lead incorporates a total
shield (a wrap of thin aluminum foil ) and a jacket of weather-proof
polyethylene (see illustration). This lead-in eliminates the need
for stand-off insulators and does not require twisting or careful
routing of the lead-in to minimize reflections. The design of this
shielded twin-lead allows it to be taped directly to the mast or
tower, routed through metal conduit, buried underground or even
installed in rain filled gutters, if need be. This feature also makes
shielded twin-lead a logical choice for applications which require
installing lead-in within building walls.

Unlike coaxial cable, shielded twin-lead does not require a copper
wire braided shield for current carrying purposes. An aluminum foil
shield may be used to enclose this twin conductor lead-in because
the shield of a balanced, two-conductor cable doesn’t carry signal
current.

The primary advantage offered by a shielded twin-lead is the
elimination of pick-up of man-made electrical noise, such as auto-
mobile ignition noise and 60-Hz powerline interference, as well as
the elimination of out-of-phase TV signals created by the transmis-
sion line acting as an antenna.

Signal Reduction Due to Lead-in Losses

Attenvation Signa! Remaining Signal Remaining*
(DB) (Percent) (Microvolts)

1 89 450

5 56 280
10 32 160
15 18 90
20 10 50
25 56 28
30 3.2 16
35 1.8 g
40 1.0 5
45 0.6 3

*A 500 microvolt antenna signal is presumed.
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Though coaxial cable can also be used to minimize pick-up of
unwanted electrical interference, this benefit is generally offset by
attenuation losses which are intolerable in many VHF and most UHF
receiving systems. In addition, coaxial cable introduces new prob-
lems by requiring two additional components. These components
(two matching transformers) are required in coaxial systems to
convert the unbalanced 75-ohm cable to a balanced 300-ohm im-
pedance. Laboratory tests indicate that a pair of these matching
transformers typically adds a 2-dB attenuation loss over the fre-
quency band for which they are designed to operate. Matching
transformers designed for only VHF seriously limit their use, since
many areas have both UHF and VHF telecasts. A 100-ft. run of
coaxial cable delivers 15 to 25 percent of the UHF antenna signal
to the receiver when used with matching transfomers designed for
these frequencies. This does not compare favorably with a 100 ft.
run of shielded twin-lead, which delivers approximately 50 percent
of the UHF antenna signal to the TV set.

Helpful Tips

Regular flat and cellular core unshielded lead-ins should be routed
away from gutters, conduit, water pipes, metal baseboards, and
similar obstructions. Insulated stand-offs should be used every four
to six feet. Stand-offs which do not encircle the lead-in with metal
are required for UHF. Unshielded lead-in should be twisted (con-
ductors transposed) about once every 18 in. to minimize eftects
of external objects on electrical fields. When the installation re-
quires more than one lead-in (FM, UHF or VHF), individual lines
should be spaced a minimum of six in.

Use a knife to prepare unshielded twin-lead ends for termination.
Cut the insulation along the outside of the conductors and spread the
conductors to the side. This leaves the center intact for attaching to
the boom or mast, providing physical support for the lead-in at the
antenna terminals.

The newer shielded twin lead-in requires a somewhat different
approach in preparation and installation. At the antenna, the jacket
is removed, and the exposed shield is covered with electrician’s tape
or heat shrinkable tubing, to seal out moisture. For best results, try
grounding the shield at the receiver through a .001 uF capacitor. If
performance isn't improved, just leave it unconnected. a

ALUMINUM FOIL SHIELD

POLYETHYLENE JACKET

\DRAIN WIRE

Cutaway view of new shielded lead-in that outperforms other types.
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tisers in this issue. Consult
their ads for additional in-
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[FB—AMATEUR RADIO— 96. If a rugged low-cost business/ 8. Get it now! John Meshna, Jr's

SHORTWAVE RADIO

122, Discover the most inexpensive
CB mobile, Citi-Fone II by Mulii-
Elmac Company. Get the facts plus
glher CB product data before you
uy.

50. Get your copy of Amphenols
“User’s Guide to CB Radio”’—18
pages packed with CB know-how and
chit-chat. Also, Amphenol will let
you know what’s new on their prod-
uct line.

121. Going CB? Then go CB Center
of America. Get their catalog and
discover the big bonus offered with
each major product—serves all 50
states,

107. Get with the mobile set with
Tram’s XL’100. The new Titan CB
base station, another Tram great, is
worth konowing about.

116. Pep-up your CB rig’s perfor-
mance with Turner's M-+2 mobile
microphone. Get complete spec sheets
and data on other Turner mikes,

%93. Heath Co. has a new 23-chan-
nel all-transistor 5-watt CB rig at the
lowest cost on the market, plus a full
line of CB gear. See their new 10-
band AM/FM/Shortwave portable
and line of shortwave radios.

101. If it’s a CB product, chances
are International Crysial has it Listed
in their colorful catalog. Whether kit
or wired, accessory or test gear, this
CB-oriented company can be relied
on to fill the bill.

48. Hy-Gain’s new CB antenna cata-
log is packed full of useful informa-
tion and product data that every
CBer should know. Get a copy.

111, Get the scoop on Versa-
Tronics’ Versa-Tenna with instant
magnetic mounting. Antenna models
available for CBers, hams and mobile
units from 27 MHz (o 1000 MHz.

45. CBers, get World Radio Labs
CB catalog—a big first for WRL. If
you need anything for base or mobile
use, WRL has it. Best catalog buy
there is and it’s free.

115. Get the full story on Paly-
tronics Laboratories’ latest CB entry
—Carry-Comm. Full 5-watts, great
for mobile, base or portabie use.
Works on 12 VDC or 117 VAC.

100. You can get increased CB range
and clarity using the “Cobra” trans-
ceiver with speech compressor—re-
ceiver sensitivity is excellent. Catalog
sheet will be mailed by B&K Division
of Dynascan Corporation.

54, A catalog for CBers, hams and
experimenters, with outstanding val-
ues. Terrific buys on Grove Electron-
ics’ antennas, mikes and accessories,
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industrial two-way radio is what
you’ve been looking for, be sure to
send for the brochure on E. F, John-
son Co.'s brand new Messenger ““202.”

103. Squires-Sanders would like you
to know about their CB transceivers,
the “23’er” and the new “S58.” Also,
CB accessories that add versatility to
their 5-watters.

46. A long-time builder of ham
equipment, Hallicrafters will send you
lots of info on ham, CB and com-
mercial radio-equipment.

KITS

%42. Here’s a colorful 108-page cat-
alog containing a wide assortment of
electronic kits. You'’ll find something
for any interest, any budget. And
Heath Co. will happily send you a
copy.

%44. EICO’s new 48-page 2-color
pocket-size short form catalog is just
off the press. Over 250 products: Ham
radio, CB, hi-fi—in kit and wired
form—are jllustrated. Also, discover
EICO’s new experimenter Kit line.

