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Electronics 
SWLs! CBers! Hams! 
Calibrate all your gear with our budget 

FREQUENCY STANDARD... 
14.5 14.6 14.8 15.0 15.2 15.4 1 
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20.2 20.6 21.0 21.4 21.8 

...you build it on a special 

PRINTED CIRCUIT BOARD 
we supply absolutely 

FREE! 

nouncing 
ASIC 

COURSE IN 
GTE/CITY 

ELE 
LECTIC easy learning 

reference med - for re fe 
-for permanent f erence 

oab comprehension re raped course 
comprehensive 

exclusive, 
this fundamental, enure realm 

of 

e 
An a 

vide you step-by-step throe 

wilt guide you undersl 
electronics 

and 
TI-3IS 

13ASIC ELECTRIC 

1 

.tio 

I0. 7 v1034Pild 
Ill10930 n CZ', 

iSäNJaVN r 

466 Z14OZG i L6 1;0C4 



EICO Makes k assible 
Uncompromising engineering -for value does it! 

You save up to 50% with Eico Kits and Wired Equipment. 
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, Engineering excellence, 100% capability, strik :n 
esthetics, the industry's only TOTAL PERFORMANCE STEREO 
at lowest cost. 
A Silicon Solid -State 70 -Watt Stereo Amplifier for $89.95 kit, 
$139.95 wired, including cabinet. Cortina 3070. 

A Solid -State FM Stereo Tuner for $89.95 kit. $139.95 wired, 
including cabinet. Cortina 3200. 

I I 1 r A 70 -Watt Solid -State FM Stereo Receiver for $169.95 kit, 
$259.95 wired, including cabinet. Cortina 3570. 

Eicocraft The newest excitement in kits. 
100% solid -state and professional. 

Fun to build and use. Expandable, interconnectable. Great as "jiffy" projects 
and as introductions to electronics. No technical experience needed. Finest parts, 
pre -drilled etched printed circuit boards, step -by -step instructions. 

EICOCRAFT-4.- Electronic Siren $4.95, Burglar Alarm $6.95, Fire Alarm $6.95, 
Intercom $3.95, Audio Power Amplifier $4.95, Metronome $3.95, 
Tremolo $8.95, Light Flasher $3.95, Electronic "Mystifier" $4.95, 
Photo Cell Nite Lite $4.95, Power Supply $7.95, Code Oscillator $2.50, 
FM Wireless Mike $9.95, AM Wireless Mike $9.95, .. 
Electronic VOX $7.95, FM Radio $9.95, 
AM Radio $7.95, Electronic Bongos $7.95. 

Two years ahead! Model 7923 
All Solid -State 23- Channel 5W Transceiver. 4 exclusives: 

dual -crystal lattice filter for razor -sharp selectivity; efficient 
up- converter frequency synthesizer for advanced stability; 

precision series -mode fundamental crystals; 
Small: only 3"H, 8'W, 81/4"D. $189.95 wired only. 

The best buy in tube -type CB- "Sentinel -Pro" 23- channel dual 
conversion 5W Transceiver $169.95 wired only.. 

EICO Trans/ Match (Model 715) is a professional test set 
designed for complete checking of ham and CB equipment. 

Kit $34.95; Wired $49.95. 

Citizen's Band 

Truvohm 
'rofessic P art., t- , by i ICO. 

The industry's greatest V -O -M values. 
Designed, made to Eico's high 

standards of professionalism. Each 
complete with batteries & test leads. 

Backed 100% by famous EICO warranty. 
Model 100A4, 100,00051 /V, $34.95. 

Model 30A4, 30,0000/V, $19.95. 
Model 30A3, 30,00052 / V, $15.95. 
Model 20A3, 20,00051 /V, $12.95. 

Model 4A3, 400012/V, $9.95. 
Model 1A1, 100052 /V, $5.95. 

Automotive 
EICO 888- Car /Boat 
Engine Analyzer. 
For all 6V/ 12V 
systems; 4, 6, 8 -cyl. 
engines. 
Now you can keep 
your car or boat 
engine in tip -top shape 
with this solid -state, portable, self -powered universal 
engine analyzer. Completely tests your total 
ignition /electrical system. 
Complete with a Tune -up & Trouble- shooting Manual. 
Model 888; $44.95 kit, $69.95 wired. 

Test Equipment EIco7® 
100 best buys to choose from. 
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The Professionals" 
-;ucoratory precision at lowest cost. 

Model 460 Wideband Direct -Coupled 
5" Oscilloscope. DC -4.5mc 
for color and B &W TV service 
and lab use. Push -pull DC vertical 
amp., bal. or unbal. input. Automatic 
sync limiter and amp. 
$109.95 kit, $149.95 wired. 

Model 232 Peak -to -Peak VTVM. A must for color or B &W TV and industrial use. 
7 non -skip ranges on all 4 functions. With exclusive Uni-Probe .® 

$29.95 kit, $49.95 wired. 

FREE 1968 CATALOG 
EICO Electronic Instrument Co., Inc. 
283 Malta St., Bklyn., N, Y. 11207 

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

Name 

Address 

City 

State lip 
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Cast your ballot for a successful future! 

253 I.C.S. C 

1 

ACCOUNTING 
Accounting for Business 

Programmers 
Accounting (Canadian) 
Auditing Business Law 
Cost Accounting 
C.P.A. Review 
Estate & Trust Accounting 
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 BUILDING 
Arch. Drawing & Designing 
Architecture 
Building Contractor 
Building Estimator 
Building 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 
Illustrating with Options: - Magazine 
-Advertising Layout 
-Illustrat ion 
Interior Decorating 
Oil Painting for Pleasure 
Show Card & Sign Prod. 
Show Card Writing 
Sign Painting & Designing 
Sketching & Painting 
AUTOMOTIVE 
Automatic Transmission 

Specialist 
Automobile Body 

Rebuilding & Refinishing 
Automobile Electrical Tech. 
Automobile EngineTune -Up 

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 

Automobile Technician 
Automotive Mechanic 
Diesel -Gas Motor Vehicle 

Engines 
BUSINESS 
Advertising 
Basic Inventory Control 
Business Administration 
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 
Modern Exec. Management 
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 Operations 
Chemical Laboratory Tech. 
Chemical Process Operator 
Elements of Nuclear Energy 
General Chemistry 
Instrumental Laboratory 

Analysis 
CIVIL 

ENGINEERING 
Civil Engineering 
Construction Eng'r'g 

Technology 
Highway Engineering Tech. 
Principles 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 Programming 
Fortran Programming for 

Engineers 

Accredited member, 
National Home Study Council. 

Convenient payment plan. 

Special Canadian courses 
In French and English. 

Approved for veterans 
under the new G. I. Bill. 

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

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

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

Programming for Digital 
Computers 

Programming the IBM 

High School General 
High School Mathematics 
High School Secretarial 

Heating & Air Conditioning 
with Drawing 

Industrial Air Conditioning 

Dyeing & Finishing 
Loom Fixing Spinning 
Textile Designing 

1401 Computer High School Vocational Industrial Heating Textile Mill Supervisor 
Programming the IBM LANGUAGES Pipe Fitting Plumbing Textile Technology 

SYSTEM 360 Computer (Edited by Berlitz) Plumbing & Heating Warping and Weaving 

DRAFTING French German Plumbing & Heating Est. TRAFFIC 
Aircraft Drafting Italian Spanish Practical Plumbing Motor Traffic Management 
Architectural Drafting LEADERSHIP Refrigeration Railway Rate Clerk 
Design Drafting Basic Supervision Refrigeration & Air Cond. Traffic Management 
Drafting Technology Industrial Foremanship PULP AND PAPER TV- RADIO- 
Electrical Drafting Industrial Supervision Paper Machine Operator ELECTRONICS 
Electrical Eng'r'g Drafting Modern Woman Paper Making, Pulp Making Color Television Principles 
Electronic Drafting as a Supervisor Pulp & Paper Engineering & Servicing 
Introductory Mech. Draft. Personality Development Pulp & Paper Making Communications Techn'l'gy 
Mechanical Drafting Personnel -Labor Relations SALESMANSHIP Electronic Fundamentals 
Pressure -Vessel and Tank Supervision Creative Salesmanship Electronic Fundamentals 

Print Reading MATH EMATICS Real Estate Salesmanship (Programmed) 
Sheet Metal Layout for Advanced Mathematics Sales Management Electronic Fundamentals 

Air Conditioning Mathematicsand Mechanics 'Salesmanship with Electronic Equip- 
Structural Drafting for Engineering SECRETARIAL ment Training 
ELECTRICAL Mathematics and Physics Clerk -Typist Commercial Electronic Instrumentation 
Electric Motor Repairman for Technicians Engineering Secretary a Servo Fundamentals 
Electrical Appliance Ser. Mathematics and Physics Legal Secretary Electronic Principles for 
Electrical Contractor for Engineering Medical Secretary Automation 
Electrical Engineering Modern Elementary Stat. Professional Secretary Electronics and Applied 

(Power option or MECHANICAL Shorthand Stenographic Calculus 
Electronic option) Aircraft & Power Typewriting Electronics Technician 

Electrical Engineering Tech. Plant Mechanics SHOP PRACTICE First Class Radiotelephone 
Electrical Instrument Tech. Hydraulic & Pneu. Power Drill Operator License 
Industrial Electrical Tech. Industrial Engineering Foundry Practice Fundamentals of Electronic 
Power Line Design Industrial Management Industrial Metallurgy Computers 

and Construction for Engineers Lathe Operator General Electronics 
Power Plant Operator Industrial Eng'r'g Tech. Machine Shop Inspection General Electronics with 

(Hydro or Steam option) Industrial Instrumentation Machine Shop Practice Electronic Equip. Trng. 
Practical Electrician Machine Design Machine Shop Practice & Hi -Fi Stereo and Sound 
Practical Lineman Mechanical Engineering Toolmaking Systems Servicing 
Reading Elec. Blueprints Quality Control Metallurgical Eng'r'g Industrial Electronics 
ENGINEERING Safety Eng'r'g Tech'l'gy Technology Industrial Electronics Eng. 

(Professional Tool Design Value Analysis Milling Machine Operator Industrial Electronics 
Refresher Courses) Vibration Analysis Multicrafi Maintenance Engineering Technician 

Chemical Civil Electric. and Control Mechanic Numerical Control 
Engineer -in- Training PETROLEUM Practical Millwrighting Electronics & Maint. 
Industrial Mechanical Natural Gas Production Reading Shop Prints Practical Radio -TV Eng'r'g 
ENGLISH AND & Transmission Rigging Practical Telephony 

WRITING Oil Field Technology Tool Eng'r'g Tech'l'gy Principles of Radio - 

Better Business Writing Petroleum Production Tool Grinder Toolmaking Electronic Telemetry 
Free Lance Writing Petroleum Prod. Eng'r'g Turret Lathe Operator Principles of Semiconduc- 

for Fun & Profit Petroleum Refinery Oper. Welding Engineering Tech. tor- Transistor Circuits 
Introductory Technical Pipeline Engineering Tech. Welding Processes Radio Servicing with 

Writing PLASTICS STEAM AND Equipment Training 
Modern Letter Writing Design of Plastic Products DIESEL POWER Radio & TV Servicing 
Practical English Plastics Technician Boller Inspector Radio & TV Servicing with 
Short Story Writing PLUMBING, Industrial Building Eng'r Equipment Training 
HIGH SCHOOL HEATING, AIR Power Plant Engineering Second Class Radiotele- 
High School Business CONDITIONING Stationary Diesel Engines phone License 
High School (Canadian) Air Conditioning Stationary Fireman Sound Systems Specialist 
High School College Air Conditioning Maint. Stationary Steam Eng'r'g Telephony Electronics and 

Prep. (Arts) Domestic Heating with TEXTILES Radio Communications 
High School College Prep. Oil & Ges Carding TV Receiver Servicing 

(Engineering & Science) Domestic Refrig. Heal'g Carding and Spinning TV Technician 

Clip coupon here... take your first step to real success! I.C.S., Scranton, Penna. 18515 

INTERNATIONAL CORRESPONDENCE SCHOOLS Dept. N2334Á, Scranton, Pa. 18515 

(In Hawaii: P.O. Box 418, Honolulu. Canadian residents mail to Scranton, Penna. Further 

service handled through I. C. S. Canadian Ltd.) 
Without cost or obligation, rush me your famous "Success Package' -(1) "How to Succeed" booklet, 

(2) sample lesson demonstrating I. C. S. method, 
(3) catalog for program of study I'm interested in: 

(Print name of course. See list.) 
Mr. 
Miss Aga 

Mrs. 

Address 

City State Zip Code 

Occupation Employed by Working Hours -A.M. 

RADIO -TV EXPERIMENTER is published bimonthly at $4.00 per year, by Science & Mechanics Publishing Co 505 Park Avenue, 

New York, N.Y. 10022. Second class postage paid at New York, N.Y., and at additional mailing office. Copyright 1967 by 

Science and Mechanics Publishing Co. 
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Dedicated to America's Electronics Hobbyists 

BEGINNING IN THIS ISSUE - 
A GREAT NEW SERIES! 

- 95 A Basic Course in Electricity and Electronics 
Part I -Basic Electrical Circuits 

SPECIAL CONSTRUCTION FEATURE * 47 Add -On Frequency Standard -The SYNC /CAL 
MARK I 

ELECTRONICS FEATURES 
'5 41 Meet The TV Laser - Weirdest spy in the sky 

52 Ultrasonic Fish Tale -A freeze by Doctor Freese 
67 Those Wondiferous Walkie- Talkies 
73 Alouette, Gentille Alouette 
88 Found ... In An Avalanche With A Lodestone! 
91 Continental DX -Old world, new look 

BONUS "HOW -TO" FEATURES 
53 Let's Tackle That Totable TV 
75 What To Do When Color Won't Stay Put 

CONSTRUCTION PROJECTS 
61 Troubleshooting STIC -An honest -to- goodness 

lC signal tracer 
66 Clip -On Coax Connector 
81 Scrooge Special -A truly beeyootiful dummy 

load 

FEATURETTES 
74 SWL's El Dorado 
83 Midget Widget Packed In Plastic 

PRODUCT TESTS 
89 Knight -Kit Model KG -686 Calibrated RF Signal 

Generator 
93 Elenex Tiger Tail Portable CB Whip Antenna 

DEPARTMENTS 
21 Positive Feedback -Editorial chit -chat 
24 NewScan -Electronics in the news 
28 e/e Etymology 
29 Hey, Look Me Over -New products showcase 
32 DX Central Reporting -SWL news 
38 En Passant -Chess column 

110 Literature Library 

JULIAN M. SIENKIEWICZ 
WA2CQL /KMD4313 

RICHARD A. FLANAGAN 

W. KRAG BROTBY 

JIM MEDLER 

HELEN PARKER 

ANTHONY MACCARRONE 

EUGENE F. LANDINO II 
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BARBARA GABRIEL 
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CARL BARTEE 

MICHELLE WOLFFS 

WILFRED M. BROWN 

Editor 

Managing Editor 

Technical Editor 

Art Editor 

Editorial Assistant 

Art Director 

Associate Art Ddrector 

Cover Art Director 

Art Associate 

Advertising Manager 

Production Director 

Production Manager 

Assistant Production Manager 

Kit Division Manager 

President and Publisher 
B. G. DAVIS 

Executive Vice President and Assistant Publisher 
JOEL DAVIS 

Vice President and Editorial Director 
HERB LEAVY, KMD4529 

HIGH FIDELITY 

Cover Photo by Leonard Heicklen 

r Cover Highlights 
AUTHORS IN THIS ISSUE: 

Robert M. Brown- K2ZSQ, Len Buckwalter 
-K1ODH, Homer L. Davidson, James A. 
Fred, Herb Friedman, Webb Garrison, Jorma 
Hyypia, Edward A. Morris- WA2VLU, C.M. 
Stanbury II, and the ELEMENTARY ELEC- 
TRONICS' Editorial Staff. 

ELEMENTARY ELECTRONICS, Vol. 6, No. 1 is published bi- monthly 
by SCIENCE 8 MECHANICS PUBLISHING CO., a subsidiary of 
Davis Publications, Inc. Editorial, business and subscription officer 
505 Pork Ave., New York, N. Y. 10022. One -year subscription /six 
issuesl- $4.00; two -year subscription 112 issuesl- $7.00; and three - 
year subscription 118 issuesl -- $10.00. Add 75c 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. Michigan Ave., 312 -527- 
0330; Los Angeles: 1709 W. 8th St., 213- 483 -3582; Atlanta: Pirnie 
8 Brown, 3108 Piedmont Rd. N.E., 404- 233 -6729; long Island: Len Osten, 
9 Garden St., Great Neck, N. Y., 516 -487 -3305; Southwestern adver- 
tising representative, Jim Wright, 4 N. 8th St., St. Louis, 314 -241 -1965. 
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SPECIAL 16-PAGE RADIO SHACK SECTION 

TO SPEND LIKE CASH ON ANY ITEM 
WE SELL PRICED $1.00 OR MORE .. 
ON THE NEXT 16 PAGES OF BARGAINS 
you can use this genuine UN- devaluated 
Radio Shack "buck" to slash any of 
our traditionally lower prices an extra 
dollar! To thank you for your business 
in the past and to dramatize the solid 
values available day in and day out at 
e401 Radio Shack store, our "free buck" 
helps you create your own even bigger 
bargains! You'll save 100% in many 
cases ... meaning a Si item is FREE! 
No gimmicks. No small print. Enclose 
your "dollar" (below) with your mail 
order ($2.S0 minimum) or bring it into 

any Radio Shack store today. Good only 
for items priced Si or more. 

Not redeemable for cash. 
Expires 4/30/68. 

RADIO 
SHACK: 
America's largest 
chain of hi -fi and 
electronics stores! 
Over 190 retail 
outlets in 36 states 

coast to coast! 

Dept. WT 

! 
Your Name - 
Street _ 

City_ _ 

President 

State - 

___Zip 

Not Redeemable for Cash 

Expires 4/30/68 Treasurer 

MARCH -APRIL, 19438 

Store Addresses, Order Form, See Page 20 
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 A Cinch to 
Assemble - 
Just Add Leads! 

Your chance to scoop up a pre -wired solid state 

stereo amplifier for only $10.95! Devise 
yoereown 

custom- installation! No engineering re- 

quired! Just add the leads. 2 volume controls, one 

for each channel, plus a wide -range tone control. 

Input impedance is 600K11 with frequency response 

from 50- 20,000 cps. Operating either on AC or bat- 

tery, the amplifier accepts 8 -1651 speakers; crystal or 
rans- 

ceramic cartridge of AM /FM stereo tuner- 
around 

formerless output circuit. You needn't shop 

for other parts. Purchase the accessory kit e1 
especially 

designed for the amplifier (see right) . # 

THE COMPLETE STEREO 

SEMI -KIT PACKAGE! 

2795 

Hook Up, 
Install 
Anywhere! 

t 

Accessory Kit 
for 8w Amplifier 

ONLY 395 

Knobs Diode 
Transformer Battery 
Line Cord and Clips 
Switch Cables 

30- 1968,. Ship, wt. 1 lb. Net 3.95 

PHONOGRAPH MOTOR /TURNTABLE 

8 -Watt Stereo Amplifier Semi -Kit Complete 
with Accessory Kit! 
Turntable, Tone Arm and Stereo Cartridge! 
Two 8 -Inch Round Speakers! No Extras to Buy! 

30 -1933, Package, Wt. lI lbs. Net 27.95 

4- Speeds! Quiet! 
Simple fo Hook Up! 

Use with stereo amplifiers! Vibration -free AC opera- 
non assured by rubber shock -mounted friction drive 
motor. Speed changes controlled by idler driving the 
S" metal turntable. 4 /z x 33 /e" mounting centers; 
2 /8" below base plate. #42 -129; #278-1255, AC Line 
Cord, .39 net. 

STEREO ARM/ 
CARTRIDGE 

Simple to Mount! 
Straight Line Design! 

Modernistic 8" tone arm has off -set head, and high 
output stereo crystal cartridge (21/2V) with dual 
synthetic sapphire styli. Stylus pressure is adjustable 
by variable spring tension. Comes with finger lift. 
#42 -128 

Special Manufacturer's Closeout! 
Purchase! 

8" ROUND SPEAKER 
The Perfect Low -Coat 
Extension or Replace- 
ment Speaker! 

279 

Use with semi -kit shown above! Our 
huge 190 -store buying power brings 
you this quality speaker at sensational 
savings! Buy several - bring stereo to 
every room in your home! T.J.S.-made. 
Magnet weight: 1.47 oz. 8 ohms. 
#40-1271. 

Store Addresses, Order Forni, See Page 20 
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GREAT SAVINGS ONE+4+shy 
RECORDS, PRERECORDED TAPES! 

SEPARATELY: $5.95 EACH 

QUIET JAZZ: Pool some of America's 
top jazz musicians, mix in top-notch 
musical repertories, and the result: 
a really great 47 -hit tape! Pete Jolly 
and Bob Freeman are just two of 
the artists. A "must" for every jazz 
lover! #51 -3001 

3 -HOUR LONG PLAY 

PRE- RECORDED 
STEREO TAPES 

4- Track, Reel -to -Reel! 
Same as Getting 6 

Stereo Tapes! 
Top Artists Perform 
Top Arrangements! 
7" Reel! 3% IPS! 

EVENINGS AT THE SYMPHONY: 
These 8 complete classical master- 
pieces give you an outstanding con - 
cert. Selections by Respighi, Khach- 
aturian, Debussy, Mozart, Tchaikov- 
sky and Strauss, all performed by 
famous conductors and orchestras. 
X51 -3002 

95 
Each 

In Sets of 3 

CURTAIN UN: 62 all -time hit show 
tunes are combined to bring you the 
musical magic of Broadway theater! 
Selections from My Fair Lady, West 
Side Story, Gigi, Bells are Ringing, 
Oklahoma, many more favorites! 
#51 -3003 

THE HERITAGE OF BROADWAY: A variety of artists 
"belting -out" 30 show -tune greats of our time! A family 
favorite. #51 -3004 

THE MELODIES OF LOVE: Carol Lawrence, Lena Horne 
and more stars give you hours of soothing music. #51 -3005 

SOUNDS SMOOTH: "I'm in the Mood for Love," "Shine 
on Harvest Moon " - and other popular instrumentals. 
#5I -3006 

TRIPLE PLAY 8 TRACK 

STEREO TAPE CARTRIDGES 
Available Only 
at Radio Shack 

3 Complete Stereo Albums - 
IN ONE CARTRIDGE! 

30 Full -Length Tunes! 495 EA. 

SAY IT WITH STRINGS: Marcel Lenoir conducts -30 
greats including "Tenderly," and "How Deep is the 
Ocean." #51 -3007 

FOREVER FAVORITES: Features a variety of songs by the 
HiLo's, Ink Spots, Pied Pipers, Fred Astaire, etc. #51 -3006 

AND THEN THEY WROTE: Hits of Porter, Gershwin, 
Lerner and Loewe, etc., played by the Kingsbridge 
Strings. Z51-3009 

3 -Disk Audio Fideli Stereo LP Sets! 

An Audiophile Series standout! 36 
selections engineered to bring out 
the best in any stereo system. 
Leon Berry at the giant Wurlitzer 
organ; Al Melgard at the Chicago Studio Quality! 
Stadium organ, and Eddie Osborn 
at the Baldwin and bongos. 2 
hours of entertainment! #50 -2000 

ORGAN IN 
STEREO 

3 Record 
Stereo Set 

495 

MARCH -APRIL, 1968 

20. 20,000 CPS! 

ARMED FORCES 
SOUND EFFECTS 

3 Record 
Stereo Set 

The drama of actual combat; the 
sound of airpower; a nuclear ex- 
plosion and the fast -paced action 
of the world's greatest aircraft 
carrier. Listen to ceremonial mili- 
tary drills and marches. 3 records 
at what you'd expect to pay for 
one! #50.2001 

For Store Addresses, Order Form, See Page 20 

495 
Studio Quality! 
20-20,000 CP,S! 
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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 6- transistor superhet that's really a kit that isn't 
a kit. Confused? Part one is the radio, 100% wired, 
installed in a crystalline 21 x 1 x 31/2" case with 
the tuning knob sticking out of one end, and 8 wires 
out of the other. Part two is a separate volume con- 
trol with built -in switch, knob, and soldered leads. 
Part three is a 21/4" 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 it 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. 

For Store Addresses, Order Forro, Sea Page 20 

SEE PAGE 5 

SAVE EVEN MORE, USE YOUR 

FREE $1.00 
END BONUS 

NO STRINGS! USE LIKE MONEY! 

"BUILD -IN" RADIO 

VOLUME 
CONTROL 

AND SWITCH 

PM SPEAKER IN CASE 

RADIO SHACK PROJECT BOOKS (4c A PROJECT) 

^ 

8 

"50 EASY TO BUILD 

SOLID STATE PROJECTS" 

Build your own tran- 
sistor radios, electronic 
organs, amplifiers, code 
oscillators, megaphones, 
generators, etc. Ideal for 
hobbyists. 
62 -1050 Net 2.00 

"A MODERN TRANSISTOR EACH 
WORKBOOK" 

BOOK Build your own wireless 
microphone, AM broad- 
cast tuner, audio pre - 
amp, PA system, experi- 
menter's power supply, 
etc. 50 schematics. 
62 -2025 Net 2.00 

S2 
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SPEAKERS, MIKES, TOOLS 

FOR THE EXPERIMENTER 

BUILD "EI'S" MIGHTY 
SUB -MINI SPEAKER 

4" Acoustic Suspension 
FE -103 Speaker System! 

The fabulous Realis- 
tic FE -103, complete 
with cabinet construc- 
tion details as pub- 
lished 

,95 
in Electronics 

Íllustrated! 30- 17,000 
cps; 15 watts; 8 $2. 

40.1197, FE -103, Wt. 5 lbs. Net 7.95 

CONTOUR NETWORK KIT. 
With instructions. 
40 -808, coil, capacitor, etc., Net 3.95 

SEE PAGE S 

SAVE EVEN MORE, USE YOUR 

FREE $1.00 
END BON 

NO STRINGS! USE LIKE MONEY! 

MIDGET 
EARPHONES 

For Transistor Radios 

98c 

Resp. 50 -9000 cps. With 
replaceable earplug, cord. 
10 ohms. 

33 -175, Wt. 2 oz. _. Net .98 
33-174, w/3/32" plug, Net .98 

STEREO 
HEADSET 

Separate Transducers! 

79 

Perfect for use with re- 
ceivers, tuners, amplifiers, 
kits and recorders! 8 ohms. 
33 -1008, Net 2.79 

ONE DOLLAR 

MINIATURE PM SPEAKERS FOR 
TRANSISTOR PROJECTS, RADIOS 

8 Ohm Impedance 
Small in size but big in sound! Three 
sizes to choose from: 2 t/ ", 21/4", ", or 2 ". 
All for the same bargain price! 
40 -247, 2'/2 ", Net .98 
40 -246, 21/4", Net .98 
40 -245, 2 ", Net .98 

ONLY 984 EACH! 

CRYSTAL LAPEL 
MIKE 

For Recorders, 
PA, Paging! 

189 

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

CRYSTAL MIKE 
CARTRIDGE 

89c 

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

FABULOUS THERMO -ELECTRIC 

GLUE GUN 
REALWLORKS! 

60- Second Bonding Plus Instant -set Caulking! 

No Clamping! No Cleaning! 

599 
for make -or -mend jobs 

95 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 lbs. .... Net 6.95 

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 fabric. 
Use with white sealer sticks 
for water proof caulking. 
Glue and caulking included. 
64 -2860, Gun, 2 Ibs..Net 5.99 
64 -2861, 7 Glue sticks, I lb. 

Net .49 
64 -2862, 7 Sealer Sticks, I lb. 

Net .49 

POWERFUL CERAMIC MAGNETS 
1,000's of Home, 

Once, Auto Uses! 

64 -1885 

64 -1875 

10c 15C 25c 
Each Each 
For Singly 

Per Pair 
10 

10 FOR 100 

LOW COST 25 -W. 
SOLDERING IRON 

Precision designed! 
Comes complete 
with UL Cord and 
Plug Uses 117V 
AC/ DC. 
64.2182, 

I lb. Net 1.89 
64 -2178, Extra cop- 

per Tip .. Net .25 

MARCH -APRIL, 1968 

OUR OWN 60/40 
SOLDER 

69c 

Each 

12 & UP 

59c Each 

STEEL CATCH -ALL 
STORAGE BOX 

6 "Hx81/4 "Da 

53/4 "W 

195 
U.S. made with superac- 

4 draws with adjustable tive sosin core. Fits fed. compartments. specs. Q9- S -571d 

64-0002 Net .69 64 -2050, 3 lbs. Net 1.95 

For Store Addresses, Order Form, See Page 20 

ASSORTED ELECTRIC 

HARDWARE 

6 "Hx81/4"Dx 
53/4 "W 

99c 
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 

9 



THESE ELECTRONIC PROJECTS HAVE EARNED 

CASH AWARDS FOR RADIO SHACK CUSTOMERS 
Build Yourself -- or Win Cash by Sending Us Your Own Ideas! 

1111. R. 
San Francisco, 

California 

SQUARE WAVE GENERATOR 
Check Out the Frequency Response of Hi -Fi 
Amplifiers - Tape Recorders - Preamplifiers 

RI 

T 

E-sö, OUTPUT 
C3 -4- 

02 

RS 

R2 

BI 

R6 
FREQUENCY 
CONTROL 

PROJECT PARTS LIST 
Stock No. Item Net 
23 -464 9V Rectangular Battery .29 
71 -5194 .01 mfd Capacitors (Cl, C2) .18 
71 -0409 .1 mfd Capacitor (C3) .22 
276 -1709 1N34 Germanium diode (Dl) .27 
276 -401 PNP Transistor (Q1, Q2) .99 
70 -0195 3.3 K Resistor (Rl, R3, R4) .12 
70 -0195 6.8 K Resistor (R2, R5) .12 
271 -1716 50 K Potentiometer (R6) .59 
275 -602 SPST Toggle Switch .30 
270 -325 Set of 5 battery connectors .69 
276 -1390 Prepunch breadboards, 41/2 x 55/8" .55 
270 -1395 Solderless terminals, (set of 5) .99 

Use this square wave generator, together with an oscilloscope, to analyze the frequency 
characteristics of any audio amplifier. The unit is adjustable over a broad range of audio 
frequencies. 

F.1 Chatsworth H.S. 

California 

ELIMINATOR ¡CHARGER 
Use Either in Place of a 9 -Volt Battery or to 
Charge Batteries to Full Power. Save $$$! 

110 
VAC 

SI 

TI 

PROJECT PARTS LIST 
Stock No. Item Net 
270 -325 9 volt battery connectors (kit of 5) .69 
273 -050 6.3V @ 1.2A Filament Transformer 1.19 
274 -687 Terminal strips (kit of 5) .40 
276 -1135 Rectifier epoxy (kit of 2) .29 
275 -602 SPST Switch .30 
272 -986 Capacitor 500 icf (1) .72 
70 -0195 10 KU 1/2W Resistor (1) .12 
278.1253 6 Ft. Line cord (1) .39 
276 -1390 Prepunched breadboard (1) .55 
275 -602 SPST Toggle Switch .30 

Now you can run electronic kits and experiments that use 9V DC power without buying 
new batteries! Simply plug into any 117 VAC outlet; delivers up to 250 ma. at 9 VDC. 

$$ FOR YOUR ELECTRONIC IDEAS! 
Turn Ingenuity and Hobby into Spare -Time Profits! 

io 

We are looking for experiments built around Radio Shack or other electronic v"e 
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 
$50 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 catalog, flyer, book and magazine readers. Submissions cannot 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! 

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

v 
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RADIO SHACK EXCLUSIVE! ADD A 

SLAVE` WALKIOR E" WALKIEATALK ES!ILE, 

Actual 
ONLY 

Crystal -controlled superhet 
ONLY ONLY! Add as Size! - 95 many ears to your network as 

you want. Fits in a shirt pocket - an excellent paging 
or guided tour device! 

This unusual Radio Shack product, called the Realistic 
Microsonic 27MC Receiver, comes complete with a Ch. 11 
CB crystal - and because it's a plug -in, it can be changed 
to any of the 23 channels. It's a teeny 31/2 x 21/2 x 13/8". It 
includes an earphone with clip, and the phone's lead acts as 
the antenna. So if you want to hide it away as a pager, 
there's nothing showing. For DX we've included a 16" 
telescopic whip to be used only if necessary. Let your 
imagination run wild with this novel device! 
21 -109 Microsonic 27MC Receiver Only 7.95 

NEW IDEA #12 - as a companion to the above, or a wire- 
less CB microphone (!), there's also the Realistic Micro - 
sonic CB transmitter. Same size, color, everything. But 
transmit only, 100mw of course, with plug -in crystal for 
Ch. 11. Uses? For example: one of these plus x- number of 
receivers and you have a guided tour technique that'll never 
quit! 
21 -110 Microsonic CB Transmitter Only 7.95 

FREE ACCESSORIES: 
Receiver - earphone and whip antenna 
Transmitter - 35" telescopic antenna 

Nota: both units include crystals but require a 9V 
transistor battery to operate. 23.464, 294 each. 

RADIO SHACK'S FABULOUS SPACE PATROL® TWOSOME 

STANDARD 
FULL SIZE 

ARCIS/ER- 

SPACE 
PATROL' 
Talk 'up to V4 mile 
with our perennial fa- 
vorite in the 100MW 
no- license class. Over 
100,000 of these trans- 
ceivers now in use! 
"Lock -on" talk switch 
for continuous trans- 
mission when needed. 
Extra -long 43" tele- 
scopic antenna! Chan- 
nel 14 crystal & battery 
included. 

MARCH- APRIL, 1968 

PER PAIR 

AIP-ARCIVER--- MICRO 

SPACE PATROL® 

_r wa,rstr. 

_--a--f+ MICRO 
SMACK PATROL. 

For Store Addresses, Order Form, Ses Page 20 

Double transformer talk - 
power in the world's small- 
est (3 -5/6 x 2 -7/16 x 
11/4") case. Fits easily in 
your shirt pocket (and your 
budget). Handsomely styled 
hi- impact, custom -chromed 
case. Easy to operate with 
a hideaway "push -to -talk" 
button. 9- section telescop- 
ing antenna. With channel 
14 crystal and battery. 

1495 
PER PAIR 
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CB'ers MOBILE --/dikisric.-- 17c. TRANSCEIVERS! 

23- CHANNEL CRYSTAL -CONTROLLED TRANSCEIVER 

ALL CRYSTALS 

SUPPLIED! 

13995 
18 Transistors; 
4 Diodes! 

Antenna Change - 
Over Relay! 

Low Battery Drain! 

Synthesizer Circuitry! 
Illuminated "S" Meter 
& Channel Selector! 
Wood Grain & 
Chrome Front Panel! 

ONLY6 "x7 °x1 -3/4" 
Obsoletes all other 23- channel crystal -controlled transceivers! High -efficiency - up 
to 3.5 watts output with 5 watts input. Dual conversion, with 10.62 Mhz and 455 
Khz IF's for sharp selectivity. Sensitivity: 0.25 pv at 10 db S /N. Adjustable squelch 
control and automatic series gate noise limiter. 12 VDC neg. ground. Plug -in 
ceramic mike and retractable coil cord, fusable DC power cable, bracket, instruc- 
tions and hardware. 
21 -124, TRC -24, Ship. Wt. 6 lbs. Net 139.95 

7 EAL/Stt7C® 12 CHANNEL CB TRANSCEIVER 
Single Crystal Operation for Receive and Transmit 

12 

i'pC-se 9i.ICaN e0i.1n STAT 

Pol 

GS TRAMRCE4YER 

OF11111111- 

SQUELCH W t:MANNEaa . val.uMi,:, .:: 

A truly versatile communications package. Incorporates ad- 
vanced frequency synthesis technique used on higher priced 
models, the TRC -18 transmits and receives with only one 
crystal per channel. Up to 3 -watts output with a full 5 watts 
of RP input. Low battery drain in any 12 VDC neg. ground 

9995 
Solid State Circuitry! 
Dual Conversion 6.2 MHZ 
and 455 for Greater 
Sensitivity & Selectivity! 
Mechanical 455 KC Filter! 
Push -to -talk Dynamic Mike! 

vehicle. Adjustable squelch control; automatic noise limiter; 
illuminated channel selector and meter. Sensitivity: 0.5 µv 
for 10 db S-+S /N. With cords, brackets, crystal for channel 
11.71/ "x63 / "x21/2". 
21 -120, Ship. Wt. 8 lbs. Net 99.95 

SOLID STATE MOBILE 2 -WAY RADIO 
8- Crystal Controlled 
Channels! 
All Silicon Transistors! 7 95 

Economy priced. Model TRC -14 features full 5 -watts in- 
put, adjustable squelch control and advanced electronic an- 
tenna switching. Sensitivity: 1 µv for 10 db SN /N. 12 
VDC neg. ground. Ser of crystals for channel 11, push-to- 
talk ceramic mike, mounting bracket, DC cable and instruc- 
tions. 81/4 x 55/k x 2 Vs". 
21 -032, Ship. Wt. 5 lbs. Net 79.95 
TRC -15 - Same as above but for 12 channel operation, 
illuminated channel selector, die cast panel, extruded trim 
and coil cable push- to-talk. 
21 -033, Wt. 5 lbs. Net 89.95 

For Store Addresses, Order Form, See Page 20. 
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EASY -TO- USE=- '"ieiva^1T.4 TEST EQUIPMENT! 

1,000 OHMS /VOLT MULTITESTER 

595 Factory 
W;red 

Convenient Thumb -Set 
Zero Adjustment! 

Reads AC /DC Volts in 3 

Ranges: 0 -5, 150, 1000! 

Only3t /2x21/8xl "! 

Great for home or workshop! Pin jacks for all 5 

ranges; 2 -color 13/4" meter scale. DC Current 0 -150 
ma. Resistance: 0- 100,000 ohms. Accuracy is ±3% 
of full scale value on DC ranges, ±4% of full 
scale on AC ranges. A rugged black bakelite case. 
Comes with pair of color -coded test leads, instruc- 
tions, battery. 
22 -4027, Ship. Wt. 1 lb. Net 5.95 

20,000 OHMS /VOLT MULTITESTER 

1A95 
Factory 
Wired 

28- Ranges! 

Mirrored 2 -Color Scale! 

Jewelled Movement! 

Only 35/8 x 5 -3/16 x 1t /4 "! 

Single -knob range selector with separate ohms ad- 
justment. Spec.: DC Volts 0- 3/15/60/300/600 / 
1200 ® 20,000 ohms /volt. AC Volts 0- 6/30/120/ 
600/1200 @ 10,000 ohms /volt. DC Current 0 -60g, 
a/3 ma, 30 ma, 300 ma. Resistance range 0 -12K, 
120K, 1.2 meg and 12 meg (at center scale 60, 600, 
6K & 60K). Decibels: -20 to +63 db (5 ranges). 
22-022, Ship. Wt. 2 lbs. Net 14.95 

50,000 OHMS /VOLT MULTITESTER 

2795 27Fact 
Wired 

4" Full View Meter with 
Mirrored Scale! 

Meter Protection Circuit! 

1% Precision Resistors! 

26-Ranges! 

Only 7a5t /2x56 /a "! 

Great for technicians, mechanics and hobbyists. 
Specs: DC volts: 0- 0.5- 2.5- 10 -50- 250 -500 -1000V 
@ 50,000 9/volts. AC volts: 0-2.5-10-50-250 - 
1000V @ 12,500 12 /volts. DC current: 0 -25ma- 
2.5m.- 250ma -1 amp -10 amps. DC Resistance: 0- 
10,000 /100,000 /1 meg. /10 meg -ohms. Center 
scale: 90/900/9000/900,000 ohms. Decibels: -20 
to +62 (5 Ranges). 
22 -150, Ship. Wt. 51/2 lbs. Net 27.95 

For Store Addresses. Order Form See Page 20. 

M /lJmAr 6'/2" VTVM METER 

3995 Factory 
Wired 

Precision Resistors! 

Measures Peak -to -Peak 

and RMS (7 Ranges on 

Each Function)! 

Frequency Response: 
30 cps to 10 mc! 

Easy -to -Read 2 -Color Full View Mirrored Scale! 

Features a zero -center scale for alignment of FM- 
TV detector circuits. Specs: AC volts: RMS 0.1 to 
1500 V. (7 ranges) ; DC volts: 0.1 to 1500 V. ( 7 

ranges). Peak -to -peak 4 -4000 V. (7 ranges). Out- 
put -20 db to +65 db (7 ranges). Resistance: 
0.212 to 1000 meg -ohms (7 ranges) . Tubes:. 12AU7, 
6ÁC5 and SR1A. Power: 117 VAC, 50/60 cycles. 
22 -025, Ship. Wt. 7 lbs. Net 39.95 
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EXCITING ELECTRONIC PARTS VALUES 
10 Germanium Diodes 

Similar fo 1N34, 1N34A, 1N60 

// 

99` 
Equivalent in use to silicon diodes with 
lower forward voltage drop 
276 -821, Wt, 1/4 lb, Net .99 

JUMPER LEAD CLIPS 

Ten 14" jumper lead wires with mini- 
ature alligator clips on each end. Leads 
are color coded for testing! 
278 -1156, Ship. Wt. 6 oz. _ Net .99 

Variable Loopstick 
Antenna Kit 

C Kit of 3 

3 -pc pack for .general re- 
placement in small radios.. 
Variable core tunes to 365 
mmf tuning condenser Tapped 
for transistor applications. 

