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IF you would like to own vour own business

. if you want to start on the way to BIG
MONEY while keeping your present job . . .
IF you prefer to work from your own home.. .
IF you want to take advantage of the amazing
new opportunities now open to ambitious men
and women...YOU should read this ad and
clip the coupon below.

YOU CAN get out of your rut and start earn-
ing big money right now with the 379 money-
making opportunities in a new confidential re-
port entitled. AMERICA's BEST MONEY-
MAKING OPPORTUNITIES.

IT'S YOURS FREE. too. when you uccept
this no risk ofter.

1L EARN how thousands of ambitious people
hke vourself are opening the door to really
big income and security in their own business
in this exclusive reporl personalized for you.

1t tells you about:

S5 BUSIN ES YOU CAN START

FOR UN R $500!
Proven prolit mukers which ofter independ-
ence and financial security...many can be
started on o part time basts ... opporlunities
10 start your own business with a next-to-
nothing invesiment ... with addresses for ob-
aining detailed information.

200 HIGH-PROFIT FRANCHISES!
Sclected franchise profit-making opportuni
ties with initial investment of under $3.000
-..covers all major areas such as: services
c..products. . .schools. . sports and recrea-
tion...stores...vending machines...cosmetics
... health aids und much more.

SUCCESS SECRETS OF 23 TOP

MAIL ORDER PROS
The mside success stories hehind the big
mail order money makers...with a check-
list of 23 best sellers. .. and tull details vou
can use (o get into the big mail order field.

RED HOT NOVELTIES FOR SALESMEN
How to get your share of the multi-billion
dollar adverusing specialties industry which
offers unlimited opportunities to salesmen.
Commissions on matchbooks alone run to
more than $7,000,000...sources for profit
making in major areas.

INCOME OPPORTUNITIES NEWSLETTER

229 Park Avenue South,
New York, N. Y. 10003

| Extra VaI;JaTIe Bonus

This valuable Personalized Confidential Guide to

319 Super Money-Makin
Opportunities
Is yours FREE

e..with a 100% NO RISK CHARTER TRIAL SUBSCRIPTION to the
INCOME OPPORTUNITIES NEWSLETTER Reporting Service

These Special MONEY MAKING REPORTS are in-
cluded with your NO RISK subscription

25 HOME-BASED, SPARE-TIME MONEY-MAKERS

For anyone who would want additional income
laminating, speciaity mail order, secretarial serv-
ices. Full details on how to get customers and
how to price your product for profit!

DIRECT SELLING DIRECTORY

Leaders in the direct selling field —Salad-master
Tupperware, Stanley, and many others help put
You on the path to financial independence selling
nationally known products...and earming com-
missions of up to $1.000 monthly!

20 FASTEST GROWING RETAIL BUSINESSES!
Sur_vey and report of independent businesses
which are currently booming--coin-op car wash.
beauty/wig salons, pocdie grooming parlors
economic indicators to help you to make the

WHY we want to -s,er;'l I

wisest choice for a profitable business!

22 MONEY-MAKING HOBBIES!

Hobbies are not only for fun, but can be profit-
able as well! Here's how to turn your coin'stamp
coliecting, your tropical fish or even your own
art and craft items into a substantial secondary
source of income!

33 PART TIME, FULL TIME VENDING MACHINE
OPPORTUNITIES

Learn the secrets to big steady income with your
own vending machine operation. Get the inside
information on: types of machines, kinds of prod-
ucts, investment needed. Potenlial income, how
to select jocations—and much, much more!

22 LOW-COST, HIGH PROFIT FAST F000
FRANCHISES

How you can cash in on the great fast food res-
taurant boom. Oetails on types of opportunities
such as: Barqecue. burgers, franks, Cantonese.
donuts, etc. with information you need on invest-
ment and how to project profits.

you this Valuable Personalized
Confidential Report FREE

TO HELP YOU TO DISCOVER a new serv
ice that brings you hundreds of golden money
making opportunities—the new INCOME

OPPORTUNITIES NEWSLETTER Confi-
dential Reporting Service...we will send you
this valuable report FREE

ALL YOU NLED DO is to accept our 1009

MAIL THIS NO RISK COUPON TODAY

INCOME OPPORTUNITIES NEWSLETTER 229

I _1 Here's my dollar. Send me 2 issues of
INCOME OPPORTUNITIES NEWSLETTER
I (a $3.00 value) and enter my 1009 NO
RISK CHARTER TRIAL SUBSCRIPTION to
I the complete INCOME OPPORTUNITIES
NEWSLETTER Service at the low rate of
I $1.50 per month for one year. After read:
ing my 2 issues ! will send you payment
for my subscription or cancel my sub-
I scription and you will refund my dollar.
When you receive my payment you will
I send me my personalized copy of the Con-
fidential Report: AMERICA'S BEST
I MONEY MAKING OPPORTUNITIES. | wilt
also receive the 6 VALUABLE BONUS RE-
I PORTS as part of my subscription. | may
cancel my subscription at any time and
receive a FULL REFUND for all issues still
I due me.

NO RISK OF FFR 10 agree 10 1ry INCOME
OPPORTUNITIES NEWSLETTER entirely
at our risk. If after reading two issues vou do
not agree that this confidential opportunities
reporting service witl help you to learn about
super money-making opportunitics YOU can
tuhe advantage of to carn greuter income and
financial independence, vou simply tell us and
we cancel your subscription and YOU KEEP
the Special Report. You have absolutely noth-
ing to lose when you send in the NO RISK
cotipon below.

Here's all you need do
to get started on the way to
BIG MONEY OPPORTUNITIES

JUST CLIP the coupon below and mail it
with $1.00 for 2 issues of INCOME OPPOR-
TUNITIES NEWSLETTER—a $3.00 value
$0 you can see for yourse!f how valuable this
reporting service will be to YOU. Then you
decide it you want to receive each golden
opportunity-packed issue.

Park Avenue South, New York, N.Y. 10003

I'm already sold. Here's my $18.00 for
a full year's service. RUSH the Personal
1zed Confidential Report AMERICA'S BEST
MONEY MAKING OPPORTUNITIES right
away.. and add 2 extra months' service
(value $3.00) FREE. Same money-back
guarantee of course

NAM — I
PLEASE PRINT — it prevents errors

STREET ADDRESS_ - I

city I

STAT! ZIP COD

EE-769

T —




Here’s a new, complete ICS course in
TV Servicing that costs less than $100.

With the first two texts, you can
repair 70 percent of all TV troubles.

You need no previous experience to take this com-
plete, practical course in TV Repairing.

You don't even have to know a vacuum tube from
a resistor. Yet in a matter of months, you can be
doing troubleshooting on color sets!

Course consists of 6 texts to bring you along quickly
and easily. 936 pages of concise, easy-to-follow in-
struction, plus 329 detailed illustrations. You also
receive a dictionary of TV terms geared directly to
course material so you’ll understand even the most
technical terms.

Instruction is simple, very easy to grasp. Photos
show you what a TV screen looks like when everything
is normal, and what it looks like when trouble fouls
it up. The texts tell you how to remedy the problem,
and why that remedy is best.

Quizzes are spotted throughout the texts so you
can check your progress. At the end of the course,

JuLy-AucusT, 1969

you take a final examination. Then you get the
coveted ICS® dipioma, plus membership in the ICS
TV Repairman Association.

By the time you've finished the course, you should
be able to handle tough, muitiple TV problems, on
color sets as well as black and white.

This new TV Servicing and Repair Course has been
approved by National Electronic Associations for

use in their Apprenticeship program. Because of its.

completeness, practicality and price, it is the talk of
the industry. The cost is less than $100—just slightly
over Y2 the price of any comparable course on the
market today.

Remember, the sooner you get started on your
course, the sooner you'll be turning your spare time
into real money. Fill out the coupon and mail today.
We'll rush you 7 complete information at no obli-
gation to you. 1
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37 Desk-top 3-in-1 Project—a radio, a pen, and a lamp all rolled in one
e 39 Speaker-Fone—the Joudspeaking telephone that doesn’t hang you up
61 Cheapy Bippy—CPO turns metronome

65 PQ Minder—the switch is magnetic, the warning is real

SPECIAL THEORY FEATURES
45 OpAmp—the hobbyists' building block for the 1970s
Push-Pull Circuits—/ pull, you pull, we all pull for push-pull
73 Golden Cascade—photomultipliers open a new window on the universe
Pre 79 Basic Course, Part IX—Understanding Television Transmitters

Yo
8

SWL AND DX FEATURES

15 DX Centrai Reporting
Exg 27 DXers: Why Not the Moon?—your guide to Apollo 11 from blast-off to splashdown
36 Campus Cops—how to flick in the fuzz when the fun is on

AS OUR LAB SEES IT

59 Lafayette Telstat 150 CB 2-Way Radio and VHF Monitor Receiver
63 Century General Solid-State Audio Test Center

ELECTRONICS IN THE NEWS

51 The Teacher's Assistant Can Blow a Fuse!
70 Psychedelia Goes to Pschool

ALY
SWEET AND SIMPLE &
44 Earthbound Hi-Flyer Ry

58 A Signal Injector for All Reasons

64 Meet a Modern Sea Monster: The Mini Sub—unmanned @
but matchless marauder of the deep -
78 Sizzle Cymbal/Rim Shot/Crash!—/’m solid, what say you ? w

THE REGULARS
5 Random Noise—editorial chit-chat
10 Hey, Look Me Over—the “what's new"’ products column
17 NewScan—misfit news that's fit to print

* 21 En Passant—chess column for beginners
Cover 24 Literature Library—info for the asking
Highlights 26 e/e etymology—words, words, words

AUTHORS IN THIS ISSUE
Skip Bradford, Len Buckwalter—K1ODH/KQAS5012, John

Cover photo W. Collins, Steve Daniels—WB2GIF, Herb Friedman—

by W2ZLF/KBI9457, Jorma Hyypia, Don Jensen, Lars Jorgen-

Leonard sen, Thomas K. Sear, Art Trauffer, and the ELEMENTARY
Heickien ELECTRONICS' Editorial Staff.

2 ELEMENTARY ELECTRONICS




Now you can have a thsilling psychedelic
“*see-in”’ right in your own home, club,
school or business—in fact—nnvwhere
you want to add sensational ‘‘mod’ ef-
fects. Colored light beams dance and
prance, whirl and swirl in perfect time
with the music—each individual note
creating its own unique twisting. radiat-
ing shape. Adds a spectacularly wild, new
dimension to the world of music and
entertainment. Combines electronics, sci-
ence and art with dramatic results. At-
taches in seconds to your radio, tape
recorder, hi-fi, or stereo with two alligator
clips. Can be used on small screens, large
walls, stages and whole auditoriums. Build
your own MusicVision* with low-cost Do-
It-Yourself Kit. Loads of fun! Fast! Easy!
All you need is a light source. 1f you don’t

8”7 DO-IT-YOURSELF KIT.. . ......

B” SET (Motiondizer, color wheel, apertures)

DAZZLING ACTION with

MoSick/1SioN

Dramatic New Breakthrough
In Audio-Visual Enjoyment

have one, the versatile Edmund 35mm
500 Watt Projector is a terrific bargain,
All kinds ol other uses too—set up to
accept motorized accessories. Also avail-
able in  15”x15”x27” Walnut Cabinet
Model, Tube Unit, or 8" and 12" Sets
which include encased 8" or 12" Motion-
dizer, Color Wheel and set of apertures
for use with your own 35mm projector.
Large 12" get provides fabulous effects
for commercial applications. Order by
stock number listed below. Money-back
guarantee. Complete information in new
catalog. If you want additional details
now, send 25¢ in coin for fully illustrated,
16-page Booklet No. 9096EK, "Introduc-
tion to MusicVision®."”

®* Patent pending.
. Stock No. 71,009EK . $22.50 Postpaid
. Stock No. 71,030EK . $45.00 Postpaid

12/ SET (Same as above w/larger Motlondlzer) Stock No. 71,032EK . $57.50 Postpaid

WALNUT VENEERED CABINET MODEL. ..

EDMUND 500 watt 35mm PROJECTOR

TOP-QUALITY LOW-COST STROBE
Create sPectacular psychedelic lighting ef-
fects with thls genuine electronie strobe.
Terrific for parlle‘i speclal occaslons, experi-
ments . t for combos, night elubs,
dances, exhlhltlons Adjusts from 1 to 10
short-duration flashes per second—not a make-
shift mechanical device. Amaze frlends with
old-time movie effecis.
breaker ever—‘‘freeze’’
freeze'’ your guest. T
action of moderate-speed machinery. Xenon
lamp gives one million flashes. 814" diam.
refiector. Uses reg. 110-120 volt A.C. cu
rent. Handsome solid walnut cabinet,

834" by 4”7, Send for Bulletin
describes other mew unique lighting effects.
Stock No. 70.989EK. . $79.95 Ppd.
MEGA ST ROBE
Stock No. 71,061[!(. ....%9149,95 Ppd.

NEW/[ LOW-COST COLOR ORGAN
Accompany musle with colored lighting that
changes in hue and intemsity. Create tremen-
dous variety of unusual and beautiful effects.
Simply plug in 3 dift. sets of colored lights
and Place near audio source. Notes picked
up hy interior ‘'mike’* determine which col-
ored lights go on—Iloudness determines in-
tensity. Surprising numher of commercial,
display and home uses—control lighting in
pools and fountains. window and holiday
decorations, gieat for parties, Tough, com-
pact unit with light intensity control.
4-9/167x217x4%", 1 1b. 6 oz
Stock No. 1900EK. .. .. .. .$39.95 Ppd.

4 CHANNEL DE LUXE 2,000 WATT
Stock No. 71,103EK . .$195,00 Ppd.

....Stock No. 85,1B1EK . $99.50 F.0.B.

.Stock No. 71,057EK . $24.50 Postpaid

AMAZING
BARGAINS

for Fun « Smdy * Profit

from

EDMUND SCIENTIFIC CO.
300 Edscorp Building
Barrington,.N. J. 08007

‘BRIGHT IDEAS' in UNIQUE LIGHTING
Big. new 84-page handbook packed with facts,
loaded with illustrations. All latest develop.
ments, applicatlons. equibment. 8" x 11"
looseleaf paper punched to fit 3 ring binder.
Stock No. 9100EK. . . $3.00 Ppd.

LOW-COST OVERHEAD PROJECTOR

If you've always wanted one but couldn’t
afford to pay %150 here’s your opportunity
to et a 5”x5” model ideal for school, home
and small audience use, Comes without light
source—use your own 35mm projector (or buy
ours), 1Ideal for transparencies, lantern
slides, negatives, drawings, nnuqual light-
ing eflects. 314 Ibs. 9!/4")(6!/2" -9/167.
Top-and-hottom mirrors, F/ .;. 16mm F.L.
lens. double Fresnel conde n\ Easy fric-
tion-focusing,. Keystone adj. Poxt'lble

Stock No. 71,011EK, . .$29.50 Ppd.

EDMUND 500 Wwatt 35mm PROJECTOR
Stock No. 71,057EK. .. .. .$24.50 Ppd.
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WORLD'S SMALLEST BIBLE

See entire Holy ﬂ(hle—all 773,746 \\’on'le on
45 pages—reduced 10 plece of film 1 /16"
square. Incredihle 48,400 to 1 reductlon hy
new photochruomie (Iye. nicra-image u-rlmlque
that_begins where microtilm leaves ofl. Needs
100X  microscobe to read. Astonnd your
friends! Carry in your wallet or purse. Projeet
it on watl with 'scope and prism. Henl con-
versatlon piece,
Stock No. 41,191EK. .. . ... $2.00 Ppd.

50X, 150X, 300X MICROSCOPE
Stock No. 70,008EK. .. .. .$16.50 Ppd.

NEW! PROJECTION KALEIDOSCOPE

At last—a low-cost unit complete with inter-
changeable 97 diam. liauid wheel. 1'rojects
infinite varfety of britliant color patteins
which de net repeat. Specially designed wheel,
3" projection lens and Edmund Visual Special
Eftects I’rojector make it all possible. Easily
operated. l.urge screen imageé at short Dro-
jection dlstance perfect for photo backgrounds,
light shows, parties, dances, etc. Front or
rear profection. Incl.: 1 RPM 115V \Iotor.
motor hracket. Imtluctlons
Stock No. 71,121EK.. .$94.50 Postpaid
SOLID Muilti-Colored Glasl Accessory
Wheel (9” Diameter)

Stock No. 71,122EK......$15.00 Ppd.

NEW LOW-COST ULTRASONIC CLEANER

Top-quallty 14rd pint unit for only $39.95.
Cleans dirt, grime completely, qulckly,
safely. Small delicate parts, precision elec-
tronlc items, lab instruments, jewelry, coins,
even dentures sparkie {ike new. American-
made—operates oh regular house current.
Solid state generator w/automatic turn-off.
Power regulating knob, No shocks. No radio
interference. 6”x4”x4" stalnless.
Stock No. 71,003EK. .. ... $39.95 Ppd.
LARGE INDUSTRIAL 11/4;-GAL. SIZE
No. 85,128EK. ., (Wt. 37 Ibs.)

A .. ...$249.95 FOB

L ad
NEW SURPLUS NI-Cd CELLS

Save more than 75%p! Long llre—acce t 300
charge and discharge cycles. 1.2 ts per
cell—750 milllampere hours clpacny Excel.
charge retention. Hermetically sealed. Indefi-
nite stora e life. Multiple cells welded in
senex—eas ¥y cut Combine to form btry.

58" high. Snec price for 100 up.

Low.cost charger separa
Order i Cells DC Vol! Price Ppd.
60.634EK 00 $ 4.8

TRICKLE CHARGER (1- 10 cells)
70,812E 0.95
BIG SAVINGS—— UANTITY ORDERS!

P-85, lB4EK

to 999 cells 70¢ ea. F.0.B.
P- 85 185[)( 1,000 up 60¢ ea. F.0.B.

MONEY~BACK GUARANTEE

Order by Stock No.—Send Check or M.O.

GIANT FREE CATALOG

! 148 Pages! More than 4,000
I UNUSUAL BARGAINS!

Completely new 1960 ed!- I
tion. New items, categories.
F illustrations. 148 ea.y lo. '
read pages packed W th
nearly 4000 unusual bar- I
gains. Dozens of electr'cal
and electromagnelic pail., l
accessories. EnOImoits ~o
lecuon ol Astronomical |

l EDMUND SCIENTIRIG co. 300 tdscorp
Building, Barrington, . 8007,
| Maii coupon for FREE Catnloz "EK"”

I Name
' Address.
City, State Zip__

S —
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Hi-Fi Buyers’ Guide

5 /or f/w 5winging crouml./

From Beirut to Bangkok, Boston to Santa Barbara,
the word is out. The word? Why Hi-FI BUYERS'
GUIDE, the one stereo/hi-fi publication that tells
you everything you need to know before you huy.
You'll find the latest issue waiting for you at your
newsstand now.

HI-FI BUYERS’ GUIDE
229 Park Ave. So.

] |
[ I
| New York, N. Y. 10003 |
| Ohmygosh, my local newsstand Is sold out—no I
| Hi-Fi Buyers’ Guide at all! How about sending |
| me & copy of the Spring/Summer 1969 issue |
| today? 1 am enclosing $1.25 (no stamps). I
| Name___ et |
| |
| Address_ |
: City = State Zip. :

(Outside U.S. & Canada add 50¢)
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By JuLian M. Sienkiewicz, Editor

frer a magazine has gone to bed (that’s

publishing talk), this editor sometimes
thinks about the importance of schedules and
deadlines. Facing up to an cxacting timetable
is not an occupational hazard solely for the
publishing world. An important case would be
the past Apollo 8 timetable.

TECHNICIANS, HOBBYISTS

Now for the first time you can get away
from that unfinished home-made look.
Enclose your project in a beautiful, pro-
fessionally styled cabinet that you build
in minutes.

New do-it-yourse!f Flexi-Cab®—the
unique vinyl-clad steel cabinet assembly.
Ideal for housing electronic controls,
radio, marine and scientific instruments.
Adds that professional touch! In three
sizes, from 3” x 4”7 x 4”, walnut or black,
with brass or chrome front panels, $2.98
to $4.49. At leading electronics dealers,
service centers and hobby shops; or write
for name of your nearest dealer.

s
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BELL EDUCATIONAL LABORATORIES
123 Marcus Boulevard, Hauppauge, New York 11787

Space officials recently completed their an-
alysis of the data from the Apollo 8 round
trip to the moon. Here are some of the inter-
esting facts they have uncovered.

Apollo 8 began in style by lifting off the pad
less than two-thirds of a second late, and its
Pucific splash-down was only eleven seconds be-
hind time. During its descent to earth orbit,
every one of the engine’s ignition and cut-offs
of the three Saturn 5 booster stages was within
4 seconds or less of the flight plan. The third
stage re-ignited only 0.9 seconds late to send
the spacecraft toward the moon, and shut down
exactly on time, having pushed the three astro-
nauts to a speed scarcely one-fifth of one per-
cent off target. That’s good shooting!

On the outbound trip to the moon, four mid-
course corrections were scheduled, but so ac-
curate was the trajectory, that the first was not
even necessary until more than two hours past
its set time, and the second and third correc-
tions were not needed at all. Correction number
four was used to provide a trivial change of two
feet per second, though space officials said it,
too, could have been dispensed with if desired.
The spacecraft’s service propulsion system was
fised three times around the moon, and each
burn was accurate to the second. The latitude
of the three home-bound mid-course correc-
tions were not needed at all; re-entry specd was
precisely as planned. (Continued on page 8)
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New Kits For Home And Hobby...

NEW
Kit GR-58

$4795*
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NEW

Kit GR-48

$3095*

Kit 1G-28

$7995+

NEW
kit SB-500

$17995*

® NEW

Kit GD-28

$5995*

Heathkit GR-58 Solid-State AM /FM Clock Radio

An easy way to get up . . . choose news & weather on AM or
the bright sound of FM music. AFC for easy FM tuning. Use
“Auto’ position for only radio, or the “Alarm” setting for
alarm & radio. The clock-controlled accessory AC socket will
even perk coffee for you in the morning. The “Snooze™ button
turns off the alarm for 10 minute periods until you move the
function switch . . . lets you wake up gradually. Easy circuit
hoard construction. For an easy way to get up, order yours
now, 8 lbs.

Heathkit GR-48 Solid-State AM /FM Table Radio

An ideal table radio for any room in the house. All solid-state
circuitry delivers the same excellent sound as the GR-58 above,
but without the clock and alarm functions. An Automatic Fre-
quency Control position on the mode switch locks that FM
station in and makes tuning easy. Designer-styled avocado green
cabinet with matching grille cloth. Fast, simple circuit board
construction. 5 lbs,

Heathkit 16-28 Solid-State Color-Bar— Dot Generator

The new Heathkit 1G-28 is the most advanced instrument of
its type available . . . at any price. Computer-type integrated
circuitry eliminates divider chain adjustments and instability —
no futter, jitter or bounce . . . ever. Delivers 12 patterns —
standard 9x9 dots, cross-hatch, vertical & horizontal lines, color
hars & shading bars . . . plus the exclusive Heath 3 x 3" display
of all patterns . . . plus a clear raster so necessary for purity
adjustments. Also features variahle front panel tuning for chan-
nels 2 through 6, front panel sync output, two front panel con-
venience outlets, variahle positive or negative video output,
built-in gun shorting circuits and grid jacks and vectorscope
display capability. 8 Ibs.

Heathkit SB-500 2-Meter Transverter

The new SB-500 allows owners of Heathkit models SB-101,
SB-110A, HW-100 and the SB-301/401 combination to op-
erate on 2-meters without having to huy a complete new rig.
It gives complete, reliable SSB & CW facilities from 144 to
148 MHz and features a husky 50 watts output, fast, easy tuning
and a 0.2 uV receiver sensitivity, A built-in meter monitors final
plate current or relative power. Internal relays eliminate cable
changing when switching from LB gear to the SB-500. Step up
to ““2” now, with the SB-500. 19 1bs.

Heathkit GD-28 8-Track Cartridge Tape Player

The new GD-28 is an ideal addition to any home music system.
Plays pre-recorded tapes through any system with a Tape
Recorder, Tuner or Auxiliary input. Just push in the 8-track
stereo cartridge ... it starts and changes tracks automatically
... Lven shows which track is playing. Changes tracks instantly
with the front panel switch too. Goes together quickly on one
circuit hoard, and the playing mechanism is preassembled &
adjusted. Attractive wood-grained polyurcthane cabinet in-
cluded. Order yours now. 10 Ibs.

ELEMENTARY ELECTRONICS



From The Leader

Now There are 4 Heathkit Color TV's...
All With 2-Year Picture Tube Warranty

NEW Deluxe 681" Color TV With Automatic Fine Tuning ki gRr-681

The new Heathkit “681” is the most advanced color TV on the $49995*
market. Compare the GR-681 against any other set available,

at any price . . . there isn’t onc that has all of these advanced (less cabinet)
features . . . Factory asscmbled Automatic Fine Tuning on all
83 channels that locks in the best color picture in the industry
. . . Push-button Power Channel selection on VHF . . | Built-in
cable-type remote control for turning set on and off and changing
VHF channels . . . Provision for adding Wireless Remote Control
at any time . . . Bridge-type low voltage power supply for su-
perior regufation . . . plus the sclf-servicing features standard
on all Heathkit color TV’s .. . plus all the features of the GR-295
below. Compare the ‘681" against the rest . . . and be convinced.
135 Ibs.

GRA-295-4, Mediterranean cabinet shown. ......... Pe = 500 see$119.50"
Other cabinets from $62.95°

Deluxe “295" Color TV... Model GR-295

The GR-295 js packed with performance . . , a top quality
American brand 295 sq. . color tube with improved phosphors
and a boosted B + supply deliver brighter, livlier color . .. Auto-
matic degaussing . . . Exclusive Hecath Magna-Shield . . . Auto-
matic Color Control & AGC for pure, flutter-free pictures under
all conditions . . . prcasscmbled 3-stage IF . . . Dcluxe VHF
tuner with “memory” fine tuning . . . hi-fi sound output . . .
300 & 75 ohm VHF antenna inputs . . . plus exclusive Heath

HEATHKIT

Kit GR-295

544995*

(less cabinet)

self-scrvicing featurcs that can save you hundreds of dollars, Kit GR-227
131 Ibs. %
GRA-295-1, Walnut cabinet shown................... BB000 - o - ABEs $62.95° $39995
Other cabinets from $99.95" (less cabinet)

Deluxe “227" Color TV... Madel GR-227

Has same high performance & built-in self-servicing features
as “2957, cxcept for 227 sq. in. screen. And, like the “295%,
it can be installed threc ways — in one of the beautiful Heath
factory asscmbled cabincts, your own custom cabinet or in a
wall. 114 lbs.

GRA-227-1, Walnut cabinet SROWN.. o oo vvvutiiiniunannannnn tee0$59.95°
Other cabinets from $36.95"

Deluxe “180" Color TV... Model GR-180

The ‘180" featurcs the same remarkable performance and built-
in self-servicing facilities as the ‘295" cxcept for 180 sq. in.
viewing arca. Fcature for feature, the 180" is casily your best
buy in color TV. 102 lbs.

GRS-180-5, table model cabinetand Caft. .o ocvvitiiinnnniniinnns $39.95°
Other cabinets from $24.95"

Now, Wireiess Remote Control For Heathkit Color TV's

Kit GR-180

$34995*

(less cabinet)

New Wireless Remote Control turns your Heathkit color TV on New Wiretass
& off, changes VHF channels, adjusts volume, color and tint — . .:‘::. TV Remors) sqnuol
all by sonic control. Installs on any rectangular tube Heathkit ‘/ SIGR:ASO
Color TV, cven if you built it years ago. Circuit board/wiring e 56995

harness construction. New Wireless
Kit GRA-681-6, 7 Ibs., for Heathkit GR-681 Color TV's. . ........ ..$59.95° TviRemorefcenticl

Kit GRA-295-6, 9 Ibs,, for Heathkit GR-295 & GR-25 TV's. ..$69.95% o $ 95
Kit GRA-227-6, 9 Ibs,, for Heathkit GR-227 & GR-180 TV's........$69.95° 59

NEW e e~~~ = -

Benton Harbor, Michlgan 49022
FREE 1969 CATALOG!
Now with more kits, more cotor. Please send model (s)____
Fully describes these atong with (1 Please send FREE Heathkit Catalog.

| |
] (1 Enclosed s § _, plus shipping. =
' [
over 300 kits for stereo/hi-fi, | (1 Please send Credit Application. |
' |
' I
| |
: l

color TV, electronic organs, elec- Name
tric gmtar & amplifier, amateur
radio, marine, educational, CB,
home & hobby. Mail coupon or
write Heath Company, Benton
Harbor: Michigan 45022,

Address___

City State, Zip
*Mail order prices; F.0.B. factory. Prices & specitications subject to change without notice. CL-356
-
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RANDOM NOISE

Continued from page 5

Back here on earth, you and I have to face
the problems of everyday commutation. Many
Americans check their railroad timetables to
discover that the train they need to get to work
on time in the big city leaves the station at
6:34 a.m. Bucking traffic all the way they drive
to the station’s parking lot in time to race up
to the platform and—wait! The train is not
there and the reason is totally unknown to the
commuter. It could have been that the train
had arrived five minutes earlier and left with-
out waiting for its normal complement of pas-
sengers from that station. It could be that the
train will be ten minutes late, or fifteen, or
twenty, maybe an hour—who really knows? Or
it could be that the train was lifted from serv-
ice because of mechanical trouble and no re-
placement has been sent down the line to gather
up the sleepy passengers waiting for the early
morning 6:34.

In our great age of moon shots, computers,
communications, etc., you would expect that
the American railroads would be able to main-
tain a comunuter service that would certainly
be dependable. I wonder if there are any pub-
lishing firms on the moon looking for an elec-
tronics editor.

Pueblo, ¢. 1926. In the March/April issue of
ELEMENTARY ELECTRONICS we ran a very in-
teresting story on “The Strange World of Paid
Shortwave Listening.” In the story we had men-
tioned that the United States Navy had real-
ized the value of monitoring the airwaves. By
1926 it had a listening station on the 4th floor
of the American Consulate in Shanghai, China.
This listening post, armed with shortwave re-
generative receivers, could not pick up the
transmissions from Japanese warships at sea.

Several of these sets were installed aboard the.

U.S.S. McCormick and that autumn the ship
became the first floating monitoring post. Thus,
was born the first electronic spy ship. The Mc-
Cormick secretly eavesdropped on Japanese
fleet exercises without the latter knowing what
was taking place. Fortunately, we were able to
obtain an old photograph of the old U.S.S. Mc-
Cormick.

The photo shows the block numerals
“223” painted on her side, a number she proud-
ly carried around the world several times.
Although she was a fourstacker and sported
open gun mounts both forward and aft, she was
one of the most advanced destroyers for her
day.

This Editor believes that the Navy should
have stuck to war ships as listening posts rather
than equipping inferior merchant ships to do
the same job. Even the old four-stacker Mc-
Cormick could have given a better account of
herself off the North Korean coast than did
the Pueblo. This is not a reflection on the crew,
but rather the type of ship used for spy sur-

|
¥

Here's the U.S.S. McCormick during Pacific fleef
war games prior to World War I]. Note the bi-plane
with float flying overhead. (U.S. Navy photo)

veillance. For some reason, a foreign country
somehow expects an armed man-of-war to be
well equipped with sensitive listening devices
that can hear and see what the foreign nation
does not want it to hear and see. These armed
ships are usually left alone. But, give this
snooping power to an unarmed merchant ship,
and Terry and the Pirates somehow come to
real life and a sad ending.

Editor’s Laugh-inl In our last issue Mr.
George Caisse of Levittown sent in some hu-
morous news flashes which tickled this Editor
and many readers who took the time to write
in to tell us so. Well, George's fickle pen has
struck again and here are some of the idio-
items.
¢ Hollywood—America's most famous octal,
the man who played Heathkit in “Withering
Herz.” Rumbling Dodo, verified the fact today
that he and his wife were separated. He con-
fessed responsibility for the marital breakdown.
Dodo told her “You look like a ferrite!” where-
upon she gave him the gate. It’s been twenty
years from the first day emitter. “I'm solder,
but wiser,” he reported.

e Philadelphia—Flip-Flop Flip-Flop, an oscil-
lator operator, suddenly went berserk watch-
ing television after he downed Anode Fash-
ioned at the Epoxy Grille here. Five shots rang
out in rapid succession, then he drank the last
shot and diode.

e Houston—A surprise police raid at an al-
leged T-pad here netted the son of a famous
judge and several micro Waves in u-skirts. One
girl was immediately released as innocent—
there was general agreement that she was a
square Wave. At the hearing, Patrolman Right-
eous testified that he heard one Wave say that
she needed to ‘“‘get in contact with my connec-
tion to get a fix” for a forthcoming birthday
calibration' “Let her stator case,” said the mag-
istrate. “Your honor,” she said, “the officer had
no right to radar apartment.” Said the magis-
trate to the arresting officer, “You made a com-
plete mesh of this case.” |

ELEMENTARY ELECTRONICS



QVEr...

New Produgis
that caught
the Editor’s eya

Hey, readers! ELEMENTARY ELECTRONICS is
your magazine, and Hev, Look Me Over is
Your departinent. We'd like to know what
vou tlink of our new products column. Send
your conunients to the Editor, ELEMENTARY
ELECTRONICS, 229 Park Ave. So., New
York, N.Y. 10003, % Hey, Look Me Over.

Variable Attenuators for MATV

A new line of fixed and variable altenuators
designed specifically for 82-channel cable-pow-
ered MATY systems is shown here from JFD.
Model SE-6801 is variable from 0 to 2 dB in 3
dB steps F” type connectors are used for
input and output and altenuation is set by
means of heavy duty slide switches. Models
SL-6803, SL-6806, SL.-6812, and SL-6820 are
fixed at atenuations of 3, 6, 12, and 20 dB
respectively. All models pass uhf as well as vhf,

1 r 75 - -i
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JFD SL-6801 & SL-6803 Attenuators
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NEW
HOLLOW
SHAFT

|

futdriver sel

| Wilh Locknul/Screw adjusting feature

| Speeds, simplifies setting of combination fock-nut/slotted
screw adjustments on rheostats and similar controls used
lin a wide variety of electrical and electronic equipment.
Handle is drilled so you can run an 8" screwdriver blade
right through its center and down through the hollow nut-

driver shaft.

| ldeal for all-round production,
maintenance, and service work,
this new HSC-1 Set contains
eight interchangeable
hollow nutdriver shafts
in the most popular hex -

B

opening sizes from .. L -
}/n thru"/” ';\. = e - :
Gk N N~

Really compact! Set is small
enough, light enough to carry
in your hip pocket. Sturdy, see-
thru, plastic carrying case
doubles as a hench stand.

j XCELITE, INC. » 80 BANK ST., ORCHARD PARK, N. Y. 14127

Nutdriver Sets.

name

|

|

|

I .

| Send Bulletin N867 with information on HSC-1 Hollow Shaft
|

|

I

]

|
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providing uniform attenuation across the en-
tire TV-FM spectrum. They also pass AC and
DC power for cable powering applications. The
SL-6801 variable attenuator is priced at $22.50
and the fixed attenuators go for $5.95 cach.
Write to JFD Electronics Co., 15th Ave. at
62nd St., Brooklyn, N.Y. 11219.