ELECTRONIC PRODUCTS

66. Try instant lettering to mark
control panels and component parts.
Datak’s booklets and sample show
this easy dry transfer method.

108. Get the facts on Mercury’s
line of test equipment kits—designed
to make troubleshooting easier, faster
and more profitable.

67. *“Get the most measurement
value per dollar,” says Elecironics
Measurements Corp. Send for their
catalog and find out how!

92. How about installing a transis-
torized electronic ignition system in
your current car? AEC Laboratories
will mail their brochure giving you
specifications, schematics.

109. Seco offers a line of special-
ized and standard test equipment
that’s ideal for the home experimenter
and pro. Get specs and prices today.

ELECTRONIC PARTS

1. Allied’s catalog is so widely used
as a reference book, that it’s re-
garded as a standard by people-in the
electronics industry. Don’t you have
the latest Allied Radio catalog? The
surprising thing is that it’s free!

%2. The new 1967 Edition of Lafay-
ere’s calalog features sections on
stereo hi-fi, CB, ham gear, test equip-
ment, cameras, optics, tools and much
more. Get your copy today.

%3. Bargains galore! Parts, tools,
test €quipment, radios and many more
specials at ultra-low prices. Progres-
sive Edu-Kits will send latest catalog.

new 46-page catalog is jam packed
with surplus buys—surplus radios,
new parts, computer parts, etc.

%23. No electronics bargain hunter
should be caught without the 1967
copy of Radio Shack’s catalog. Some
equipment and kit offers are so low,

they look like misprints. Buying is
believing.
%5. Edmund Scientific’s new cata-

log contains over 4000 products that
embrace many interests and fields. It’s
a 148-page buyers’ guide for Science
Fair fans.

106. With 70 million TV’s and 240
million radios somebody somewhere
will need a vacuum tube replacement
at the rate of one a second! Get Uni-
versal Tube Co.s Troubleshooting
Chart and facts on their $1 flat rate
per tube.

4. Olson’s catalog is a multi-
colored newspapes tnat’s packed with
more bargains than a phone book has
names. Don’t believe us? Get a copy.

%7. Before you build from scratch
check the Fair Radlo Sales latest cat-
alog for electronic gear that can be
modified to your needs. Fair way to
save cash.

6. Bargains galore, that’s what’s in
store! Poly-Paks Co. will send you
their latest eight-page flyer listing the
latest in available merchandise, in-
cluding a giant $1 special sale.

10. Burstein-Applebee offers a new
giant catalog containing 100’s of big
pages crammed with savings includ-
ing hundreds of bargains on hi-fi kits,
power tools, tubes, and parts.

11. Now available from EDI (Elec-
tronic Distributars, Inc.): a catalog
containing hundreds of electronic
items. ED! will be happy to place you
on their mailing list.

12. VHF listeners will want the
latest catalog from Kuwiin Electronics.
All types and forms of complete re-
ceivers and converters.

120. Tab’s new electronics parts cat-
alog is now off the press and you’re
welcome to have a copy. Some of
Tab’s bargains and odd-ball items are
unbelievable.

117. Harried by the high cost of
parts for projects? Examine Bigeiow’s
13th Anniversary catalog packed with
“Lucky 13" specials.

SCHOOLS AND EDUCATIONAL

*61. ICS (International Correspond-
ence Schools) offers 236 courses in-
cluding many in the fields of radio,
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TV, and electronics. Send for free
booklet “It’s Your Future.”

%74. Join the troubleshooters! Let
CIE (Cleveland Instltute of Elec-
tronics) train you to keep our elec-
tronics world running.

114, Prepare for tomorrow by
studying at home with Technical
Training International. Get the facts
today on how you can step up in
your present job.

for you. One covers speakers and
components; the other, microphones
and accessories.

19. Empire has made exceptional
advances in speaker cabinet design
you should read about. Also, Em-
pire’s successes in the turntable and
cartridge fields are worth discovering.

24. Need a hi-fi or PA mike? Uni-
versity Sound has an interesting mi-
crophone booklet audio fans should
read before making a purchase.

scope products—tape recorders, mi-
crophones, tape and accessories. Get
a copy before you buy!

35. If you are a serious tape audio-
phile, you wili be interested in the
new Viking of Minneapolis line—they
carry both reel and cartridge re-
corders you should know about.

HI-FI ACCESSORIES

112, Telex would like you to know

59. For a complete rundown on ] about their improved Serenata Head-
: : 27. 12 pages of Sherwood receivers, : A A 5
ﬁlel::ilc:lug}(;n:essaon l:;gil;nges.elae?:‘tjrof:ig tuners, amplifiers, speaker systems, set—and their entire line of quality

school, ask for this brochure from the
Indiana Home Study Institute.

105. Get the low-down on the latest
in educational electronic kits from
Trans-Tek. Build light dimmers,
amplifiers, metronomes, and many
more. Trans-Tek helps you to learn
while building.

HI-FI/AUDIO

26. Always a leader, H. H. Scott
introduces a new concept in stereo
console catalogs. ‘At Home With
Stereo” offers decorating ideas, a
complete explanation of the more
technical aspects of stereo consoles.

85. Need a tuner? Preamp? Amp?
Tape deck? Then inspect Dynaco for
kits or wired units. It’s worthwhile
looking at test reports Dynaco sends
your way.

119. Kenwood puts it right on the
line. The all-new Kenwood stereo-FM
receivers are described in a colorful
16 page booklet complete with easy-
to-read-and-compare spec data. Get
your copy today!

15. Acoustic Research would like to
send you a copy of their fact-packed
“‘Stylus Force” booklet—must reading
for hi-fi bugs.

16. Discover why Lab 80 by Gar-
rard offers top dollar value. 32-page
Garrard Comparator Guide will make
you a wiser buyer.

17. Electro-Voice has two new,
pocket-size, four-color product guides

and cabinetry make up a colorful
booklet every hi-fi bug should see.

95. Confused about stereo? Want to
beat the high cost of hi-fi without
compromising on the results? Then
you need the new 24-page catalog by
Jensen Manufacturing.

99. Get the inside info on why
Acoustech’s solid-state amplifiers are
the rage of the experts. Colorful bro-
chure answers all your quesons.

TAPE RECORDERS AND TAPE

113. Get a packet full of facts and
tape data from Scotch-3M and learn
all about your tape recorder and the
tape it needs.

31. All the facts about Concord
Electronics Corp. tape recorders are
yours for the asking in a free book-
let. Portable, battery operated to four-
track, fully transistorized stereos cov-
er every recording need.

32. *“Everybody’s Tape Recording
Handbook™ is the title of a booklet
that Sarkes-Tarzian will send you.
It’s 24-pages jam-packed with info for
the home recording enthusiast. In-
cludes a valuable table of recording
times for various tapes.