270 -376. Net .99 

JUMBO 100 PC. 
RESISTOR PAK 

219 
50 carbons, 40 precisions, 20 power 
resistors. Popular values. t!, 1, 2, 3, 5, 
7, 10 watt sizes. Some 1% & 5% incl. 
271 -302, Ship. Wt, 2 lbs. ...__... Net 2.19 

STANDARD '/4" 
PHONE PLUG 

99` Kit of 4 

Plugs into standard 114 -inch phone 
jack. Screw terminal connections. 
274 -1536, Wt. 4, o;. Net 99 

500' HOOK UP WIRE 

298 
Mammoth bargain. 5 -100 ft. coils in 
popular colors. Sizes #18 dam # 22, 
suitable for most wiring jobs. 
Stranded and solid types. 
278 -1484, Sh. wt. 2 lbs....... 'Net. 2.98 

60 -PC. TRANSISTOR 
SURPRISE PAK 

298 
Includes NPN's. PNP's, 10W, 20W 
and 50W transistors, as well as sub - 
miniature types, 60 in all! 
276.034, Sh. wt. 2' lbs.. Net 2.98 

INSULATED CLIP SET 

With rubber insulators - 5 black, 7 
red. Solder type Length 13/4 
270 -1545, Ship. wt. 4 oz. ..., ...... Net .99 

MINIATURE LAMP 
ASSEMBLIES 

Kit 
of 4 

Complete with miniature 6V bulbs. 
Contains 2 red and 2 green jewels. 
Mounts in 5 / 16" hole. 
272 -344, Ship. Wt. 1/4 lb. Net .99 

SCREW TERMINAL KIT 

99' 
Kit of 13 Pc. 

3 99 6:1 Drive Ratio! 
5 Blank Scales! 

Large face is ideal for test equipment, 
calibration, etc. 0-180 logging scale. 
Hairline pointer 1/4" dial shaft in 
rear can be coupled with another 
shaft. Plastic see -through window, 
plus large easy -to -grip knob, 
274-388, Ship. Wt. I lb. Net 3.99 

1" MATCHED KNOB KIT 

99, of 5 

Black knurled knobs w /polished 
aluminum inlay. Brass inserts for 
1/4" shaft. Set screw. 1 x 3/4". 
274 -1552, Ship, Wt. 4 oz. , Net .91 

1/2 lb. Jumbo Pack 
of Disc Capacitors 

249 Per Pak 

O V E R 3 0 0 
PIECES! All pop- 
ular values and voltages. Most are 
marked with capacity and voltages. 
272 -987, Ship. Wt. 1/7 Ib. .... Net 2.49 

NEON PILOT LIGHTS 

99` 
1t /2, 21/, and 23/4" lengths, by 5 /8" H. 
274 -345, Ship. Wt. 1/4 lb. Nef .99 

Kit 
of 3 

Buüc -in neon lamps. Jewel 
front; 2 red, 1 yellow. For 
117 VAC use, With 3 drop- 
ping resistors. 
272-338, 1/4 lb. Net .99 

MINIATURE PUSHBUTTON 
SPST SWITCHES 

99° 
Pkg of 5 

Momentary pushbutton switches. Nor- 
mally open circuit. Solder lug termi- 
nals. Panel mounting, Red button and 
black phenolic housing. 2 x 3/8". 
275-1547, Ship. wt, 1/4 lb. Net .99 

For Store Addresses, Order 
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3 CIRCUIT PLUG & JACK 

99c et 

Set of two 3- circuit t/" phone plugs, 
jacks. Black bakelite handle. Solder lug 
terminais. Open circuit jack complete 
with mounting hardware. 
274 -323, Ship. wt. 1/4 lb. .. Net .99 

Form, See Page 20. 

Infra -Red Detector 
Transducer Kit 

198 

Parabolic reflector, 3" filter, and de. 
tector complete with pictorial diagram. 
Wonderful experimenters kit! 
276 -035, Ship. Wt. 1/2 Ib. Net 1.96 

ELEMENTARY ELECTRONICS 



SEMI = .CONDUCTORS : FOR :. THE HOBBYIST 

AP-ARCHE R-4°' Replacement Transistors 

PNP TYPES 
For high frequency, R12-il, and 
converter circuits. Replaces: 
2N247, 2N248, 2N252, 
2N207, 2N274, 2N308, 
2N 309, 2N310. 
276 -412, Wt. 3 oz. ... ... 1.29 

For mixer /oscillator converter 
circuits. Replaces: ?N112, 
2N113 2N114, 2N135. 
2N136, 2N137, 2N140, 
2N175, etc. 
276 -401, Wt. 3 os. .99 

For universal IF circuits. Re- 
places: 2N111, 2N112, 
2N139, 2N218, 2N219, 
2N315, 2N366, 2N406, 
etc. 
276-402, Wt. 3 oz. .99 

For 6 volt audio circuits Re- 
places: 2N77, 2N104, 
2N105, 2N107, 2N109, 
2N130, 2N131. 
276 -403, Wt. 3 oz. ..... _ .99 

For 12 volt audio circuits. Re- 
places: 2N36, 2N37, 2N38, 
2N41, 2N43, 2N44, 2N45, 
2N46, etc. 
276-404, Wt. 3 oz. .99 

For 9 voit audio circuits Re- 
places: 2N188, 2N189, 
2N190, 2N191, 2N192, 
2N195, 2N196, 2N197, 
etc 
276.405, Wt. 3 oz. .99 

For auto radio AF amplifier 
circuits. Replaces: 2N176, 
2N178, 2N179, 2N234, 
2N235, 2N35B, 2N236, 
2N242, etc. 
276-406, Wt. 3 oz. 1.19 

For high power AF circuits in 
auto radio:,. Replaces: 2N173, 
2N174, 2N277, 2N278, 
2N441, 2N442, 2N443, 
2N1515, etc. 
276 -407, Wt. 3 oz. . _ 2.29 

Silicon Epoxy high gain. Re- 
places: 2N940.2N940, 
2N2333.2N2337, 2N3548- 
2N3550. 
276 -420, Wt. 3 oz..... Net 1.09 

Silicon Epoxy medium gain. 
Replaces: 2N1132, 2N923- 
2N928, 2N2372, 2N859. 
2N865. 
276-421, Wt. 3 oz. ... Net .97 

NPN TYPES 
For mixer /oscillator convert., 
circuits. Replaces: 2N1 9 >, 

2N194/Á, 2N211, 2N2 12 
2N233, 2N234, 2N35,. 
2N358. 
276-408, Wt. 3 oz. 1.09 

For universal IF amplifier 
cuits. Replaces: 2N'í3, 2Nt "1, 
2N100, 2N145. 2N146. 
2N147, 2Ní48, 2N149, etc. 
276 -409, Wt. 3 oz. __.._ . 1.15 

For 9 volt AF amplifier cir- 
cuits. Replaces: 2N35, 
2N169A 2N213, 2N214, 
2N228, 2N306, 2N312, 
2Ní13. etc. 
276410, Wt. 3 oz. ._.___ _ .99 

For 12 volt AF amplifier cir- 
cuits. Replaces: 2N306A, 
2N445A, 2N446A, 2N-147A, 
2N556, 2N557, 2N587, 
2N649, etc. 
276.411, Wt. 3 oz. .. _. _ ... .99 

Silicon Epoxy high gain. Re- 
places: 2N3704-2N3709, 
2N3415- 2Ní417, 2N3877. 
276-422, Wt. 3 oz. ._ Net 1.09 

Silicon Epoxy Medium gain. 
Replaces: 2N706TPP, 
2043663, 2N3843A, 2N3900, 
2043901, etc. 
276-423, Wt. 3 oz. Net .99 

Integrated Circuit Specials! 

Actual Size 

i98 Ideal for the Hobbyist, 
Builder, Experimenter! 

Up Fantastic Savings! 

New from Radio Shack! Resistor -Transistor Logic type ICs are ideal for builder, 
hobbyists, labs, industry etc. Guaranteed to be 100% perfect electronically ana. 

mechanically. Each comes complete with diagram and lead locations. Power re - 

quirements: 3 volts. Flat Pak type. Size 3/4 x 5/16 x 1/16 ". 

DUAL 3 INPUT GATE. Can be used as a 6 input microphone mixer. Contains u1 

to 6 transistors & 8 resistors in pak. Elements can be used parailel to increase 
current capabilities. 
276 -430, Wt. 3 ox. .... Net 1.98 

DUAL JK FLIP -FLOP. Construct your own binary computers, digital adding 
machines, etc. Contains up to 26 transistors & 50 resistors pc.c pak. 
276 -431, Wt. 3 oz. . 

Net 2.49 

Silicon Field-Effect 
Transistors 

198 
High Impedance Input! 
Low Noise! High Gainl 
Characteristics Similar 

1 

to Pentode Vacuum 
Tube! 

1000's of applications where pentode 
tubes are used in low level circuits: 
held 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 

24` 
SAVE! 

4 for 1.00 

All quality American made parts. 
Each board contains at least two 
transistors, plus loads of other com- 
ponents: resistors, capacitors, coils, 
diodes, modules, chokes, and heat 
sinks. Size: 2 x 3Ye". 
276 -616, Sh. wt. 1/4 Ib. Net .29 

Fcr Store Addresses, Order Form, See Page 20. 
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3 Amp Silicon - 
Controlled Rectifiers 

a 
195 

TO -66 Casel 200Y 

Designed to deliver loads up to 3 

amps. Ideal for use in speed control 
operation, power converters. 
176.1065. _ .. Nef 1.95 
;76.1066, 10.66 mig hdwr. .30 

Jumbo Pak 
35,,?l'E'rc3 T ran545x1:-6''. 

S 98 

includes 
Silicon & Planars 

- & PNP in 10 5 case: power 
transistors, too! Idea! in RF & IF 
dr.Str. output, svrtching, general 
audio purposes. 
27654+, Sh. wt. I lb. .. Ne' 3.9E 
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SEE PAGE S 

SAVE EVEN MORE, USE YOUR \ 
FREE $1.00 

END BONUS 
NO STRINGS! USE LIKE MONEY! 

Ingenious New Radio 
Shack PERFBOXTM 

' Professionalizes " Project Building 

The bloody -knuckle brigade will appreciate 
Radio Shack's effort to eliminate chassis 

cutting and drilling and make things easier! 

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 31/2" x 6" perfboard top. But 
that's not all - the back of the box is 
pre -drilled for a 211/" or other PM 
speaker, and there's a pre -drilled 1/4" out- 
let hole on one side! This much -needed 
item is called the Radio Shack Experi- 
menter's PERFBOXT ". (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 bakelitg 
panel board, all 31/4 "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 
weight I Ib. 

Punched 

UNCLAD PERF -BOARD 
Accepts Miniature Components! 
Easy -In, Easy -Out Mounting! 
Ideal for Modular Construction! 

276 -1582, 3.65x6.87x1/16" Net .59 
276-1583, 6.87x9.8xI/16" Net 1.IS 

(Unpunched) 

COPPER -CLAD SOLID BOARD 
Make Your Own Printed Circuits! 
Quality- Manufactured Board 
Bonded with Copper! 

276-1586, 3.65 x 6.87 x Js" Nef .79 
276 -1587, 6.87 x 9.8 x S," Net 1.50 

PUSH -IN TERMINAL KIT 

149 
Kit of 

Use with prepunched 
perf boards. .062 diam- 
eter holes (1/16 "). Ser- 
rated slots. Easy multi- 
ple connections. 

100 270 -1394, 1/4 Ib. Net 1.49 

SPRING BANANA PLUGS 

99, 
Set of IU 

Ideal for 3/32" hole per- 
forated boards. Overall 
length 1 ". 
270-1543, 2 oz..... Net 99¢ 

COPPER -CLAD PERF -BOARD 

(Punched) 
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For Printed Circuit Design 
and Circuit Checkout! 
Easily Etched and Worked! 

276-1584, 3.65x6.87x1/16" Net. .89 
276-1585, 6.87x9.8x1/16" Net 1.75 

For Store Addresses, Order Form, See Page 20 

SOLDERLESS TERMINALS 
Use with .093 diameter 
holes. Takes up to 7 
leads without soldering. 
USA made. Spring ac- 
tion. 
270-1395, 4 oz..... Net 99¢ 

99' 
Set of 15 

ALLIGATOR CLIP SET 

99c 
10 brass plated 13/e" 
long with insulated phe- 
nolic barrels. Strong 
spring. 5 red, 5 black. 
270-1540, 2 oz..... Net 99¢ 

ELEMENTARY ELECTRONICS 
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20 Power Resistors 
Package consists of high - 
quality vitreous, cand -ohm 
and wire -wound types. In- 
cludes 5 to 25 -watt 
power resistors; individual 
catalog net -$10! 
271. 1202,2 lbs. Net 1.00 

35 Precision 1% Resistors t Large assortment of pop- 
ular 1/2: 1 and 2 -watt 
values; includes encapsu- 
lated, bobbin, carbon 
film, etc. Made by Aero- 
vox, Shelicross, IRC, and 
other famous names. 

. yr' 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, I Ib. Net 1.00 

4 Subminiature 455KC 
IF Transformers 

Slug tuned, made for 
printed circuitry mtg., 
shielded. Size: s z !s 
z 1/2". 
273 -515, 1/4 lb... Net 1.00 

8 Sets - RCA Plugs & Jacks 

Quality items, ideal for 
use in phono amplifiers, 
tuners, recorders, etc. 
Take advantage of this 
Radio Shack Special low 
price! 
274 -1575, I/2 lb. Net 1.00 

35 Miniature Resistors 
World's smallest IA-watt 
carbon type resistors! All 
have axial leads; built for 
transistor and subminia- 
ture circuitry: Assorted 
values, with resistor color 
code chart. 
271-1566, 1/2 Ib. Net 1.00 

40 Coils and Chokes 
Shop assortment consist- 
ing of RF, OSC, IF, para -. 
siltc, peaking and many 
more types. Individually 
purchased, this would cost 
you $15! 

Nef 1.00 273- 1569,1 lb. 

45 Mica Capacitors 
Famous name micas - 
Aerovox, Sangamo, C.D., 
etc. This assortment in- 
cludes popular values 100 
.mmf to .01 mf, as well 
as silver type condensers. 
A $10 catalog net value! 
272 -1573, 1 lb., 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, I lb. Net 1.00 

Special! 50 Capacitors 
Assortment of many types 
including disc, ceramic, 
mylar, temperature coeffi- 
cient, molded, paper, oil, 
Vit -Q. You save $9 over 
industrial net catalog 
prices! 
272 -L199, I Ib. Net 1.00 

60 Half -Watt Resistors 
Made by Allen Bradley 
and IRC. Many 5% and 
10% tolerance. Color 
chart. All most popular 
values. An absolute 
"must" for hobbyists and 
kit -builders. 
271 -1612, 11b. Net 1.00 

50 Ceramic Capacitors 
Wide variety of popular 
values by Centralab and 
other famous -name mak- 
ers. 10 mmf to .04 mf to 
KV. Assortment includes 
tubulars, discs, NPO's, 
temp. coefficient, etc. 
272.1566, I lb. .- Net 1.00 

48 Terminal Strips 
You get a wide variety of 
screw and solder lug type 
terminal strips with 1 to 
6 lugs. Outstanding value 
at this low price!. 101 
uses for the builder and 
experimenter. 
274 -1555, I lb. Net 1.00 

35 Disc Type Capacitors 

0 A varied assortment of 
types, including NPO's, 
Ht -Q, N- 750's, mylar and 
ceramic. 10 mmf to .01 
mf to 6 KV. A $10 cat- 
alog net value! 
272 -1567, 1/4 lb. - Nef 1.00 

40 One -Watt Resistors 
Here are resistors for 
hundreds of uses! Assort- 
ment has Allen Bradley 
and IRC carbons, with 
5% values included. This 
pack is a regular $8.00 
catalog net! 
271-1576. 1 Ib. Nef 1.00 

4 Transistor Transformers 

4 Made by UTC and Rem- 
ington Rand. Famous min - 
iatures. Includes sub 
ouncer, mike, input types. 
Color coded leads. 
273 -1581, I lb. -- Net 1.00 

50 Plugs and Sockets 
Ideal bench assortment 
for servicemen, hams, etc. 
Subminiature and printed 
circuit types included! 
This assortment saves you 
1310 over individual cat- 
alog prices! 
274 -1562, 1 Ib. Net 1.00 

For Store Addresses, Order 

MARCH -APRIL, 1968 

30 2 -Watt Resistors 

118 

These quality 2 -watt re- 
sistors are non -inductive, 
magnetic film, carbon 
types. Many with 5'"( 
values. Made by famous - 
name manufacturers. 
271-1211, I/2 Ib. .... Net 1.00 

Form, See Pone 20 

150' of Hook -Up Wire 

Assortment consists of 6 
V rolls of 25' each - 
solid and stranded wire. 
# 18 through #22. Nec- 
essary for multitude of 
jobs and always useful! 
278 -025, 1/2 lb. Net 1.00 

sZr 
SURPRISE 
PACKAGE! 

Loaded with 

Parts! 
The biggest surprise 
package yet! Enough 
electronics compo- 
nents to make your 
eyes pop! Resistors, 
capacitors, condensers. 
diodes ... your guess 
is as good as ours. The 
famous -make parts are 
worth at least $25.00! 
270- 1251,, 1 Ib., Net 1.00 
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SAVE EVEN R 
FREE 

END BONUS 
NO STRINGS! USE 

UKEsA MONEY! 
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TRANSISTOR 

RADIO KIT 

395 N28-7.02 

Tunes the standard 
AM broadcast band; 
can also be used as 
a tuner. Battery -oper- 
ated. Comes complete 
with earphone. Perf- 
board construction. 

TRANSISTOR 

ORGAN KIT 

595 NO. 
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! 

BRILLIANT NEW KIT LINE! 

Science 
Fair TM 

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. 

AC /DC 

POWER 

SUPPLY KIT 

95 NO. 
28-104 

Converts 117 VAC 
(house current) to 
either 6 or 9 volts 
DC. Play battery op- 
erated equipment on 
house line! Also ideal 
for use with Science 
Fair' kits & other 
projects. 

"OTL" AUDIO 

AMPLIFIER 

KIT 

95 
NO. 

28 -106 

Ideal for use with 
tuners, mikes, phono- 
graph systems. OTL 
output. Frequency re- 
sponse up to 15,000 
cycles. Rated up to 2 
watts peak. 

For Store Addresses, Order Form, See Page 20 

WIRELESS AM 
MIKE KIT 

3 95 
NO. 

28 -103 

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

1 -TUBE DC 

RADIO KIT 

395 
NO. 

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 
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Standard 
Desk Telephone 
Ready to Install 795 

Enjoy the extra convenience of an extra 
phone! Our most popular style; its 
modern, low -cost, and easy to install. 
Each phone is factory reconditioned to 
give trouble -free service. Bakelite body 
and handset; metal base. Dial, bell and 
coil included. (Note: use of telephone 
equipment not installed by a telephone 
company may be subject to local tariff.) 
279 -371, Sh. wt. 10 lbs. Net 7.95 

For Private Phone 
and Intercom Systems. 

30 Ft. 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. 11/4 lbs....., Net 2.98 As 

Telephone 
Plugs & Jacks '' 

Ideal for making extensions, these plugs 
and jacks each weigh approximately 1 
pound. 
279 -366, plug Nef 1.25 
279.367, jack Net 1.40 

Coiled Phone Cords 
Stretches uo to six feet. -3- conductor. 
Shipping weight: t/ pound, 
278 -361' Net 1.19 

Four conductor extends up to fifteen feet. 
Shipping weight: / pound. 
278 -1389 Net 5.95 

Shoulder Rest 
Frees both hands! Spring mechanism 
enables arm to be folded out of sight 
when not in use. Easy to attach to any 
phone. Long lasting metal construction. 
Manufactured in the United States. 
Weight- 1 pound. 
279 -606 Net 1.49 

Telephone Wall Jack 
For 2, 3, 4 -wire systems. Fits standard 
wall conduit boxes. 1 lb. 
279 -1507 

MARCH -APRIL, 1968 

Net 1.99 - - 
Store Addresses, Order Form, See Peg. 20 

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. 
279-1351, Sh. wt. I lb. Net 2.99 

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: %z pound. 
279 -1353 Net .99 

100 Ft. 3- Conductor 
Telephone Wire 

Multi -use 100' 3- conductor wire for 
telephone work. ideal for linking 
temporary phones for field uses. 
278-370, 5h. wt. 2 lbs. Net 3.49 

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 lb. Net 1.25 

Telephone Dials 
Standard Western Electric unit. Can be 
used with automatic control circuits, & 
electronic combination lock circuits. 
271-359..5h. wt. I1/4 lbs..__........ Net 2,99 
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ORDER BY MAIL FROM YOUR NEAREST RADIO SHACK STORE 
ARIZONA 

PHOENIX 3905 East,Thomas Rd.273.1722 

ARKANSAS 
LITTLE ROCK University Plaza, 562 -3202 

CALIFORNIA 
ANAHEIM 507 East Katella Ave., 

776 -9540 
BAKERSFIELD Valley Square Shopping 

CV., 2734 Ming Ave., 832-5080 
' COVINA 1065 West Badillo, 966 -1661 
'DOWNEY Stonewood Shopping Center, 

923 -1709 
CARDEN GROVE 9836 Garden Grove 

Blvd., 537-1450 
GLENDALE Broadway & Chevy Chase Dr., 

241 -5106 
U HABRA15111W'Whittier Bivd.697.6707 
LONG BEACH 4684 Long Beach Blvd., 

423 -5444 
LOS ANGELES: 

830 W. Olympic Blvd., 747 -0271 
Ladera Shop. Ctr. 5305 Centinela Ave., 

776 -5268 
Mission Hills 10125 No. Sepulveda 

Blvd., 892.3118 
Reseda 19389 Victory at Tampa, 

881 -3142 
West L. A. 10650 W. Pico Blvd. at 

Overland, 8704752 
MOUNTAIN VIEW San Antonio Shop. 

Ctr. 941.2320 
NO. HOLLYWOOD Laurel Plaza Shop. Ctr. 
OAKLAND (San Leandro) Bay Fair Shop. 

Ctr., 278-5200 
PASADENA 1715 East Colorado Blvd., 

449 -0527 
POMONA 1335 Holt Ave., 629.5027 
SACRAMENTO 600 Fulton Ave., 483-2707 
SAN BRUNO 481 El Camino R'I588 -6228 
SAN DIEGO Grossmont Shopping Center 

5500 Center Dr., La Mesa, 456 -4062 
305 Mission Valley Ctr., W. San 

Diego, 298.6688 
College Grove Shop. Ctr., 583-3211 

SAN FRANCISCO 36 Geary St, 98&1004. 
SANTA ANA: 

Bristol Plaza Shop. Ctr., 546 -5700 
2713 South Main St., 545.0405 

SANTA MONICA 732 Santa Monica Blvd., 
394 -3791 

TORRANCE 22519 Hawthorne Blvd., 
373-1984 

WEST COVINA 2516 jest Workman Ave., 
339-1227 

COLORADO 
DENVER: 

798 South Santa Fe Dr., 733 -7833 
Westland Shopping Center, 238-6323 
2186 So. Colorado Blvd., 756-1678 
North Valley Shop. Ctr. 

CONNECTICUT 
BRIDGEPORT Lafayette Plaza 
HAMDEN Hamden Mart Shopping 

Center,' 2300 Dixwell Ave., 288-7911 
MANCHESTER Manchester Shopping 

Parkade, 649 -5247 
NEW BRITAIN Newbrite Plaza 225 -8787 
NEW HAVEN 230 Crown St., i87 -7121 
NEW LONDON New London Shop. Ctr., 

442 -0522 
ORANGE Whiteacre Shop. Ctr., 795 -9731 
STAMFORD 29 High Ridge Rd., 325-4371 
TORRINGTON Torrington Parkade 
WEST HARTFORD 39 So.Main 236.544.1 

FLORIDA 
JACKSONVILLE Regcy Shop.Ctr.,1725 -7477 
ORLANDO Winter Park Mall, Winter Park, 

647.8646 
WEST PALM BEACH 1801 Palm Beach 

Lake Blvd., 683-1502 

GEORGIA 
ATLANTA: 

917 Peachtree St., 874 -3069 
Greenbriar Shop. Ctr., 349 -0751 
No. DeKalb Shop. Ctr., Dec 638.8002 

ILLINOIS 
BELLEVILLE Bellevue Plaza Shop. Ctr 

235.4050 
CHICAGO Evergreen Plaza at 95th St., 

636 -9796 
ELGIN 528 Dundee Ave., 695-536.1 
HARVEY Dixie Sq Shop. Ctr., 339 -3860 

WAUKEGAN Belvedere Mall, 336 -3151 
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INDIANA 
RICHMOND 735 Richmond Square Shop. 

Ctr., 966 -4578 

KANSAS 
KANSAS CITY Ranch Mart So. (Leawood), 

649 -2122 
WICHITA Parklane ShopICenter1685.2211 

KENTUCKY 
BOWLING GREEN Bowling Green Mall 
NEWPORT Newport Plaza, 70 Carothers 

Rd., 441 -4361 

LOUISIANA 
GRETNA Oakwood Shop. Ctr., 362 -7989 
MONROE Tower Drive Plaza 
NEW ORLEANS 3112 Paris Ave!282 -1282 
SHREVEPORT 1297 Shreve City 

MAINE 
BANGOR 20-24 Broad St. 
PORTLAND Pine Tree Shop.Ctr1773 -7071 

MARYLAND 
BALTIMORE Perring Pky., S.C. 
LANGLEY PARK Hampshire-Langley 

Shop. Ctr., 439.6688 
ROCKVILLE 1600 Rockv Pike 427 -1323 

MASSACHUSETTS 
BOSTON: 

167 Washington St., 523 -4719 
594 Washington St., 426 -3431 

BRAINTREE South Shore Plaza, 843-9200 
BROCKTON Westgate Mall, 588 -5327 
BROOKLINE 730 Commonwealth Ave, 

734 -1000 
CAMBRIDGE Fresh Pond Shop Center, 

178 Alewife Brook Pkwy.,.491 -2925 
DEDHAM Dedham Mall, 300 VFW Pkwy, 

329 -1587 
DORCHESTER Bayside Mall, 282 -0803 
FRAMINGHAM Shoppers' World, 872 -6569 
LEOMINSTER Whiteacre Shop. Ctr. 
LOWELL Central Shop. Plaza, 455 -5469 
MEDFORD 278 Mystic Ave. (Durrell Div.), 

395.6700 
NATICK 136 Worcester Rd. (Durrell Div.), 

655.1850 
QUINCY 221 Quincy Ave. Worrell Div.), 

471 -3318 
SAUGUS: 

N. E. Shop. Ctr., 233.5350 
704 Broadway (Durrell Div.), 233 -9641 

SPRINGFIELD Springfield Plaza734 -2189 
WALTHAM 922 Main lDurrell) 893.7020 
WEST SPRINGFIELD Century Shop. Ctr., 

233 Memorial Ave., 732-4433 
WORCESTER Lincoln Plaza, 757 -9030 

MICHIGAN 
DETROIT: 

Macomb Mall (Roseville), 294-5650 
Lincoln Ctr. (Oak Park), 398-6068 
Sears Shop. Ctr. (Lincoln Park) 

MINNESOTA 
DULUTH 29 -31 E. Superior St., 722 -5551 
MINNEAPOLIS: 

1121 Nicolet Ave., 339.8229 
140 Apache Plaza, 788 -4911 
Hub Shopping Ctr., 866 -5027 

ST. PAUL 471 No. Snelling Ave 645 -2063 

MISSISSIPPI 
JACKSON 3017 No. State St. 

MISSOURI 
KANSAS CITY: 

1234 Grand Ave., 421 -1030 
Antioch Shop. Ctr., 454-2400 

ST. JOSEPH 505 No. Belt Hgy., 233 -2423 

ST. LOUIS: 
1125 Pine (Walter'AshejDiv.J241 -1125 

South County Shop Center, 892.1800 
Northland Shopping Center, 381 -5190 
10483 St. Charles Rock Rd., St. Ann, 
423 -1700 

NEBRASKA 
OMAHA 3002 Dodge St., 346-2433 

NEVADA 
LAS VEGAS 953 East Sahara, 734.2835 

NEW HAMPSHIRE 
MANCHESTER 1247 Elm St., 669 -1303 

NEW JERSEY 
PENNSAUKEN Rt. 130 and Browning Rd, 

665 -0260 
TRENTON 1461 Hamilton Ave. 

NEW MEXICO 
ALBUQUERQUE: 

6315 Lomas Blvd., N.E., 268.5722 
4th and Copper N.W., 2473828 

NEW YORK 
ALBANY Colonie Shop. Ct., Colonie, 

459 -9208 
BINGHAMTON Vestal Shop.Pláza 729 -1525 
BUFFALO: 

125 Main Street, 852.6364 
Transitown Ctr. (W'msvilleU632.7I11 

NEW YORK 1128 Ave. of the Americas, 
687 -4482 

ROCHESTER Ridgemont Plaza (Greece), 
865 -0690 

SCHENECTADY Shoporama Ctr., Ratter - 
dam, 355 -9740 

SYRACUSE: 
3057 Erie Blvd. East, 446 -4990 
Fairmount Fair Ctr., 3675 W. Genesee 

St., 468 -0211 

NORTH CAROLINA 
CHARLOTTE 1010 Central Ave., 375 -3198 

OHIO 
CINCINNATI 740 Swifton Ctr., 631 -4570 
CLEVELAND: 

Southgate Ctr. (Maple Fits.) Village 
Shops, 475 -8150 
Richmond Mall (Richm.Hts1442-2955 
Parmatown Shop. Ctr., 884-5127 

COLUMBUS 4290 No. High St., 267 -9271, 
LIMA Lima Mall, 331 -5085 

'WILLOWICK Shoregate Sh. Ctr;944.6640 

OKLAHOMA 
OKLAHOMA CITY: 

Mayfair Shop. Ctr., 943-8491 
Hillcrest S)IOp. Ctr., 681 -5591 

TULSA 2730 South Harvard, 742 -2255 

OREGON 
PORTLAND 1928 N.E. 42nd St., 281 -4842 

PENNSYLVANIA 
GREENSBURG Greengate Mall, 837 -0370 
PHILADELPHIA: 

2327G Cottman Ave., Roosevelt Mall, 
338.4711 
1128 Walnut St., 923 -2198 

PITTSBURGH: 
309 So. Hills Village Ctr., 343 -5800 
East Hills Shop. Ctr., 243 -8200 

PLYMOUTH MEETING Plymouth Meeting 
Mall, 825 -0699 

RHODE ISLAND 
PROVIDENCE 355 Reservoir Ave., 

467 -3390 
EAST PROVIDENCE Shoppers' Town, 

4345672 
WARWICK 296 Midland Mall, 828-4141 

TENNESSEE 
MEMPHIS: 

1208 Southland Mall, Whitehaven, 
396 -7762 
96 North Avalon, 272 -7589 
Eastgate Shopping Ctr., 683 -3985 
Frayser Plaza Shop. Ctr., 3584315 
1825 South 3rd St., 947-2371 

NASHVILLE 100 Oaks Shop1Ctr297 -3662 
TEXAS 

ABILENE 2910 North First St., 673 -816? 
AMARILLO Western Plaza Shop. Ctr. 
ARLINGTONCollins)at'Park Row1277.3151 
AUSTIN Hancock ShopiCenter)454 -3090 
BROWNSVILLE 847 S.È. Elizabeth St, 

546 -6156 
CORPUSCHRISTI!520 Everh }t- ßd,854 -2661 
DALLAS: 

Medallion Center, 363 -6236 
125 Wynnewood Village, 948 -3201 
.138 Marsh Lane Plaza, 357 -7419 
156 Inwood Village, 358 -3892 
507 Casa Linda Plaza, 328 -2522 
1424 So. Buckner Blvd. 

EL PASO 85 Bassett Center, 778.7965 
FORT WORTH: 

3524 Denton Highway, 831 -1951 
2615 West 7th St., 336-4684 
6303 Camp Bowie Blvd., 737 -0812 . 

138 Seminary South, 927 -7828 
HOUSTON: 

7949 Katy Freeway, 682 -5694 
8458 Gulf Freeway, 643 -0731 

, 322 Northline Mall, 697-7914 
Bellaire 4759 Bissonet, 667 -5190 
9417 Jensen Rd., 694-4266 
1407 Spencer Hgy. (So. Houston), 
994 -5575 

IRVING Plymouth'Park Shop¡Ctr.253 -6811 
LUBBOCK B -10 Caprock,Shop1Clr799 -1323 
MIDLAND South "9" Meta Dr682 -7001 
SAN ANTONIO: 

150 Wonderland Shop. Ctr., 735 -9161 
684 S.W. Military Drive, 9244851 
71071/2 San Pedro Ave., 341 -3391 

SHERMAN 1620 Hgy. 75 North,892.6553 
TYLER 108 Troup Hgwy., 593.5392 
WACO 4300 West Waco Dr., 752-7739 

UTAH 
SALT LAKE CITY Cottonw'd Ma111277 -3064 

VIRGINIA 
ARLINGTON Parkington Shp. Ctr 524-5422. 
HAMPTON Mercury Plaza Mall, 838-5200 
NORFOLK 4016 Granby St., 622 -9080 
PORTSMOUTH 3109 South St., 399 -2115 
VIRGINIA BEACH Pembroke Mall Shop. 

Ctr., 497-9211 

WASHINGTON 
SEATTLE: 116 SW 148th St., 242 -3637 

2028 Third Ave., 682 -5280 
837 N. E 110th St., 364 -8670 

RADIO SHACK Division of Tandy Corporation 

For CATALOG ONLY -mail to Radio Shack. 2727 W. 7th St. Dept. I 
Ft. Worth. Texas 76107 WT 

For ORDER plus CATALOG -mail to Radio Shack store negre t you. 

CAT. NO. l QTY. I DESCRIPTION PRICE EACH 

NEW 1968 CATALOG FREE 

Min. order: $2.50. O ders up to 55.00:'add 50a: over $5.00: 
add The to cover ost of handling and postage in U.S. 

Add STATE TAX where Applicable:' 

Add to My Account 
Check Enclosed. 

( 
sl eoHUs 

(Enclose P.00 aga'S Coupon) 

TOTAL 

STREET 

L. 
CITY STATE ZIP 
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POSITIVE FEEDBACK 
100000000=>0o000000001 

JULIAN M. SIENKIEWICZ, EDITOR 

. From time to time your Editor breaks away 
from his desk long enough to visit manufac- 
turers of electronic products. One recent visit 
took him to the ultra -new EICO plant in 
Brooklyn where one can see firsthand how elec- 
tronic kits are dreamed up, designed, manu- 
factured, and packed before shipment to the 
consumer or store. (See photo below.) Most 
interesting were the FICO engineering facilities 
where quality is put in and bugs are taken out. 
The racks of test equipment would make the 
heart of any experimenter skip a beat. 

In this issue of ELEMENTARY ELECTRONICS 
we continue with our free printed- circuit board 
program. Many have asked us how we can 
undertake such a project. The answer is quite 
simple -we owe it all to Sentry Manufacturing 
Company who designs the boards, makes them 
up. supplies them to the readers requesting them 
with our coupon, and, in general, handles all 
the time- consuming paper work. So, our hats 
are off to Sentry for the wonderful service they 
are supplying for you, the reader. 

Photo of a boy from Brooklyn (your Editor right), 
with Harry R. Ashley (left), E /CO president, and Abe 
Stark (center), Brooklyn's Boro President at the 
EICO's new plant opening and gala party. 

have You any idea 

how many wâYS YOU Câll 

ose this handle? 

as a screwdriver... 

for slotted, Allen hex. Phillips, Frearson, Bristol, 
Clutch Head. Scru /ox ®screws 

as a nutdriver... for hex nuts, screws. and bolts 

as an awl /scriber and reamer 

It accommodates 49 interchangeable blades 
of various types and sizes. 

Its patented spring device permits quick blade insertion 
and removal. 

It's shockproof, breakproof (UL) plastic. Comes in three sizes - regular, junior, stubby - also Teetype. 
It's available in a great variety of sets from 
39 -piece roll kits to compact, pocket cases. 

For information on time- saving, 
space- saving Xcelite "99" tool kits 
and sets, mail coupon below. 

XCELITE, INC. 80 Bank St., Orchard Park, N. Y. 14127 
Send Catalog 166 with information on "99" sets and kits. 

name 

address 

city 

L 
state & zip 

J 
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12 NEW KITS FROM HEATH... 
For The Whole Family .. 

New Deluxe "227" Color TV 
Exclusive Heathkit Self- Servicing Features. Like the Iambus Heathkit 
"295" and "180" color TV's, the new Heathkit "227" features a built -in 
dot generator plus full color photos and simple instructions so you can 
set -up, converge and maintain the best color pictures at all times. Add 
to this the detailed trouble -shooting charts in the manual, and you put 
an end to costly TV service calls for periodic picture convergence and 
minor repairs. No other brand of color TV has this money -saving self - 
servicing feature. 
Advanced Features. Boasts new RCA Perma- Chrome picture tube for 38% 
brighter pictures ... 227 sq. in. rectangular viewing area . 24,000 v. re- 
gulated picture power ... improved phosphors for brilliant, livelier colors 
... new improved low voltage power supply with boosted B + for best 
operation ... automatic degaussing ... exclusive Heath Magna -Shield to 
protect against stray magnetic fields and maintain color purity ... ACC 
and AGC to reduce color fade and insure steady, flutter -free pictures under 
all conditions ... preassembled & aligned IF with 3 stages instead of the 
usual 2 ... preassembled & aligned 2 -speed transistor UHF tuner ... deluxe 
VHF turret tuner with "memory" fine tuning ... 300 & 75 ohm VHF an- 
tenna inputs ... two hi -fi sound outputs ... 4" x 6" 8 ohm speaker ... choice 
of installation - wall, custom or optional Heath factory assembled cab- 
inets. Build in 25 hours. 

Kit GR -227, (everything except cabinet)... $42 dn., as low as 
$25 mo... 114 lbs $419.95 
GRA- 227 -1, Walnut cabinet... no money dn., 56 mo $59.95 
GRA- 227 -2, Mediterranean Oak cabinet (shown above) 
.. no money dn., $10 mo $94.50 

Kit OR -295 

$419.95 
(less cabinet) 

542 mo. 

Deluxe Heathkit "295" Color TV 
Color TV's largest picture ... 295 sq. in. viewing area. Same features 
and built -in servicing facilities as new GR -227. Universal main control 
panel for versatile in -wall installation. 6" x 9" speaker. 
Kit GR -295, (everything except cabinet), 131 lbs.... 
$48 dn., $42 mo $479.95 
G RA- 295 -1, Walnut cabinet (shown above), 35 lbs 
no money dn., $7 mo $62.95 
Other cabinets from $94.50 

FREE 
40- Lesson Re- 
cord Course 
With Either Heathkit/ 
Thomas Organ I 

A $50 Value! In- 
eludesfour331 /a 
rpm records, 
music book & leatherette 
album. 

Kit TO -67 

$995 
(including bench) 

S200 dn., 
as low as 929 mo. 

Heathkit /Thomas 
"Paramount" Theatre Organ 

Save Up To 5500! Build in 80 -100 hours. All Thomas factory -made parts 
... 15 manual, 4 pedal voices; instant -play Color -Glo; all- transistor cir- 
cuit; 200 watts peak power; 2 -speed rotating Leslie plus main speaker 
system with two 12" speakers; 44 -note keyboards; horseshoe console 
with stop tablets; 28 -note chimes; 13 -note bass pedals; repeat & attack 
percussion; reverb; headset outlet assembled walnut finish hardwood 
cabinet & bench; and more. 265 lbs. 7', 33'm/ rpm demonstration 
record 50c. 

22 

Kit GR -227 

$419.95 (lesa `owns[( 

$19.95 

Kit GR1a0 

$359.95 
(less cabinet 

& cart) 
$31 mo. 

New Remote Control 
For Heathkit Color TV 

Now change channels and turn your 
Heathkit color TV off and on from the 
comfort of your armchair with this new 
remote control kit. Use with Heathkit 
GR -227, GR -295 and OR -180 color TV's. 
Includes 20' cable. 

Deluxe Heathkit "180" Color TV 
Same high performance features and exclusive self- servicing facilities 
as new GR -227 (above) except for 180 sq. in. viewing area. 

Kit GR -180, (everything except cabinet), 102 lbs... 
$36 dn., $31 mo $359.95 
GRS- 180 -5, table model cabinet & mobile cart (shown 
above), 57 lbs.. .no money dn., $5 mo. $39.95 
Other cabinets from $24.95 

America's Lowest Cost 
Solid -State Organ 

Kit GD -3258 

$394.90 
940 dn., 934 mo. 

Save Up To S205! Instant - 
play Color -Glo; 10 voices; 
13 -note bass pedals; repeat 
percussion; 37 -note key- 
boards; 75 -watt peak power; 
vibrato; assembled walnut 
cabinet & bench. 172 lbs. 
7 ", 33 rpm demonstration 
record 50c. 

..._ _. .__.._. 

Exclusive Band Box Percussion 
Au!omatically or manually adds 10 percussion voices to any Heathkit/ 
Thomas organ. Build & install in 12 hours. 
Kit TOA -67 -1, no money dn., $14 mo.. $145.00 

Exclusive Playmate Rhythm Maker 
Adds 15 fascinating rhythms to any Heathkit Thomas Organ. Requires 
Band Box percussion (above) for operation. 
Kit TOA -67 -5, no money dn., $18 mo. . 5189.90 
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USE COUPON TO ORDER NOW! 

$349.95 
$35 dn., $30 mo. 

NEW! VOX "Jaguar" 
Transistor Combo Organ By Heathkit 
Save Up To SISO on the world's most popular combo organ with this 
new Heathkit version. Features the most distinctive sound of any 
combo organ. Has a special bass output that gives a brilliant stereo bass 
effect when played through a separate or multi -channel amplifier, 4 
complete octaves, vibrato, percussive effects and reversible bass keys. 
Includes hand crafted orange and black cabinet, fully plated heavy -duty 
stand, expression pedal and waterproof carrying cover and case for 
stand. Requires a bass or combo amplifier like Heathkit TA -17 (op- 
posite page). 

