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Important
New

SAMS
Books

IV SERVICING
NADE EASY

Outhoard Motor Service Manuals. 5th Ed.

Step-by-step repair and maintenance in-
formation for specific models in the most
popular U. 8. and foreign makes. Covers
everything from tune-ups to complete
overhauls. Each volume includes a spe-
cial section on design fundamentals and
operating principles. Profusely illus-
trated.

Vol. 1. Motors under 30 H. P.

Order 20791, only. . ... $5.95
Vol. 2. Motors over 30 H. P.

Order 20792, only . .. .. .. .. .. $5.95
2-Volume Set.

Order 20793, 0nly . . . ....... . . $10.50

Snowmobile Service Manual. 4th Ed.

Completely updated to include virtually
all 1969 and a number of 1970 models,
ag well as older machines in operation
today. Covers specific models in 34 pop-
ular makes. Provides detailed instruc-
tions for tune-ups, and for every phase
of repair and maintenance. Includes
comprehensive section on snowmobile
engine design and operating principles.
Order 20825, only .. . . . = . $5.95

TV Servicing Made Easy. 2nd Ed.

by wAYNE LEMONS. Fully updated to cover
the latest advances in TV circuitry, includ-
ing the new transistor and integrated cir-
cuits; also provides new data on tube-type
sets, both black-and-white and color. In-
cludes an entire new chapter on unusual
color TV-circuits. Through the use of basic
equipment and simple test procedures, this
book shows how in-circuit checking helps
diagnose and solve troubles quickly in tube-
type or transistor-type TV receivers, either
monochrome or color.

.$5.25

Order 20811, only. . ..

ABC’s of Short-Wave Listening. 3rd Ed.
by LEN BuCkwALTER. Completely updated
to provide an introduction to the exciting
world of short-wave listening, which in-
cludes international broadcasts, amateur
voice and code operations, police and emer-
gency transmissions, commercial aircraft
and marine communications, and, now, 8ig-
nals from orbiting spacecraft. Describes the
programs available; provides practical ad-
vice on receivers and antennas; explaing

how to get the most out of short-wave
listening. Order 20797, only .$2.95

Boolean Algebra

by BRICE WARD. In order to read computer
logic diagrams or to understand the func-
tions of digital circuit systems, a knowledge
of Boulean algebra is a major requirement.
This book, using a programmed format,
makes it possible to master Bool algebra
without requiring any mathematical back-
ground beyond grade-school algebra. Each
section ends with a test question which en-
bhances understanding. An ideal book for
self-instruction in a booming field.

Order 20817, only. .. . . . ..%$5.50

Novel Experiments With Electricity

by JOHN POTTER SHIELDS. This book clearly
explains the fundamentals of electricity and
magnetism, and introduces the reader to
their fascinating properties through a series
of novel experiments. These range from a
ground telephone and electric arc to a min-
iature lightning generator and synchronous
motor. The applications range from enter-

Tube Substitution Handbook. 14th Ed.

The most complete, up-to-date guide avail-
able to DIRECT tube substitutions. Lists
more than 12,000 direct substitutions in the
following categories: American receiving
tubes; picture tubes: miniature types; in-
dustrial types; communications and special-
purpose tubes; foreign tubes. Inatructions
accompanying each section tell how to make
proper substitutions. Includes valuable
cross-reference between sections showin,
additional substitutes. An indispensable ref-
erence for everyone in electronics.

Order 20829 only . . $1.75

99 Electronic Projects

by HERBERT FRIEDMAN. The projects pre-
sented in this book provide both enjoyment
and personal satisfaction for any electronics
hobbyist. All of the circuits employ solid-
state components of the hobby type, which
are readily available at modest cost. The
projects included are intended for practical
use in the following fields: audio: automo-
tive; home protection; CB, ham, and swl;
musical instrumentation; and more. Each
project offers practical application and a
rewarding building experience.

Order 20818, only . .. .$3.50

P
Nowvel J
EXPEB!‘thENTs }

TERNATIONAL
CODE TRAINING
SYSTEM

o tox
o yosrns RESH
oy rabncecienat Tod

cowpursn rooentl

International Code Training System

by INTERNATIONAL TEACHING SYSTEMS, INC.
Unique text and records/or tape teach code
faster, and with greater speed and accuracy,
than any other method known. Special pro-
grammed charts make it unnecessary to
memorize code characters the old-fashioned
way. Practical exercises help develop send-
ing and receiving speed up to 22 wpm!