33. Become the first to learn about
Norelco’s complete Carry-Corder 150
portable tape recorder outfit. Four-
color booklet describes this new car-
tridge-tape unit.

34. “All the Best from Sony” is an
8-page booklet describing Sony-Super-

stereo headsets.

98. Swinging to hi-i stereo head-
sets? Then get your copy of Superex
Electronics’ 16-page catalog featuring
a large selection of quality headsets.

104. You can’t hear FM stereo un-
fess your FM antenna can pull ’em in.
Learn more and discover what’s avail-
able from Finco’s 6-pager “Third Di-
mensional Sound.”

ToOoLS

%78. Need a compact screwdriver
kit? Xcelite’s 99PV-4 and 99PV-6
consists of handle, 3 and 5 blades,
respectively, in “see-thru” zipper case.
Get Xcelite’s catalog 166.

118. Secure coax cables, speaker
wires, phone wires, etc., with Arrow
staple gun tackers. 3 models for wires
and cables from 3/16" to 12¥ dia.
Get fact-full Arrow literature.

TELEVISION

%70. Need a new TV set? Then as-
semble a Heath TV kit. Heath has
all sizes, B&W and color, portable
and fixed. Build the next TV you
watch.

97. Interesting, helpful brochures
describing the TV antenna discovery
of the decade—the log periodic an-
tenna for UHF and UHF-TV, and
FM stereo. From JED Electronicy
Corporation.
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Radio Shack DX-150

Continued from page 96

could not be used for music reception such
as on the broadcast band, the hard noise
limiting on the SW frequencies was more
than worth the increased audio distortion.

The speaker, which is built-in, is auto-
matically disconnected when a plug is in-
serted in the headphone/remote speaker
jack. We strongly suggest the use of the
optional type 20-1500 ($7.95) voice-fre-
quency speaker. We don’t know how it was
done, but this speaker is sharply peaked at
the voice frequencies (sharp low frequency
attenuation) and the extra intelligibility ob-
tained on speech and CW reception is well
worth the extra cost.

The S-meter proved as hot as a firecrack-
er. Virtually any signal that can be received
with 100% intelligence indicates S9-—and
anything stronger than a flea’s sneeze is in-
dicated as “over S9”.

The power supply is 117 VAC, though 12
VDC can be used with the optional type
20-1501 Power Set ($7.95). The heart of
the power set is a somewhat unusual battery
case that provides sleeves for 8 D cells as
well as an extra set of sleeves for a spare

set of batteries. If you were using the DX-
150 on a field day, or at camp, and the main
batteries ran dry, it would take but a few
seconds to interchange the active and spare
battery sleeves (they snap-in between two
springs). The power set comes with three
power cords that connect to the 12 volt
plug on the back of the receiver. One cord
is for connection of the battery pack to the
receiver, another cord matches the receiver
to an auto’s cigar lighter, and the third cord
we haven’t quite figured out—it appears to
mate with the remote battery input jacks
used on battery powered tape recorders.
(This power set might be *“universal”.)

Ali In All. As you can see, our initial im-
pression of quality was more than confirmed
by the performance checks. While budget
priced, the performance easily equals or sur-
passes receivers priced considerably higher.
Even the construction is first rate. The RF
circuits are on a heavy, well shielded (no
spurious signals) chassis, and the PC boards
have the “wiring” (road map) printed on
top so the user can easily follow each com-
ponent from point to point in case of diffi-
culty.

For additional information on this great
little rig, write to Radio Shack, Dept. CL,
730 Commonwealth Ave., Boston, Mass.
02215. =

The Electronic Cop

Continued from page 94

to the horizontal AFC tube which is ad-
justed, or biased, so that it cannot conduct
current when the sawtooth sample alone is
applied to its grid. The sawtooth sample
cannot grow sufficiently positive to start the
tube conducting.

Notice that sync pulses from the TV sta-
tion are also applied to the grid. Sawtooth
and sync combined add up to enough posi-
tive voltage to cause a current flow in the
AFC tube. That combination, however,
happens only when sync and sawtooth occur
at the same time. Any left or right change
in the sawtooth position (due to drifting
frequency) lets the tube drop back into its
cutoff region. Next we’ll trace how the sys-
tem keeps the horizontal oscillator on fre-
quency. Up to this point, AFC has merely
compared signals.

If you observe the cathode of the AFC
tube, you'll note that it’s marked +. This
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represents a pulse of voltage developed at
the cathode when the tube draws current
(as sync and sawtooth coincide). This be-
comes the correction voltage fed back to the
horizontal oscillator.

Since the oscillator can be easily con-
trolled by external signals, it is pulled in by
the pulses developed by the AFC tube. Any
tendency of the oscillator to drift will change
the length of the AFC correction pulse. This,
in turn, will speed up or slow down the
oscillator.

The horizontal hold control permits a
coarse adjustment of the overall AFC sys-
tem. As you watch the screen and turn the
hold control you are setting the current-con-
ducting range of the AFC tube by varying
B+ voltage. Since this also affects the length
of the correction pulse, the horizontal os-
cillator frequency will change, too. Once
you see a locked-in picture, you can let go
of the hold control—AFC will automatically
take it from there. No one we know would
welcome having to keep tabs on a horizontal
oscillator by hand, so it’s fortunate AFC is
willing to do it for us. O
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FCCQ&A

Continued from page 99

Q.

A.

A.

Q.

What is the frequency deviation of an FM
transmitter when modulated to 60% ?
An FM broadcast transmitter is allowed
a deviation of 75 kHz. This would be
considered to be 100% modulation. A
60% deviation would therefore be 75 x
0.60, or 45 kHz deviation. If we were
discussing business band FM transmit-
ters, which are limited to 15 kHz devia-
tion, the answer would be 15 x 0.60, or
9.0 kHz deviation.

If an FM transmitter employs one tripler,
one doubler, and one double-driver, what
is the carrier deviation if the reactance-
tube modulator swings the oscillator ex-
actly 1 kHz each side of its center fre-
quency?

There is a total frequency multiplication
here of 12. The deviation from center
frequency of the carrier will therefore
be 12 x 1 kHz or 12 kHz.

W hat is a ratio detector?

A. A form of FM demodulator or discrimi-

Q.

nator whose output is proportional only
to the ratio of the input IF voltages, and
not to their amplitude. For this reason it
is not sensitive to AM signals, and does
not require preceding limiter stages.

Draw a diagram of a means of modu-
lating an FM transmitter.

A. A typical device for modulating an FM

transmitter is a reactance-tube modu-
lator. See diagram below.

REACTANCE L
HODULATOR

Al
il

RFC

Al
P

CRYSTAL

B T OSCILLATOR

Q.

Reactance modulator tube acts as variable
capacitor controlling oscillator frequency.

How does the amount of power required
to 100% plate modulate a 1000 wart
AM transmitter compare with the amnount
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A.