Now Hear This in the Romper Room!

Ampex has brought out a series of children’s
stories on micro cassetles that are fool-proof,
even in the hands of babics. There are 22 titles
in this kiddy series, from “Puff, the Magic
Dragon” to “Little Red Riding Hood” to “Pi-
nocchio” and so on. Each Ii’l cassette holds up
to eight minutes of recorded material on each

) AT 3 :
Ampex Stereo Tapes Golden Records
Micro Cassettes

LEORTWAVE S67

TEMCHICK
“Man, dig that crazy beep!”

side, and they go for $1.98 each. For a catalog
of more than 1300 cassctle sclections from
Ampex Stereo Tapes, write Ampex Corp., 2201
Estes Ave., Eik Grove Village, 11l. 60007.

Hand-Held and 23 Channels!

Here is the Clipper 23,
the first walkie-talkie capa-
ble of transmitting and re-
ceiving on all 23 CB chan-
nels. Courier’s Clipper 23
has full S-watt power with
an effective inland range of
10 miles, depending on ter-
rain. Over the water opera-
tion increases the range.
This all solid-state unit is
said to give excellent voice
reproduction through a 234-
in. PM dynamic speaker. All
crystals are included. Signal
clarity is enhanced by varia-
ble squelch, a built-in range
expander and an automatic
noise limiter. Jacks are in-
cluded for PA systems, ex-
ternal earphone/speaker, an-
tenna, microphone and pow-
er connection. Priced at
$159.95. Clipper 23 comes
with a leather carrying case.
With an AC power supply
recharger you can use it as

a base station. Write for

more information from i
Courier ~ Communications,  Courier Clipper
Inc., 439 Freylinghuysen 23 CB
Ave., Newark, N. J. 07140. Transceiver

Vest Pocket Gen
Putting out three stable tones (400 Hz, 1
kHz, 10 kHz), the Minigen 4110 measures a
weensy 2% x 4 x 1% in., weighs a mere 7%2
oz. The solid-state audio generator’s 10-kHz
tone is convertible to 5 kHz by slight internal
modification. The output is continuously varia-

]

Century General Minigen 4110 Audio Generator
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ble 0 to 2.5 volts. Priced at $14.95, Minigen
4110 comes with probe and standard 9-V tran-
sistor battery. For more information write to
Century General Corp., 90 Broad St., New
York, N.Y. 10004,

Stand Back for Big Boomer

To fill out their line of guitar and organ am-
plifiers in kit form, the Heath Co. introduces
the TA-38. an all solid-state bass guitar ampli-
fier. The new amplifier will deliver 100 walts
rms into its two 12-in. speakers. Peak power
rating is 240 walts. They claimn the amplitier/
speaker combination cannot be blown, due to

Heathkit TA-38 Bass Amplifier

its circuit design and choice of speakers. The
speakers have 6%-lb. of magnet assemblies be-
tween them. The TA-38 has two bass inputs,
volume, bass and treble controls, and DEPTH
and PRESENCE switches all mounted on the
front panel, as are the on/off and hum-mini-
mizing line reverse switches. Unit is housed in
a %-in. thick pressed-wood cabinet covered
with black vinyl and has removable locking
casters. The TA-38 sells for $225.00, and you
can write for more specs to the Heath Co., Ben-
ton Harbor, Mich. 49022.

Tunable Tipped Tenna
The Racer 4 and Racer 6 mobile antennas
have a stainless steel tip incorporating a tuning
device. Tuning is accomplished by adjustment
of the tip length for minimum SWR. The tip

Fill in coupon for a FREE One Year Subscrip-
tion to OLSON ELECTRONICS' Fanfastic Value
Packed Catalog—Unhkeard of LOW, LOW PRICES

on Brand Name Speakers, Chainigers, Tubes,
Tools, Stereo Amps, Tuners, €B, and other Val-
ves, Credit plan available.

NAME
ADDRESS
CIiTY

GIVE ZIP CODE

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

OLSOMN ELECTRONICS

STATE

Train for Electronics TECHNICIAN
and Earn Your FCC License

Grantham prepares you to pass your FCC examina-
tions by placing primnary emphasis on electronics
and secondary emphasis on the FCC exams. If you
realJy understand the requnred subject matter, prepa-
ration for FCC exams is relatively sxmple Let
Grantham prepare you for success on your FCC
exams and your electronics career. Length of course:
three semesters. Day semesters, 16 weeks each.
Evening semesters, 24 weeks each.

For compleie information, write for free Bulletin.
GRANTHAM SCHOOL OF ELECTRONICS
818—18th Street, N.W. Washington, D.C. 20006

Telephone: (202) 298-7460

& send For *(€

CORNELL’'S
New 1969

Many New ltgms IN LOTS OF 100
4219 E UNIVERSITY AVE., SAN DIEGO, CALIF. 92105

is then locked into place. The fiberglass shafts
are white with a printed checkered tlag pat-
tern at the base; the Racer 4's is 48 in., the
Racer 6, 72 in. The chromeplated threaded |
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COOPERATE
WITH THE ZIP CODE PROGRAM
OF THE POST OFFICE DEPARTMENT
USE ZIP CODE NUMBERS
IN ALL ADDRESSES
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Avanti Racer 6 Mobile Antenna

brass ferrule can be installed on any standard
mounting bracket. Frequency range is 26.6 to
27.3 MHz, power handling capability is 100
watts. Racer 4 sells for $10.25, Racer 6 is
$11.25. The lady is priceless. Write to Avanti
Research & Development, Inc., 33-35 W. Ful-
lerton Ave., Addison, Ill. 60101.

Looking for a Left-Handed Monkey Wrench?

This 24-page catalog

of hard-to-find tools g 'm‘“f }
could be a big .help with HARD.TO- mo%
your construction proj- e TOOL )
ects. All kinds of tools T TR
are available from the g ¥% © it
Brookstone Co.; for in- ;:6 -
stance, electronic pliers, ‘:ns;’ aas r
sensitive drillers, preci- o
sion tools, unusual sol- [
ders, miniature files, rif- e e b S
flers, endless hacksaw,

Brookstone

etc. These all have de- “Hard-To-Find Tools"

tailed descriptions and
applications and are only
available by mail. For the catalog, send 25¢ to
Brookstone Co., 96R River Rd., Worthington,
Mass. 01098.

Transceiver Mit Pluses

The new Galaxy GT-550 is a 5-band single-
sideband transceiver designed for either mobile
or fixed station use by amateur radio opera-
tors. Compact (11V4 x 1238 x 6-in.), light-
weight (17 1b.), yet it has 550 watts SSB power,
360 watts CW. The GT-550 is priced at $449.
Accessory-wise, you can have the LA amplifier
for $495, the RF console at $69, the remote
VFO at $75, and the speaker console at $19.95.
Other optional accessories are: AC power sup-
ply, mobile power supply, phone patch, CW

Galaxy RF Console, GT-550 Transceiver,
Speaker Console

filter, VOX accessory, calibrator, mobile mount-
ing bracket, floor-board adapter. For a free
brochure on the complete line write to Galaxy
Electronics, 10 S. 34th St., Council Bluffs,
Towa 51501.

Two Transceivers in One

The Tram Corporation, makers of the Titan
II Citizens Band base station, have now pro-
duced a mobile unit, the Corsair. The Tram
people state that the Corsair’'s complete AM
capability plus an excellent single-sideband re-
ceiver and a double-sideband-suppressed carrier
transmitter make all other CB equipment abso-
lete. The Corsair is compatible with any unit

Tram Corp. Corsair Transceiver

now on the market. Its built-in Collins mechan-
ical filter cuts interference from adjacent chan-
nels down 90 dB or even better. There’s a
noise blanker/noise limiter which reduces ig-
nition interference. The unit draws a maximum
of 1.5 amps of current while transmitting and
300 milliamps while receiving. Very compact,
4 x 9 x 8 in., it’s easily installed in cars, boats,
aircraft. Price of the Corsair is $415.00. For
more specs write to Tram Corp., Lower Bay
Rd., Box 187, Winnisquam, N. H. 03289.

23 Channels by Messenger

Latest in the E.F. Johnson line of Citizens
two-way radios is the Messenger 123, featur-
ing full 23-channel operation at new low prices.
Power input lo the final amplifier is the maxi-
mum 5 watts for FCC type acceptance. The
123's receiver has 0.4-uV sensitivity with sharp
filtered 7-kHz selectivity. There’s a noise limit-
er, and the all solid-state circuitry is fully
temperature-compensated to operate from
—22°F to +140°F. Other features: variable
squelch control, automatic volume control, a

ELEMENTARY ELECTRONICS
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{ 1969 Catalog 690 FREE!
\,
%
N mm Now OFF PRESS
~ 1 BETTER THAN EVER
' Over 500 Pages
E.F. Johnson Messenger 123 Transceiver Stereo  Hi-Fi @ Citizens
Band @ Ham Gear e Tape
. . . . . Recorders o Test Equip-
meter that monitors incoming signal strength ment @ TV and Radio Tubes
and transmitter output power. For under-the- :’Jfo Angtessso'riesca.’"emssic;
dash snugness, the Messenger 123 measures : Instruments @ Tools ® Books
2Y2 x 63 x 8% in., weight is only 5 1b. The ; i N R
whole line of Johnson accessories is available Featuring Everything in Electronics for
for the 123, including base station adapter. e HOME w 'N‘DUS,TRY e LABORATORY
Price is $169.95. For more information write from the “World's Hi-Fi & Electronics Center”
to the E. F. Johnson Co., 299 10th Ave. S.W., LAFAYETTE Radio ELECTRONICS
Waseca, Minn. 56093. Dept. 25089 P.0. Box 10
’ - Syosset, LI, N.Y. 11791
v ] { Send me the FREE 1969 catalog 690. 25089
~ You Can’t Beat the System! N
This stereo system—a receiver and pair | ¢ Name -
of speakers—employs an FET (field effect : AAreSS .o o o
transistor) in its tuner section for better sensi- | § CtY o _ ) :
tivity and less cross modulation. Kenwood’s KS- : - ]
33 has an automatic stereo/mono mode silent || A Zip Jl
switching circuit with stereo light indicator, and | b==————e=cea. e
an illuminated pinpoint tuning meter. In the Tape this od to the back Bioul v orbadis Set .
amplifier section, a 4-position program source
selector permits AM, FM, AUTO, PHONO, ALL Tv RADIO $150
and AUX. There are four pairs of input ter- RECEIVING TU B
st e | ® ALL BRAND-NEW, First Quality. All TYPES
Available e Orders Shipped First Class
Same Day Rec'd. e Uncbnditicnally Guar-
anteed. ® 24 Month Warranty.
Send $1.50 for ea. tube + 504 postage
& handling of entire order. FREE: Write
for TV Test Chart and Tube List to Dep't gg-79
i UNIVERSAL TUBE CO. cape May, N.J, 08204
A Learn of the many money making

ideas and low cost/high profit busi-
nesses you can start in.

INCOME
OPPORTUNITIES
75¢

on sale now or write Davis Publica-
tions, Inc./229 Park Ave. S./New
York, N.Y. 10003. Add 25¢ each for
postage and handling.

Better yet, enter your subscription and
receive 8 issues (one year) for only
$6.00 which includes two $1.00 Di-
rectory issues.

i i i

JuLy-Avcusr, 1969 13




14

HEY, LOOK ME OVER s s s s s s sk ke sk sk sk e ke sk ke sk s e e sk ke ke sk sk e e s ke ke s ok ok o ok ok

eeta sy

Kenwood KS-33 Stereo Receiver System

minals for MAG, AUX, TAPE REC, and
TAPE PLAY. Quiput is 30 watts. All this, in-
cluding cabinet, is $199.95, and there’s a two-
year warranty on both parts and labor. Write
for more dope to Kenwood Electronics, Inc.,
3700 S. Broadway Pi., Los Angeles, Calif.
90007.

Rock Heads, Before It's Too Late!

Cutdown on those damaging decibels! Re-
search has shown that the sound level on dance
floors and near the bandstand averages 100 dB
and often peaks at higher than 120 decibels,
which is lots higher than the safe industrial
noise level of 85 decibels. Someone had to do
something and the Sigma Engineering Co. did.
Their Le Sonic Ear-Valv is not an ear plug, it’s
a sonic filter that screcens and blocks out the
harmful sound energy. The Ear-Valv has a
sound-actuated mechanism that acts as an aux-
iliary to the human ear’s protective mechanism.
Damaging noises are filtered out while harm-
less level sounds pass through unaltered. This
intricate device costs only $3.95 the set, and

Sigma Engineering Le Sonic Ear-Valv

all rock musicians and buffs should write to
Sigma Engineering Co., 11320 Burbank Blvd,,
N. Hollywood, Calif. 91601 for more data.

Too Lazy to Hold the Phone?

The Knight-Kit KG-205 Telephone Amplifier
has many uses and requires no electrical connec-
tion to the phone. A suction cup mount on the
pickup attaches itself instantly to any telephone.
The solid-state circuit amplifies telephone sound
to room level for hands-free conversation and

Knight-Kit KG-205 Telephone Amplifier

group listening, and it's a nice little device for
the hard-of-hearing. Easily assembled with
basic tools, the KG-2035 is equipped with volume
control and on/off switch. It’s priced at $6.95
with 9-volt battery and step-by-step instructions.
Write for Sales Book No. 283, free from Allied
Radio Corp., 100 N. Western Ave., Chicago,
111. 60680. n

- f./wxa

WS&ND

"*Oh, that kid ggain. He's always
pulling those practical jokes!"
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Reporting...

News and views
from e/e’s
listening post

by Don Jensen

hat's going on in Central America? For

years, this underdeveloped umbilical of
mountain and jungle between the hemisphere’s
continents was something of a broadcasting
backwater. Save for some government outlets,
progressive missionary stations and a handful
of successful private operations, shortwave
broadcasting in the six republics—Guatemula,
Panama. Honduras, Nicaragua, El Salvador
and Costa Rica—was pretty anemic.

But something strange is happening. First, it
was Germany's Deutsche Welle that announced
plans for a powerful relay in Guatemala or El
Salvador. Though bogged down, latest word
from Cologne is that the project’s still alive.
No one's saying just when construction will
begin, however.

Then, early last year, one of the financially
solvent Central Americans, TIRICA, Costa
Rica’s La Voz de la Victor, did a crazy thing.
It dropped all commercials! Coming up with a
mysterious pair of new transmitters, one million
walls on 625 kHz., and 50 kw. on 9,615 kHz,
it began airing nothing but music and station
identifications.

Sporadically, these tests have continued, but
recently, some political programs have been
heard, lending credence to stories that TIRICA
is about to follow the murky path trod by
the CIA’s secretly-supported stations, Radios
Americas and Libertad.

Last fall, it was Radio Nacional de Quetzal-
tenango that popped up with an apparently new
and potent transmitter. This Guatemalan had
languished for years on 11,700 kHz., its 500-
watt transmitter infrequently heard by SWL'’s.
Suddenly, everyone was hearing it testing with
English announcements.

Why this minor government-owned station in
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Just

about everybody dabbles
in electronics!

Why not you?

There's one magazine
that’ll put you in orbit.

elementary

Electronics

Here’s a magazine that serves up elec-
tronic theory in pleasant spoonfuls
and reinforces the knowledge you
gain with exciting and useful projects
you can build at home today! This
fine magazine will be delivered to
your muilbox at the special rate of
just $3.00 for six issues. Order now!

ELEMENTARY ELECTRONICS
229 Park Ave., South, New York, N.Y. 10003
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provincial Quetzaltenango—a city best known
to Gualemaltecos for' its breweries—should
“up” its power and play around with interna-
tional programming remains a puzzle.

The latest enigma is Radiodifusora Nacional
de Nicaragua, which returned to the air a cou-
ple of months ago after a shortwave absence
of about 14 years. The Managua station, using
at least one 100-kW transmitter, seemingly is
in search of a frequency and has been heard
on 5,935 and 11,875 kHz.

So far, its programming is nothing special,
just the usual domestic fare, Spanish announce-
ments, time checks and slogans, plus plenty of
Latin rhythms and old American recordings.
Why, then, the expensive new equipment to
cover a country no bigger than Arkansas?

There'’s nothing to indicate these intriguing
little mysteries are connected in any way, but
the nagging question remains—What IS going
on in Central America?

Ship’s Doctor. When Dr. Guido Guida
died in Rome, February 19, at the age of 72,
he left behind an unusual legacy to all men
who go down to the sea in ships—the Interna-
tional Radio Medical Center.

Since 1935, the service has provided medical
advice by shortwave radio to ships around the
world. Each year, the Italian-based operation
hundles an average of 8,000 radio calls from
ships at sea seeking medical help. It also assists
persons on isolated Mediterranean islands who
need aid.

Before his death, Dr. Guida, whose training
was received at the University of Rome, re-
called the beginnings of the unique radio doctor
service.

“In those days,” he said, “I used to have a
radio operator sleeping in my apartment and
conducted the operation from there.”

Dr. Guida sent notices explaining his free
service to the shipping lines and furnished med-
ical manuals, written in layman’s language, to
ship’s officers. Initially, the International Radio
Medical Center was used mostly by Italian ves-
sels, but soon it was accepted almost universally
by ships of other nations.

Today, the costs are underwritten by private
and governmental sources around the globe.
Medical expertise is provided by teams of vol-
unteer doctors always on call.

A ship needing help radios MEDRADCRIM,
a code call that has priority over all other radio
traffic except SOS, and reports details and
symptoms to the center. Physicians on duty
study case history sheets of the sailors being
treated for illness or injury and their advice on
medication or treatment is then radioed back
to the vessel.

The center is housed in a villa in the suburbs
of Rome, having outgrown its offices in the city
in 1963.

DXers report hearing the center’s station,
IRM, transmitting an identification “marker”
in International Morse Code during the early
evening hours on a number of shortwave fre-
quencies, including 6,384, 8,685, 12,770 and
17,035 kHz.

If your code ability isn’t up to par, tape re-
cord the signal at “fast” speed, play it back at
“slow,” and copy down the di's and dah’s.
Listen for a running series of “V’s” (...-) and
the station's Morse identification, IRM (,./
—1==).

Bandsweep. 890 kHz.-—dawn patrollers on
the broadcast band are finding the Dominican
Republic’s HIPJ, Radio Continental, in Santo
Domingo, with a strong signal at 1010 GMT
sign on. 6,195 kHz.—on the other half of His-
panola island, the French-speaking veteran,
Radio Haiti is stronger than usual during the
early evening hours. 7,065 kHz.—a good catch
in the volatile Middle East is Radio Iran, in
Persian around 0230 to 0330 GMT. 7,286 kHz.
—the usual damn-yankee tirades are heard
mornings from 1200 GMT, in English, on this
new Hanoi frequency. 9,525 kHz.—Zulu’s back
in town! Radio RSA, South Africa can be heard
with Zulu programming to Southern and East-
ern Africa at 0400 GMT sign on. 11,825 kHz.
—Machinegun-speed drumming and French
lingo news are aired nightly by Papeete, Tahiti
after 0600 GMT. 11,948 kHz.—one of the
toughest countries to log in Latin America is
Paraguay. Radio Encarnacion is audible now
during the early evening. 16,342 kHz.—an in-
teresting, non-broadcast type station is this out-
let of the New China News Agency, with slow,
dictation speed in Chinese for newspaper edi-
tors in provincial Red Chinese cities. |

(Credits: Jerry Starr, Ohio; A. R. Niblack, Ind.;
Bill Berghammer, N. Y.; Bob Paimer., Wash.; Gregg
Calkin, N. B., Canada; National Radio Club; Amer-
ican SWL Club; North American Shortwave Associ-
ation)

I

"Let's show 'em some hurricane pics!”
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Higher Education

The dark sphere hurtling through the Cali-
fornia air is neither bird nor missile: it's just
an ordinary basketball being tossed from man
to man in a “school in the sky,” here.

Playing catch is an important part of the cur-
riculum for these 12 young men who are stu-
dents in a pole-climbing school run by General
Telephone & Electronics Corporation. By pass-
ing the basketball around their “classroom™ 25
feet in the air, the novice climbers gain confi-
dence in working at heights and develop the
agility they’ll need to “walk the stick” without
mishap.

Anyone who misses an easy catch or drops
the ball must climb down and retrieve it—and
the same penalty awaits the thrower of a bad
pass. These errors benefit the entire class by
providing additional climbing practice.

The five-day course teaches the California

Schoo! can be fun as the pole climbers have
discovered. Simple game of catch in the
sky builds confidence.

JuLy-AvucusTt, 1969

Not all good things
d|sappear. -

Though Radio-TV Experimenter—the o/d-
est name on the newsstands for a small-
size electronics magazine—is passing
into history like the 5¢c beer, its new name,
SCIENCE AND ELECTRONICS, will con-
tinue to serve its readers in the spirit and
tradition of the old.

Any dramatic changes? Not really, for you
see the editorial coverage for Radio-TV
Experimenter has been science and elec-
tronics for several years.

Look for a bright new future with SCIENCE
AND ELECTRONICS, for with its new
descnptlve name many new readers in-
terested in the varied esoteric cerners of
electronics and science will join our ranks.
And with greater numbers, the Editors of
SCIENCE AND ELECTRONICS can serve
you better. There'll be bigger and better
stories: varied construction projects for
hobby, home, and lab; fun items just for
relaxing. Look for it on your newsstand or,
better yet, enter your subscription now.

~
Mail today to EE78

CSCI CH C 6 and
‘Electronics

1
|
|
|
|
|
|
229 Park Ave. So., New York, N.Y. 10003 ]I
|
|
|
|
|
|
|
|
|

|

|

|

|

|

|

|

|

| You keep the beer—send to me my copies of
| Science and Electronics regularly. | under-
| stand the price is only $3.00 for six issues—a
| great buy!

|

|

|

|

|

[[] Scratch Enclosed (no stamps) [] Bill me!

City.........ocoiii Statels b s sy VZi P maEes



18

NEWSCAN 5'c 5 Yo o A e e Y e de e A A e Ao s e Fe e de Fe o Fe o Ao v e Fe e P e Fe de e ¥e e Yo fe

company’s new installer-repairmen, linemen,
and cable splicers how to ascend, work atop
the pole, and descend—and do everything
safely. Instructors drill the men in use of their
safety belts and boot “gaffs”—the sharp spikes
they jab into the wooden pole for climbing. To
“graduate,” pupils have to pass a rigorous test
that demonstrates their proficiency in all aspects
of the aerial art.

Clear Water

A new type of water purification system
utilizing ozone has been developed for the mil-
lions of homeowners, farmers and small com-
mercial businesses who derive their water from
the 15-million wells in America and other pri-
vate sources. Many of these wells contains un-
desirable impurities and as time goes by the
situation gets worse.

Ozone reportedly oxidizes from water harm-
ful pollutants such as sulphur, bacteria, virus,
and many other kinds of impurities. It is also
reputed to keep pipes and plumbing free of
blackening and damaging corrosion, and it
eliminates the tastes and odors of sulphur and
other unpleasant substances. Ozonator Corpo-
ration of Batavia, N. Y., creators of the system,
also maintains that water purified with ozone
contains no residual taste or odor that is the
case with conventional chlorine or other chemi-
cal equipment.

Ozone is an activated oxygen molecule,
formed when air is charged by electricity. It is

The new Ozonator water purifier, which can be
installed in just a few hours, produces pure water
for homes, farms, and small businesses by using
ozone to oxidize sulphur, algae, bacteria, viruses,
and other problem impurities.

familiar in nature as that fresh smell after a
lightning storm. Ozone is unstable, and when
bubbled through a household water supply it
readily combines with and oxidizes existing im-
purities.

Ozone’s purification properties have been
known for hundreds of years. Paris and many
other cities in France and Germany have used
ozone to purify municipal water since the early
1900’s. Until the development of the Ozonator
Corporation system, however, ozone was too
expensive to produce for application to house-
hold walter purification.

Ozonator Corporation reports the purifier to
be completely automatic and self-regulating.
There are no chemicals to add or replace, no
backwashing is necessary, and it is uncondi-
tionally guaranteed. Since air and electricity
are the only raw materials, there is a minimum
of maintenance. The Ozonator unit is compact,
easy to install, and operates inexpensively from
standard household electrical outlets.

Speck of News

Chemists and biologists now have a power-
ful new electronic instrument that helps them
make analyses more amazing than those of
Sherlock Holmes and his fabled magnifying
glass. The new instrument, called an “electron
probe microanalyzer,” looks and works like an
electron microscope. 1t can greatly magnify
small objects—for example, it cun make the
hairs on the wings of a housefly look like a
field of waving grass. But Philips Electronic
Instruments developed the microanalyzer to an-
swer a common, perplexing laboratory prob-
lem: how to determine the chemical compo-
sition of a speck of material so small that thou-
sands could rest on a single grain of table
salt?

To solve this problem, Philips took advan-
tage of an electronic phenomenon that recently
made the nation’s TV viewers move back a bit
from their TV sets: X-rays. Whenever an elec-
tron beam strikes a substance, the impact of
the electrons cause the substance to emit X-
rays. Each basic element—-for example, iron,
carbon, and the phosphorous of a TV screen—
emits its own special X-ray wavelengths when
struck. The strength of these rays depends upon
the strength of the electron beam that stimu-
lates them.

The X-rays emitted when an electron beam
“‘paints” a picture on a TV screen are usually
very weak and harmless, and serve no useful
purpose. But in the Philips electron probe mi-
croanalyzer, a powerful electron beam is care-
fully focused onto an unknown speck of mate-
rial. The resuiting X-rays can “fingerprint” the
composition of the speck being analyzed—if
they can be “unscrambled.”

Although unscrambling invisible rays sounds

ELEMENTARY ELECTRONICS
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a Philips 4500 electron probe microanalyzer
operated in the scanning microscopy mode. Lower
magnification is 140 times life size, and higher
magnification is 575 times life size.

difficult, most grammar-school students have
seen an experiment which shows how easily it
is done. In the experiment, the teacher shines
sunlight through a triangular glass prism, sep-
arating the scramblzd white light into separate
wavelengths which the human eye secs as red,
orange, blue, etc.

In the Philips mucroanalyzer, the scrambled
X-rays emitted by the unknown speck pass
through a crystal of lithium fluoride, rare-earth
cousin of the material in cavity-fighting tooth-
pastes. The fluoride crystal separates the X-rays
like the glass prism separates light wavelengths.

As the crystal is rotated by a motor, the sep-
arate bands of X-rays strike a counter tube
that resembles the kind carried by uranium
prospectors. A computer connected to the crys-
tal motor and the tube records what angles
radiation passed through the crystal to strike
the counter tube, and which did not. It com-
pares the data it has collected with information
collected on all known elements. When its an-
alysis is done, the computer’s teletypewriter de-
livers a printed report on all elements of which

JurLy-Avgust, 1969
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the tiny, invisible speck was composed.
Definitely not a tool for the basement ex-
perimenter, the complete Philips system costs
about $100,000—without the computer. But for
medical researchers trying to determine the
composition of a new drug or metallurgists
trying to develop high-strength metals of the
future, the months of research it can save is
more than worth the microanalyzer's price.

Credit Card Cop

Harried retailers and their customers can
look toward rapid sales with a new credit-card
authorizing system that tells a clerk within one
second whether to authorize a purchase or call
for help. The need for such systems has in-
creased with the number and misuse of credit
cards in recent years. Losses have grown to al-
most three per cent of total sales for many de-
partment stores. And in the end, the honest cus-
tomer suffers: prices have increased to cover
lost merchandise and the salaries of enlarged
credit-oflice staffs, and during busy seasons, the
credit verification for even a moderate purchase
may take a quarter hour or more.

A promising solution to these problems is a
new credit-authorizing system called “Credit-
master,” developed by Digital Data Systems
Corp., Pennsauken, N. J. It consists of a sales-
counter card reader about the size of a desk
telephone, and a computerlike processor and
credit-office console.

When a customer hands a clerk a credit card,
she places it in her curd reader and presses a
series of buttons. Twenty microcircuits inside
the reader immediately translate the card num-
ber into an electronic signal for transmission

*Julian saved every back issue
of Elementary Electronicst"
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Kenrick Stephenson, engineering vice president of
Digital Data Systems, examines circhit board of new
credif-card authorizing system he developed fo help
deparfment sfores eliminate losses from fraud and
bad debt. The circuit board confains 20 of the
latest Texas Instruments micro-circuifs, space-age
devices which take just a few millionth of a second
fo translate a 12-digit credit card number

info an electronic signal.

over a wire to the central processor. Within
1/30th second, about 500 more of the tiny elec-
tronic circuits inside the processor search its
memory for information on that account, and
flash it back to the clerk.

Tiny lights on her card reader, hidden from
the customer’s view, indicate what the central
processor has found. There are four possibili-
ties—the card is good; the card is good but the
size of the purchase of status of the account
requires a phone call to the credit office; the
card is listed as lost or stolen and the store
detective should be called; the card number
doesn’t make sense, indicating clerical error or
a possible counterfeit card.

The Digital Data System’s equipment uses
integrated circuits (ICs)—inch-long electronic
components that contain the equivalent of up
to several hundred separate transistors and
other parts within each tiny package. Devel-
oped a decade ago by Texas Instruments to
reduce the size and failure rates of compliex
aero-space computers, ICs have steadily de-
creased in price to the point where they are
now far cheaper than the larger, older devices
they replace.

“By using complex, low cost TI integrated
circuits, we were able to quickly design a credit
authorizing system even the smallest depart-
ment store issuing credit cards could afford,”
explains Kenrick O. Stephenson, vice president
of engineering, and one of Digital Data Sys-
tem’s owners. “These ICs include many new
types classed as ‘medium scale integration,’ each
of which replaces two or more prior-generation
integrated circuits.”

The new integrated circuits greatly reduce
engineering time, saving the first Digital Data
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customers the high engineering costs that used
to be amortized over the first year or so of
equipment production.

In the case of the clerk’s card reader, for
example, Texas Instrument engineers completed
drawing up the circuit diagram at 4 p.m. one
afternoon, and had a working prototype by 7
p.m. the same evening. Thanks to ICs, devel-
opment time is now limited only by the creative
process, not the assembly of the test circuit.
While the engineers could have designed a
credit card authorizing system using transistors
rather than ICs, the equipment would have been
impractical. With transistors, the equipment
would have been too big, too expensive to build,
and a nightmare to troubleshoot. If an IC fails,
it’s cheap enough to throw away—but if a
whole printed-circuit board full of transistors
failed, too much money would have been tied
up in it to toss it out.

While designing the system, it was decided
that the final circuitry would have to be abso-
lutely fail-safe. At no time could obvious break-
down occur, tipping off prospective defrauders
that the system wus inoperative.

Digital Data System’s equipment has an
emergency bypass switch to protect the store
in the event of a breakdown. This switch per-
mits clerks to continue inserting credit card
into their counter units; however, all cards will
be determined “valid” until the malfunction is
corrected. Even the clerk will be unaware that
the cards actually aren’t being checked by the
central processor. B
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"l learned new earth words today,

‘Stick ‘em up
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PASSANT

_Q_ “The winning of a Pawn among good
players of even strength often means the
winning of the game,” wrote World Cham-
pion Jose R. Capablanca. And this is par-
ticularly true of many modern masters who
thrive on winning one early in the game and
nursing it along to victory in the ending. But
this is easier said than done. Great precision
and perfect technique are sometimes re-
quired. And sometimes even that, as in my
second example, is insufficient.

First, the Lucena Position. This setup
was analysed by Lucena, a Spanish theorist,
late in the Fifteenth Century, and is basic to
an understanding of the Rook and Pawn vs.
Rook endgame. White can only win by free-
ing his King (by “building a bridge”) and
queening his Pawn.

Black
27 277, Vi
@ D
A Z 3 zzA oz
B B
.., we ?///,/74 " '? !
T
| T . k. Gk

# K-Q2 7 K-N5

R-B8# 8 R-N4
And White wins,

Second, Philidor’'s Drawn Position.
Andre Philidor, France, World Champion

JurLy-AucusT, 1969

1747-1795, knew this setup could not be
won by White, despite his Pawn advantage.
Black only necds to post his King on the
qucening square of the Pawn, keep his Rook
on the third rank until the Pawn reaches its
sixth rank, and then go to the eighth rank
and check and check and check.

Black

K-Qé

And so on and on. If the King leaves his
Pawn to evade the checks then the Rook
attacks the Pawn and wins it or forces the
King back to its defense.

Game of the Issue. El Gran Cubano,
chess machine, lightning-chess wizard, com-
binative genius, endgame virtuoso, exponent
of simple chess—these were some of the
sobriquets bestowed on Jose R. Capablanca,
World Champion from 1921 to 1927. Capa,
whose name and fame were known to mil-
lions who barely knew the moves, was born
in Havana, 1888. He learned to play at the
tender age of four (which explains how
chess became his “mother tongue”), won
the championship of Cuba when only twelve,
swamped U. S. Champion Frank J. Marshall
by 8-1 in their 1909 match, finished first
and second, respectively, in the great tourna-
ments of San Sebastian, 1911, and St. Peters-
burg, 1914 (he now had an appointment to
the Cuban Foreign Oflice), won seven more
tournaments during the next seven years,
and then defeated Dr. Emanuel Lasker in
the 1921 title match with four wins, fourteen
draws, and no losses. As reigning champion,
two more notable firsts were added—Lon-
don, 1922, and New York, 1927. But defeat,

21
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disappointment, and disillusion came in
1927—he lost the title to Dr. Alexander
Alekhine by 15Y2-18V2. The spell was bro-
ken, the aura of invincibility dispelled.
Several more tournament victories were
racked up, among them such great ones as
Moscow, 1936, and Nottingham, 1936, and
a 6-4 match triumph was registered against
future World Champion Dr. Max Euwe of
Holland, but the world title was never
regained.

Cupablanca was supreme in combinations,
position-play, middle-game, endgame, and
he had an intuitive grasp of all the essentials.
He received the First Brilliancy Prize for the
following game against R. Spielmann
(Black) in the 1927 New York Tournament.
A Queen’s Gambit Declined, it is cleancut,
logical, “'simple,” and is considered “the
classical Capablanca game.”