With three 33'4 rpm records.

tainment to security. Each experiment is Order 20138, only. . . $7.50
easy to perform; parts costs are minimal. 5 g G e
T'hig is truly a rewarding book for the ex- With pre-recorded tape cassette.
perimenter. Order 20794, only. . ... $3.50 Order 20812, only. . ... .. .. .....%10.95
fm————=- HOWARD W. SAMS & CO., INC.— — — — — — — 1
| Order from your Electronic Parts Distributor, I
[ or mail to Howard W. Sams & Co., Inc., Dept. EE-081 I
| 4300 W. 62nd St., Indianapolis, Ind. 46268 0 20811 OJ 20138 |
| Send books checked at right. $ enclosed (please in- J 20797 [J 20812 I
| clude sales tax where applicable). 1 20829 [J 20791 |
| {3 Send FREE 1971 Sams Book Catalog |
] 20818 [J 20792
| Name I
=" 3 20817 [ 20793
: Aelfesy U 20794 07 20825 :
1
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If reply card
is detached—
send this
coupon today

It tells you more than how much you make, It tells
you how far you've come. And if your paycheck
looks very much the same as it did last year, or the
year before, it simply means that you look very much
the same as you did last year and the year before.

But times change, and you should be changing with
them. Old dull jobs are disappearing. New exciting
ones are being created. There are challenging new
fields that need electronics technicians...new ca-
reers such as computers, automation, television,
space electronics where the work is interesting and
the earnings are greater.

RCA Institutes has one of the nation's largest and
most respected home study schools devoted to
electronics. They can get you started even if you've
had no previous training or experience. RCA Insti-
tutes has developed a faster, easier way for you to
gain the skills and the knowledge you need for a
fascinating, rewarding electronics career. And you
don't have to quit work and go back to school. With
RCA Institutes Home Study Plan you can do both.
You set your own pace depending on your schedule.

Check over these RCA benefits:

e You get Hands-On Training—over 300 experi-
ments and as many as 25 kits with some pro-
grams.

e You get RCA's unique “Autotext” method of
learning—individual programmed instruction, the
easy, faster, simplified way to learn!

e You get the widest choice of electronics courses
and programs—everything from Electronics Fun-
damentals right up to Solid State Technology
and Communications Electronics.

 You get a selection of low-cost tuition plans!

Sounds great, and it is! For complete informa-
tion, without obligation, send in the attached
postage card...or return the coupon below.
That will say a lot about you.

Veterans: Train under new G! Bill. Accredited Mem-
ber National Home Study Council. Licensed by N.Y.
State—courses of study and instructional facilities
approved by the State Education Department.

ﬁ‘ﬂ" Institutes |

Home Study Dept. 246-007-1

4 320 West 31st Street, New York, N.Y. 10001 ﬂ
Please rush me FREE illustrated catalog.
1 understand that | am under no obligation. |
Name . ____Age
{please print) |
Address_.
City State, Zip |
Veterans: Check here O
ELEMENTARY ELECTRONICS fvpl. 11, N 3 blished bi i i ishi
N.Y. 10003. One year subscription ($ix ) %6800 Setond ciase I’;ogtyage paid Qi York,P‘;lb.lvl.S";S%oc;';mi; §t2gadzai:ro:avle'ﬁasi'li:;wofz?:;::