>
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A.

of power required to 100% modulate a
1000 watt FM transmitter?

Much more power is needed to modulate
the AM transmitter. In practice, 1 milli-
watt will easily modulate an FM trans-
mitter to 100% modulation.

If the transmission line current of an FM
broadcast transmitter is 10 amperes with-
out modulation, what will the transmis-
sion line current be with 90% modula-
tion?

(A) 10A, (B) 9A, (C) 90A

Since the FCC exams are of the multiple-
choice type, these answers would con-
front you on the exam. Which would
you pick? If you guess you will proba-
bly be wrong. Don’t confuse FM with
AM. The transmission line current will
not change between modulated and un-
modulated condition on an FM signal,
since the power does not change, only
the frequency deviation.

How wide is an FM broadcast channel?
Each FM broadcast channel is 200 kHz
wide. Of this 150 kHz is for actual
transmission of signal, and a 25 kHz
guard band is used on either side of the
150 kHz.

How is the operating power of an FM
broadcast transmitier determined?

The operating power of an FM broadcast
transmitter equals E (the final plate volt-
age) times I (the final plate current)
times F, where F is an efficiency factor
determined by the manufacturer of the
transmitter, usually on the order of 60
to 65% . The method of determining op-
erating power is called the indirect
method.

Explain how an FM multiplex system
operates.

One audio channel modulates the carrier
directly, through a reactance modulator,
as in a conventional FM transmitter. A
second audio channel amplitude modu-
lates a subcarrier oscillator. The modu-
lated signal from the subcarrier oscillator
then frequency modulates the carrier os-
cillator through the same reactance mod-
ulator. The fact that the subcarrier mod-
ulation is AM allows it to be separated
from the other audio signal at the receiver
by injecting the subcarrier frequency
from a local oscillator, then demodulat-
ing it. n
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Knight KG-663 Power Supply

Continued from page 86

transistors when power is applied. So first,
you connect a short piece of wire across the
power supply’s output terminals, set the out-
put voltage to any voltage reading, close the
standby switch and slowly advance the cur-
rent-limit control to 1 A. Once the current
limit is set, the supply cannot deliver more
than 1 A. regardless of the voltage delivered
to the amplifier. Similarly, if the current limit
was set to a short-circuit limit of 100 ma. the
supply wouldn’t deliver more than 100 ma.

If the device connected to the supply’s out-
put terminals attempts to draw more current
than the limit set, the power supply’s output
voltage is automatically reduced to maintain
the established current limit.

In short, when the current limit is cor-
rectly used (and it’s almost impossible to use
it incorrectly), both the power supply, and
the equipment to which it is connected, are
protected against burn-out.

Features. To insure maximum conven-
ience and accuracy, the KG-663 is provided
with a fine-voltage-adjust control, concentric
with the main voltage-adjust control. From
one end to the other, the fine-adjust provides
an output voltage variation from 1 to 2 volts,
the exact range depending on the exact out-
put voltage.

Additional terminals on the rear apron
provide an extra set of output terminals, as
well as remote voltage sensing to automat-
ically compensate for voltage drop on long
power supply leads carrying relatively high
current, and the terminals allow remote con-
trol of the supply’s output voltage.
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Current limiting circuit is set up by shorting
output terminals and then adjusting front-panel
controls for current and voltage required.

The KG-663 is a regulated supply, mean-
ing it is supposed to maintain the set voltage
output over a relatively wide range of both
output current and line voltage variations.
The unit we tested far exceeded Knight’s
claims. While Knight claims less than a 60
millivolts change in output voltage from no
load to full load (0 to 1.5 amps), we were
unable to measure any variations with qual-
ity service-grade instruments. And while
Knight claimed less than a 0.3 volt variation
at any load over an applied line voltage
range of 110-130 VAC, our test unit held
within this rating from 100 to 140 volts.

Warm Up. Though the KG-663 checked
out well, there was one negative aspect we
should call to your attention: the supply re-
quires at least 15 minutes warm-up to obtain
the full 40 volt output. From a cold start,
the maximum output voltage varies from
about 34 to 38 volts, depending on the am-
bient temperature. After warm-up, the full
40 volts is obtained. A user
adjustment allows the maxi-
mum output voltage to be
compensated for component
aging.

The KG-663 is a pleasant
departure from the usual kit
styling; in fact, it’s hard to tell

Finger points to rear panel terminal
strips that provide auxiliary output
terminals, and remote control of
output voltages or remote sensing
to compensate for voltage drops.
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at first glance that it is a kit. The cabinet is
a heavy black wrinkle-finish steel; the tran-
sistor heat sinks are heavy duty black ano-
dized aluminum, rather than the usual cheap
metal fin. The under-chassis components are
wired on the parallel terminal strip arrange-
ment common to laboratory instruments.

How It Works. The block diagram shows
how the supply works. Q5 and Q6, the pass
transistors, perform as controllable “resist-
ors.” Q2 compares the established output
voltage against a fixed voltage from the bias
reference. If the output voltage attempts to
change in any way, either up or down, Q2
detects the error and varies the “resistance”
of Q5 and Q6 to re-establish the set voltage
output.

The current limit is controlled by tran-
sistor QI, which *“senses” a change in output
current as a change in voltage developed by
the output current across a very small re-
sistor.

In conclusion, while we’re used to thinking
of instrument kits in terms of “service grade,”
the KG-663 regulated power supply can be
associated with “laboratory grade” equip-
ment, for in both performance and quality,
it is suited for research and development
work. While its price is relatively high for
the experimenter or service shop ($99.95 in
kit form and $149.00 wired), modern, so-
phisticated, solid-state equipment servicing
often requires the high stability and ripple
(hum) free characteristics of the KG-663.

For additional information write to Allied
Radio Corp., Dept. 20, 100 N. Western Ave.,
Chicago, I1l. 60680. n

“Boy! My signal must be going clear
around the world—the ham down the block
says he can hardly hear it!"
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Ticketed Tech

Continued from page 69

Selling CB radios can also build your in-
come. You not only make a profit on each
sale, but you can also charge $25 for instal-
lation of each set and get another steady
service customer. Since CB sets use standard
crystals, you should have quite a few sets on
hand and have a stock of crystals. You'li
find CB equipment manufacturers listed in
the 1967 edition of CB BUYERS’ GUIDE.

Working For A Manufacturer. There’s
still another area of opportunity for the two-
way radio technician. Equipment manufac-
turers are looking for good technicians to
check out equipment at the end of the pro-
duction line, repairing defective sets returned
by customers, building prototype equipment
in a lab, and supervising installations.

Many men who started out-as technicians
for manufacturers have risen to executive
jobs. From technician duties they have
turned to engineering or sales. The communi-
cations sales manager of one of the big
manufacturers started out with another com-
pany as a field service technician. One of his
former associates is now the owner of one
of the largest mobile radio service shops in
the metropolitan New York area.