1 P-Q4 P-Q4 14 N-Q2! P-N4
2 N-KB3  P-K3 15 Q-R5! N-K5
3 P-B4 N-Q2 16 NxN PxN
4 N-B3 KN-B3 17 P-QR4! Q-Q4
5 B-N5 B-N5 18 PxP! QxB
6 PxP PxP 19 BxP R-N1
7 Q-R4 BxN#? 20 PxP! R-N4
8 PxB 0-0 21 Q-B7 N-N3
9 P-K3 P-B4? 22 P-R7 B-R6
10 B-Q3 P-B5 23 KR-N1! RxR#
11 B-B2 Q-K2 24 RxR P-B4
12 0-0 P-QR3 25 B-B3 P-B5

13 KR-K1 Q-K3 26 PxP Resigns

Position after 26 PxP

N
N

g ® a8
& Z/f/ A AN

Why did Black resign? Because he is be-
hind four Pawns for a piece, his Queen,
Bishop, and Knight are en prise, and because
the Queen Rook Pawn is about to queen.
Here is the analysis—

A, If 26 . ... QxP 27 QxQ, RxQ 28
RxN, R-B1 29 R-N8 and White makes a
new Queen.

B. If 26 . ... Q-N3 (other Queen
moves lose too) 27 RxN, Q-B7 28 QxBP#
K-RI 29 PxB wins.

C. If 26 . . . . RxP 27 RxN, RxB 28
R-N8# (or 28 P-R8=Q#) R-Bl 29
QxBP# K-R1 (29 ....Q-Q4and 30....
B-K3 delay it two moves) 30 RxR mate.

D. If 26 . . . . N-Q4 (26 . . .. N-Rl
27 QxBP# K-RI 28 PxQ wins) 27 QxP,
Q-N3 28 BxXN# K-R! 29 R-N8 wins.

A well-nigh perfect game by the Great
Cuban.

End Game Study #5
By K. A. L. Kubbell

% Y /A |

White

White to Play and Win.

This composition by a famous Russian,
noted for his realistic positions, was awarded
First Prize in “64” in 1925. It features an
unexpected sacrifice and a “‘quiet” move.
Don’t struggle to find the solution. Just play
over the score and notes and enjoy the
beauty of it.

1 R-N6 N-B3
2 Q-R6# K-B2
If2....K-K13Q-R8# K-B2 4 R-N7#
K-K3 5 QxQ wins.

3 RxN#! PxR
If 3....K-NI 4 Q-N5# K-R2 5 R-R6
mate.
4 Q-R7# K-K3

If4. .~.K-Blor4....K-K15Q-R8#
wins the Queen.

5 P-B5# K-Q3
6 P-B5# K-Q4

ELEMENTARY ELECTRONICS

e s ot




T e o e o e el e e e et

7 Q-N8#!1
Unexpected—to say the lcast!

7 R QxQ

8 K-Q3! SO
A ‘“‘quiet” move—with a roar!

8 inve Any

Black can make any move—with the
Queen (it has no checks), Bishop, or Pawns
—and White’s reply will be the same.

9 P-B4 mate

Problem 19

By H. Weenink
Op de Hoogte, 1918

RN\

v
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White 10 move and mate in two.
Solution in next issue.

This one is by a famous Dutch com-
poser and has a “Grimshaw” theme (Walter
Grimshaw, an English problemist of the
Nineteenth Century) which illustrates inter-
ference.

Solution 1o Problemn 18: 1 K-N3.

Solution 10 Combination #1:

1 R-B8# RxR (if 1 ... KxP 2 RxR
wins) 2 QxP#!" KxQ (if2 . ... K-B23
P-N8=Q# # wins) 3 PxR=N# K-N2 4
NxQ and White wins with his two passed
Pawns. So it was a Knight fork which did
it after all! Very slick.

News and Views. PFC Charles W. Powell
won the 1968 Armed Forces Worldwide Chess
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Championship with an 11-1 score. Sccond and
third prizes went to two other Army players,
SP4 Michael Sienhiewicz, 10v2-1Y2, and SP5
Walter R. Cunningham, [0-2.

A new series of annual malches has been ar-
ranged between the Manhattan and Marshall
Chess Clubs. The first one was won by Man-
hattan, 8-6, with Grandmaster Robert .
Fischer scoring on first board against Dr. An-
thony Saidy of the Marshalls. Dr. Karl Burger,
Manhattan, won the Brilliancy Prize for his win
over Malcolm Weiner, and Fischer and Arthur
Bisguier (against James Sherwin, Marshall)
shared the Best Played Game award. Mr. Mil-
ton Pauley, a Director of the Manhattan and
of the American Chess Foundation, has con-
tributed a trophy and cash awards for these
matches.

The 70th Annual U.S. Open Chess Cham-
pionship will be held at the Hotel Lincoln, Lin-
coln, Nebraska, August 10-22. There is a $5000
Guaranteed Prize Fund (the largest one ever
offered in a U.S. Open) with a $1500 1st Prize,
plus Trophy. And there will be prizes for Ex-
pert, Classes A, B, C, D, and E, Unrated,
Women, and Junior. The Entry Fee will be
$25 plus United States Chess Federation mem-
bership. All are invited. |
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ELECTRONIC PARTS

%135. Get with ICs! RCA’s new
integrated Circuit Experimenter’s Kit
KD2112 is the first of its kind and
should be a part of your next project.
Get all the facts direct from RCA.
Circle 135.

%140. How cheap is cheap? Well,
take ua gander at Cornell Electronics’
latest catalog. It’s packed with bar-
gains like 6W4, 12AX7, 5U4, etc.,
tubes for only 33¢. You've got to see
this one to believe it!

%2. Now, get the all-new S12-page,
fully illustrated Lafavette Radio 1969
catalog. Discover the latest in CB
gear, test equipment, ham gear, tools,
books, hi-fi components und gifts.
Do it now!

w5. 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.

%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 Fuair Radio Sules latest cat-
alog for electronic gear that can be
modified to your necds. Fair way to
save cash,

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.

1. Allied’s catalog is so widely used
as a reference book, that it’s regarded
as a standard by people in the elec-
tronics industry, Don’t you have the
1969 Allied Radio catalog? The sur-
prising thing is that it's free!

23. No electronics bargain hunter
should be caught without the 1969
copy of Radio Shack’s catalog. Some
equipment and kit offers are so low,
they look like misprints. Buying is
believing.

*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
Universal Tube Co.’s Troubleshooting
Chart and facts on their $1.50 flat
rate per tube.

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 ED! (Flec-
tronic Distributors, Inc,): a catalog
containing hundreds of electronic
items. EDI will be happy to place
you on their mailing list.

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.
CB—AMATEUR RADIO—
SHORTWAVE RADIO
102. No never mind what brand

your CB set is. Sentry has the crystal
you need. Same goes for ham Tigs.
Secing is believing, so get Senrr)’s
catalog today. Circle 102,

144. It may be the first—Gilfer’s spe-
ciality catalog catering to the SWL.
Books, rigs, what-nots—everything you
need for your listening post. Go Gilter,
circle 146!

100. You can get increased CB
range and clarity using the “Cobra-
23" transceiver with speech compres-
sor-—receiver sensitivity is excellent.
Catalog sheet will be mailed by B&K
Division of Dynascan Corporation.

141, Newly-designed CB antenna
catalog by Antenna Specialists has
been sectionalized to facilitate the
picking of an antenna or accessory
from a handy index system, Man,
Antenna Speciulists makes the pickin’
casy.

130. Bone up on the CB with the
latest Sams books. Titles range from
"ABC’s of CB Radio” 10 "'99 Ways
to Improve your CB Radic.” So Cir-
cle 130 and get the facts rrom Sums.

107. Want a deluxe CB base sta-
tion? Then get the specs on Trum’s
all new Titan 1I—it’s the SSB/AM, rig
you’ve been waiting for!

96. Get your copy of E. F. John-
son’s new bookler, “Can Johnson 2-
Way Radio Help Me?” Aimed for
business use, the booklet is useful to
everyone.

129. Boy, oh boy—if you want to
read about a flock of CB winners. get
your hands on Lafayerte’s new 1969
catalog. Lafayerte has CB sets for all
pocketbooks.

46. Pick up Hallicrafters’ new four-
page illustrated brochure describing
Hallicrafters’ line of monitor receivers
—police. fire, ambulance, emergency,
weather, business radio, all yours at
the flip of a dial.

116. Pep-up your CB rig’s perform-
ance with Turner’s M+2 mobile mi-
crophone. 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.

45. CBers. Hams, SWLs—get your
copy of World Radio Lubs’ 1969 cata-
log. If you're a wireless nut or ex-
perimenter, youw’ll take to this catalog.

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.

103,  Squires-Sanders would like you
to know about their CB transceivers,
the “23’er”” and the new “S5S.” Also,
CB acceSsories that add versatility 0
their S-watters.

TOOLS

78. Scrulox square recess screws
pose no problems for the serviceman
who carries either of Xcelite’s two
new Compact Scrulox screwdriving
sets in his pocket or tool box—Bulle-
tin N467 explains all.

118. Secure coax cables. speaker
wires, phone wires, etc. with Arrow
staple gun tackers. 3 models for wires
and cables from 34¢” to V2" dia. Get
tact-full Arrow literature.

ELECTRONIC PRODUCTS

44. Kit builder? Like wired prod-
ucts? EICO’s 1969 catalog takes care
of both breeds of buyers. 32 pages
full of hi-fi, test, CB, ham, SWL, au-
tomotive and hobby kits and products
—do you have a copy?

144. Hear today the organ with the
“'Sound-of-Tomorrow,’ the Melo-
Sonic by Whippany Electronics. It's
portable—take 1t anywhere. Send for
pics and descriptive literature.

42, Here's colorful 116 page catalog
containing a wide assortment of elec-
tronic kits. You’ll find something for
any interest, any budget. And Heath
Co. will happily send you a copy.

128. If you can hammer a nail and
miss your thumb, you can assemble
Schober organ. To prove the point,
Schober will send you their catalog
and a 7-in. disc recording.

12. C. B. Hanson new Automatic
Control records both sides of a tele-
phone call automaticailly—turns off
automatically, too! Get all the details
—today!
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% Starred items indicate ad-
vertisers in this issue. Consult
their ads for additional
formation and specifications.

in-

126. Delta Products new Model 3000
FET VOM is just what you need on
your test bench. Portable unit with
200 nA meter comes in wired and kit
form. Get all the details from Delta
today.

143. Bring new life to your hobby.
Exciting plans for new projects—let
Electronics Hobby Shop give you the
dope. Circle 143, now.

109. Seco offers a line of specialized
and standard test equipment that’s
ideal for the home experimenter and
pro. Get specs and prices today.

9. Troubleshooting without test gear?
Get with it—Ilet Accurate Instrument
clue you in on some great buys. Why
do without?

145. Alco Electronic Products has 28
circuit ideas using their remote control
relay. Get 100-and-one odd jobs done
at home without calling an electrician.
Get all the facts today!

SCHOOLS AND EDUCATIONAL

*74. Get two free books—*“How to
Get a Commercial FCC License” and
“How to Succeed in Electronics”—
from Cleveland Institute of Electron-
ics. Begin your future today!

3. Get all the facts on Progressive
Edu-Kits Home Radio Course. Build
20 radios and electronic circuits;
parts, tools and instructions come
with course.

142, Radio-Television Training of
America prepares you for a career—

Training International. Get the facts
today on how you can Sstep up in
your present job,

*136. International Correspondence
Schools has a 384-page manual ex-
plaining the function, operation, and
objectives of ICS. Get the facts on
266 courses of study currently avail-
able. Sorry, offer may expire soon.

%137. For success in communica-
tions, broadcasting and electronics get
your First Class FCC license and
Grantham Schoo! of Electronics will
show you how. Interesting booklets
are yours for the asking.

HI-FI/AUDIO

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 Firco’s 6-pages *“Third Di-
mensional Sound.”

119. Kenwood puts it right on the
line. The all-new Kenwood FM-stereo
receivers are described in a colorful
16-page booklet complete with easy-
to-read-and-compare spec data. Get
your copy today!

30. Shure’s business is hi-fi — car-
tridges, tone arms, and headphone
amps. Make it your business to know
Shure!

17. Mikes. speakers, amps, re-
ceivers—you name it, Electro-Voice
makes it and makes it good. Get the
straight poop from E-¥ today.

99. Get the inside info on why
Koss/Acoustech’s solid-state ampli-
fiers are the rage of the experts. Col-

1969 stereo consoles. Discover how to
pick a hi-fi console for your living
room.

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. Portabie. battery operared to four-
track, fully transistorized stereos cov-
er every recording need.

32, “Everybody's Tape Recording
Handbook'’ is the title of a booklet
that Sarkes-Tarzian will send you.
It's 24-pages jam-packed with info for
the home recording enthusiast. In-
cludes a valuable table of recording
times for various tapes.

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 today 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.

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?

not a job. 16 big kits help you learn orful brochure answers all your ques-

as you build. 120 lessons. Get all the 1jons. 127. National Schools will help you

facts today! learn all about c¢olor TV as you
26. The all new, lavishly-illustrated, assemble their 25-in. color TV kit.

114. Prepare for tomorrow by full-color brochure, “At Home With Just one of National's many exciting

studying at home with Technical Stereo” clues you in on H.H. Scott's and rewarding courses.
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Matrix
A Probably from mater (mother), Roman
cattle and horse breeders used matrix to name
a pregnant animal. Later the term came to des-
ignate the womb, whose initial swelling was a
signal of motherhood to come.

Preserved unchanged for many centuries, the
Latin term for “womb” was employed by Eng-
lish physicians before the 16th century. In his
pioneer translation of the New Testament
(1526) William Tyndale wrote that “Every
man chylde that first openeth the matrix shalbe
called holy to the lorde.” (Luke 2:23).

Passing from speech of anatomists to that of
artisans, the old word scemed just right to des-
ignate a mould. For when metal is cast, the
mould serves as the “breeding place” for the
finished product. Type-founders, in particular,
found matrix technology to effect great savings
of time.

Long abandoned by obstetricians and animal
breeders but still a vital term in many indus-
tries, marrix seemed just the right label for an
entirely new device: a logical network in the
form of a rectangular array of intersections of
input and output ieads. Adopted in the infancy
of information storage and retrieval technology,
the name has clung to increasingly sophisticated
devices—many of which serve as encoders and
decoders.

In more than symbolic form, the matrix
served as an electronic womb by means of
which the binary computer was brought to full
term.

Quasar

A More than 30 years ago Karl Jansky of Bell
Laboratories reported that he heard radio sig-
nals coming from outer space. At the time, few
scientists took him seriously. A few considered
his report to be a hoax; most thought he had
misinterpreted data.

But confirmation came from so many sources
that radio astronomy was born. After World
War 1I, advances in radar technology increcased

the sensitivity of radio telescopes. Using huge
new ones, it was shown that most radio sig-
nals from space originate in distant galaxies.

About 1960, scientists at Cambridge Univer-
sity began to pin-point extremely strong im-
pulses that seemed to come from faint stars.
Logic said that such sources of electromagnetic
waves simply had to be vastly smaller than
galaxies; yet magnification showed them to be
very bright. One of them was estimated to give
out as much radiation as 10 thousand billion
suns.

Such “broadcasting stations in space” were
considered to be neither ordinary galaxies nor
stars of a kind familiar to us. So pioneer in-
vestigators evaded precision by coining the
name “quasi-stellar radio source.” Abbreviated
to quasar, the term masks many mysteries.
Sources of the signals from “out yonder” are
now thought to be as far as 8 billion light years
away, receding from our galaxy at speeds up
to 153,000 m.p.h. Riddles linked with them have
helped re-open debate about the origin and
nature of the universe.

Log
A Since the beginning of open-water naviga-
tion, sailors have sought to measure speed of
ships. No effective device was in use before the
15th century, though.

In the decades just before Columbus’ voyage
to the New World, artisans perfected a new in-
strument. Its vital component was a thin wood-
en quadrant 5 or 6 inches in radius, loaded with
lead on the arc so that it would float point up.
Though it bore only a superficial resemblance to
a section from the trunk of a small tree, the
gadget looked more like a log than anything
else.

Lines from the four corners of the log were
attached to a log line that was knotted at regu-
far intervals. The number of knots drawn from
the log reel showed the ship’s speed in knots
per hour with surprising accuracy.

A careful master made certain that his speed
was frequently recorded in a log-book, along
with eother important circumstances. In time it
became traditional that a well-kept log should
reveal, in sequence, all major events of a voy-
age. From sailors’ talk the name for a tabulated
summary drifted into the mechanical world and
came to name the “diary” of an engine’s care,
fuel consumption, and performance.

Having been firmly established as a colorful
synonym for a detailed chronicle, it was easy
for “log” to enter the speech of pioneer radio
enthusiasts who kept careful records of time
and circumstances surrounding every broadcast.
Today the thickness and precision of a ham
operator’s log is a source of pride almost as
important as the size and accuracy of a sailing-
master’s record of his ship’s voyages.
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Why not the moon?
By Don Jensen

On its pad at the Kennedy Space Center’s
launch complex 39 stands a huge Saturn V
three-stage rocket, poised on the threshold
of the Century’'s greatest adventure!
Any day now the 36-story-high rocket will have
hurled the Apollo 11 spacecraft into the Florida sky
with an ear-rending roar. Sixty-nine hours,
47 minutes and 5.5 seconds later, a pair of
astronauts should climb from a spider-like
contraption and become the first humans
to set foot on the surface of the moon.
Whenever the Apollo astronauts begin their historic
odyssey, the eyes of the world will be on them.
Television coverage, relayed worldwide by
communications satellite, will have given viewers
from Ashtabula to Zurich a front row seat
during the key moments of the lunar flight.
These moonshot reports, via TV, may be AOK for the
average Joe—after all, the “telly”’ networks do do a
pretty good job of hitting (Continued Overleaf)
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the highlights. But why settle for half the
action when the full, behind-the-scenes dra-
ma of Apollo 11 can be heard on shortwave?
The only trick is knowing how and where to
tune. And that, Alfie, is why we’re here!

Moon Shot’s Beginning. But before get-
ting down to the real nitty gritty of moon
flight DXing, let’s frame the picturc with
a little background data.

The countdown for Apollo 11 really be-
gan back in 1961, when President John F.
Kennedy gave NASA, the National Aero-
nautics and Space Administration, the task
of putting men on the moon before the end
of the decade. During the past eight years,
more than a quarter of a million persons
have worked toward this goal.

Mercury, Gemini, and earlier Apollo mis-
sions have sct the stage for the big one this
summer, when astronauts Neil Armstrong,
Michael Collins, and Edwin “Buzz” Aldrin
Jr. lift off.

NASA’s split-second flight plan calls for
sending a five and a half ton command cap-

sule, a 15.foot service unit, and a weird-
looking lunar excursion module, nicknamed
Rosemary, on the 240,000 mile trans-lunar
journey.

The moon landing itself will be Rose-
mary’s baby, with Armstrong and Aldrin, in
all probability, making the shuttle trip. Their
task will be to explore the “lurrain” for three
hours while Col. Collins keeps the command
craft in orbit some 60 miles out. Then, eight
days after leaving Cape Kennedy, the trio
is scheduled to splash down in the Pacific.

Much of the mission’s success should be
credited to the thousands of civilian and
military personnel who man the most exten-
sive and expensive—would you believe,
$600 million — communications complex
cver assembled.

Total Communications Facilities. Apol-
lo communications facilities demonstrate a
model in redundancy, and deliberately so.
Super High Frequency and Ultra High Fre-
quency channels are backed up by satellite
relays, landline links, undersea cables, and,
of course, shortwave radio. These back-up
systems are NASA’s guarantce that one way
or another, vital communications will be
maintained.

i

Biea

Inside NASCOM (NASA Communications Network) Control Center. NASA Communications Director
and Communications Systems Managers direct flow of mission information from console positions at leff.
NASCOM status board (right) indicates on-line, backup, and alternate routes for mission support.
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At Cape Kennedy, S-1C booster for Apollo 11 is shown after being erected atop its mobile launcher in

Spaceport's Assembly Building. Though Apollo 8 circled moon some fen times last December, no landing
was atfempted. Apollo 11, in contrast, is first in series bearing name to be capakle of placing men on moon.

Tracking, telemetry, television transmis-
sion, and voice command circuits between
Apollo 11 and Earth are handled by NASA’s
Manned Space Flight Tracking Network.
MSFN has space stations three deep at Gold-
stone, Calif.; Robledo, Spain; and Honey-
suckle Creek, Australia; each with an 85-foot
diameter tracking antenna. Other stations
at 14 locations around the globe use 30-foot
dish antennas. Four specially-equipped ships
and a half dozen or so jet aircraft complete
the MSFN.

This vast chain utilizes the S-band, fre-
quencies between 1500 and 5200 MHz., in
the SHF and UHF ranges. Other frequencies
are in the Very High Frequency spectrum,
including an important voice channel on
296.8 MHz.

These frequencies, of course, are far be-
yond the tuning range of the average SWL’s
receiver. But there is one transmitter aboard
Apollo 11 you might try for, particularly if
you do your DXing from the West Coast or
Hawaii.

Operating on 10,006 kHz., a dual 20-watt
single sideband-five watt AM transmitter is
used only during the landing and recovery
phases of the flight. After the scorched space
vehicle plunges back through the Earth’s
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atmosphere into the Pacific, this unit pro-
vides long distance direction finding signals
and voice communications during rescue
operations.

But moonshot monitors will find most of
their targets among several other communi-
cations systems. Thzse stations, belonging
to NASA’s Communications Network
(NASCOM), the manned spacecraft recov-
ery forces, and the private communications
corporations providing press coverage, oper-
ate mostly on shortwave frequencies you
can tune.

§SB Predominant. Most of these sta-
tions use single sideband, a transmission
mode that offers more efficient use of trans-
mitting power and band space. But SSB has
one drawback for the DXer—the voices tend
to come out sounding a bit like Donald
Duck.

This should be no problem for experi-
enced SWLs or those with high priced com-
munications receivers specially designed for
SSB tuning. But even if your set is more
modest you can tune these stations if it has
a beat frequency oscillator.

Carefully tune to the signal’s strongest
point, fiip on the BFO—some sets label the
switch “CW”-—and adjust the control until
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speech is more or less intelligible. If your
receiver has an RF gain control, back it off
slightly to improve voice quality. It’s a bit
tricky, but a coupie of hours practice before
the Apollo 11 launch are all that’s needed,
and the amateur bands are full of SSB sta-
tions to practice on.

While the near and decep space trackers
handle the up-down links between the cap-
sule and Earth, the job of tying all the MSFN
stations together belongs to NASCOM. Up-
wards of 50 other NASA facilities around
the world are also joined by this radio chain.
Where possible, cable, landline and satellite
relays are used; elsewhere, NASCOM uses
high frequency shortwave.

Radio circuits operate between Goddard,
London, Madrid, Johannesburg, Perth and
Tananarive. There are NASCOM facilities

at Cairns, Australia; Pretoria, South Africa;
Kano, Nigeria; Tangier; Manila; Bermuda;
Hawaii; Canton; Wake; Canary Islands; and,
of course, Cape Kennedy. At Balboa, Canal
Zone, a relay serves NASA teams at Quito,
Lima, and Santiago in South America. Short-
wave connects tracking stations on Antigua
and Ascension Islands. DXers may hear
other NASCOM land-based transmitters, or
a series of seagoing and airborne units.

There are three ships designed to supple-
ment MSFN coverage during earth orbit and
trans-lunar insertions. USNS Vanguard,
Redstone, and Mercury are identical, en-
larged T-2 class tankers of World War II
vintage. A fourth vessel, USNS Huntsville,
is a converted Liberty ship which handles re-
entry tracking duties.

The Vanguard, located in the Atlantic
(49° W, 28° N), communicates via Ber-
muda, Antigua and the Cape; on Indian
Ocean station (38° E, 18° S), the Redstone
maintains contact with Ascension, Perth,

APOLLO 11 COMMUNICATIONS FREQUENCIES (kHz)

Nascom Network—te MCC-Houston, via Goddard S.F.C.
Ascension Island 6,752 7,919 11,634 12,140 20,286
20,454 20,700
Balboa, Canal Zone 9,1325 10,2425 15,925 17,682.5 20,727.5
Canary Islands 8,119.5 13,423 13,447.5 13,527.5 20,450
Canton Island 10,897.5 16,440
Cape Kennedy 5,775 7,675 7,833 8,260 12,140
13,170 13,878 14,585 14,896 17,390
18,330 20,475
Honoluly 9,212 10,410 12,212 13,175.5 20,390
London 6,970 7,480 8,005 9,157.5 10,792.5
10,798 13,555 13,595 13,620 14,887
18,127.5 18,130.5 18,580
Kano, Nigeria 9,440 13,905 15,870 18,335 21,845
Perth, Australia 9,200 10,950 13,580 14,939
Sydney, Australia 10,165 13,500 19,465
Tananarive 7,690 9,865 10,270 11,430 12,275
20,990
Tracking Ships 6,787 7,898 8,176 10,648 11,514
14,896 17,643 18,635 18,660 22,857
Recovery Network—Also = 5 kHz. from listed frequencies
Atlantic 4,690 4,739 5718 6,708 6,693
6,694.5 6,702 8,980 8,985 9,006
11,205 11,252 13,227 13,237 14,676
15,016 15,021 15,051
Pacific 6,693 6,694.5 6,805 15,016 15,085
17,386
Press Communications
RCA-New York 9,095 (WEP69) 13,900 (WES33) 15,982.5 (WES25)
15,987.5 (WES75) 16,015 (WER46) 18,960  (WES58)
RCA-San Francisco 6,845 (WMF36) 10,190 (WM150) 13,645 (WMH23)
Shipboard links 6,890 9,460 10,390 13,915 18,150
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Though Russians ostensibly bring their astronauts down on dry land, U.S. still prefers to rely on sea
for so-called splashdown. At right above, frogmen prepare to leap from hovering helicopter into warm
waters of tropical ocean. Main task of frogmen is to attach flotation collar to capsule (see photo at left).

Hawaii and Manila. In the Pacific, both the
Mercury (174° E, 8° N), and the Hunts-
ville, farther south, supply data via Hono-
luly, Guam, Wake and Sydney, Australia.

Supplementary duties are assigned to a
group of ARIA tracking aircraft, Air Force
JC-135 jct plancs which fly over-water pat-
terns during the launch and recovery phases.

The threads of this worldwide web, routed
through subswitching centers, all lead to
Building 14 at the Goddard installation in
Maryland. Here, the message flow is di-
rected automatically by landline to the
Manned Spacecraft Center in Texas.

Separate Spacecraft Recovery Net-
work. Scparate from NASCOM is the
spacecraft recovery network, a joint venture
involving the military scrvices and NASA’s
Landing and Recovery Division. Though
basically a Navy show, an Air Force major
gencral sits beside the NASA mission direc-
tor in Houston and serves as liaison between
the Departiment of Defénse and the civilian
agency.

Sharp-eared DXers will soon find that
there are really two recovery operations in-
voled in Apollo 11. Navy Task Force 130
covers the prime target in the Pacific, while
Task Force 140 is responsible for retrieving
Astronauts Armstrong, Collins and Aldrin
in the event a mission abort forces an At-
lantic splashdown.

Headquarters for the Pacific Recovery
Force is at the huge Pearl Harbor naval
base. During space flights, about 1500
Navy, Air Force and Army personnel are
assigned to the command. Navy units come
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from the First and Seventh Fleets, Air Force
men and planes are assigned from the Pa-
cific Aerospacc Rescue and Recovery Center
at Honolulu's Hickam AFB, and a limited
number of soldiers are transferred from
Army posts on Hawaii.

The key station is Pacific Radio at
“Pearl.” Other shore operations include
Navy PACMISRANFAC transmitters on
Eniwectok and Kwajalein, and Air Force
Rescue and Recovery stations at Andersen
AFB, Guam, and Kadena AFB, Okinawa,
and on American Samoa.

Afloat, Too! Task Force 130 includes
about a half dozen Navy vessels, from car-
rier-sizc on down, with supporting SH-3
Sea King helicopters and Air Force HC-
130B Hercules rescue planes. At this writ-
ing, the Navy hasn't announced its ship as-
signments—over 200 different vessels have
participated in Mercury, Gemini and Apollo
flights so far—but almost a sure bet for the
Pacific team is the USS Arlington.

The Arlington began her Naval career as
the small aircraft carrier Saipan in 1946. In
1966, she was converted to a communica-
tions ship, with highly sophisticated clec-
tronic gear and antennas. She was renamed
the Arlington, in honor of Radio Arlington,
onc of the Navy’s first wireless stations. She
can provide full communications capability
for the fleet at sca.

In the Atlantic, TF-130’s twin, Task Force
140 will deploy for possible rescue opera-
tions in case of an cmergency. East coast
focal point is Building SP-71, at the Norfolk
Naval Air Station. Since November 1967,

31
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all space flight recovery operations sched-
uled for the Atlantic Command Area have
been directed from the Recovery Control
Center at Norfolk. Communications with
fleet ships, regular naval stations on the east-
ern seaboard and Puerto Rico and other
recovery facilities are routed through RCC.

Four transmitters at Cape Kennedy, re-
motely controlled from Texas, are “patched”
into the system. These stations are heard
with the identifier “Houston” call. In addi-
tion, Air Force Eastern Test Range Com-
mand facilities at Bermuda, Antigua and
Azores, and stations at Lajes AFB, Azorcs
will be used.

Main station in this shortwave network,
dubbed Atlantic Chief, is located at Norfolk.
The rest of the stations in this net are called,
collectively, the Atlantic Tribe. Circuits
connect the whole recovery system with
NASA'’s Texas space center.

Likely to be included in TF-140 is the
USS Francis Marion. A 564-foot, converted
attack transport, she originally was launched
as the Prairie Mariner 15 years ago. Like the
Arlington, she is equipped with the latest
in radio gear. Once called the fastest am-
phibious assault ship in the Navy, the Fran-
cis Marion was converted to a radio com-
mand post only last year.

DXers can tune the seagoing, airborne
and shore-based outlets of the recovery
forces as early as a week before liftoff, when
TF-130 and 140 stations will be activated.

(Continued on page 93)
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APOLLO VOICE IDENTIFIERS

AIR BOSS
ATLANTIC CHIEF
ATLANTIC

CROWN

HONO
HOUSTON______

IVANHOE
PACIFIC RADIO
PUERTO RICO RADIO

PEASOUP

PHOTO 1, etc.
RECOVERY 1, etc.
__ RELAY

RESCUE 1, etc.

—_ RESCUE

TOPHAND
TOREADOR

Voice call of rescue aircraft
commander

Key Atlantic recovery station,
Norfolk, Va.

Atlantic recovery station, eg.,
Atlantic Surgeon (medical),
Atlantic Leader (on primary
recovery ship), etc.

White House ID, heard with
post-flight presidential call

NASCOM, Honolulu

Recovery stations at Cape
Kennedy, controlled from
Houston, eg., Houston Re-
covery, Houston Surgeon,
etc.

Navy Communications Station
NAM, Norfolk, Va.

Key Pacific recovery station,
Pearl Harbor, Hawaii

Navy Communications Station
NAU3, Ft. Allen, P.R.

NASCOM, London

Navy photo helicopter

Sea King recovery helicopters

Pacific recovery shore sta-
tions, eg., Kwajalein Relay,
Eniwetok Relay, Singapore
Relay, etc.

Voice call of ARRS rescue air-
craft

Land-based stations of Air
Force Rescue and Recovery
Service, eg., Lajes Rescue
(Azores), Kindley Rescue
(Bermuda), Naha Rescue
(Okinawa), etc.

Navy Communications Station
NSS, Annapolis, Md.

Navy Operational Radio, San
Francisco, Cal.

U.S.S. Arlington (originally the Saipan) is likely fo see service when Apollo 11's men refurn from moon.
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10 Reasons why

RCA Home Training is

your best

investment
forarewarding

career

in electronics:

LEADER IN ELECTRONICS
TRAINING

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

RCA AUTOTEXT TEACHES
ELECTRONICS FASTER, EASIER

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

THOUSANDS OF WELL PAID
JOBS ARE OPEN NOW

RCA Institutes can help you qualify for
arewarding career if you have an inter-
est in clectronics. Every year, thousands
of well paid electronics jobs go unfilled
just because not enough men take the
opportunity to train themselves for
these openings.

WIDE CHOICE OF CAREER
PROGRAMS
Select from a wide choice of courses
and carcer programs ranging from basic
Electronics Fundamentals to advanced
training including Computer Program-
ming and Elcctronics Drafting. Each

ACCREDITED MEMBER National Home Study Council

Construction of Oscilloscope.

Jury-AvcusT, 1969

"Transistor experiments
on programmed breadboard —
using oscllloscope,

Carcer Program hegins with the amaz-
ing AUTOTEXT method.

SPECIALIZED ADVANCED
TRAINING

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

6 PERSONAL SUPERVISION
THROUGHOUT

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

VARIETY OF KITS, YOURS TO KEEP

At no extra cost, a variety of valu-
able specially engineered kits come with
your program—yours to keep and use
on the job.

TRANSISTORIZED TV KIT AND
VALUABLE OSCILLOSCOPE

You will receive in most carcer pro-
grams a valuable oscilloscope. Those
enrolled in the TV Program or courses
receive the all-new Transistorized TV
Receiver—exclusive with RCA. Both are
at no extra cost.

1

Construction of Multimeter.

RCA INSTITUTES, INc.

Name

CONVENIENT
PAYMENT PLANS

You can take advantage of RCA’s

convenient monthly payment
plans. There is one to suit your
budget.

1 RCA GRADUATES GET TOP
RECOGNITION

Thousands of graduates of RCA Insti-
tutes are now working for leaders in the
clectronics field; many others have their
own profitable businesses . . . proof of
the high quality of RCA Institutes
training.

RCA INSTITUTES, INC. Dept. £A-79

320 West 31st St., N.Y., N.Y. 10001

Canadians: These same RCA courses
are available to you in Canada. No
postage. No customs. No delay. Your
inquiry will be reterred to our school
in Canada.

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

CLASSROOM TRAINING ALSO AVAIL-
ABLE. FREE CATALOG ON REQUEST.

if Reply Card Is Detached—Send This Coupon Today

Home Study Dept. EA-79
320 West 31st Street
New York, N.Y. 10001

Address

City

w
o
o
=
@

Zip

l‘ {1 Check here if interested in Classroom Trainingl

Y
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' Those
f Campus
! Cops

by Skip Bradford

Remember last Spring, when college cam-
puscs across the nation went wild? In
fact, remember every Spring when this hap-
pened? Time was when Springtime meant
that a young man’s fancy gently turned to
thoughts of fove; but today from Columbia
to Berkeley, our erstwhile Romeo scems pre-
disposed to tar-and-feathering the Dean of
his local college -for any number of reasons
dear to his heart.