CIRCLE NO. 2 ON PAGE 17

JuLy-AvucusTt, 1971

3

WWW. americanradiohistorv.com


www.americanradiohistory.com

July/August 1971 * Vol. 11 No. 3

glementary

Electronics -

Dedicated to America’s Electronics Hobbyists

AN EXCLUSIVE NEWS REPORT FOR CITIZEN BAND BUFFS
¢ | 31 The Coming of Class E CB—word has it the FCC's going to open yet
another CB band!
BONUS CONSTRUCTION PROJECT
s% | 21 Flash Master—incorrectiy exposed pics shot by strobe are out of sight
OUR LAB REPORTS
47 Audio-Color Organ—dial your musical mood with the EICO Model 3450
Audio-Color Organ
61 Portable Music Center—the summer scene’s not complete without Toyo’s
Model CRH-506 music maker
‘ HOT WIRE HAPPENINGS
24 Hey, Look Me Over—throw your sheckels after these goodies
72 NewScan—all that fits that's news to print
FEATURES FOR THE READER ON THE RUN
36 The Doctor’'s a Computer—a solid-state mama’s dream come true
57 Optacon—touch-and-tell “‘eyes’’ are in the offing for the unsighted
CONSTRUCTION PROJECTS FOR HOME AND SHOP
45 The Beeper—a five buck signal injector that’s great for novice experimenter
and pro technician alike
i 65 Flex Jet VHF Rig—here’s an aero band receiver you strap on your wrist—
or sew into a tie!
69 Magic Mike—whispering thespians give it a four-star rating
FUNNYBONE FOIBLES
26 At the Sound of the Tone—cartoon page
TOWARD A BETTER UNDERSTANDING
39 SSB—single sideband was in Uncle Sam'’s electronic lexicon decades ago—
today every CBer worthy of his ticket is looking at its plusses.
¥¢ { 15 Basic Course—understanding RLC circuits
FROM e/e’s CB DESK
63 Kathi's CB Carousel—Tompkins Radio Products’ Mobilink reviewed
PROJECTS BUILT IN AN EVENING
38 Clip Book Circuits—a strobe flash synchronizer and a BFO for portable radios
WHAT’'S NEW AND DIFFERENT
22 Bookmark—by Bookworm
23 Literature Library—read all about it
DX FEATURES FOR THE SHORTWAVE LISTENER
10 DX Central—are international broadcasters hopping on
the high-power bandwagon?
hig 49 Be Your Own Bandpicker—for the best DX you’'ve ever .".
heard, wind a string around the earth!
REGULAR DEPARTMENTS w
14 Stamp Shack—pure philatronics
17 Reader Service Page—how to Jearn more about the -
products and services you've seen in this issue
56 e/e Etymology—*‘ghost’’ is to grave as ““hilac” is to flower
vCover 74 Ask Hank—our Workshop Editor solves your workshop -
Highlights problems :

AUTHORS IN THIS ISSUE

Cover Photo Helen K. Branson, Len Buckwalter, K10DH, James e,

by Busse, Steve Daniels, WB2GIF, Charles Green, WGFFQ, -‘_'.,
Leonard Jack Herman, Don Jensen, Francois Markette, Jack P\
Heicklen Schmidt, Dick Strippel, and the ELEMENTARY ELEC-
TRONICS’ editorial staff.

ELEMENTARY ELECTRONICS

wWww.americanradiohistorv.com


www.americanradiohistory.com

ALLIED RADIO SHACK ISSUES A

NEW AND DIFFERENT CATALOG!

.avaluable “FIRST EDITION"..and it's FREE!

1000'S OF ITEMS, o or| CHAGO +HO1

100'S OF
EXCLUSIVES!
PREVIEWS OUR COMPLETE

SCIENCE FAIR® AND
KNIGHT-KIT® LINES FOR '72!

950 STORES NATIONWIDE!
EVERYTHING IN THIS BOOK
AVAILABLE FAST & EASY!

First & Only Catalog of its kind . . . The new
Buying Guide for kit builders, hobby|sts Hams |
experimenters, all "do-it-yourselfers” and “fix-it |
men”! Lists 1000’s of handy but hard-to-find T
“little things’ (and lots of not-so-littie things)
most stores don’t stock. Like tubes and transistors. §
cables and plugs, adapters and antennas—you
name it—the pieces and part and accessories
that make equipment keep working after you've
bought it. Or work even better. Or DO MORE. If
you own anything electronic or electrical, you
need this catalog.

A newer, easier way to shop . . . Use this book
at home, unhurried, to find exactly what you need.
Then go to your neighborhood Allied Radio Shack
store and purchase your selections. It's that simple!
Combines the best features of catalog and in-person
shopping. If we don’t have a store near you (unlikely!) §
you may order by mail.