To get a job with a manufacturer, run a
classified ad in Electronics News (7 E. 12th
St., New York, N. Y. 10003), Communica-
tions (Box 63992, Oklahoma City, Okla.
73106), CEM (14 Vanderventer Ave., Port
Washington, N. Y. 11050), and/or Com-
munications Market Report (Box 3095, New
York, N.Y. 10017).

Booming Field. Only a little more than
two decades ago, Fred M. Link got the two-
way radio industry going in a big way when
he founded Link Radio Corporation. Today,
it is almost a $200 million per year business,
and it’s growing 10 per cent every year.

You can get into this booming field if you
study and get a Second Class Radiotelephone
Operator license. As a part-time, on-your-
own two-way radio technician, you can com-
mand $10 an hour or more for your time.
Working for someone else, you can get $100-
175 a week at the start and in time earn
as much as $250 a week doing service work.
If you switch over to sales, you might even-
tually earn as much as $50,000 per year in
salary and commissions. Some are doing it
right now. u
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RAY-TEL TWR-9

Continued from page 64

The Transmitter. Utilizing a pi-net out-
‘put circuit, the transmitter delivered 3.5
watts into a 50 ohm load. A so-called “an-
tenna” indicator—actually a front panel
lamp—glows when the transmitter is acti-
vated. But in fact, the lamp only indicates
that power is being applied to the trans-
mitter; it does not indicate RF output as it
will glow even if the transceiver is switched
to a blank crystal position.

The intercom switching deserves some ex-
tended discussion because of somewhat
unique circuitry that allows a single remote
speaker connected to the speaker jack on the
transceiver’s rear apron to serve three differ-
ent functions. To illustrate, let us assume
the remote speaker is placed in the shop
while the transceiver is located in the
kitchen.

If the front panel remote switch is de-
pressed the output of the transceiver is fed
to both the transceiver’s speaker and the re-
mote speaker, allowing the CB channel to be
monitored both in the shop and kitchen. To
disable the remote monitoring, it is only
necessary to depress the remote switch a
second time; it is not necessary to discon-
nect the speaker to eliminate the remote
monitoring.

When the intercom switch is depressed,
the TWR-9 is converted to an intercom with
a hands-free remote station, that is, it pro-
vides full-time monitoring of the remote
speaker. In our example, the kitchen would
always monitor the shop. By depressing the
talk button, the “kitchen operator” could
talk back to the shop. To restore the trans-
ceiver to CB operation, the user simply de-
presses the desired channel switch, auto-
matically disconnecting the intercom circut.

Separate Volume Controls. The front
panel volume control determines only the
volume of the received radio signal; it has
no effect on the intercom. The intercom
volume controls, which can be user adjusted,
are located inside the cabinet. One control
sets the level at the transceiver (the level
from the remote speaker); a second control
establishes the sound level at the remote
speaker (intercom). Note that both volume
controls affect only the intercom service;
when the remote speaker is used for remote
monitoring of received CB signals the nor-
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mal transceiver volume control determines
the sound level from both the transceiver
and remote speakers.

The TWR-9’s overall quality is a notch
or two above the usual CB construction.
The first unusual bit is a three prong power
plug that insures the transceiver is at least
connected to the electrical ground. Secondly,
the printed circuit board is fiberglass, with
extra heavy printed circuit wiring. All com-
ponents are very rigidly mounted, right
down to a swivel-bar to secure the modulator
tube. In addition, the two tubes are placed
“in the open” so their heat will have little
or no effect on adjacent components.
Finally, instead of the more common solder-
terminals used for crystal sockets, each
channel has its own set of crystal terminals
in a solid plastic block.

Summing Up. Based only on our checks,
the TWR-9 was as good or better than Ray-
theon’s claims. From the operating view-
point, the transceiver was as €asy to operate
and handle as the ordinary office intercom,
the only difference being that the user selects
a CB channel rather than a particular inter-
com sub-station. And as we said, construc-
tion quality was first rate. All in all, the
TWR-9 is an unusual but highly effective
CB radiophone/intercom system.

The basic transceiver is priced at $99.95.
The remote speaker/intercom (with cabinet
to match the transceiver) complete with 50
feet of connecting cable (with plug and
terminals pre-wired) is $119.85.

For additional information write to Ray-
theon Co., Ray-Tel Products, 213 E. Grand
Ave., So. San Francisco, Calif. 94080. L]

SPEAKER

PUSH-TAB
CONTROLS

TRANSMIT INDICATOR

Feature-packed TWR-9 shows careful
design and quality construction. Unit's
overall performance is top-drawer.

ELEMENTARY ELECTRONICS



o

Mlarhiot Llace

FOR BIGGER PROFITS! NEW CAREER OPPORTUN
READ AND REPLY TO THESE CLASSIFIED ADS

IES!

Classified Ads 55¢ per word, each insertion, minimum 10 words, payable in advance. To be included in the next uyui.lable
issue of ELEMENTARY ELECTRONICS, copy must be in our New York Office by Sept. 10th. Address orders to C. D. Wilson,

Manager, Classified Advertising,

ELEMENTARY ELECTRONICS, 505 Park Ave., New York, N. Y. 10022,

BUSINESS OPPORTUNITIES

HI-FI EQUIPMENT

REMAILING SERVICE

I MADE $40,000.00 a year by Mailorder!
Helped others make money! Start with
$10.00—Free Proof! Torrey, Box 318-T.
Ypsilanti, Michigan 48197.

FREE Book

“990 Successful Little-
Known Businesses.”” Fascinating! Work
home! Plymouth 111-H, Brooklyn, N. Y.

11218.

For Business Opportunities—read Sci-
ence & Mechanics, 12 issues $4.00. Write
Science & Mechanics, 505 Park Ave., New
York, N. Y. 10022.

BUY IT WHOLESALE

WAREHOUSE Liquidation And Auction
Goods—Expensive jeweled Men’'s Swiss
Watch $6.80. Dynamic AC-DC Hi-Fidelity
Portable 14 Transistor Radio $15.50, $30.00
AM FM Hi-Fidelity 9 Transistor Portable
Radio $19.50, $50.00 Hi-Fidelity Automatic
Electronically Controlled Microphone Tran-
sistor Tape Recorder $19.50, 50 New Towels
$3.00. Send Cash or Money Order Plus 50¢
handling. A. Marsh, 264 N. St. Marys,
St. Marys, Pa. 15857.

EARTHWORMS

BUY Sony Solid State Transistorized
Television.  Model #5-30TUW. Retail
$129.95 Plus Tax. And Sony Radio Model
#TFA-T0W, Retail $99.95 Plus Tax.
Franklin M. Spencer Company, 108
Cemetery, Martinsville, Va. 24112.

INVENTIONS WANTED
WE either sell your invention or pay

cash bonus. Write for details. Universal
Inventions, 298-3, Marion, Ohio 43302.