During these periods, the colleges’ campus
police forces are opcrating in full swing on
a 24-hour basis. Extra men arc often as-
signed to patrol the ground, manage crowds,
rescue professors. The dispatcher at the cam-
pus police radio communications station is
about as busy as a onc-armed juggler and
can be heard at all hours with instructions
to the patrol ofticers on campus. The mobile
units reporting in arc also quite active as they
relay back to headquarters vivid descriptions
of the wild antics which rule the crowds.
Often there is an animated exchange of com-
munications between base and mobiles when
a barricade or building-assault is underway.

If you have a VHF receiver or converter
you can be part of the inside story when the
fun-time hits your local campus each year.
Or, you might like to listen all year long as
the campus police go about their normal
duties of raiding pot partics in the dorms,
checking the parking lots each night for
couples who ought to know better, witnessing
draft card barbecues, and other such vital
public safety tasks.

We've put together a directory of the call-
signs and frequencies used on the campuses

(Continued on page 96)
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How nice it is to have an uncluttered desk,
and yet have such conveniences as your
personal transistor radio (to be onc up on
the news, market reports, sports events), to
have your desk pen handy, and to have
enough light to sce what you are signing
with the pen. You can enjoy such luxuries
by completing our weckend project. All we
have done is to locate the components and
developed the plans to build a beautiful wal-
nut casc (onc that anyonc should be proud
to have on his desk) in which to housc them.

The 6-transistor radio is alt ready to play,
factory-wired, and housed in a protective

TUNING CONTROL

"BUILD-IN"
TRANSISTOR
RADIO

VOLUME CONTROL

ROTARY SWITCH
FOR L

P
TRANSF ORMER
FOR LAMP
(SEE TEXT)

25" SPEAKER

FELT OR SMALL
RUBBER TACK
BUMPERS

POWER LINE

8 VOLT
TRANSISTOR
BATTERY

METAL BRACKET ~ SPEAKER
HOLDS BATTERY  GRILLE
(SEE TEXT) CLOTH

Locating components. Separate lamp-transformer
and radio as much as possible to reduce heat
damage, hum pickup, and power-line interference.

JuLy-Avucust, 1969

Desk
P=im=-1
Project

op

Put this transistor radio/
desk pen/hi-intensity lamp
on your desk in just hours

by Art Trauffer

clear plustic box so that this module can be
casily mounted in the walnut desk cabinct.
High intensity desk lamps arc always on
sale; you can buy the lecast expensive one
for this project since you will not be using
anything but the goosencck, shade, and bulb
socket, transformer and on/off switch. Ex-
cept for the decor of the housing most high
intensity lamps are all similar. As for the
pen, incxpensive desk pen holders and desk
type ball point pens are procurable at sta-
tionery supply or hobby shops. Before tack-
ling the part of the project that taxes your
skill with tools, purchase all of the materials
required (see Parts List) so the project will
not be suspended temporarily for lack of
materials.

Making the Cabinet. We made the
cabinet from five picces of black walnut
wood, Y4 -in. thick. You can, of course, use
any wood you wish in order to match the
decor of the room. All picces are straight
cuts and require no special cabinet-making
skills to cut and fit together. We assembled
the cabinet by gluing, and tacking together
(with thin wire brads) the various picces of
wood and then sanded them. Sanding the
exposed edges to round them off makes a
very professional looking finished product.
Before putting on the final finish it is best to
cut and drill the wood so that the polished
wood will not be marred.

The speaker for the radio is supplied sep-
arately in a plastic case. Remove the speak-
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er, being careful to protect the cone until
the speaker is remounted in your new wood
cabinet. Pare down the plastic speaker case
s0 that the protective grille will be just thick
enough to be flush with the top surface when
inserted into the circular hole cut in the
wood cabinet. The diamecter of the hole
should be just large enough (approximately
1% in.) to insert the plastic grille so that it
will fit snugly. You should cement it in place
with Elmer’s glue or GE’s RTV cement. You
may prefer to mount the plastic grille on top
of the wood in which case the diameter of
the hole should be about ¥4 -in. smaller. The
plastic grille can be cemented in place or
held there with small wire brads. If you use
brads drill the plastic grille before fastening
it, to prevent cracking. Drill all of the other
holes required for the radio and high in-
tensity lamp.

At this point stain the wood in the desired
color and when the stain is dry polish the
cabinet by rubbing the cabinet with linseed
oil, or if that is not readily available use
lemon oil furniture polish.

Mounting the Components. Cement a
piece of netting over the underside of the
grille to keep dirt from falling onto the

REFLECTOR AND GOOSE-
NECK OF HIGH INTEN-
SITY LAMP (SEE TEXT)

PLASTIC GRILLE

FOR SPEAKER \ ,

PEN AND HOLDER

LAMP ON/OFF SWITCH

STATION SELECTOR VOLUME CONTROL

Surface mounted plastic grille will cover ragged
wood cutout. Grille can be mounted flush in wood
top if circle cutter is-used fo cuf out hole.

speaker cone, then cement the speaker to the
cabinet, taking care not to use so much
cement that the porosity of the grille cloth is
reduced.

Next mount the lamp gooseneck to the
top of the wood cabinet. Make certain that

GOOSE NECK OF HIGH-
INTENSITY LAMP .

0P OF
WALNUT CASE

ROTARY
SKITCH

117VAC

&

PARTS LIST FOR THE 3-IN-ler

1—Built-in transistor radio kit (Radio Shack
12-1150 or equiv.) incudes 6-transistor ra-
dio chassis in plastic box, separate speaker,
volume control and switch and knobs

1——Battery 9-volt (Eveready 216 or equiv.)

1—Desk-type pen complete with holder (sta-
tioner or hobby shop) .

T—High intensity lamp (see text)

Misc.—Hardware, wire, solder, solderless con-
nectors, soldering lug, rubber feet, stain,
sandpaper and cement (GE-RTV or Elmer's
Glue}

Black walnut wood lor other wood) for wooden
cabinet

1—Piece 8 x 5 x V; in.

2-—Pieces 8 x 2 x V; in.

2—Pieces 5 x 2 x V4 in.

a large soldering lug is fastened under the
nut that holds the gooseneck in place.
Mounting The Radio. The radio, com-
plete in its plastic protective case is then
mounted in the wooden cabinet. It is held
in place by two 6-32 flat head machine
screws approximately 3g-in. long. By drill-
ing holes into the plastic protective case that
have a smaller than clcarance diameter it is
possible to thread the plastic cabinet, and,
therefore no nuts will be needed to hold the
assembly tightly in place. Make certain that
the screws are long enough to extend through
the plastic to assure a full threaded bite but
not too long so that they could damage the
printed circuit board of the receiver. The
shaft for the tuning condenser extends
through the front of the wood cabinet far
enough to permit tightening of the tuning
knob on the condenser shaft. We did not
use a dial scale. However, if you prefer, why
not design one that is both utilitarian and
meets your artistic tastes.
The volume control and switch are sep-
(Continued on page 97)
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'I'he currently popular status symbol for a
big tycoon is the loudspeaking telcphone
(our Speaker-Fone). It is a gadget that lets
Mr. Big Business carry on a' bi-dircctional
conversation in his office without having to
hold a telephonc instrument or operalec u
talk-listen transfer switch. He can count his
money, change clothes for a night on the
town, or seduce his secretary while carrying
on a telephone conversation. Another ap-
plication for Speaker-Fone allows a group of
people to participate in a phone call. The
incoming transmission is heard in the room
through its speaker while its microphone
picks up comments from anyone in the room
and Speaker-Fone transmits it back into the
phone line.

Both reception and transmission are ac-
complished without the necessity to operate
switches or hold a telephone instrument—
the user simply sits back and listens and
talks, while the equivalent of operating a
talk-listen switch is accomplished automati-
cally in the Speaker-Fone.

Expensive? Commercial units are, but by
taking advantage of the latest 1Cs and a few
inexpensive, rcadily available components
you can build one for well under $25 that
will perform as well as the most expensive

JurLy-Avucust, 1969

SPEAKER-FONE
The telephone intercom
that doesn't hang you up!

By Herb Friedman, W2ZLF

LR X Y

commercial models presently available.

1f you havc no necd for a Speaker-Fone,
how about a no-hands, switchless intercom
for the office, home, or shop? It’s basically
the same device—and is less than cxpensive
to build. It lets you listen to transmission
from, and talk to, remote locations from
wherever you may be in the room, without
having to favor the microphone or operate
transfer switches.

How It Works. The Speaker-Fone works
by taking advantage of signal cancellation
inherent in a phase splitter. For simplicity,
the term “line” will refer to the telephone
line (or intercom line) connected to the
Specaker-Fone.

Output from the microphone is fed into
ICI, an Op Amp (see p. 45) serving as a
microphone precamplifier. ICI’s output, at
pin 13, is coupled through CS5 to transistor
Ql, which functions as a phase splitter.
Q1’s collector resistor of 560 ohms (R8) is
essentially equal to the emitter impedance
consisting of resistor R9, 560 ohms, and thé
AC impcdance of T1’s primary. Thercfore,
when signal voltage is applicd to Q1’s base
the amplified output appears essentially
equal in amplitude, but of opposite phase,
at both the collector and the emitter. The
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SPEAKER-FONE

signal voltage at Q1’s collector is 180° out
of phase with the signal voltage at the emit-
ter. Meanwhile, the current through Q1 also
flows through T1’s primary, inducing a sig-
nal into T1’s secondary, which, in turn, feeds
the signal to the line through R12, R13, and
R14—a pad having approximately 6 dB at-
tenuation.

Phase Splitter. So far we have described
how the microphone signal is fed into the
telephone line, but since there would be one
loud howl! if the mike signal should feed
through to the input of the speaker amplifier,
how is the mike signal kept out of this am-
plifier, which consists of transistor Q2 and
IC2? The answer lies in the function of the
phase splitter. Remember the signal at the
collector is 180° out of phase with the emit-
ter. The collector signal is coupled through
C6 to one side of balance control R10 and

the emitter signal is coupled through C7 to
the other side of R10. At one point of the
setting of R10’s wiper, the collector signal
is exactly equal to the emitter signal, and the
two cancel cach other because they are ex-
actly 180° out of phase. Therefore, at this
balance point, no signal voltage appears at
R10’s wiper, which is connected to the vol-
ume control (R11) feeding signal to the
speaker amplifier.

When a signal from another Speaker-Fone
appears on the line, a voltage is induced from
the secondary of TI1 to its primary. This
voltage then appears at QI’s emitter, the top
of R9, where it is fed through C7 to R10.
But since there is no corresponding out-of-
phase signal voltage at Q1’s collector, the
signal is not cancelled at R10 and it is fed
through to the specaker amplifier. (In prac-
tice a small signal can be detected at Ql’s
collector but it is not ncarly strong enough
to cancel the emitter signal in R10.)

Therefore, by using a phase splitter (Q1)
the microphone can transmit to the line

e

C1—0.25-uF, 75-V ceramic capacitor

C2, C6, C7—50-uF, 15-VDC electrolytic capaci-
tor

C3—-10-uF, 15-VDC electrolytic capacitor

C4—680-pF ceramic disc capacitor

C5—1-uF, 50-VDC electrolytic capacitor

€8, C15—2000-uF, 15-VDC electrolytic capaci-
tor

C9—0.01-uF, 100-V ceramic disc capacitor

C10—0.1-uF, 75-V ceramic disc capacitor

C11-50-uF, 6-VDC electrolytic capacitor

€12, C13—0.05-uF, 75-V ceramic capacitor

C14—160-uF, 25-VDC electrolytic capacitor {see
text)

C16—0.002 uF, 500-VDC ceramic disc capacitor

C17—47-pF ceramic disc capacitor

D1, D2—9%.1-V Xener diode (Motorola HEP-104
or equiv.)

IC1 *—integrated circuit stereo amplifier (Moto-
rola MC1303P)

1C2*—Integrated circuit 1-watt amplifier (Gen-
eral Electric PA234)

M1*—Dynamic microphone, 50,000 ochms (Piezo
106)

Q1—2N1306 transistor {see text)

Q2—FET (Motorola MPF-103 or equiv.)

R1, R3—4700-0hm resistor

R2, R5—5ee text {note: author used 100,000-
ohm for both R2 and RS}

R4, R19—1000-ohm resistor

R6~—22,000-chm resistor

R7—10,000-0hm resistor

R8, R9——560-ohm resistor

R10—10,000-ohm linear taper potentiometer
(Mallory U-20 or equiv.}

R11—100,000-0hm audio taper potentiometer
(Mallory U-41 or equiy.)

PARTS LIST FOR SPEAKER-FONE

R12, R13, R18—150-0chm resistor

R14—680-ohm resistor

R15, R20—1-megohm resistor

R16—15,000-0hm resistor

R17, R21—100,000-0hm resistor

(All resistors V4, V5 or V4 watt, 10%}

S$1—Dpdt toggle switch (Lafayette 99-6162 or

equiv.)

SP1*¥—23,-in. round, 16-32-0hm voice coil im-

pedance speaker

SR1, SR2—Silicon rectifier, 50-P1V, 500 mA or

higher (Latayette 1975001 or equiv.)

T1—500/500-0hm telephone line transformer

(Lafayette 3378553 or equiv.)

T2—Llow voltage rectifier transformer (Allied

54E4732 or equiv.)

1—9 x 6 x 3-in. FLEXI-CAB cabinet**

Misc—Keystone G pattern perforated board,

hardware, wire, solder, etc.

* Following components are available from Cus-
tom Components, Box 352, Alden Manor,
Elmont, N.Y. 11003;

IC1—MC1303L integrated circuit stereo am-
plifier, $6.00 each

1IC2—PA234 integrated circuit 1-watt ampli-
fier, $3.00 each

M1—pPiezo microphone type 106, $6.95 each

SP1—2 ¥;-in. round speaker, 32 ohms, $2.50
each

Above prices include postage and handling
within the U.S.A.

For shipment to Canada add $1.00

New York State residents add sales tax

** FLEXI-CAB cabinets are available from Bell
Educational Laboratgries, Hauppauge, N.Y.
11787
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Speaker-Fone schematic. All components mount on perfboard, save those in power supply and on front panel.
As explained in text, commercial amplifier can be used fo replace all components between C9 and speaker.

simultancously while the speaker amplificr

is monitoring an incoming signal from the
line.

Phase Shifts. 1f T! is of very high qual-
ity, all signals appearing at Ql’s collector
will be exactly 180° out of phase with the
cmitter signals. In practice, the lower quality
transformer that was selected for T1 intro-
duces a phase shift, which counteracts the
Q1 shift of 180°, and so only 40 dB to 60 dB
of cancellation can be obtained through bal-
ance control R10 before the system starts
to howl at high frequencies. This means that
you cannot use¢ a transformer of lower qual-
ity than the one specified in the Parts List.
The TI specified will introduce some phase
shift, but it will allow an adequate listening
level before the howl starts. Attempting to
increase the speaker volume to a “shout” will
produce howling. Using a more expensive
Ti1—with less high frequency phase shift,
will allow a higher speaker volume. How-
ever, the T1 specified is satisfactory for
home and office use.

Input Op-Amp. Input amplifier ICI is
one half of a Motorola MC1303P “Sterco
Preamplifier,” which is actually an assembly
consisting of two independent operational
amplifiers. Without getting bogged down
in Op-Amp theory, IC1 is an amplificr whosc
gain is cqual, essentially, to the ratio of RS
and R4. This permits the amplifier gain to
be easily changed to match the mike you
use by just changing resistor R5. (More on
this later.) The reason an MCI1303P is used

JuLy-AucgusTt, 1969

ceven though only one of the Op-Amps
is uscd—is that, similar to 2N109, 2N217,
and 2N274 transistors, the MCI1303P is al-
most goof-proof—it’s difficult to damage it
and almost impossible to destroy its opera-
tion completely.

An Op-Amp normally requires a power
supply that provides both positive and nega-
tive power above and below a common or
ground. Since QI, Q2, and 1C2 utilize a
single-ended positive voltage supply with
negative at ground (and no center tap) we
have made provision to operatc IC!| from a
single-ended power source by providing a
power supply voltage divider with a center
tap (R1 and R3) to develop the positive and
negative voltages it nceds. The voltage at the
R1-R3 junction is exactly onc half the IC
supply of 18 V applied to pin 14 of ICI.
Note also that both R2 and C3 are conncected
to the R1-R3 junction. In the event you have
ditticulty in the operation of the microphone
preamp, check for the split in supply voltage
at R1-R3, for if the voltage on either side
of the center tap of RI-R3 is not exactly
cqual, and of opposite polarity, the IC won’t
amplify. If C3 would be returned to ground
(the chassis) the IC may or may not work,
depending on normal leakage current of C3
—s0 throw out the rule book: C3 is con-
nected to R1-R3, not to ground.

Output Op-Amp. The monitor amplifier
section consists of Q2 and a 1-watt IC power
amplifier IC2. Q2 raises the level of the sig-
nal on the line to the input level needed by
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IC2 to produce a maximum output of 1
watt. As a precautionary measure, make
certain that speaker SP1 is between 16 and
32 ohms. If it is less than 16 ohms, IC2
breaks into oscillation and self-destructs
(this tidbit of information is not supplied in
the IC2 data shcet).

The schematic (see previous page) shows
Speaker-Fone using Q2 and a pad of ap-
proximately 6 dB between T1 and the line.
The pad is used so that the balance control
can be adjusted correctly before connection
to the line. If the pad isn’t used the line
affects R10’s adjustment quite severely, and
might require frequent readjustment. Nor-
mally, you balance R10 once and that’s it.

When operated as a Speaker-Fone the
mike gain must be held down to limit the
signal level so that it will not overload the
telephone line. To accomplish this R2 and
RS should be 100,000 ohms (R4 always
remains 1000 ohms). R2 is changed because,
for proper op-amp operation, R2 must equal
feedback resistor RS. If you need slightly
more gain, increase RS to 220,000 ohms and
change R2 to 100,000 ohms.

A switchless intercom can handle more
level, and can have a greater incoming line
level than a Speaker-Fone since you are not
restricted to level limitations, as is the case
when using tclephone lines. You can in-
crease mike sensitivity considerably by
changing both RS and R2 to 1 megohm.
Also, since the line level will then be very
high, Q2 and the 6-dB pad may be elimi-
nated. To adapt the unit to function as a
switchless intercom, delete C9, R15, R16,
R19, Cl11, and Q2. Connect the wiper of
R11 to C10. Similarly, since the pad R12-
R13-R14 is not necded and the line can be
connected to T1 primary directly, R12, R13,
and R14 may be deleted.

Power Supply Regulation. Two Zener
diodes, DI and D2 are used instead of a
single 18-V Zener because the HEP units
specificd are more easily obtainable than
other 18-V Zeners. The Zener diode regula-
tion for IC1 and Q1 and Q2 is necessary
since the voltage variation created by the
class-B amplifier in 1C2 will affect the per-
formance of ICl. Make certain that the
Zener diodes are correctly polarized. The
end marked with a white band connects to
the positive supply voltage.

c14
(SEE
TEXT)

g PERFORATED
v BOARD

Perfboard assembly is mounted on bottom plate of
cabinet using Y4-in. standoff washers between
board and cabinet. Heat sink (identified as
"shield"" above) must be soldered to tab on IC2.

Construction. For a better display of the
important components the photographs show
the switchless intecrcom model but include
the telephone line pad (R12-R13-R14) for
the Spcaker-Fone, mounted on the circuit
board. Q2 and its circuit components can
be placed virtually anywhere on the board
as it takes up very little space and its loca-
tion is not critical.

The model shown is houscd in a very at-
tractive cabinet. The sides and top are pre-
finished in wood grain and the front panel
is stainless steel. It’s all supplied knock-
down, and you assemble the cabinet with the
supplicd plastic corner pieces. Because the
sides, front panel, top, bottom, and back are
insulated by the corner pieces, you must con-
nect the front panel and the bottom plate
to the circuit ground for proper shielding.
Also, for a more rigid assembly, it is recom-
mended that corner picces be cemented in
place with a silicon adhesive, such as GE’s
RTV.

The front pancl provides only sufficient
space for a speaker no greater than 234 -in.
in diameter, which will deliver adequate
sound level for home or office. Higher sound
level will require a larger speaker, and, for
noisy locations, we suggest at least a 5-in.
spcaker and, of coursc, a larger cabinet.
Round speakers should be cemented to the
cabinet with RTV; spcakers with corner
mounting holes are secured with bolts.

All of the clectronics circuitry, with the
exception of the power supply (T2, SRI,
SR2, C15, CI6), and the front panel com-
ponents, are mounted on a 4 x 5%2-in. sec-
tion of perforated board. This allows the
unit to be mounted in any suitable cabinet.
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(Use Keystone type G-pattern board as the
extra “holes” makes for easier assembly.)
Push-in terminals provide the tie points.

IC1 is secured by the push-in terminals
used for tie points. The connections made
to IC1 terminals 8 through 14 are all on one
side. To avoid crowding, use terminals on
the other side of IC1 only at terminals 1 and
7 (1 is not wired, 7 is ground).

IC2 is mounted in this same manner, using
push-in terminals only where the IC2 termi-
nals are connected in the circuit. Be very
careful when mounting IC2 as it can be
easily mounted upside down and one then is
not aware that terminal connections have
been reversed. The tab and the terminals
are not on the center-linc between top and
bottom of IC2; the terminals
are closer to one surface than
the other. Proper orientation
of IC2 places its terminals
closer to the mounting board
than to the top of the IC case.
If you locate the tiny notch,
as shown in the drawing, you
won't go wrong. A %-in.
square heat sink must be
soldered to the tab. A small
section from a tin can will
suffice; pre-tin the heat sink
and solder it to the tab of the

Completed Speaker-Fone, with
panel and one side in place.
Power-supply components are af
left; perfboard assembly is at right.
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To avoid parts fam on top of
perfboard, place as many compo-
nents as possible on its underside.
Wire parts flat against board.

IC2 very quickly. The tab
can be bent up at right angles
to the board to prevent its
shorting to other components.

If a speaker less than 3 in.
in diameter is used, C14 can
be 160 uF. If a larger speaker
is used, Cl14 should be in-
creased to 250 uF (though
you may be satisfied with re-
sponse when using a 160-uF
Cl14).

Transistor Q1 can be just
about any npn silicon or ger-
manium type with a Beta of
75 to 150 (100 recommend-
ed). At most, you may have
to change R6’s value slightly
for proper biasing.

The ground system of the circuit must be
connected to the cabinet base. The front
panel is grounded to the circuit-board
ground by using shielded cable between R11
and the board. Fold over the grounded
terminal of R11 to its case and solder. Solder
the shield to this point and the other end of
the shield to the board’s grounding system.

One final note: the unit won’t work if ca-
pacitor polarities are reversed. Make certain
all capacitors shown in the schematic as
polarized electrolytics (indicated with a
“+”) are correctly installed.

Installation. If a Speaker-Fone is to be
used as a switchless intercom simply connect
two or more units to a pair of wires stretched

RS MIC.CABLE
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between the locations of the units. For use
on a telephone line, connect Speaker-Fone to
the talking pair. If your phone installation
uses (wo telephone wires (talking and ring-
ing on the same pair), simply connect the
Speaker-Fone to the two wires. If you have
three telephone wires locate the two used for
talking (these are generally internally con-
nectéd in the phone to terminals indicated
“L1” and “L2”). If you have a plug-in type
phone installation, you can plug in the loud-
speaking telephone without huaving to make
permanent connections between the Speaker-
Fone and the phone line.

The circuit is so designed that the pad
makes it self-limiting, holding the transmis-
sion below the maximum authorized tele-
phone line signal level.

Operation. With the unit on the bench,
not connected to the line, apply power by
turning S1 on. Position the microphone near
the speaker and slowly advance volume con-
trol R11. When the unit breaks into acous-
tic feedback (howling) adjust balance con-
trol R10 until the howling stops. Turn off
power and connect the unit to the line.
When SI is off the unit is automatically
disconnected from the line by S1A.

Call a friend on the phone (or on the in-
tercom) and then turn the unit on. If it
breaks into howling readjust balance control
R10.

Always turn the Speaker-Fone on after
you have completed dialing another phone
and the party at the other end has answered,
as the unit will disable the dialing if it is
turned on first. Phones can be answered by
simply turning the unit on—there is no need

to lift the phone handset. Intercoms are
permanently connected. A switch can be
used to short the microphone for privacy so
the other station can call, but not eavesdrop
on your office.

Special Note on Microphones. The
microphone should be a dynamic type. A
crystal or ceramic one can be used only if
R2 is 1 megohm. When R2 is [ess than |
megohm, a crystal or ceramic microphone
is loaded down, resulting in severe loss of low
frequency response. Also, the relatively
smooth trequency response of a dynamic
microphone generally provides less sensi-
tivity to howling, which permits higher
speaker levels 1o be used.

Commercial Amplifiers. Though the
construction details feature an 1C power am-
plificr, keep in mind that a commercial
printed circuit amplifier, such as sold by
Lafayette Radio and Radio Shack, can be
substituted for the entire shop-built ampli-
fier assembly consisting of Q2 and IC2. This
will repluce all circuit components between
C9 and the speaker. The pre-fah amplifier
can be mounted directly on the perforated
board in place of Q2 and IC2. The wiper
of R11 will then connect to the input of
the commercial amplificr.

Since these amplifiers require, a 9-volt
power supply, cither of the following options
may be used. You may either drop the exist-
ing 25-volt supply to 9 volts with a Zcner
diode or use a 9-volt battery for the com-
mercial amplifier. In the event you utilize
a battery it is not necessary (o use power
transformer T2 (rated at 100 mA) as there
will be no need for the extra current drawn
by the cluss B output in IC2. You may sub-
stitute the 35 mA model for T2. This is listed
in the Allied catalog just ahead of the
100-mA T2 specified. u

Earthbound Hi-Flyer

First gencral aviation trainer tailored
to the pocketbook of a student pilot,
Link’s new GAT-1 flight trainer is a
plane with a difference—it never gets
ofl the ground! Designed for use with
most any 117- or 230-VAC outlet, the
GAT-1 is intended to teach students
flying skills while they remain smack in
the middle of the clussroom. Yet every
dial, switch, indicator, and control han-
dle is operational in this plane that does
all but one thing planes are supposed
to do: fly! [ |
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introducing...

By Lars Jorgensen

A ready-to-go amp with a zillion applications

the little OpAmp can fill most any bill you have in mind

Jusf as a child builds houses and castles
by adding one toy block to another, so
too will the electronic engineer in the 1970s
design all types of electronic equipment by
adding one block to another. But he won’t
be using toy blocks—he will use operational
amplifiers—the basic building blocks of elec-
tronics.

The operational amplifier, or OpAmp, is
considered a basic electronic circuit building
block because, just as is the case with the
child’s block, the OpAmp becomes whatever
the designer wants it to be in a circuit. For
example, the OpAmp in the triangle above
serves as a low- or high-gain AF amplifier,
a line amplifier, a preamplifier, an oscillator,
a mixer, a modulator, a multivibrator, a de-
tector, etc. You name it and the OpAmp
can do it within the limitations of the de-
vice’s bandwidth.

Certainly you can always arrange a group
of discrete components to do any of the
above-mentioned jobs, but what makes the
OpAmp unique and important is that in
addition to the OpAmp itself, just a few
additional components are required to fab-
ricate a complete module. Circuit functions
are changed by changing the value of just
some of the external components or the way
they are connected.

Goodies Do Come in Small Packages.
When the OpAmp is an IC, rather than
discrete components, the entire OpAmp is
in a small package (as in the photo above),
and the externa] associated components for
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a given circuit may number four or five.
Changing the value or connection of only
one or two of these components completely
changes the OpAmp’s function. The OpAmp
is not a new development that has evolved
from the availability of ICs. OpAmps, pre-
dating these new IC types, were wired pack-
ages of discrete components that afforded
no savings in cost. However, the IC OpAmp
certainly has tipped the scales the other way.
These new units cost but a fraction of what
the older ones did, both in dollars and in
space requirements, Progress surely pays
dividends—collect yours by using OpAmp.

Easy Does It. Another advantage of
OpAmp is that without having to make
yards and yards of calculations you can be
fairly certain of the end results, within broad
limits. As an example, suppose you wanted
to construct a microphone preamplifier hav-
ing 60 dB of gain (1000 X). You would
have to calculate all the constants of many
discrete components associated with two or
three transistors and/or FETs—and you'd
still have to breadboard the circuit to iron
out the bugs. But, using an OpAmp the only
calculation would be:

Gain = R1/R2
and since R2 would be known, your total
effort would be to calculate the proper value
for R1 and connect it into the circuit.

Does it all sound too easy? If we were to
delve deeply into OpAmp theory you'd have
another 100 pages or so to read. But
OpAmps are available predesigned with cer-
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tain characteristics, such as input impedance,
gain, bandwidth, overload voltage, etc.,
clearly specified. All that is required of the
experimenter is for him to sclect the few
components needed for his particular ap-
plication. Particularly for the newcomer (o
electronics, practical - application of the
OpAmp can be ecasily handled. As long as
you know what result to expect from your
connections of the components, you can get
started on OpAmp applications immediately,
The how and why can come later.

AC, DC or Both. The schematic of a
typical OpAmp is shown in Fig. 1. We could
go into differential inputs, constant current
sinks, split outputs and all the other technical
terms that are impressive. But, in all prob-
ability most of this terminology would be
meaningless to the experimenter and hobby-
ist. What is important, as noted in Fig. 1, is
the absence of coupling capacitors. The
OpAmp is DC coupled, and its output is
self-center tapped. The OpAmp can handle
either AC, DC or both simultaneously, and
the output is normally at DC ground poten-
tial. As it is usually powered by a bi-voltage
power supply as shown in Fig. 2, the
OpAmp’s output can be set to the center tap
or ground potential and usually is in experi-
menter’s applications.
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Input Polarity Controls Output. Ob-
serve in Fig. 2 that the OpAmp has separate
inputs indicated as positive (+) and nega-
tive (—) respectively. The input impedance
of the device is the internal impedance be-
tween these two inputs. The input polarity
determines what the polarity will be at the
output when a voltage is applied to the input.
The positive input is non-inverting, and the
output voltage will have the same polarity
as the input voltage. The negative input is
inverting, therefore, the output voltage will
be 180° out of phase with the inpyt voltage.
Keep this point in mind. as we'll come back
to it later. Knowing this fact at this point
will help you to understand the workings of
the OpAmp.

Diflerential input is a term that you
will run across frequently as you work with
OpAmps. It means that the amplifier re-
sponds to the difference in voltuge between
the input terminals which may be either AC
or DC. If a 1.5-V battery is connected across
the input terminals the difference voltage is
1.5 V. It doesn’t matter to which input the
positive battery terminal is applied, the dif-
ference voltage will still be 1.5 V. The out-
put voltage of the amplifier, the voltage
between the amplifier output terminal and
ground, is equal to the open loop gain of
the amplifier times the differential voltage.
If the open loop gain is 1000, and the ditfer-
ential input voltage is | millivolt, the output
voltage is | wnV X 1000 or 1 volt.

i
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Fig. 1. Schematic and equivalent circuit of IC operational amplifier. Since device is DC coupled, it can be
used for both AC and DC amplification. Qutput can be either in phase or out of phase with input signal.
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Fig. 2. OpAmp boasts two inputs: inverting inpuf

indicated as “—' and non-inverting input indicated
as "+, DC oufput from power supply is half total
. supply voltage and of two differing polarities.

Open Loop—<Closed Loop. Open loop
gain refers to the gain of the OpAmp, or
any amplifier, as rated by the manufacturer.
Open loop gain or maximum gain, is
achieved by connecting the amplifier as
shown in Fig. 3A. Closed loop gain refers
to the gain of the amplifier after a fecdback
network has been connected {rom its output
to its input. Fig. 3B indicates how negative
feedback is derived by connecting amplifier
output to the inverting (—) input. If the
amplifier should include both negative and
positive feecdback, which is unusual in ex-
perimenter’s circuits, the closed loop gain
will be the total resultant gain of the device.
It is easy to calculate the closed loop gain.
Essentially, it is derived by dividing Rf by
Rbl. (where Rf = feedback resistance and
Rbl = its associated bias resistance—see
Fig. 3B).

When the loop is closed, which occurs

Fig. 3A. Open-loop gain results when amplifier is
connected as shown and is maximum gain available.
Fig. 3B. Closed-loop gain is devices gain affer
feedback has been applied; it's equal to Rf/Rb.

R FEEDBACK

GAIN = Re /Ry

OUTPUT

M1 \
~ S BIAS

~—

—— RESISTORS =
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when feedback is applied, the inverting -)
input bias resistor becomes part of a feed-
back voltage divider consisting of Rf in
series with Rbl. It can be shown mathe-
matically that, when the input signal is
applied between the inverting input and
ground, the closed loop gain equals Rf/Rb.
When the input signal is applied between
the non-inverting (+) input and ground, the
closed loop gain equals Rf/Rb+1. Since
the factor of -1 is generally insignificant,
we can consider that, for experimental use,
the closed loop gain is as previously stated.
If Rb is 1000 ohms, and Rf 1 megohm,
as shown in Fig. 3B, the closed loop gain
will be equal to 1 megohm/1000 ohms or
1000. This is equivalent to gain of 60 dB,
since gain in dB equals 20 log voltage gain.
Regardless of the lincar OpAmp used, re-
sistors having these values will always pro-
duce the same gain if the amplifier’s open
loop gain is greater than the closed loop
gain. It is not possible to get a closed loop
gain higher than open loop gain. For ex-
ample, an Rf/Rb ratio that produces total
gain of 60 dB for one amplifier will not
produce 60 dB gain in another amplifier if
the latter has a gain of only 50 dB.

Bear in mind that regardless of whether
it is an open or closed loop unit, the OpAmp
output voltage will be in phase with the non-
inverting () input and out of phase with
the inverting (—) input. For example,
assuming the OpAmp in Fig. 3B has a gain
of 1000, if 1 millivolt is applied across the
input, with the positive voltage connected
to the non-inverting (+) input, the output
voltage to ground will be +1 volt. If we
reverse the input (—) the output voltage to
ground will be —1 volt.

Offset Voltage.—What Is 1t? An im-
portant consideration is the offset voltage,
which usually refers to the inherent differ-
ential voltage, but can also mean a desired
DC input voltage difference.