- 2725 West Tth Street
SPECIAL RADIO SHALK Fort Worth, Texas 76107
BUNUS T r— Dept.  EE1

)
|
|
UFFEBS (] Send me your FREE Spring/Summer Cat. 212 :
|
|
|

INCLUDED Apt. No.
Box
State Zipﬂ [ D
e e i A s e e AR
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Now perform spectacular experiments
ithont wires . . . as Nicola Tesla did
. 4go. Generator with coil. ete.,
uansmus extremely high flequency
electromagnetic mdlatlon (miltions of
cycles ner sccnnd)—‘lhrough spacc
Lights fluorescent tube ft. away.
lgnizes gases. performs total of 21 fas-
cnmtmg experiments. Inel. Neon Lamp.
discharge electrode, 2 xad:atlon anlenna

elementary

Electronics

INCLUDING SCIENCE AND ELECTRONICS

;ilat‘e: (‘Eneuloes"x <000 v s G"» Ordel JuIy/AugusI 1971 VOI: 11/N0-

ook 2. 70,301ER $47.75 Ppd [ Dedicated to America’s Electronics Hobbyists
WHAT GOOD IS A DEAD BATTERY? Fditor-in-Chief

No good! So a genius invented tnis JULIAN M. SIENKIEWICZ, WA2CQL

imported portahle (27 x 4 > 1347

Battery Tester whose T ssociate Editor

wires or h'zm attachments, and can be
used for any *‘D'". **C"’ or penlight 1.5
volt cells zmd 9 volt transistor yadm

baltery. Instructions mcluded

Stock 'No. 60.812EK 5.00 I’pd.
MAKE A "BALL"

Anytime there's a balloon the air is

festive. Especially when the -‘air is
hellum. which nakes a balloon Perky
and adventurous. Now here's 25 times
the fun—25 vurious colored balloons of

r 67 dmmeto: wh inflated.
\anh ‘them, a pr 1i (.300 1bs/sq,
in.) can containing 2" Intms of helium

§ to inHate all 25. For adults or kids
parties. giveaways. bazaars or Just

. demouwtra(:n;r ‘lighter  than  air'’,
Heltum # safe non. toxnc mel't gas.

N Stock No. 71.3BGER .$3.00 Ppd.

JUST PRESS . . . AND COLORS "BLOOM"!

Liguid
of color

rystal pressure dise puts world
under vour thumb. Just press
- - and presto—full spectium of colors
magically bloom in  ever changing
shapeless patterns. pressure—
deepe the color. Change viewing angle
—colors change again, The sccret’s the
:ma‘zmg liquid crysix i

IST LOW-COST VACUUM PUMP!

Nothing like it! Top-guality hand held
pump produces & maintaing 25” of
vacuum. Has instant rcl(‘.nse tah 154"
diam. stainless gauge (0 307). 100 s of
uses—siphon  noxious (Is evacuate
bell jars and castings, clean. retrieve,
1ift sterile objects, demonstrate Mag-

deburg hemispheres, bleed fuel lines.
check leaks. etc. Lifts 40 lbs with in-
cluded T Lifter diam. cup)—

cup.
Stock_No. 71 0 TER e -812.00 rpd,
No. 71, SOOEI\ (withotit "a%rzo llﬂe?

, i Umque and fascinating low-cost itemss

ﬁa uwlud( pen to read & write in dark:

world's highest fAlying inflatable kite:

d 125 decal stars that glow; challenging

4 & I\and puzzle: weather instr. that shows

N vind dir., speed. temp. & records rain-

- hll for, week month. ar.
n

$2.25 Ppd.
.8$2.25 Ppd.
.$1.50 Ppa.

52.00 Ppd.
+$2.00 Ppd.

Lonne¥ 1.00p Puz
S0L259EK

No. 60,817EK .
Wea het Gauge No.

Visit Our Factory Retail Store! 5 min, trom N.J. Turn-
nike Exit #3. 15 Min. to Phila. 4.000 Unusual Bargains,
Exclusive Store items. Store Hours—8-5:30.

r by Stock No.—Check or M.0.—Money-Back Guaran(eje

Orde.
EDMUND SCIENTIFIC £0., 300 EDSCORP BLDG., BARRINGTON, 08007
ITE'FOR FREE GIANT CATALOG

148 PAGES!—1000's OF BARGAINS

DMUND SCIENTIFIC CO.. 300 EDSCORP
BUILDING BARR GTON NEW JERSEY 0OB007
Completely new '-d\I on. New items, categories. illus-
trations. Dozens of electrieal and electlomagnetlc parts,
accessories. Enonnou setection of unique hxzminz

itemns, Astr LT

M
Lasers, Lenses, Irnsms Mnnv
obbyists, exper imem,els wOrk.
WRITE FOR CATALOG “EK."

g 300 EDSCORP BLDG.

lars. Magnifiers, Mar el
war surplus items: for
shop. factory

EDMUND

SCIENTIFIC'CO.