CHICAGO area remails 25¢. Monthly
$3.00. Confidential. Hutchinson, Dept. 6E,
824 Read Street, Lockport, IIl. 60441.

SCIENCE EXPERIMENTS

SCIENCE Experimenter—the magazine
dedicated to the youth who Is Interested in
experimentation, construction and Science
Fair entries. Send $1.00, includes Postage,
to Science Experimenter, 505 Park Ave.,
New York, N. Y. 10022.

MAIL-ORDER OPPORTUNITIES

SONGWRITERS

WANTED 100 new Co-publishers, *’Prof-
itable Selling,”” Mall Order Magazine.
Free copy. Liberty Publishing, Box 576,
Woodside, N. Y. 11377.

POEMS Wanted for muslcal setting and
recording. Send poems. Free examination.
Crown Muslc, 49-SC, West 32, New York
10001.

PERSONAL

SPECIAL SERVICES

BILL Problems! Poor credit no trouble.
Not a loan company. Send for free appli-
cation. Nationwide Acceptance, Dept. DC,
930 F. Street, N.W., Washington, D. C,
20017 or 1326 Plainfleld Street, Cranston,
Rhode Island 02919.

BIG Money Raising Fishworms and
Crickets. Free literature. Carter Farm-O,
Plains, Georgia 31780.

EDUCATION & INSTRUCTION

CORRESPONDENCE Courses — B.Sc.,
Engineering, Electronics. Catalog $1.00.
Canadian Institute of Science & Technol-
o8y, 263J Adelalde St. W., Toronto.

FCC License and Associate Degree cor-
respondence/residence courses. School bul-
letin free. Grantham Institute of Elec-
tronics, 1505 N. Western Ave., Hollywood,
Calif. 90027.

TELEPHONE Engineering: Complete
Correspondence Course $39.50. Instruments
to DDD including Tariffs. Super Hobby
Catalog 25¢. Don Britton Enterprises,
7906 Santa Monica Blvd., Hollywood,
Calif. 90046.

FOR INVENTORS

ELECTRONIC circuits designed to your
specifications. $5.00 analysis fee. Atomic
Electronics, Box 4, 1323 N. Sunshine Way,
Anaheim, Calif. 92808.

RADIO & TELEVISION

LOOK Men—especially Golf Players. Cut
your shoe cost. Send 25¢ for details.
Delph’s Leather Products, Tamaqua,
Pennsylvania 18252.

CATALOG of all Science & Mechanics
Craftprints. Send 25¢ to cover postage and
handling to Craftprint Div., Science &
Mechanics, 505 Park Ave., New York 10023.

McGEE Radio Company. Big 1966-1967
Catalog Sent Free. America's Best Values.
Hi-Fi, Amplifiers, Speakers, Electronic
Parts. Send Name, Address and Zip Code
Number to McGee Radio Company, 1901
McGee Street, Dept. EE, Kansas City,
Missouri 64108.

CANADIANS—Gliant Electronics Cata-
Hi-Fi, Shortwave, Ham, CB. Rush
ETCO, Dept. EZ, Box 741, Mon-
treal, Canada.

" “CRYSTAL Set Construction” Handbook
—50¢. Catalog. Laboratories, 12041-G
Sheridan, Garden Grove, Calif. 92640.

POWERFUL Two Crystal DX'er Set
Parts Only $3.98. Albert Phillips, Jr.
432 Melish Ave., Cincinnati, Ohio 45229.

C. B. BUYERS’ Guide—A new magazine
for the buyers of Citizen’s Band Elec-
tronic Equipment. Includes a Test Report
Section on 5-Watt C. B. Transceivers:
How to Operate on C.B.; The Social Side
of C.B.; FCC Regulations. Send $1.25—
includes Postage to C. B. Buyers’ Guide,
505 Park Ave.,, New York, N. Y. 10022.

STAMP COLLECTING

FREE Literature! Samples: Stamps.
Amazing Booklet, Views 30¢. Persil, 436
New York Ave., Brooklyn, N. Y. 11225.

START YOUR OWN BUSINESS

START Profitable Business in spare
time. Investigate many money-making
agency and franchise opportunities. Send
10¢ for sample copy of Income Opportuni-
ties Magazine, 505 Park Avenue, New
York, 10022. Dept. S.

UP To 90¢ Profit On Each $1.00 Sale.
Details 25¢. Carpenter, 2907-C West 39th
Place, Chicago, Ill. 60632.

TIPS FOR THE HOME, ETC.

PRACTICAL tips for home, garden and
workshop, are in ‘““1001 How-To Ideas.’
A high value reference for all craftsmen.
Send $1.00 for your copy includes Postage,

1001 How-To Ideas, 505 Park Ave.,
New York, N. Y. 10022.

For Greater Clagsified Profits

WHY NOT TRY THIS NEW

combined classified ad medium

Your classified ad will appear in SCIENCE & MECHANICS MAGAZINE as well as in a minimum of
three other SCIENCE & MECHANICS PUBLICATIONS. Write now for information to C. D. Wilson, Manager,
Classified Advertising, SCIENCE & MECHANICS, 505 Park Ave., New York, N. Y. 10022.
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How to getinto

One of the hottest money-making
fields in electronics today-
servicing two-way radios!
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HE’S FLYING HIGH. Before he got his CIE training and FCC License, Ed Dulaney’s only professional skill was as a com-
mercial pilot engaged in crop dusting. Today he has his own two-way radio company, with seven full-time employees. “I am
much better off financially, and really enjoy my work,” he says. Read here how you can break into this profitable field.

More than 5 million two-way transmitters have skyrocketed
the demand for service men and field, system, and R&D engi-
neers. Topnotch licensed experts can earn $12,000 a year
or more. You can be your own boss, build your own com-
pany. And you don’t need a college education to break in.

OW WOULD YOU LIKE to start col-

lecting your share of the big
money being made in electronics today?
To start earning $5 to $7 an hour...
$200 to $300 a week...$10,000 to
$15,000 a year?

Your best bet today, especially if you
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don’t have a college education, is prob-
ably in the field of two-way radio.
Two-way radio is booming. Today
there are more than five million two-
way transmitters for police cars, fire de-
partment vehicles, taxis, trucks, boats,
planes, etc. and Citizen’s Band uses—

and the number is still growing at the rate
of 80,000 new transmitters per month.

This wildfire boom presents a solid
gold opportunity for trained two-way
radio service experts. Many of them are
earning $5,000 to $10,000 a year more
than the average radio-TV repair man.

Why You’ll Earn Top Pay

One reason is that the United States
Government doesn’t permit anyone to
service two-way radio systems unless he
is licensed by the Federal Communica-
tions Commission. And there simply
aren’t enough licensed electronics ex-
perts to go around.