Kit TO -68, 80 lbs.... 535 dn., $30 mo. . 11349.95 

NEW! 

ero 

NEW! Deluxe Solid -State Combo 
Amplifier & Speaker System ... 

Choose Kit Or Factory Assembled. 

Amplifier 
Kit TA -17 

$175 
$17 reo. 

(Assembled 
TAW -17 3275) 

Speaker System 
Kit TÁ.17.1 

$120 
$11 mo. 

(Assembled 
TAW -17 -1 $150) 

Specia 
Combination 

l 

Offer 
Amplifier & Two 
Speaker Systems 

Save 520 
Kit TAS -17 -2 

$395 
$40 dn. 
$34 mo. 

(Assembled 
TAW -17 -2 $545) 

All the "big sound" fea ures every combo wants ... tremolo, built -in 
"fuzz ", brightness, reve b, separate bass and treble boost and more. . 

Delivers a shattering 120 watts EIA music power (240 watts peak 
power) through two TA -17 -I speakers . . or 90 watts through one 
TA -17 -1 speaker. Features 3 independent input channels, each with 
two inputs. Handles lead or bass guitars, combo organ, accordion, 
singer's mike, or even a record changer. All front panel controls keep 
you in full command of all the action. 
Speaker system features two 12" woofers, special horn driver and 
matching black vinyl- covered wood cabinet with casters & handles 
for easy mobility. 

Kit AR -17 

$72.95 
(less cabinet) 

se wo. 

Lowest Cost Solid -State Stereo Receiver 
Features aide 18- 60,000 Hz response Kr sl db at full 5 watts RMS 
power per channel ... 14 watts music power ... inputs for phono and 
auxiliary ... automatic stereo indicator ... outputs for 4 thru 16 ohm 
speakers . , . adjustable phase for best stereo ... flywheel tuning ... and 
compact 9M" D. x 2 7a" H. x 11 %" W. size. 12 lbs. Optional factory 
assembled cabinets (walnut $7.95, beige metal $3.50). 
Kit AR -17, (less cab.) 12 lbs.... no money dn., S8 mo.. $72.95 
Kit AR -27, 7 -Watt FM Mono Only Receiver (less cab,) 
9 lbs.... no money dn., S5 mo. 349.95 

HEYTHNIT' r96B 
FREE 1968 
CATALOG I 

Now with more hots. more color 
Fully describes these along with 
over 300 kits for stereo /hi -fl. 
color TV, electronic organs, elec- 
tric guitar 8 amplifier, amateur 
radio. marine. educational, CB. 
home & hobby. Mail coupon or 
write Heath Company, Benton 
Harbor. Michigan 49022. 

Kit IM -17 

$19.95 

NEW! 
Solid -State 
Portable 
Volt- Ohm -Meter 

So Handy, So Low Cost we call it "every man's" meter. lust right for 
homeowners, hobbyists, boatowners, CBer's, hams ...it's even sophis- 
ticated enough for radio & TV servicing! Features 12 ranges ... 4 AC & 
4 DC volt ranges, 4 ohm ranges; 11 megohm input on DC, I megohm 
input of AC; 41/2" 200 uA meter; battery power; rugged polypropylene 
case and more. Easy 3 or 4 hour kit assembly. Ideal gift for any man! 
4 lbs. 

HEATH COMPANY, Dept. 139 -3 
Benton Harbor, Michigan 49022 
In Canada, Daystrom Ltd. 

Enclosed is $ 

Please send model Iv 
Please send FREE Heathkit Catalog. 

J Please send Credit Application. 

Name 

Address 

[1:1:121712D - 
including shipping, 

1 

City State Zip 
Prices 8 specifications subject to change without notice. t CL-312R 
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Fill coupon for a FREE One Year Subscrip- 
tion to OLSON ELECTRONICS' Fantastic Value 
Packed Catalog- Unheard of LOW, LOW PRICES 
on Brand Name Speakers, Changers, Tubes, 
Tools, Stereo Amps, Tuners, CB, and other Val- 
ues. Credit plan available. 
NAME 
ADDRESS 

CITY STATE 

GIVE ZIP CODE 

If you have a friend 
his name and address 

interested in electronics send 
for a FREE subscription also. 

INCORPORATED 
821 S. Forge Street Akron, Ohio 44308 

FIRST WITH 
* Digital Integrated Circuits 

* 4 Crystal- Controlled Oscillators 
* Battery & AC Operation Standard 

I. 
The New Pace- Setting CONAR Model 680 

COLOR GENERATOR 
KIT $83.50 WIRED $114.50 
Until now, no commercially available color generator 
has offered so many quality features in a single 
instrument at such a low price. Only the CONAR 
SIGNAL GENERATOR has all these features at 
any price: exclusive digital integrated circuits; 
exclusive 4 crystal- controlled oscillators; exclusive 
AC or battery operation standard; completely solid 
state; color amplitude control; color phase adjust- 
ment; regulated power supply; stability control; TV 
station sync and blanking pulses; nine patterns; red, 
blue and green gun killers; compact; lightweight; 
portable. 
For details write Dept. CV8C 

CONAR instruments 
DIVISION OF NATIONAL RADIO INSTITUTE 
3939 Wisconsin Ave., Washington, D.C. 20016 

WRITE FOR FREE CONAR CATALOG 
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Cinema for Zappers 
Now our fly boys can zoom into a full color 

wide angle projection display system which re- 
alistically presents the view from cockpit of a 
high -speed aircraft during low -level flight. The 
"flicker" simulation system has been designed to 
evaluate a pilot's visual target acquisition capa- 
bilities. The system has two major elements - 
one for the acquisition of photographic imagery 
and data, the other for the display of this 
material. 

The photographic imagery is obtained with 
a 65mm motion picture camera equipped with 
a special Fairchild 160° f/4 photographic lens 
and automatic exposure control device. This 
assembly is mounted in the tail of a B -25 bomber 
with the camera operating in the reverse direc- 
tion to provide proper ground terrain move- 
ment when the imagery is projected normally. 

The data are displayed on a spherical screen 

High -resolution pic is projected on a 

hemispheric screen by the projector (top 
left) in this new Fairchild Space and Defense 
Systems development to simulate high -speed 
low -level flight conditions.' The pilot in a 

simulated F -86 cockpit (center) watches for 
targets or very tall trees! 

ELEMENTARY ELECTRONICS 
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using a projector equipped with another Fair- 
child 160° f/4 lens of the same basic design as 
the lens on the camera. This results in true 
perspective in the imagery, and enables scientific 
experimenters to evaluate and catalog its con- 
tent frame by frame. 

After this evaluation, the imagery can be 
continuously displayed at various rates ranging 
from 12 frames per second to 48 frames per 
second without flicker. Trained pilots view this 
imagery from a simulated aircraft cockpit. As 
they recognize a target, they press a thumb 
switch which is coupled to a counter that re- 
cords the passage of each frame of film through 
the projector. As the pilot identifies pre -selected 
targets on the film,. the information is plotted 
against pre- edited frame numbers so that his 
reaction time ànd visual target acquisition ca- 
pabilities can be accurately measured. 

The real test comes when they play back 
some of old John Wayne pics. Imagine, winning 
the Battle of Midway several times a day! 

Computer Juice 
A new fluorochemical liquid featuring a 

boiling point of 90 °F is expected to have many 
applications as a non -corrosive, low- temperature 
refrigerant and as a coolant for electronic 
systems including computers. Computers could 
use the new fluid called 3M brand Inert Fluoro- 
chemical Liquid, FC32, to maintain lower run- 
ning temperatures making possible faster and 
higher powered operations. 

The liquid is one of a series of five completely 
fluorinated liquids developed by 3M to provide 
a high degree of electrical protection. The 

Heat from a painted light bulb is sufficient 
to boil 3M's new fluid, FC -32. The liquid's 
boiling point of 90 °F makes possible many 
applications as a non -corrosive, low - 
temperature refrigerant and as a coolant for 
electronic systems. Its electrical non - 
conductivity is demonstrated here as the 
entire socket is immersed in the fluid with 
no effect except for the bubbles! 
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POWERFUL 
WIRELESS 

TRANSMITTER 
... the size of 
a package of 

cigarettes 
ONLY $1295 

Completely Assembled 

Incl. 2 Microphones 

& Battery 

Here's a compact marvel of transistorized electronics that does just about everything . . . yet is tiny 
enough to fit in a pack of cigarettes. Called the 
WIRELESS BROADCASTER, this battery operated transmitter picks up sound through its sensitive 
microphone and transmits (without wires) thru any 
nearby AM radio. Unlimited applications: 

Broadcasting Remote Recording 
Guitar amplification Sickroom Signal 
Baby minding Auto to Home 

This Really Modern Wonder Package comes completely as- 
sembled, and includes two microphones (1 xtal for broad- 
casting, 1 contact type for musical instrument amplifying) 
plus a b -volt battery. Fully guaranteed. 
Send Cash, Check, or Money Order to: ($12.95) 

IMPERIAL ELECTRONICS Dept. EE -3 
114 E. 32nd St., Rm. 1602, New York, N. Y. 10016 
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Live Better Electronically With 

1968 Catalog 680 FREE! 
tes Now OFF PRESS 

BETTER THAN EVER 

Over 500 Pages 
Stereo Hi -Fi Citizens 
Band Ham Gear Tape 
Recorders Test Equip- 
ment TV and Radio Tubes 
and Parts Cameras 
Auto Accessories Musical 
Instruments Tools Books 

Featuring Everything in Electronics for 
HOME INDUSTRY LABORATORY 

from the "World's Hi -Fi & Electronics Center" 
LAFAYETTE Radio ELECTRONICS 
Dept. BA-o, P.O. Box 10 
Syosset, L.I., N.Y. 11791 

Send me the FREE 1968 LAFAYETTE Catalog 680 DEC -8 

Name 

Address -- - -. - - -- _.. 
City State 

Zip 
(Please Give Your Zip Code No.) 
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liquids feature a high dielectric strength as well 
as low dielectric constants and heat dissipation 
factdrs. It's almost like water having the electri- 
cal properties of air. 

Environmental test applications of these 
fluids have proven very economical. Production 
figures were boosted as much as 200% at one 
semi -conductor manufacturer's plant while re- 
ject rates were decreased from 55% to less than 
1% 'in the production of amplifier circuits at 
another plant. The day may come when your 
TV set will bubble like an aquarium and if 
there is any plankton visible, it'll be time for 
your 1000 -mile checkup. 

News in the TV 
The first full -time, all- electronic news service 

for the home is now available to almost 2,000 
CATV systems located around the country. It's 
called the service, "Alphamatic News," and is 
now available to New York's Manhattan resi- 
dents via a CATV network. The first installa- 
tion of its kind in the country, Alphamatic News 
brings to home television sets UPI world and 
local news, and stock market prices 24 hours 
a day. 

Heart of the system is a space -age device, 
manufactured by RCA Victor, Ltd., known as 
a character generator. The character generator 
converts a telegraph signal to words which 
appear as sentences flowing across the television 
set at an easily readable flow. Each line holds 
42 characters. When 12 lines of copy are pre- 
sented, the copy is erased (except for the bot- 
tom line) and the entire sequence starts again 
at the top. 
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Here's what it looks like, an all- electronic 
news service for the home or office. News is 

presented without sound, offering the 
Manhattan businessmen an opportunity to 
monitor the latest scoops hs a casual, almost 
leisurely manner, without affecting their work 
routines. (Sorry, no cartoons.) 

In its application on the Manhattan cable 
system, subscribers receive the Alphamatic 
service on previously unused Channel 8. Early 
indications from subscribers indicate that they 
are attracted by the ease with which they can 
catch up on the news at any time by simply 
tuning in the channel. The fact that the news 
is presented without sound also offers the op- 
portunity to Manhattan businessmen to mount 
a small monitor on or nearby their desks and 
view the news in a casual, almost leisurely 
manner, without affecting their work routines 
(just great for the latest racing results). 

New China Clipper 
The first electronic type- setting to compose 

Chinese, Japanese and Korean written language 
directly from a keyboard has been delivered by 
RCA to the U. S. Army. The Chinese- Japanese- 
Korean Ideographic Composing Machine em- 
ploys a technique that is the first practical de- 
parture from hand -set type in the 3,000 -year 
history of these written languages. 

By combining the latest in computer, tele- 
vision and optical techniques, it does away with 
the formidable typographical problems posed 
by ideographic languages with their `alphabets' 
of thousands of characters. The machine can set 
60 to 100 characters a minute -each character 
representing a word, a phrase or a complete sen- 
tence from any of the three languages -from a 
storage bank of some 10,000 characters. This 
speed compares with the hitherto tedious task 
of a man painstakingly choosing the correct 
characters by hand from massive cases of type - 
truly a time clipper. 

The machine is for use by the Army in type- 
setting training publications, orientation litera- 
ture, information leaflets and other printed ma- 
terials in the three Oriental languages. It is an 
extension of a device developed earlier by 
RCA's Advanced Technology activity to com- 
pose Chinese only. 

The machine does not set type in the conven- 
tional way that a Linotype machine does in 
American printshops. It is instead an electronic 
system, utilizing television techniques and an 
optical tunnel to reproduce the characters very 
rapidly on film and then transfer them to litho- 
graph plates for offset printing. The machine 
can be operated manually by keyboard or auto- 
matically by means of paper tape punched in 
advance. The latter method would make it pos- 
sible to set type automatically at a number of 
different printing plants at one time. 

To achieve the 10,000 characters, 21 basic 
strokes were chosen - horizontal, vertical, 
curved -and 28 complete symbols, such as 
circles, squares, triangles, in various combina- 
tions to make up virtually all characters in those 
three complex languages. These basic strokes 
and symbols, plus 11 punctuation marks, are 

ELEMENTARY ELECTRONICS 



 

THE SUPERSENSITIVE 

DARKROOM METER 

S & M MODEL A -3 

Here's RCA's Chinese -Japanese -Korean 
Ideographic Composing Machine, the first 
electronic typesetting machine to compose 
those three written languages directly from a 
keyboard. The machine can set 60 to 100 
characters a minute from a storage bank of 
10,000 characters, turning a tedious task into 
an electronically -fast one. 

represented on the machine's keyboard. A basic 
advantage of the machine is that it can set the 
characters from top to bottom, as in the old - 
style printing in these languages, or from left 
to right, the more modern format. It also does 
away with the mountainous task of redistribut- 
ing the metal type in cases after its use, or of 
melting it to be made into new type. Further- 
more, the electronic system can be switched to 
produce any one of four type sizes for headlines 
and /or text. 

Among the important techniques involved is 
the method of character image storage and 
selection. The images are arranged in a matrix 
of blocks of 16, approximately 200 such blocks 
appearing on each of three photographic plates. 
The three plates are served by the three 
branches of a beam -splitting optical system and 
together they form the input to an "optical tun - nel"-a four -walled mirror structure which (in 
combination with a lens) has the unique prop- 
erty of being able to image all of the 600 char- 
acter blocks at a single location instantane- 
ously and simultaneously. 

Character selection logic is based on the fact 
that an ideograph when handwritten is built up 
from many strokes but from a limited num- 
ber of types (only 21). 

In addition, a special character insertion ca- 
pability is also provided. If a desired char- 
acter, such as a proper name, is not present in 
the machine vocabulary, the operator may place 
his copy, or document containing the desired 
character, on a character tray. When the "in- 
sert" key on the keyboard is depressed a sepa- 
rate television camera picks up the chat'acter 
on the copy and records it on the film at the 
samemagnification as the internally composed 
characters. And moo-goo-gai -pan to you! II 
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$44.50 
in kit form* 

$49.50 
fully 
assembled* 

*Carrying Case 

Included 

Here Is a precision instrument that meets the highest 
standards of any meter available today. The S & M 
A -3 uses the newest cadmium sulfide light cell to 
measure light levels from twilight to bright sunlight 
at ASA speeds of 3 td 25,000. This supersensitive 
darkroom meter is successfully used with movie or 
still cameras, microscopes, telescopes and it can 
also be set up for use as a densitometer. 

The computer gives F stops from .7 to 90 and lists ex- 
posure time from 1/15,000 sec. to 8 hours; 4 range se- 
lection; EV- EVS -LV settings. The unit is also equipped 
with a large (41/2 ") illuminated meter, paper speed 
control knob and a new battery test switch. 

The S & M A -3 darkroom meter is ideal for darkroom 
and studio applications where accuracy is a necessity. 
It's available fully -assembled from the factory, or in 
easy to assemble kit form. 

SCIENCE & MECHANICS -Kit Division 
505 Park Ave. /New York, New York 10022 

Please send the A-3 Supersensitive Darkroom Meter as 
checked below. I understand that if I am not satisfied, 
may return the meter within 10 days for a complete refund. 
Add 10% for Canadian and foreign orders 
N.Y.C. residents add 5% for sales tax 

$44.50 -In kit form D $49.50 -fully assembled 
D Check or money order D Enclosed $3.00 deposit, 

enclosed, ship post ship balance COD, plus 
paid. postage and COD 

charges. 
D A-3 Extra Carrying Case -$4.95 

NAME 

(Please print; 

EE-368 

ADDRESS 

CITY STATE 
ZIP 
COD 

J 
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ETYMOLOGY 
By Webb Garrison 
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Cyclotron 

Scientists at Cambridge, England, perfected 
the first "atom smasher" in 1932. By today's 
standards it was crude and clumsy. But with it, 

Crockcroft and Walton bombarded nuclei of 
lithium atoms with protons and produced he- 
lium atoms. 

Particles employed as "atomic bullets" at 
Cambridge were accelerated through a vacuum 
and travelled straight. But the energy level of 
this system was limited to about 250,000 elec- 
tron volts. 

How could one get higher energies with 
greater penetrating power? 

At the University of California, Ernest O. 

Lawrence concluded that the problem could be 

solved by spinning charged particles in cen- 

trifugal fashion, thereby imparting highly in- 

creased energy to them. Equipment he subse- 
quently built sent his "bullets" through spiral 
paths from which they burst at energy levels up 

to 10,000,000 electron volts. 
New power had been harnessed and the 

world of subnuclear physics was to be opened 
as a result. There obviously could be no doubt 
at all about the importance of the system. But 
what to call it? 

Lawrence turned to classical languages. He 

combined cycl- (a modern prefix derived from 
a Greek term for a wheel) and -fron (a suffix 

from the same source that indicates any tool or 
instrument). Since his heavy -duty atom smasher 
used charged particles as tools and discharged 
them after rotary mótion, it was logical to call 

his "machine" the cyclotron. 

Pioneers Commemorated 
A Meeting in London in 1908, an international 
electrical congress formally adopted ten separate 

terms-all serving as verbal memorials to pio- 

neer scientists. 
Stories behind the terms Watt, Ampere, Volt, 

and Ohm have already been told in previous 

pages of e/e ETYMOLOGY. Other terms chosen 
in 1908 are more technical or less widely used. 

Coulomb (unit of electrical charge) com- 
memorates French physicist Charles A. Cou- 
lomb. The Farad (unit of capacitance) is so 

named from the great Michael Faraday. 
German mathematician Karl Frederich Gauss 

is remembered by the Gauss, electromagnetic 
unit of magnetic induction. American physicist 
Joseph Henry is now all but forgotten except 
by those who use Henry to name a unit of in- 

ductance. As a unit of energy, Joule commemo- 
rates English physicist James P. Joule. And 

German physicist Wilhelm E. Weber is hon- 
ored through a unit of magnetic flux, which is 

called the Weber. 

Quark 
James Joyce is among the few contemporary 

writers to winjecognition in three mediae: verse, 

drama, and prose fiction. Like mathematician - 
author Lewis Carroll (Alice in Wonderland, 
Through the Looking Glass), Joyce sometimes 
deliberately played with sounds. His 1939 novel 

Finnegans Wake includes a famous pattern of 
nonsense- sounds that urge: " -Three quarks for 
Muster Mark!" 

American physicist Murray Gell -Mann, al- 

ready noted for work in subnuclear physics, 
arrived at a radical new view' in 1962. There 
must be -there simply has to be -a "funda- 
mental building block of the universe," he con- 

cluded. Since such an elemental particle has 

never been found, he turned to the realm of 
fantasy for a name. 

In selecting the title quark from James Joyce, 

Gell -Mann was simply devising a label for use 

with theoretical concepts. But once the name 
was given, search for the thing behind the name 
began in earnest and has continued unabated 
ever since. 

Today, it's generally assumed that the quark 
really does exist -and upsets many concepts 
basic to physics and electronics. All subnuclear 
particles identified to date are either electrically 
neutral or have charges equivalent to whole 

multiples of the basic charge of the electron. 
But the quark is thought to be as queer as its 

name -having a charge of either one- or two - 

thirds that of an electron. Theoretical consid- 

erations suggest that it is extremely heavy (on 
a nuclear scale) and it is also believed that it 

most likely possesses enormous binding power. 
Fully as elusive in the laboratory as in Finne- 

gans Wake, when and if it is discovered, the 
quark will be the only building block of the 

universe to take its name from fiction. Chances 
of finding it are slim until atom smashers be- 

come at least 25 times as powerful as the 

strongest now in use. 
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New Products 
that caught 

the Editor's eye 

7-t 

Attractive Sound Storer 
You can store up to nine hours of tape re- 

cording handily in the Norelco Cassette album. 
The handsome book -type album is bound in 
black leatherette stamped in gold, and contains 
a molded plastic tray, pre -packed with six blank 
tape cassettes and index guide. With six 60- 
minute cassettes, the total price is $15.90; with 
six 90- minute tapes it goes for $22.50. The 
album measures 101/2x93 /sx3/4-in., and comes 
with protective outer sleeve. Available at 
Norelco tape recorder dealers, or write to 
Norelco, 100 E. 42nd St., New York, N.Y. 
10017. 

Norelco Book-Style Cassette Album 

Fail -Safe Amp Kit 
Right in the design of the new Scott LK -60B 

120 -watt solid -state stereo amplifier kit is a "fail- 
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FREE! 
IIA 

BRAND NEW 
SPRING & SUMMER 

RADIO -TV 
ELECTRONICS 

CATALOG 

YOUR BUYING GUIDE 
FOR: Stereo & Hi -Fi 
Systems & Components 

Tape Recorders Elec- 
tronic Parts, Tubes, Tools 

Phonos & Records 
Ham Gear Test In- 

struments & Kits Cam- 
eras & Film PA Citi- 
zens Band Radio & TN 
Sets Musical Instru- 
ments 

MAIL TODAY '1'0: 

BURSTEIN- APPLEBEE 
Dept. EEO, 1012 McGee, Kansas City, Mo. 64106 

Name 

Address 

City 

State Zip Code 

SNOOPERSCOPE IR TUBE 
Used by the Military for night viewing. Permits observation in the dark of night. Unused British IR Image Converter Tube with plans for construction of night viewer only $4.50 Postpaid. 
84 page catalog of hundreds of unusual opti- electronic surplus equipment. Send 25e stamps or coin for catalog. 

MESHNA 19 ALLERTON STREET LYNN, MASS. 01901 

ANIMATION 
for your home 

SLIDES AND MOVIES 
A "do -it- yourself" kit for the amateur and 
professional photographer- - - many exciting 
visual effects can be achieved with this kit. 
The introductory Polarized Animations ® 
Kit includes the necessary materials to 
assemble a variety of animated subjects. 
The cost of the kit is $5.95 postpaid. A 
brochure manual is also available for 25 
cents. Send check or money order to: Pola- 
rized Animations ® , 5157 Butler Street, 
Pittsburgh, Pa. 15201 Dept. EE -368 
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ARCTURUS 
Inventory Reduction Sale 

Tube Bargains, to name lust a few: 

'6146 
P6360 
e6688 
.6939 
7025 
#7788 
:2D21 

Any unlisted receiving tube. 75% discount off current list prices. 

Tube Cartons: 6AU6 etc. size, $1.75 per 100. 6SN7 etc. size. $2.10 per 100. 5U4GB 

size. $2.50 per 100. 5Ú4G size. 03c each. 

Obsolete Tubes: U X200, $1.69; e80, $1.20; 610Y. 69c; etc. 

7 inch 90 degree TV bench test Picture Tube with adapter. No ion trap needed. Cat. 

:76P7, $6.99. 

Silicon Rectifier octal -based long -life replacement for ó5U4, 5Y3, SAS4. 5AW4, 5T4, 

5V4, 5Z4. With diagram. Cat. .Rect 1, 99c each. 

$2.95 :5725/6AS6 $ 59 :6AQ5 56c 

3.50 5842 /417A ........,. ..2.50 r6BQ7 94c 

3.50 #5847/404A 2.50 66CG7 59c 

3.50 e1AX2 49c 5 for ..2.00 .6J6 49c .. 
' .59 e6K7 39c 3 for ..1.00 Ä6T8 84c 

3.75 :12BN6 39c 3 for ..1.00 e6UB 77c 

.49 e25E6 59c 3 for. 1.49 el2AU7 59c 

0Z4 Silicon Rectifier replacement, octal based. Cat. /Rest 2, 99e each. 

10 Flangeless Rectifiers. I amp, 400 to 1000 p.i.v. Cat. eRSlO. $2.98. 

10 Silicon Rectifiers, 750 MA., 50 to 300 p.i.o. Cat. 9330F, 99e each. 

Condensers: 50 -30 MFG at 150 v.. 39e each, 3 for $1.00, Cat. 00; 850- 400 -100-15 

MFD at 16116.4 -115 v., 3 for 79e, Cat. :82Y. 

2 Silicon Controlled Rectifiers, 1 amp, general purpose units with instructions. Cat 

:SCR 1, $1.00. 

5 Transistor Circuit Boards containing up to 6 transistors, plus diodes, resistors, 

capacitors, etc. Cat. :TBIO, 99e. 

Needles: values such as #AS22 Sapphire. 39c; Diamond, 99c. 

Color Yokes. 70 degree for all round color CRT's. Cat. :XRC70, $12.95. 90 degree for 

all rectangular 19 to 25 inch color CRT's, Cat. ) XRC90, $12.95. 

Transistor :zed U.H.F. Tuners used in 1965 to 1967 TV sets made by Admiral, RCA, 

Motorola. etc. Removable gearing may vary from one make to another. Need only 15 

volts d.c. to function. No filament voltage needed. Easy replacement units. Cat. 

,U.H.F. 567, $4.95. 

General Electric U.H.F. miniature Transistorized Tuner. G.E. Part :ET85X -33. Cat 

4E85, $4.95. 

F.M. Tuner, Hi -Fi amplifier tuning unit complete with diagram, 2 tubes. Sam's Photo - 

facts ,620 lists 2 applications. Cat. :FM20, $3.98. 

Flyback Transformer in original carton. Made by Merit or Todd. Most with schematic 

drawing of unit. Please do not request specific type. Cat. )506, 99e each. 

Flyback Transformer Kits, 2 flybacks per kit. n502E, Emerson; e502Y, Silvertone; 

0502W, Westinghouse; ,507. Philco; :502. RCA. Any kit $2.99. 

Kit of 30 tested Germanium Diodes. Cat. 6100, 99e. 

Kit of 10 NPN Transistors. Cat. )371. 99e. 10 PNP Transistors. Cat. :370. 99e. All 

tested. 

Send for our Free Catalog listing thousands of similar best buys in tubes, parts, kits, 

transistors, rectifiers, etc. Orders under $5.00, add 50e handling charge. Include 4% 

of dollar value of order for postage. 

ARCTURUS ELECTRONICS CORP. 

502 -22nd St., Union City, N.J. 07087 Dept. EME 

Phone: 201 -UN 4-5568 

1Vhen Answering Advertisements 
fns; 1 -011 Saw Il In 

ELIsME\-TA1U ELECTRONICS 

World Famed BREVETTATA 

TEAR GAS PISTOL 
Appearance of this fine tear 
gas weapon is similar to real 
gun. It is ideal for people who 
work in lonely, dark locations 
and require protection. Men 
give this pun to wives and 
daughters for night security. 
Many industrial applications. 
Shooting of pun stops aggres- 
sor without permanently injur- 
ing him. Neither permit nor license is needed. 
but it is not sold to minors. It fires six car- 
tridges without reloading. Each gun comes 
with six tear gas shells and six blanks for 
practice and is shipped prepaid. Gun unit 
prices include. 12 shells and all shipping eons. 

1 Gun -unit at $13.07 
C 2 Gun -units at $22.86 ($11.43 ea.) 

3 Gun -units at $29.94 ($ 9.98 ea.) 
Gun -units at $35.16 ($ 8.79 ea.) 

Extra boxes of ten tear gas shells at $1.50 oar box (prepaid with 
gun orders). Extra boxes of blanks at $1.25 per box. 

UNITED SAFETY SUPPLY CO. 
310 West 9th Street 

Kansas City lEE, Missouri 64105 
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HEY, LOOK ME OVER .. . 

safe" circuit that protects the kit -builder against 
accidental transistor blowout. It uses an or- 
dinary light bulb, which absorbs excess power 
when the completed LK -60B is first turned on. 
This causes the bulb to glow brightly, warning 
the builder he must recheck his wiring. The 
LK -60B uses pre- tested heavy -duty components, 

H. H. Scott LK -608 Stereo Amp Kit 

including massive military -type heat sinks, 
heavy printed circuit boards, and new silicon 
output transistors. Critical electrolytics have 
operating capabilities far exceeding circuit re- 
quirements. Other features: built -in circuit 
monitor allowing balance and bias of the out- 
put stage to be set for absolutely minimum dis- 
tortion; rumble and scratch filters; front -panel 
stereo headset output; separate bass and treble 
controls for each channel; tape recorder input 
and output facilities; massive power supply for 
high -power surges; dual speaker switches for 
selecting main, remote, or both sets of speakers. 
List price is $179.95, and you can get more 
dope by writing H. H. Scott, Inc., 111 Powder 
Mill Rd., Maynard, Mass. 01754. 

It's a Clock It's a Radio- 
It's a TV! 

Now you have your choice of waking to 
radio news, or to your favorite morning (or 
afternoon' ?) television program. Sears Roebuck 
has developed an 8 -in, television set, FM /AM 
radio, and clock -timer in a cabinet only 173/4 -in. 
wide. A full- featured clock automatically turns 
on the radio or black -and -white television at a 

pre -set time. Five minutes after either set comes 
on a buzzer alarm sounds. The electric clock 
also has a sleep switch that can be set to turn 
off the TV or radio after two hours of night- 
time listening. The fully -transistorized set has a 
walnut veneer cabinet and earphone with 12 -ft. 

Sears Model 8102 Television -Clock -Radio 
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cord. The set ( #8102) is available at any Sears 
Roebuck store for only $130.00. Now put out 
the lights and go to sleep. 

Do a Sabre Dance with 
Your Thumb 

From Wen Products comes the new Model 
521 variable -speed sabre /jig saw, which takes 
advantage of the natural downward pressure of 
the operator's hand when gripping the man -size 
handle of the saw and guiding the saw through 
the work. Due to a pressure- sensitive, thumb - 
operated, continuously variable speed control 
switch called "Mind- Reader," torque and cutting 
speed of the saw can be automatically varied. 
If more speed and torque is desired, more 
thumb pressure is applied to the control switch. 
A 1/2-hp, 4 -Amp, 100 -120 VAC cool running 

Wen Model S21 Variable Speed Sabre /Jig Saw 

motor supplies lots of power to cut through 
metal, plastic, plaster board, rubber, leather, 
wood. An extra -large adjustable shoe plate 
firmly supports the saw, and a continuous air 
stream from the motor fan blows over the work 
and permits easy line -of -sight cutting. Model 
521, with seven blades, calibrated rip guide and 
one -year guarantee is priced at $34.95. Just 
knock together one speaker cabinet and you 
save more than that. For further info, write 
Wen Products, Inc., 5810 Northwest Highway, 
Chicago, I11. 60631. 

Cool It! 
Here's an 

applications. 
Aerosol product with loads of 
The MS -240 Quik- Freeze from 

(Continued on page 112) 
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FIND BURIED TREASURE!, 
10 -DAY MONEY BACK GUARANTEE 

TrZtl<lSi1RF/J1- 
PROBE ' //. 
$18 

"o1,d 
18ppo Y'W,. 

ALL TRANSISTORIZED 

3 ft. portable detector finds burled metal 
object,. Signals location with loud audible sound. Detects 
gold, silver, metallic ore and nuggets of all kinds. Find 
lost coins, jewelry. Indian artifacts, civil war souvenirs. 
Treastireprobe guaranteed to equal detectors selling to $150 
or your money back. Absolutely complete, sensitive ear- 
phone, 0v battery, nothing else to buy. TO ORDER: Send 
check, cash or money order, $5.00 deposit for C.O.D. in 
N. J. add 570. 

TREASUREPROBE, Dept. EE1 
P.O. Box 228, Toms River, N.I. 08753 

NOW 
WRITE M C G E E ' S 1968 CATALOG 

1001 BARGAINS IN 
SPEAKERS- PARTS- TUBES -HIGH FIDELITY 

COMPONENTS- RECORD CHANGERS - 
Tape Recorders -Kits- Everything in Electronics 

1901 McGee Street, Kansas City. Missouri 64106 

YOU GET 3 BIG KITS 

WHEN YOU 

ENROLL! 

1111 

Learn DRAFTING at home 
42% more Draftsmen needed next 10 years," 
reports U.S. Labor Dept. Easy home-study 
plan has helped 100s beginners toward $$$, 
security, prestige. Why not you? Send for big 
"Drafting Career Kit " -All Free! No salesman 
will call. G. I. approved. Write, and state age. 
North Amer. School of Drafting, Dept. 1353, 

4500 Campus Drive, Newport, Calif. 92660 

YOUR SCIENCE FAIR PROJECT 
STARTS 
HERE 
Now Available! 
FOR A 

LIMITED TIME ONLY 

1968 Edition 
SCIENCE EXPERIMENTER 

only 15¢ 

Dozens of Science Fair projects, countless ideas for further 
original research and experimentation cram the big 1968 
edition of Science Experimenter -now at your newsstand. 
Typical of the fabulous construction projects and features 
are: a solar motor, a light beam phone, chemical magic 
tricks, a tesla coil and, of course, more exciting "blue 
ribbon" projects you can build. 
FOR YOUR HOME DELIVERED COPY RETURN THE COU- 
PON TODAY! 

SCIENCE EXPERIMENTER EE -368 
505 Park Avenue /New York, N. Y. 10022 

Please send me the 1968 Edition of SCIENCE EXPERI- 
MENTER. Enclosed is $1 which includes postage and 
handling. 

Name 

Address 

City State lip 

(Please print) 
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DX 
Central 

Reporting... 

News and views 
from e /e's 
listening post 

M ost SWLs strenuously object to receiving 
Communist propaganda along with their 

verification cards and letters. It's not that they 
are afraid of being indoctrinated by Red pam- 
phlets and magazines, but rather that the aver- 
age DXer seems to be terrified by what his 
friends (and enemies) will say when they see this 
junk. Whether this is a reasonable attitude (after 
all, every SWL presumably owns a waste basket) 
we won't attempt to settle here. But if you do 
intend reporting to Communist stations, this is 

a rundown on what you can expect. 
The major Communist stations of Eastern 

Europe have become considerably subtler dur- 
ing the past few years. If the DXer sends them 
a reception report, he will receive in return a 

QSL card, program schedule, an invitation to 
join their SWL Club (if they have one), some 
picture post cards, and often a coupon which 
the SWL can return if he would like to receive 
some of their "magazines." If you don't take 
this bait, the only thing further you'll receive 
will be their next schedule and maybe a New 
Year's card. In short, East European stations 
have taken a lesson from our own VOA and 
switched to the soft sell. 

If you report to R. Pyongyang (North 
Korea), R. Havana (Cuba) or R. Hanoi, you 
will certainly receive propaganda of various 
sorts. Actually, there is no legal mail service 
between the U. S. and either North Korea or 
North Vietnam, but if a DXer is really deter- 
mined to obtain their QSLs, he can sometimes 
get a report through to them % R. Peking, or 
% R. Prague. However, if after receiving the 
QSL, the SWL does not write them again, he 
will probably not be bothered much in the fu- 
ture. Meanwhile, to receive a Cuban verifica- 
tion without any propaganda, try for Circuito 
CMQ on 640 kHz (L y 23, Vedado) and 
CMCA "The Friendly Voice of Cuba" on 830 

32 

kHz (Apartado 6951). Both of these Havana 
BCB stations (addresses in brackets) have their 
own cards and are currently sending out nothing 
but QSLs. 

At the very bottom of the list is R. Peking it- 

self. Not only are their hazily worded QSLs 
accompanied by wide eyed Marxist hate litera- 
ture, but even if you never write them another 
word, you'll still be periodically deluged with 
Mao's thoughts. However, as no other Com- 
munist Chinese stations answer DX reports, 
that is the price DXers will have to pay if they 
want to verify this country. 

Another Epicl Dig up a mystery for DXers, 
and you'll find umpteen thousand guys trying 
to solve it so they can become "experts" over 
night. The latest "in" puzzle is that 50 -KW 
portable unit which VOA secretly removed 
from Marathon, Florida, a few years bag. This 
valuable piece of taxpayers' property includes 
such goodies as two movable towers, a phasing 
kit so that the desired directional pattern can be 
quickly achieved any place the station is set up, 
plus two portable 200 -KW diesel power supplies 
-all of which can be shipped anywhere in the 
world by air. 

After this was replaced at Marathon with a 

more or less permanent facility, the guessing 
game began. And the list of possible new loca- 
tions get wilder as it goes along -Hue (Viet- 
nam), Botswana, Tháiland, Perim Island, and 
one "authority" even suggested a connection 
with Swan Island (but we don't really think he 
was serious). The missing unit could have been 

E GREAT 

CIALIST 
LTURAL 
VOLUTION 

CHINA 

(7) 
FOREIGN :,ANGi!.1GES PRES:ì 

P E x 

Sending reception reports to Red China often 

results in receiving Red propaganda pamphlets. 
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at Hue briefly, but is not there now. According 
to the American SWL Club, It almost certainly 
was used in Botswana against Rhodesia and niay 
still be there. Thailand is an outside possibility 
while the Perim Island (home of BBC's now 
defunct East Africa relay) theory is ridiculous. 

We have a terrible feeling that the number 
of would -be prophets claiming to know the 
"true" whereabouts of this phantom station is 
going to grow, but meanwhile you can log its 
three -towered replacement at Marathon on 1180 
kHz. 

UFO Department. SWLs who specialize in 
satellite and related signals often tend to have 
overactive imaginations. Anytime an unidenti- 
fied signal appears on one of the three major 
space bands (15016 kHz, 19990 -20010 kHz, 
30005 -30010 kHz) they jump to wild conclu- 
sions. Some UFOs are merely images (stations 
transmitting on another frequency and errone- 
ously picked up by your receiver superheterodyne 
circuits.) On 20 MHz an image can be readily 
spotted. The second signal will create a hetero- 
dyne whistle with WWV (assuming of course 
WWV is audible). If, when you turn your dial 
slowly, the pitch of that heterodyne varies, this 
UFO is an image. 

Other UFOs are the result of stations being 
on space - frequencies that don't belong there. 
For example on October 28, 1967, Spanish 
speaking Utility stations were working each 
other on 19998 -kHz. On that date, according to 
an unconfirmed and later denied press report, a 
giant manned Soviet space ship was supposedly 
circling the Earth. Now while the USSR may in- 
deed maintain space communications stations in 
Cuba, they would probably be speaking Rus- 
sian, not Spanish. i 
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. . and then, by mere chance, 
I discovered that the parrot stand 

makes an PYrRIIRnt onion.,., 
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Can't 
find 
the 
key 
to 

electronics? 
-then get your electronics cool with this 
introductory offer to the two leading elec- 
tronics magazines! Use coupon: 
r 
DAVIS PUBLICATIONS, INC. EE-368 
505 Park Avenue /New York, N.Y. 10022 
Yes! I want to find the key to electronics. 

Begin my subscription to both RADIO -TV 
EXPERIMENTER and ELEMENTARY ELECTRON- 
ICS at your special low- subscription rate of 
$7.00 

Bill me later. 0 Check enclosed. 
Name 

Address 

City State Zip 
(Outside U.S.A. & Canada add $1.50 pstge. & hndlg.) 

I- 

7 

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

ELEMENTARY 
ELECTRONICS 

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

RADIO -TV 
EXPERIMENTER 

The magazine dedicated to the 
hobbyist -the man who 

wants to obtain a fuller and 
broader knowledge of 

BOMA 

ugu we 
applications of his hobby. 

fladm !v - 

EXPEßlMENTEH 
Rxrì1J..°6w61MKM,v 22.rv. 
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10 Reasons why 
RCA Home Training is 

Your best 
investment 

for a rewarding 

career 

in electronics: 

Performing transistor experiments 
on programmed breadboard - using 

oscilloscope 

34 
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1 
LEADER IN ELECTRONICS 
TRAINING 

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

2 RCA AUTOTEXT TEACHES 
ELECTRONICS FASTER, EASIER, 
ALMOST AUTOMATICALLY 

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

3 THOUSANDS OF WELL PAID JOBS 
ARE NOW OPEN TO MEN SKILLED 
IN ELECTRONICS 

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

WIDE CHOICE OF CAREER 
PROGRAMS 

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

Construction of Multimeter. 

5 SPECIALIZED ADVANCED 
TRAINING 

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

6 PERSONAL SUPERVISION 
THROUGHOUT 

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

7 VARIETY OF KITS YOURS 
TO KEEP 

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

FROM RCA INSTITUTES ONLY 
TV KIT, 

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

9 UNIQUE TUITION PLAN 
With RCA Home Training, you 

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

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

10 RCA INSTITUTES GRADUATES 
GET TOP RECOGNITION 

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

CLASSROOM TRAINING 
ALSO AVAILABLE 

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

JOB PLACEMENT SERVICE, TOO! 