_DEDER BY STOCK NUMBER + SEND- CMA

CIRCLE NO. 4 ON PAGE 17

BARRINGTON, NEW JERSEY 08007
O MOMEY; ORDER - MOMEX-BATK GUARANTEE

|
|
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Only RCA Institutes
offers you all
these advantages:

] A broad range
of courses to
help you qualify
for good-paying
jobs in such re-
warding fields as
communications,
color TV servicing,
automation,
nuclear instru-

If you’ve ever thought
about getting into
electronics...

you owe it to yourself to

see what RCA home
training has to offer.

mentatlon, space r————————-————'———————ﬂ

electronics, draft-
ing, computer l
programming.

2 RCA's exclu- I
sive Autotext
training method— |
the easy, faster,
simplified way to
learn electronics
at home.

3 Personal
supervision
throughout your
training.

Over 250

experiments
and up to 22 kits I
In some programsl

— g CEE T Cee W e

This entire fold-over coupon makes a no-postage-required
business-reply envelope. Fill in your name and address
_..then cut out along dotted lines...fold, seal and mail.

RCA INSTITUTES, Inc., Home Study School
320 West 31st St., New York, N. Y. 10001

246-007-9

Please send me free illustrated home study career catalog.

Name Age
(please print)
Address
City State 2ip
{1 Check here if interested in Classroom Training.
[0 Veterans check here
NO STAMP NEEDED

You must seal {Staple, tape or glue) before mailing.

l FOLD HERE DO NOT CUT HERE l

FIRST
CLASS

New York, N.Y.

Permit No. 10662

Easy !
monthly pay |
ment plan. |
6 Over 60 years l
of leadership
in technical
training. I

Recognition I

2

BUSINESS REPLY MAIL

No Postage Necessary if Mailed in United States

from leaders
in the field as an I
RCA Institutes

graduate. I

Veterans can train
under new Gl Bill.
Licensed by the
State of New York. I
Accredited Member
National Home I
Study Council.

Courses available
in Canada too.

JuLy-AvugusT, 1971

Postage;y!i'&be pald by

“c"'lesTuTUTEs

Home: Study Scheol
320 West 31st St.
New York, N.Y. 10001

I 246-007-9

b e L e e e e L
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20" GR-270

18" GR-269

14" GR-169

There’s a Heathkit solid-state color TV to
fit every size and budget need. Think about it.

Consider the choice. Heath offers five different solid-state color
TV's in easy-to-assemble kit form, from the portable 14” GR-169
to the largest screen in the industry, the 25" GR-371MX. All offer
Heath's famous modular plug-in circuit board design that makes
assembly easier. Only two tubes (picture and high voltage rec-
tifier). And Heathkit color TV's are the only sets available at
any price that can be serviced by the owner, without special test

equipment or years of training. The famous Heath manual, com-
bined with the special volt-ohm meter supplied, enables you to
perform every adjustment required. And each set includes the
No-charge 90-day Warranty Service on solid-state modules and
2 year picture tube warranty. Here's the rundown on the Heath
series of solid-state color TV's. Think them over, you'll find one
just right for your own size and budget requirements.

25" GR-371MX . . . the top of the Heath color TV line. Compare
this list-of standard features on the 371MX . . . there isn't another
set available that offers all these extras at no extra cost. Giant
25" Matrix picture tube delivers the biggest, brightest color pic-
ture you'il ever see.. .. 315 sq. in. And pictures don't wrap around
the sides as before. Specially formulated etched-glass face plate
cuts out glare, increases contrast without reducing brightness.

Automatic Fine Tuning delivers perfectly tuned picture and
sound with a push of a button. “instant On' circuitry provides
sound instantly, picture in seconds. Exclusive Heath MOSFET
VHF tuner gives superior reception, even under marginal condi-
tions. VHF Power Tuning is built-in ... a push of a button lets
you scan thru all VHF and one preselected UHF channel. High
resolution circuitry improves picture clarity and adjustable
video peaking lets you select the degree of sharpness you de-
sire. Adjustable tone control . . . adjustable noise limiting and
gated AGC . . . hi-fi sound output . .. 75 & 300 ohm VHF antenna
inputs , , . Automatic Chroma Control — all standard. Plus three
luxurious optional cabinets to choose from: Mediterranean, Early
American or Contemporary. Plenty of reasons to order your new
GR-371MX now.