ELEMENTARY ELECTRONICS

" TV-RADIO - STEREO » HI-F|
CITIZEN AND BUSINESS BAND



Another reason two-way radio men
carn so much more than radio-TV serv-
ice men is that they arc necded more
often and more desperately. A home
radio or television set may need repair
only once every ycar or two, and there’s
no real emergency when it does. But a
two-way radio user must keep those
transmitters operating at all times, and
must have their frequency modujation
and plate power input checked at regu-
lar intervals by licensed personnel to
meet FCC requirements.

This means that the available licensed
experts can “write their own ticket™
when it comes to earnings. Some work
by the hour und usually charge at least
$5.00 per hour, $7.50 on cvenings and
Sundays, plus travel expenses. A more
common arrangement is to be paid a
monthly retainer fee by each customer.
Although rates vary widely, this fixed
charge might be $20 a month for the
base station and $7.50 for each mobile
station. A survey showed that one man
can easily maintain at least 100 stations,
averaging |5 base stations and 85 mo-
hiles. This would add up to at least
$12,000 a year.

Be Your Own Boss

There are other advantages too. You can
become your own boss—work entirely
by yourself or gradually build your own
fully stalfed service company. Instead
of being chained to a workbench,
machine, or desk all day, you'll move
around, see lots of action, rub shoulders
with important police and fire officials
and business executives who depend on
two-way radio for their daily operations.
You may even be tapped for a big job
working for one of the two-way radio
manufacturers in field service, factory
quality control, or laboratory rescarch
and development.

How To Get Started

How do you break into the ranks of the
big-money earners in two-way radio?
This is probably the best way:

1. Without quitting your present job,
learn enough about electronics fun-
damentals to pass the Government
FCC Exam and get your Commer-
cial FCC Licensc.

. Then get a job in a two-way radio
service shop and “Jearn the ropes” of
the business.

3. As soon as you've carned a reputa-
tion as an expert, there are several
Wilys you can go. You can move oul
and start signing up and servicing
your own customers. You might be-
come a franchised service represen-
lative of a big manufacturer and then
start getting into two-way radio sales,
where one sales contract might net
you $5,000. Or you may even be in-
vited to move up into a high-prestige
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THIS COULD BE YOUR “TICKET” TO A GOOD LIVING. You must have a Com-
mercial FCC License to service two-way radios. Two out of three men who take the FCC

exam flunk it...

salaried job with one of the major

manufacturers either in the plant or

out in the field.

The first step—mastering the funda-
mentals of Electronics in your spare time
and getting your FCC License—can be
easier than you think.

Cleveland Institute of Electronics has
been successfully teaching electronics
by mail for over thirty years. Right at
home, in your spare time, you learn
electronics step by siep. Our AUTO-PRO-
GRAMMED™! Jessons and coaching by
expert instructors make everything clear
and easy, even for men who thought
they were “‘poor learners.” You'll learn
not only the fundamentals that apply to
all electronics design and servicing, but
also the specific procedures for install-
ing, troubleshooting, and maintaining
two-way mobile equipment.

Get Your FCC License...
or Your Money Back!
By the time you've finished your CIE
course, you'll be able to pass the FCC
License Exam with ease. Better than
nine out of ten CIE-trained men pass
the FCC Exam the first time they try,
even though two out of three non-CIE
men fail. Thisstartling record of achieve-
ment makes possible the famous CIE

but nine out of ten CIE graduates pass it the first time they try!

warranty: you’ll pass the FCC Exam
upon completion of your course or your
tuition will be refunded in fuil.

Ed Dulaney is an outstanding exam-
plc of the success possible through CIE
training. Before he studied with CIE,
Dulaney was a crop duster. Today he
owns the Dulaney Communications
Service, with seven pcople working for
him repairing and manufacturing two-
way equipment. Says Dulaney: “I found
the CIE training thorough and the les-
sons casy to understand. No gquestion
about it—the CIE course was the best in-
vestment | ever made.”

Find out more about how to get ahead
in ali fields of electronics, including two-
way radio. Mail the bound-in postpaid
reply card for two FREE books, “How
To Get A Commercial FCC License”
and “How To Succeed In Electronics.”
If card has been removed, just send us
your name and address on a postcard.

ENROLL UNDER NEW G.I. BILL

All CIE courses are available vnder
the new G.L Bill. If you served on
active duty since Janvary 31, 1955,
OR are in service now, check hox
on reply card for G.L Bill infor-
mation.

Cleveland Institute of Electronics

&
Cli

A Leader in Electronics Training...Since 1934

. Accredited Member National Home Study Council

1776 E.17th St.,, Dept. EL-4, Cleveland, Ohio 44114
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BUILD 20 RADIO

CIRCUITS AT HOME p-
with the New Improved $2695
PROGRESSIVE RADIO ““EDU-KIT/'®

A Practical Home Radio Course

Now Incl i
s 12'R‘E‘::dEelsVERS % No Knowledge of Radio Necessary
% 3 TRANSMITTERS % No Additional Parts or Tools Needed
* SQ. WAVE GENERATOR
* SIGNAL TRACER % EXCELLENT BACKGROUND FOR TV
* AMPLIFIER b @ SCHOOL
% SIGNAL INJECTOR = —
* CODE OSCILLATOR % Soid In 79 Countries FREE EXTRAS ’
r
YOU DON'T HAVE TO SPEND I
| ® SOLDERING IRON |
The ''Edu-Kit’’ offers you an outstanding PRACTICAL HOME RADIO CO ® ELECTRONI
rock-bottom price. Our Kit is designed to (r Ra(no & Electronics Tecnn:c:a#:sliaﬁsng PLIERS. UTS-SE nIESTER
use of the most modern methods ol home trainin, You will learn radio theory, construc. 3 VAL A"c
tion practice and servicing. TH A COMPLLIE ®ADIO COURSE IN EVERY DETAIL. * YALUABLE DISCOUNT carg
wilt learn how to build rau sv using regular scnematlcs~ how to wire and soiden & CERMIEICAUEIOEAMERIT:
in a professional manner; how to service radios. You I work with the standard type e TESTER INSTRUCTION MANUAL
punched metal chassis as well_as the latest uevelonmem of Printed Clrcuit chassis. HIGH FIDELITY GUIDE - QUIZZES
i iearn the basic principies of radi0. You construct, study and work with |+ TELEVISION BOOK - RADIO
an amplifiers and osciilators, de(ecror:. rec(ihers test equipment. You will tearn TROUBLE-SHOOTING BOOK
and practice code, using the Progrcssive Code Osclllator. You will learn and Practice ¢« MEMBERSHIP IN PADIQ TV CLUB:
trouble-shootin, using the Progressive Signal Tracer, Progressuve Signal Injector, Pro- CONSULYATION SERVICE « FCC
Bressive Dynamic Radio & Electronics ¥ester, Sqaare Wave Generator and the accompany- TEUR LICENZE TRAINING
ing instructionai materia . FRI\YED CIRCUITRY
You will receive training for the Novi Technician and General Classes of F.C.C. Radio e WOV A LSV
ur Licenses. You will build Receiver, TranSmitter, Square wWave Generator,
Oslclullator Signal Tracer and S»gnaldln;ectorlc"cuxts, am} Iearg rE\(Iawtto operate them.
will receive an excellent background for television. i-Fi an ectronics,
Absolutely no Previous knowledge of radio or science is required. The ‘‘Edu t'? s |SE RVICING LESSONS
the Product of many years of teaching and engineering experience. The “Edu-Kit'' will
provide you with a basi¢ education in Electronics and Radio, worth many times the low You will learn trouble-shooting and
price you pay. The Signal Tracer alone is worth more than the price of the kit. servicing in a progressive manner. You