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

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

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

RCA INSTITUTES, INC. Dept. EA -38 

320 West 31st Street 
New York, N.Y. 10001 

Accredited Member National Home Study Council 

The Most Trusted Name in Electronics 

Temperature experiment with transistors. 

Construction of Oscilloscope. 
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Color TV? "Acting -up" 
Learn How To Adjust Your 
New Color TV Set! 
Save money too! 
Avoid the expense of calling a repairman 
each time your TV set "acts -up ". In easy - 
to- understand language, complete with il- 
lustrations, learn just how to adjust your 
color TV; the right way to replace any 
picture tube; how to fix your own tape 
recorder, kiddie phono, fm tune, stereo 
system and ac /dc radio. These and many 
more dollar -saving tips in the new edition 
of RADIO -TV REPAIR. 

Now on sale at your newsstand! 

~RADIO -TV REPAIR EE -368 
505 Park Avenue 
New York, N. Y. 10022 
Please send me my personal copy of RADIO-TV 
REPAIR. Enclosed is $1.00, which includes 
postage and handling. 

Name 

Addres 

City 

(please print) 

State -Zip 
38 
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4f- 

BY JOHN W. COLLINS 

fSix columns ago I explained that a game of 
chess is divided into three parts -the opening, 
the middle game, and the ending -and that the 
latter, though chronologically last, should be 
studied first. As a starter, I showed how King 
and Queen force checkmate against the lone 
King and how King and Rook do likewise. Those 
are the two easiest elementary mates. Now I 
shall give two more, harder ones. 

The first is that of King and two Bishops 
against King. The lone King must be driven 
into one of the four corners; any will do. The 
mate can always be effected in less than thirty 
moves, whatever the original position. In this 
example it takes only fourteen. 

Black 

//,/i //// j al 
A A A /. 

A %/ j j 
i 

A j / /, v A 
A .,A 

White 

1 B-03 K-N2 8 B-N6 K-N 1 

2 B-KN5 K-B2 9 K-R6 K-B1 
3 B-B5! K-N2 10 B-R5! K-N 1 

4 K-B2 K-B2 11 B-K7 K-R1 
5 K-N3 K-N2 12 B-KN4! K-N1 
6 K-R4 K-B2 13 B-K6# K-R 1 

7 K-RS K-N2 14 B-B6 mate 

And the second is that of King, Bishop, and 
Knight against King. This is the most difficult 
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of all the elementary mates and often causes 
trouble for fairly strong players. It requires 
about thirty moves too, and the mate can only 
be given in one of the corner squares controlled 
by the Bishop. Here it is fascinating to see how 
the three pieces converge on the single one, the 
Bishop working on the dark squares and the 
King and Knight on the light ones. 

Black 

White 

1 K-K2 K-02 16 B-B4 K-N6 
2 K-03 K-B3 17 B-K5 K-R5 
3 B-B4 K-04 18 K-B4 K-R4 
4 N-K2 K-B4 19 B-B7# K-R5 
5 N-B3 K-N5 20 N-03 K-R6 
6 K-04 K-R4 21 B-N6 K-R5 
7 K-B5 K-R3 22 N-N2# K-R6 
8 K-B6 K-R2 23 K-B3 K-R7 
9 N-05 K-R1 24 K-B2 K-R6 

10 N-N6# K-R2 25 B-B5# K-R7 
11 B-B7 K-R3 26 N-03 K-R8 
12 B-N81 K-R4 27 B-N41 K-R7 
13 N-05 K-R5 28 N-B1# K-R8 
14 K-B5! K-N6 29 B-B3 mate 
15 N-N4 K-B6 

These two endings illustrate the individual 
power of the pieces, how to use the King, the 
finesse of waiting moves, and the art of weaving 
a mating net with a minimum of force. The 
student should study and practice them at some 
length. 

Game of the Month. Fresh from winning the 
Puerto Rican Championship, sixteen year old 
Julio Kaplan flew to Jerusalem and won the 
Junior World Championship. In the 1st Round 
of the Finals he crushed Jan Timmans of the 
Netherlands in the following miniature French 
Defense: 

1 P-K4 P-K3 8 N-63 BxP 
2 P-Q4 P-04 9 B-03 0-0 
3 N-083 B-N5 10 B-KN5 Q-N3 
4 P-K5 P-QB4 11 0-0 Q-N5 
5 Q-N4 N-K2 12 Q-R3 P-KR3 
6 PxP 0N-B3 13 P-R3! Q-N3 
7 B-02 N-B4 14 BxN KPxB 

We can 
win the war 
in six weeks 
without using 

nuclear weapons 
THIS IS WHAT AMERICA'S 

LEADING MILITARY EXPERTS 

TELL S &M'S ANALYST 

LLOYD MALLAN. 

SO WHY AREN'T WE WINNING IT? 
In the March issue of Science & Mechanics, 
author Mallan takes you along as he inter- 
views all the top brass on how to bring the 
war in Vietnam to an immediate and success- 
ful conclusion. While the generals tell him 
that their hands are tied, making victory im- 
possible, leading Americans in all fields tell 
how they would end the war. 

Hawks and doves, peaceniks and bomb - 
droppers -Lloyd Mallan reviews all their 
opinions in the March issue of Science & 
Mechanics. At your local newsstand NOW! 

SCIENCE & MECHANICS EE -368 

505 Park Ave., N. Y., N. Y. 10022 
12 issues $4; 24 issues $8; 36 issues $12. (Foreign: Add 
$1 a year.) 
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# EN PASSANT 

15 NxP 
16 N-B6#! 

QxP 17 BxBP 
PxN 18 O-R5! Resigns 

K-R2 

Position after 18 Q -R51 

Black 

White 

Why did Black resign? Because there is no 
defense to White's mating threat. Here is the 
analysis- 

A. If 18 .. 
mate. 

B. If 18. .. 
any 21 Q -N7 ma 

C. If 18 . . . 

QxR mate. 
D. If 18 ... 

QxR# 20 R -B1, 
goes on. 

. K -N1 19 QxRP, any 20 O-N7 

QxBP 19 N-N5# K-N1 20 QxP, 
te. 
R-KN1 19 QxBP/7# R-N2 20 

BxP# (desperation) 19 RxB, 
OxR# 21 KxQ, and the mate 

Problem 11 

By Charles W. Sheppard 
United States 

Black 

White 

White to move and mate in two. 
Solution in next issue. 

Charles W. Sheppard was a proMic American 
problemist. He was awarded First Prize, Infor- 
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mal Tourney, 1952, American Chess Bulletin, 
for the above two -mover with its five attractive 
self -blocks on the same square. 

Solution to Problem 10: 1 Q -B8. 

E/E EN PASSANT Readers Roy Brand of 
Lake Mohegan, Carl Lanzendorfer of Glasgow, 
and Norm Strawser of Harrisburg, wrote in that 
there was something rotten in the state of our 
diagram for Problem 9 by Julius Buchwald in 
the November -December, 1967, issue. Thanks, 
fellows. You are so right! The printer did us 
wrong. Too many Black Kings spoil the broth 
(or diagram) and a White King is essential! The 
extra Black King at K1 should be a White one. 
With that detail corrected everything is in order 
and the solution is 1 N -B4. Sorry! 

End Game Study #3 
By Alexis S. Selesniev 

Black j j j j j j j j 
., j j 

%%/// j j j j j j 
F j j //, 

AItí j j j 
ji "I've, 

White 

White to Play and Win. 
Solution in next issue. 

This is a cutie. The solution runs only four 
moves or so, but it has a gimmick -and is a 
little unfair! 

News and Views. Bent Larsen, the doughty 
Dane, amassed 6 -3 to tie for first and second with 
Klaus Darga of West Germany in the 1967 Ca- 
nadian Centennial Grand Masters Tournament 
at Winnipeg. They were followed by Keres, 
Spassky, Benko, Szabo, Gheorghiu, Matanovic, 
Yanofsky, and Kagan. 

United States Champion Robert J. Fischer 
finished first with 131/2-31/2 at Skopje, Yugo- 
slavia, in the "Tournament of Solidarity." Sec- 
ond and third were taken by Geller and Matu- 
lovich, half a point behind. 

Wolfgang Unzicker, Germany, took top hon- 
ors at Maribor, Yugoslavia, with 10-5. Right 
behind him with 91/2 -51 was veteran Samuel 
Reshevsky, several times U. S. Champion -and 
that after losing his first round game! 
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meet 
the TV Laser 

rc-raw 

cs ecron 

BIG BROTHER will know a lot 
more about what's happen- 

ing on this battered old planet 
of ours when a new gimlet -eyed 
TV -laser snooper goes into orbit 
in the near future. The super - 
quality photographs snapped by 
the system will show every pim- 
ple and pore on Mother Earth's 
face as clearly as would a Karsh 
portrait. 

Riding in a 500- nautical -mile 
orbit in a (Continued overleaf) 

By Jorma Hyypia 

:a. 
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satellite, the new eye will send back pictures 
so sharp that objects only 100 feet in diam- 
eter will be recognizable. If that doesn't seem 
especially spectacular, just think of it in 
ordinary photographic terms. The feat is 
akin to snapping a camera in Philadelphia 
and getting a recognizable image of a sub- 
urban ranch house in Cincinnati, 500 miles 
distant! 

Home TV pictures now have something 
approaching 525 -line resolution, and the best 
TV equipment used in space projects has 
about 800 -line resolution. But the new sys- 
tem, developed by RCA, is capable of 5000 - 
line resolution. Result: the pictures it pro- 

duces are ten times clearer than those you 
see on a home TV screen. 

Worth noting too, is the fact that resolu- 
tion can be further stepped up to a theoretical 
limit of 8000 lines. This would make still 
smaller objects recognizable. Perhaps even 
then it wouldn't be quite good enough to 
catch you sunbathing in the back yard -but 
then again it just might capture all of that 
and more! 

How is it done? By mating a new type of 
vidicon TV camera in the satellite with a 
specially designed reproducer that translates 
beamed signals into pictures with the aid of 
laser optics. Though only one camera is 
needed to take pictures, two or more may 
at times be carried in the same satellite. The 
extra cameras will permit sampling several 
areas of the light spectrum. Moreover, the 
use of three cameras would allow the satel- 

lite's views to be reproduced in 
color. 

Project EROS. RCA's vidicon 
camera has been specially de- 
signed for use in the Department 
of Interior's proposed Earth Re- 
sources Observation Satellite 
(EROS). The primary objective 
is to take an exhaustive inventory 
of the earth's natural resources 
from an unmanned satellite. 

The information provided by 
this project will almost certainly 
be of immense benefit to mankind. 
It will yield wholly new knowledge 
relating to such topics as agricul- 

Some idea of TV laser's tremendous 
increase in resolution can be gained 
from these photos, though reproduction 
here is far, for cry from original. 
Photo above, taken during Gemini 5 
flight, was produced by TV imaging 
system typical of those presently in 
use in space programs; resolution is 

about 800 lines, and there is excessive 
contrast and much loss of detail, 
especially in darker areas. Photo 
at right is identical, except that it 
was produced by new RftV /LBIR system. 
Original photo reveals astounding 
improvement in detail, though most 
has been lost in this printed image. 
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GROUND 

VIDEO 

RECORDER 

USER 
BEAM IMAGE 

REPRODUCER 

aural crops, topography, forestry, water sup- 
plies, and mineral resources, both on land 
and in the oceans. For example, the vidicon 
camera is sensitive enough to detect the dif- 
ference between a normal food crop and one 
that is blighted; hence farmers can be warned 
to take corrective measures before their 
crops are destroyed. 

Better geological maps made from EROS 
data may lead to the discovery of rich min- 
eral deposits deep in the earth. The study of 
ocean currents, coastline and sea -floor var- 
iations may aid the fishing and shipping 
industries. Hydrologists will have new in- 
formation to develop water resources and 
combat water pollution and to plan better 
irrigation systems. Improved maps will facil- 
itate probing and solving problems related to 
population and transportation. 

The new system may also lead to better 
meteorological studies than are now possible. 
For example, a synchronous satellite might 
be placed into orbit about 22,000 miles 
above the earth; the TV camera would then 
provide meteorological views as sharp and 
detailed as those now gathered by satellites 
in low earth orbits. The advantage of the 
high -orbit views would be that a very large 
area of the earth could be observed continu- 
ously. Equipment now in use can view only 
relatively small areas, and only once during 
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Satellite -eye view of new 
TV -laser system in block - 
diagram form shows basic 
components of spy- in -the- 
sky setup. Return Beam 
Vidicon (RBV) housed in 
satellite beams data to 
ground -based equipment 
which translates it into 
pictures with Laser Beam 
Image Reproducer (LBIR). 

each revolution as the low -orbit satellite 
passes overhead. 

Though earth will be the first planet to be 
probed by the TV -laser system, it is very 
likely that the equipment will become 
equally useful in the observation of other 
planets in our solar system. 

Military Implications. Officially, nothing 
is being said about potential military appli- 
cations of the new eye -in- the -sky. But no one 
would be so naive as to miss seeing the ob- 
vious advantages of a military snooper that 
would make existing photographic devices 
look like Brownie cameras by comparison. 

If you are taking high -resolution pictures 
of farmlands, mountains, cities, and oceans, 
you're not likely to miss seeing such inter- 
esting subjects as military bases, materiel 
stockpiles, rocket launch sites, and the like. 
(And such details aren't likely to be stuffed 
into the files of the Department of Interior, 
unnoted by the Department of Defense.) 

If you feel a mite itchy about the idea of 
Uncle Sam peering down at you from outer 
space, don't be. Instead, just start scratching 
at the thought that similarly equipped satel- 
lites launched by other nations will sooner or 
later be involved in this new international 
hobby of candid space photography. 

We haven't yet said much about the laser 
reproducer part of the system. Aside from 
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its basic function to complement the vidicon 
camera, it has some startling potentials of 
its own. We'll cover some of these after see- 
ing just how the vidicon camera and the 
laser reproducer actually work. 

Special Vidicon. The Return Beam Vidi- 
con (RBV) tube developed by RCA is a 

magnetically deflected and focused vidicon 
imaging device with a 2 -in. diam. faceplate. 
It operates as a vidicon (a type of sensor 
tube used in TV cameras) in that an elec- 
trically charged photoconductor "target" is 
discharged by an electron scanning beam. 
The electrical charge pattern on the target 
represents the various tonal ranges in the 
scene being viewed and recorded. The more 
positively charged areas on the target cor- 
respond to highlights of the TV image. 

The photoconductor target is scanned by 
a low- velocity electron beam produced by an 
electron gun consisting of a thermionic cath- 
ode, a control grid, and an accelerating grid. 
The beam is focused on the target by the 
axial magnetic field of an external focusing 
coil and the electrostatic field of another 
grid. 

The shape of the decelerating field is ad- 
justed by a grid to obtain uniform landing of 
electrons over the entire target area. Align- 
ment of the beam on the target is accom- 
plished by a transverse magnetic field pro- 
duced by an external coil located at the base 
of the vidicon. Deflection of the beam is ac- 
complished by transverse magnetic fields 
produced by external deflection coils. 

Engineer Dennis Woywood eyes 

RCA's new Laser Beam Image 
Reproducer (far right); new 
Return Beam Vidicon camera is 

in center. Though designed 
primarily for EROS satellite, 
vidicon camera could be made 
lightweight and compact enough 
for use in TIROS M advanced 
weather satellite, currently 
under construction. 

The RBV differs from usual vidicon oper- 
ation in that the return beam, formed by 
electrons turned back at the target, is used 
as a signal path somewhat as in the operation 
of an image orthicon -another type of sen- 
sor tube used in TV cameras. This return 
beam is amplitude -modulated by absorption 
of electrons at the target (which is thus dis- 
charged). The amount of electron absorp- 
tion is of course related to the pattern of 
charged areas produced originally on the 
target by the incident light. 

The complete electron round trip occurs 
in much less time than it takes to laterally 
displace the beam with the deflection field. 
The return beam is directed to the first 
dynode of a five -stage, electrostatically fo- 
cused electron multiplier which amplifies the 
modulated beam current. 

The video preamplifier is a solid -state de- 
vice connected with short leads to the vidicon 
pins. This 4 -MHz bandwidth amplifier cir- 
cuit provides beam blanking during retrace 
and includes a peaking stage to compensate 
for roll -off caused by shunt capacitance in 
the electron multiplier output. An aperture - 
correction circuit is also used to compensate 
for fall -off in response associated with the 
finite size of the scanning beam. In addition 
to increasing the limiting resolution, this 
compensator circuit allows for a modulation 
transfer function, resulting in a more efficient 
utilization of the video bandwidth. 

Most of the electronic circuitry required 
to operate the RBV is located in a single 
electronics package. This unit contains the 
power supply, regulator circuits, deflection 
circuits, and video amplifier circuits. All of 
these electronic circuits have been flight- 
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LASER 

(Energy 

Source) 

INTENSITY 

MODULATOR 

SPOT FORMING 

OPTICS 

(Focusing) 

SCANNING 

MECHANISM 
FILM 

INPUT 

SIGNALS 

SIGNAL 

PROCESSING 

FILM 

TRANSPORT 

Basic components of Laser Beam 
Image Reproducer, ground -based 
member of new TV spy -in -the -sky. 
Effectively a sophisticated optical 
pencil, reproducer displays RBV - 
recorded image by scanning 
photographic film line by line. 
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qualified on either the Nimbus or TIROS/ 
TOS programs and are of proven high - 
reliability designs. 

High Resolution. Resolution is defined 
as the reciprocal of the smallest dimension 
of a pattern that is barely perceptible. This is 

a rather subjective measurement. But it has 
been experimentally shown that the recogni- 
tion limit of any feature corresponds to a 
video signal -to -noise ratio of 11.1 dB peak - 
to- peak /rms. This definition of resolution is 

used to define the limiting resolution of the 
RBV. For a video channel having a signal - 
to -noise ratio of 40 dB, p -p /rms, the resolu- 
tion limit is 3.6% response point on the 
modulation transfer characteristic. 

The RBV's extremely high resolution is 
made possible by slow scan operation and 
return beam design. The size of a scanning 
beam in a vidicon is directly proportional to 
the beam current. As the scan rate is de- 
creased, the beam current can be decreased 
to maintain a constant number of electrons 
landing on a unit area of the photoconductor 
target. Thus a smaller spot size and higher 
resolution are obtained at slow scan rates. 

Use of the return beam as a signal path 
permits utilization of electron multipliers to 
amplify the signal; this increases the sensi- 
tivity of the device. The RBV requires much 
less incident light on the photoconductor 
than does a normal vidicon. Thus the beam 
current may be reduced even more to im- 
prove resolution. 

There is an optimum "develop" time asso- 
ciated with the vidicon photoconductor that 
results in the best sensitivity and resolution. 
For this reason a delay time is introduced 
between the time the photo- conductor is ex- 
posed to light and the time readout is initi- 
ated. The ASOS photoconductor used has a 

delay time of 1.2 seconds. Also, sensitivity 
and resolution is a function of readout time 
of the full picture. The best resolution occurs 
when the photoconductor is read out for 5 

seconds beginning 1.2 seconds after exposure. 
Operational Sequence. A three -step op- 

erational cycle (prepare, expose, readout) 
takes a total of 20 seconds. The first 200 

milliseconds of the prepare sequence are 
used to erase any residual image that may be 
on the vidicon photoconductor. To accom- 
plish this, the photoconductor is completely 
discharged by illuminating it with a set of 
four small tungsten flood lamps. After 
erasure, the photoconductor is charged uni- 
formly to the cathode potential. The prepa- 
ration operation consists of scanning the 
vidicon target five times at twice the normal 
scan and frame rates. This requires 12.5 
seconds. 

During the expose period the RBV elec- 
tron gun is biased off, and the target voltage 
is changed to its readout potential. After 1.3 
seconds the photoconductor is optically ex- 
posed to the scene being photographed. 

During readout the electron gun is turned 
on. The readout scan rate is 1200 Hz; read- 
out is completed in 5 seconds to give a total 
of 6000 scan lines. 

RBV Spawns LBIR. The successful devel- 
opment of the high -resolution RBV created 
a new problem: how to reproduce the trans- 
mitted data most efficiently to retain the high 
degree of picture clarity offered by the satel- 
lite unit. RCA tried many techniques such as 
electron beam recording, drum facsimile 
scanning, and the use of a matrix of cathode 
ray tubes. All were ruled out because of 
excessive image degradation. 

RCA scientists eventually turned to laser 
optics and developed the Laser Beam Image 
Reproducer ( LBIR ) -a remarkable achieve- 
ment in itself. It not only solves the imme- 
diate problem of reproducing RBV data 
properly, but gives promise of being uniquely 
adaptable to many uses not at all related to 
the space photography project. 

Laser Pencil. In effect, the LBIR is a 
sophisticated optical pencil that recreates the 
image recorded by the RBV by scanning a 
piece of photographic film line by line. Sig- 
nals from the RBV are simply fed into the 
recorder and the picture is recreated at a rate 
of 1200 lines per second. 

To accomplish this, the LBIR must do 
four things: 1) provide a basic recording 
energy source (coherent light); 2) modulate t 
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this light with the RBV signals; 3) focus the 
modulated light into a high -energy density 
recording spot; 4) scan a recording medium 
(photographic film) with this spot. 

Intensity modulation of the laser is accom- 
plished by means of electro -optic techniques. 
The modulator uses ferroelectric electro- 
optic crystals to effect polarization rotation 
of the laser beam which is already linearly 
polarized. This polarization rotation is a 
direct function of the applied signal voltage. 

Polarization modulation is connected into 
intensity modulation through the use of a 
polarization analyzer affixed to the modula- 
tor. The modulator used in the LBIR can 
achieve contrast ratios in excess of 100 -to -1 

for a change in signal of 105 volts. 
The recording spot is formed with conven- 

tional refractive optical components. Scan- 
ning of the recording film (or sensitive 
paper) is accomplished both through move- 
ment of the recording spot across the film 
(scanning) and transport of the film past the 
scanning station. A rotating mirror assembly 
is used to produce scanning of the record- 
ing medium. 

LBIR Bonuses. It is very probable that 
the new laser reproduction system -in its 
present or in modified forms -will become 
an extremely versatile device for use in earth - 
based activities. It could ultimately outmode 
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many standard photographic procedures. 
For example, when integrated microelec- 

tronic circuits are made photographically, 
several tedious steps are required to reduce 
the original master layout to the small size of 
the final product. At present this procedure 
takes at least 10 hours of working time. The 
laser reproducer may do the job in a single 
step and cut the time down to less than one 
hour. 

The system could be used to record archi- 
tectural drawings and blueprints for storage 
and later reproduction. Industry, business 
organizations, and government agencies have 
a growing problem in the handling of enor- 
mous amounts of filed- for -reference infor- 
mation. In addition to recording written 
material, the laser system may permit storage 
of picture material on magnetic tape instead 
of on microfilm (which is relatively bulky to 
store). Information retrieval, even the re- 
production of pictures, would be very speedy. 

In future, news media may be able to 
bring you better pictures much more quickly 
from all over the world by relaying them via 
satellite to ground -based laser reproducers. 
In fact, the day may come when the laser will 
find its way into your own living room. It 
will be used to project enlarged TV pictures 
onto the wall of your room, or onto a projec- 
tion screen. It could also be coupled to your 
radio to receive signals that the laser will 
translate into printed text and pictures. 

Meanwhile, smile! Time was when you 
might have been on Candid Camera, but now 
it's candid satellite! 
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Simplified block diagram 
of Return Beam Vidicon 
(RBV). Shutter assembly in 
device is focal -plane mech- 
anism fastened to front of 
camera mount. Separate 
solenoids drive two shutter 
blades mounted in parallel 
planes across vidicon face- 
plate; each blade has 
aperture equal in size to 
entire vidicon image format. 
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COVER STORY 
Calibrate your 

communications gear 
with our 

Built on our free printed -circuit board, 
it mounts right inside your receiver! 

By The Editors of ELEMENTARY ELECTRONICS 

SOD -ON 

FREQUENCY 

STANDARD 

Few shortwave receivers -even when brand -spank- 
ing new -have a dial calibration that can be relied on. And 

given a few months' use, the calibration drift can be so great 
that even the most skilled short wave listener will experience 

difficulty in locating exact frequencies. 
But just add a rock -stable frequency standard such as found in the 

more expensive communications receivers, and things will 
be mighty different -and then some. Even if the receiver's dial 

calibration drifts off the table, you'll have dependable frequency 
markers which will at least put your tuning in the ball park. 

Whether you spend $20 for an add -on frequency standard 
or $300 for a gold -plated special, the frequency 

standard will most (Continued on page 48) 
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GA FREQUENCY STANDARD 

likely the old standby. It will be a 100 -kHz 
crystal -controlled oscillator, with an output 
rich in harmonics, generating 100 -kHz 
markers extending to 15 or 20 MHz. If the 
calibrator is equipped with a crystal trim- 
mer capacitor, the calibrator's output fre- 
quency can be adjusted within a few cycles 
of WWV reference. 

A solid -state crystal calibrator with a 
WWV trimmer small enough to be built 
into even the lowest -cost receiver is shown 
in our photo. Utilizing printed circuit (PC) 
board construction, the entire calibrator 
measures just 21/4x2 in. It operates off 9 to 
12 VDC at a nominal 3 mA, which can be 
tapped off the receiver's power supply as 
shown in the power supply schematic. 

Later in this article, we'll show how we 
mounted our frequency standard in a La- 
fayette Explor -Air Mark V communications 
receiver. However, remember that our cal- 
ibrator can also be used with most other 
SW, ham, and CB gear. Total cost of the 
entire calibrator less the crystal is only 
$3.50. The crystal, a special Sentry model 
made available to only our e/e readers, is 

priced at a low $9.00. 
For best results the calibrator should be 

built exactly as shown, using the Sentry PC 
board. To ensure accuracy of component lay- 
out, the PC board is available free to e/e read- 
ers (not even a postage or handling charge). 

Just clip and mail the coupon, and you'll 
get your PC board as soon as your request 
can be processed. 

The free PC board is supplied with bare, 
unplated foil and is not pre -drilled. How- 
ever, if you order the complete calibrator 
kit ($3.50), a plated and pre -drilled PC 
board will be supplied. The type SCX -13 
100 -kHz crystal is suitable for either the 
free PC board or the kit. 

Construction. If you are building the 
calibrator on the free PC board, the first 
step is to drill the holes for the components. 
Following the board assembly diagram that 
shows the component positions, drill the 
necessary holes for the components and the 
corner mounting holes. Standard wire - 
gauge drills should be used. 

The corner holes should be drilled for 
the size mounting screws you intend using: 
use a #29 bit for #6 screws and a #33 
bit for #4 screws. As for the other holes, 
those for the capacitors and resistors are 
drilled with a #57 bit; those for the crystal 
socket's terminals with a #35 bit; that for 
the socket's mounting screw with a #29 bit. 
The transistor leads require a #57 bit, Cl 
a #55 bit, and the male power pins used 
for the power input and RF output require 
a #50 bit. 

After the holes are drilled, clean the ox- 
ide off the copper foil by lightly scrubbing 
with a household cleanser (Ajax is a good 
bet), then rinse the board under running 
water to ensure that all the cleanser is 

washed away. If you are using the PC 
board supplied in the kit, no drilling or 
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Completed frequency standard, assembled 
on a Sentry printed -circuit board and 
ready to be installed in receiver, is 

shown at left. Clips are used to make connections 
to PC board pins. At right, pointer 
indicates trimmer capcitor Cl. 

XTAL SOCKET 
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<RF OUTPUT Schematic is primarily for reference purposes 

since unit should be built on free 
PC board. Pictorial below shows mounting 

+9 TO 12VDC location of all components except diode 
D1 which is wired between RF output 
and receiver's antenna connection. The diode 
is used to enrich harmonic content of output. 

FLAT SIDE 

01 

PARTS LIST 

C1 -10 to 60 pF trimmer capacitor 
C2, C5- 0.01 -uF, 100 -VDC capacitor 
C3- 3000 -pF, 100 -VDC capacitor (silver mica, 

5 %) 
C4- 1500 -pF, 100 -VDC capacitor (silver mica, 

5 %) 
D1 -1N34A diode 
Q1- 2N4292 transistor 
R1- 100,000 -ohm, 1/2 -watt resistor 
R2- 680 -ohm, 1/2 -watt resistor 
X1- 100 -kHz crystal, type SCX -13 (see below) 
1- Crystal socket 
Misc -Wire, solder, stake terminals, etc. 

The type SCX -13 crystal is available for $9.00 post- 
paid from Sentry Mfg. Co., Box 12322, Oklahoma 
City, Okla. 73112. A complete kit of parts for the 
calibrator (less crystal) is available for $3.50, post- 
paid. The calibrator with the crystal is available for 
512 50, postpaid. 

XTAL SOCKET 

Q7';, 
® ,.$)- 

+ 

PP 71 

B- -;"()--- 
PP 

4 
Q PP 

PP = POWER 

PINS 

RF OUTPiIT R,- GIJD 

TOP VIEW 
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cleaning will be necessary before starting. 
First step is to install the crystal socket 

and capacitor C1, the crystal trimmer. If 
you are building the kit, the three -prong trim- 
mer supplied will fit into the pre- drilled 
holes. Should you be using your own com- 
ponents, try to obtain a three -prong trimmer 
that will fit the existing holes (though the 
circuit will work as well with even a stand- 

ard low -cost mica or ceramic trimmer). 
If you use a mica -type compression trim- 

mer, pass a #20 or #22 solid wire through 
Cl's PC hoard hole closest to the crystal 
socket, wrap the wire around one trimmer 
solder tab, and solder. Then pass a wire 
through the remaining trimmer solder tab 
and through either of the two remaining 
trimmer holes and solder. 

FREE PRINTED CIRCUIT BOARD OFFER 

As a special service to readers, the Editors of ELEMENTARY ELECTRONICS 

have arranged for you to receive a Free Frequency Standard PC Board 

from Sentry Manufacturing Company. Just fill out and mail the coupon 

on the next page so it's postmarked on or before May 1, 1968. Should 

you desire to purchase the complete parts -package, place an X in the 

appropriate box and include a check or money order for $12.50 (price 

includes postage). Make checks payable to Sentry Mfg. Co. This free 

offer is invalid unless accompanied by the coupon on the following page. 

The Editors 

ELEMENTARY ELECTRONICS 
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FREQUENCY STANDARD 

Once the crystal socket and C 1 have been 
installed, mount resistors R1 and R2, and 
then all the capacitors and the four male 
power pins. Transistor Q1 must be the last 
item mounted to avoid soldering heat dam- 
age. 

Installing 01. Use Q1's full lead length; 
do not cut the leads short or try to mount 
Q1 flush to the board. Note that QI has 
one flat end and one round end. Looking 
at the bottom, the lead nearest the flat end, 
as shown in the diagram, is the base. The 
center lead is the collector, and the lead 
nearest the round end is the emitter. Install 
Q1 so that the flat end (base lead) is op- 
posite Cl. The round end will point towards 
the edge of the PC board. 

Using long -nose pliers, slightly fan out 
the emitter and base leads, then insert the 
leads in the corresponding board holes so 
approximately 1/s to 1/4 in. of each lead 
sticks through the foil side of the board. 
Then solder the leads quickly, using an iron 
rated no higher than 50 watts. If you must 
use a heavier iron -100 watts is absolute 
maximum -make certain to use a heat sink 
such as an alligator clip on each transistor 
lead when soldering. 

Tune -up and Checkout. Do not plug in 
the crystal at this time. Connect the nega- 
tive lead of a 9- or 12 -volt battery to the 
board's ground terminal. Connect the posi- 
tive lead of a 0 -10 mA (or higher) DC mil- 

liammeter to the battery's positive terminal, 
and connect the meter's negative lead to the 
board's positive power terminal (indicated 
+12 V). The meter should read between 
2 and 5 mA. If the meter indicates less than 
2 mA or more than 6 mA, check for a wir- 
ing error. 

Now plug in the crystal; the meter will 
probably rise very slightly. Adjust Cl until 
the meter shows a peak (the peak is very 
broad and very slight). Make a note of the 
meter current, since you'll need this figure 
later. 

Connect the PC board's remaining ground 
pin to the receiver's chassis. Connect one 
end of diode D1 to the board's RF output 
pin and the other end of D1 to the receiver's 
antenna terminal. Then tune across the 
broadcast band; at each 100 kHz you will 
hear a "quieting," indicating the 100 -kHz 
marker. If the receiver is equipped with a 
BFO, turn it on and you will hear a beat - 
note every 100 kHz. 

Zero- Beating WWV. Turn off the cali- 
brator and tune in a WWV signal at 2.5, 5, 
10, or 15 MHz. Then turn the calibrator on 
and adjust Cl so the beat note slides down - 
scale from a high to a low frequency. At 
some setting of Cl there will be no beat 
note and further adjustment of Cl will cause 
the note to reappear and slide upscale. Per- 
fect adjustment of Cl is the zero -beat set- 
ting, indicating that the 100 -kHz marker is 
within a few cycles of the WWV reference. 

Installing The Calibrator. Locate a clear 
area on top of the receiver chassis near the 
antenna terminals. Orient the PC board in 
this area so the power terminals are closest 

Sentry Manufacturing Co. 
Box 12322, Oklahoma City, Okla. 13112 

CUT HERE 

FREE PRINTED CIRCUIT BOARD: FREQUENCY STANDARD 

Please send the Free Printed Circuit Board for the Frequency Standard as described 
in the March /April 1968 issue of ELEMENTARY ELECTRONICS. 

Please send the Sentry parts package and the Free Printed Circuit Board for the 
Frequency Standard. I am enclosing a check or money order for the sum of exactly 
$12.50, payable to Sentry Mfg. Co. 

THIS FREE OFFER IS NOT VALID UNLESS ACCOMPANIED BY THIS COUPON 
Photostats, Xerox copies, etc., cannot be accepted! 

Name 

Address 

City State Zip 
Sorry, Free Offer expires May 1, 1968 

. 
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Attach resistor Rx to receiver's power supply 
after calculating its value as stated in 

text, then connect resistor Ry. Finish up by 
wiring calibrator to receiver as shown of right. 

to the chassis and mount the unit as shown 
in the photos. 

Next, mount a small switch on the re- 
ceiver's rear apron, or rear cover, near the 
antenna terminals. This done, select some 
point in the receiver's B+ circuit and meas- 
ure the voltage to ground. Install a voltage 
divider consisting of resistors Rx and Ry be- 
tween this B+ point and ground. (Rx is a 
1 -watt resistor of a value to be calculated, 
and Ry is a 10,000 -ohm, 1 -watt resistor in 
all cases.) Add 1 mA to the current drawn 
by the calibrator when it was battery -pow- 
ered, and calculate the value for Rx for a 
fixed voltage across Ry of 10 volts. 

As an example, let's assume your calibra- 
tor pulled 5 mA; adding 1 mA your calculat- 
ing current is 6 mA. Assuming the receiver's 
B+ measures 100 V, in order to maintain 
10 V across Ry, resistor Rx must drop 90 
volts. Using Ohm's law, R = E /I, Rx equals 
the voltage drop across Rx (90 V) divided 
by6mA(5mA +1mA),orRx= 90/.006 

XTAL TAPE 01 31 

In prototype, calibrator is attached to solder lugs 
bent at right angles and soldered onto chassis. 
Note how diode D1 is installed between PC board and 
switch S1. Top of Xtal is taped to prevent shorts to Si. 
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= 15,000 ohms (the same formula applies 
regardless of values). Just remember, the 
output voltage must fall between 9 and 12 
volts. 

Install the voltage divider across the B+. 
Mount the calibrator on the chassis by sol- 
dering the solder lugs to the chassis and con- 
nect the board's positive power terminal to 
one SI terminal. Connect the remaining 
SI terminal to the junction of Rx and Ry. 
Connect either end of D1 to the board's 
RF output pin and the other end of D1 to 
SI b. Connect the remaining SI terminal 
to the receiver's antenna input. 

Using The Calibrator. When Si is in- 
stalled, the calibrator is wired so that 
when power is removed from the cali- 
brator, the calibrator's output is discon- 
nected from the receiver's antenna input. 
When power is applied by closing Si, the 
calibrator is automatically connected to the 
receiver's antenna terminal. To use the cali- 
brator, simply turn Si on and tune for the 
"quieting" markers or turn on the receiver's 
BFO and tune for a "beat." 
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HEY, FRIEND -ONE MORE TIME! 

Reserve your copy of ELEMENTARY ELEC- 

TRONICS now for the full scoop on Printed 

Circuit Project No. 4! Coming next issue: 

easy -to- follow plans, plus your choice of a 

free printed circuit board or a complete 

kit of parts for building our next whiz -bang 

project. Avoid disappointment -subscribe 

now (see page 33) or see your local news- 

dealer and reserve your copy. 

51 



52 

Ultrasonic 
Fish Tale 

There's a rotten frozen mackerel in every bunch; here's how to find it! 

New ultrasonic studies conducted jointly 
by the National Research Council of Canada 
and the Fisheries Research Board hold out 
the promise of a simple and effective method 
of making a post -freezing assessment of meat 
and fish. 

The studies form part of a research pro- 
gram started two years ago by NRC's Divi- 
sion of Applied Physics when the Board 
sought information on physical methods ap- 
plicable to quality determination and control 
of fish. The work is being conducted by the 
Division at the request of the Fisheries Re- 
search Board. 

One of the Board's interests was the de- 
velopment of a simple method of showing 
whether fish had been frozen previously and 
also how long and how fast thawed fish had 
initially been frozen. 

Mr. David Makow, who had been work- 
ing with ultrasound for some time, under- 
took exploratory work on such a method 
using ultrasonic techniques. 

Ultrasonic Tattletale. The propagation 
conditions of ultrasound depend on the 
physical properties and structure of the tis- 
sue. If the tissue has been affected by the 
freezing process, then ultrasound should re- 
veal these changes. 

Following consultations between the 
Board and the Division, it was decided to 
conduct a research program on the ultra- 
sonic approach. Manfred Freese of the 
Board's Freshwater Institute in Winnipeg 
was sent to Ottawa to work with Dr. Makow. 

Experiments were conducted with micro- 
second ultrasound pulses at a frequency of 
three to five million Hertz. The reflections 
or echoes received from the various inter- 
faces of tissue inside the sample were studied 
from both fresh fish samples and samples 
which had been frozen and thawed. 

A definite correlation was found between 
the freezing history of the sample and the 
number and amplitude of the received 
echoes. The thawed fish tissue showed an 
echo pattern of larger amplitudes and num- 

ber as compared with that of fresh tissue. 
The work was extended to determine 

whether similar effects could be obtained 
with animal tissue. Samples of beef filet 
mignon were tested and the echo patterns 
were found to have characteristics similar 
to those obtained in the fish tests. 

"These findings now are being further 
explored at the Freshwater Institute in Win- 
nipeg," Mr. Freese says. "They hold promise 
of leading to a simple and effective method 
of assessment of fish and meat condition." 

Sound With A Future. Mr. Freese and 
Mr. Makow expect that the method will find 
use in food inspection services. The quality 
of fish and meat depends to some degree 
on whether it has been frozen at all, whether 
it has been frozen for a short or long period, 
whether it has been frozen and thawed sev- 
eral times, and the speed at which it was 
frozen. 

The equipment used for the experiments 
consists of a small tank of water, an ultra- 
sonic transducer, a transmitter and receiver, 
and an oscilloscope. The tissue sample was 
placed in the tank with the, transducer from 
which ultrasound pulses were directed at the 
tissue. The echoes returned to the trans- 
ducer were then amplified in the receiver 
and appeared on the oscilloscope as a 
tracing. 

Researcher Freese using an ultra -new ultrasonic 
method to determine quality of frozen whitefish. 
Silent echo from ultrasonic sound pulse beamed at 
frozen fish sample is viewed on oscilloscope. 
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LET'S 
TACKLE 

THAT TOTABLE 

TV 
By Homer L. Davidson 

Fixing that portable takes a knowing hand; here a pro lends his! 

When that portable TV is on the 
blink, you've got two choices: figure 

on spending a bundle having it fixed, or 
doing it yourself. Of course, doing it your- 
self can be a problem even if you've had 
experience with big- brother console. That's 
because size considerations makes for design 
and construction differences. But take heart 
-the most common problems of a portable 
TV are often the easiest to repair. And with 
a few items of test gear and a little know - 
how you can tackle that misbehaving port- 
able with confidence. 

No Nothing. This symptom is the easiest 
trouble of all to correct. Let's take a look 
at the block diagram in Fig. 1. We see that 
practically every stage gets power from the 
low- voltage power supply. Let's begin right 
here. 

Roll up your sleeves and pull the TV back 
cover off. First, see if the portable is an 
AC /DC or power- transformer type. The 
AC /DC portable TV receiver does not have 
a power transformer like the one shown in 
Fig. 2. All filaments in the AC /DC portable 
are hooked in series. In the power- trans- 
former variety, the transformer supplies 6.3 
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VAC to all tubes in a parallel circuit. 
Now check the circuit breaker on the 

rear apron of the TV chassis. In most late - 
model sets, it's in the forni of a small pro- 
truding red rod. Push this and the circuit 
breaker will reset. If this was the problem, 
the filaments should begin lighting. Often 
a tube in the sweep circuit, such as the 
damper tube, will arc over, kicking out the 
circuit breaker. If the tube starts arcing 
when the circuit breaker is reset, replace the 
tube. 

Fused Fuse. Take a look and see if all 
tubes light up. If they don't, check for a 
defective fuse. Some portable receivers have 
a circuit breaker and a low- ampere fuse in 
the AC line. Check the continuity of the 
fuse with an ohmmeter. Just looking at the 
fuse may not tell the tale. OK, the fuse is 
blown, so in goes another one. In some 
cases, only the type designed for the set 
will plug into the fuse holder. 