Kit GR-371MX, (less cabinet), 1251bs. .................. $579.95*

23" GR-370. Actually the GR-371MX with a smaller picture tube.
Features a premium quality bonded face, etched-glass 23" screen
... 295 sq. in. of viewing enjoyment. Includes the same standard

8

high performance features as the 371MX above, except the Matrix
picture tube is a low cost option.

Kit GR-370 (less cabinet) 127 1bs. .........c.coeevunennn.. $539.95*
Kit GR-370MX, as above with Matrix picture tube ....... $549.95*

20” GR-270. In reality, the feature-packed GR-371MX with stand-
ard 20" bonded-face, etched-glass picture tube providing 227
sq. in. of colorful TV viewing. See the GR-371MX above for all the
other standard features. Easily your best buy in a medium
size solid-state color TV, and ideal screen size for smaller
living rooms.

Kit GR-270 (less cabinet), 114 Ibs. .....ovvvevvrannn... $489.95*

18” GR-268 . . . the Heathkit “compact” color TV. Has the same
highly sophisticated modular solid-state circuitry as the GR-
371MX, but modified to accept the popular 180 sq. in. color pic-
ture tube. Features AFT, “Instant On", 3-stage IF, MOSFET VHF
tuner, switch-controlied degaussing . . . all standard.

Kit GR-268, (less cabinet), 100 Ibs. ......c.ovvuurerenn.. $399.95*

14" GR-169 delivers console performance with portable conveni-
ence. Here's the GR-371MX modular circuitry modified slightly
to accept a 14” diagonal picture tube. Features MOSFET VHF
tuner, 3-stage IF, switch-controlled degaussing, complete up-
front secondary controls, built-in VHF & UHF antennas. Hand-
some portable cabinet included.

Kit GR-168,69 lbs. .......0vvvvuennn. 900000 5000000003 ,$349.95*

ELEMENTARY ELECTRONICS
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GD-29

Oven

TO-101 Legato Theater Organ

Microwave

And here are a few of the more than 300 other
Heathkit thoughts for the budget minded:

New Heathkit “Legato” 25-pedal Theater Organ. Now you can
save hundreds of dollars by building this versatile instrument
yourseif. All solid-state design. Features 15 manual voices, 4
pedal voices. 25-note heel & toe pedal board, range 16’ & &
CO to C3. Two 44-note keyboards; accompaniment range &, F1
to C5. Solo manual 1¢/, 8, 4, 2, F1 to C7. Color-Glo key lights
have you playing like a pro in minutes. Two solid-state ampli-
fiers deliver 200 watts peak power . .. one amp for the rotating
2-speed Leslie, one for the two 12" main speakers. Tape record/
playback jack on amp. Bandbox & Playmate accessories avail-
able. Bench included.

Kt Ti02101,5299] |BS: g¢qe armcs€ue mad- - 508 - - seramiand modah it bo $1495*
New Heathkit Microwave Oven ... tomorrow’s cooking revolution
here today in easy-to-build kit form. Exclusive patent pending
Heath double door interlock prevents oven from being turned
on if door is open. Cooks meals in minutes, not hours . . . elimi-
nates dirty pots & pans by cooking on paper, glass, china. Low
profile design fits nearly anywhere. 120 V operation.

Kit GD-29, 97 IDS. ..ottt $399.95*

New Heathkit 5” Solid-State Scope . . . ideal for all general lab

& shop applications. Wide 5 MHz response, 80 nanosecond ris2
time and 30 mV/cm sensitivity make the 10-102 a truly high per-
formance, low cost scope. Convenient switch-selected AC or DC
coupling. Frequency-compensated 3-position attenuator. FET
input provides high input Z (1 megohm) to minimize circuit
loading. Recurrent, automatic sync type sweep provides
5 ranges from 10 Hz to 500 kHz with vernier. External horizontal
and sync inputs. One volt P-P output. New flat face 5” CRT with
removable 6x10 cm ruled graticule. Zener-regulated power sup-
plies give excellent display stability. 120/240 VAC operatios.
Choose easy to assemble kit or factory-wired version.