In normal operation, if both inputs are
grounded through a resistor, and no input
voltage is applied, theoretically the output
voltage should be equal to the ground volt-
age. In actual practice there is a small in-
herent difference voltage, called the offset
voltage, which naturally produces a slight
output voltage. If you specifically wanted
a quiescent output voltage other ttran zero
you would apply a DC potential to the inputs
through a bias resistor and this voltage
would be called the operating offset volt-
age. (Continued overleaf)
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We will spend some time on offset voltage
since understanding it will help you trouble
shoot experimental projects. In normal lincar
amplifier operation a zero offset voltage is
essential so that output voltage to ground
will be zero. This affords the most flexibility
in audio and RF circuits. If the output volt-
age is at zero, the output signal can swing
equally to both positive and negative sides
of the power supply. For example, if the
supply isa +15 V, —15 V (total 30 V) unit,
the signal could swing 15 V peak either side
of ground (zero output voltage) or 30 V
peak-to-pcak. But if an offset voltage caused
the output voltage to be +10 V under no-
signal conditions, the output voltage could
only swing +5 V before overload. So for
most operations the offset voltage should be
as close to zero voltage as is possible.

Taking Advantage Of Offset Voltage.
However, for specific applications, offset
voltage can be applied deliberately. For ex-
ample, assume a 30-millivolt peak pulse
must be amplified to 30 volts peak. Obvi-
ously, this can’t be accomplished with zero
output voltage and a +15 V, —15 V supply,
as the maximum possible swing is only 15 V
in either direction. Therefore, by applying
an offset voltage that drives the output,volt-
age to —15 V, this leaves a full 30 volts
available for a 30-V output voltage swing,
and when the 3-uV peak signal is applied
the output voltage can swing the full 30 V
from —15 through zero to +15 volts.

Therefore, you can see the offset voltage

can be an advantage or disadvantage, de-
pending on the type of signal with which you
arc working.

Beware Of Offset Voltage. An impor-
tant point to keep in mind about offset volt-
age is, that for zero output voltage the DC
resistance path from both inputs to ground
must be identical. An OpAmp’s input is a
transistor, and as all transistors require a
bias current, which, though quite small
(measured in microamperes), ncvertheless
does exist. Since the bias current flows
through the bias resistor it produces a volt-
age drop across the resistor. If the resistance
paths to ground for the two inputs differ, the
voltage drop across the resistors will differ,
and the voltage at the OpAmp’'s inputs will
be different. You will have an offset voliage
condition. So, as a general rule, the DC path
from both inputs to ground must be identical
to avoid an unwanted offset voltage.

OpAmp As An AC Amplifier. Bear in
mind that the resistance for the OpAmp's
inputs includes the entire resistance asso-
ciated with each input. For example, in
Fig. 3B the 1-megohm Rf resistance in series
with the output circuit resistance is also in
parallel with the 1000-ohm bias resistor.
Since feedback resistor Rf alone is greater
than 10 times the bias resistor it can be
ignored but you will run across many cir-
cuits where Rf is an appreciable part, or all,
of the DC resistance, and it must be taken
into account.

A practical example of the Rf factor is
in the tape-head equalized preamp shown in
Fig. 4. Since the amplifier is intended for a
relatively high input impedance, an 820 k
resistor is used for the positive input bias
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910 pF FOR 74 IN/S
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Fig. 4. Circuit for NAB-equalized tape-head preamp using Motorola MC1303L preamplifier. Only one
channel is shown here—second channe! utilizes other half of IC and is wired exactly the same.
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Fig. 5. Six circuits using 4009 OpAmp, available from OpAmp Labs, 172 S. Alta Vista Bivd., Los Angeles,
Calif. 90036 for $10.00 ea., postpaid. Circuits, from left to right, are 1) tuning fork oscillator, 2) AC
millivoltmeter, 3) DC millivoltmeter, 4) DC medium-power amplifier, 5) Schmitt frigger, 6) fast turn-on timer.

resistor. Now an identical 820,000-ohm re-
sistor in the negative input, which will be
used for frequency equalization, is going to
result in extremely large feedback resistors.
Instead, we use a 1000-ohm negative input
load (no longer bias) resistor and isolate it
from ground with a 15-uF capacitor. While
there is no DC path to ground, the capacitor
provides an AC path so that the 1000-ohm
resistor can be used for the AC feedback.
To provide the equal negative input bias
resistance we then connect an 820,000-ohm
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resistor between the negative input and the
output. Since the output is at ground po-
tential both inputs “see” the same re-
sistance value to “ground” and there is
no offset voltage. The 820,000-ohm input
resistor, in combination with the parallel
RC series circuit, produces the proper
equalization.

OpAmp As A DC Amplifier. In the
previous example you have seen the applica-
tion of the OpAmp as an AC amplifier. If
you go through the calculations you will find
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that the AC gain at mid-frequency is deter-
mined by the 820,000-ohm resistor and it is
identical to the DC gain, again from the
formula: Gain = Rf/R bias. By the way, the
Motorola MCI303L used in the previous
example has a slightly different configuration
from the usual OpAmp but is one of the best
devices available for the experimenter as it
behaves like an OpAmp and with reasonable
care is indestructible.

So now we have two practical uses for
the OpAmp: a) as a DC amplifier and b) an
AC amplifier. By connecting the OpAmp to
eliminate the input-blocking and negative in-
put capacitor, the OpAmp can be used for
simultaneous DC and AC amplification if
you allow for a developed offset voltage.

You're Just Getting Your Feet Wet.
This article should provide enough infor-
mation to get you started on your own
experiments, and enough help to get you
started building and servicing OpAmp cir-
cuits. You must keep in mind that an offset
voltage determines the output DC voltage
and only AC requires DC isolation of the
feedback path bias resistor. Then you should
not have too much difficulty calculating and
building your own circuits. The only prob-
lem you may have is with stability, and you
should take precautions to prevent the entire
circuit from oscillating. Many OpAmps have
a frequency response that extends well into
RF, and. just as in any RF circuit, sloppy
wiring will cause self-oscillation. Use stand-
ard RF wiring techniques, a lot of point-to-
point grounds and a 0.1-uF bypass capacitor
from each side of the power supply to
ground, connected directly at the OpAmp

MIC 1—’!\

IC1

MIC 2——

MAG —-
PHONO 1
MAG
PHONO 2

leads, and you’'ll greatly- reduce the possi-
bility of instability.

Going Beyond AC and DC. Once you
get beyond the audio and DC experiments
why not give some oddball circuits a try?
In Fig. 5 we show a number of useful cir-
cuits that are easy to build and easy to under-
stand. All circuits are designed around an
OpAmp Labs type 4009—but you can try
them with any OpAmp, though you may
have to change a few parts values to get
them going. One tip to help you when work-
ing with oscillator circuits is to concentrate
on feedback to the positive (+) input, as
shown in the Wein bridge oscillator. If you
remember your basic theory you will recall
that negative feedback reduces gain while
positive feedback drives the amplifier to-
wards oscillation until there is suflicient posi-
tive feedback to sustain oscillation (same
idea as in a receiver Q-multiplier). So, if
you can’t get an oscillator to start oscillating,
make certain you have sufficient positive
feedback. Quite often, the same OpAmp cir-
cuit will combine both negative and positive
feedback, as in the Wein bridge oscillator,
and too much feedback will prevent oscilla-
tion. The solution then is to increase positive
feedback. It this isn’t always possible, try
decreasing negative feedback.

WHy Is OpAmp a Building Block? This
is a question you should know the answer
to at this point. The reason for its being
called a building block is that a complcte
operating entity can be assembled by stack-
ing together several OpAmps. Let's look at
a receiver as a practical cxample. Long
before OpAmps.were available, recciver de-
sign often required several engineers. One
designed the front end, another an IF am-
plifier to match the front end output; perhaps
another for the audio amplifier and finally
a technician to connect them all together
and iron out the bugs. More
modern components general-
ly required one engineer and

ouTPUT 1o @ technician to de-bug the set.
RECORDER  Again the design was circuit-
HIALEVEL  to-circuit, so that one circuit
matched another.
(Continued on page 95)
QUTPUT TO
e AR e Fig. 6. Just for fun, try de-
/W signing your own 4-channel

mixer using Motorola's
MC1303L stereo preamplifier
IC. Block diagram gives basic
info-—you supply all details.
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THE
TEACHER'S
ASSISTANT
CAN BLOV

A FUSE

Computers are replacing
flesh-and-blood assistants
as students strive to
keep pace with technology

c

Everyone is concerned by the over-
crowding of classrooms created by a
shortage of qualified instructors and the
population explosion. Good teachers
who are harassed by existing classroom
conditions and have an honest desire to
provide all students with the best edu-
cation possible, welcome any assistance,
be it more teaching staff or modern
scientific teaching aids. The electronic
computer may provide a good portion
of the help needed to relieve the extra
load and also can be used to improve
and expand the teaching curriculum.

These conditions are not exclusive to
the highly populated urban areas in the
United States. The Canadian govern-
ment has initiated a study program to
determine the applicability of the use
of computers to assist educators.

A long-range program has been
launched by the National Research
Council of Canada to increase the pro-
ductivity of Canada’s educational pro-
cess through the use of computer-aided
teaching systems. The extensive pro-
gram, undertaken with the cooperation
of educational bodies, industry and gov-
ernment, is being conducted by the In-
formation Science Section of NRC’s
Radio and Electrical Engineering Divi-
sion and is being directed by J. W. Bra-
han and W. C. Brown.

(Continued overleaf)

Facts and photos courtesy
National Research Council of Canada
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Prinfout from computer lesson. Student's entries
appear at left, computer's instructions and
comments at right. Due to impersonal nature of
computer, student is in pure learning sifuation.

Need More Education. Mr. Brown,
Head of the Section, says the educational
facilities of most countries are being sub-
jected to ever-increasing demands as auto-
mation spreads and daily life becomes more
complex. Not only are the formal school
systems being required to provide a higher
level of education for an increasing number
of students, but there is a growing require-
ment for retraining of workers as their jobs
are made either obsolete or more complex
by the introduction of automation,

Demands also are being made for in-
creased adult-education facilities as a result
of the increased leisure time available to
the worker as his productivity increases. This
all points to a shortage of competent teachers
in the very near future and an increasing
work-load for those already involved.

Industry has made use of modern tech-
nology to increase industrial productivity.
Application of the same kind of modern
technology through use of the digital com-
puter offers a means of increasing educa-
tional productivity to meet the growing
demands on educational facilities.

For Teachers and Students. Mr, Brown
emphasizes that computer-aided teaching
systems will not replace teachers but will
relieve them of time-consuming routine tasks

i TN ?

PLEASE TYPE YOUR NAME.
HAN .
WHICH COURSE WOULD YOU LIKE TO STUDY TODAY?

THIS UNIT CONCERNS FRUIT FARMING. A BOOKLET
OF MATERIALS RELATED TO A TYPICAL NIAGARA
PENINSULA FRUIT FARM HAS BEEN PROVIDED.

A5 YOI PROCEED, FOLLOW BIRECTIONS CLOSELY
AND ANSWER ONLY AFTER CAREFUL CONSIDERATIONe
YOUR PURPOSE IS TO ACCURATELY VISUALIZE

THE MANY ASPECTS OF FRUIT FARMING. ANSWERS
SELDOM REQUIRE MORE THAN TWO WORDS.

BEFORE PROCEEDING, SKIM THROUGH ALL MATERIALS

PROVIDED.

USING AN ATLASs LOCATE GRIMSBY», ONTARIO.
HAVE YOU LOCATED GRIMSBY?

No
PERHAPS THF FOLLOWING WILL HELP.
A PLACE MAY BE LOCATED BY FINDING THE PLACE
NAME IN THE INDEX OF THE ATLAS AND NOTING
THE SYMBOLS WHICH FOLLOW THF PLACE NAME,
FIND RENNES, FRANCE IN THE INDEX.

VHAT ARE THE SYMROLS (NUMBER, LETTER, AND
NUMBER) FOLLOWING THE NAME?
3003
600D
THE 30 REFERS TO THE PAGE ON WHICH YOU
WILL FIND RENNES, AND THE D3 REFERS TO THE
GRID SQUARE. CAN YOU NOW LOCATE RENNES?
{YES OR NO)
YES
WELL DONE,.
NOW, LOCATE GRIMSBY, ONT. STATE THE PAGE
q AND GRID NUMBER TO SHOW THAT YOU CAN.
6D3
SUCCESS 1S YOURS!
TO WHAT DOES THE 16 REFER? (PAGE OR GRID
SQUARE)
PAGE

GOOD
TO WHAT DOES THE D3 REFER?
GRID SQUARE
WELL DONE.
THE INDEX SYMBOLS, THEN, TELL YO0U WHERE
TO FIND A PLACE NAME ON A-MAP. ARE YOU NOW
ABLE TU LOCATE GRIMSBY?

VWELL DONE.

making it possible for them to give more
attention to the problems of individual stu-
dents. A carefully designed system can tailor
lessons to the needs and the learning rate
of the individual student, it can challenge
the gifted, enrich the curriculum of the supe-
rior student, provide the more repetitious
instruction needed by the slow learner and
afford the special facilities needed for the
disadvantaged and those confined through
illness. Only a small percentage of a stu-
dent’s time will normally be occupied in this
conversational computer mode; much of the
learning period will be occupied with tuto-
rials and discussion groups under the teach-
er’s guidance.

No Classroom Ridicule. A major ad-
vantage of such systems is that a computer
is impersonal and impartial, Students are not
subject to class ridicule if they give an in-
correct answer and the computer can be
programmed to provide statements in greater
depth until a point is clearly understood and
tested.

How Computers Can Help. The NRC

(Continued on page 98)

W.C. Brown (left) and J.W. Brahan seated af
small switching computer. Unit permits information
transfer befween students and central computer.
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Everything comes up both
bigger and rosier with a
push-pull circuit at the helm

PdRES

hen Detroit automakers want more horsepower,

they build bigger engines. When Boeing thirsts for
more thrust, it goes for jumbo jets. But when a radio en-
gineer wants more watts he may not reach for tubby
vacuum tubes or tremendous transistors. Chances are
he’ll consider an electronic version of the Volga boatmen
—push-pull. It’s nearly the standard circuit in the output
stages of hi-fi receivers, public-address amplifiers and
radio transmitters. There arc good reasons for the choice. g

Two at the top of the list are more power with less
distortion. These qualitics become especially troublesome
whenever the designer wants to increase the power in an
output stage. He can connect a pair of tubes in a paraliel,
but as power output rises, so does distortion. Yet if those
tubes are connected in push-pull, not only is much dis-
tortion cancelled out, but more than twice the output
power becomes available.

That’s not all! Push-pull operation offers other benefits.
In a transistor portable it reduces idling current drawn
from the battery. It can also slash the size of an output
transformer in a hi-fi rig. It performs exotic tasks in some
circuits, like cancelling the radio carrier in a single-side-
band transmitter. To sce how push-pull does it all, con-
sider its basic layout. (Continued overleaf)

By Len Buckwalter, K10ODH

JuLy-AugusT, 1969
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PUSH-PULL AMPLIFIER

CENTERTAPPED
INPUT
+ TRANSFORMER

INPUT 0
SIGNAL

Fig. 1. Cenfertapped transformer splifs
signal into two equal and opposite parts, causing
inputs fo tubes A and B fo be 180-deg out of phase.

See-Saw  Circuit. Push-pull’s under-
lying idea is to operate a pair of amplifiers
in see-saw fashion. To start the action, the
input signal to the stage must be split into
equal and opposite parts. One method to
prepare the signal is with a centertapped
input transformer, as shown in Fig. 1. The
signal (audio, video, RF, etc.) is applied to
the transformer and, because of the center-
tap, it divides into two parts at the second-
ary winding. The voltage at the centertap
is considered zero since that point is cqn-
nected to ground. Voltages at the ends of
the secondary winding, however, appear
opposite in polarity.

Now, to apply input voltages to the grids
of the push-pull amplifier! If it’s assumed
that Tube A, for the moment, is receiving
a positive-going signal, that tube experiences
an increase in plate current. Tube B, on the
other hand, now receives a negative grid
signal, so its plate current decreases. The
circuit derives its name from this action:
you can say that Tube A is “pushing” while
Tube B is “pulling.” As the input signal
reverses polarity, so will tube action.

Next, examine what these tube currents
produce at the output, as shown in Fig. 2.
Note that again there is a centertapped trans-
former. Since the centertap is connected to
the power supply (B+), this is considered a
zero or electrical ground point for signal
(not power-supply) voltage. It means that
each tube in the push-pull partnership con-
tributes an amplified output across the trans-
former primary. And at any given instant
the two output signals are equal and oppo-
site. When these components appear at the

secondary winding of the transformer, how-
ever, they combine and add for the total
output power.

So push-pull boils down to a process of
splitting a signal to be amplified, feeding its
parts to each tube for amplification, then
joining the outputs for an additive total.
But the circuit does much more than that
in the process.

One + One = Three. Push-pull cir-
cuits can be driven harder than conventional
(single-ended) amplifiers with less output
distortion. Fig. 3 shows why. To obtain good
fidelity in an amplifier, like the Class A
type shown in Fig. 3, there must be a con-
tinuous flow of plate current, even when no
signal is applied. This ensures that all parts
of the input signal are amplified equally.
Plate current is made to flow continuously
by setting the proper value of negative bias
at the tube grid. But the price paid for high
fidelity in the circuit is low efficiency. Much
power is wasted in the form of heat due to
constant plate current.

In the push-pull circuit, though, it’s possi-
ble to drive tubes into a highly distorted
region, achieve high operating efficiency—
but not suffer severe distortion at the output.
The answer to this apparent paradox is
illustrated in Fig. 4.

First, grid-bias on the tubes is raised to
a sufficiently negative point to cut off any
idling plate current. This causes each tube
to conduct current only when the input
signal drives its grid into the positive region.
When the signal is negative, tube plate cur-
rent is cut off or highly distorted. Recall,
though, that in a push-pull operation one
tube increases current as the other tube de-
creases. This partnership enables one tube to
operate in a faithful, or linear, fashion while
the other is driven into a distortion region.

CENTERTAPPED
OuTPUT
TRANSFORMER

I&PUT
SIGNAL

QUTPUT

Fig. 2. Centertapped transformer again comes info
play at output of push-pull stage. But this time
transformer combines rather than splits signals.

ELEMENTARY ELECTRONICS



CLASS A AMP

10LTNG

CURRENT

AMPLIFIED
oL siouaL

Tl s

BIAS

Fig. 3. Single-ended amplifier, while offering
good fidelity, is inefficient, since plate
current must be allowed to flow at all times.

On the next half-cycle of the input signal,
the tubes switch places . . . so the input is
correctly reconstructed at the amplified out-
put. The big advantage in this arrangement
is lower plate dissipation in the tubes. Since
the tubes operate at high negative bias, each
conducts only when it receives a positive-
going grid signal. Each tube works part-time,
so the designer can drive them hard and
obtain good operating efficiency (due to less
heat). He knows he can obtain more than
twice the power from a pair of tubes in push-
pull as compared to two tubes connected in
parallel.

~+ Harmonics. Another important benefit
of push-pull is the treatment of harmonics.
These are signal multiples which produce
distortion in the output. As we’ve seen, an
input signal is split so that it's equal and
opposite in both input and output transform-
ers. This is a 180-degree phase ditference
which must be maintained so the split signals
can combine and add in the output. Any
other phase difference is apt to cause losses
through voltage cancellation in the trans-
formers. This is exactly what happens for
all even-numbered harmonics (2nd, 4th,
etc.) in a push-pull amplifier. Such har-
monics create bucking voltages which dis-
appear as they clash in the output. The hi-fi
engineer exploits this circuit quirk to reduce
listener fatigue caused by harmonic distor-
tion. And in a ham transmitter, there'll be
fewer harmonic signals to interfere with tele-
vision sets. But more power and less distor-
tion are not all the benefits of push-pull.

More Pluses. Your transistor portable
probably has a push-pull output for reasons
which have little to do with high fidelity.
The circuit can reduce drastically the
amount of current drawn from the battery.
Since the transistors are biased to about cut-
off, they draw current only according to the
loudness of the program. This arrangement
eliminates the continuous standby drain of
the conventional amplifier. Another attrac-

JuLy-Avgust, 1969

tion of the push-pull circuit is that the output
transformer can be made smaller. When
current runs through a conventional audio
transformer, it tends to magnctize the iron
core and reduce transformer efficiency. This
doesn’t happen in the push-pull transformer
since there are two opposite current flows
(from each amplificr toward the centertap).
The net result is the cancelling of any DC
magnetizing effect on the core. What's more,
it an AC power supply is poorly filtered, it
may not produce annoying hum on the
signal. As in harmonic cancellation, hum
voltage tends to be bucked out in a push-
pull stage.

What’s Wrong? Push-pull also has cer-
tain disadvantages. For one, it requires twice
the input voltage to drive two amplifier grids.
Then, the push-pull stage is preceded by
some method of splitting and phasing the
input signal. Another wrinkle is that the
amplifiers are subject to “cross-over” distor-
tion. But the advantages of push-pull are so
great that manufacturers willingly pay the
price to overcome push-pull’s liabilities.
Let’s consider the special circuitry needed
to make a push-pull stage operate properly.

Phase Inverter. To feed the push-pull
final of a radio transmitter, a designer can
use the simple arrangement alrcady shown
in Fig. 1. There is an input transformer with
a centertap to split and phase the signal. The
method isn’t costly since the transformer
for RF is only an air-wound coil. But when
the circuit operates at audio frequencies, the
transformer becomes costly if fidelity is im-
portant. For this reason, hi-fi circuits almost
always use a tube or transistor to provide
the same action. The stage, as shown in
Fig. 5, is the “phase inverter.”

It uses the phase-inverting action which
occurs through a tube like the one in Fig. 5.

pUSH-PULL [P

AMPLIFIER

INPUT i s :
SIGNAL ‘U COMBINED
L INPUT DUTPUT
f (NO DISTORTION)

Fig. 4. Because twa halves of signal are cambined
of autput, push-pull circuit can be biased
ta cutoff fo realire efficiencies as high as 50%,.
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PHASE
INVERTER

INPUT SIGNAL
+

PUSH-PULL
OUTPUT

R2 < catone
‘mERESISTUR

Fig. 5. Like centertapped transformer of Fig. 1,
tube (or transistor) also can serve as signal-
splitter. This is one of many possible circuits.

If an input signal is applied to the phase-
inverter grid, and the signal is going positive
at this time, there is an increase in plate
current through the tube. This causes a drop
in voltage at the plate (see top of plate re-
sistor R1). When this voltage is tapped by
a coupling capacitor (C1), it is negative-
going. This action has turned the original
positive signal upside down—a phase re-
versal of 180 degrees.

Meanwhile, the same plate current is
coursing through R2, the cathode resistor.
The polarity at the top of R2, however, is
the same as the input signal (positive). This
part of the output is applied through a
coupling capacitor to the lower grid of the
push-pull stage. The two resistors, as you
can see, are the same value so the push-pull
input voltages will also be equal and oppo-
site. Phase inverters of this type are not only
economical, but accurate in phasing and low
in distortion.

Solid, Too! With the transistor take-
over from vacuum tubes in audio and low-
power RF equipment, push-pull also goes
solid-state. A basic stage of this type is
shown in Fig. 6. As in the vacuum tube

0

Ieut QUTPUT

-
-
-
-
=
-
=

version, an input signal is split and inverted
before feeding the amplifier inputs (tran-
sistor basc elements in this case). Since these
transistors are pnp types, only when the
input signal goes negative will a transistor
collector conduct current. Thus, upper and
lower transistors share the amplifying bur-
den. Each contributes half the power in the
output transformer, as in the earlier circuits.

But there is one fault in this arrangement.
Transistors do not amplify in a perfectly
true, or linear, fashion at all signal levels.
This is especially troublesome during small
signal currents. It causes “‘cross-over” dis-
tortion, as plotted in Fig. 6. Note the
flattening of the waveform where the curve
drops toward zero, This is the cross-over
point, where one transistor stops conducting
and the other one takes over.

Engineers cure cross-over distortion in
transistor stages by introducing a small
amount of continuous current flow. This is
done by applying a slight amount of bias, as
shown in Fig. 7, so neither transistor is ever
completely cut off and thrust into the
critical, low current area of operation. Since
the transistors are never totally cut off, the
continuous current does reduce circuit effi-
ciency and increases battery drain in port-
ables, but the effect is small and usually
worth the reduced distortion. As shown in
Fig. 7, resistors R1 and R2 form a voltage
divider which taps a small amount of nega-
tive voltage from the power supply. This
potential is applied to the transistor bases
and a continuous flow of collector current is
assured.

Free Push-Pull. Anyone who's studied
vacuum tubes knows that current flow is one
way: electrons boil off a hot filament and
fly to a positive plate. But transistors will
push current flow in either direction. If a
semiconductor is a pnp type, like the ones
in Fig. 6, an increase of negative voltage on
the base raises collector current. In an npn
transistor this is reversed; a positive base
signal raises collector current. This dual
nature of transistors easily makes possible a

CROSS-OVER

DISTCRTICS Fig. 6. Due to noture of transistor
action, solid-state push-pull

Y] - . .
circuits can display appreciable
distortion, particularly at low
signal levels. Curves af right of

4 simplified circuit here reveal nature
of so-called cross-over distortion.
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simplified,  solid-state  push-pull  circuit.

The arrangement. known us “complemen-
tary symmetry,” is shown in Fig. 8. There
are two transistors which are electrically
identical except that one is pnp, the other is
npn. An input signal to be amplified is simul-
taneously delivered to both transistor bases.
If the signal at this instant is negative, it
produces a current flow in the top transistor
(pnp) and a decreasing flow in the lower
semiconductor. When the signal reverses on
the next half-cycle, all polarities change to
the opposite sign. The result is the same as
that described for earlier push-pull circuits;
each amplifier contributes half the output
signal. This circuit, however, does it without
a phase inverter or centertapped input trans-
former. As shown in the diagram, there are
two collector currents flowing in the same
direction. It is now possible to connect a
loudspeaker in place of the load resistor
without benefit of a centertapped trans-
former.

Other Pushes. When speaking of push-
pull it almost always refers to output stages
of un amplifier. But the idea is also applied
to a number of other circuits. With a slight
modification, designers come up with a use-
ful item known as a “push-pull multiplier.”
It's found in radio-frequency amplifiers to
efficiently boost even harmonics (2nd, 4th,
etc.) of a fundamental frequency. This
would be useful in a ham transmitter, for
example, where bands are assigned in har-
monic relationship. A low-band signal can
be multiplied and transmitted at some higher
frequency. Consider how it operates.

The push-push circuit starts with the same
input circuit described carlier, as shown in
Fig. 9. There is a centertapped input trans-
former to divide the signal into equal and
opposite components. The big difference is
how the outputs are wired. Note that the two
tube plates are directly connected in a par-
allel arrangement. When the top tube is
driven with a positive grid signal, as shown,
there is an output current flow. Then, the

Jury-AvucusTt, 1969

Fig. 7. Adding biasing network
fo circuit of Fig. 6 tends to

N
kill cross-over distortion.

CROSS-OVER
OISTORTION

Fig. 8. Complementary-symmetry
circuit needs neither input

GUTRUT nor output transformers.

INPUT O~
LOAD

1S

> T+
KN -—QW—I

input signal alternates and goes negative,
cutting off the top tube. But because of the
centertapped input transformer, a positive
signal is delivered to the lower tube, which
now conducts. The total effect is push-push
—there is an amplified signal at the output
during positive and negative halves of the
input. This action doubles the frequency.

A cousin to push-push is the common full-
wave power supply found in a goodly por-
tion of electronic equipment. As shown in
Fig. 10 the power transformer operates on
AC current from the line which alternates
at 60 Hz. But the transtormer secondary
winding has a centertap which causes the
rectifier diodes to conduct current during
both positive and negative excursions of line
voltage. Since the diodes are connected to-
gether in parallel on the output side. the to-
tal etlect is like that of the push-push circuite
The output voltage “ripples™ at 120 Hz—
twice the 60-Hz line alternation. It explains
why hum from a poorly filtecred power sup-
ply is usually 120 Hz, not 60. The supply
circuit is not only a rectifier, but a frequency
doubler as well. (Continued overleaf)

N ol i
'6 10 Mz 0{ y }20 MHz
- PUSH-PUSH 74
QUTPLT
§ A
B+
.___’__.

Fig. 9. Circuit of push-push frequency doubler,
which converts 10-MH1 input to 20-MHz1 oufput.
Parallel L/C combo af output is tuned to 20 MH .
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One of the more exotic application of
push-pull circuitry is in sideband transmit-
ters. As you may recall, a conventional AM
signal consists of three components: the
steady radio carrier, plus upper and lower
sidebands which carry the signal intelligence.
Although a carrier is needed to create side-
bands within the transmitter, it may be dis-
carded before transmission. A circuit to pro-
duce sideband signals is the balanced modu-
lator shown in Fig. 11. If we start with the
radio carrier (a continuous signal) we see
that it’s introduced as a push-push signal to
the tube grids. This is aided by the center-
tapped input transformer. But observe the
output at the tube plates and you’ll note a
parallel, or direct, connection. This means
that any signals developed in push-pull at the
grids will collide in the output. The action
—signal cancellation—eliminates any steady
carrier signal in the output, which is the
desired resuit.

Next, the sidebands are created. If you
examine the tube screens, you'll see they're
connected to a push-pull audio transformer.
Again there’ll be cancelling of the output
signal, since audio is applied in push-pull,
and destroyed in the parallel output. But
there’s an important upset within the tubes
as someone speaks into the transmitter

B

* 1 60 bz 1euT + m_éﬁ?pﬂ%
0 _ 0
'—'>‘l———1r————.° B+

;pe'

17
VAC

POWER

TRANSFORMER l ’

Fig. 10. Like frequency doubler of Fig. 9,
common full-wave rectifier also acts as doubler,
since 60-Hz input appears as 120 Hz at oufput.

microphone. Audio voltage on the screens
unbalances the tubes as “seen” by the radio
carrier. The unbalance now allows the radio
carrier to slip through to the output. The
electronic trick is that the carrier is permit-
ted through the unbalanced tubes at an audio
rate—another way of saying the carrier is
being modulated. The significant factor is
that neither steady carrier nor audio occur
in the output, but the modilated signal can
appear. That modulated signal consists of
the two sidebands. If transmitted in that
form, it’s a double sideband signal, or if one
sideband is removed later, it is single side-
band. It’s all made possible by the magic
of push-pull.

Look Back. Now you've had a basic
lesson in what push-pull circuits are all
about. A healthy dose of electronics was
served up. It would be best if you now re-
viewed what you have read and learned.
We gave you the push, now pull with us. B

»-
BALANCED
MODULATORS

SCREEN
c

RF
INPUT

AUDIO
INPUT

Fig. 11. Unusual hookup of
balanced modulator accounts for
lack of carrier in double sideband

QTPUT  signal. Both sidebands
10 are presenf in output of this
L0AD circuit, but one can subsequently

be removed for frue
single sideband operation.

A 4

A Signal Injector For All Reasons

Among the handiest trouble shooters in electronics
is the lowly signal injector. Handy as any is a dandy
new kit just announced by Allied Radio. Dubbed the
KG-644, the all-solid-state unit is completely portable,
completely self-contained, and produces a signal rich
in harmonics for tracing audio, RF, and IF circuits.

The injector comes complete with four penlite
cells and is supplied in easy-to-build kit form. Price

of the Knight-Kit KG-644: $4.95.

™~
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ICJZEX COMMUNICATIONS

LAFAYETTE TELSAT 150
Solid State CB 2-Way Radio
Plus VHF Police and Fire
Monitor Receiver

lufuyeﬂe Radio has always been at least
one jump ahead of the CBers’ needs. And
with their Telsat 150 combination CB
transceiver/police-fire recciver they just
about wrap up every need of the active CBer
in a relatively inexpensive package priced at
$199.95.

The Telsat 150 combines' two separate
communications functions in a single stand-
ard transceiver cabinet: that of a 23-channel
crystal-controlled CB transceiver and an FM
vhf receiver, tunable from 150 to 174 MHz.
In addition, two crystal-controlled, fixed fre-
quency receiving positions are provided for
the vhf band. The crystals are optional
equipment, and arc priced at $5.95 each
(specify frequency when ordering).

Equipment Features. The CB scction
includes a double-conversion receiver using
a small mechanical filter in the second con-

version. A frequency synthesizer facilitates
transmission and reception on all 23 chan-
nels. To provide the space required to house
the vhf receiver in a standard mobile CB
cabinet, all superfluous circuits not directly
associated with communications quality have
been eliminated. For example, there is no
S-meter, PA output jack, PA switching or
Delta tuning. The only frill, if it can be
considered a frill, is an external speaker jack.
Two coaxial antenna jacks and a mode
switch are provided. With the switch in the
CB position one of these jacks is connected
to the CB antenna and the remaining jack
is connected to an independent vhf antenna.
When the switch is set to the common mode
both jacks are connected together so the CB
antenna can serve both for CB reception and
transmission as well as reception of vhf sig-
nals. The common mode switch position
docs not affect CB perform-

CRYSTALS SOCKET FOR ~ VHF ance. Vhf performance is af-
PRIV-A-COM -~ ANTEMMA  fected only to the extent that

best results are obtained
when an antenna is cut for a
specific operating frequency.

Performance. The overall
CB recciver performance is
quite good. Sensitivity meas-
ured 0.7 «V for 10 dB S+-
N/N (signal plus noise to
noise). Adjacent channel re-
jection checked out at 41 dB,
and while 41 dB is by no
means super-sharp, it is about
the limit (Continued overleaf)

_ CONNECTOR

Telsat 150's quts are packed with

este ¥ N . e A no space leff over. Liberal use of
o — % j ceramic filters, ICs and other
| BB custsooers o EXTERMAL awrews ggﬁgg%}g‘ mini-components keep unit's
FOR 2 VHF CHANNELS ' SELECTOR size and weight down. Nofe all
— WK STy 5 ;

VHF RECEIVER
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crystals in place—that's §3 saved.




60

LAFAYETTE TELSAT 150

of selectivity when no means are provided
for fine tuning. Greater sclectivity would
reduce sideband responsc, with its resultant
distortion, if the received signal were slightly
off center of the channel. Except for the truc
DX hound, 41 dB of adjacent channc! sen-
sitivity is adequate.

Input signals as high as 10,000 uV, the
equivalent of a very strong signal, did not
overload the front end.

Audio quality is extremely good—in fact,
considerably better than usually found in a
solid-state transceiver. No doubt this 1s due
to an obviously beefed-up output amplifier.
There is enough available power output to
overcome most any ambient noise level with
extremely clean speaker volume.