Look at the schematic of your set and 
see if the fuse in the low- voltage power sup- 
ply is like the hookup in Fig. 3. Here is a 
2 -A fuse protecting the overload that may 
occur in the low -voltage power supply if 
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associated circuitry suddenly shorts out. 
What makes the fuse blow in the low - 

voltage power supply? Check for a shorted 
selenium or silicon diode rectifier. Then go 
to the filter capacitors and check for other 
possible defective components that can be 
shorted causing an overload in the B+ line. 

VANT 

TUNER IF AMP 

110- 
t 

AGC 

V 

SYNC 

LOW VOLTAGE - PONER SUPPLY 

VIDEO 

DETECTOR 

string portable TVs (transformerless) is 
shown in Fig. 4. Here the fuse is a 0.4 -amp 
type at the output of the power supply. 
After checking the fuse, go directly to plug - 
in resistor, R113 and see if it has burned 
open. 

Now check the front -to -back resistance of 
SR101 and SR102, the two silicon diodes. 
Remember to always cut one lead loose for 
accurate measurement. If they're OK, then 
check the voltage -doubler capacitor, C111. 
These capacitors will dry out after several 

AUDIO IF 
8 DETECTOR 

A 
VIDEO 

AMP 

VERTICAL 

SECTION 

AUDIO 
OUTPUT 

DEFLECTION 

AFC 
HORIZONTAL 

SWEEP 

SPKR 

CRT 

HI -VOLTAGE 

Fig. 1. Block diagram of standard TV set is useful when attempting to track down power supply troubles. 

You can make a quick check of silicon 
diodes with the low -ohms scale of the VOM. 
Remove one end of the suspected diode, then 
place the ohmmeter leads across the diode 
rectifier. You should have a 5- to 15 -ohm 
reading in one direction. Now reverse the 
ohmmeter leads. Does the ohmmeter still 
read 5 to 15 ohms? If so, the diode is 
shorted. A very high resistance reading 
should be noted with reversed ohmmeter 
leads. Very rarely do silicon diodes go open; 
they usually short out. 

Smelly Selenium. Selenium rectifiers 
will have a resistance reading from 20 to 25 
ohms in one direction and over 3000 in 
the other. You can easily spot a defective 
selenium rectifier by its pungent smell. Also, 
black burned spots form on the selenium 
side of a defective rectifier of this type. 

Let's say, for instance, the fuse is good 
but there's still no output voltage from the 
low- voltage supply. In this same circuit 
(Fig. 3), check to see if the 3 -ohm resistor 
is open. 

A voltage -doubler circuit used in series 

years of use. A white substance may have 
leaked out at the bottom of the filter, indi- 
cating the capacitor is defective. 

To check the capacitor, shunt a new one 
across it. If that cures the problem, replace 
the defective capacitor. 

Fig. 2. Hand points to power transformer in 
transformer type set. The absence of this or similar 
transformer indicates TV set is of the series string 
variety, which the majority of low -cost portables are. 
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Fig. 3. Schematic 
shows typical 

transformerless 
low- voltage power 

supply used in many 
current portable TV 

models. Here, a 
2 -Amp fuse is used to 

protect set from 
damage in case of 

short circuit 
developing in the 

B -plus line or 
associated 

components. 
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Fig. 5. In some sets, 
a thermistor is 

connected in series 
with the AC line 

to prevent voltage 
surges from damaging 

set when turned on. 
The thermistor 

protects set by 
having high initial 

resistance which 
then drops as 

thermistor warms up. 
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27DVDC 
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Fig. 4. In this power 
supply circuit, the 
B -plus output is fused 
by F101 and the AC 
line protected by 
fusable resistor R113. 
This hookup is a 
voltage doubler, the 
output being twice 
the input rms value. 
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Hummm . . . . .t h e r e ' s hum in the sound 
or dark bars across the screen, check 
the filter capacitor in your set equivalent 
to C113 and C114 in Fig. 4. Shunt a new 
capacitor of at least 450 -VDC rating across 
the suspected filter capacitor and see if the 
hum disappears -if so, you've located the 
fault. When checking the power supply, al- 
ways have the AC switch turned off while 
clipping the test capacitor across a suspect 
filter capacitor. 

In Fig. 5 is another low- voltage power 
supply using a silicon diode as rectifier. 
Notice the thermistor resistor ahead of the 
diode. This resistor protects the series -string 
tubes by preventing surge voltage from being 
applied to cold tubes. 

After several years' usage, the wires sol- 
dered to each side of the thermistor can pop 
off or come loose, leaving a high- resistance 
or open- current path. The results are inter- 
mittent or no output from the low -voltage 
power supply. 

A low- voltage power supply circuit using 
a power transformer is shown in Fig. 6. The 
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secondary winding is wired up for full -wave 
rectification with two silicon diodes in each 
leg. Notice the circuit breaker in the center 
leg of the transformer. In case heavy cur- 
rent drain in the B+ results because of 
defective components or a short circuit, the 
circuit breaker will kick out. 

No H.V.? When this type of set is dead, 
check the B+ output supply voltage with 
a DC voltmeter. Also check the resistance 
of the two silicon diodes. Generally, when 
one is found defective, both silicon diodes 
in that leg should be replaced. If the circuit 
breaker keeps kicking out after it's been 
reset a few seconds, short across the termi- 
nals with an alligator clip. Occasionally, the 
circuit breaker will become defective and 
will not hold under the ordinary power load 
and will have to be replaced. 

The second winding on the power trans- 
former is the heater circuit. Tubes in 
transformer -type portable sets usually all 
operate on 6.3 VAC. This particular heater 
winding (hot side) has a 1 -in. piece of #28 
fuse wire so that in case of a filament or 
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pilot lamp short circuit, the wire will open, 
protecting the transformer winding from 
overload. If the filaments don't light, check 
for an open fuse wire -if OK, check for 
an open transformer winding with an ohm- 
meter and one transformer lead discon- 
nected. 

When the tubes are dark in a series -string 
set, all tubes will have to be checked for an 
open filament because if one goes out, none 
will light. So with a tube filament checker as 

blk/red 

4-1.2v 
117VAC 2.4o 

blk 

L17 

tive tube socket or broken heater wire in 
the tuner is to clip a shunt wire from the 
brown heater wire going from the tuner to 
the chassis ground. If the problem is in the 
tuner, the other series string of tubes will 
light up when the set is turned on. If so, 
you have isolated the heater trouble to the 
tuner section. 

Mostly Series. Remember that most 
portable receivers are of the series heater 
variety. When one tube goes out, the whole 
string is open like a cheap string of Christ- 
mas tree lights. 

Fig. 11 shows a typical power transformer 
heater circuit with all tubes wired in parallel. 
In this type, one or two tubes may not light 

T1 
135VAC SR1 

+ Cl 
17.20 

135VAC 

brn 

15o 

brn/b1 

8+ 

165VDC 

C2 TO YOKE 

165VOC 

B + 
BONF T 50pF 

1 -IN. LENGTH OF #28 FUSE WIRE 

shown in Fig. 7 or with an ohmmeter, check 
filament continuity. 

Continuity Check. We know that one of 
these tubes, or possibly two, may have an 
open heater element. Take one tube out 
at a time and check it for continuity. Start 
with the horizontal output tube, damper, 
and sound output tube, in that order. These 
tubes run hot and are most likely to have 
a defective filament. 

When checking filament continuity with 
an ohmmeter, switch to a low -ohm scale and 
place the probes across the heater terminals. 
The larger the heater voltage required by 
the tube, the greater the filament resistance 
measured should be. See Fig. 8 for a fila- 
ment resistance chart. 

In case the problem hasn't been found 
after checking tube continuity, bring out the 
AC voltmeter .(see Fig. 9). Switch the volt- 
meter to the 150 -VAC scale. Place the 
voltmeter probes across the on /off switch - 
it could be open. If this checks out OK, 
put one voltmeter lead to the on /off switch 
and trace the, heater wires starting at the 
grounded side (Fig. 10). 

Most tuner tubes are located at the 
grounded side of the series filament string. 
Quickest way to eliminate a possible defec- 

56 

Fig. 6. Transformer power supply 
is used in better portable 
TVs. Typically, a circuit breaker 
is used in either AC line or in 
B -plus circuit as shown here. 
Full -wave rectification is provided 
by the use of two silicon diodes 
in this configuration, or in some 
cases, a bridge circuit employing 
four diodes. Typical DC -ohms 
values shown on transformer 
windings and choke lets them be 
easily tested with an ohmmeter. 

up indicating they are dead or their heater 
wiring defective. If all the tubes are dead 
in a power -transformer TV set, check for 
defective power transformer, broken heater 
wires, or open fuse wire. 

When the picture tube has a raster, but 
there is no sound or picture, the trouble is 

probably in the tuner. The tuner is just be- 
hind the station selector knob. Substitute or 
check the RF and oscillator tube. If substitut- 
ing tubes here doesn't produce picture or 

Fig. 7. Easiest way to check many tube filaments in 
a series -string TV is with simple continuity tester. 
What happens in this type of set is that when one 
filament burns out, none of the tubes will light up. 
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TUBE HEATER RATINGS 

VOLTAGE 
(VOLTS) 

3 6 12 17 25 35 50 

RESISTANCE 

(OHMS) 
1 -Iz ! 2 -5 3 -12 5 -12 10 -20 30 -50 50 -60 

Fig. 8. If a continuity tester ¡se t available, tube 
filaments can be checked with an ohmmeter. Listed 
above is the approximate resistance value for tubes 
of various voltage ratings, e.g., 128Q6 is 3 -12. 

Fig. 9. If all tube filaments check out good, 
test the AC power switch with an AC voltmeter. 
If switch is good, no voltage should be indicated 
when on, 117 YAC should be indicated when off. 

TUBES IN TUNER CRT r - - - - I V105 
3GK5 5KE81 16AYP4 

V1 V2 8 ----r 
V205 V203 
6CG8 4JD6 

VERT. + 

s 

V207 
V206 8FQ7 
13GF7 I C259 

SHORT BROWN WIRE TO 
4700 

i GROUND AT TUNER TO SEE 

1 IF BAD HEATER CONNECTION i 
IN TUNER 

No Picture - Raster - Good Sound. 
When there is sound, a good raster, but no 
picture, the trouble is likely to be in the 
video circuits. Most portable TV sound cir- 
cuits are connected to the beginning of the 
video circuit, so the problem will be some- 
where after this point. Substituting or check- 
ing the video amplifier tubes will usually 
solve this problem. 

The cause of excessive picture smear and 
tearing can usually be found in the video 
amp circuits. Open peaking coils in the 
video output circuit will result in a smeary 
picture -see Fig. 12. An open or leaky 
coupling capacitor from video amp to CRT 
can also cause picture smear. 

Another possibility is a shorted picture 
tube. Simply tap near the end of the CRT, 
but gently, while watching the picture in a 
hand mirror. If the fault comes and goes 
while you're tapping, replacement of the 
CRT is the answer. 

No Sound -Good Picture. When every- 
thing is fine but the sound is missing, go 
directly to the sound amplifier section and 
check the sound tubes, starting with the out- 
put tube -see Fig. 13. A defect here can 
cause no sound, extreme distortion, or ex- 
cessive hum. If a tube is not at fault, check 

4 5 6Öo0 0 

V204 
4JC6 

V201 V104 V101 

11KV8 12FX5 17JB6 

?260 700 

V202 

66X6 

V103 
17AY3 

ON-OFF 

117VAC 117VAC 

Fig. 10. Typical series -string hookup can be quickly traced with AC voltmeter to locate break in circuit. 

sound, check the IF and video output tube. 
Always replace these tubes if any element 
indicates shorted on a tube tester. 

If the problem persists, try pulling the 
AGC (automatic gain control) tube out of 
its socket (with the set on) and see if the 
picture or sound returns for a split second. 
If so, your set has AGC troubles. A defec- 
tive AGC tube can cut off both picture and 
sound. Another method for checking AGC 
is to turn to a weak TV station. The picture 
and sound may appear on a weak signal but 
can be blocked by AGC action on a strong 
TV station. 
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POWER 

TRANSFORMER 

117VAC 

TO 

SILICON RECTIFIER 

ALL HEATERS 

IN PARALLEL 
TO ALL 

TUBE 

HEATERS 

r 
6.3VAC 

Fig. 11. In transformer type set, one or two filaments 
may not light up indicating tube or associated heater 
wiring is defective. If no tubes light up in this 
type of set, check the power transformer, fuses in AC 
or filament line or circuit breaker, and AC switch. 
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Fig. 12. Picture smear with complete loss of detail 
h caused by defects in either the video amplifier 

circuit or a shorted picture tube. Easy way 
to check picture tube is to tap it gently on the 

base and neck while watching picture in mirror. 

Fig. 13. The audio circuitry in your portable 
TV will look very much like this. If poor, distorted 

or weak sound is the problem, start by checking 
these tubes or their counterparts in your set. 

The next thing to check is the speaker (see text). 

OV 

C204 

10 

TO 

VIDEO AMP 

V201A 
s6GH8A 
SOUND IF 

T202 
SOUND DET.TRANS. 

185V 

V202 6HZ6 
1.8V 5 1ST AUDIO & C264 

DETECTOR 8 
I 

Ib 

78V 

0208 

470C210 

C202 I 

- R203 . I 

R202 
001 

R204 
. 390 

560 1 22K CÓÓ C211 

i 
R201 001 
68K 

170VDC 170VDC 

the speaker and cable connections. Also 
check for a defective output transformer. 
This can easily be accomplished with an 
ohmmeter continuity check. Distorted sound 
can be caused by the cone resting on the cen- 
ter pole piece, in which case the speaker must 
be replaced. Small holes poked into the 
speaker cone can be repaired with glue. 

Intermittent sound can he caused by a 
cracked PC board. Push and move the small 
parts on the PC board with an insulated tool 

I 

_ J 
R207 
470K 

80 

R206 

390K 

C212 

.01 

R103 
1MEG 

320VDC 

V104 
12E65 

AUDIO OUTPUT 

160V 
7 Gill 

6600 
OV 

2 

136V 

VOLUME 

CONTROL 

R101 
R113 

150 
4700 

170VDC 

1101 

SPKR 

AUDIO OUTPUT 

TRANSFORMER 

while the set is on. Intermittent IF and 
detector coils may have cold solder connec- 
tions inside the metal can. 

Black Screen -Good Sound. Here we 
probably have a horizontal sweep problem 
(but be sure it is not just the brightness 
control turned all the way down). Be ex- 
tremely careful when working in this section 
as LETHAL voltages exist. Keep the set 
turned of/ unless stated otherwise. The CRT 
capacitively stores up to a 20,000 -volt charge 

Fig. 14. Insufficient width is caused by the horizontal 
sweep voltage being low. This problem is most often 
traced to a weak or defective horizontal output or 
damper tube, but can also be low 8 -plus voltage. 
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Fig. 15. If tubes are not the cause of a narrow 
raster, circuit components associated with the hori- 
zontal and damper tubes are likely candidates. The 
pencil points to the horizontal output tube circuit. 
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Fig. 16. When the horizontal won't lock in, 
check the horizontal oscillator and output tubes. 
If alright, try adjusting the horizontal 
frequency coil slug, usually on rear skirt of set. 

Fig. 17. If horizontal still can't be locked in, 
the next thing to check is the AFC (automatic 
frequency control) diodes. They are usually in the 
form of a single common -cathode three -lead package. 

Fig. 18. A single bright horizontal line 
usually means the vertical oscillator or output tube 
is defective. Also try adjusting the vertical 
height and linearity controls (see text). 

FROM SYNC.SEP. 

C46 C47 

68NF 820PF 

R79 

- - - 680K 

HORIZ. AFC 

I DUAL DIODES 

CATH.I 

-J 

HORIZONTAL 

OSC. 

R78 

150K 

so do not touch the high voltage nipple - 
even with the set off. As a further precau- 
tion, keep one hand behind your back, away 
from the ground or chassis, working with 
the other. This will keep possible shock 
from being dangerous. 

First off, check the horizontal output, 
damper, and horizontal oscillator tube, in 
that order, with the set off. Then check the 
high -voltage rectifier tube after shorting all 
exposed high -voltage cage connections to 
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ground to assure everything is discharged. 
Look closely for a burned spot on the fly- 

back transformer indicating it is defective 
and may have to be replaced. Then take 
a small, well -insulated screwdriver blade, 
slip the blade under the horizontal output 
cap while the set is on and draw a small arc 
from the plate terminal. if no arc appears, 
there is probably insufficient drive voltage 
to the horizontal output tube. Take a volt- 
age reading at the grid pin; it should be from 
-5 to -25 VDC. 

All of these checks can be made from 
the top of the chassis. Never measure the 
cap, or plate, voltage on a horizontal output 
tube. You can easily wrap the meter hand 
around the stop terminal. To measure the 
grid drive voltage, pull the plate cap off the 
horizontal output with the set off and then 
turn set on. If the voltage is normal, the 
horizontal oscillator section is performing. 
The trouble must be between the horizontal 
output tube to the CRT. 

Careful Now. With the set off, carefully 
pull the cap off the high voltage rectifier 
tube with a pair of insulated long -nose pliers. 

Fig. 19. The vertical oscillator circuit can also 
cause the absence of vertical sweep. The pencil points 
to the oscillator feedback coupling capacitor, one 
possible suspect; also check the vertical transformer. 
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Turn the set on, let it warm up, and then 
arc the screwdriver blade to the terminal 
inside of the high voltage cap. A good hot 
arc can be drawn up to half an inch long, 
if the horizontal sweep section is working 
properly. Turn the set of and replace the 
tube cap. 

To see if the high voltage is being applied 
to the CRT, short the high voltage nipple 
on the CRT to chassis ground with a long, 
well -insulated screwdriver. Be extremely 
careful here. Placing the metal screwdriver 

bU 

Fig. 20. A snowy picture with little contrast and weak 

detail is often caused by a weak RF amplifier tube 
in the tuner. This symptom can also mean a broken 
lead -in wire, shorted antenna, or open antenna coils. 

to the ground and sliding it to the high - 
voltage anode connection should produce a 
sharp high -voltage arc. 

If not, shut down the TV. Short the pic- 
ture tube high -voltage cap to chassis ground. 
Also discharge the CRT by using two large 
screwdrivers, one on the anode connection 
and the other to black CRT coating. Snap 

130 

ANTENNA COILS 

2.2MEG 

130 

ANTENNA 

TERMINAL STRIP 

2.2MEG 

TO 

TUNER 

Fig. 21. The antenna coils are usually hooked up in 

this way. The capacitor /resistor network is designed 
to prevent lightning from damaging tuner. Check that 
capacitors, resistors and coils haven't been damaged. 

Fig. 22. If the picture jumps around every time you 
touch the channel selector, the tuner probably needs 
cleaning. Get a good spray lube and spray it on the 
contacts while briskly rotating the selector knob. 

out the high -voltage cable and fire up the 
receiver. Arc the high -voltage cable to 
chassis and a sharp- high -voltage arc should 
occur. In case there is plenty of high volt- 
age, the picture tube is probably defective. 

Sides Pulled In. Insufficient horizontal 
width indicates insufficient high voltage on 
the CRT. The trouble can be a weak hori- 
zontal output, damper, oscillator tube, or 
all three. Don't overlook the possibility of 
a weak low- voltage rectifier tube that sup- 
plies power to the horizontal sweep stages. 
Check the setting of the horizontal linearity 
or width coil, as shown in Fig. 14. 

The screen -grid resistor and bypass capa- 
citor of the horizontal output tube are likely 
components to check if insufficient width is 

(Continued on page 113) 

Fig. 23. Attempts at reducing overall size of portable 
TV sets have resulted in very crowded chassis layouts. 
This makes the portable a great deal more difficult 
to work on and care must be used not to damage set. 
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Getting the most for the least is the story of this 
dirt -cheap IC signal tracer. By Herb Friedman 

One of the most useful items 
on the test bench- particu- 

lady for the experimenter with 
a low test -gear budget -is the 
RF /AF signal tracer. Fact is, 
most amplifier and radio servic- 
ing can be done with nothing 
more than a signal tracer and a 
VOM or VTVM (preferably the 
latter). 

The signal tracer's value lies 
primarily in its ability to localize 
defects -and localization is 90 
percent of any service job. Once 
you've located the defective 
stage, the VOM or VTVM is 
used to find the defective com- 
ponent(s). 

The signal tracer is basically a 
high -gain audio (AF) amplifier 
with an accessory detector probe 
for detection of radio frequency 

(RF) signals. In a typical serv- 
ice job, you might attach the RF 
probe and connect it after a re- 
ceiver's last IF transformer: if 
you hear the signal in the tracer, 
you know the problem is some- 
where after the IF transformer. 
Then, switch the tracer to 
straight AF input and proceed 
from the radio's detector towards 
the speaker. When you can no 
longer hear the radio signal in 
the tracer, you've located the de- 
fective stage. 

If there were no tracer signal 
detection at the last IF trans- 
former, you would leave the 
diode -detector probe connected 
and work back towards the an- 
tenna until you located the defec- 
tive stage. 

(Continued overleaf.) 

MARCH-APRIL, 1968 61 



62 

1 ® TROUBLESHOOTING STIC 

IC Simplicity. Our IC Signal tracer is 

like most other solid -state tracers, the big 
difference being that it is intended as quick 
and easy construction project, even for the 
novice. To accomplish this, it uses an in- 
tegrated circuit (IC) module. While some 
IC construction projects use more parts than 
the same item employing discrete compo- 
nents (many require unusual power -supply 
voltages), our 1C project uses few parts. 
It is powered by a standard battery (Bur- 
gess Z4 or equivalent) and uses a really 
rock -bottom priced IC -like how hard can 

$2.80 possibly hit your pocketbook anyway? 
IC All The Way. As shown in the sche- 

matic (Fig. 1), the entire signal tracer con- 
sists of a single IC -there are no extra 
add -on circuits or transistors. The circuit 
represented by the IC, an RCA CA3020, is 
shown in Fig. 2. 

The IC consists of a 7- transistor circuit 
and contains many of the necessary resist- 
ances. The addition of a few external com- 
ponents completes the IC amplifier which is 
capable of up to 0.4 watt output, with a 58- 
dB power gain. 

To understand how the IC works, let's 
trace the circuit backwards from output 
transistors Q6 and Q7. The Q6 /Q7 combo 
must be connected to an output transformer, 
as shown in Fig. 1. Connected in this man- 

B1 /--1 
1 

I 

/ 6VOC 

/ R3 

R1 7/ : VF Cl 

R1 50K 

470K 

+ C2 

IC1 

AMP 

1 R2 

4.7K 

AUDIO 
C6 

PROBE 

C4 

5NF 

P1 

GND( c6 -- D1r===, 
1N34A 

RE /--I( C7 

DETECTOR 
\\ 

PROBE .001 

GND 

.N 
P2 

IC AMP 

Fig. 1. Thanks fo the use 

of the IC, few parts are 
needed fo complete wiring of 
circuit. IC containing 
seven transistors costs 
less than most individual 
transistors so overall price 
of signal tracer is very 
low. Note that two values 
are given in parts list for 
some capacitors. The 
first value given is for a 

relatively narrow frequency 
response for the unit, 
the second is for wide - 
band response. The AF /RF 
probe wiring diagram is shown 
at bottom left. 

R5 R6 

22K 1MEG 

PARTS LIST FOR TROUBLESHOOTING STIC 

B1 -6 -VDC transistor battery (Burgess Z4 or 
equiv.) 

C1 -.02 or 5 -uF, 9 -VDC capacitor (see text) 
C2 -.01 or .1 -uF, 9 -VDC capacitor (see text) 
C3, C4 -1 or 5 -uF, 9 -VDC capacitor (see text) 
C5- 100 -uF, 9 -VDC capacitor 
C6- .05 -uF, 500 -VDC capacitor 
C7- .001 -uF, 500 -VDC capacitor 
D1 -1N34A germanium diode 
ICI-RCA CA3020 integrated circuit (available 

from Allied or Lafayette Radio) 
J1 -RCA type phono jack 
P1, P2 -Phono plug 

R6-1,000,000-ohm, 1/2-watt resistor 
S1- Switch on R1 

TI- Transistor output transformer: 100 -ohm CT 

pri.; 3.2 -, 8 -, 16 -ohm sec. (Allied Radio 
54B4149 or equiv.) 

Spkr -2 1/4 -in., 8 -ohm speaker 
1-Cabinet (Radio Shack 270 -097 Perfbox or 

equiv.) 
1 -Panel kit (Radio Shack 270 -100 or equiv.) 
1 -Probe kit (Keystone 1810 or equiv.) 
Misc.- Shielded cable, push -in terminals, wire, 

solder, etc. 

R1- 50,000 -ohm potentiometer with switch 
R2 -4700 -ohm, 7/4 -watt resistor 
R3- 470,000 -ohm, 7/4 -watt resistor 
R4- 820 -ohm, 1/4-watt resistor 
R5- 22,000 -ohm, 1/2-watt resistor 

(The Keystone probe kit is available for $1.98 
including postage and handling from Tridac 
Electronics Corp., Box 313, Alden Manor Branch, 
Elmont, N.Y. 11003. N.Y. State residents add 
appropriate sales tax. No foreign orders.) 
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ner, they form a typical transformer- output 
circuit -there's nothing unusual here. Tran- 
sistors Q4 and Q5 function as low- imped- 
ance (emitter output) drivers for output 
transistors Q6 and Q7. 

Transistors Q2 and Q3 form a differential 
amplifier -a fancy name for a push -pull am- 
plifier. Look carefully at both Q2 and Q3; 
note that both circuits are identical (termi- 
nal 3 being the base input to Q2, and ter- 
minal 2 being the base input to Q3). 

Except for Q2 and Q3's common emitter 
resistor, R2, both Q2 and Q3 are individual 
amplifiers, each with its own input. Essen- 
tially, the circuit is analogous to a push -pull 
tube amplifier with a common cathode re- 
sistor. 

Inverting The Phase. If Q3's base is 

Since Q3's base is at AC ground- termi- 
nal 12 -the voltage across R2 is the voltage 
applied to Q3's base- emitter. And as far as 
Q3 is concerned, the voltage input to Q3's 
base- emitter is negative -going at the base - 
yet the input signal applied to Q2's base is 
positive -going. The signal voltage at Q3's 
collector is therefore 180° out of phase with 
Q2's collector. Phase inversion has been 
accomplished. 

By the proper choice of circuit para- 
meters, the voltage developed across R2- 
which is the applied input voltage to Q3- 
is the same magnitude as the input signal 
to Q2. Hence, the voltages at Q2 and Q3's 
collector are equal in magnitude but 180° 
out of phase. 

The push -pull signal at Q2 -Q3 is then fed 

11 

d 

12 

Fig. 2. The circuit 
of the RCA CA 3020 
integrated circuit show- 
ing the seven transistors, 
three diodes and 
eleven resistors which are 
packed into a tiny 
TO -S transistor can. 
The twelve circuit 
connections allows 
a variety of 
input and output 
configurations on this 
IC, the hookup used 
here being an emitter 
follower input (Q1) 
and a push -pull output 
(Q6-Q7). 

grounded for AC via a capacitor from ter- 
minal 2 to common (ground) terminal 12, 
the circuit becomes analogous to the tube - 
type long -tailed phase inverter. When an 
input signal voltage is applied across termi- 
nals 3 and 12, the collector current of Q2 
develops a voltage across emitter resistor 
R2 that is in -phase with the input signal. 
Remember, it is the collector voltage that is 
180° out of phase with the input voltage. 

Keep in mind that Q3's base is AC- 
grounded. If the applied input signal to 
Q2's base -emitter is positive -going at the 
base, it is "negative" at the bottom of R2, 
terminal 12. The voltage developed across 
R2 is therefore positive at the emitter end 
and negative at the bottom (terminal 12). 
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to the Q4- Q6 /Q5 -Q7 push -pull amplifier. 
Low To High. Unfortunately, the input 

impedance across terminals 3 and 12 is in 
the order of 600 ohms. And for signal trac- 
ing we require a relatively high input im- 
pedance so that the circuit under test will 
not be unduly loaded. What's needed is an 
emitter -follower amplifier with a high input 
impedance and a low output impedance. 
This is where QI comes in. 

Referring to Fig. 2, note that Q1 is a 
complete circuit except for the emitter re- 
sistor. If an external resistor is connected 
from Q1's emitter (terminal 1) to ground as 
shown in the schematic, Ql is hooked up 
as an emitter -follower. If a capacitor is 
connected from terminal 1 to Q2 input ter- 



TROUBLESHOOTING STIC 

minal 3, we have a high- impedance -input 
cathode follower (nominally, 50K ohms in- 
put impedance) driving Q2. 

IC Tracer. Fig. 1 shows the IC signal 
tracer, complete with a variable input level 
control. Since the 50K input control is in 
parallel with the 50K IC input, the result 
is a total input impedance of 25K. If you 
find the input impedance too low for some 
uses, connect a 50 to 75K resistor between 
input jack J1 and R1. 

An Amp Too. The signal tracer section 
itself, less the probes, can be used as a gen- 
eral purpose low -power amplifier. It's out- 
put power of 0.2 watt (using the 6 -volt 
power supply) is equivalent to that of a 
good transistor portable radio. 

Because of the power -handling limitations 
of the small speaker and output transformer 
Tl, overall frequency response is limited at 
the low end to approximately 250 Hz. Ac- 
tually, the frequency capability of the IC is 

from DC to 6 MHz. To ensure that you 
can utilize the circuit in other projects re- 
quiring a better frequency response than 
that needed for signal tracing, the Parts List 
gives values for both restricted and wide - 
band response. 

For example, in the Parts List the value 
for C3 is shown as 1 /IF or 5 PF. The first 
value is proper for the signal tracer's at- 
tenuated low frequency response. The sec- 

Pert -box plastic cabinet comes with speaker hole 
pre -cut for a two -inch or larger speaker. Laying out 
and drilling holes for potentiometer R1 and jack JI 
is first step in constructing signal tracer. 
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R4 

R3 

C3 

Cl 

Pert -board comes with cabinet, note how it's notched 
allowing it to fit into cabinet box. IC is 
press -fitted into hole drilled in pert- board; leads 
are then bent over and soldered to stake terminals. 

Ti 

and value is for a wide -band operation when 
a larger output transformer and speaker 
are utilized. Remember, when two values 
are shown, the first value is for the signal 
tracer, the second value for a wideband am- 
plifier. Values in- between will produce a 
frequency response somewhere between the 
attenuated and wideband response. 

Note that the components shown in the 
photographs are the wideband values. This 
was done to make certain the physically 
larger wideband components would fit into 
the layout. You can be certain the signal - 
tracer value components will fit without a 
hitch. 

Building The Tracer. The signal tracer is 
assembled in a Radio Shack Perfbox. This 
cabinet is a standard size 2 x 6 x 33/4 -in. 
bakelite cabinet pre -drilled for a 2 -in. or 
larger speaker. Its companion 5 -piece panel 
kit includes the metal cabinet cover used 
for the signal tracer and a perforated (Perf- 
board) panel board that will be used for 
the amplifier sub -assembly; push -in terminal 
are used for tie points. 

First assembly step is to drill 1/4-in. holes 
for J1 and R1 midway betwen the bottom 
of the speaker holes and the bottom edge 
of the cabinet, then install the speaker. In- 
stall J1 and Ill and prewire the cabinet 
components. Connect about 6 inches of 
free lead where necessary (to the speaker 
terminals, Rl's wiper output, etc.) 
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RF probe is built on small perf -board supplied 
in Keystone probe kit. Be sure to heat -sink when 
soldering diode Dl. After parts are mounted and 
wired, wrap entire board in electrician's tape. 

Position the battery between the speaker 
and the cabinet and cut a section of the 
perforated panel so that it will touch the 
cabinet on one end and the battery on the 
other -the perfboard will then serve as the 
battery holder. 

Notch the corners and sides of the perf- 
board so that it will drop into the cabinet. 
(A center support on both sides of the cabi- 
net makes it necessary to center -notch the 
perfboard.) Drop the perfboard into the 
cabinet so it rests on the speaker, then mark 
the perfboard end of the cabinet for a sup- 
port. Cement a small strip of left -over perf- 
board in the cabinet as shown in the photos; 
this strip will be the end support for the 
perfboard panel. 

IC Layout. Now lay out the position of 
transformer Ti and IC1. Since T1 is 
mounted on the underside of the board, 
make certain it will clear the speaker. Drill 
a 21/64 -in. hole for IC1; the integrated cir- 
cuit is then gently press -fitted into the hole. 
Mount TI and then pre -solder the follow- 
ing ICI leads: fold leads 5 and 12 to lead 6. 
Wrap 5 and 12 once around 6, solder quick- 
ly, and cut off the excess lead wire (do not 
cut the 6 lead). Then, press -fit the IC into 
the hole with lead 6 pointing towards T1. 

With ICI in the hole, fold each lead at 
right angles as shown in the photos. Bend 
the leads about 1 /16 -in. above where the 
lead exits the IC body, then use a push -in 
terminal opposite each lead for a tie point. 

To avoid a parts jam, components are 
mounted on both sides of the board, with 
terminals providing through -board connec- 
tions. To permit the cabinet cover to fit, 
make certain the topside board components 
are flat against the board. 

Final Assembly. Position the cabinet - 
mounted components' leads so they will come 
through to the top of the board when it's 
placed in the cabinet. Place a drop of ce- 
ment on top of the speaker and mount the 
amplifier assembly board so it rests on top 
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of the speaker and the board edge rests on 
the end support. When the cement is dry, 
connect the cabinet components' leads to the 
amplifier and connect the battery-make ab- 
solutely certain the battery polarity is cor- 
rect. 

Since the IC is not provided with a heat 
sink, avoid driving it at maximum volume 
continuously. With 6 volts applied, the IC is 
on the borderline of requiring a heat sink. As 
long as the output level is kept a shade below 
maximum you'll have no problems. 

The Probe. The audio probe schematic 
is shown in Fig. 1; it consists of only DC 
blocking capacitor (C6), which can be in- 
stalled in any probe -as long as the capac- 
itor will fit inside. The output cable must 
be shielded. 

The RF probe is assembled in a Keystone 
test -probe kit. The kit consists of the handle, 
probe -tip, pre -punched terminal board, term- 
inals, and a brass shield tube. Assemble 
the probe, wiring it as shown in Fig. 1. Note 
diode Dl's polarity- cathode towards the 
probe tip. 

Also note that one end of the terminal 
board has a premounted lug. Solder the 
ground point, the junction of R5 and R6, 
to this lug; connect the ground of the test 
cable (which should be stranded wire) to 
the lug, then wrap the terminal board in 
paper or tape. 

Slide the brass shield over the board as 
far as the ground lug and solder the lug to 

(Continued on page 115) 

C4 

Cl 

When pert -board wiring is complete, install board 
as shown. Bring wires from box -mounted components 
up past board so they can be connected. 
Then install battery and make a test run. 

ne 



Clip -on 
COAX 

Connector 
By James A. Fred 

This nifty adapter is pretty handy when 
you've got a receiver with an antenna ter- 

minal strip and an antenna with a coax lead - 
in and connector. It's made from an alumi- 
num shell with a plastic end -plate holding 
two banana plugs. To make the adapter, 
drill out the banana plug staking and remove 
the plugs. Then make a 5 /e -in. diameter hole 
in the closed end of the aluminum shell. 
Mount an SO -239SH coax connector in this 
hole after you've soldered a piece of test lead 
wire to the connector body and to the center 
terminal of the connector. Tie a knot in each 
wire to prevent pulling them through the hole 
in the header. Thread each wire through the 
banana -plug hole in the header and slip a clip 
insulator on each wire. Fasten the wires to 
the clips by screw or by soldering and slip the 
insulator over the clip. 

After finishing the adapter, simply fasten 
the PL -259 connector to the end of the co- 
axial lead -in cable and connect the clips on 
the adapter to the antenna screw terminals 
on your receiver. 

66 
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CONNECTOR 

Y 

RED CLIP 

BLACK CLIP 
GROUND 

W're up the clips and connector before 
assembling unit in the aluminum shell. 

PARTS LIST 

1- Connector, PL -259 (Radio Shack 278 -200 
or equivi-connects to antenna coax 

1- Connector, SO -239SH (Lafayette 42C6907 
or equiv.) 2- Alligator clips (Radio Shack 270 -377 or 
equiv.) 

2 -Clip insulators, one red, one black (La- 

Finished coax adapter ready to go. 

fayette 32C3535C or equiv.) The coax adopter can be used in any application 1- Aluminum shell (Keystone 659 -see text) where a coaxial cable termination needs 
Misc. -Test lead wire, solder, etc. to be connected to a terminal or barrier strip. 
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THOSE 

WALLAIE 

1AlNIES 

BY 

ROBERT M. 
BROWN" 
K2ZSA 

The ins and the outs of what's happening in the world of terrific totables. 

If you've been hearing a lot these days 
about walkie- talkies, it's for good reason. 

Right now, one of the biggest controversies 
in the electronics field concerns itself with 
whether or not these gadgets should operate 
on their own "exclusive" band or continue 
functioning on CB frequencies, to say noth- 
ing of the scandal early in 1967 over what 
the FCC thought about walkie talkies and 
their users. Meanwhile, walkie- talkies are 
selling faster than ever before and more and 
more manufacturers are hopping on the 
bandwagon. 

Electronic financial moguls figure that the 
pushbutton wonders outsell conventional CB 
gear five -to -one in terms of total annual 
volume. Predictions for 1968 are that over 
$300 million worth of the devices will be 
sold -and this doesn't even include the other 
types of walkie- talkies being used extensively 
by police and fire departments, etc. No one 
seems to know if the feared "saturation 
level" will ever hit this market but right 
now it is clearly the biggest moneymaker 
in the entire two -way radio industry. 

Robert M. Brown is author of the recent book on 
electronic eavesdropping, The Electronic Invasion. 

It's easy to understand the popularity of 
these wondrous gadgets: they're compact 
and portable, they really do work, and 
they're relatively cheap. Pass any corner 
department store these days and you'll be 
greeted with a window display just brimming 
over with glistening, chrome -plated walkie- 
talkies -many priced as low as $9.88 per 
pair. On the other hand, the major CB 
manufacturers are churning out $199 -per- 
pair high -powered units which boast of 
"ranges up to 15 or 20 miles" and make the 
toys look like peanut whistles in comparison. 

But before you rush out and plunk down 
your hard -earned dollars for a pair of these 
electronic marvels, let's consider just what 
you can do with them and what you'll really 
be getting for your money. 

Basically, there are two types of walkie- 
talkies that operate on CB frequencies: (1) 
the Class D (must be licensed by the FCC) 
models and (2) the so- called "license- free" 
low -power units which have come to be 
known as "Part 15" units. 

What the FCC Says. The g1CdLCSL sua- 
jority of walkie- talkies sold over the counter 
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these days fall into the last category, the 
no-license types. Their nickname has come 
from Part 15, a regulatory section of the 
FCC Rules which pertains to non- interfer- 
ence communications. To qualify for license - 
free operation under this open -end clause, a 
transceiver can be designed for just about 
any frequency (the AM wireless broadcast- 
ers, for example), so long as its power input 
does not exceed 100 milliwatts (1/10th 
watt). Most attractive is the fact that there 
are no age requirements for the user, who 
might otherwise not be able to communicate 
on CB frequencies at all since he must be 
18 years of age or older for a Class D ticket. 

Bear in mind, though, that just because 
anything under one -tenth of a watt qualifies 
for Part 15 this does not imply that all units 
are rated at 100 milliwatts or are even 
checked by the Commission. The sad truth 
of the matter is that the FCC imposes no 
design or construction restrictions upon the 
manufacturers -only on the user. 

The FCC does ask the Part 15 walkie- 
talkie enthusiast to observe a few basic 
ground rules, though for the most part they 
are not as sticky as those for licensed com- 
munications. Since they're looked upon as 
non -interference units, it means that unli- 
censed walkie- talkies must relinquish the 
channel if their operation is interfering with 
communications of a Class D user. The 
general rule is to listen first to make sure no 
one is on the air, and then periodically check 
the channel while communicating. 'Talkie 
users that persistently cause problems for a 

Since their debut, walkie-talkies 
have spread through 

the country like wildfire. 
Their inherent 

usefulness makes them a natural 
on the construction site 

scene as at right. 

licensed CBer are likely to have a run -in 
with the FCC. 

Further, the law demands that you don't 
transmit indecent or profane language, that 
you don't broadcast phony emergency or dis- 
tress messages, and that you don't slander 
anyone over the air. Additionally, intermit- 
tent pressing -down of the transmit button is 
considered to be malicious interference and 
construed as "jamming," punishable under 
federal law by a stiff fine. 

The easiest way to avoid problems with 
Part 15 regulations is simply to remember 
that your walkie- talkie communications are 
not private; they can be heard by anyone 
who also has a walkie- talkie on the same 
channel, to say nothing of the licensed CBers 
who listen in. It's like a long- distance PA 
system with a diverse audience of listeners. 
Bear this in mind, and chances are you'll 
never have to worry about breaking the FCC 
rules. 

Operationally, it should be pointed out 
that Part 15 people can only communicate 
with other unlicensed walkie- talkies. Under 
no circumstances may you talk with a li- 
censed Class D station. Not only would the 
CBer be risking his license, but you would 
stand a stiff fine if the truth were out. 

The 49 -MHz Proposal. Though the con- 
troversy rages on in some governmental 
and manufacturing circles, at the moment 
there is no 49 MHz walkie- talkie band - 
though one has been formally proposed by 
the Commission. The idea was to create an 
"exclusive band of nine channels" expressly 
for the present unlicensed walkie- talkie users 
down on 27 MHz; but reaction thus far has 
been largely unfavorable. In fact, one FCC 
commissioner has suggested that the fre- 
quency 27.59 MHz be made available ex- 
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elusively for unlicensed use, precluding the 
necessity for a 49 MHz band or any other. 

The main problem, according to the FCC, 
has been too many signals crammed onto fre- 
quencies in the area of CB channels 9 and 
11 -many of which are said to interfere with 
legitimate Class D communications. By re- 
moving them from these channels, the Com- 
mission would hope to alleviate the problem 
once and for all. 