Kit 10-102, 29 [bS. «.ovvviviviiiiiiiiniin i eaens $119.95*%
Assembled 10W-102, 29 tbs. .........ovvnuenn. 1 - $179:96%
Assembled PKW-101, 1 megohm probe, 1 Ib. ..... AWt o $ 19.95*

New Heathkit Solid-State Frequency Counter . . . delivers highly
accurate measurement from 1 Hz to over 15 MHz. All IC cir-
cuitry for top performance. Automatic trigger level for wide
range input without adjustment. Hz/kHz ranges & overrange
give 8-digit capability. 1 megohm input Z.

Kit TBS181, 7 155 magpon | mrvpuwe jmetainsni o podinednd K $199.95

. N R = FIEATEHRITY
See these and 300 other Heathkit suggestions at one : HEATH COMPANY, De,t‘|39_7 ——— :
of the following Heathkit Electronic Centers: 1 Benton Harbor, Michigan 43022 & ger company |
CALIFGRNIA: Anaheim, 92805, 330 E. Bail Road; EI Cerrito, 94530, 6000 Potrero Avenue; La Mesa, | 1]
92401, 8363 Center Drive: Los Angeles, 30007, 2309 S. Ftower St.; Redwood City, 94063, ‘2001 Mid- 1 [ Enclosed is $. plus [}
diefield Rd.; Woodland Hills, 81364, 22504 Ventura Blvd.; COLORADC: Denver, 80212, 5940 W, 38th §
Ave.; GEDRGIA: At!antaog:)aos 45235 Rosyeell Road, ILLINIJ'{S Chicago, 60645, 346266 W. Devon ! Please send model (s)
Ave.. Downers Grove, 60515, 224 Ogden Ave.; MARYLAND: Rockville, 20852, 5542 Nicholson Lane; ;i 3
MASSACHUSETTS: Wellesley, 02181, 165 Worcester St; MICHIGAN: Detroit 48215, 18645 W, Eighi | UJ Please send FREE Heathkit Catalog
Mile Rd.; MINNESOTA: Hopkins, 55343, 101 Shady Oak Rd.; MISSOURI: St. Louis, 63123, 9296 Gravois ! H
Ave.; NEW JERSEY: Fair Lawn, 07410, 35-07 Broadway (Rte 4); NEW YORK: Jencho L., 11753, ! Name H
15 Jericho Turnpike; New York, 10036, 35 W. 45th Street; OHIO: Cleveland, 44128, 5444 Pear] Rg; !
Woodlawn, 45215, 10133 Springfield Pike; PENNSYLVANIA: Philadelphia, 19143, 6318 Rooseve’lt : Address
Bivd,; Pmshurgn 15235, 3482 William Penn Hwy.; TEXAS: Dallas, 75281, 2715 Ross Avenue; Houston, '
17021, 3705 wesmelmer WASHINGTON: Seatﬂe 98121, 2221 Thlrd Ave WISCONSIN: Mitwaukee, L. .
53216, 5215 W. Fond du La | City State Zip
Reta:l Heathkit Electronic Center prices slightly higher to cover shipping, local stock, consultation | o . i . "
and demonstration facilities. Local service also available whether you purchase locally or by factory | }:;cgls &d specdncatngr;)s s”'b’:ft to change without notice.
mail order. | *Mail order prices; F.0.B. factory. CL410R
| S [y
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DX central

reporting

A world of SWL info!

BY DON JENSEN

W hat's in store for the DXer in the coming
months and years? The answer is easy—higher
powered stations. More and more broadcasters
are opting for potent new transmitters as the
‘KiloWatt War” heats up.

From the SWL’s stundpoint, this power race
is a two-edged sword. The proliferation of hun-
dred and multi-hundred kilowatt stations will
make already noisy and crowded shortwave
bands even more of a bedlam. Bul it may also
mean that many DXers will be adding new sta-
tions and new countries to their logbooks when
these high powered transmitters go on the air.

One of the world’s most popular stations,
Radio Nederland, which already has a relay

oS N e s P AL P L
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station on Bonaire in the West Indies, is build-
ing another on Madagascar. From this Indian
Ocean island just east of Africa, programs pro-
duced in Holland will be relayed to Asia, the
Mid-East and Africa by a pair of 300,000 Watt
transmitters.

This station will begin testing in October.
One frequency to watch for this one will be
17,810 kHz.