With a DC power input of 13.6 V, the
equivalent of battery voltage when the cn-
gine is running, the transmitter delivered 3.5
watts output to a 50-ohm load. An external
loading adjustment is provided for adjust-
ment of optimum output into any normal
CB antenna. Modulation sensitivity through
the microphone checked out to he —21 dB
average sensitivity, with notably low distor-
tion until the automatic 90% modulation
limit was recached.

Limiting is very effective, with a rounding,
rather than squaring, of the waveform that
keeps the limiting distortion to a minimum,
even when shouting into the microphone.
Again, we attribute the excellent modulation
to the beefed-up audio system.

About That VHF Receiver Package.
The vhf recciver, which is crowded into a
small arca, appears at first glance to bc a

Put your Telsat 150 on a pedestal—Lafayette's
HB-502A AC power supply serves as a base while
pawering rig fram 117-YAC line.

You wouldn't fully realize the buy the Telsat is

until you peek at ifs flip side—the rear apron

looks like a control panel. Note antenna inputs

for CB and VHF—actually wired in parallel. 11-pin
sockef connects optional selective-call unit.

“throw-in” feature. However, it proves out
to be a first-class performer.

The vhf receiver has three stages of
ceramic coupled IF amplification followed
by the latest RCA IC designs for the limiter,
detector and low level audio stage. Sincc we
didn’t have a schematic or instruction man-
ual available at the time the tests were
conducted. we couldn’t locate an AFC
(automatic frequency control) circuit. There
must be cither an AFC, or one heck of a
stable local oscillator, as the variable tuning
is rock-stcady. A front panel switch selects
either variable tuning or two crystal-con-
trolled fixed frequency positions. The crystal
sockets are located inside the cabinet and
are accessible only by removing six cover
SCrews.

The vhf receiver is completcly indepen-
dent of the transceiver up to the FM output,
at which point it shares the transceiver’s
audio system.

The overall performance on vhf is some-
what astounding. Sensitivity checked out at
I «V and image rejection was hetter than
35 dB down. We could not mecasure the
selectivity because of instrument limitations,
but a good indication of its sclectivity is that
it completely separated the crowded New
York City police frequencies, which is some-
thing that we cannot do with other vhf re-
ceivers in the $200 range. The overall audio
response is surprisingly good, ecasily sur-
passing that of any other consumer-type vhf
receivers we have used and even better than
some of the commercial equipment used by
the New York city policc and fire depart-
ments. In short, the vhf performance is very
impressive.

Primary Power. Teclsat 150 is powered
by 12 VDC with a negative ground. Either
a 117-VAC power pedestal or a battery pack
can be used as the power source—both are

(Continued on page 98)
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s there a budding mu-
I sical genius in your
life who just can't keep
time but who has never-
theless pestered you
for a metronome? So
when you shopped for
one at the local music
shop you discovered
that conventional
spring-driven pendulum
types are expensive, del-
icate, and susceptible
to shock and vibration.
And then a brilliant
thought crossed your
mind.

Why not use a va-
riable low-frequency
transistor oscillator and
speaker? You probably
have all of the compo-
nents required in your
parts box, and using
them would overcome
the mechanical defici-
encies and high cost of
a commercial metro-
nome.

How about using that
code practice oscillator
that was discarded a
few months ago? It has
enough output to drive
a small speaker at its
self-generated audio
frequency. True, its
output frequency s
higher than the timing
rates of a metronome.
But with a change in a
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(CHEAPY!

BIPPY

ConvertaCPO into a

modern metronome

for less than $5.00
By Steve Daniels
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component or two it
should be possible to
lower the original fre-
quency to the desired
timing rate and also to
make the timing rate
variable through the de-
sired range. All that is
necessary is to change
the time constant of the
oscillator so that feed-
back occurs at a much
lower frequency.

Modifications to CPO.
Most pre-fabricated
CPO modules. (we used
Lafayette’s 19T1513)
are designed around
the circuit in the sche-
matic diagram (see
next page). Remove
the small capacitor in
the module and replace
it with a 10-uF, 6-V
electrolytic (C1).

Next, remove the re-
sistor in the module
and temporarily replace
it with a potentiometer
(approximately  200,-
000 ohms) to be used
as a variable resist-
ance. This is an easy
way to determine a new
value of fixed resist-
ahce (R1) to replace
the resistor just re-
moved. The combina-
tion of capacitor Cl1
and resistor R1 estab-

(Continued overleaf)
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CHEAPY BIPPY

lishes the time constant of the oscillator
feedback circuit. A 10,000-ohm fixed rc-
sistor and 100,000-ohm potentiometer, for
R1 and R2 respectively, produced a suitable
range in the module we modified. These
values may not necessarily be correct for
the module you use.

At this stage connect the module to a
battery and speaker. The oscillator will be
running at a slow rate, indicated by a click-
ing sound in the speaker. Vary the potenti-
ometer until the clicks heard in the speaker
are equal to the slowest desired time rate.
Once this rate is reached remove the poten-
tiometer from the circuit, taking care not to
disturb its setting. Measure the value to
which it was sct with an ohmmeter and select
a fixed resistor that has a resistancc as near
in valuc to this measurement as possible.
Permanently solder in the sclected fixed re-
sistor as the replacement for the original R1.

The final step in the modification is to
provide a means to vary the rate of timing
between the lowest and highest required
counts. This beccomes the clectrical equiva-
lent to physically moving the pendulum
weight up or down its supporting arm in a
conventional metronome. The addition of
R2 to the circuit provides this timing control.

ST

!
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(SEE TEXT) | _ (SEE TEXT) =
at i I

(SEE TEXT)

Circuit of Cheapy Bippy is simplicity itself,
even with modifications outlined in text. Value
of resistor R1 is determined experimentally and
establishes slowest time rate; pofentiometer R2
makes it possible fo increase rate as desired.

Viola! A Metronome! Once the modifi-
cation has been completed you are rcady to
complete the assembly. Install the module,
speaker, battery holder, power switch and
timing control in a plastic box having a
hinged or rcmovable cover, to provide casy
access when it is necessary to change the
batteries. Put markers on an arc around the
knob to serve as calibration indicators.

What to do with your newly made metro-
nomec? Easy. Bestow it on that budding
musical genius we mentioned carlicr and
hope for another Jack Jones or Pctula
Clark in the making. Bring it out at your
next party and walch those bar-dragging
choristcrs take on life and zip. Or, for
kicks, try syncing it with WWV, =

- s 1 g
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SPEAKER

CODE
PRACTICE
OSCILLATOR
MODULE -

PARTS LIST FOR CHEAPY 3
BIPPY METRONOME
B1—Two penlight batteries (Eveready 915 or
equiv.)
1-——Battery holder (Lafayette 3475006 or -
equiv.)
C1—10-uF, 6-V ‘electrolytic copocitor {Lafa-
yette 9976006 or equiv.)
1.—Miniature code practice oscillator {Lofa-
yette 1971513 or equiv.)

R1—See text

R2—See text

S1—Spst toggle switch {Lafayette 3473309 or
equiv.)

SPKKR—8-ohm miniature speaker, 1%;-in,
diameter cane (Lafayette 9976035 or

equiv.)

Misc.—Plastic box with hinged lid—minimum
inside depth 1%-in.,, hardware, hook-up
wire, efc.

Mefronome's components can be installed

in most any case or box you happen fo

have on hand. Here, housing is rectangular
plastic box with hinged lid. Speaker is
mounted dead center, CPO module at bottom.

ELEMENTARY ELECTRONICS




.

GJCR TEST GEAR

CENTURY GENERAL
Solid-State, Self-Powered
Audio Test Center

Century General’s Audio Test Center is
a battery-powered, transistorized signal
tracer small enough to carry in your tool
box, that is specifically intended for trouble-
shooting solid-statc equipment. Typical of
most service grade signal traccrs, it includes
both a very high gain audio amplifiecr and an
RF detector for troubleshooting RF circuits,
such as found in AM transistor (or tube)
radios. An additional fcature, not found in
other signal tracers, is an AF oscillator, at a
fixed output frequency of approximately 1
kHz, having adjustable output.

The Audio Test Center is housed in a
compact 7 x 32 x 3V4-in. cabinet with front
pancl tilted up for easy use. The probe,
supplied as an accessory with the Test Cen-
ter, is connected to the various test facilities
of the Center via front-panel
mounted jacks.

Numerous Tests Pos-
sible. Input jacks are pro-
vided on the front pancl for
RF signal tracing (includes a
diode detector) as well as low
and high gain inputs to the

0SC.LEVEL

PRINTED
CIRCUTT

Heart of CG's Audio Test Cenfer BOARD

is a high-gain amplifier designed
as a low-level monitor online am-
plifier. Oscillator is piggy-backed

on amp's output transformer.

JuLy-Avugusrt, 1969

internal amplifier for testing microphones.

Output jacks, also front-panel mounted,
are provided for connecting an oscilloscope
(500 ohms) to monitor signals from the
output of the internal amplifier and speak-
er; and also fecding the output from the
built-in 1-kHz (approx) oscillator for gain
and output level measurements of any audio
cquipment being tested. Separate level con-
trols, input to the signal tracing, and oscilla-
tor output, allow either circuit to be used
or adjusted independently of the other.

Excellent Internal Amplifier. The basic
component of the Audio Center is a high-
gain amplifier module having a rated output
level of 200 milliwatts. This module orig-
inally was designed, and presently is used
as a low level montoring or line amplificr in
broadcast stations. Hence, as you can as-
sume, its responsc characteristics are excel-
lent, with notably low distortion. The high
gain input can bring a 1-mV input signal
up to a roaring speaker output, and is par-
ticularly useful for checking tape heads or
magnetic pickups. The so-called low gain
input actually provides only 7 dB less gain
than the high gain input. The microphone
input will handle any low impedance micro-
phone from 30 to 250 ohms impedance.
High impedance microphones can he tested
by connection to cither the low or high level
input jacks.

Small Speaker-Big Volume. The sound
level from the built-in speaker in typical
signal tracing applications can be made quite
high before objectionable distortion sets in.
This loud volume, in comparison to the rated
200 mW output power, is due primarily to

SPEAKER

AMP LEVEL BATTERY PACK
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@ @ CG AUDIO TESTER

the good response and efliciency of the
speaker, which, though small, can handle
relatively large power without break-up.

CERTURY GENERAL
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delivered by a high-quality audio signal gen-
erator, it is about equal to the waveform
produced by service grade RF-AF genera-
tors and is more than adequate for all trou-
ble-shooting needs.

Due to the fact that the Audio Center is
battery-powered (by 6-AA penlight batter-

Cenfury General Audio Test
Center provides very high gain
audio amplifier and RF defector
for signal tracing audio and
low-frequency RF circuits.

Unit includes 1 kHz adjustable
output oscillator for signal
injection; amplifier and oscillator
circuits can be used simultaneously
or independently. Built-in
speaker is cenfered on front
panel amid clearly marked

Lol 07 knobs and jacks that offer user

The Audio Center can be used as a pre-
amplificr from any input and produces a
1-V output, available at the scope output
jack, Though more than | volt output can
be obtained, the distortion becomes excessive
abovc 1 volt output level.

The internal 1-kHz oscillator can deliver
up to 1-volt output, adjustable from zero to
full output, depending on the setting of the
level control. Though the waveform is not
of very low distortion comparable to that

the utmost in simplicity for fest
sefups and operafion anywhere.

ies) there is no common AC power line
conncction possible through ground lcakage,
therefore no noise is injected via the ground
when working on transistor radios, which is
common with line-powered signal tracers.
The Century General Audio Test Center,
priced at $48.00, is supplied complete with
batteries and tcst probe. For additional in-
formation or dircct order write to Century
General Corp., 90 Broad St., New York,
N.Y. 10004. ]
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a Monster: The Mini Sub

Looking like a fat-
headed mechanical
monster, profotype
of Sperry Rand's
WORKSUB can be
adapted fo most any
task. Control con-
sole (inset) governs
unit's every action.

Put a man in a submarine, and cost
and complexity rise faster than Moby
Dick. But make that same sub un-
manned and remote-controlled, and
chances are you can turn it into a
veritable workhorse of the deep. So
went the thinking at Sperry Rand
which came up with the prototype pic-
tured at left. Packing its own power
supply, the mini sub also incorporates
CCTYV to tune its operator in on what’s
going on at depths to 2000 ft. |

ELEMENTARY ELECTRONICS
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A flashing red light may be the barbed wire you need for privacy!
by Steve Daniels, WB2GIF

Ever been on the verge of a real DX catch
or making a delicate adjustment on a
project, or just reading a most absorbing
article in ELEMENTARY ELECTRONICS, when
all of a sudden a buddy drops in, glad-
handing you with an earth-shaking pat (?)
on the back: “HIYA OM!! HOWZIT
GOIN'?” Your DX catch is lost, or your
adjustment is disrupted, and/or your train
of thought is lost.

Take heart, friecnd! Our PQ Minder,
mounted on the door of your operations cen-
ter, will cause guests to think twice before
barging in too quickly. The PQ Minder is a
transistorized flasher with a bright red warn-
ing light that a fellow would have to be color
blind to miss! To prevent prying fingers from
playing around and turning it off, it incor-
porates a magnctic proximity switch whose
location only you know.

Building It. Start with the code practice
oscillator module. Cut out the little disc ca-
pacitor that is connected between the base of
Q! and the collector of Q2. Replace it with
a 25-uF electrolytic rated at 6 volts or better
(C1). Be sure that the positive end goes to
the junction of R2 and the base of Q1. This
is the only modification required for the
board. A number 48 or 49 lamp in parallel
with a 10-ohm, Y2 -watt resistor is connected

JULLAUGUST, 1969

in place of the speaker shown in the diagram
that comes with the module.

Power is supplied by three penlight cells
mounted in the battery holder at the bottom
of the case.

Mount the pilot lamp assembly in one end
of the plastic box. Fasten the battery holder
and the CP module inside the box to the
4 x 2V2-in. plastic face.

The Mystery Switch. Mount the reed
switch inside the box on the end opposite to
the pilot lamp assembly. Cut its terminals
short so that the switch will fit snugly into
the end of the box. Fasten to this end, out-

(Continued on page 97)
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Just four parts outhoarded from a Lafayette module
are all that is needed to make our PQ Minder.
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With his NRI home training

as a solid base for success, graduate

W. Gerald Kallies of Elliott Lake, Ontario,
Canada, has branched into three different
areas of Electronics. He is in charge of
the complete Electronic automatic
control system at Rio Algom Nordic,
Ltd., a uranium mining company.

Also, he handles operations at CKSO-TV,
a satellite station in Elliott Lake,

and he owns Gerol TV Sales & Service,
which grosses $60,000 a year.

How did Gerald Kallies launch his

career? While a high school

senior, he faced the fact that college

was beyond his financial reach. So

he wrote to ten Electronics training

schools. He chose NRI. Why?

Because, he says, it appeared to be

complete training with no short cuts . .. - .

because courses were offered at very Bile s

reasonable prices . .. and because he was o

convinced NRI would take a personal 1
interest in him. The results of his
training speak for themselves.

Experience
Counts
MostinColorTV
Communications
Electronics
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Designed-for-training equipment makes

learning at home fast and fascinating—
builds priceless confidence—as theory

you learn comes alive.

There is an all-important reason why NRI
has invested so heavily in the development of
equipment for learning Electronics at home.
With more than 55 years of home education
experience, NRI is convinced that theory
alone is not enough. Your hands must be
trained as well as your head. To get ahead
fast you must have “hands-on” experience as
well as “book” knowledge . . . and, you get
both in NRI home training programs.

Learning becomes an absorb-

ing adventure as you get your hands
on. professional parts and demonstrate theory
you read in “bite-size” texts carefully pro-
grammed with NRI designed-for-learning
equipment. You'll prove theory by experi-
mentation with the type of solid-state, tran-
sistorized and tube circuits you’'ll find on the
job today — not hardware or breadboard
hohby kits. Almost without realizing it, the
NRI discovery method prepares you for your
choice of careers in Color TV Servicing, Com-
munications, Industrial Electronics. With
your NRI diploma, you can confidently fill
full-time openings in the TV-Radio Servicing
business; become a part of the glamorous
communication industry; have an important
role in business, military or space Electronics
or even launch your own full-time business.
Many NRI graduates start earning $5 to $7
an hour extra soon after they enroll, fixing
home Electronics equipment for friends and

neighbors in spare time. NRI’s remarkable
teaching method simplifies, organizes, drama-
tizes subject matter so that any ambitious
man — regardless of his education — can ef-
fectively learn and profit from the Electronics
course of his choice.

You get your FCC License or

your money back NRI s so confident
of the effectiveness of its training programs
that all Communications courses include a
special money-back agreement. You must
qualify for a Commercial -Radiotelephone
License isued by the FCC, after successfully
completing your training program, or NRI
refunds your tuition in full. Here is just one
more example of the value you get when you
choose NRI for your Electronics training . . .
one more example of why NRI continues to
be the country's leading Electronics home-
study school. Over three-quarters of a million
have enrolled since 1914. Discover for your-
self how easy it is to move into Electronics
— America’s fastest growing industry — with
NRI home training. Mail the postage-free
card for the new NRI Catalog. There is no
obligation. No salesman will call. NRI does
not employ salesmen. NATIONAL RADIO
INSTITUTE, Washington, D.C. 20016.

Approved under GIBill 1fyou
have served since Jan. 31, 1955, or are in serv-
ice now, check GI line on postage-free card.

Color TV circuitry is easy

to learn as you build the
only Color TV set custom-
designed for training pur-
poses. The result is your
own high-quality set you
keep for years of viewing
pleasure. NRI TV-Radio
Servicing course includes
your choice of color or
black-and-white training
equipment.

Jurv-AucusT, 1969

Communications experience
equal to as much as two
vears of on-the-job train-
ing is yours as you build
and use equipment like
this phone-cw transmitter
suitable for the 80-meter
amateur band. You also
perform experiments on
transmission lines and an-
tenna systems. No other
home-study school offers
this equipment.

Competent technical ability
so necessary for carzers in
Industrial Electronics is
easily acquired through
NRI training. As you
learn, you actually build
and use your own motor
control circuits, telemeter-
ing devices and even digi-
tal computer circuits. All
major NRI courses include
transistors, solid-state de-
vices, printed circuits.
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Breadboard circuits
(above) are introduced
early in course, but more
sophisticated circuitry
comes later in game.

At right, students learn
to use tape recorders, mike
mixers, swifching devices,
many of which were
donated by leading
electronic firms.

an probably pumted his first picture after
dlppmg a finger in a mud hole and dab-
bing the walls of a cave. What he dabbled is
a bit of pre-historic history (?!!), but his-
tory it remains. Since those ancient Flintstone
days, tools have become a trifle more sophisti-
cated. Rembrandt took up brush and pigments;
Michelangelo swung a hammer and chisel. And,
ignoring Mondrian for the moment, computers
today create works of art formed by x’s and o’s
on an electric typewriter. Could these trends
mean the machine is making the artist obsolete?
By the beard of Da Vinci, there’s hardly a

ELEMENTARY ELECTRONICS



Led by Laurence Warshaw (above), who is also consulfant
to Metropolitan Opera and on faculty of Hofstra
University, class does just about everything worth doing.

chance. As art becomes more technical—and
technology more artistic—there are signs that
the twain shall mect. And mect they alrcady
do—in one instance at least. For twicc a week
at New York University comes a mind-boggling
mix of a course called Intermedia Workshop.

There, students of an engineering bent dis-
cover that light is not only electromagnetic ra-
diaticn, but also a tool to paint with. Creative
souls make scientific discoveries. They find,
for cxample, that a switch controls an clectrical
current between a battery and a buzzer. Like-
wise, they stumble onto the fact that colored

Assistant insfructor Bob
Demchuck (above) demon-
strates Agastat programmer
fo class. Unit can take up
to 17 inputs, feed 17
different speakers.

At left, student Bill
Colish demonstrates
homebrew theremin which
produces unusual audio
effects at wave of hand.

JuLy Avucusrt, 1969
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PSYCHEDELIA

Lights and their effects on various materials
are one of favorite subjects of student:”
studies. They work with mirrors, photocelis,
polarizing films, also investigats what
happens in terms of color and spatial efects
when light is cast on multitude of plastics.

e is rough unless you know what you're looking
for, though students do—when and if they see if.

lights also flicker. And as the 15-week program
progresses, the division between art and science
is, hopefully, eradicated.

The course is conducted by Laurence War-
shaw, himself a kinetic artist, who wants his
students to break out of the usual confines of
two-dimensional canvas or three-dimensional
sculpture. As our photos show, Warshaw teach-
es his students to explore the creative possibili-
ties of time, space, sound, light, motion (kinet-
ics), and other media.

If they succeed, they may well surpass the
two reigning examples of contemporary tech-
nical artistry—the juke box and the pinball
machine. And if they fail . . . Well, let’s face
it. Does anyone of substance ever really fail
at things artistic?

—Len Buckwalter, KIODH &

Psychedelia incarnate is this weirdo of weirdies,
beautifully (?) illuminated by heaven-knows what.

ELEMENTARY ELECIRONICS
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he kamikaze projectile had been travel-
ing through outer space for a hundred
years. Now the cnd was near. Silently, it
crashlanded right on target. But the waiting
intelligence personnel were ready. A few of
them feit the impact and passed on the
warning. Soon there were a hundred, then
a thousand, finally millions of couriers
speeding to one central intelligence center
to verify that the destructive landing had
occurred. The data was recorded and de-
coded, and men here on carth had a little
more intelligence data about one of those
strange outer-space worlds called pulsars.

These alien pulsar worlds are fascinating
and mysterious, but they pose no threat to
mankind. Man’s real enemiecs are still here
on earth. Another intelligence team awaits
the arrival of a stray kamikaze projeciile
originating at the sccne of carnage. It arrives,
and the intclligence network is instantly
alerted. More data, more decoding, and man
learns a bit more about one of his most
vicious enemiecs—the cancer cell.

An Ultra-sensitive Detector. This intcl-
ligence network we are talking about is an
clectronic device called a photomultiplier. To
be sure, it’s not a colorful James Bond, and

Jury-Avucust, 1969

Discover how a mere handful
of glass, metal, and chemicals

promises new insights on the mysteries
of astronomy, atomic structure, and life itself.

By Jorma Hyypia

the only female likely to be intrigued by this
special agent is a white-smocked lab tech-
nician. A photomultiplier is, after all, just a
handful of glass, metal, and chemicals, yet it
can see things that cannot be detected by the
human cye, or by the largest of optical tele-
scopes or microscopes.

Take those pulsars, for example. Only be-
cause astronomers have been able to detect
pulsating radio signals emanating from them
(reason why they were named pulsars) are
these stars known to exist. Scientists have
determined that they also emit light, but
such feeble light that optical telescopes are
useless. However, it can be detected by a
sensitve photomultiplier, which needs only a
few photons of light, the basic particles of
light, to generate a revealing electrical signal
that can be detected with clectronic instru-
ments.

Chemical changes that take place in hu-
man cells also release light energy. But again,
the light is so weak that ordinary optical in-
struments cannot detect it. A modern photo-
multiplier can, however, do the job.

If the photomultiplicr can detect just the
few photons originating in a human body
cell, it can as easily detect photons produced
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GOLDEN CASCADE

by chemical changes in a plant cell. This
means that photon-transported intelligence
may finally help in pinning down the mecha-
nism by which green plants convert sunlight
into food.

Basic Principle of Operation. An atom-
smasher tears atoms apart and sends the
particles speeding to a target, where elec-
trons are ripped off the target atoms by such
sub-nuclear bullets as gamma rays, neutrons,
and other energy-charged particles. Often
this action releases light energy. Photomul-
tipliers can convert these very weak, ex-
tremely short-duration light pulses into elec-
trical pulses of much greater energy that can
be recorded by electronic counters. Photo-
multipliers not only show that a target colli-
sion has occurred, but can also reveal the
trajectories of the particles. Photomultiplier
scintillation counters can detect the passage
of a fact particle at speeds greater than one-
ten-millionth of a second. They also can re-
veal, with a precision of one-billionth of a
second, whether or not two particles arrive
at a given place at the same time. Such
atomic ballistics studies are of paramount
importance to those concerned with probing
the atom’s fundamental properties.

PLASTIC SCINTILLATOR | ™,

CHARGED RNt IRPEE by
PARTICLE :

——

A COINCIDENCE OF COUNTERS 1, 2, 3
IN SEQUENCE DETERMINES THE TRAJEC~
TORY OF A CHARGEQ PARTICLE WiTH A
SPECIFIC CURVATURE IN THE MAGNETIC

FIELD. ,'\J \%

Photomultipliers Assist Lasers. Appli-
cations for lasers, that now require the use
of photomultiplier detector circuits, include
laboratory measuring instruments, range-
finding cquipment, satcllite tracking radar,
special communications systems and high
resolution radar for satellite docking. When
and if more general laser communications
systems are developed, photomultipliers will,
almost certainly, be incorporated into the
laser optical receivers.

They Measure Space. Photomultipliers
are also vital components of many satellite-
borne scientific instruments that gather all
kinds of information concerning outer
space. For example, they have been used to
measure the vertical distribution of ozone in
the earth’s atmosphere. This is done by re-
cording the extinction of light at satellite
sunset (or the reverse at sunrise) as the lay-
ers of atmospheric ozone absorb the sun-
light. While one photomultiplier looks at the
sunset, another will be aimed straight down
into the earth’s atmosphere to measure the
earth's ultraviolet albedo (the light the earth
reflects that is proportional to that which
falls on it). Other satellite-borne instru-
ments utilizing photomultipliers measure
such phenomena as ultraviolet radiation,
Cerenkov radiation, particle scintillation,
and solar radiation. Still others are used for
positron detection, micrometeroid detection,
and the spectral analysis of starlight.

The actual, as well as the potential, appli-
cations of photomultipliers are almost end-
less. More down-to-earth uses include spec-
trophotometry, general photometry, color-
imetry, flying spot scanning, hydrogen flame
detection. X-radiation detection, and a host
of industrial control applications. No list can

Energetic particles such as gamma
rays produced by nuclear disinte-
grations cause scintillations in
crystals of certain kinds. Photo-
multiplier, infegrated with scin-
tillation unit, converts light
flashes to measurable electrical
pulses. Light energy is very
nearly proportional fo gamma-ray
energy; and since photomultiplier
exhibits linear response, elec-
trical pulse heights provide direct
3 measures of gamma-ray energy.

ELEMENTARY ELECTRONICS
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0 = PHOTOCATHODE
10 = ANODE
1-9 = DYNODES

Circular-cage dynode configuration—one of first
developed—is still used in many photomultipliers.
It is compact and exhibits good electron collection
time between stages, good fransit-time spread.

be complete because the uses of this remark-
ably versatile device continue to increasc.

Super Sleuth. Most detection problems
are being solved by a whole family of photo-
multipliers. All are based on the same theo-
retical principles, but individual units differ
in physical design, light sensitivity, and other
characteristics.

As sensitive as these devices are, they
haven’t been able to cope fully with some of
the tougher detection problems. There has
been a real need for one that might be called
a super slcuth photomultiplier. In late 1968
RCA announced the complction of the de-

revolutionize studies of DNA, pulsars,
atomic particles and photosynthesis.” This
detector may not be the ultimate in photo-
multiplier design, but it is clcarly a big step
toward that goal.

RCA cngineers believe that the new de-
tector will be of grecat help in mapping the
structure of the DNA molecule on which
all life is based. The new detector should
also be powerful enough to catch the
very small amount of light belicved to ema-
nate from invisible pulsars (radio stars).
This detector may prove to be a boon in two
other important research arcas: atomic phys-
ics, and the study of biochemical processes
produced in living cells.

How They Work. Many different types
of photomultiplier tubes that arc now com-
mercially available all work on the same
basic principles. Each tube has, ncar its top,
a light-collecting target called the photo-
cathode. At the opposite end of the tube is
the final anode signal collector. Stacked be-
tween the photocathode and this collector
anode are a number of specially prepared
targets called dynodes; most commercial
photomultipliers have nine or ten such
stages, and some may have as many as four-
teen. Although signal amplification depends,
theoretically, on the number of such stages,
it should not be assumed that a count of
stages per sc will provide a true indication
of the relative amplification attainable with

velopment of a photomultiplicr that “could any onc typc of photomultiplier tube. Many
p y yp f P
i
124 10 8 2 et
14 : : TRANSPARENT ) So-called Rajchman linear-dynode
— PHOTOCATHODE ;
)"’ INCIDENT ~ sysfem requires complex dynode
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other factors influence the signal amplifying
characteristics of them.

When a photon strikes the photocathode
target, electrons are knocked off the surface
of the cathode. These electrons are electro-
statically directed to the first dynode. The
photocathode should of course have the
highest possible quantum efficiency, meaning
that it should release as many electrons as
possible, per unit of incident light energy
expended.

Chemical composition of the cathode de-
termines the number of electrons that can be
liberated. Most known substances emit elec-
trons if bombarded by the right kind of
electromagnetic radiation, but all substances
have a threshold incident light frequency
below which no emission is possible.

be much more efficierit electron eémitters than
are pure metals.

Cascade of Splashes. A kind of electron
splash occurs when primary electrons, pro-
duced by the action of light on the photo-
cathode, strike the first dynode—the first
of a number of secondary cmitters. The
splashed-out electrons are greater in number
than those causing the splash. They now be-
come “primary” electrons that arc beamed
to the next dynode where they create a still
bigger splash. And so the splashes continue,
from one dynode to the next, each splash
producing larger numbers of free electrons.
Thus each primary electron initially pro-
duced by the photocathode is multiplied into
many millions of electrons before the grow-
ing electron cascade is at last captured by
the terminal anode collector. Modern photo-
multipliers provide a very wide choice of
current amplification characteristics, rang-
ing roughly from factors of 10,000 to at

= 7]
NN,

SEMITRANSPARENT
PHOTOCATHODE ™|

icioent  Box-type dynodes are efficient
LIGHT electron collectors, though there
 — are some signal losses fo grids

that separate boxes. Transit-fime
spread characteristics are not out-
standing, largely because box fypes
lack good focusing properties.

ACCELERATI NG
- v
1-8 = DYNODES
10 = ANODE

Sodium and a few other metals will release
electrons when activated by visible light.
However, most pure metals fail to respond
until light at wavelengths in the ultraviolet
region, or still shorter wavelengths, is em-
ployed. Red light is a very poor electron
blaster, green is better, and blue is still bet-
ter. Ultraviolet light is more efficient than
any visible wavelength. X-rays and gamma
rays exhibit the most pronounced effects and
will, in fact, hurl clectrons out of any sub-
stance.

Pure metals are of negligible importance
as photocathodic materials. By far the largest
number of tube types utilize a mixture of
cesium and antimony, to which may be
added potassium, and sometimes both potas-
sium and sodium. A few photocathodes are
made from cesium and bismuth, or from
cesium, oxygen and silver for infra-red appli-
cations. Where high red sensitivity is re-
quired, a complex mixture of silver, bismuth,
oxygen and cesium is used. Empirical for-
mulations such as these have becn found to

least as much as 85 million.

As in the case of photocathodes, dynodes
are also coated with various empiri¢al chem-
ical formulations to make them good elec-
tron emitters. Of the ten to twelve dynodes
used in a typical photomultiplier, the first
dynode is most important because it is the
one receiving the weakest electrical signal,
the electrons originating from the photo-
cathode.

The electron emitter coating on many
dynodes is a cesium-antimony compound
very much like that used on some photo-
cathodes. Other mixtures, containing such
elements as beryllium and magnesium, are
also used.

New Material Increases Sensitivity.
The remarkably improved performance
claimed for the new RCA photomultiplier
tube is attributed to the discovery of a more
efficient dynode emitter material, gallium
phosphide. RCA claims that this material is
a better sccondary electron cmitter than any
othcr now in use.

ELEMENTARY ELECTRONICS




—

“For an applied field of 600 volts, for ex-
ample, gallium phosphide will multiply one
primary electron into an average of 30 sec-
ondary electrons. By contrast, the best con-
ventional materials produce an average of
only five secondary electrons. Furthermore,
increasing the voltage will raise this ratio still
further in the case of gallium phosphide. In
fact, secondary emission gains greater than
100 from gallium phosphide have been
measured, Conventional materials, on the
other hand, have intrinsic limits that are ten
times lower.” :

“For this reason, a gallium phosphide dy-
node in the first amplifier stage makes it
possible, for the first time, for a photomuiti-
plier to discriminate between light-producing
phenomena that generate one, two, three,
four, five or more primary electrons.”

plete defiance to all laws of energy and mat-
ter conservation. Not so. You could make
even the coin multiplier work, but only by
first loading the machine with a reserve of at
least 80 million pennies, before inserting the
triggering coin. To create an electron bo-
nanza with a photomultiplier tube, you also
must load it with an electron reserve that
can provide an accelerating potential.

Each time an electron splash occurs, the
released secondary electrons must be ener-
gized by an accelerating potential applied to
the dynodes by means of a voltage divider
network. Otherwise the system would poop
out before it got started. You might say that
the accelerating potential is the agent that
carries the electron “snowball” to the top of
each dynode “hill” so that it can roll down
and hit the next target with enough impact

N
PPN SR TRPREN |
‘/1 I/ ‘/ {/ FACEPLATE |
Venetian-blind systems are space ﬁ§¢§/§ﬁ§;‘| = INCIDENT
savers, and more dynodes can /l \/\ﬁ\/\l/j [ RADIATION
easily be added. Transit-time /‘Q/‘Q/\/ Nq h.l
spread tends fo be large because /1\1/l \l%\\\:ﬂ% TRA%};}\;ENT
this type of focusing leads fo /\/\/\Q\Jﬁ PHOJOCATHOOE |
rather low value of electric /}\/}\l :\ l\l | I
field at emitting surfaces. 8 6 4 2 C}ngﬁféw\k |
COATING
1 l J

1-10 = DYNODES
11 = ANODE

“This, in turn, should make it possible, in
electrical terms, to ‘see’ details of nuclear,
astronomical, and biological events never
before witnessed.”

In this prototype tube only the first dynode
is coated with gallium phosphide; other dy-
nodes are coated with a conventional copper-
beryllium compound.

Electronic Jackpot. Considering the total
multiplication factor that can be achieved,
even with more conventional photomulti-
pliers, it would seem that here, at last, is a
development that can make a great deal out
of next to nothing, a return of tens of mil-
lions of electrons for every single electron
knocked off the photocathode. Just think!
Suppose you could invent something com-
parable that would use coins instead of elec-
trons; put a penny in at the top, and draw 80
million pennies ($800,000) out of the bot-
tom within a fraction of a second! So who
would need Las Vegas or Monte Carlo?