. The real crimper, however, is that the 
FCC wants to have these little sets "type ac- 
cepted" for walkie- talkie use. This means a 
host of new technical requirements, antenna 
limitations, etc., that would ultimately create 
more problems at the manufacturing end and 
probably raise the per -unit retail price. Many 
observers feel that the proposal was really 
aimed at eliminating the competition to 
American producers presented these days 
by Japanese companies (several estimates 
have put the proportion of Japanese walkie- 
talkies at nearly 70 per cent of the total). 

For the time being, however, nothing's 
been finalized. If some groups have their 
way, we'll ultimately wind up better off than 
we started -with a brand -new walkie- talkie 
band that only requires our changing crystals 
in the units. Moreover, even the contro- 
versial FCC Public Notice #98917 which 
proposed the 49 MHz concept provided for 
a solid seven years before present operations 
would be phased out. 

So, for all the clamor, there's really not 
a heck of a lot to get excited about. The 
license -free concept has proved immensely 
popular in this country; the FCC would 
hardly legislate precipitously with so many 
citizens involved (at last count nearly 3 mil- 
lion) . 

Advantages Of Part 15 Sets. Now that 

we've rather thoroughly dissected all the re- 
strictions, limitations, and controversies per- 
taining to these hot little gadgets, it's time for 
some good news. 

Since there are virtually no restrictions on 
the hobby use of non -Class D walkie- talkies, 
many fellows have formed "flea- power" DX 
Clubs. These groups specialize in seeing how 
far you can communicate with Part 15 

walkie- talkies. Indeed, there have been in- 
stances of contacts over several hundred 
miles. Just a few years back, in fact, there 
was a case of a 1400 -mile contact due to a 
propagational phenomenon known as Spo- 
radic-E skip. Since these "freaks" have been 
occurring more and more frequently in re- 
cent years, the DXers are even converting to 
CW (code) operation -based on the fact 
that code will cut through the distance bar- 
riers much more effectively than voice modu- 
lation. Caught in a pinch, the enthusiasts tap 
out International Morse Code by just press- 
ing their transmit- receive button! Many 
hobbyists delight in "converting" their Part 
15 rigs to base stations, complete with code 
keys, headsets, and even AC power supplies 
to replace the battery packs. General Elec- 
tric recently brought out a commercial ver- 
sion of such a base setup which looks a great 
deal like a ham radio station -yet it's all per- 
fectly legal under Part 15! 

Just as there are range factors and legal 
restrictions governing how far the CBer can 
talk over Class D CB (5 -watt) rigs, there are 
the same general considerations that bear on 
Part 15 work. Since the unlicensed operator 
is working with a telescoping -mast whip an- 
tenna and much less power, however, range 
expectations will be somewhat lower. Best 
bet is to ignore the "one -mile communica- 
tions" propaganda the manufacturers churn 
out and figure dependable two -way range as 
considerably less. Under normal conditions, 
and operating with a unit that has a super- 
heterodyne receiver, several city blocks is 
about all the range that can be counted on 
-in open country (pretty much line -of- 
sight-no Empire State Buildings in the road, 
etc.) a lot further. Across open water is gen- 
erally the best bet; frequently as far as five 
miles or more. Forget about hard -and -fast 
range estimates, and count on a minimum 
communications range; when this is ex- 

Walkie- talkies in the wilderness 
is the name of the game 
that keeps you in touch wherever 
you may be, whether on a hunting trip 
in the Rockies or a picnic in the Catskills. 
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ceeded, it will just be all the more exciting. 
Best time to get greatest distance is in the 

wee hours of early morning -when there's 
hardly anybody on, and when the proverbial 
"night -time factor" is in full swing. It's a 
known fact that after midnight it is often 
possible to communicate over three, four, 
and five times the normal daylight -hours dis- 
tances. Provided there isn't excessive inter- 
ference, the would -be DXer can also take 
advantage of a multitude of fantastic phe- 
nomenas -such as tropospheric bending 
(which will get up to 25 to 35 miles), tropo 
ducting (up to 75 to 125 miles), and the 
elusive Sporadic -E which likes to pick up 
signals and deposit them 500 to 700 miles 
distant, and frequently double that! 

Aside from these exciting considerations, 
there is also the fact that Part- fifteeners can 
say just about anything over the air provid- 
ing they don't go too far. For example, you 
can broadcast ham -type "CQs" if you like. 
Additionally, there is no time limitation on 
how long you can talk (such as the five - 
minutes-on, five -minutes -off Class D recom- 
mendations). And if you want to tamper a 
bit with your transceivers, you don't need an 
affidavit from the FCC stating that you're a 
1st or 2nd Class commercial licenseee in or- 
der to do it. 

If you're a really eager non -license en- 
thusiast, here's a tip: Try to get a pair of sets 
equipped for Channel A (27.995 MHz), the 
hobbyists' favorite frequency. See Part 15 
Walkie- Talkies Channels table. If you're a 
CW eager- beaver, switch to Channel B 
(27.045 MHz). And if you really want to 
go all -out, you can wire -in a variable fre- 
quency oscillator (VFO) which will allow 
you to use any of the frequencies on the 
26.970 to 27.270 MHz band without crystals! 

Types Of Part 15 Units. With literally 
hundreds of different brands of walkie- talkies 
on the market, it's hard to tell exactly what's 
what. There seems to be an almost endless 
stream of them these days. They aren't all 
alike- sometimes you've probably deduced 
for yourself when you've looked at the $5 
units and compared them with look -alikes 
going for $39.95. 

For the most part, the bulk of the cheaper 
units are intended to be used as toys. These 
types are characterized by superregenera- 

tive receivers, plastic cases, single -channel 
construction, three or four transistors, and 
actual power levels as low as 30 to 50 milli - 
watts. While these sets are most certainly 
worth the $10 a pair or so cost, they should 
hardly be considered as a reliable means of 
communications by the serious user. For the 
kiddies, you can't beat them; a youngster will 
get just as big a charge from an $8 unit as he 
would from one costing $25. Additionally, 
the end result will be much the same after 
he's used the telescoping mast as a baseball 
bat or had a few antenna duels, or when he's 
taken it in the bathtub to test its underwater 
effectiveness! Even if you have the most ex- 
traordinary youngster in mind, he'll quickly 
lose interest when he realizes that it's his al- 
lowance money that has to be paid for new 
batteries when the set's gone dead and the 
novelty's worn off. 

Sets that sell for more than $15, however, 
are what you are after if you figure you'll 
ever really want to use them for actual radio 
communications. And, of course, these sets 
offer a bit more transmit -pizazz than their 
cheaper counterparts. 

As you go up the scale in price, you'll 
notice that various added features are incor- 
porated into the models. Most of the better 
types, such as Radio Shack's Realistic Super - 
het TRC -25 at $18.95, have a "Call -Alert" 
feature -a button that you can push to signal 
a distant station. A high -pitched tone tells 
your companion station that he'd better get 
to his unit for an in- coming message. Many 
of these same types feature "lock -in" trans- 
mitting so that you won't wear your thumb 
to the bone fighting the push -to -talk- button's 
mainspring during long transmissions. 
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These terrific 
totables are available 
in all shapes and sizes; 

everything from 30- milliwatt 
pipsqueak cheapies to 

relatively expensive 
S -Watt boomers. 

The big ones come complete 
with a host of features 

besides high power, such 
as tone -alert (see text), sev- 
eral switchable channels, and 

battery condition meters. 

Johnson 100- milliwatter 

70 ELEMENTARY ELECTRONICS 



More goodies to look for in Part 15 sets: 
range boosting in the audio circuits, multi- 
channel operation, a squelch control, 10 or 
more transistors overall, good noise limiting 
for high -noise level areas, push -pull receive 
audio, separate mike and speaker, and even 
provision for an external 117 -VAC power 
supply and /or battery charger. The "ulti- 
mate" Part 15 walkie- talkies even include a 
battery -condition meter that tells you ahead 
of time whether or not to charge or replace 
the cells! 

Always bear in mind, however, that the 
maximum power in any unlicensed set is go- 
ing to be 100 milliwatts and no more. Once 
this has been achieved, start looking to the 
receiver for added extras: you will be get- 
ting exactly what you pay for. Many of the 
extremely cheap sets look darned pretty from 
the outside, but don't buy until you find out 
what's happening inside. By the same token, 
certain unscrupulous overseas producers are 
packing many Part 15 units with "14 tran- 
sistors." Close inspection reveals that only 
five are working in the circuit; the other nine 
are mere duds -the second oldest gimmick 
in the book. 

Class D CB Walkie- Talkies. For true 
high -power operation, you'll want to "grad- 
uate" from 100 -milliwatters to something a 
bit higher powered. And here again, there 
are a host of units to choose from -priced 
anywhere from $29.95 for Radio Shack's 300 
mW unit to $79.95 for Lafayette Radio's 5- 
Watt boomer. Structurally, these sets are a 
bit more hefty than their Part 15 counter- 
parts -and for good reason. Most are con- 
structed with several times the innards, and 
they're generally built to take a beating. 
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Part 15 Walkie- Talkie Channels 
Channe A (most hobbyists) 26.995 MHz 

Channe B (the CW favorite) 27.045 MHz 

Channe C 27.095 MHz 

Channe D 27.145 MHz 

Channe E 27.195 MHz 

Channe F 27.235 MHz 

Channe G 27.245 MHz 

Channe H 27.265 MHz 
Channels are selected between Class D operating 
frequencies to avoid interference. 

These sets are largely produced by Ameri- 
can companies for the more sophisticated 
user. Many buyers are already licensed CB- 
ers with elaborate base stations. These boys 
can use the walkie- talkie for direct commu- 
nication with base as "KOD2239 Unit Two." 
On the other hand, the high -power units are 
also many people's first real experience with 
27 MHz CBing -and they can be quite sat- 
isfactory indeed. While you must pay an $8 
filing fee to the FCC and wait a few weeks 
for your license to arrive before you go on 
the air, invariably you'll find your walkie- 
talkies packed with the FCC form and full 
instructions. The manufacturer usually in- 
structs you on how to fill out the form and 
supplies you with plenty of reading material 
to acquaint you with CB while you're wait- 
ing for that license. And there is nothing 
stopping you from doing a bit of eavesdrop- 
ping on the band in the interim! 

The Lafayette Dyna -Com 5, for ex- 
ample, is sort of the Cadillac of presently - 
available Class D walkie- talkies. It contains 
all the features mentioned earlier and pro- 
vides a solid five watts of transmit power on 
any one of three CB channels. This set has 

Heathkit GW-52 

Knight C -555 

Realistic TRC -99 

Lafayette Dyna -Com 5 
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been known to communicate 15 -17 miles 
unit -to-unit through heavy interference; 
much more when the frequency is clear. A 
pair of these with all the extras will run you 
about $235.00. 

Actually, the list goes on and on. There 
are nearly 100 different models of Class D 
sets to choose from that take the form of 
walkie- talkies, and nearly all are worth every 
penny. 

Unlike the Part 15 units, there are few out - 
and-out gyp artists practicing in this area. 
Most of these high -power sets are solidly 
built and backed up by warranties. Once 
again, however, you're going to get exactly 
what you pay for. Consider first the al- 
mighty dollar and how much power you 
really need in your units, then go on to the 
"extras" such as battery- condition meters, 
range- boosting, etc. Many buyers seem to 
overemphasize the appearance of their sets, 
to the neglect of the actual power levels and 
communications capability. 

A word of warning. Do not try to link 
these sets to your 100 -milliwatt Part 15 set- 
up. Just because they look similar doesn't 
imply you can talk to anyone other than li- 
censed Class D base, mobile, or portable 
stations. 

Imports vs. Stateside Types. While its 
nice to say, "I'm not buying anything that 
isn't a brand name," you may have difficulty 
when it comes to walkie- talkies. Most of 
these sets -particularly the Part 15 unli- 
censed types -come in from Japan and the 
importers put their own brand names on the 
units. It's not unusual for the very same 
walkie- talkie to be selling under four or five 
different brand names . . . and at different 
prices! This isn't to knock the performance 
or quality of the sets, however; it's just to let 
you know that the only real brand names are 
from companies which are regularly engaged 
in selling other electronics gear. Some of 
these manufacturers: Amphenol -Sangamo, 
Demco, Fanon, GE, Hallicrafters, Heath, E. 
F. Johnson, Knight -Kit (Allied), Lafayette 
Radio, Pace Communications, Radio Shack, 
Raytheon, etc. 

Tip: Always get full information on the 
back -up guarantee of a set you intend to 
buy. You don't want to be mailing a $12.95 
walkie- talkie back to Japan (at a cost of 

$18.25) for repairs! If you can't have the 
guarantee cover servicing here in the United 
States, forget the whole thing. 

Watch out for walkie- talkies selling for 
"50 per cent" in those going- out -of- business 
novelty shops. You'll never get them serv- 
iced, and invariably there's something wrong 
with the sets in the first place. Addition- 
ally, intelligent comparison shopping will 
frequently reveal that a comparable guaran- 
teed set can be had by mail from reputable 
manufacturers for the same price -or less! 
Your best bet is always to rely on known 
electronics suppliers and mail -order houses. 

Fun & Games. While selecting your unit 
is serious business, you can still have a lot 

Designed especially for the Part 15 
CB DXer, this little General Electric job can 
be used with either mike or CW key. 

of fun with your walkie- talkies -providing 
you adhere to the FCC regulations as they 
apply to your type of set. 

For the unlicensed Part 15 -ers there are 
few restrictions to worry about. In fact, you 
can make up your own `official" callsigns 
for use at outings, field trips, hunting or fish- 
ing expeditions, etc. Just make certain your 
callsign isn't similar to an established FCC 
ham or CB call- something on the order of 
"N -880 calling N -881" is OK. 

For Class D walkie- talkie operations, you 
must be familiar with FCC regulations that 
are the same as if you were operating a regu- 
lar 5 -watt rig. But either way, walkie- talkies 
offer the ultimate in low -cost portable com- 
munications and are a lot of fun. And 
whether your requirements are for serious 
communications or low -powered fun and 
frolic, there's a little rig on the market with 
your name on it. 
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Alouette, Gentille Alouette... 
FRENCH CANADIAN FOLK SONG 

Space -age Canadians give Uncle Sam a hand at satellite tab -keeping 

Courtesy National Research Council of Canada 

One of Canada's contributions to coop- 
erative space research with the United States 
is the staffing and maintaining of a satellite 
tracking station at Stiles Cove, Newfound- 
land. 

The station, which celebrated its sixth 
anniversary - last August, is operated as part 
of the Satellite Tracking and Data Acquisi- 
tion Network (STADAN) of NASA. 

The National Research Council's Space 
Research Facilities Branch has been respon- 
sible for the administration of the station 
since 1966. Prior to that it was administered 
by the Radio and Electrical Engineering 
Division of NRC. 

In its brief lifetime, 55 different satellites 
-two of them Canadian -have made thou- 
sands of passes within range of the station's 
data receiving and recording instruments. 

The purpose of a STADAN station (there 
are 13 around the world) is to determine 
the angular positions of satellites or other 
vehicles coming into its field of vision, to 
receive and record data transmitted from 

lrahirlPe and to iccne enmmands re- 

Baker's Dozen. The St. John's station 
employs a total of 13 antennas arranged as 

interferometers for recording the position of 
satellites passing over the station. For telem- 
etry passages, two antennas are used for 
receiving data from satellites and three an- 
tennas are used for command transmissions 
to satellites. 

An average satellite is in view of the sta- 
tion at predicted times for as long as 20 
minutes on each orbit. Such a passage will 
be repeated three or four times at perhaps 
two -hour intervals followed by a much long- 
er period in which no passages occur within 
the station's range. Thus, on certain days, 
it is possible for the station to be handling 
six to eight satellites involving 30 to 40 sep- 
arate operations. 

A typical day's operation for the 24-man 
station staff, working in three shifts, would 
include 20 interferometer recordings of sat- 
ellite positions, 20 telemetry passages during 
which data is received from -and commands 
sent to -the satellites, and perhaps half a 
dozen camera shots of satellites against star- 

garding the operation of such vehicles. 
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Keeping In Touch. Since 1961, there 
have been more than 20,000 interferometer 
trackings and more than 13,000 telemetry 
contacts with satellites by the St. John's 
station. 

In the last two years approximately 200 
passes each for the Canadian satellites Alou- 

ette I and Alouette II have been tracked to 
give accurate orbital information. 

During the same period, some 600 telem- 
etry recordings have been made of Alouette 
I data and additionally, over 3000 on Alou- 
ette II. 

Positive information and telemetered data 
is forwarded to the Goddard Space Flight 
Center, near Washington. This is the control 
center for the 13 STADAN stations in Aus- 
tralia, North and South America, South 
Africa, England, and Hawaii. 

This big eye on the sky photographs satellites in their night -time passings by. 
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SWL's EI Dorado 

What could conversationally be called the 
ultimate in multi -band receivers has recently 
hit the marketplace. Frequency coverage of 
20 kHz to 1000 MHz in 16 bands may just 
make this the idle -rich SWL's Cadillac as it 
were. Actually, this Fairchild Camera Corp. 
system is not really designed for the hot - 
eared shortwave snoop but is more prosaical- 
ly called upon to analyze the radio spectrum 
and produce an output displayed on graph, 
scope, and even heard on a loudspeaker for 
the nosy. Oh well, if owning a rig like this 
can only be wishful thinking for an itinerant 
SWL, a guy can dream, can't he? 
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Color sync has been the 
cause of many a good 
man's cop -out, but take 
heart! Here's what to do 

Of all the troubles that attack the color TV 
screen, running hue is one of the easiest 
to spot. It produces a number of weird pat- 
terns, but there's always one revealing symp- 
tom -color seems to separate from the black - 
and -white image. The monochrome picture 
keeps operating normally while color washes 
in waves across the screen. Stripes can drift 
horizontally, vertically, or diagonally. They 
might rush by at dizzying speed or float lazily 
to and fro. Worse yet, width of roaming color 
stripes often varies from narrow to broad. 

This classic symptom- separation of color 
from the black- and -white picture -is strong 
evidence that the problem is "lack of color 
sync" (synchronization). A similar effect in 
a black -and -white receiver is uncontrolled 
vertical rolling, or a slashing of the image 
into horizonal lines. In those troubles, the re- 
ceiver's vertical and horizontal stages are not 
in step with signals transmitted by the TV 
station. When color sync is lost, the receiver 
also fails to mesh with transmitted signals. 

Sync -ing Fast. There's good reason why 
the color set must latch onto the transmitting 
station. When today's color system was ap- 

proved, the FCC decided color 
must not interfere with regular 
black- and -white reception. To 
fulfill the requirement, engineers 
created a vehicle to carry color in 
a manner the black- and -white set 
would ignore. They came up with 
the "color subcarrier." When 
color voltages from the studio 
camera are modulated onto a fre- 
quency of 3.58 MHz, the color 
subcarrier, it was found they 
would drop into "holes" already 
existing in the black- and -white 
signal. Now color and mono- 
chrome receivers could co -exist 
in a compatible system. 

But the color receiver must 
have special circuits to recover 
the subcarrier. Reason is that 

color modulation is transmitted, but the 
subcarrier remains behind. (Color modula- 
tion exists just above and below 3.58 MHz.) 
This system proves technically economical. 
Since the subcarrier is killed at the transmit- 
ting end (after it's done its job of creating 
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By Len Buckwalter, K1ODH 

color modulation frequencies), it simply 
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Fig. 1. Color sync circuits are enclosed in dotted 
line. To maintain correct color on screen, both 
frequency and phase of 3.58 -MHz Oscillator is 

locked -on to station signal. 

isn't present to interfere with black -and- 
white reception. The color receiver, how- 
ever, must create a local subcarrier to serve 
as a key for decoding, or demodulating, the 
original color signal generated at the studio. 

Just Like CW. This action can be com- 
pared to tuning a ham or shortwave receiver 
for code reception. Code enters the receiver 
as a radio- frequency signal which can't be 
fed directly to the speaker. So the receiver 
provides a local radio signal (from a BFO, 
or beat -frequency oscillator) and the result- 
ing mixture creates an audio tone. In the 
color receiver, the subcarrier reconstructs the 
original camera signals so they can be fed 
to the picture tube. 

Because of incredible accuracy needed for 
good color, the color circuits have a few re- 
finements. 

For one thing, the station transmits only 
a tiny sampling of the 3.58 subcarrier. Since 
it's about 8 cycles long, it's aptly called the 
"burst." So brief is the signal that it can be 
squeezed in during the time the screen is 

dark for a fraction of a second at the end 
of each horizontal scanning line. The burst, 
though, is long enough to inform the receiver 
of the correct subcarrier frequency. This is 

the initial step in synchronizing color be- 
tween transmitter and receiver. 

As for that subcarrier, the color receiver 
generates its own on 3.58 MHz. It's done 
with a stable, crystal -controlled oscillator. 

Nevertheless, the oscillator can't approach 
the required accuracy, and the incoming 
burst is used to kick it on frequency. 

Another element of the color sync system 
is a control "loop." As we'll see, this will tie 
the incoming burst -the reference -to the 
local crystal oscillator. Anything which dis- 
turbs this system causes running color, an 
aimless spilling of tints off the basic black - 
and -white image. 

A Trip On AFPC. In Fig. 1 is a block dia- 
gram of major stages for color sync. This 
is the set's AFPC, or Automatic Frequency 
Phase Control system. As the name implies 
it controls both frequency and phase of the 
receiver's locally generated subcarrier. Ac- 
tually, frequency and phase are mostly a 
matter of degree. When the oscillator is a 
few dozen cycles above or below 3.58 MHz 
the system may be considered controlling fre- 
quency. 

But as the burst signal and oscillator start 

Fig. 2. Poor sync or runny color can sometimes 
be traced to a defective antenna or lead -in. Flat 
twin -lead exposed to the elements is 

especially subject to color -wrecking damage. 

to get into step, the control system operates 
on the more precise level of phase; that is, 
both signals must begin at zero at exactly 
the same instant, then alternate through 360 
degrees together. Unless locking action is 
total, picture hues may shift toward the 
green or purple end of the scale. Major func- 
tions of the color -sync section, blocked in 
Fig. 1, are as follows. 

Burst Amp. An incoming colorcast 
travels through the conventional part of the 
receiver at upper left. Note that it is basi- 
cally a black- and -white receiver that feeds 
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Fig. 3. Before tearing into the color TV to look 
for causes of poor color sync, make sure that all 
the controls are properly set- especially 
the horizontal hold control. 

the specialized color circuits found below. 
Synchronizing action begins as an incoming 
burst signal reaches the Burst Amp. This is 

the rapid -fire group of cycles sent as a refer- 
ence by the TV station and thus they become 
the reference for the complete control sys- 
tem. They are strengthened by the Burst 
Amplifier before proceeding further. Notice 
that the burst is next applied to the Phase 
Detector. 

Phase Detector. An electronic com- 
parison occurs here. The stage is designed 
to accept two signals, then produce one out- 
put voltage which encodes any differences 
between the original signals. The burst is 

one signal; the other is from the 3.58 MHz 
Oscillator. 

3.58 MHz Oscillator. This crystal -con- 
trolled oscillator generates the local color 
subcarrier. As mentioned earlier, it is stable, 
but not accurate enough. A small portion 
of oscillator signal is sent to the Phase De- 
tector as a 3.58 MHz sample. The Phase 
Detector is now receiving two signals for 

Fig. 4. Another adjustment that can affect color 
sync is the AGC. Here, control is located behind a 
front -panel knob, though usually its on 
ftie rant aaron. Set AGC as described in text. 

comparison and it produces an output 
(shown as the DC correction). 

Reactance Control. This tube serves as 

an electronic tuning capacitor, much the 
same as the tuning capacitor used to tune 
any radio. Only it has no moving plates. Its 
capacity can be controlled by the DC cor- 
rection voltage supplied by the Phase Detec- 
tor. Further, the Reactance Tube is con- 
nected as a variable capacitor across the tun- 
ing circuits of the 3.58 MHz Oscillator. 

To sum up the overall action of Fig. 1: an 
incoming burst signal is compared with the 
local 3.58 Oscillator at the outset. The Phase 
Detector senses error between the two, then 
operates the Reactance Control. Capacity 
changes then re -tune the 3.58 Oscillator until 
it is on the exact subcarrier frequency. Note 
that the oscillator produces a continuous sig- 
nal, though it is being controlled by the burst. 

40 

.110 

Fig. 5. Tubes account for most sync circuit 
troubles. They will usually all be found on the 
set's chroma board; checking by substitution 
is the easiest way to find a bad one. 

The 3.58 signal, now precisely correct, goes 
to the Color Demodulators which produce 
correct voltages for operating the picture 
tube guns. At this point, any loss of sync de- 
taches color from the black- and -white image. 

Manual Control. When color sync acts 
up, there are a couple of initial checks which 
will determine whether it's caused by some- 
thing outside the chassis. We'll assume the 
set is receiving a normal black- and -white pic- 
ture in order to rule out problems which 
might originate in other sections of the re- 
ceiver. The antenna and lead -in (Fig. 2) 
are also considered to be in good condition 
and aren't deteriorating the color signal be- 
fore it enters the receiver. 
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Turn to a color program and carefully ad- 
just the fine -tuning control. This is critical 
to stable color reception since it places the 
burst into correct position within the set's 
tuning circuits. If the burst is attenuated, it 
won't be available to control the crystal os- 

cillator. Another adjustment that might 

PHASE DETECTOR, CHROMA BOARD- 

JEMCD_LATL7 

I t. 

`f; r 
DEMODöLAIOR 

''_,, 

COLOit j COLOR t 
AMP * s, AMP .. 

! \ amir 

BURST AMP REACTANCE 3.58MHz 
CONTROL OSCILLATOR 

Fig. 6. On this typical chroma board, stages 
directly concerned with color sync are shown in 
solid circles. Poor sync is usually caused by 
one or more of these tubes being defective. 

affect the burst signal is the horizontal hold 
control (Fig. 3) . 

Though these circuits occur in different 
sections of the receiver, there is some inter- 
action. You may recall that a burst occurs 
at the end of every horizontal scanning line. 
To help keep the Burst Amplifier firing prop- 
erly, it is locked into the set's horizontal scan- 
ning section. Mistuning of the horizontal 
hold control is apt to disturb the timing. For 
this reason, always set the horizontal hold 

DC 

CORRECTION 

{ 

3.58 

XTAL 

0 

JUMPER 

GND REACTANCE 

CONTROL 

Fig. 7. If tubes are not the problem, shorting 
the grid of the reactance tube to ground may 
isolate trouble. Manufacturer's service 
literature may be needed to locate test point. 

so the picture is centered on the screen. 
(You'll note the hold is able to shift the pic- 
ture slightly left or right before the image 
breaks up.) 

Consider The Killer. Another adjustment 
to check is the Color Killer. This circuit 
doesn't directly participate in color sync but 
it could have an effect. The "killer" is a stage 
which closes off the receiver's color stages 
during black- and -white reception to keep 
color from accidentally spilling through and 
disturbing the image. 

If the killer is set at a critical point, it's 
possible for a part of the color signal to be 
wiped away, which could lead to unstable 
operation. Turn the control fully off to 
check if this is the sync problem. The cor- 
rect setting is one that doesn't produce col- 
ored "confetti" on the screen when the set 
is tuned to an unused channel. Location of 
the killer control is usually along the rear 

Fig. 8. If color sync improves when reactance 
tube grid is grounded, reactance and oscillator 
stages are probably alright. Be careful not 
to disturb yoke components while working on set. 

chassis apron: on some sets it's accessible 
when one of the front -panel knobs is re- 
moved. 

Finally, check the AGC (automatic gain 
control) adjustment if the set has one (Fig. 
4). Should AGC be set too high (thereby 
severely reducing gain of the receiver's front - 
end), there could be partial clipping of the 
color signal. The usual adjustment for AGC 
is done while viewing the strongest local 
channel. The control is turned until the 
picture starts tearing or turns negative, which 
indicates overload. Then the control is re- 
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Fig. 9. Alignment of transformers in the color 
section should not be disturbed since realignment 
is complicated. However, transformer 
windings can readily be checked for continuity. 

JUMPER _ PHASE 

BURST 

AMP 

-28'JDC 
TRANSFORMER 

VTVM 

One useful test point indicates whether the 
fault is in the Burst Amp and Phase Detec- 
tor stages or the Reactance Control and 3.58 
Oscillator stages. If the simplified diagram in 
Fig. 7 is traced, it is seen that a test point 
(A) occurs in the grid of the Reactance Con- 
trol tube. This is the stage that acts like a 
variable capacitor across the oscillator and 
continuously adjusts frequency with a DC 
correction voltage. 

The test point enables you to ground the 
DC correction voltage and observe certain 
effects. Watch the color picture when you 
ground the test point with a clip lead to the 
chassis (Fig. 8). If it improves color sync - 
color stops moving through the picture -it's 
a good sign the Reactance Control and oscil- 
lator stages are not at fault. 

No Reactance Volts. During this test, 
you removed the action of the Burst Ampli- 
fier and Phase Detector from the circuit. 
Further, in grounding the test point, you 

DETECTOR 
+28VDC 

DC 

CORRECT ION 

tarded slightly until a normal image is ob- 
tained. If these preliminaries don't cure a 
case of color instability, the back cover of 
the set is removed for the next step. 

Troublesome Tubes. As in most other 
circuits, tubes account for the bulk of color - 
sync faults. You can locate tubes (Fig. 5) 
associated with color sync by examining the 
set's chroma (or color) board. It's usually 
a subchassis or printed circuit that bears 
most circuitry for processing color signals. 
The layout of a color board used in a recent 
Westinghouse receiver is shown in Fig. 6. 
When color sync acts up, check those tubes 
by substituting known good ones before 
probing more deeply into the set. 

Manufacturers often provide convenient 
test points on a color chassis to help pinpoint 
troublespots. Thus, it's a good idea to obtain 
the service literature for a particular set if 
you wish to probe further into a color sync 
problem. 

3.58 MHz 

SAMPLE 

Fig. 10. To determine if Burst Amp 
and Phase Defector are 
working properly, ground the Burst 
Amp grid os shown, then measure 
the voltages (with a VTVM) on 
the transformer side of the diode. 
The actual voltages will vary from set 
to set, but should be equal 
and of opposite polarity. 

placed zero volts on the grid of the React- 
ance Control stage, a voltage which is about 
right during normal reception. If color sync 
improves, you have proved that both react- 
ance and oscillator stages are capable of 
approximately normal operation. 

We say "approximate" since color may 

COLOR 

AMP 

BANDPASS 

e/TAP-OFF 
AMP 

BURST SIGNAL 

BURST 

AMP 

TO 

COLOR 

DEMODULATORS 

TO PHASE 

DETECTOR 

Fig. 11. The next circuit to have a c ose look 
at is the Burst Amp. If Phase Detector voltages are 
incorrect, perhaps the burst signal h being 
interrupted between Color and Burst Amp. The 
only way to find out is with a scope. 
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not lock completely in place, but possibly 
drift slowly across the screen. If you get 
this action, shift suspicion to the burst and 
detector stages. Measure tube -socket values 
of voltage and resistance to find the faulty 
component. Leaky capacitors are frequent- 
ly the trouble, followed by resistors which 
have changed value (rarely will a 3.58 crystal 
go bad). Alignment of various coils or trans- 
formers in this section (Fig. 9) shouldn't 
be touched unless you've exhausted all other 
test possibilities. 

Slap In The Phase. One shortcut helps 
tell whether Phase Detector or Burst Amp is 

at fault. In Fig. 10 is a simplified schematic 
of these stages, as used in an RCA color 
chassis. During operation, the Burst Amp is 

boosting the received burst signal and apply- 
ing it to the Phase Detector. Here the signal 
is split in the transformer leading to a tube 
with a pair of detector diodes. At the same 
time, a 3.58 MHz Sample is applied to the 
other side of the diodes. This circuit corn- 

(Continued on page 115) 

15 V701, PIN 6 40V.P -P 

17 V705. PIN 3 100V.P -P 

11_.11I ,' 
20 V702, PIN 1 65V.P -P 

otwilliONINIMmo 

16 V701. PIN 2 4V.P -P 

18 V705, PIN 2 15V.P -P 

21 V702, PIN 5 200V.P -P 

I 11IIIII 1II I1 

23 V703, PIN 6 100V.P -P 

Fig. 12. Typical service literature provides waveforms at different circuit points so that 
burst and other signals can readily be traced through various stages with an oscilloscope. 
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I) Load your rig with this one and for 
a fact the dummy won't be you! 

By Edward A. Morris, WA2VLU 

Bring up the subject of dummy loads with 
a group of average Hams or CBers, and 

you are likely to find that most are still using 
common light bulbs as a substitute for a 
good dummy load. Granted, they are inex- 
pensive and readily available, but they also 
make darn poor dummy loads! This is espe- 
cially true over 30 MHz, where they are 
usually more reactive than resistive! 

What can you do about it, aside from 
sneaking into the old sugar jar to pay for a 
good commercial unit? Build our 100 -watt 
Scrooge Special dummy load! It's low cost 
is achieved through the use of four surplus 
tin- oxide, glass resistors. New, these resistors 
run several dollars each, so total cost will be 
somewhat more if surplus resistors aren't 
used. 

construction of a dummy load which has all 
the sought -after features of a good, resistive 
RF load, at a cost not much greater than the 
light bulbs it replaces. 

Fully shielded, it will not, unlike a light 
bulb, radiate interference -causing stray RF 
energy. Its precise 50 -ohm input impedance 
matches the output impedance of today's 
transmitters to a tee. Its simple, easy -to -build 
design makes it a one -evening project and 
with adequate ventilation provided by the 
vent holes, it can dissipate 100 watts con- 
tinuously. And finally, our Scrooge Special 
will demonstrate a VSWR of under 1.5:1 at 
150 MHz if reasonable care is used in as- 
sembly. 

Putting It Together. Although construc- 
tion is simple, the parts layout is critical and 
the load resistors, RI and R2, are also critical These non -inductive resistors permit the 
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SCROOGE SPECIAL 

components. Do not make any substitutions 
for these parts. In general, to obtain best 
results it is suggested that you carefully 
follow the layout presented here. Parts place- 
ment can be determined from the photo- 
graphs. 

The dummy load is built into a 5 x 4 x 3- 
in. aluminum chassis box. Begin construc- 
tion by laying out and marking the spots to 
be drilled. The use of a T- square here should 
help to make things a bit easier, as well as 
producing more accurate placement of holes. 

Due to the large number of vent holes to 
be cut, simplify matters and use a Greenlee 
chassis punch to make these holes, if one 
is available. The vent holes can also be cut 
with a hand nibbler. After you have finished 
the mechanical work on the case, de -burr 
all holes and cutouts. 

The case can then be prepared for paint- 
ing. Begin by cleaning the case well with 
soap and hot water to remove all traces of 
dirt and oil. If the case is particularly dirty, 
give it a good going -over with cleansing 
powder. Just a trace of an oil film on the 
surface of the aluminum will prevent the 
paint from making a good bond. 

Case Painting. Next spray on several 
light coats of an aluminum primer paint. 
Be sure to follow the directions on the can. 
After the primer has thoroughly dried, apply 

}IN. 

STAND -OFF 
INSULATOR 

To obtain best SWR ratio, mount resistors 
exactly as shown in photo. Stand -off insulator holds 
one end of the resistors, with the center and 
ground contact of JI holding the other. 

the finish coats of paint. Don't try to cover 
the entire surface with but one or two coats 
of paint. Instead, spray on very light, thin 
coats of paint, allowing each coat to dry be- 
fore applying the next. Repeat the process 
several times until you have built up a 
smooth, hard finish. 

Next cut the perforated aluminum ventila- 
tion -hole covers to size. The aluminum can 
easily be cut with a pair of ordinary kitchen 
scissors. Mount the aluminum strips over 
the vent holes with 4 -40 hardware. 

The four rubber feet are attached to the 
case with the same hardware used to mount 
the aluminum strip on the bottom of the 
case. Self- tapping screws may be used. 

Now mount connector J1, the handle, 

1-IN. 
#18 DRILL ( 1695 IN.) 

ilk IN (2 RED. 

TOP 

+IN. 
}IN. 

iIN. ONE 

ñIN. 

i IN.DIA. 

¡ N. 
HOL 

RIN. 

ONE #33 DRILL - 

HOLE IN CENTER OF BACK 

FRONT 

I IN.TYP 

#33 DRILL (.113 IN.)(29 RED.) 
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BOTTOM 

+IN. 

Laying out and cutting the many holes required for proper ventilation is the biggest job. 
After all ho /es are cut and deburred, apply several coats of spray paint to the case. 
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PARTS LIST 
J1 -RF connector, single hole mounting, type 

SO -2395H (Lafayette 42H6907 or equiv.) 
R1, R2, R3, R4 -50 -ohm, 100 -watt, 1 % non - 

inductive resistors (Corning Glass R -35* or 
equiv.) 

1- 5x4x3 -in. aluminum chassis box (Lafayette 
12H8389 or equiv.) 4- Rubber feet, % -in. dia. (Lafayette 13H6035 
or equiv.) 

1- Equipment handle (Allied Radio 42E8078 
or equiv.) 

Misc. -Wire, solder, perforated aluminum, nuts, 
bolts, spray paint, insulated terminal lug, etc. 

*Available from John Meshes, Jr. Surplus, 19 Allerton 
St., Lynn, Mass. 01904 

R1 R3 

Wire resistors together as shown in schematic, 
then install in chassis box. 

ground lug, and the insulated terminal post 
as shown in the photo. 

Finishing Up. Carefully note the physical 
placement of the load resistors R1 through 
R4. These resistors are supported by the 
connecting wires to connector JI and the 
ground lug on one side of the case, and to 
the insulated terminal lug on the other side. 
The sole purpose of the insulated terminal 
lug is to support the load resistors, no other 
wires or components are connected to it. 

To speed construction, first wire the load 
resistors together per the schematic. After 
having completed this, they can then be 
wired into the case. Be sure to refer to the 
photos for the exact placement of these re- 
sistors. Try to keep the same spacing be- 
tween the resistors and between the walls of 
the case as shown, as this will ensure cor- 
rect resistive impedance values and mini- 
mum VSWR. 

Be careful when handling and installing 
these resistors. Though they are quite rugged, 
they are deposited on a glass form. If excess 
strain is placed on them -well, you have 
been warned! 

When the Scrooge Special is completed, 
check to be sure there are no cold solder 
joints, accidental shorts, and that the unit is 
wired according to the diagram. As a final 
check, measure the resistance between the 
center pin of connector JI and ground. This 
resistance should be exactly 50 ohms. OK? 
Now put those light bulbs back in the lamps 
where they belong. 
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MIDGET 
WIDGET 

PACKED IN PLASTIC 

Miniaturization has primarily taken 
the form of integrated circuitry, 

but other research has been directed at 
miniaturizing discrete components. In 
this effort, Motorola comes to the mar- 
ket place with a new line of tiny transis- 
tors suitable for many uses such as in 
hearing aids, electronic watches, and 
satellites. Labeled the Micro -T, these 
little plastic encapsulated transistors 
are so small that 144 of them can com- 
fortably be placed on a 21 /2 -in. square 
printed- circuit board. In discrete circuit 
applications, their small size can effect 
as much as a 50- percent size reduction 
as compared to standard transistors 
while offering the performance and 
flexibility of discrete -device design. 
Slated as an ideal transistor for use in 
thick -film and unitized circuit assem- 
blies, Micro -T has a small price to go 
along with its size -about $1.60 or so if 
you can use a hundred. 
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DISCOVER THE EASE AND EXCITEMENT 
OF TRAINING AT HOME THE NRI WAY 

New Achievement Kit - Custom 
Training Kits -"Bite Size" Texts 

Only NRI offers you this pioneering method of simpli- 
fied "3 Dimensional" home -study training in Electron- 
ics, TV /Radio and Broadcasting /Communications. It's 
a remarkable teaching idea unlike anything you have 
ever encountered, the result of more than half a cen- 
tury of simplifying, organizing and dramatizing learn - 
ing -at -home techniques. If you are an ambitious man 
-regardless of your education -you can effectively 
learn the Electronics field of your choice the NRI way. 

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

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

NRI has dramatized Electronics through the careful 
development of special training equipment that is 
programmed into your training systematically ... be- 
ginning with your first group of lessons. Things you 
read about come alive in your hands as you build, ex- 
periment, purposely cause "problems" in circuits - 
and solve' them. You learn to use test equipment, to 
build radios and TV sets, transmitter, or computer 
circuits. It's the priceless "third dimension" in NRI 
training ... practical experience. 

More than 50 years of leadership 
in Electronics Training 

YOU GET MORE FOR 

YOUR MONEY FROM NRI 
Mail postage -free card now for your free NRI catalog. 
Then, compare. You'll find -as have thousands of others 
-NRI training can't be beat. Read about the new 
Achievement Kit sent the day you enroll; about "bite - 
size," texts and custom designed training equipment. 
See why NRI gives ybu more value. Whatever your reason 
for wanting more knowledge of Electronics, NRI has an 
instruction plan for you. Choose from major programs in 
TV /Radio Servicing, Industrial Electronics and Complete 
Communications. Or select from 
special courses to meet specific 
needs. Check the course of inter- 
est to you on postage -free card 
and mail today for free NRI cata- 
log. Nosalesmanwill call. NATIONAL 

RADIO INSTITUTE, Electronics Div., 
Washington, D.C. 20016. 

AvailableUnder 
NEW 

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

Career? Part -Time Earnings? Hobby? Choose From 12 Training Plans 
5. MATH FOR ELECTRONICS - Brief 1. TELEVISION -RADIO SERVICING - 

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

2. INDUSTRIAL- MILITARY ELECTRON- 
ICS - Basics to computers. Starts with 
fundamentals, covers servos, telem- 
etry, multiplexing, phase circuitry, other 
subjects. 