will practice repairs on the sets that

THE KlT FOR EVERYONE ¢ you construct. You will I'e‘arn symptoms

and causes of trouble in home, portable
You do not need the slightest background Ia‘;;g(sl 'ﬁgdugscl“zrolfnds have succgss!ully use the professional Signal Tracer, the

unique Signal Injector and the dynamic
interesting Rad:l & Electror;'n‘cs Tes(ter.'wmle you

are learning in this practical way, you
buslneés:rna"ob wnh a future, you will finid ) o Ao do’ maly -chmair. Tk Ton

L)
r rth-while investment. your own h.
Many thousands of Induvlduals of ail rate. No instructor is necessary. ’{ge"s' v‘v',:fg‘,:’swf‘.'}“,a",e'g,[‘c"e"'j'.,?Q“D,".CZ'?,

p g Naw's the ‘’Edu-Kit.”' Our Consultation Scrvut:,e
PROGRESSIVE TEACHING. METHOD [ T o G i T el

The FProgressive Radlo d“Edl:hK"'t' Isl tfaelfo.rﬁmc')stmed:manutnal radio llut in the world,
and is universally accepted as the standard in e field ot electronics training. The ‘‘Edu-

Kit'* uses the modern educational principie of ‘‘Learn by Doing.’’ Therefore you construct, FROM O R MAIL BA
learn schematics, study theory, Dractice trouble shno!mg—all in a closeiy Integrated pro-
gram designed to provide an eastly-) ned, thorough and interesting backgruund in radio.

You begin hy examining the vari ous radio parts of the *‘Edu- L You then learn the
function, theory and wiring o! these parts. Then you bu.ld a simple radio. With this first
set you will enjoy lisiening to regular broadcast stations, learn theory, practice testing
and troubie- shooum:. Thea you build a more advanced radno, learn more advanced theory
and techniques. Gradually, in a progressive manner, and at your own rate., you will
find yourselt con,struclmg more advanced muiti-tube radio circuits, and doing work like &

nal T

of 25 plar Pl., Watel
writes: have repaired
sets for my friends, and made

L . P . M .
Vncluded in the *‘Edu-Kit” course are Recciver, Trahsmitter, Code Oscillator, Signa O e o A oy
Tracer, Square Wave Generator and Signal Injector Clrcu:ts. These are not unprofessional I am sending you the questions and also
‘‘breadboard’’ experiments, but genuine radio circuits, constructed by means of professional the answers for them. | have been in
g and soldering on metal chassis, plus the new method of radio construction known Radio for the last seven years. bul like

i These circuits operate on your regular AC or DC house current. to work with_Radio Kits, and like to

THE “ED KlT ls COMPLETE joyed every !nn;;‘ue!es‘lg"\;?rked with (I?e

Tracer works
. Also like to let you know that |
feel proud of becommz a member of your

You wili receive all parts and instructions necessary to build twenty different radio and
electronics circuits, each guaranteed to operate. Our Kits contain tubes, tube sockets, va Radio-TV Clu
able, electrolytic, mica, ceramic and paper dielectric condensers, resistors, tie strips ARohert L Shuff 1534 Monroe Ave
hardware, tubing, punched metal chassis, Instruction Manuals, hook-up wire, solder, Hummglon..w Va.: ““Thought 1 would
selanium rectifiers, coils, volume controls and switches, etc R . drop you a few lines to say that | re-

In addition, you receive Printed Circuit materials, includ‘mg Printed Circuit chassis, ceived my Edu-Kit, and was really amazed
special tube sockets, hardware and instructions. You alse receive a useful set of tools, a that such a I)argam can be had at such
professional electri saldering iron, and a seif-powered Dynamic Radio and Electronics ‘a low price. | have already started re-
Tester. The “‘Edu-Kit'' also includes Code Instructions and the Progressive Code Oscillator, pairing radios and phonographs. My
in sddition to F.C.C. Radio Amateur License training. You will also receive lessons for friends were really surprised to see me
servicing with the Progressive Signal Tracer and the Progressive Signal Injector, a High get into the swing of it so quickly. The
F"ldﬂgy Guide and a Quiz Book. You receive Membership in Radio-TV Club, Free Consulta- ‘Thr:ualie'-s:!soo:égﬁyTeSs‘;eeaiIthz:mcow:;s\'\rl'tlg

v v .
tlon Service, Certificate of Merit and Discount Privileges. You receive all parts. tools, trouble. of there is any ta be found.':

instructions, etc. Everything is yours to keep.
Progressive ‘‘Edu-Kits’' Inc., 1186 Broadway, Dept. 520DJ, Hewlett, N. Y. 11557

TTT T T 7 UNCONDITIONAL MONEY-BACK GUARANTEE -

‘_‘__ === _—l
ORDER FROM AD—RECEIVE FREE BONUS L A PR,INTED, CIARCUITRY "
t no inerease in price, the ‘‘Edu-Kit”

RADIO & TV PARTS JACKPOT WORTH $15 | now includes Printed Circuitry. You bulld

5 a Printed Circuit Si i i

! ({3 Send “Edu-Kit" postn ! enclose full payment of $26.95. servicing instrumenstmtnr?::t I::‘nﬁmzire‘te?:tu?u::x;

| O send “Ede-kit” c.0.D. 1 will nay $26.95 plus postage. Radiot ahnd TV troubles. This revolutionary

= i K y ] Kt new technique of radio construction is now

] Rush me FREE descriptive literature concerning ‘‘Edu- Kit. | becoming popular in commercial radio and
1 n | TV sets. i

S 8 o IR SR e D T T R I A Printed Circuit is a special insulated

Address ... ......... oG s e W R i oy - L —— chassis on which has been deposited a con-

ducting material which takes the blace of

City and State. .. .. g - .- T Z i ek b EE pu e il wiring. The various parts are merely plugged

in and soldered to terminals.

Printed Circnitry is the basis of modern
Automation Electronics. A knowledge of this
subject a necessity today for anyone in-

terested in Etectronics.

: PROGRESSIVE “EDU-KITS” INC.
| 1186 Broadway, Dept. 520DJ, Hewlett, N. Y. 11557
L