Obviously, something appears to be wrong.
The photomultiplier seems to work in com-

Jury-Augusr, 1969

to create a bigger snowball. To expect the
snowballing to take place without the aid of
the accelerating potential would be like
hoping that a real snowball placed at the
bottom of a snowy slope would roll to the
top of the hill by itself.

In general, the practical working potential
of a typical dynode is in the order of 100
volts. The supply voltage between the anode
and cathode must be in the range of 1000
to 5000 volts in order to provide adequate
potential for each dynode by means of the
divider network.

Up to a point, the number of secondary
electrons produced at each dynode increases
as the accelerating potential is increased.
But there is a limiting factor. The faster the
primary electrons move, the deeper they
penetrate the dynode emitter before knock-
ing out secondary electrons. Deeper second-
ary electrons must work harder to reach the
surface of the dynode and still have enough
energy to attain the needed escape velocity.
There is, then, a threshold accelerating volt-
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age for any given dynode system. If this
threshold voltage is excecded, the concen-
tration of secondary electrons will begin to
diminish.

Transit Time. Many performance char-
acteristics must be taken into consideration
when a photomultiplier tube is to be selected
for any given job. Perhaps the most obvious
criterion is that the tube has the proper
spectral sensitivity, and that it has an ade-
quate multiplication factor.

Transit time and transit. time spread are
two closely related characteristics that are
especially important if the tubes are to be
used in such applications as scintillation
counting of energetic particles produced in
atom-smashing experiments. Transit time
is a measure of the speed with which the
signal multiplication process is completed,
covering the period from when the light first
strikes the photocathode to the instant that
the resulting anode pulse reaches its peak.
The related transit time spread represents
the greatest delay between anode pulses; the
spread is caused by secondary electrons that
differ in their energies and directions.

The anode-pulse rise time is also a signifi-
cant factor. This indicates the time it takes
an output pulse at the anode to go from 10
percent to 90 percent of its peak value. There
are, also, certain interference factors that
must be considered. Perhaps the most im-
portant of these is the so-called dark cur-
rent, a noise producing electron flow in-
herent in any photomultiplier tube even
when the photocathode is not being activated
by light rays.

e e P it S
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The modern photomultiplier is truly one
of the most remarkable scientific intelligence
agents yet devised. Its phenomenal sensi-
tivity, at least on a pound for pound basis,
is perhaps unmatched by any other single
instrument man has yet invented. When one
considers how much scientific information
would most assuredly be almost out of man’s
reach, except for the development of the
photomultiplier, the electron-cascade begins
to look more and more like a golden cas-
cade-of-knowledge. And it’s all done with
a mere handful of glass, metal, and chemi-
cals. Remarkable! isn’t it? L

T e e L

SIZZLE CYMBALIRIM SHOT/CRASH !

Time was when it took a ton-and-a-half of
electronics to fire up much of anything, least
of all what’s now known as electronic percus-
sion. But electronic percussion we now have
and in punier than pint-size dimensions—
thanks to the magic of this stuff called solid-
state. In fact, the Conn Organ Corporation
now offers a built-in, completely electronic per-
cussion unit as standard equipment on four of
its organs. Thirteen percussion effects are
available: five from the pedal section, eight
from the accompaniment keyboard. Among
them: a sizzle cymbal, a rim shot, even a snare-
drum roll. |
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PART IX
TELEVISION TRANSMITTERS

WHAT YOU WILL LEARN. In this part you will
learn how a television transmitter develops both
picture and sound signals. You will gain more
knowledge about antennas and the problems of
sending electromagnetic waves through the at-
mosphere. In the following part to appear in the
next issue of ELEMENTARY ELECTRONICS, you
‘will also become familiar with how a television
receiver converts electronic signals into picture
and sound reproductions. Learning the basic
principles of television transmitters and receivers
is no more difficult than learning the principles
of radio. The basic electronic prmmples are the
same for both.

*This series is based on Basic Electricity/Electron-
ics, Vol. 1, published by Howard W. Sams & Co., Inc.
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THE TELEVISION TRANSMITTER

There is actually very little difference between radio and television trans-
mitters. As you recall from the last issue, the functional block diagram of a
radio transmitter contains a microphone, an audio-frequency section, a carrier-
frequency section, and an antenna. A television transmitter has more operations
to perform than a radio transmitter. Its functional bLlock diagram, therefore,
contains more sections. The functions of the two transmitters are quite similar.

Functional Block

The radio transmitter has the single problem of putting sound on a carrier.
The TV transmitter must modulate two carriers: one with sound, and the other
with video (picture).

r TV Transmitter Functional Block Diagram N
e ANTENNA
CARRIER
FREQUENCY
VIDEO ____’______:T
FREQUENCY
ANTENNA
AUDIO-
CARRIER
WIC FREQUENCY
Gﬁ ) e il |

L J

Video-Frequency Functions. The only difference between the functional
blocks of a radio transmitter and a TV transmitter is the addition of a video-
frequency function in the TV transmitter. The audio-frequency section is in a
separate channel which sends a weak picture signal (o the video-frequenc
section to he amplified. The output of this section is a video frequency (higher
than audio) used to modulate a very high Jrequency (VHF) generated in the
carrier block. Superimposing the video (picture) on the carrier is done by
amplilude modulation, the same process used in an AM radio transmitter.

Audio-Frequency Functions. A microphone feeding a signal to the audio-
frequency section is shown at the bottom of the illustration above. The sound
signal from this microphone is amplified and used to frequency-inodulate a
separate carrier. This modulated carrier is then fed to an antenna. In eflect,
there are two transmitters for TV—one for transmitting the picture and the
other for transmitting the sound. In practice, a single antenna is usually used
to transmit both carriers.

ELEMENTARY ELECTRONICS
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Block Diagram of an FM Transmitter \

ANTENNA Eg

MPLIFIER P MIXER wirieLier | A
e - )

CARRLER CARRIER
OSCILLATOR

A

A

A 4 [ A 4

PHASE PONER
SHIFTING ] MODULATOR AMPLIFIER
AUDIO

v

f l— AMPLIFIER St

y

Q1.

Q2.

03.

Q4.

The sections of a functional block diagram of a radio trans-
mitter are a microphone, ———— - ————-————-- ;
——————————————— , and antenna.

Sound in an AM radio transmitter is placed on the carrier
as a(an) —————————- ————————— ; in a tele-
vision transmitter, it is done by —————-———--

An audio frequency modulates a sound carrier; a(an)
————— frequency modulates a picture carrier.

The outputs of the - ———— ———————— and ——— - —
————————— blocks of the sound transmitter are fed
to the modulator.

Al.

A2,

A3.

A4,

Your Answers Should Be:

The sections of a functional block diagram of a radio trans-
mitter are a microphone, audio frequency, carrier frequency,
and antenna.

Sound in an AM radio transmitter is placed on the carrier as
an amplitude modulation; in a television transmitter, it is done
by frequency modulation.

An audio frequency modulates a sound carrier; a video fre-
quency modulates a picture carrier.

The outputs of the phase shifting and audio amplifier blocks
of the sound transmitter are fed to the modulator.

THE TV AUDIO TRANSMITTER

As previously stated, a TV audio transmitter uses the frequency modulation
method. In the preceding chapter, you learned that FM is a process in which the
frequency of a carrier is varied in accordance with the amplitude of an audiv

signal.

Audio Modulation of the Carrier

The

JuLy-AucusT, 1969

oscillator in an FM transmitter, as in any other transmitter, develops a
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constant frequency at a uniform amplitude. The output of the oscillator is
simultaneously fed to a carrier amplifier (where it is increased in amplitude)
and to a phase-shifting circuit. A single cycle is shown in the oscillator block
below. The same cycle appears in the output of the carrier amplifier. The cor-
responding cycle in the phase-shifting circuit shows that the signal has been
shifted (moved) to the right a quarter of a cycle. This is called phase shijting.

Phase Shifting lflustrated
- g b

CARRIER
AMPLIFIER

OSCILLATOR PHASE SHIFT

. Jo

The starting, imaximum positive, return-to-zero, maximum negative, and ending
points occur one quarter ol a eycle later in the lower block than they do in the
upper block. Since there are 360° (one way of designating the period of a sine-
wave cycle) in a complete cycle, the lower waveforn has been shifted in phase
by 90°.

Modulator. Amplified sound signals from the audio amplifier and the phase-
shifted carrier frequency meet in the modulator. The result of the meeting is a
modulated output with an amplitude that varies in accordance with the ampli-
tude of the audio, but still phase-shifted a quarter eycle.

(——— Phase-Shifted Audio and Carrier Joined in Mixer ——-——\
s

HXER  —p

—p———  MODULATOR

\_ J O

Mixer. This circuit mixes the outputs of the carrier amplifier and the modu-
lator to produce a variable frequency. This new signal is the carrier frequency

\4
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changed by an amount determined by the amplitude variations of the audio. If
the two inputs to the mixer had been in phase, this frequency variation of the
carrier could not have occurred. Since equivalent points of the two waveforms
are changing at different times, the audio variations of the modulator signal
either add cycles to or subtract cycles from the constant frequency of the carrier.
When the audio content of the modulator frequency goes positive, it causes a
corresponding decrease in frequency of the carrier. When the audio content
gues negative in its cycle, the carrier frequency increases a proportionate
amount. The output of the mixer then is the basic carrier changing in fre-
quency in accordance with the amplitude of the original sound.

Q5. The frequency of any transmilter is generated in a(an)
—————————— circuit.

Q6. The phase-shifting circuit changes the phase (starting
point) of the sine wave a(an) —==————of a eycle, or
— — degrees.

Q7. Modulation occurs (before, after) power is amplified.

Q8. The audio frequency is placed on the carrier by - = = ——~
10 and — === = = —=——— from the carrier cycles.

Your Answers Should Be:

A5. The frequency of any transmitter is generated in an oscillator
circuit.

A6. The phase-shifting circuit changes the phase (starting point)
of the sine wave a quarter of a cycle, or 90 degrees.

A7. Modulation occurs before power is amplified.

A8. The sudio frequency is placed on the carrier by adding 1o and
subtracting from the carrier cycles.

Amplifying the Modulated Carrier

Multiplier. The purpose of the multiplier stage is to amplify and increase the
frequency of the modulated carrier. In some transmitters, several such circuits
may be required. In addition to raising the amplitude of the carrier to that
which is required for transmission purposes, multiplying the frequency also
makes the modulated variations more pronounced. Those portions of the audio
signal having higher amplitudes cause a wider variation of the carrier frequency
than do those portions having lower amplitudes.

- Mixer, Multiplier and Power Amplifier N
ANTENNA
HLYER | e —w| o

Amplifier. You will note that the carrier is modulated prior to the power
amplifier stage. In amplitude modulation it is necessary to superimpose the

Jury-AvucusT, 1969
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audio in the final power stage, which is usually at very high power. Since the
final amplifier of the audio-frequency section must have a power output that is
close to 50% of that of the carrier amplifier, tubes and other parts must be
large and expensive. In FM, the entire modulated carrier is raised to the correct
power level in a single stage, making the FM transmitter more economical in
this respect than its AM counterpart. The output of the power amplifier goes
directlv to the antenna.

Audio Transmitter Review

Sound from a television studio is added to the carrier wave by frequency
modulation. The block diagram below shows the transmitter portion which
mixes the two frequencies.

( Audio Added to the Carrier 1
CARRIER
wPLIFIER
-
OSCILLATOR P SHIFTING HODULATOR HIXER O

¥
AUDFO
AMPLIFIER

\. _/

The oscillator generates a stable frequency which is simultaneously fed to an
amplifier and a phase-shijiing network. The phase-shifting stage shifts the fre-
quency by a quarter of a cycle. The carrier and the shifted signal are no longer
in step. The amplified audio from the microphone is mixed with the out-of-
phase signal in the modulator. The output of the modulator is a series of sine
waves that vary in amplitude in accordauce with the amplitude of the original
sound.
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e The Modulated Carrier Is Fed to the Antenna ~
ANTENNA
FROM PONER
TH—————-—)E WIXER MULTIPLIER IMPLIFIER O
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The outputs of the carrier amplifier and the modulator combine in the mixer.
The output of the mixer is a signal that varies in [requency according to the
amplitude of the modulating signal. The FM signal is then multiplied in fre-
quency several times and increased in power by the stages shown below.

TV VIDEO TRANSMITTER

A brief summary of what happens in the TV video transmitter might be
helpful before its stages are discussed.

ANTENNA 8?)

VIDED-
CARRIER

FREQUENCY

VIDEQ
<> FREQUENCY —-*-—-T

(—-———— Functional Block Diagram of the Video Transmitter ———\

\ ),

In the video-frequency section, video signals from the camera are amplified
and fed to the final power amplifier of the carrier-frequency section. Here, the
carrier is amplitude-modulated by the video.

Camera

There are several different types of TV cameras. The iconoscope,
image dissector, and image orthicon are examples. The latter is the type most
frequently used in TV broadcasts. Although the manner in which they accom-
plish their purposes diflers, their basic operating principles are the same.

The camera, much like its photographic counterpart, deposits a scene
through a lens on a plate within the camera. Light rays from all parts of the
scene are focused through the lens, reproducing the image on the plate. If the
plate were a photographic negative, the light rays would excite deposits of
light-sensitive materials in proportion to the intensity of light, varying from
white through shades of gray to black.

' Optical Camera Qperating Principle ~

CAMERA

SCENE PLATE

" o
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A similar process occurs in a TV camera. The light-sensitive plate receives
a picture of the scene. Tiny areas on the chemically treated plate are thereby
electrically charged in proportion to the light intensity of that part of the scene.

Scanning
A very narrow beam of electrons is moved back and forth across the plate
from top to bottom. The beam samples the intensity of the charge in each of the

tiny areas. The amount of each charge indicates whether that portion of the

scene is black, white, or some shade of gray.

As shown in part A above, the plate is scanned (movement of electron beam)
in a sequence of 525 lines from top to bottom. A complete scan of the plate (525
lines each time) is made 30 times each second. The same procedure is dupli-

( Details of Electron Beam Scanning W

CAMERA PLATE PORTION OF PLATE SHOWING SCAN LINES

B SOLID LINES:
F—mm — == | UCTUAL SCANNING

—— e
525 LINES [T ===

OF SCAN - = ===} DOTTED LINES:
———— = | LINES:

BEAM RETURNS

—_—_————
SCANNED 30 TIMES EACH SECOND

. | J

cated on the screen of your receiver. In a TV receiver with a 17-inch screen, the
electron beam in the picture tube travels across the screen at the rate of approxi-
mately 13,000 miles per hour.

Part B shows how this scanning is accomplished. The beam nioves across the
plate in the camera from left to right, sampling the intensity of each tiny area it
passes. At the end of the line the beam is blanked (shut off) and relurned to the
left side of the plate to start the next line. The beam is turned on again and
samples the second line. This process is continued until the bottom of the plate
is reached. The beam is blanked and returned to the upper left-hand corner to
start scanning again. When the beam is on and woving from left to right
sampling the intensity on the plate, it is said to be scanning. When it is shut off
and being returned to a new starting point, it is retracing.

Q10. The image plate is — ~ -~~~ — — by an electron beam.
Q11. How many lines does the beam trace each sound?
Q12. How many times a second is the beam blanked?

ELEMENTARY ELECTRONICS

O

i3

O

|
|
1
|
|
i
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
!
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L
|
[
|
|
|
|
|
|
|
|
|
|
|
[




Your Answers Should Be:
A9. The video is placed on the carrier by amplitude modulation.
A10. The image plate is scanned by an electron beam.
All. 15,750 lines per second.
A12. It is blanked at the end of each line, 15,750 times each second.

Interlaced Scanning

Because of problems in controlling the beam and of noticeable flicker to the
viewer when line-by-line scanning is performed, the beam is caused to scan
every other line.

r Details of Interlaced Scanning \
. PORTIDN OF CAMERA PLATE
sooues: ——— T~ —— 7
FIRST SCAN 5 ~\N\~\\. 4
ey |
Bfe s T T e T
OASHED LUES: £ — T
SECOND SCAN VT 7 T - 10
pl =~ - — %
s B

& 10 BOTTOMVOF PLATE J

As the illustration shows, the first scan starts at line 1, samples the charged
areas, and is retraced to line 3. This action continues to the hottom of the plate,
scanning the odd-numbered lines. When it reaches the bottom, the beam returns
lo the top of the plate and scans the even-numbered lines. Fach scan, top to
bottom, requires 1/60 of a second. To scan the entire plate, the beam requires
two passes, which takes a total time of 1/30 of a second. On the receiver screen
a new image is being presented on every other line 60 times a second, a line-
tracing frequency that cannot he noticed by the eye. If it were bLeing done at
the rate ol 30 times a second, the eye might be able to sce the changes, which
would be recognized as a flicker. This process of scanning every other line is
called interlaced scanning. The camera thus identifies the light and dark areas
of a scene and converts this information to currents and voltages that change
in proportion to the light intensity.

Timing Generator

The timing of the scanning events is very critical. The beam of electrons
must begin at a precise point near the top of the camera plate and scan every
odd-numbered line in 1/60 of a second. The electron beam must be blanked
out precisely at the end ol every line and at the end of the field. A complete
«can of all the odd-numbered lines (or even-numbered lines) is called a field.

When the odd-numbered field has been completed, the blanked beam mwust
be returned to a new position at a precise lime lo begin scanning the even-
numbered field. Each action and position of the camera beam must be fol-

Jury-AvucusT, 1969
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lowed precisely by similar action in your TV receiver at home. The stage in
the TV transmitter that establishes this precise timing is known as the timing
generator, sometimes called the blanking or synchronizing stage.

( Video Frequency Stages ~
T0 CARRIER
AMPLIFIER
CAMERA AND VIDEQ
AMPLIFIERS AMPLIFIERS
GENERATOR

—_ y

The timing generator in the preceding illustration feeds pulse waveforms to
the camera tube. The amplitude and timing of the pulses are such that they
synchronize (cause all events to take place at precise time intervals) scan-
ning, blanking, retracing, and positioning of the electron beam. The same tim-
ing pulses (for synchronizing the same events in the receiver) are fed, with
the amplified video, to another stage of video amplifiers. From this point the
entire signal-—video and timing pulses—is passed to the final amplifier of the
carrier for modulation purposes.

Q13 ———— scanning skips very other line.

Q14. By this method, a line on the receiver screen is changed
~— ~ times a second.

Q15. Scanning is synchronized by a(an) — = — — — —

Q16. What is contained in the video-output amplifiers?

Your Answers Should Be:

Al3. Interlace scanning skips every other line.

Al4. By this method, a line on the receiver screen is changed 60
times a second.

AlS. Scanning is synchronized by a timing generator.
Al6. Video and timing pulses.

Video Modulation

The video and timing pulses are placed on the carrier frequency by ampli-
tude modulation. The process is similar to the method used by AM radio sta-
tions.

Video Signals. As you have learned from the preceding discussion, a video
signal contains a great deal of information. A series of video waveforms is
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shown below. Remember that a waveform contains only two dimensions—
amplitude and time.

r Complete Video for Two Scanned Lines ~

BLANKING PULSE FOR RECEIVER - SYNCHRONIZING PULSE FOR CANERA
COINCIDES WITH CAMERA BLANKING " AND RECEIVER TIMING
/ —
74

_BLACK
IMAGE

GRAYS

AMPLITUDE

(=1

C
TIME— 4“1
.

Carrier Frequency. The carrier-frequency section is similar to the same
circuits in a broadcast radio transmitter. (See the diagram shown imme-
diately below.)

The oscillator generates a continuous and constant frequency. The output
of the oscillator is increased in frequeitcy and amplitude hy the multiplier and
amplifier sections. In the power amplifier, the carrier is raised to the desired
power level required by the station, and is amplitude-modulated by the video
signal.

For VHI' (very high frequency—channels 2 10 13), the frequency of the
carrier is belween 54 and 216 megacycles. For Ul (ultra high frequency—
channels 14 lo 83), the carrier is belween 470 and 890 megacycles. Trans-

TV Carrier Frequenc
(r'* q y “\

AN JWW i “‘

MULTIPLIERS ANTENNA
OSCILLATOR AND p|  POKER
= AMPLIFIERS AMPLIFIERS
d - =_____— i |}
FROM
VIDEQ AMPLIFIER

_ ;

mission of signals at these frequencies is quite different from that for the lower
radio frequencies. High frequencies have short wavelengths. A wavelength is
the time duration, or length, of one cvele. The higher the frequency of a signal,
the shorter is its wavelength.

Q17. The image scanned by the camera is changed into a(an)
————— frequency.

JuLy-AvcusT, 1969
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Q18. A video signal has — = — — — —— — — and — — — - dimen-
sions,

Q19. In the diagram on the preceding page, a full video cycle is
from (A to B, B to C, A to C).

Q20. The beginning of a scanned line on the receiver screen
coincides with (A, B, C).

Q21. Using the same letters, the electron heam is retracing
between time and time .,

Q22. A black image appears on a (more, less) positive voltage
than a shade of gray.

Q23. During retrace time in a video cycle, two pulses appear.,
What are they?

Q24. How many cycles are shown in the figure above?

Q25. VHF has (shorter, longer) wavelengths than UHF.

Q26. A TV video signal is8 = — === ——— = modulated.

Your Answers Should Be:

Al7. The image scanned by the camera is changed into a video fre-
quency.

Al8. A video signal has amplitude and time dimensions. O

A19. In the diagram, a full video cycle is from 4 to C.

A20. The beginning of u scanned line on the receiver screen coin-
cides with B.

A21. Using the same letters, the electron beam is retracing between
time 4 and time B.

A22., A black image appears as a more positive voltage than a shade
of gray.

A23. During retrace time in a video cycle, two pulses appear. They
are blanking and synchronizing pulses.

A24. Two cycles are shown in the figure.

A25. VHF has longer wavelengths than UHF.

A26. A TV video signal is amplitude modulated.

TELEVISION TRANSMITTING ANTENNAS

An antenna, as you recall, develops an electromagnetic field around itself
when current is passing through it. Current flows back and forth through an
antenna in accordance with the rise and fall of the carrier-waveform frequency
and amplitude.

Television Wave Propagation O
Since the wavelength of a TV carrier is shorter than that of a radio-broad-

cast carrier, the length of the TV antenna is correspondingly shorter. There is

also a difference in the way short and long wavelengths travel through space.

o . e e e o e i S . G i S s Stk — — i S . ——————————————— — 7 — S Yo
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Radiated Long Waves ;
a R

oPACE WAVES

GROU ND WAVES ’\\
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The diagram illustrates the propagation (travel of electromagnetic radi-
ation) of long waves as they radiate from the antenna of a commercial radio
station. The frequency is between 535 and 1605 kilocycles. The radiated
energy has a space wave that travels essentially in a straight line. Low fre-
quencies also have a ground wave that hugs the ground until the radiated
power decreases so much with distance that reception is no longer possible.

The short wavelengths of a television transmission depend on a different
method of wave propagation.

High frequencies radiate a space wave and a sky wave. Both of these waves
travel essentially in straight lines. To receive a space wave, the receiving
antenna must be within line-of-sight of the transmitting antenna. If the re-
ceiving antenna is beyond the horizon, the space wave (if it still retains suf-
ficient power) passes over it.

Radiated Short Waves
4 )

3

SKY WAVES
N\

N o

7 REFLECTED .
s SKY WAVE f ey
po } _ TONDSPHERE S

> —

SPACE WAVES

e |

Sky waves, also traveling in a straight line, head out into space. When the
sky waves are 50 to 75 miles out, depending on the time of day. they en-
counter the ionosphere, a layer of charged particles that cause the short-wave
radiations to bend. Waves that enter the ionosphere at a sharp angle are bent
back to earth. At an angle close to 90° (perpendicular), the bending is not
enough for the signal to return to earth, so it continues to travel toward higher
altitudes. If they are of suflicient power, reflected sky waves can sometines be
picked up by receiving antennas.

Q27. TV frequencies have — — — — — and — — — waves.

JurLy-August, 1969 N
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Q28. — — — waves may be reflected by the ionosphere.
Q29. TV radiations are (short, long) waves.

Your Answers Should Be:

A27, TV frequencies have space and sky waves.
A28. Sky waves may be reflected by the ionosphere.
A29. TV radiations are short waves.

WHAT YOU HAVE LEARNED

Television transmitters and receivers, like any other electronic equipment,
consist of circuits designed to accomplish specific functions. Although
there are a large variety of circuits, they all operate in accordance with a
basic concept—the effect that voltage, current, and electronic components
have on each other. These basic effects can be used to analyze any circuit,
providing the student understands the underlying principles of each.

A television transmitter consists of two sections. One section uses a camera
to scan a scene, and a group of circuits to modulate a carrier frequency
with the image. The other section takes the output from a microphone
and uses it to modulate a second carrier frequency.

Sound is superimposed on its carrier by frequency modulation. The pro-
cedure is one in which the frequency of the carrier varies in accordance
with the amplitude of the sound—decreasing during the positive por-
tions of the audio cycle and increasing during the negative portions. The
FM carrier is then amplified to the required power level and fed to the
antenna.

Video is obtained from the camera as it scans a scene with an electron
beam, one line at a time. The video signal, with the addition of blanking
and synchronizing pulses, is amplified and then used to modulate the pic-
ture carrier frequency. The amplitude-modulated carrier is raised to a
specified power level and then fed to the antenna.

Video and sound carriers are of a high frequency and therefore have
short wavelengths. These travel through the atmosphere as either space
or sky waves. Short space waves travel on a line-of-sight path and cannot
be received beyond the horizon. Sky waves enter the ionosphere where
their paths are bent by an amount depending on the angle of entry. If
the entry angle is small, the sky wave returns to the earth and can be
received.

NEXT ISSUE: PART X
Understanding Television Receivers
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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DXing The Moon

Continued from page 32

Commercial Communications’ Role. Pri-
vate communications firms, like American
Tel. and Tel., Western. Union, ITT, and
overseas, the Spanish CTNE and Australian
telephone systems, also have a role in the
lunar mission. Some of these corporations
lease facilities and services directly to NASA.
Others, like COMSAT, handle satellite relay
transmissions for the space agency and for
the major television networks.

On the shortwave frequencies, SWLs
should tune for the RCA Communications,
Inc., stations at Rocky Point, Long Island,
and at Point Reyes, near San Francisco.
These point-to-point stations are used by the
broadcasting networks and press audio serv-
ices for feeding correspondents’ reports
from the recovery ships to the mainland.

RCA-San Francisco transmitters use call
letters WMF, WMH, and WMI, followed by
pairs of numerals; Rocky Point stations carry
calls WEO, WEP, WER, and WES, plus two
number identifiers. These calls, however,
are seldom, if ever, announced. Occasionally,
you'll hear two letter/four digit identifica-

Houston, Tex., will confinue as center of NASA operations during Apollo 11 flight. Here, Dr. Robert Gil-

tions, such as KL8444. These belong to the
shipboard ends of the press circuits.

The list shows many wavelengths to be
used by the various shortwave services dur-
ing the Apollo 11 flight. Since not all of
these are in use at the same time, you'll have
to skip around to find where the action is.

For openers, though, you might try the
NASCOM network on 14,861 kHz., which
has been one of the busiest during recent
space missions. Good bets for the recovery
network are the frequencies clustered around
6693 and 11,205 kHz. Or, for Pacific
Radio, try 15,016 and 15,088 kHz. The At-
lantic Tribe pitches camp around 15,051
kHz. :

Sorry—No NASA QSLs. Will the
Apollo stations verify? Officially, NASA says
it provides no “ham” services whatsoever—
another way of saying, “Sorry, boys, no
QSLs!” But things aren’t quite that bad. A

‘few DXers have managed to get verifications

for NASCOM reception during earlier space
shots.

No guarantees, but if you’re willing to risk
a six-cent stamp, try writing the NASCOM
Communications Director, NASCOM Con-
trol Center, Building 14, Goddard Space
Flight Center, Greenbelt, Md. 20771. Re-
ports for stations identifying ag “Houston”

ruth (left) and George Low view picture of Earth televised when Apollo 8 was some 200,000 miles away.

Jury-Aucust, 1969
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(Continued from previous page)
may be sent to Landing and Recovery Di-
vision, NASA Manned Spacecraft Center,
2101 Webster-Seabrook Rd., Houston, Tex.
77058. And, occasionally, some benighted
technician at one of the remotc NASA sites
will answer SWL letters if you can “fudge”
an adequate address.

Navy and Air Force recovery net stations
often will QSL. Pacific Radio reports should
go to Communications Officer (Apollo 11),

APOLLO GLOSSARY

AFB Air Force Base

AlS Apollo Instrumentation ships

A0S (10S, POS)  Atlantic (Indian, Pacific) Ocean
ships; NASA’s tracking vessels,
USNS Vanguard, Redstone,
Mercury and Huntsville

APO Armed Forces Post Office

ARIA Apollo Range Instrumentation Air-
craft, airborne tracking sta-
tions aboard JC-135 jet planes

ARRS Aerospace Rescue and Recovery :
Service aircraft, airborne res- :
cue stations aboard HC-130 :
Hercules planes _

COMSAT Communications Satellite Cor- :
poration

CTNE Compania Telefonica Nacional de
Espana

FPO Fleet Post Office

GUMDROP Code word for Apollo command
module

ITT International Telephone and Tele-
graph Corporation E

PL Jet Propulsion Laboratory, Gold-
stone, California

Mmce NASA’'s Mission Control Center,
Houston, Texas

MSEN Manned Space Flight Tracking
Network, responsible for
spacecraft to Earth communi-
cations

MASCOM NASA Communications Network,
responsible for ground com-
munications between MSFN
stations and MCC

PACMISRANFAC  Navy's Pacific Missile Range Fa-
cilities

PRS (SRS) Primary (Secondary) Recovery
Ship

RCC Recovery Control Centers, re-
covery network headquarters

SPIDER Code word for Apollo lunar mod-
ule, also known as Rosemary,
LEM, LM

usB Unified “S” band communica- :
tions, also used to designate :
upper single sideband trans- :
missions

USNS United States Naval Ship :

)

Navy Terminal Post Office, FPO San Fran-
cisco 96610. Atlantic Chief reports go to his
counterpart at the Manned Spacecraft Re-
covery Force, Atlantic, RCC, Bldg. SP-71,
Naval Air Station, Norfolk, Va. 23511.

To help you “make up” suitable addresses
for other military stations in the recovery
network, here are a few APO-FPO Zip
codes: Puerto Rico, FPO N.Y. 09550; An-
tigua, APO N.Y. 09552; Bermuda, APO
N.Y. 09560; Eniwetok, FPO S. F. 96625;
Guam, FPO S.F. 96630, Saipan, FPO S.F.
96636; and Okinawa, FPO S.F. 96670. For
seagoing stations, write in care of the ship’s
radio officer, APO New York 09501; or
FPO San Francisco 96605, for Pacific fleet
stations.

Reports to the RCA Communications sta-
tions usually result in QSLs if sent to either
135 Market St,, San Francisco 94105, or
66 Broad St., New York City 10004.

The forthcoming Apollo 11 mission is a
gigantic, awesome business, but don’t let that
scare you off. Amid all the mind-boggling,
technological marvels, the human element
still persists.

Want proof? One SWL moon tuner over-
heard this Mission Control instruction dur-
ing a recent space flight. . . .

“Move your suit control valve back down
to the first black scribe mark helow the little
red one.” Bet ya never heard that on your
boob toob! n

)

“I'm from the Extraterrestrial law
Enforcement Committee—I'm here to
serve a space-littering warrant!"’

ELEMENTARY ELECTRONICS




Discovering OpAmps

Continued from page 50
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Fig. 7. Getting bi-polar output for OpAmp ctircuitry
may pose problems, but solutions are easier

than you might expect. One is fo foss in a couple

of Zeners: input is single-ended; output, bi-polar.

But with OpAmp design each circuit be-
comes a separate building block that will
mate with any other block—just as toy
blocks can be mated. Let’s assume you build
a front end for a receiver, you know the
desired output voltage and the required
matching impedance. You then select an off-
the-shelf OpAmp for the IF amplifier having
the required input impedance (no matching
problem), add a tuned circuit and a resistor
in the feedback loop to estahlish the circuit’s
resonant frequency and gain, and once again,
before the circuit is built, you know the
output voltage and impedance. For the AF
amplifier you select an OpAmp having the
required impedance, add the correct feed-
back resistor for the desired gain and your
amplifier is complete. This is possible be-
cause an OpAmp can produce either high
or low power out, and a single OpAmp can
provide the entire voltage gain and power
output stages of the AF section of your
receiver.

You can take the same building block
approach with other circuits. Each circuit
function can be designed as a building block,
the entire circuit being achieved when they
are all connected together.

Let’s Experiment. Here’s a useful build-
ing block project you may want to try.
Starting with a Motorola MC1303L stereo
preamplifier, in building block fashion, de-
sign a 4-channel mixer/amplifier in which:
two channels are for mikes, two for magnetic
phono or tape head inputs, and having a
high level output. Try this approach, one
MCI1303L will be used for the two mike
channels, one for the two equalized channels
for magnetic phono pickup or tape head, and
one half of an MCI1303L as the output am-

JuLy-AvucusT, 1969

plifier, with the half remaining as an ampli-
fier for a VU meter or headphone monitor
amplifier. Fig. 6 is a block diagram to get
you started—from there on youTre on your
own. However, because locating a bi-polar
power supply can be an Excedrin headache,
we'll help you out with the power supply.
Bi-Polar or Single-Ended. A bi-polar
supply is, as we have previously discussed,
a power supply that produces an equal volt-
age either side of the center tap or ground,
since the center tap is generally grounded.
Using a power transformer single-ended
secondary, as in Fig, 7, you can provide a
zero voltage point, or phantom-ground by
connecting two Zener diodes across the
rectified output of the supply. The junction
of the two Zcners serves as the ground, or
center tap. The major problem with this
arrangement is that you must select the cor-
rect series resistor and each half of the
supply will be a half-wave rectifier. Also,
this requires a fair amount of filtering,
achieved either through large, expensive
capacitors or a capacity-multiplied transistor
regulator.
+V

+

7
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|
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I 2 o

S
FILTER

©

CAPACI TOR
.V°

Fig. 8. Even cheaper way to achieve bi-polar
output is o combine bridge rectifier with center-
tapped power transformer. Full-wave output is
easy to filter, ideal for mbst OpAmp circuits.

An alternative approach is shown in Fig.
8 above. Using a power transformer having
a split-secondary (center tapped) and a bridge
rectifier. you produce a center-tapped supply
with full-wave rectification on both sides,
which requires much smaller filter capac-
itors.