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

4. FCC LICENSE * - Prepares you for 
1st Class FCC License exams. Begin 
with fundamentals, advance to required 
subjects in equipment and procedures. 
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course for engineers, technicians seek- 
ing quick review of essential math: 
basic arithmetic, short -cut formulas, 
digital systems, etc. 

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

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

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

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

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

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

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

*You must pass your FCC License 
exams (any Communications course) or NRI 
refunds in full the tuition you have paid. 
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...ín án avalanche with a lodestone 
Skiers and mountain climbers buried in 

snow avalanches now have greatly in- 
creased chances for discovery and survival. 
Sole catch is that they must be equipped with 
a special magnet (made by Arnold Engineer- 
ing) which rescue crews can quickly detect 
with a portable magnetometer (itself a devel- 
opment of Varian Associates). 

Worn on the person of the skier, the mag- 
net guides the detection -unit -bearing rescue 
team to the buried skier's location. The de- 
tection unit consists of the portable magnet- 
ometer, a pole- mounted sensor, and head- 

phones. The sensor is designed so its output 
signal changes tone at the recognizable rate 
of 5Hz per gamma as the magnetic field 
varies. 

When an avalanche victim equipped with 
the ski magnet is approached, the magnetic 
field changes rapidly and results in wide va- 
riations in audible tone. A simple cross - 
pattern of search over the suspected area 
readily locates the spot where the tone 
changes most abruptly, pinpointing the exact 
location of both the buried magnet and the 
victim. 

Arnold Engineering's magnets and Varian Associates' 
magnetometer form team to locate buried skiers. 

Worn on ski boots, small cylindrically -shaped mag- 
nets can be defected at distances up to 18 lt. away. 
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0/6 TEST GEAR 

KNIGHT -KIT Model KG -686 

Solid- State, Calibrated 

RF Signal Generator 

Nearly every experimenter and most serv- 
ice technicians have a dream shop with all 
the test instruments they ever wanted. Most 
likely, the calibrated RF signal generator is 
on everyone's dream list, for it is the only 
way to accurately measure sensitivity, selec- 
tivity, image rejection, CW sensitivity and 
input -to- output level of receivers and trans- 
ceivers- whether Ham, CB or SWL -not to 
mention home brew convertors and pre- 
amplifiers. 

But the calibrated generator need no 
longer be a "dream" representing an invest- 
ment of several hundred dollars, because 
Allied Radio's Knight -Kit Calibrated RF 

F 
VFO OSC 

L_ 

BUFFER 

i 

1MHz 

XTAL OSC 

XTAL 
CAL 

MIXER 

100KHz 

OSC 

AUDIO AMP 

Generator, Model KG -686, is budget -priced 
at only $95 in kit form. 

The KG -686 covers the range of frequen- 
cies from 100 kHz to 54 MHz in five bands 
on fundamentals. Six switch- selected atten- 
uators in combination with a variable (fine) 
attenuator allows the user to select any out- 
put voltage from 120,000 uV down to 0.5 
uV when the generator is terminated into a 
50 -ohm load. When the generator output 
feeds a high impedance, the maximum out- 
put voltage is substantially greater than 
120,000 uV, the exact value depending on 
the band in use. The actual output voltage 
is indicated by combining the amount of 
switch- selected attenuation with the front - 
panel meter reading. 

The output RF signal may be either un- 
modulated, internally modulated with ap- 
proximately 400 Hz, or externally modu- 
láted via panel- mounted binding posts. The 
modulation level is adjustable from zero to 
50 percent, the exact modulation depth in- 
dicated by the output /modulation meter. 

Both a 100 kHz and a 1 MHz crystal cali- 
brator are provided -primarily for accurate 
dial calibration of the VFO. A "beat de- 
tector" amplifier and speaker is part of the 
generator and allows the user to easily cali- 
brate the VFO dial against the crystal stand - 
ard(s). A BNC- connected 50 -ohm loaded 
cable is used for the RF output connection. 

How It Works. The circuit operation for 
the KG -686 is shown in the block diagram. 
The VFO feeds an emitter follower used as 
a buffer amplifier to reduce frequency 

OSC MOD SUB ASSEMBLY 

SPKR 

MODULATOR t 

A _ 1 

f 

- 

o 

LAUDIO OSC 

Q 

ATTENUATOR 

METER AMP 

Containing all the elements of a lab -grade instrument, fhe KG -686 is a fine performer. 

RF OUT 

METER 
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KNIGHT -KIT KG -686 

changes caused by the adjustment of the 
RF level control. The emitter follower feeds 
the modulator whose RF output is fed to 
both the meter amplifier (and meter) and 
the attenuators. When the attenuator output 
is terminated in 50 ohms, the combination 
of meter reading and attenuator loss indi- 
cates the exact RF output level at the RF 
output jack. 

The 1 -MHz crystal -controlled calibration 

tion calibration to the desired amount. 
Assembling The Kit. While the idea of 

a calibrated generator construction might 
strike you as formidable, such is not the 
case. In fact, the Knight -Kit KG -686 is a 
rather easy assembly by any standards, due 
primarily to rather thorough component 
packaging. As examples, all resistors and 
diodes are supplied mounted on keyed cards; 
all wires are color- coded, pre -cut to size and 
tinned. The hardware, of which there is a 
considerable quantity, is packaged separate- 
ly, the small screws and nuts in one package, 
medium screws in another, etc. 

The generator is built in two sections; the 

FINE 

ATTENUATOR 
CALIBRATION 

SPKR 

OUTPUT/MODULATOR METER 

POWER %FMR 

The oscillator, buffer, and 
modulator stages are wired as a 

separate assembly which is 

mounted on top of the main chassis. 
This arrangement provides for 

better frequency stability. 

OSCILLATOR COILS 
BU 

OSCILLATOR 

ASSEMBLY 

oscillator output is fed to the 100 -kHz os- 
cillator, where the 1 -MHz frequency is di- 
vided by ten. The 100 -kHz oscillator is 
therefore "locked" to every tenth pulse from 
the 1 -MHz oscillator, thereby obtaining an 
exact harmonic relationship between the two 
calibration frequencies. 

The output of the calibration oscillators 
is combined with a sample of the VFO out- 
put from the buffer stage. The two signals 
are fed into the mixer, a non -linear ampli- 
fier /mixer. The resultant "beat note" is am- 
plified by the audio amplifier and passed on 
to the speaker. 

The audio oscillator is used to modulate 
the RF output. The AF signal is fed to the 
modulator through a level control, and a 
modulation adjust control. The level control 
determines the reading of the modulation 
meter and the percent modulation. The 
modulation adjust sets the overall modula- 

main chassis contains everything except the 
oscillator, buffer, and modulator which are 
on a separate chassis. 

Both sections use an instrument -type com- 
ponent layout whereby most of the com- 
ponents connect from one terminal strip 
directly to another in a straight line. This 
arrangement sharply reduces the possibility 
of a wiring error. 

The one difficult spot in the assembly is 

the oscillator coils, whose terminals are ex- 
tremely fragile. Use extra care when in- 

stalling the coils on the band selector switch. 
Just a little too much pressure will cause 
the terminals to pull out of the coil form. 
The connections to the coil itself won't break 
so easily but the coil will be hanging free, 
causing possible frequency instability. 

Alignment. You will need access to a 
VTVM and a wide -band (TV type) scope 

(Continued on page 116) 
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continental DX 
Old world /New look - By C. M. Stanbury 11 

MARCH-APRIL, 1968 

European SW Broadcast stations are 
usually the easiest for NA listeners to 

hear, the easiest to QSL and, generally 
speaking, the dullest. But during the past 
couple years, several interesting develop- 
ments have appeared on the scene which 
should provide important targets for every 
DXer and SWL. 

Ever since World War II, high -powered 
privately -owned stations in tiny countries 
like Andorra have been pulling in big profits 
from the larger (and richer) European na- 
tions where commercial broadcasting was 
almost unknown. When the pirates came 
along a few years ago, the business really 
boomed. And now that most of the pirates 
have been forced out of business, stations 
like R. Andorra have the field all to them- 
selves. 

In the spring of 1967, R. Andorra (the 
oldest broadcaster in this mountain top re- 
public) set up a London office (M. Bailey - 
Watson Esq., 82 Chelsea Manor St., London 
SW3) and began looking for the medium - 
wave frequency which would be best re- 
ceived in England. At last report this was 
701 kHz. But of even more interst to NA 
DXers is another Andorran station -Sud 
Radio, the newly renamed R. des Vallees, 
which recently reactivated its SW outlet on 
a test basis. Watch for it very late after- 

Abbreviations 
DX long distance, distant (contact or 

country) 
DXer Long distance radio transmission 

listener 
EST Eastern Standard Time 
FBC Finish Broadcasting Company 
Ht 031 Hellenic National Broadcasting 

Institute 
kHz kilohertz (kilocycles) 
kW kilowatt 
NA North America(n) 
QRM noise or signal interfering with desired 

signal 
QSL decorated post card or letter from sta- 

tion acknowledging reception report 
R. Radio (as in Radio Sofia) 
SW shortwave 
SWL shortwave listener 
VOA Voice Of America 
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noons on 6195 kHz. R. Andorra's 701 kHz 
transmitter will be best about the same time. 

Albania. While the battle for free- enter- 
prise broadcasting goes on in Western Eu- 
rope, the schism within the ranks of in- 
ternational Communism also continues to 
make SW news. Up until a few years ago, 
R. Tirana (Albania) had no high -powered 
transmitters at all and their NA service was 
actually beamed our way via R. Sofia. When 
Albania sided with Mao, R. Peking took 
over these relay duties. But now, with 
Chinese help, Tirana has put on the air two 
high -kW SW rigs of their own. 

Although a Peking ally, Tirana's broad- 
casts to North America are somewhat less 
virulent than their Chinese counterparts. The 
attacks on Moscow are especially toned 
down. This may or may not mean anything, 
and of course could change at any time de- 
pending upon the power struggle within the 
Communist world. These transmissions can 
be heard at 1930, 2030 and 2200 EST on 
7300 kHz. Consistent monitoring can pro- 
vide interesting insight on this aspect of the 
Communists' private cold war. 

Finland. While the fight for "free" broad- 
casting goes on in the West (and freedom 

Bulgaria's R. Sofia actually aired Albanian broadcasts 
until relatively recently. Here, technician tunes 
up Sofia's transmitters so Western listeners can hear 
Communist Gospel from Bulgaria's major mouth. 

EUROPEAN SW ACTION AT A GLANCE 

kHz STATION & COUNTRY TIME (EST) 

6195 Sud Radio, ANDORRA Late afternoons 
7130 VOA (Rhodes), GREECE 2230 
7205 VOA (Thessaloniki), 1600 

GREECE 

7290 HNBI /VOA (Thessalo- 1500 

niki), GREECE 

7295 VOA (RHODES), 1600 

GREECE 

7300 R. Tirana, ALBANIA 1930, 2030 & 

2200 
9710 HNBI /VOA ( Thessalo- 0545 -0930 

niki), GREECE 

15155V F.B.C, FINLAND 1800 
15185 F.B.C, FINLAND 0730 (Sat. & Sun. 

only) 
15345 H.N.B.I. (Athens), 1230 

GREECE 

17745 H.N.B.I. (Athens), 
GREECE 

1940 (reported 
but uncon- 
firmed) 

V-frequency varies 
;,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,1,,,,1,,,,,,,,,,,, 

of speech is nonexistent in Eastern Europe), 
an interesting political hand is being played 
out within the state -owned Finnish Broad- 
casting Company. Until mid -'67, FBC aired 
a weekly DX program produced by the 
Swedish DX Alliance. "SweDX" was the 
only program of its kind to air controversial 
subjects (for example the R. Americas mat- 
ter). Now this production has been can- 
celled- supposedly because its last editor 
had to devote more time to his studies. 

However, a reliable source tipped off the 
author that the Helsinki government had 
recently taken a more serious interest in the 
international service (perhaps to promote 
tourism) and it's reasonable to surmise that 
controversial matters play no part in these 
plans. FBC now airs a daily English trans- 
mission to NA at 1800 EST on 15155 kHz 
in addition to the Saturday and Sunday pro- 
grams at 0730 on 15185 kHz. 

Greece. If the events discussed in this 
article are signs of what's to come, the 
future of European SW assuredly looks un- 
certain. In keeping with this trend was the 
overthrow about a year ago of the demo- 
cratic (but admittedly disorganized) govern- 
ment of Greece by a group of right wing 
military men who suspended the constitu- 
tion, parliament and such civil liberties as 
freedom of speech, freedom of the press, 
etc. In effect, Greece became Western Eu- 
rope's third dictatorship. 

At present, Athen's major SW station - 
(Continued on page 114) 
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E/E COMMUNICATIONS 

ELENEX TIGER TAIL 

Portable CB 

Whip Antenna 

Until the introduction of the Elenex 
Tiger Tail CB antenna, there has been 
no really efficient portable antenna 
available. Problem was that nearby 
objects, such as window frames and 
structural steel, seriously affected an 
antenna's resonance, producing a high 
to very high SWR. 

The Elenex Tiger Tail, on the other 
hand, is specifically designed to over- 
come the problems of detuning. In 
addition, it provides impedance match- 
ing to the transmission line under all 
conditions. To ensure that the user ob- 
tains optimum performance, a reflect- 
ed power meter is built into the 
antenna's base. 

The Tiger Tail is specifically de- 
signed for portable and /or window 
operation and is supplied with a spe- 
cial wing -nut locking bracket that will 
secure the antenna to virtually any 
window frame. The bracket is fash- 
ioned so that the antenna always 
angles away from the building or sup- 

Inside Tiger Tail's base 
is the load -matching 
coil, tuning slug drive 
system, and the reflected 
power meter pickup 
loop and circuit 
components. The 
antenna's clamping 
assembly allows it to be 
semi -permanently 
installed and used 
almost anywhere and 
under most any 
conditions. 
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port regardless of the type of mount. 
The radiating element is shortened 

through the use of a loading coil. The 
element itself "breaks" into two sec- 
tions for portability, with the top, or 
whip, section simply plugging into the 
loading coil. 

At the base of the, whip is a small 
metal box with a meter and a knob. 
The meter indicates the amount of re- 
flected power -power lost due to an 
improperly tuned radiator. Rotating 
the knob adjusts the loading coil, prop- 
er tuning being. indicated by a mini- 
mum reading on the meter. 

Coax Antenna. The section of 
transmission line supplied with the 
Tiger Tail is somewhat different from 
regular coax in that it has two shields. 
The extra one is used as a 1/4-wave- 
length shield, which we'll have more 
to say about later. 

The loading coil is of particular in- 
terest because of the unusual tuning 
method employed. Obviously, one 
cannot always safely hang out of a 
window to tune a loading coil located 
in the center of the radiating element. 
The Tiger Tail makes tuning conven- 
ient by using a mechanical arrange- 
ment to tune the coil via the knob at 
the base of the antenna. 

As shown in the detail drawing, the 
lower section of the antenna and the 
loading coil are hollow. A thin plastic 
rod inside the lower section extends 
from the coil to the base. A ferrite 
tuning slug attached to the coil end 
of the rod is free to slide in and out 
of the coil's core. The base end of the 
rod is attached through a string drive 
to the tuning knob. As the knob is 
turned, the plastic rod is moved, caus- 
ing the tuning slug to slide inside the 
loading coil, thereby tuning the an- 
tenna to resonance. 

The Tiger Tail is essentially a co- 
axial antenna with an electrically 
shortened radiator and a 1/4 -wave- 
length coaxial sleeve. The purpose of 
the sleeve is to electrically isolate the 
transmission line from the antenna. 
If the radiator were fed directly by the 
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TO RADIATOR 

TRANSMISSION LINE 

\REFLECTED 
POWER 

PICKUP 

'REFLECTED 

POWER METER 

With a built -In reflected power measuring system 
and o means for tuning the radiator, Tiger Tail 
will provide excellent results in any situation and 
can be used with just about any CB transceiver. 

transmission line without some form of RF 
shielding, some RF energy would be radiated 
into the transmission line, causing the line 
to radiate also. The line radiation would 
combine with the antenna's radiation and 
alter the antenna's normal omnidirectional 
pattern. 

A coaxial antenna normally has a 50- 
ohm impedance, but when an antenna is 
electrically shortened, the feed point imped- 
ance is reduced and there is a mismatch 
between the transmission line and the an- 
tenna feed point. Generally, the more the 
antenna radiator is shortened through coil 
loading, the lower the input impedance. 

To avoid the power losses caused by elec- 
trical antenna shortening, the Tiger Tail 
uses a small loading /matching coil at the 
base of the antenna. The coil provides 
some loading of the antenna but primarily 

PLUG -IN WHIP SECTION 

-- LOADING COIL 

TUNING SLUG 

PLASTIC ROD 

BASE 

TON ING KNOB 

f 

STRING DRIVE 
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The loading -coil tuning 
system used on Tiger 
Tail is shown at left. 
Moving the ferrite slug 
in and out of the 
loading coil changes 
the coil's inductance 
and thereby electrically 
changes the antenna's 
length. 

LOAD II :0- MATCHING COIL 

DIODE 

TUNING KNOB 

Cast base housing and good internal construction 
make Tiger Tail rugged and able to withstand 
the rigors of CB field days and other outings. 

serves as an impedance match for the trans- 
mission line. 

Performance. We tried the Tiger Tail on 
several different window mounts and, ex- 
cept for casement windows, the Tiger Tail 
bracket could lock sufficiently tight to pro- 
vide a semi -permanent mount if desired. 
Casement windows have so little metal area 
that the Tiger Tail cannot be "permanently" 
mounted unless the antenna bracket is 

ROD 

REFLECTED 

POWER 

.METER 

After clamping Tiger 
Tail down wherever it's 
going to be mounted, 

simply connect it fo the 
rig, put yourself on the 

air and adjust the tuning 
control for minimum 

reading on the 
reflected power meter. 

drilled and screw- mounted to the window 
frame or ledge. We found that the Tiger 
Tail could be easily attached to car doors, 
trees, and fences for field operation. 

Tuning the antenna took but a matter of 
seconds; we simply adjusted the tuning knob 
for minimum meter reading. 

Signal check with another station indi- 
cated that the Tiger Tail was at least as good 

(Continued on page 112) 
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announcing... A BASIC 
COURSE IN 

rw ELECTRICITY 

ELECTRONICS 

programmed -for easy learning 
removable -for permanent reference 
illustrated-for rapid comprehension 

This series is based on Vol. 1 of 
BASIC ELECTRICITY /ELECTRONICS, 

published by Howard W. Sams & Co., Inc. 

HA:iç 
ELECTRICITY-" 

ELECTRONfCS 
1 ñ:yxneM lsu>a, Ca.cR 

WHAT YOU WILL LEARN. You are now going to learn what 
electrical circuits are, what they consist of, and what each device 
in the circuit does. You will become more familiar with voltage and 
current and will learn the difference between direct current (DC) 
and alternating current (AC). You will become acquainted with 
electrical diagrams and construction of circuits. 

COMPLETE ELECTRICAL CIRCUITS 
If you look in a dictionary, you will find that circuit means to make a 
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° Basic Course 
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complete trip. In electricity, current makes a complete trip through an electrical 
circuit. 

If the circuit is not complete, current does not flow. Current flows only if 
the path through the circuit is complete. A broken wire, a loose connector, 
or a switch in the off position will prevent current from flowing. 

You have now learned- two important facts regarding the flow of current. 
A voltage source causes current to flow, and a complete circuit allows current 
to flow. 

Q1. In electricity, a circuit provides a path for 
to make a trip. 

Q2. Current flow is caused by a(an) 
and permitted by a(an) - - - - 

Your Answers Should Be: 
Al. In electricity, a circuit provides a path for current to make a 

complete trip. 
A2. Current flow is caused by a voltage source and permitted by 

a complete circuit. 

A Basic Electrical Circuit 

e COMPLETE TRIP THROUGH 

CONNECTOR ` `' .y CONNECTOR S 
C!) _ -- 
W 

2 

V CONNECTO 

SOURCE OF VOLTAGE 

AND CURRENT 

WIRES CARRY 

CURRENT 

DEVICE 

BEING OPERATED 

WIRE 

CONNECTORS 

CONNECT DEVICES 

TO WIRES 

1 
CONNECTOR 

J 

o 

o 
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HOW ELECTRICAL CIRCUITS ARE MADE 

All electrical circuits consist of the basic units shown in the illustration. 
The device being operated, of course, can be any electrical or electronic device. 
In fact, many electrical circuits contain more than one device to be operated. 

Now that you are familiar with the basic units of an electrical circuit, you 
are ready to learn more about each part. 

Voltage Source 
A battery is an example of a voltage source. As you recall, a voltage source 

is also a source of current. 
The electrical wall socket (or outlet) is another widely used source of 

voltage and current. The outlet is part of another circuit that has a generator 
as a voltage source. There may be many miles of wire between the generator 
and the outlet. 

r Familiar Sources of Voltage and Current 

WALL OUTLET 

FLASHLIGHT CELL 

The battery shown in the illustration is more properly called a cell. A cell 

was originally considered to be a storage device. Cells, such as those used 
in a flashlight, develop approximately 1.5 volts each. A battery, such as the 
6- or 12 -volt source in an automobile, is constructed of two or more cells. 

In everyday English, a cell is often referred to as a battery. 
Q3. List the four basic units of an electrical circuit. 
Q4. A lamp will light only when it is part of a(an) 

Q5. A(an) joins wires to a voltage 
source or operating device to make a complete current 
path. 

Q6. A(an) , such as 
a battery, is also a source of current. 

Q7. Voltage sources of the type used in %flashlight are more 
properly called 

Q8. A single flashlight cell is a source of - _ - volts. 
Q9. If a 6 -volt battery has four 1.5 -volt cells, a 12 -volt battery 

will have 1.5 -volt cells. 



ga Basic Course 
r 

Your Answers Should Be: 
A3. The four basic units of an electrical circuit are 

1. Voltage source. 
2. Device being operated. 
3. Wires. 
4. Connectors (terminals). 

A4. A lamp will light only when it is part of a complete circuit. 
A5. A connector joins wires to a voltage source or operating device 

to make a complete current path. 
A6. A voltage source, such as a battery, is also a source of current. 
A7. Voltage sources of the type used in a flashlight are more prop- 

erly called cells. 
A8. A single flashlight cell is a source of 1.5 volts. 
A9. If a 6 -volt battery has four 1.5 -volt cells, a 12 -volt battery will 

have eight 1.5 -volt cells. (If a 12 -volt battery provides twice as 
much voltage as a 6 -volt battery then it must have twice as 
many cells.) 

Voltage Source Connections 
All sources of voltage (and current) have at least two connections. 
The source of voltage and current in an electrical circuit is similar to a pump 

in a water system. The pump provides both the pressure and the water to 

r Electricity Is Like Water in Many Ways 
INTAKE 

PISTON 

Ui OUTPUT 

PUMP 
FLASHLIGHT 

CELL 

cause a flow through the system. A voltage source provides electrical 
pressure (voltage) and current (electrical equivalent of water) to cause a 
flow through an electrical circuit. 

Like the water pump, the source of voltage and current requires an input 
connection and an output connection. 

O 

o 

o 
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Safety Note. Caution must always be observed when working near voltage 

sources or circuits. If you come in contact with both connections of the 

source, your body becomes part of the circuit, and current will flow 

through you. This can cause painful burns and even death. If you touch 

only one side of the source or a single wire leading to it, be sure you do 

not touch a pipe or other metal surface in contact with the ground. This 

precaution is necessary because many voltage sources have one connection 

wired to ground. 

Conductors and Insulators 

Wires provide a path for electric current just as pipes provide a path for 

water. Metals such as copper and aluminum are most commonly used in the 

manufacture of electrical wire. Their atomic structures make these metals 

good conductors of current. Silver is the best conductor but is much more 

expensive than other metals. Other more economical metals, such as copper 

and aluminum, are good conductors and are quite easily formed into wire. 

When connected into a circuit, wire is most often referred to as a conductor. 

Most nonmetals are very poor conductors of electric current. These materials 

are called insulators. Rubber and plastic are two commonly used materials 

for insulators because they are flexible, easily molded, and can be readily cut 

when necessary. Because of their better insulating qualities, glass and ceramic 

material are used where high -voltage insulators are required. 

Q10. How many connections must be made to a voltage source? 
Q11. Materials which provide an easy path for current are 

called . Those which do 
not provide an easy path are called - - - - 

Your Answers Should Be: 
A10. At least two connections must be made to a voltage source. 

All. Materials which provide an easy path for current are called 
conductors. Those which do not provide an easy path are 

called insulators. 

Working With Wire 

Practically all wire used in electrical and electronic work consists of a 

conducting metal (usually circular in cross section) covered with insulation. 

The insulation prevents undesired connections to and between conductors. 

Exceptions include wire used for heating purposes. In these cases, the 

heating element (wire) is wrapped or formed on an insulating material or 

supported in air (a nonconductor) between insulators. 

If a bare wire comes in contact with another conductor or other metal 

in an electrical unit, a short circuit develops. Current will flow through the 

short instead of the complete circuit containing the operating device. For this 

reason, wire should be handled with sufficient care to ensure that its insulation 

is not damaged. 
Wire Stripping. In order to join a wire to a connector, a length of insulation 
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must be removed from the wire. A metal -to -metal connection is required to 
permit current flow. 

The process of removing the insulation is called wiré stripping. Both wire 
cutting and stripping are usually done with a type of pliers called diagonal 
cutters. 

Precautions. When stripping wire, do not be discouraged if at first you cut 
the end of the wire while stripping it. Success will come with practice. 

Do not squeeze the plier handles too tightly when attempting to remove 
the insulation from the wire. Just break the surface of the insulation with the 
cutting head. The cut need not go through to the wire. A steady pull should 
then part or tear the remaining insulation. Placing the index finger between 
the handles prevents the cutters from closing completely and nicking or cutting 
the wire. 

Q12. Nearly all metals will conduct 
Q13. Copper or aluminum are used in electric wires because 

they are good 
Q14. Materials that are nonconductors of current are called 

Q15. Insulation is used on wires to (make, prevent) contact 
with other conductors of current. 

Q16. Undesired contact between two conductors is called a(an) 

Q17. _ _ _ is the process 
of removing insulation from a wire. It can be accom- 
plished by pliers known as 

Your Answers Should Be: 
Al2. Nearly all metals will conduct current. 
A13. Copper or aluminum are used in electric wires because they 

are good conductors. 
A14. Materials that are nonconductors of current are called 

insulators. 
A15. Insulation is used on wires to prevent contact with other 

conductors of current. 
A16. Undesired contact between two conductors is called a short 

circuit. 
A17. Wire stripping is the process of removing insulation from a 

wire. It can be accomplished by pliers known as diagonal 
cutters. 

Devices 
Current from a voltage source operates devices such as electric light bulbs, 

heaters, and motors. Radio and television receivers are also operated by cur- 
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rent from voltage sources. These devices process voltage and current contained 

in received radio waves by changing the input energy into sound and pictures. 

The voltage sources make it possible for these devices to perform this process. 

Connections. As stated earlier, all electrical devices must have two or more 

connections to a circuit. These connections are used to join conductors to the 

device, thus completing the circuit and permitting current to flow into and 

out of the device. 
Operation. The voltage source operates the device by forcing current 

through the circuit. All connections must be made in the circuit, including 

those at the device and the source. Current will then be able to flow through the 

device and cause it to operate. 

Connectors 
The ternis connectors and terminals are often used interchangeably. A 

connector, however, is normally thought of as being a mechanical part, such 

as a battery clamp, used to connect a conductor to a device. A terminal, on 

the other hand, is a point on a device where a connection can be made -a 
screw or other contact point. 

The illustration below shows how connections are made to a voltage source 

and an operating device. The lamp will light with the bare conductors merely 

touching the lamp terminals. In practice, however, the lamp is placed in a 

socket and the wires connected to the socket terminals. - Connection and Operation of an Electrical Device - 
*INSULATOR PREVENTS 

CURRENT FLOW BETWEEN 

BASE AND TIP OF LAMP 

,/// 

VOLTAGE VOLTAGE 
SOURC 

/,ö, 

Wires, connectors, and terminals allow current to flow in a circuit because 

they are made of conducting metals. Care must be taken, however, when 

joining these parts to each other. Metal at the contact points must be clean 

and free from the insulating properties of dirt, grease, etc. Sandpaper or a 

small file can be used to clean these junction points when necessary. After a 

CURRENT 
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wire has been stripped, it should be cleaned of any remaining insulation. 
When connecting a wire to a terminal, make sure the screw or clamp makes 

a tight connection. For current to flow, all parts of the circuit must be con- 
nected. 

Q18. To permit current to flow into and out of a device, the 
device must have at least - _ connections. 

Q19. That part of a device where a connection can be made 
is called a 

Your Answers Should Be: 
A18. To permit current to flow into and out of a device the device 

must have at least two connections. 
A19. That part of a device where a connection can be made is 

called a terminal. 

A PRACTICAL CIRCUIT 
The circuit shown below demonstrates the way in which all basic circuits 

are connected. It contains a voltage source, wires, connectors (or terminals), 
and an operating device. The voltage source pictured is a large 1.5 -volt dry 

f." 
ND OF WIRE 

STRIPPED 

A Practical Electrical Circuit 

1.5 -VOLT LAMP 

(SCREW BASE) 

Ci<. î 

1-.? 7, 
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I.5- VOLT 

DRY CELL 
LAMP SOCKET 

BELL WIRE 

cell used in some doorbell systems. This is a practical circuit because it Hill 
actually work and is often used. 
Open Circuits 

If all the connections are made as shown in the illustration, the lamp will 
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light. If any of the connections are not properly made, the lamp will not light 
-a condition known as an open circuit. An open circuit represents a condition 
that prevents the flow of current. In other words, the circuit is not complete. 

Closed Circuits 
A closed circuit has all of its connections made and forms a complete path 

through which current can flow. 

SWITCHES 
Since it is often desirable to open and close a circuit, nearly all circuits 

contain some form of switch. 

Knife Switch 
The simplest type of switch is called a knife switch. It was given this name 

because it has an element resembling the blade of a knife. 

INSULATOR 

A Knife Switch 

SCREW - DOWN 

CONNECTOR FOR 

CONDUCTOR 

INSULATOR 

SCREW -DOWN 

CONNECTOR FOR 

CONDUCTOR 

Q20. The lamp in the illustration on the opposite page lights 
because is it a(an) (open, closed) circuit. 

Q21. Disconnecting one of the wires will develop a(an) (open, 
closed) circuit. 

Q22. To permit opening and closing 'a circuit, a(an) - - - 
can be connected into it. 

Q23. A(an) is the basic 
type of switch. 

Your Answers Should Be: 
A20. The lamp lights because it is in a closed circuit. 
A21. Disconnecting one of the wires will develop an open circuit. 
A22. To permit opening' and closing a circuit, a switch can be 

connected into it. 
A23. A knife switch is the basic type of switch. 

The basic circuit just explained can be reconnected to include a knife switch. 

The illustration on the next page shows how the connections are made. Be sure 
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understand what happens to the flow of current when the switch is open 
(position shown) and when it is closed. 

r A Practical Circuit With Switch 

There are many other types of switches, some of which you have used. 
For example, there are switches on the walls of your home, on the front of your 
appliances, and on the dashboard of your car. Nearly all operate on the knife - 
switch principle. In the closed position, a metal blade makes an electrical 
contact between at least two conductors. 

WHAT YOU HAVE LEARNED ABOUT 
COMPLETE CIRCUITS 

1. An electrical circuit provides a complete path for current flow. 
2. Every electrical circuit consists of: (1) a source of voltage which causes 

current to flow; (2) conductors which provide a path for the current; 
(3) electrical devices which are operated by the current; (4) connectors 
(terminals) to join conductors to a source or a device. 

3. Voltage sources and electrical devices always have at least two con- 
nections. All connections must be made in order for current to flow 
through them. 

4. Most metals can conduct current and are called conductors. Most non- 
metals provide a very poor path for current and are called insulators. 

O 

O 

ELEMENTARY ELECTRONICS 



:5) 

5. A wire consists of a conductor (usually copper) covered by insulation 
(usually rubber or plastic). Insulation may be stripped from the wire 
with diagonal cutters. 

6. An open circuit is a condition in which the current path is interrupted. 
A closed circuit is the same as a complete circuit. A short circuit occurs 
when a conductor makes an undesirable contact with another conductor 
or metal part. 

7. Switches are designed to open and close circuits. By operating the 
switch, a device may be turned on or off. 

Review Questions 
(Mark them true or false.) 

Q24. A voltage source causes current to flow if a complete 
circuit is provided. 

Q25. Current will flow if there is a complete electrical path 
from the voltage source to the device, through the device, 
and back to the voltage source. 

Q26. If otherwise complete, current will not flow in a circuit 
if its switch is closed. 

Q27. When a wall switch is flipped to the on position, the 
switch is open, permitting the lamp to light. 

Q28. If the insulation on a wire is broken or damaged, it may 
cause a short circuit. 

Your Answers Should Be: 
A24. A voltage source causes current to flow if a complete circuit 

is provided. True. 
A25. Current will flow if there is a complete electrical path from 

the voltage source to the device, through the device, and back 
to the voltage source. True. 

A26. If otherwise complete, current will not flow in a circuit if its 
switch is closed. False. 

A27. When a wall switch is flipped to the on position, the switch 
is open, permitting the lamp to light. False. 

A28. If the insulation on a wire is broken or damaged, it may cause 
a short circuit. True. 

VOLTAGE AND CURRENT 
In this section you will become acquainted with voltage and current meas- 

urement units. You will also become familiar with the commonly used values 
of these units. 

Voltage 
Voltage is measured in terms of a unit called a volt. A measurement unit 

indicates quantity or amount, as in gallons of water or pounds of sugar. As 

a similar unit, volts expresses a quantity contained in a voltage source. Though 
voltage is not visible like water and sugar, the number of volts expresses the 
amount of electrical pressure available from the source. As you remember, it 

is this pressure that causes current to flow. The greater the pressure (number 
of volts), the greater the current will be. 
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Current 
Current is measured in terms of a unit called an ampere. The number of 

amperes defines the amount of current that is flowing in a circuit. A typical 
flashlight lamp (bulb), for example, draws 0.25 ampere (abbreviated as amp) 
from the voltage source. 

A 100 -watt lamp draws approximately 1 amp from the 117 -volt home electri- 
cal system. Ten amps flow through some electric irons, toasters, and heaters. 
A car battery supplies 100 amps or more to a starter motor. 

Large and Small Values 
Values of voltage and current can be very large or very small. Since it is 

awkward to talk and write about 500,000 volts or 0.003 amp, units which are 
more easily handled have been developed. With this system the quantities 
mentioned become 500 kilovolts and 3 milliamps, respectively. A kilovolt 
represents 1000 volts and a milliamp, 0.001 amp. 

The table on the next page will help you convert from one unit to another. 

Q29. Voltage is measured by a unit called a(an) 
Q30. The number of volts indicates the quantity of 

contained 
in a voltage source. 

Q31. An ampere is a unit that indicates the quantity of 

Q32. Assuming that the voltage source can provide the current, 
what determines the number of amps that will flow in a 
circuit? 

Q33. 3 kilovolts is (larger, smaller) than 100 millivolts. 
Q34. How much of an amp is 15 microamps? 
Q35. Convert 16 megavolts to volts. 

Your Answers Should Be: 
A29. Voltage is measured by a unit called a volt. 
A30. The number of volts indicates the quantity of electrical 

pressure contained in a voltage source. 
A31. An ampere is a unit that indicates the quantity of current. 
A32. The operating device determines the number of amps that 

will flow in a circuit, assuming the voltage source can pro- 
vide it. 

A33. 3 kilovolts is larger than 100 millivolts. 
A34. 15 microamps is 0.000015 amp. 
A35. 16 megavolts is equivalent to 16,000,000 volts. 

DIRECT CURRENT 
A current that always flows in the same direction is called a direct current. 

Dry cells and batteries are sources of direct current. Some types of electric 
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CONVERSION TABLE 

Itte 

WHEN You 
SEE 

Do THIS 
TO CONVERT 

EXAMPLE 

Mega or M Multiply by 1,000,000 2 Megavolts is 2,000,000 
volts 

Kilo or K Multiply by 1,000 5 Kiloamps is 5,000 amps 
Milli or m Divide by 1,000 7 Millivolts is 0.007 volt 
Micro or v Divide by 1,000,000 9 vamps is 0.000009 amp 
Nano or n Divide by 1.000,000,000 5 nano volts is 

0.000000005 volt 
Pico or p Divide by 1,000,000,000,000 4 pico -amps is 

0.000000000004 amp 

generators also supply direct current. Later you will learn about a power 

supply which provides direct current for use within radio and TV receivers. 

Is There a Direct Voltage? 
Yes. A voltage which provides direct current is considered to be a direct 

voltage. Since direct current is abbreviated DC, the abbreviation is used to 

identify direct voltage as DC voltage. Direct current is often shortened to DC 

current, or merely DC. 

Direction of DC Electron Current Flow 

DRY CELL 

LAMP SOCKET 

Direction of Current Flow 
Marking the terminals of a voltage source with plus (+) and minus ( -) 

signs indicates the direction in which current flows in a circuit. There are two 

systems describing the direction of current flow -conventional and electron. 

The conventional current theory was the first to be developed. Benjamin 

Franklin is considered to be its originator, and it is still being used in many 
electrical engineering texts. Conventional current is said to flow from the posi- 

tive (+) voltage terminal. through the circuit, and to return to the negative 
( -) voltage terminal. 

The electron current theory, of more recent origin, permits a clearer expla- 
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nation of how current flows through electronic circuits. For this reason, the 
electron current direction of flow will be used in this course. This theory states 
that current leaves the negative ( -) terminal, flows through the circuit, and 
returns to the positive (+) terminal of the voltage source. 

If you learn the rules of electron flow, conventional flow should not be 
confusing. You will find it easy to mentally reverse directions. 

Current flow does all the work involved in the operation of any electrical 
or electronic device, whether it is a simple lamp or a complicated electronic 
computer. In any application a continuous path must be provided between 
the two terminals of a voltage source before current can flow. 

Q36. The connecting posts on the cell in the illustration are 
marked (+) and ( -) . The (+) post is the _ - - - - terminal. 

Q37. Inside the cell, electron current flows from the 
terminal to the _ 

Your Answers Should Be: 
A36. The (+) post is the positive terminal. 
A37. Inside the cell, electron current flows from the positive termi- 

nal to the negative terminal. Though the text did not provide 
this information, the illustration reveals the proper direction. 
Current must flow in this direction inside the battery if it is 
to move from negative to positive through the circuit. 

ALTERNATING CURRENT 
A current that reverses its direction of flow at regular intervals is called 

alternating current (AC). You might ask, "Why should we have a current 
that is constantly changing its direction ?" The answer is fairly simple. AC 
has certain features that make it desirable. The two main reasons are: 

Reason 1. Wall outlets in your home supply an AC voltage. This voltage 
is produced by generators located many miles away. During the earliest 
days of electricity, DC was supplied to homes. However, DC can be sent 
through lines for only short distances. 

AC can be easily changed to a higher or lower value. This character- 
istic makes possible its economical transmission over long distances - 
hundreds of miles in some cases. As a result, AC generating plants can be 
located at remote sources of water power and still be able to supply cus- 
tomers miles away. A good example of this application is the generating 
equipment at Hoover Dam in Arizona supplying power to cities on the 
West Coast, hundreds of miles distant. 
Reason 2. Energy in many forms, such as sound and radio waves, occurs 
in alternating cycles. Sound waves, for instance, are alternating areas of 
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maximum and minimum air pressure. When converted into electricity, as 

in the telephone, the resulting current is also alternating, thus the sound 
is faithfully transmitted. Clearly, it simply isn't feasible to convey such 

information via DC. 

WHAT YOU HAVE LEARNED 
1. The measurement unit of electrical pressure is the volt. It defines the 

amount of electrical pressure available in a voltage source. 
2. The measurement unit for current is the ampere, abbreviated amp. 

Assuming that a sufficient amount of current can be supplied by the 
voltage source, the number of amperes that flow in a circuit is deter- 

mined by the needs of the operating device. Operating devices are de- 

signed for a specified number of volts, and are so constructed as to draw 
the required number of amps when operated at that voltage. 

3. Volt and ampere quantities are often expressed in very large and very 
small numbers. To ease the task of writing or speaking of very large 
or very small numbers, prefixes, such as mega -, kilo -, milli -, and 
micro -, have been added to the basic units of volts and amperes. 

4. A current that always flows in the same direction is direct current. Its 
abbreviation is DC, which can be used to specify DC current or DC 

voltage. 
5. Current flows from the negative terminal of a voltage source, through 

the circuit, and returns to the positive terminal. Inside the voltage source, 
current flows from the positive to the negative terminal. This is in accord- 

ance with the electron current theory. 
6. A current that reverses its direction of flow at regular intervals is called 

alternating current (AC). AC voltage and current can be transmitted 
over long distances, but DC cannot. AC is also the only means of con- 

verting certain types of energy into useful electrical representations. 
Q38. A volt is a measurement of , and 

an ampere is a measurement of 
Q39. According to the electron current theory, current flows 

from the voltage terminal, 
through the circuit and returns to the - - terminal. 

Your Answers Should Be: 
A38. A volt is a measurement of voltage, and an ampere is a 

measurement of current. 
A39. According to the electron current theory, current flows from 

the negative ( -) voltage terminal, through the circuit, and 
returns to the positive (+) terminal. 

NEXT ISSUE: Part II- Understanding Resistors 

This series is based on material appearing in Vol. 1 of the 5- volume set, BASIC 
ELECTRICITY /ELECTRONICS, published by Howard W. Sams & Co., Inc. @ 
$19.95. For information on the complete set, write the publisher at 4300 West 
62nd St., Indianapolis, Ind. 46268. 
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CB- AMATEUR RADIO - 
SHORTWAVE RADIO 

*102. Before you buy your next 
xtal, get ahold of Sentry's 1968 cata- 
log. Sentry lists the best in precision 
quartz crystals and communications 
goodies. Check off 102 now! 
130. Bone up on CB with the latest 
Sams books. Titles range from 
"ABC's of CB Radio" to "99 Ways 
to Improve your CB Radio." So Cir- 
cle 130 and get the facts from Sams. 
107. Want a deluxe CB base station? 
Then get the specs on Tram's all new 
Titan II -it's the SSB /AM rig you've 
been waiting for! 
101. If it's a CB product, chances 
are International Crystal 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. 
96. If a rugged low -cost business/ 
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 "SSS." 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. 
*129. Boy, oh boy -if you want to 
read about a flock of CB winners, get 
your hands on Lafayette's new 1968 
catalog. Lafayette has CB sets for all 
pocketbooks. 
122. Discover the most inexpensive 
CB mobile, Citi -Fone II by Multi - 
Elmac Company. Get the facts plus 
other CB product data before you 
buy. 
50. Get your copy of Amphenol's 
"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. 
116. Pep-up your CB rig's perfor- 
mance with Turner's M-I-2 mobile 
microphone. Get complete spec sheets 
and data on other Turner mikes. 
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 to 1000 MHz. 
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45. Hams, CBers, experimenters! 
World Radio Labs 1968 catalog is a 
bargain hunter's delight. Get your 
copy -it's free. 
115. Get the full story on Poly - 
Ironies Laboratories' latest CB entry 
-Carry -Comm. Full 5- watts, great 
for mobile, base or portable 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. 

ELECTRONIC PARTS 

132. Discover 18 new and different 
professional -quality amplifiers, tuners, 
and preamps completely assembled 
on PC- boards now offered by Amper- 
ex. Prices will amaze you! 
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 1968 Allied Radio catalog? The 
surprising thing is that it's free! 
*2. The new 1968 Edition of Lafay- 
ette's catalog features sections on 
stereo hi -fi, CB, ham gear, test equip- 
ment, cameras, optics, tools and much 
more. Get your copy today. 

8. Get it now! John Meshna, Jr.'s 
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 1968 
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 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 newspaper that'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 Radio 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 100s 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 Distributors, Inc.): a catalog 
containing hundreds of electronic 
items. EDI will be happy to place you 
on their mailing list. 
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 offers. 
117. Harried by the high cost of 
parts for projects? Examine Bigelow's 
13th Anniversary catalog packed with 
"Lucky 13" specials. 

ELECTRONIC PRODUCTS 

*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. Get your copy of EICO's 
colorful 36 -page catalog on 200 "best 
buys" products. Ham radio, CB, hi- 
fi, test gear, both wired and kit, are 
illustrated. 
128. If you can hammer a nail 
and miss your thumb, you can as- 
semble a Schober organ. To prove the 
point, Schober will send you their 
catalog and a 7 -in. disc recording. 

. 126. Delta Prodúcts new capacitive 
discharge ignition system in kit form 
will pep up your car. Designed to 
cut gas costs and reduce point and 
plug wear. Get Delta's details in full - 
color literature. 
*125. Need TV camera kit, touch 
control lamp, hi -fi component, test 
unit or shop gear? Then you need 
Conar's latest catalog. Born from 
NRI, Conar has become a major sup- 
plier of electronics hobbyist parts. 
66. Try instant lettering to mark 
control panels and component parts. 
Datak's booklets and sample show 
this easy dry transfer method. 
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. 

TOOLS 
*78. Need pliers to hold, bend or 
cut fine wires? Check Xcelite's new 
line of miniatures shown in Catalog 
166 along with a complete selection 
of regular pliers and snips. 
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118. Secure coax cables, speaker 
wires, phone wires, etc., with Arrow 
staple gun tackers. 3 models for wires 
and cables from 3/16" to 1/2" die, 
Get fact -full Arrow literature. 

SCHOOLS AND EDUCATIONAL 

*61. ICS (International Correspond- 
ence Schools) wants to send you a 
64 -page booklet on the most often 
asked questions on preparing for an 
electronics career. You also get "How 
to Succeed" and a sample ICS lesson. 

*74. A 40 -page illustrated book on 
"How To Succeed In Electronics" 
and a 24 -page book on "How to Get 
a Commercial FCC License" are 
yours for the asking from Cleveland 
Institute of Electronics. 

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. 
59. For a complete rundown on 
curriculum, lesson outlines, and full 
details from a leading electronic 
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. 

3. Get all the facts on Progressive 
du -Kits Home Radio Course. Build 

20 radios and electronic circuits; 
parts, tools and instructions come 
with course. 

HI -FI /AUDIO 
19. Empire's new 16 -page, full -color 
catalog features speaker systems in 
odd shapes for beautiful room decor. 
Also, rediscover Empire's quality 
turntable line and cartridges. 
124. Now, Sonotone offers you 
young ideas in microphone use in 
their new catalog. Mikes for talk ses- 
sions, swinging combos, home record- 
ing, PA systems and many more uses. 

26. Always a leader, H. H. Scott 
introduces a new concept in stereo 
console catalogs. The information - 
packed 1968 Stereo Guide and catalog 
are required reading for audio fans. 

85. Write the specs for an ideal 
preamp and amp, and you've spelled 
out Dynaco's stereo 120 amp and 
PAS -3X preamp. So why not get all 
the facts from Dynacol 

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! 

131. Let Elpa send you "The Rec- 
ord Omibook." It's a great buy and 
Elpa wants you to have it free. Your 
records will thank you when the mail- 
man delivers it. 

16. Garrard's Comparator Guide 
clues you in on the new Synchro-Lab 
turntable /changer series. ' Discover 
how Garrard locks on to the correct 
disc speed. 

17. Mikes, speakers, amps, re- 
ceivers -you name it, Electro-Voice 
makes it and makes it good. Get the 
straight poop from E -V today. 

27. 12 pages of Sherwood receivers, 
tuners, amplifiers, speaker systems 
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 -fl without 
compromising on the results? Then 
you need the new 24 -page catalog by 
Jensen Manu)acturing. 

99. Get the inside info on why 
Telex /Acoustèch's solid -state ampli- 
fiers are the rage of the experts. Col- 
orful brochure answers all your ques- 
tions. 

TAPE RECORDERS AND TAPE 

123. Yours for the -asking -Elpa's 
new "The Tape Recording Omni - 
book." 16 jam -packed pages on facts 
and tips you should know about be- 
fore you buy a tape recorder. 

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- Tarzlan 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. 
34. "All the Best from Sony" is an 
8 -page booklet describing Sony- Super- 
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 will be interested in the 
all new Viking /Telex line of quality 
tape recorders. 

HI -FI ACCESSORIES 
112. Telex would like you to know 
about their improved Serenata Head- 
set -and their entire line of quality 
stereo headsets. 
98. Swinging to hi -fl stereo head- 
sets? Then get your copy of Superes 
Electronics' 16 -page catalog featuring 
a large selection of quality headsets. 
104. You can't hear FM stereo un- 
less your FM antenna can pull 'em in. 
Learn more and discover what's avail- 
able from Finco's 6 -pager "Third Di- 
mensional Sound." 

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. Why not build the next 
TV you watch? 
127. National Schools will help you 
learn all about color TV as you 
assemble their 25 -in. color TV kit. 
Just one of National's many exciting 
and rewarding courses. 
97. Interesting, helpful brochures 
describing the TV antenna discovery 
of the decade -the log periodic an- 
tenna for VHF and UHF -TV, and 
FM- stereo. Get it from JFD Elec- 
tronics Corporation. 

ELEMENTARY ELECTRONICS 
Dept. 368 
505 Park Avenue 
New York, N. Y. 10022 
Please arrange to have the lit- 
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Tiger Tail 
Continued from page 94 

as any other portable antenna and far sur- 
passed most types such as shortened and 
full -length whips. The reason appears to be 
that whips are generally designed to operate 
against a ground plane- usually a large 
horizontal metal surface -which produces 
a 50- or 72 -ohm antenna impedance and a 
low angle of radiation. Without the ground 
plane, which is usually provided by wire 
radials or the metal surface of a vehicle, the 
antenna impedance can be well below that 
of the transmission line, causing severe mis- 
match. 

The design of Tiger Tail is such that it 
provides its own "ground plane" through 
the coaxial isolation and matching section. 
Combined with the impedance- matching 
transformer at the base of the radiator, the 
Tiger Tail generally presents an input im- 
pedance approximating that of the trans- 
mission line, and therefore maintains a low 
radiation angle and good SWR character- 
istics. 

Summing Up. There's not much more we 
can say about something that does every- 
thing it's supposed to do. But if you need a 
portable, window, or semi -permanent, side - 
mounted antenna, the Tiger Tail will un- 
doubtedly be your best choice. 

The Tiger Tail, which comes complete 

Ready to put you on the air any place, any time, 
Tiger Tail is shown here in a typical quickie 
installation, clamped on a kitchen window frame. 

with mounting bracket, 10 feet of transmis- 
sion line, and a coax connector, is priced at 
$29.95. For additional information write to 
Elenex, Inc., Dept. D, 123 Main St., Naples, 
N.Y. 14512. 
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Hey, Look Me Over! 
Continued from page 31 

Miller -Stephenson 
Type MS -240 Component 

Quik- Freeze 

Miller- Stephenson 
Chemical Co. will freeze 
any small area instantly 
to -50 °F. with either its 
wide spray nozzle or a 
6 -in. extension pin -point 
nozzle. Quik- Freeze is 
recommended for: pro- 
tecting valuable parts 
while heat testing; locat- 
ing defective intermittent components; prototype 
testing of circuitry; leak detection; and prevent- 
ing heat transfer during soldering or welding 

operations. But don't spray it on your skin -it 
can cause frostbite. In 12 -oz. spray cans, their 
price schedule goes $1.95 a can from 1 -11 dozen; 
$1.65 per can from 12 -47 dozen; and their mini- 
mum order is 4 cans at $3.00 per can. Write to 
Miller- Stephenson Chemical Co., Inc., Rte. 7, 
Danbury, Conn. 06810. 
.,, ,1 II II,I 
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Tackle That Totable TV 
Continued from page 60 

the trouble and the tubes are O.K. Check 
for low grid drive voltage on the output tube 
and check the associated components. Most 
width problems are found in the horizontal 
output sweep circuit (see Fig. 15). 

Also look for a brass sleeve (on some 
portables) around the CRT gun and yoke 
assembly. Loosen up the yoke assembly 
screw and pull the brass shim out toward 
the picture tube socket to increase picture 
width. On deluxe portables with a hori- 
zontal drive control, check that it's set cor- 
rectly. Try adjusting the control for cor- 
rect width. Going too far will produce one 
or two white vertical drive lines from the 
middle to the left side of the CRT screen, 
in which case the control should be backed 
off a bit. 

Horizontal Lines. Check the horizontal 
tubes when lines are lying across the CRT 
and cannot be straightened up with the hori- 
zontal hold control (see Fig. 16). If this 
doesn't do the job, adjust the horizontal 
frequency coil slug. Set the horizontal hold 
control in the center of rotation and adjust 
the horizontal frequency coil slug until the 
picture locks in. Now switch the channel 
selector knob to another channel and see 
if the horizontal circuit stays locked in. If 
not, it may be necessary to make another 
fine adjustment of the horizontal frequency 
coil. 

When the horizontal lines will not straight- 
en up or the raster goes into a Christmas - 
tree effect or jagged horizontal lines, check 
for a defective AFC circuit. In current 
portables, a duo -diode rectifier with three 
leads serves as the AFC component as shown 
in the schematic in Fig. 17. 

Fig. 24. Last but not least in the stable of portable 
TV troubles is the printed circuit board. Check it for 
cracks and cold solder joints in the area of the de- 
fective circuit, especially around heavy components. 
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To remove the duo -diode, cut off the leads 
about 1/z in. from the PC board. Now you 
can solder a new AFC diode (or the old 
one) to these leads. Take a resistance 
measurement of the duo -diode rectifier; 
these are usually of the common cathode 
type (the center terminal is common to the 
two outside leads). Connect the ground lead 
from the ohmmeter to the center diode 
terminal. Now measure the resistance from 
each outside lead; the reading should be 
around 20 K. Reversing the ohmmeter leads 
should produce a zero -ohms reading. A 
leaky duo -diode will show a low resistance 
both ways. 

A keystone, or triangular, picture is 
caused by a shorted deflection yoke and 
can only be remedied by replacing it with 
a new one. Bending and pulling of the pic- 
ture can be caused by a defective horizontal 
oscillator or output tube. Excessive bloom- 
ing of the picture when the brightness con- 
trol is cranked up is caused by weak hori- 
zontal output or high voltage tube. 

Bright Horizontal Line. If the picture 
consists of a single horizontal line, replace 
the vertical oscillator and multiplier tube. 
The bright horizontal line indicates the ver- 
tical sweep is not operating (see Fig. 18). 

If tube replacement does not help, try 
adjusting the .vertical height and linearity 
controls, or both. It is possible for the ver- 
tical height control to have a burnt spot, 
causing the vertical sweep to collapse. Check 
for continuity of the vertical output trans- 
former windings. Also check to see if the 
feedback coupling capacitor shown in Fig. 
19 is leaky. 

For insufficient height, at top or bottom 
of the raster, adjust the vertical height and 
linearity controls. A weak vertical oscillator 
or output tube can cause this problem, too. 

Constant vertical rolling of the picture 
can often be cured with a new vertical os- 
cillator tube. If the picture is unstable both 
vertically and horizontally, the fault lies in 
the sync section. Replace both vertical and 
sync separator tubes. Some portables have 
both features in one tube, while others may 
have these sections in a separate tube or 
located in one -half of another dual -function 
tube. 

Snowy Picture. A picture very light in 
detail with a lot of snow on the screen as 
in Fig. 20 is usually caused by a defective 
RF tube in the tuner. Substitute a new RF, 
oscillator, and first IF tube and see if the 
situation improves. 
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Picture still snowy? Then dig into the 
antenna coils and lead -in connections. Most 
portable receivers have isolating capacitors 
in the antenna input terminals. These ca- 
pacitors protect the antenna coils and tuner 
(see Fig. 21). 

In case lightning has struck your antenna, 
you may find one or both of these capa- 
citors blown open. With an ohmmeter, 
check continuity of both antenna coils. You 
will find the antenna coils located on top 
at the rear, or inside, of the tuner cover. Be 
sure and replace damaged antenna coils with 
direct factory replacements. 

Stations Won't Stay On Channel. In 
case the picture will not stay on channel or 
becomes snowy when the channel selector 
is jogged, clean the tuner (Fig. 22) with a 
good tuner spray lube. With the strip or 
turret -type tuner, clean the contact points 
with rag and cleaning, solution. Bear down 
with the clean section of the rag to brighten 
up the contacts. Apply contact grease over 
the clean contacts and don't forget to spray 
the contact springs located under the tuner 
drum. 

Continental DX 

Continued from page 92 

the Hellenic National Broadcasting Institute 
-has only a very limited international serv- 
ice, intended for Greek seamen aboard. This 
is best heard in NA on 15345 kHz at 1230 
EST. The station can be readily identified 
via its flute interval signal. However, it is 

also reasonable to assume that the Athens 
government will, like R. Portugal, find it 
expedient to sell their policies through the 
media of international broacasting. If so, 
that would mean an expanded schedule for 
HNBI and possibly new high- powered trans- 

Many small tuners use a rotating multi - 
section wafer switch. Spray these contacts 
and rotate the tuner shaft at the same time. 
Select a good tuner spray that won't be 
harmful to plastic parts in the tuner as- 
sembly. 

Conclusion. There are many troubles that 
can develop in a portable TV. Remember 
to go slow and easy. Look, listen, and try 
to isolate which section the trouble is in. 
Be careful not to break off any control knobs 
on the rear of the chassis or damage the 
set in any other way. 

You will find that all tubes and parts are 
quite close together in portables. Some of 
the tubes and parts are hard to get at, so 
proceed with caution (see Fig. 23). If the 
set has been subjected to abuse, don't forget 
to check the PC board for possible inter- 
mittent condition (see Fig. 24). Especially 
on the earlier sets, PC boards were subject 
to many problems. 

But with care and a little use of the old 
think tank, most portable TV problems can 
be easily solved. So, go to it with confidence 
and save a few bucks while you're at it. 

mitters. Already there is an unconfirmed 
report of test transmissions in French and 
English on 17745 kHz at 1440 EST. 

It is also a little disturbing to note that, 
under an agreement made with the previous 
democratic regime, HNBI continues to use 
Voice of America facilities at Thessaloniki 
(frequencies include 9710 at 0545 -0930 and 
7290 kHz at 1500 EST). Just how long this 
arrangement will continue is a matter of 
speculation. The VOA's own transmissions 
from Greece are not too difficult to hear. 
Try 7205 and 7295 around 1600, or 7130 
around 2230 EST (1930 .PST) S /On. 
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`\S L P\ Ç \A 
Reception verification card from Swedish DX alliance. 
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When Color Won't Stay Put 
Continuel from page 80 

pares burst and 3.58 oscillator frequencies 
and creates the DC correction voltage. 

But for comparison action to occur, the 
diodes in the Phase Detector must be elec- 
trically balanced, even when no burst is pres- 
ent. This provides a basis for a simple test. 
First, place a shorting jumper from grid to 
ground of the Burst Amp, as shown. This 
kills any incoming burst which would disturb 
the test. 

Then place a VTVM across the plate of 
the Phase Detector and to ground. If your 
circuit is typical of many, you should read 
approximately -28 VDC at this point. Next 
measure the diode cathode to ground for a 
reading of +28 VDC. Voltages in different 
circuits may vary, but the important feature 
is that they are typically equal and opposite. 
This is a good indication of proper balance 
in the stage. Resistors and capacitors should 
be checked if voltages are unequal. 

O.K. Phase. If there's good voltage bal- 
ance in the Phase Detector, shift attention to 
the Burst Amplifier. Voltage and resistance 
checks here stand a good chance of reveal- 
ing the trouble. If you can't pinpoint the 
culprit, perhaps the incoming burst signal 
isn't reaching the Burst Amp. 

We've shown the source of the burst in 
Fig. 11. Note that it's from a tap -off point 
from the Color Amp. If any components be- 
tween this point and the grid of the Burst 
Amp are defective, there could be an inter- 
ruption of the burst signal. So check resis- 
tors, capacitors, or coils in this part of the 
circuit. If you're getting polor on the screen, 
even if it's out -of -sync, chances are the other 
stages shown in Fig. 11 are functioning. Ex- 
planation for this fact is that the color signal 
must traverse those stages in order to reach 
the picture tube. 

Thus, with little more than a VTVM and a 
jumper wire, you should be able to track 
down most troubles in color sync circuits. 
The simple tests described help locate the 
general area, or even a particular stage that's 
upsetting color stability. 

If you run into an exotic problem that 
won't yield to these tests, chances are you'll 
need an oscilloscope to examine actual sig- 
nals in transit through color -sync stages. 
Fortunately, set manufacturers usually pro- 
vide ample information and scope traces to 
serve as a guide. 

A typical schematic by RCA is illustrated 
in Fig. 12. Note that the scope waveforms 
seen at the bottom correspond to numbered 
points in the diagram. Both the shape of 
wave and its P -P (peak -to -peak) voltage are 
given for running comparisons with what 
you see on your scope. 
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Troubleshooting Stic 
Continued from page 65 

the shield. Then complete the probe as- 
sembly. Again, the output cable must be 
shielded. 

The ground test lead passes, with the out- 
put cable, through the pre -drilled hole in 
the rear of the probe. The terminal board 
is oriented so the end with the lug is nearest 
this hole. 

Using The IC Signal Tracer. When check- 
ing audio circuits, such as an amplifier or 
a radio after the detector stage, connect the 
audio (AF) probe to J1. When checking 
radio frequency circuits connect the RF 
probe to J1. 

IF and low -level audio circuits of tube - 
type equipment generally will have a high 
enough voltage (except for possibly the RF 
stage) to produce at least a very weak signal 
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tracer volume. Solid -state circuits, on the 
other hand, are current devices, and circuit 
voltage may be too low to produce usable 
signal- tracer volume. This is also generally 
true of low level amplifiers -the mixer or 
first IF of a solid -state radio or a microphone 
preamplifier in a PA system or tape recorder. 

Sometimes a signal generator can be con- 
nected to the equipment under test, with the 
generator level high enough to produce a 
usable signal tracer volume even in the low - 
level stages. 

Of course, the basic tracer itself -less the 
probes -can be used as a general -purpose 
amplifier to check home -brew projects or 
for an audio preamplifier. Either way, for a 
very small investment in time and money you 
become the proud owner of an essential piece 
of bench test gear that'll stand you in good 
stead for many a year to come -not to men- 
tion the fact that you'll have obtained prac- 
tical experience in the newest of the new, in- 
tegrated circuits. 
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Knight -Kit KG -686 
Continued from page 90 

for alignment. Dial calibration does not re- 
quire a frequency meter as the internal 1 

MHz and 100 kHz calibrators provide ac- 
curate alignment signals. 

Since the final performance will be de- 
termined entirely by the alignment, do it 
slowly and patiently; figure one to two hours 
for a complete job -most of the time de- 
voted to the dial calibration. Since the coils 
are pre -aligned, you'll be very close to ac- 
curate alignment before you start. Actually, 
you will just be "trimming" the oscillator, 
which, if done carefully, will result in dial 
calibration equal or better than that of a 
lab grade generator. 

Performance. Regardless of its cost, a 
calibrated generator is worthless if the out- 
put voltage indication isn't accurate -and 
low price is not an excuse for inaccuracy 
in this instance. Accordingly, we compared 
the Knight -Kit KG -686 against a Measure- 
ments 80, a lab -grade calibrated RF gen- 
erator. 

Up to 30 MHz, the limit of our measuring 
equipment, the output voltage of the KG- 
686 was within 0.5 uV of the lab "standard" 
between the output voltages of 0.5 and 10 
uV. Allowing for the tolerance of both gen- 
erators, this was outstanding performance. 
Between 10 and 100,000 uV, the KG -686 
was well within its rated tolerance. 

The modulation depth is user calibrated 
at 50 percent. However, the actual percent 
modulation of the test RF signal was some- 
what higher than the indicated 30 percent 
modulation shown on the KG -686. Since 
30 percent is more or less the standard test 
modulation depth, we suggest you calibrate 
your KG -686 to be accurate at 30 percent 
meter reading. 

The dial accuracy was extremely good, 
surpassing that of several lab -grade genera- 
tors. This is due completely to the built -in 
crystal calibrators and is an indication of 
the performance you can expect if you take 
plenty of time and do a good job on the over- 
all alignment. 

The RF waveform is slightly distorted, 
lacking symmetry; and there is a lack of 
symmetry of the positive and negative modu- 
lation. However, lack of signal purity will 
not affect the average Ham, CBer, experi- 
menter or service shop to any serious -or 
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even noticeable- degree. In fact, a labora- 
tory-type solid -state job priced at approxi- 
mately $300 showed the same reduced wave- 
form purity. 

Then what is the difference between the 
Knight -Kit KG -686 and a lab grade cali- 
brated generator? The difference is primarily 
frequency stability. A lab grade generator 
will hold its frequency -set even under rough 
handling. The KG -686, on the other hand, 
is extremely sensitive to handling. Fact is, 
just a slight pressure on the cabinet or panel 
is enough to cause the output frequency to 
change slightly. However, we could not de- 
tect any frequency drift when the generator 
wasn't handled -so take your cue from that. 

Another difference is long term calibra- 
tion. A lab grade generator will stay on 
calibration due to ruggedized components 
and general lab -grade quality. The KG -686 
uses standard grade components and you 
should expect to re -align occasionally, per- 
haps once or twice a year; but when you've 
done the alignment once, doing it again is 
a routine job and is a small price to pay for 
a low -cost calibrated generator. 

Summing Up. The performance of 
Knight's KG -686 represents a value consid- 
erably in excess of the $95 kit price. It is 
presently the only low cost means of ac- 
curately determining the performance of re- 
ceiving equipment. All in all, its outstanding 
features and low cost should put it on a lot 
of peoples' test -gear dream list. 

For additional information write to Allied 
Radio Corp., Dept. 20, 100 N. Western 
Ave., Chicago, Ill. 60680. U 
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"That idiot lighthouse keeper is 

experimenting with his laser again." 
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FCC License and Associate Degree cor 
respondence /residence courses. School bul- 
letin free. Grantham Institute of Elec- 
tronics, 1505 N. Western Ave., Hollywood, 
California 90027. 

EARN Your Degree In Electronics En- 
gineering. Highly Effective Home Study 
Courses In Electronics Engineering Tech- 
nology And Electronics Engineering Math- 
ematics. Free Literature. Cook's Institute 
Of Electronics Engineering, P. O. Box 
36185, Houston, Texas 77036. (Established 
1945.) 

HYPNOTISM 

SELF -Hypnosis -let's you use amazing. 
proven power for learning, working, feel- 
ing, living better. Free literature. Smith - 
McKinley, Box 3038, San Bernardino, 
California 92404. 

INVENTIONS WANTED 

WE either sell your invention or pay, 
cash bonus. Write for details. Universal 
Inventions, 298 -3, Marion, Ohio 43302. 

MONEYMAKING OPPORTUNITIES 

INVEST $3.00, Make $6000. Or $3.00 
Back. American Company, Box 19K, 
Waverly, Mass. 02179. 

START Profitable Business in spare 
time. Investigate many money -making 
opportunities. Send 100 for sample copy of 
Income Opportunities Magazine, 505 Park 
Ave., New York, N. Y. 10022. Dept. S. 

PERSONAL 

BILL problems? Poor credit no trouble. 
Not a loan company. Send for free appli- 
cation. Automatic Acceptance, 318DC 
Broadway Blvd., Reno, Nev. 89502 or 
307DC Pocasset Ave., Providence, R. I. 
02909. 

FOR the best in Mystery Reading - 
Subscribe to Ellery Queen's Mystery Mag- 
azine, 505 Park Ave., New York, N. Y. 
10022. Send $2.49 for 10 issues. 

PROFITABLE OCCUPATIONS 

$25.00 AN Hour Possible Learn Furni- 
ture Touch -up. Illustrated Guide $4.98. 
Pegg Enterprises, Box 243, So. Holland, 
Illinois 60473. 

RADIO & TELEVISION 

CANADIANS -Giant Electronics Cata- 
logs. Hi -Fi, Shortwave, Ham, CB. Rush 
$1.00. ETCO, Dept. RT, Box 741, Mon- 
treal, Canada. 

"DISTANCE Crystal Set Construction" 
Handbook -50f. Catalog. Laboratories. 
12041 -G Sheridan, Garden Grove, Calif. 
92640. 

C.B. BUYERS' Guide -A new magazine 
for the buyers of Citizen's Band Electronic 
Equipment. 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. 

REMAILING SERVICE 

LAS VEGAS Remails 250. 5 For $1.00. 6 
Color Postcard $1.00. Remail Free. Larsen. 
106 Mojave Road, Las Vegas, Nevada 
89104. 

SEEDS, PLANTS & NURSERY STOCK 

600 ASSORTED Sweet Onion Plants 
$3.00 Postpaid. Topco, Farmersville, Texas 
75031. 

SONGWRITERS 

POEMS set to music. Songs recorded. 
Send poems, songs. Crown Music, 49 -SC 
West 32, New York 10001. 

START YOUR OWN BUSINESS 

UP To 900 Profit On Each $1.00 Sale. 
Details 250. 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." 
Send $1.00 for your copy includes Postage. 
to 1001 How -To Ideas, 505 Park Ave., 
New York, N. Y. 10022. 

For Greater Classified Profits 
WHY NOT TRY THIS NEW 

combined classified ad medium 
Your classified ad will appear in SCIENCE & MECHANICS MAGAZINE os well as in a minimum of 

four 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. 

MARCH -APRIL, 1968 117 



They get paid top salaries 
for keeping today's 

electronic world running 

Suddenly the whole world is 

going electronic! And behind the 
microwave towers, push-button 

phones, computers, mobile radio, 
television equipment, guided 

missiles, etc., stand 

THE TROUBLESHOOTERS 
-the men needed to inspect, 

install, and service these 
modern miracles. They enjoy 
their work, and get well paid 

for it. Here's how you can 
join their privileged ranks- 

without having to quit your job 
or go to college in order 

to get the necessary training. 

118 ELEMENTARY ELECTRONICS 
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f UST THINK HOW MUCH in demand you wouid be if 
J you could prevent a TV station from going off 
the air by repairing a transmitter...keep a whole 
assembly line moving by fixing automated produc- 
tion controls...prevent a bank, an airline, or your 
government from making serious mistakes by re- 
pairing a computer. 

Today, whole industries depend on electronics. 
When breakdowns or emergencies occur, someone 
has got to move in, take over, and keep things run- 
ning. That calls for one of a new breed of techni- 
cians -The Troubleshooters. 

Because they prevent expensive mistakes or de- 
lays, they get top pay -and a title to match. At 
Xerox and Philco, they're called Technical Repre- 
sentatives. At IBM they're Customer Engineers. 
In radio or TV, they're the Broadcast Engineers. 

What do you need to break into the ranks of 
The Troubleshooters? You might think you need a 
college diploma, but you don't. What you need is 
know -how -the kind a good TV service technician 
has -only lots more. 

Think With Your Head, Not Your Hands 
The service technician, you see, "thinks with his 
hands." He learns his trade by taking apart and put- 
ting together, and often can only fix things he's al- 
ready familiar with. 

But as one of The Troubleshooters, you may be 
called upon to service complicated equipment that 
you've never seen before or can't take apart. This 
means you have to be able to take things apart 
"in your head." You have to know enough elec- 
tronics to understand the engineering specs, read 
the wiring diagrams, and calculate how a circuit 
should test at any given point. 

Now learning all this can be much simpler than 
you think. In fact, you can master it without setting 
foot in a classroom and without giving up your job! 

AUTO- PROGRAMMEDTM Lessons Show You How 
For over 30 years, the Cleveland Institute of Elec- 
tronics has specialized in teaching electronics at 
home. We've developed special techniques that 
make learning easy, even if you've had trouble 
studying before. 

For one thing, our AUTO- PROGRAMMEDTM lessons 
build your knowledge as you'd build a brick wall - 
one brick at a time. Each piece rests securely on the 
one that came before it. 

ENROLL UNDER NEW G.I. BILL 
All CIE courses are available under the new 
G.I. Bill. If you served on active duty since 
January 31, 1955, or are in service now, check 
box on reply card for G.I. Bill information. 

In addition, our instruction is personal. When 
your teacher goes over your assignment, no one 
else competes for his attention. You are the only 
person in his class. He not only grades your work, 
he analyzes it to make sure you are thinking cor- 
rectly. And he returns it the day it's received so 
that you can read his comments and corrections 
while everything is fresh in your mind. 

Always Up -To -Date 
To keep up with the latest developments, our 
courses are constantly being revised.. This year CIE 
students are getting new lessons in Laser Theory 
and Application, Microminiaturization, Single Side - 
band Techniques, Pulse Theory and Application, 
and Boolean Algebra. 

In addition, there is complete material on the 
latest troubleshooting techniques including Tandem 
System, Localizing through Bracketing, Equal Like- 
lihood and Half -Split Division, and In- circuit Tran- 
sistor Checking. There are special lessons on serv- 
icing two -way mobile equipment, a lucrative field 
in which many of our students have set up their 
own businesses. 

Your FCC License -or Your Money Back! 

Two -way mobile work and many other types of 
troubleshooting call for a Government FCC 
License, and our training is designed to get it for 
you.But even if your work doesn't require a license, 
it's a good idea to get one. Your FCC License will 
be accepted anywhere as proof of good electronics 
training. 

And no wonder. The licensing exam is so tough 
that two out of three non -CIE men who take it fail. 
But CIE training is so effective that 9 out of 10 of 
our graduates pass. That's why we can offer this 
warranty with confidence: If you complete one of 
our license preparation courses, you'll get your li- 
cense -or your money back. 

Mail Card for 2 Free Books 

Want to know more? Mail the postage -paid reply 
card bound here. We'll send our 40 -page catalog 
describing our courses and the latest opportunities 
in Electronics. We'll also send a special book on 
how to get a Commercial FCC License. Both are 
free. If the card is missing, just send us your name 
and address. 

CIE 
Cleveland Institute of Electronics 
1776 E.17th St., Dept. EL -7 Cleveland, Ohio 44114 

Accredited Member National Home Study Council 
A Leader in Electronics Training...Since 1934 á 



BUILD 20 RADIO 
CIRCUITS AT HOME 

with the New Improved 
PROGRESSIVE. RADIO "EDU- KIT "` 

A Practical Home Radio Course 
Now Includes * 12 RECEIVERS * 3 TRANSMITTERS * SQ. WAVE GENERATOR * SIGNAL TRACER * AMPLIFIER * SIGNAL INJECTOR 
* CODE OSCILLATOR 

Reg. U. S. 
Pat. Off. 

* No Knowledge of Radio Necessary 

* No Additional Parts or Tools Needed 

* EXCELLENT BACKGROUND FOR TV 

* 
* Sold In 79 Countries 

SCHOOL INQUIRIES INVITED 

YOU DON'T HAVE TO SPEND 
HUNDREDS OF DOLLARS FOR A RADIO COURSE 

The "Edu -Kit" offers you an outstanding PRACTICAL HOME RADIO COURSE at a 
rock- bottom price. Our Kit is designed to train Radio & Electronics Technicians, making 
use of the most modern methods of home training. You will learn radio theory. construe 
Lion practice and servicing. THIS IS A COMPLC1E RADIO COURSE IN EVERY DETAIL. 

You Will learn how to build radios, using regular schematics; how to wire and solden 
In a professional manner; how to service radios. You will work with the standard type of 
punched metal chassis as well as the latest development of Printed Circuit chassis. 

You will learn the basic principles of radio. You will construct, study and work with 
RF and AF amplifiers and oscillators. detectors, rectifiers, test equipment. You will learn 
and practice code, using the Progressive Code Oscillator. You will learn and practice 
trouble-shooting. using the Progressive Signal Tracer. Progressive Signal Injector, Pro - 
gressive Dynamic Radio & Electronics Tester. Square Wave Generator and the accompany - 
Ing instructional material. 

You w:11 receive training for the Novice, Technician and General Classes of F.C.C. Radio 
Amateur Licenses. You will build Receiver, Transmitter, Square Wave Generator, Code 
Oscillator, Signal Tracer and Signal Injector circuits, and learn how to operate them. You 
will receive an 

e 
xcellent background for television, 

e x 

Hi -Fi and Electronics. 
Absolutely no evious knowledge of radio or science is required. The "Edu -Kit" in 

the product of many years of teaching and engineering experience. The 'Edu -Kit" will 
provide you with a basic education in Electronics and Radio, worth many times the low 
price o a . The Si. nal Tracer alone i e worth more than the r rice of the kit. 

THE KIT FOR EVERYONE 
You do not need the slightest background 

In radio or science. Whether you are inter- 
ested in Radio 8, Electronics because you 
want an interesting haobby. a well paying 

thebusiness Edu -Kit" a worth-while I Investment. . 
. Many thousands of Individuals of all 

ages and backgrounds have successfully 
used the "Edu -Kit" in more than 79 coun- 
tries of the world. The "Edu-Kit" has been 
carefully designed, step by step, so that 
you cannot make a mistake. The 'Edu -Kit" 
allows you to teach yourself at your own 
rate. No instructor Is necessary. 

PROGRESSIVE TEACHING METHOD 
The Progressive Radio Edu -Kit" Is the foremost educational radio kit in the world. 

and is universally accepted as the standard In the field of electronics training. The "Edu. 
Kit" uses the modern educational principle of 'Learn by Doing." Therefore you construct. 
learn schematics, study theory. Practice trouble shooting -all In a closely Integrated pro- 
gram designed to provide an easily- learned, thorough and interesting background in radio. 

You begin by examining the various radio parts of the Edu- Kit." You then learn the 
function, theory and wiring Of these parts. Then you build a simple radio. With this first 
set you Will enjoy listening to regular broadcast stations, learn theory, practice testing 
and trouble -shooting. Then you build a more advanced radio, learn more advanced theory 
and techniques. Gradually. In a progressive manner. and at your own rate. ¡ou will 
find yourself constructing more advanced multi -tube radio circuits, and doing wok like a 
Professional Radio Technician. 

4 luded in the "Edu -Kit" course are Receiver, Transmitter, Code Oscillator, Signal 
Tracer, Square Wave Generator and Signal Injector Circuits. These are Oct professional 
"breadboard" experiments, but genuine radio circuits, constructed by means of professional 
wiring and soldering on metal chassis. plus the n method of radio construction known 
as "Printed Circuitry." These circuits operate on 

new 
regular AC or DC house current. 

THE "EDU -KIT" IS COMPLETE 
You will receive all parts 

electronics circuits, each gua 
able, 
hardware, 

electrolytic, mica, ce 
tubing, Punched 

selenium you coils, ice. 
In addition, 

special tube sockets, hardwa 
professional electric solder' 
Tester. The "Edu -Kit" also 
in addition to F.C.C. Radio 
servicing with the Progress 
Fidelity Guide and Quiz B 

tnstruì 

S 
y 

r is Certificate of 
instructions. etc. Everythin 

and instructions necessary to build twenty different radio and 
ranteed to operate. Our Kits contain tubes, tube sockets, 

ramie and paper dielectric condensers, resistors, tie strips, 
metal chassis, Instruction Manuals, hook -up wire, solder, 

lume controls and 
including materials, i n g 

switches, 
e Printed Circuit Printed Circuit chassis. 

re and instructions. You also receive a useful set of tools, a 
ng and self -powered Dynamic Radio and Electronics 
includes Code Instructions and the Progressive Code Oscillator. 
Amateur License training. You will also receive lessons for 

ive Sign:.l Tracer and the Progressive Signal Injector, a High 
o k. You receive Membership in Radio -TV Club, Free Consulta- 
Merit and Discount 

keen. 
Privileges. You receive all parts. toe's. 

Progressive "Edu- Kits" In c.. 1186 Broadway, Dept. 5240.1, Hewlett. N. Y. 11557 

- -- UNCONDITIONAL MONEY -BACK GUARANTEE 
Please rush my Progressive Radio "Edu -Kit" to me, as indicated below: 
Check one box to indicate choice of model 

Regular model $26.95. 
Deluxe model $31.95 (same as regular model, except with superior parts and 
tools plus Radio & TV Parts Jackpot worth $15.) 

Check one box to indicate manner of payment 
I enclose full payment. Ship "Edu -Kit" post paid. 
Ship "Edu -Kit" C.D.D. I will pay postage. 

I Send me FREE additional information describing "Edu- Kit." 
Name 1 

Address 

Pf'O ?RFSÿfVE "EDC-P . +; 

llbb Broadway, Det,t ìì4f1J He .`r - N. 1lí 

Training Electronics Technicians Since 1946 

FREE EXTRAS 
SET OF TOOLS 

SOLDERING IRON 
ELECTRONICS TESTER 
PLIERS -CUTTERS 
VALUABLE DISCOUNT CARD 
CERTIFICATE OF MERIT 
TESTER INSTRUCTION MANUAL 
HIGH FIDELITY GUIDE QUIZZES 
TELEVISION BOOK RADIO 
TROUBLE -SHOOTING BOOK 
MEMBERSHIP IN RADIO -TV CLUB: 
CONSULTATION SERVICE FCC 
AMATEUR LICENSE TRAINING 
PRINTED CIRCUITRY 

SERVICING LESSONS 
You will learn trouble- shooting nd 

servicing In a progressive manner. You 
will practice repairs on the sets that 
you construct. You will learn symptoms 
and causes of trouble In home. portable 
and car radios. You will learn how to 
use the professional Signal Tracer. the 
unique Signal Injector and the dynamic 
Radio & Electronics Tester. While you 
are learning in this practical way. you 
will be able to do many a repair lob for 
Your friends and neighbors, and charge 
fees which will far exceed the price of 
the Edu- Kit." Our Consultation Service 
will help you with any technical prob- 
lems you may have. 

FROM OUR MAIL BAG 
.1. Stataitis, of 25 Poplar Pl., Water- 

bury, Conn.. writes: I have repaired 
several sets for my friends, and made 
money. The "Edu -Kit" paid for itself. I 
was ready to spend 5240 for a Course, 
but 1 found your ad and sent for your 
Kit." 

Ben Valerio, P. 0. Box 21, Magna. 
Utah: "The Edu -Kits are wonderful. Here 
I am sending you the questions and also 
the answers for them. I have been In 
Radio for the last seven years. but like 

to to 
build Radio 

with 
T 

Radio 
ing Equipment. 

like 
I en' ffneihei with dieret kits: the Signal Tracer 

fine. Also like to let you know that I 

feel pr utlC 
of becoming a member of your 

Robert L. Shull. 1534 Monroe Ave.. 
Huntington, W. Va.: "Thought I would 
drop you a few lines to say that I re- 
ceived my Edu -Kit, and was really amazed 
that such a bargain can be had at such 
a low price. 1 have already started re- 
pairing radios and phonographs. My 
friends Were really surprised to see me 
get Trouble-shooting Tester Testerr thatgcomes 

The th 
the Kit is really swell. and finds 

dthe trouble, if there is any to befo." 

PRINTED CIRCUITRY 
At no increase in price. the 'Edu - Kit" 

now includes Printed Circuitry. You build 
a Printed Circuit Signal Injector, a unique 
servicing instrument that can detect many 
Radio and TV troubles. This revolutionary 
new technique of radio construction is now 
becoming popular in commercial radio and 
TV sets. 

A Printed Circuit is a special insulated 
chassis on which has been deposited a con- 
ducting material which takes the place of 
wiring. The various parts are merely plugged 
in and soldered to terminals. 

Printed Circuitry is the basis of modern 
Electronics. A knowledge of this 

sdblret Is s .ly today for nnwone in- 
tL: e,' d ;n i nl:- :' -, ^s. 