The more popular power source is a
single-ended power supply having positive
and negative output leads—generally either
side may be grounded. By connecting two
4700-ohm resistors across the supply, the
junction of the resistors hecomes the center
tap (ground) and each side of the supply
will provide output voltages of opposite po-
larity with respect to the center tap or
ground. »
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Camvpus Cons
Continued from page 36

of leading institutions of higher learning
throughout the country. Most of these sta-
tions are licensed by the FCC in the Police
Radio Service, While others turn up in Busi-
ness and Local Government radio services.
The stations marked with an asterisk (*) are
known definitely to be used by campus
police; the others are licensed to the institu-
tions indicated and we can only guess that
they are specifically used for police purposes.

CAMPUS STATIONS THROUGHOUT THE NATION

City Institution Call MHz
Alabama
Univ. Univ. Ala. ..., 33.14
Arizona
Tempe State U. KBY500 155.49*
Tucson Ariz. U K01249 155.25*
K01249 155.67*
KCN226 155.76*
Arkansas
Fayettev. U. Ark. KJG643 27.265
California
Berkeley U. Calif. KMC290-1 155.85*
Los Angeles U. Calif. KMF741 155.79*
Los Angeles usc KLE314 151.775
KDM746 151.805
San Francisco U. Calif. KMJ964 27.235*
KMG226 155.55*
San L. Obispa Caltech KMG999 155.49*
Stanford Stanford U. KCN729 463.25
Connzciicuit
New Haven Yale KB1613 27.470
KFQ950 27.470
District of Columbia
Wash. American U. KJ0579 151.745
Wash. Georgetown U. KJ1224 151.685
Wash. HowardU.  ...... 154.57
Florida
Coral Gables U. Miami KDK833 151.865
Gainesville U. Fla. KIE831 155.37*
N. Tampa S. Fla. U. KCQ233 158.85*
Tallah. fFla. State KIK314 155.2.*
Georgia
Athens U. Ga. KBK849 154.86*
Atlanta Ga. Tech. KBM399 155.58*
. Ga. KLK624 453.05
Augusta Med. Coll. KFN598 154.86*
Statesboro Ga. Southern KJ1426 39.68*
1linois
Chicago Loyola KJT621 27.245
KEWE83 27.265
U. Chicago KAR202 463.95*
u. 1. KSJ236 155.37*
KSJ236 155.43*
DeKalb N. It UL KCW738 155.37*
Evanston Northwestern KES741 151.865
Macomb Wt UL KDN537 155.37*
Normal I1t. State KDN588 155.25*
Indiana
Bloomington Ind. U KSF261 156.21*
Muncie Ball State KJF304 156.21*
Noire Dame Notre Dame KFX482 151.865
W. Lafay. Purdue KSB412 155.37*
KSB412 156.21*
Terre Haute StateU. ... 30.84
lowa
Ames State U. KAJ316 37.10*
KAJ316 37.26*
lowa City State U. KBDS18 37.26*
Kansas
Manhattan State U. 200009 33.14

Orono

Coli. Pk.

Amherst
Boston
Cambridge

Medford

Ann Arbor

Detroit
E. Lansing

Kalamazoo
Ypsilanti

Minn. U.

State Coll.

Columbia

Kirksville
St. Louis

Edison
Princeton
S. Orange

Atbuquerque
Portales

Albany
Cortland
Ithaca
Jamaica
New York

Syracuse

Chapel Hill
Durham

Akron

Bowl. Grn.
Cincinnati
Columbus

Dayton
Kent

Oxford

Toledo
Norman
Stillwater

Phila.

Pitts.
U. Pk.

Kingston

Clemson
Columbia

Knoxville
Memphis

Mzine

U.Me. L
KCP705
Maryland
Md. KDT392
Massachusetts
U. Mass. KGP641
Harvard KDI225
Harvard KGR987
KFN287
MIT KDN774
KIX415
Tufts KGY802
Michigan
U. Mich. KGM529
KBF627
Wayne State KGY776
Stateu.  ......
W.Mich. U, ......
E. Mich.U.  ......
Minnesota
Minneapolis KAD560
KAK250
KAK250
Mississippi
State U. KDI560
Missouri
Mo. Univ. KAL220
KAL220
N. E. Mo. State ~ KGW684
Wash. U. KER296
KGK435
KJF583
New Jersey
Rutgers KGK581
Princeton KDV709
Seton Hall ......
New Mexico
U.N.M. KEY773
E.N.M.U. KFI591
N. M. Stateu.  ......
New York
State U KGJ797
State U KGL747-5
Cornell KEAB55
St. Johns ... ...
City U. K)J588
Coiumbia KFC876
N.Y.U. KFH728
KDY664
Syrac.U. ...,
North Carolina
U.N.C. KLL659
Duke U. KFY347
Ohio
U. Akron KFP450
B. G. State U. KBD554
KBD554
u. Cinn. ...,
State U. KDU588
U. Dayton KFV663
State U. KCN665
KCN665
Miami U. KQF677
KQF677
Oklahoma
U. Totedo KDX528
U.Okla.  ......
State U. KKY795
KKY795
Pennsylvania
U. Pa. KAWS564
KFE659
U. Pitts. KBG533
State U. KGC613
Rhode Island
U.R.I. KGJ780
South Carolina
Clemson U. KFN562
U.s.C. KIR926
Tennessee
Tenn. U. K11872

Memphis State
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42.98
151.625

155.025

37.04*
151.835
151.925

155.19*
155.19*
155.37*

155.73*

35.88
151.775

155.775
155.415*
154,60

42.98
39.98*
39.98*

37.04*
39.90*
156.21*
154.60
30

155.535*
31.00

27.390
155.31*
155.37*
151.955
453.50*

35.06

154.725*
151.835

155.55*
154,86




Texas

Arlington U. Tex. KGi707 155.70*
Austin U. Tex. KLAB3S 155.82*
Coll. Sta. Tex. A& M Kpw211 151.865
Commerce U. Tex. KGT495 37.26
Denton N. Tex. State KET666 35.14
Houston U. Houston KCK493 151.655
Lubbock Tex. Tech. KCW716 154.86*
Waco Connally Tech.  ...... 37.18*
Utah
Provo Brig. Young KGX287 157.62
Virginia
Blacksburg Polytech. KIL348 157.62
Charfotiesv. U. Va. KBK858 39.50*
Richmond Med. Coll. Va. KIK797 154.785*

w,
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Desk Top Project

Continued from page 38

arated from the radio chassis. It should be
mounted in the front of the cabinet so that
it will be roughly midway hetween the radio
dial knob and the high intensity lamp on/off
rotary switch.

Next Comes The Lamp. The transfor-
mer from the high intensity lamp we used
had two mounting brackets fastened to it.
We placed the mounting screw for the pen
holder through the hole in one of these
brackets and used a machine screw to fasten
the other bracket to the wood cabinet.

Finally mount the desk pen holder to the
top of the wood cabinet. The holder is

Vermont
Burlington U. vt. KJP286 155.43*
Washington
Pullman wash. State U.  KCJ652 39.82*
Seattle U. Wash. K0A964 158.73*
Wisconsin
Madison U. Wisc. KLD828 155.19*
KSC327*
Milwaukee U. Wisc. KB1709 155.19*
Wyomin
Laramie U. Wyo. KJP294 1%5.73'
Puerto Rico
Rio Piedras U.P.R. KAS626 155.07*
Lo B TR T I PHATTTEPETEN OE IAOE AH T

normally supplied with a mounting screw
and/or nut. Position may be either left or
right of center, whichever location you pre-
fer, near the rear edge of the cahinet. To
protect the desk top surface either place
tack-type small rubber bumpers or cement
Va-in, squares of felt or sponge rubber to
the bottom of the asscmbled desk unit.

Wiring the Assembly. The only hook-
ing up required for the radio will be connec-
tions to the volume control and switch, the
9-V battery and the speaker. The schematic
diagram details the hook-up for the high
intensity lamp.

The photographs show the placement of
the various components and the handsome
appearance of the finished product. You will
be very proud of this desk unit. =

PQ Minder

Continued from page 65

side the box, two metal clips to provide a
slip-in holder for the magnet assembly. Paint
the mounting clips and magnet assembly the

CP MODULE

[

i~
<

i

RANGER HOLE

3.

METAL PANEL

MOUNTING CLIPS
FOR MAGHET
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same color as the plastic box so that the mag-
net will not be noticeable. Idea here is to
foil any attempt by a passerby to shut off the
flashing lamp, since he will now be unlikely
to see the magnetic switch.

Bore a hole in the metal panel which now
becomes the back of the box, making it easy
to hang the gadget on a nail or hook on the
door. After mounting, wire all components
in accordance with schematic.

B1—Three penlighf cells (Lafayette 9976258 or
equiv.)

C1—25-uF, 6é-volt electrolytic capacitor
fayette 3478429 or equiv.)

|1—Lamp assembly (holder, Lafayette 9976339
or equiv.; bulb, Lafayette 3276621 or equiv.)

Q1, Q2—Part of code practice module

R1—10-0hm, V4 -watt resistor

R2—Part of code practice module

$1—Magnetic proximity switch
3474401 or equiv.)

1—Code practice oscillator {Lafayette 1971513
or equiv.)

1—4 x 21, x 1% in.
9978078 or equiv.)

Misc.—Hardware, wire,
clips, solder, etc.

S "

(La-

(Lafayette ‘

plastic box (Lafayette

aluminum for slide
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Teacher's Assistant

Continued from page 52

program is concerned with the problems
involved in the application of the digital
computer as an aid to teaching. It will in-
clude the assessment, and subsequent devel-
opment where necessary, of input and output
equipment, information storage and retrieval
methods and the system’s programming rc-
quired to make computer-aided teaching
effective at all educational levels.

“It should be clearly understood,” Mr.
Brown says, “that our plans include no work
on curriculum content—that is strictly a
matter for the educational authorities. Like-
wise the evaluation of the system as it
evolves will be undcr the direction of com-
petent educators.”

Efforts will be concentrated on the devel-
opment of terminal equipment and of spe-
cialized computer facilities such as random
access audio and video storage and on the
writing of controi programs. The aim is to
provide a system which cffectively com-
municates with the student and which can be
used easily by the teacher in preparing in-
structional programs and in monitoring and
updating their presentation. Natural lan-

i

John Humphries, engineer, and Martha Symonds,
mathematician, at student terminal. Photo on

screen is slide-confrolled by computer to supple-
ment material provided fo student on typewriter.

guage commands, and not complex com-
puter notations, permit the tcacher to com-
municate easily with the system.
Participation. The research program will
require the active participation of industry
and educators if success is to be achieved.
Initial discussions of cooperative projects
with industry, government and educational
bodies have been encouraging and com-
mittees are being set up to assist in the
guidance of such work in Canada. =

Lafayette Telsat 150

Continued from page 60

available as optional accessories. A pre-
wired rear apron socket permits direct con-
nection of an external selective calling
device.

Operation. The Telsat 150's mode of
operation is established via the CB channel
selector. When the selector is set to the red
dot position the vhf receiver is turned on
and a lamp that illuminates the tuning dial
indicates the vhf mode has been selected.
Control of vhf squelch is independent of the
CB squelch, permitting both squelch levels
to be preset and not disturbed when switch-
ing from CB to vhf operation.

Summing Up. The Telsat 150 is an
outstanding buy for the active CBer, par-
ticularly the CBer involved in REACT or
other emergency team operation. The vhf
receiver sets a new high level of performance
for consumer vh{ equipment, as does the CB

It i i i i i

transmit and receive audio quality. The over-
all CB performance is very good, and we
would suggest the Telsat 150 be given first
consideration when looking for new CB
equipment. For additional information write
to Lafayette Radio, Dept. DK, 111 Jericho
Tpke., Syosset, N. Y. 11791. ]
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FOR BIGGER PROFITS! NEW CAREER OPPORTUNITIES!
READ AND REPLY TO THESE CLASSIFIED ADS

Classified Ads 65¢ per word, each insertion, minimum 10 words,
copy must be

of ELEMENTARY ELECTRONICS,

in our New

payable in advance. To be included in the next available issue
York Office by June 10th. Address orders to C. D. Wilsen,

Manager, Clossified Advertising, ELEMENTARY ELECTRONICS, 229 Park Avenue South, New York, N. Y. 10003.

ADDITIONAL INCOME

GIFTS THAT PLEASE

PERSONAL

MONEY—Eparetime Opportunity Panel-
ists At Home Wanted By New York Re-
searcher. Leading research firm. seeking
people to furnish honest opinions by mail
from home. Pays cash for all opinijons
rendered. Clients' products supplied at no
cost. For Information write: Research 669,
Mineola, N. ¥. 11501. Dept. 633-EE.

MAKE Yaur Classified Ad Pay. Get
“How To Write a Classified Ad That
Pulls.”’ Includes certificate worth $2.00
towards classified ad. Send $1.25 to C. D.
Wilson. Science & Mechanics. 229 Park
Avenue South, New York, N. Y. 10003.

BOOKS & PERIODICALS

SELF-IMPROVEMENT  Books. Free
Descriptive List. Write Crawfords, SM-179.
363 Poppy. Long Beach, Calif. 90805.

CATALOG of all Science & Mechanics
Craftprints. Send 25¢ to cover nostage
to Craftprint Div.. Sclence & Mechanics,
229 Park Ave.. South., New York 10003

BUSINESS OPPORTUNITIES

I MADE $40.000.00 Year by Mailorder!
Helped others make money! Start with
$10.00—Free Proof! Torrey., Box 318-T,
Ypsilanti, Michigan 48197.

FREE Book ‘990 Successful Little-
Known Buslnesses.” Fascinating! wWork
homg! Plymouth 311-G. Brooklyn, N. Y.
11218.

SPEEDBOOKKEEPING! Earn over $500
monthly! Detalls $1.00. Estes. 106 North-
west 79th Street, Miaml, Fia. 33150.

CAMPERS, CAMPING EQUIPMENT
& TENTS

NEW CAMPER STEPS For Pickup
Campers. Free Detalls. Clifford Cofle]t,
Independence. Oregon 97351.

EARTHWORMS

BIG Money Raising Fishworms and
Crickets. Free Literature. Carter Farm-O.
Plains, Georgia 31780.

ELECTRONIC COMPONENTS & KITS

KITS! Celor Light Organ
electronies) $12.95. Plans
shop, Box 393DP. Bethpage.
11714

(3 channel
$1.00. Work-
New York

{ an hour

FREE CATALOG Selected gift items.
Write Kern's, 1002 Alameda. Azusa. Calif.
91702.

CATALOG and $1.00 couvon. 25¢. Ralph
Broown, Box 924-H, Terre Haute. Indiana
47808.

HYPNOTISM

HYPNOTIZE Others—Unnoticed. Quiet-
1y Quickly, Safelv. Instruction $1.25.
.éxlnl%:eirson. 32AC. Randallstown. Maryland

INVENTIONS WANTED

WE elther sell your invention or pay
cash bonus. Write for details. Universal
Inventions, 298-3, Marion, Ohio 43302.

JEWELERS FINDINGS & SUPPLIES

JEWELRY mountings. stones. pearls.
?gﬁ’ other items. Box 127-E. Liberty. Iil.
2,

MAGNETS

MAGNETS. All types. Specials—20 disc
magnets or 2 stick magnets, on 10 small
bar magnets, or 8 assorted magnets, $1.00.
Maryland Magnet Company, 5412-R, Gist,
Baltimore, Md. 21215.

MICRO-TOOLS

MICRO-TOOLS—Set of 3 Tools for
Micro-Electrontcs ~— Complete Set $2.85
Postpaid. Minitool Products, 15076 Dickens
Ave., San Jose, Calif. 95124.

MISCELLANEOUS

ADULT books, magazines. Free illus-
trated catalogue. Clifton’s, Box 1068-MS§,
Saugus, Calif. 91350.

MONEYMAKING OPPORTUNITIES

EASY-To-Start rubber stamp business
at home in spare time. Make up to $16.50
without experience. Facts free.
Write to: Roberts, 1512 Jarvis, Room CR-
107-B. Chicago. Ill. 60626.

FREE! The World's Leading Money-
making Magazine. How and when to earn
Second Income, develop a_ Spare-time

CRYSTALS—1000 KC in HC-6/V Holder | rﬁusiness, get into Profitable Franchising, |

$2.50 postpaid. 4 page catalog available.
Send stamp. Quaker Electronies, Hunlock
Creek, Pennsylvania 18621.

hecome a successful Agent. For your free
copy—write Income Opportunities, 229 |
Park Ave., South, New York, 10003.

ELIMINATE Debts Without Borrowinsg!
Particulars Free. Helper, 10639 Riverside,
No. Hollywood. Calif. 91602.

1000 GUMMED Address Labels $1.00.
Newman, 684-M Queen S.W., Atlanta, Ga.
30310.

RADIO & TELEVISION

THOUSANDS and thousands of types of
electronic parts, tubes, transistors, instru-
ments, ete. Send for Free Catalog. Arc-
turus_Electronics Corp.. EME, 502--22nd
St., Union City, N. J. 07087.

POLICE — Fire — Aircraft — Marine —
Amateur calls on your broadcast radio!
Free catalog, Salch Company, Woodsboro
EE14. Texas 78393.

'DISTANCE Crystal Set Construction’
Handbook — 50¢. “'Coll Winding’’ — 50¢.
Catalog. Laboratories, 12041-G Sheridan,
Garden Growve, Calif. 92640.

AMAZING TV Reception—using Inex-
pensive Materials! Pull in distant stations.
Superior local. midrange reception. New
Booklet tetls how. Satisfaction guaran-
teed. $1.50 Postpaid. Practical Plans, Box
56-A, Killeen, Texas 76541.

KITS Galore! Free catalog subscription.
Alsynco. EE-59, 171 S. Main, Natick,
Massachusetts 01760.

RADIO & TV Tubes 33¢. Free Catalog.
Cornell, 4217 West Unlversity, San Diego,
California 92105.

RECEIVING & INDUSTRIAL TUBES,
TRANSISTORS. All Brands—Biggest Dis-
counts. Technicians. Hobbyists, Experi-
menters—Request Free Glant Catalog and
Save! Zalytron, 469 Jericho Turnpike,
Mineola. N. Y. 11501.

SURVEILLANCE Devices Construction
Plans. Includes: Olive Transmitter. In-
finity Transmitter. Room/Telephone Bugs.
Tailing Devices. Debuggers. Police Radar
Jammer. Send $2.00. Byllna, P.O.
09131, Chicago, Ill. 60609.

TREASURE FINDERS—PROSPECTING
EQUIPMENT

FIND Buried Treasure with the most
popular transistorized metal detector in
the country. Treasure Probe available as
kit ($14.88), assembled (3$18.88), with
powerful built in speaker ($24.88). Sche-
matic, parts list, and step by step in-
structions $1.00. Ten day money back
guarantee. Free catalog available. Treas-
ure Probe, EGPF, P.O. Box 64, Lakewood,
New Jersey 08701.

THERE IS NO CHARGE FOR THE ZIP CODE—PLEASE USE IT IN YOUR CLASSIFIED AD

JuLy-Avcusrt, 1969
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One of our students
wrote this ad!

Harry Remmert decided he
needed more electronics
training to get ahead. He
carefully “‘shopped around’’
for the best training he could
find. His detailed report on why
he chose CIE and how it worked
out makes a better ““ad’’ than
anything we could tell you.
Here's his story, as he wrote it
to us in his own words,

By Harry Remmert

AFTER SEVEN YEARS in my present position, I was made
painfully aware of the fact that I had gotten just about
all the on-the-job training available. When I asked my
supervisor for an inerease in pay, he said, “In what way
are you a more valuable employce now than when you
received your last raise?” Fortunately, I did receive the
raise that time, but I realized that my pay was approach-
ing the maximum for a person with my limited training.
Education was the obvious answer, but I had enrolled
in three different night school courscs over the years and
had not completed any of them. I'd be tired, or want to
do something else on class night, and would miss so many
classes that I’d fall behind, lose interest, and drop out.

The Advantages of Home Study

Therefore, it was easy to decide that home study was the
answer for someone like me, who doesn’t want to be tied
down. With home study there is no schedule. I am the
boss, and I set the pace. There is no cramming for exams
because I decide when I am ready, and only then do I
take the exam. I never miss a point in the lecture because

100

- - e il e
Harry Remmert on the job. An Electronics Technician with a promising
future, he tells his own story on these pages.

it is right there in print for as many re-rcadings as\1 find
necessary. If [ feel tired, stay late at work, or just feel lazy,
I can skip school for a night or two and never fall behind.
The total absence of all pressure helps me to learn more
than I'd be able to grasp if I were just cramming it in to
meet an exam deadline schedule. For me, these points
give home study courses an overwhelming advantage over
scheduled classroom instruction.

Having decided on home study, why did I choose CIE?
I had catalogs from six different schools offering home
study courses. The CIE catalog arrived in lcss than one
week (four days before I received any of the other cata-
logs). This indicated (correctly) that from CIE I could
expect fast service on grades, questions, cte. 1 climinated
those schools which were slow in sending catalogs.

FCC License Warranty Important

The First Class FCC Warranty* was also an attractive
point. I had seen “Q” and “A” manuals for the FCC exams,

*CIE backs its FCC License-preparation enurses with this famous Warranty:
graduates must be able to pass the applicable FCC License exam orf their
tuition will be refunded in full.

ELEMENTARY ELECTRONICS
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and the material hud always scemed just a hule beyond
my grasp. Score another point for CIE.

Another thing is that CIE oftered a complete package:
FCC License and technical school diploma. Completion
time was reasonably short. and 1 could attain something
definite without dragging it out over an interminable num-
ber of vears. Here | elinunated those schools which gave
college credits instead of graduation diplomas. | work in
the R and D department of a large company and it's been
my obscrvation that technical school graduates generall
hold better positions than men with a few college credits.
A college degree 1s one thing, but I'm 32 vears old. and
10 or 15 years of part-time college just isn’t for me. No,
I wanted to graduate in a yeur or two. not just sfari.

If & school offers both resident and correspondence
training. it's my feeling that the correspandence men e
sort of on the outside of things. Because | wianted to be
a full-fledged student instead of just a tagalong. CIE's
exclusively home study program naturally attracted me.

Then. wo. 1Us the men who know their theory who
arc moving ihead where | work. They can read schematics
and understand circuit operation. [ want to be a pood
theory man.

From the forepoing. vou can sec 1 did not sclect CIE
in any haphuzard fashion. 1 knew what I was looking for
and only CIE had all the things | wanted.

Two Pay Raises in Less Thun a Year

Only cleven months after | enrolled with CIE. | passed
the FCC exams for First Class Radiotelephone License
with Radar Endorsement. T had o pay increase even be-
fore 1 got my license and another only ten months Tater.
I'm getting to be known us a theory man around work,
mstead of ene of the screwdriver mechanics.

These are the tangible results. But just as important are
the things I've learned. T am smarter now than | had ever
thought 1 would be. It feels good to know that | know
what 1 know now. Schematics that used to confuse me
completely are now casy for me to read and anterpret.
Yes, itis nice to be smarter. und that's probubly the most
satistying result of my ClE experience.

Praise for Student Service

In closing. I'd like to get in a comphment for Mr. Chet
Martin, whoe has faithtully seen - to 1t that my supervisor
knows I'm studying. 1 think Mr. Murtin's monthly reports
to my supervisor and generally flattering commentary have
been in large part responsible for my pay increases. My,
Martin has given me much more student service than “the
contract calls for,” and 1 certainly owe him a sincere debt
of gratitude.

And finally. there is Mr. Tom Duffy. my instructor. 1
don’t believe I've ever had the individual attention in any
classroom that I've received from Mr. Dulty. He s clear
authoritative, and spared no time or ctlort to answer my
every question, In Mr. Dufty, ['ve received everything ]
could have expected from a full-time private tutor.

I'm very, very satisfied with the whole CIE experience.

ENROLL UNDER NEW G.I. BILL
All CIE courses are available under the new G.I. Bill. !f you
served on active duty since January 31. 1955. or are :n service
now, check box on reply card or coupon for G.1. Bill information.

Every penny 1 spent for my course was returncd many
times over, both in increased wages and i personal satis-
fuction.

Perhaps vou too, like Harry Remmert. have reahized that
to get ahead i Electronies today, you need to know much
more than the “screwdriver mechanies.” They're limited
to “thinking with their hands”™. . fearning by taking things
apart and putting them back together . soldering connee-
tions, testing circuits. and veplacing components. Under-
stundably. their pay s limited—and their future, too.

But lor men like Harry Remmert. who have gotten the
training they need in the tundamentals of Electronics,
there are no such limitations. As “theory men.” they think
with their heads. not their hands. For trained technicians
like this, the future is bright. Thousunds of men are ur-
gentty needed i virtually every field of Electronics, from
two-wiay mobile radio to computer testing and trouble-
shooting. And with this demand. salaries have skyrocketed.
Many technicians carn $8.000, $10,000, $12,000 or more
a year.

Send for Complete Information—FRLF

Muany men who are advancing their Electronics career
started by reading our tumous book. "How To Succeed
In Llectronics.”™ Tt tells of the many clectronics carecrs
open to men with the proper traming. And at tells which
courses ol study best prepare you for the work you want

If you're “shopping around™ for the traimng you need
to move up in Flectronics. this 4d-page book may have
the answers you want. We'll send it to vou FREE. With
it. we'll also include our other helptul book, "How To Get
A Comniercial FCC License”

To pet both FREE books, just fill out und nuil the
bound-in postpid card. It the card 1s missing, send the

coupon below.
CI Cleveland Institute
of Electronics

1776 East 17th Street, Cleveland, Ohio 44114

Accredited membet National Hame Study Cauncil » 1blgcty Tr H

Cleveland Institute of Electronics
1776 East 17th Street, Cleveland. Ohio 44114
Please send me without cost or obligation
1. Your 44-page book "How To Succeed In Elec-
tronics'” describing the job opportunities n
Electronics today. and how your courses can
prepare me for them.
2. Your book on “'How To Get A Commercial FCC
License
| am especially interested in
[Jerectronics [ etectronic
T ¥ c ications
] industrial Electronics
and Automation

[ etectronics

|
|
I
I
COLLEGE- !
LEVEL |
COURSEIN |
ELECTRONICS |
ENGINEERING |
|

|

|

|

|

|

|

}

{

|

[ Broadcast
Engineering

for men with brior ex- First-Class

perience in [lectron- FCC License Engineering
ics. Covers steady-

state and transient Name

network theory, solid etz (TIL

state physics and cir- Address.

Cuitry pulse tech-

niques, computer logic City

and mathematics

through calculus. A State Zip Age

college-level course
for men already work-
ing in Electronics.

[ check here for 6.1. Bill information. EL-15
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BUILD 20 RADIO

with the New Improved
PROGRESSIVE RADIO “EDU-KIT"'®

Pract

Now In:ludes

s 12 RECEIVERS

* 3 TRANSMITTERS

* SQ. WAVE GENERATOR
* SIGNAL TRACER

* AMPLIFIER b 'd SCHO
* SIGNAL INJECTOR .
% CODE OSCILLATOR Y Sold In 79 Countries

YOU DON'T HAVE TO SPEND
HUNDREDS OF DOLLARS FOR A RADIO COURSE

The ''Edu-Mit’* offers you an outstanding PRACTICAL HOME RADIO COURSE at a

rock-bottom price. Our Kit is designed to train Radio & Electronics chnicians, making

he most modern methods o' home tralnlnz You will Ioam radlo theory, construce

and servicing. THIS A COMPLE(E RADIO COU IN EVERY DETAIL.

will learn how to build radlos. usmg regular schematics; how 10 wire and solden

In a protessional manner; how to service radios. You will work with the standard type of
punched metal chassis as wel e latest development of Printed Circuit chassis,

You will learn the bhasic princinies of radio. You wil| construct, study and work with
RF and AF amplifiers and oscillators, dctec(ors. rectihers, test equipment. You will learn
and practice code, using the Progressive Code Osculator‘ You will learn and practice
trouble-shooting, using the Progressive Signal Tracer, Progresslve Sigrial Injector, Pro-
gressive Dynamic Rad & Ejcctronics Tester, Square Wave Generator and the accompany-
ing instructional material.

ou will 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
Osciitator, Signal Tracer and Signal fnjector circuits, and learn how to oPerate them. You
will receive an excellient background for television, Hi-Fi and Electronics.

Absolutely no previous knowledge of radio or science is requir The '‘Edu-Kit'' is
the product of many Years of teacl g and engineering experience. The CEDuU-Kit'T will
provlde You with a basic education in Electronics and Rad:io, worth many times the low

2 The S racer alone rth_more than the orice of the k

THE KIT FOR EVERYONE

You do not neod the slightest background ages and backgrounds have successlully

In radio or s Whether you are Inter- used the ‘*Edu ore than 79 coun-

ested in Radio & Electromcs bocause you tries of the orld. Edu-Kit'? has been

want an intercsting hobby, a well paying carefully deslgned. sten by _ste: t

business or a lol) with a future. you will find you cannot make a mistake. The "Edu Kit'*

the ‘‘Edu-Kit’’ - nvestment. allows You to teach Yourself at your own
Many thousands ot |duals of all rate. No instructor IS necessary.

PROGRESS TEACHING METHOD

The Progressive Radio '‘Edu-KIt’’ is the foremost educational radio n the world,
is umversally accepted as the standard in the licid of electromcs tra:mng. The ‘*Edu-
Kn" s the modern educational principlc of ‘‘Learn by in, T efore you construct,
learn schemahcs. study theory, Practice trouble shooting—all in a closely integrated pro-
gram designed to provide an easily-learned, thorough and |Mer95‘l"z background in rad-o.
ou begin by examining the various radio parts of the ‘‘Ed ou then iearn the
lunchon. theory and wiring of these parts, Then vy g sanIE radio. With this ﬂrst
set you w tening to regular hroadcast stations, learn theory, practice testing
and trouble-shooting. Then You build a morc advanced radio, Icarn more advanced theory
and techniqdues. GraduaIIY. in a progressive manner, and at your own rate. you will
find yourself constructmg more advanced muiti-tube ra clrcults and dolng work like &
Professional Rae nic
ded in the “Edu K “ course are Receiver, Transmntter, Code Oscillator, Signal
Tracer, Square wave Generator and Signal Injector Circ These are not unprofessional
“‘breadboard’’ experiments, but genuine radio circuits, constructed by means of professional
wlrmg and soldermg on metal chassis, plus the new method of radio construction known
‘‘Print. These circuits operate sour reaular AC or DC house current.

THE “EDU-KIT* 1§ COMPL

You will receive all parts and instructions necessary to build twenty different radio and
electronics circuits, each guaranteed to operate. Our Kits contain tubes, tube sockets, vari.
abie, electrolytic, mica, ceramic and paper dielectric condensers, resistors, tie strips,
hardware, tubmg_ punched metal chassis, Instruction Manuals, hook-up wire, solder,
.elnnmm roctifiers. coils, volume controls and switches, etc.

n ition, you receive Printed Circuit materials, including Printed Circuit chassis,
spec, al tube sockets. hardware and instructions. You aiso receive a useful set of tools, a
professional electric soldering iron, and a self-powered Dynamic Radio and Electronics
Tester. The ‘*Edu-Kit'' also incluties Code lastructions and the Progressive Code Osciilator,
in addition te F.C.C. Radio Amateur License training. You will aiso receive lessons for
scrvicing with the Progressive Sign.l Tracer and the Progressive Signal Injector. a High
Fidelity Guide and a Quiz Book. You receive Membership irr Radio-TV Ciub, Free Cansulta-
tion Service, Certificate of Merit and Discount Privileges. You receive all parts, toels,
instructions. etc. Everythino is yours to keeo.

"Edu-Kits'' Inc., 1186 Broadway, Dept. 532 DJ. Hewlett, N. Y. 11557

CIRCUITS AT HOME $2““"

Y% No Knowledge of Radio Necessary
Y No Additional Parts or Tools Needed
“ EXCELLENT BACKGROUND FOR TV

Progressive

Reg. U.S.
' Pat. Off.

Truining Electronics Technicians Since 1946

| FREE_EXTRAS

SOLDERING IRON I

ELECTRONICS TESTER

PLIERS-CUTTERS

VALUABLE DISCOUNT CARD

CERTIFICATE OF MERtT

TESTER INSTRUCTION MANUAL

HIGH FIDELITY GUIDE + QUIZZES

o« TELEVISION BOOK + RADIO
TROUBLE-SHOOTING BOOK

« MEMBERSHIP IN RADIO-TV CLUB:
CONSULTA‘I’ION SERVICE o FCC

| MATEUR LICENSE TRAINING

| - PRNTED CIRCUITRY

.

| SERVICING LESSONS |

You will learn trouble-shooting and
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 Slgnal Tracer. the

i Iniector and the dynamic
Radio & Electronics Tester. While you
are learning in this practical way, you
will be anle to do many a repair lob for
your friends and neighbors, and charge

will far excced the
Kit.’* Our Consultation Service
will help you w.th any technical Prob-
lems you may have

. Stat.
bury, C writes: av
several sets for my friends, and made
money. The ‘'Edu-Kit'’' paid for Itseif. |
was ready to spend $240 for a Course,
hut | 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 duestions and also
the answers for them. | have heen in
Radio for the last seven years, but like

with adio

buitd Radio Testing Equipment. 1 en-

joyed ever ut i

Qifferent kits; the Sienal Tracer works

fine. Also like to let You know that |
roud of becomin€ a member of your

lhat such a bargain can pe had at such
1 price. | have already started re-
irnng radios and phonographs. My
!rlends were really surprised to see me
get into the swing of it s0 auickly. The
ooting Tester that comes with
it realty swell, and finds the
trouble, if there is any to be found.’’

Please rush my Progressive Radio "'Edu-Kit"”’ to me, as indicated below:

I

PRINTED CIRCUITRY { I

Check one hox to indicate choice of model

[l Regutar model $26.95.
[] Deluxe model $31.95 (same as regular model except with superior parts
and tools plus valuable Radio & TV Tube Checker).
Check one box to indicate manner of payment
] 1 enclose full payment. Ship ‘‘Edu-Kit’' post paid.
] I enclose $5 deposit. Ship *‘Edu-Kit"”’ C.0.D. for balance plus postage.
| Send me FREE additional information describing “Edu-Kit.’

Name . -4 - - N

Address

City & State . . I R

PROGRESSIVE “EDU-KITS” INC.
1186 Broadway, Dept. 532 DJ, Hewlett, N. Y. 11557

At no increase in p
now
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 poputar 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
Automation Electronics. A knowledge of this
subject is a necessity today for anyone in-
terested in Electronics.

) ice, the *‘Edu-Kit"”
includes Printed Circuitry. You build

e