This year, too, {srael will activate the first of
two 300 KW shortwave stations, according to
Arie Hauslich, station director. This should
give Israel an overseas service to match its arch
rival, Egypt.

Portugal’s largest private broadcaster, Radio
Clube Portugues, which has becn absent from
shortwave for a couple of years, is expected to
return to the air with a 100 kW station in 1971.
In the past this was a rare European logging;
soon it should be in everyone's log.

Looking a littie further down the road, an-
other international broadcaster that favors the
relay station approach, Germany’s Deutsche
Welle, will construct facilities on the island of
Malta. Don’t look for this one until about 1973,
though.

Reception from the Dark Continent is chang-
ing, too, as more of the emerging African na-
tions are installing new transmitters. Malawi

(Continued on page 12)

 New EICOCRAFT®

ginners, sophisticates

date.
FM Wireless Mike
$9.9%

Remote Control Dimmer
From$2.50 to $14.95

Organ Kit $14.95

New Cortina2 Stereo Kits

Kit 569 95, Wired $109.95

New Automotive Electronics
EICO 889 Solid State

Capacitive !gnitton System X
Boost gas mileage up 10 25%:. s,
fite of points, plugs to

100,000 miles. Kit $29.95,
Wired $39.95

E1CO 888 Sohd State Universal
Engine Anatyzer. Tunes and
trouble-shoots your car/boat

The efectronic science
project kits for be-

educators, 42 kits to Y

- engine, the totally protessiona! Sl
Kiv'549.95. Wired 560,95,
f
%
8 Ne
Eicooratt Kits NEW SOLID STATE
Automotive "LIGHT- TEST INSTRUMENTS

GUARD'"» "VARIVOLT
OC Power Supply «
MOODLITE'" Light
Dlmmer Contro! »
RASPEED’ Motor
Spead Control
LIGHTSHOW" Sound
Lite Translator «
"'SUPER_MOODLITE"

The first and only solid state test
equipment guaranteed for 5 years!

* “ELECTROPLATER"

EICO 240 Solid State FET-TVM Kit
9.95. Wired $79.95

EICO 379 Solid State Sine/Square

Wave Generator

Kit §69.95, Wired $94.50

EICO 242 Sotid State FET-TVOM

Kit $69.95, Wired $94.50.

£1CO 150 Solid State Slgnal Tracer.

Kit $49.95, Wired $69.95

£1C0 330 Sofid State RF Signal Generator
Kit §59.95. Wired $84 50

New "ELECTRIC
FIESTA" Audio-Color

The lowest-priced component quality rt“gh hidelity!

EICO 3780 50-Watt Sllicon Solid St
FET AM-FM Stereo Receiver.
e - Kit $109.95. Wired $169.95
s PSSyt Separate Tuner, 50-Watt Amplifier, each

Express Yoursel]

IN CREATIVE ELECTRONICS
Save up to 50% with £ICO KITS & WIRED EQUIPMENT

New “Treasure Hunter"

Kit finds metals, pipes,

several inches
underground. Locates
iron, steel. tin. gold,

silver, copper, etc

8 Beep pitch

increases as

you near object.

SOUND N’ COLOR
Now see the music you hear!

Calor Organs by EICO transform
sound waves into moving
synchronized color images
Mode!-3450 Giant (30" x 12" x 10”)
4-Channels. Kit $79 95,

Wired $109.95. Others from $19.95
Translators create audio-simulated
g (‘;ghx d,l(smays

it
$24.95, Wired $39.95
New Modet 3477 Cube Strobe
creates white light flashes
tn rhythm with audio
with 3 colored lens filters. $29.95

Eico Model
TH-30.

battery-operated
$29.95.

,' Fill out Reader Service Card for
FREE catalog of 200 best buys o"ered by 2500 loca!
¥ E1CO dealers who give you top brands,
& technical counsel, off-the-shelt service,

= @ EICO Electronic Instrument Co.,inc.
Ao ] f 283 Malta St Biooklyn, N.Y. 11207.
akictestlodl (212) 949-1100

CIRCLE NO. 7 ON PAGE 17

10

ELEMENTARY ELECTRONICS

www.americanradiohistorv.com



www.americanradiohistory.com

o, LOOK AROUND

A ATTHEMEN

Is it "lucky breaks’—or the kind of
training you can get at ICS?

Maybe the men who get ahead are better prepared.
Think about it: .the difference is usually the training of

abilities, plus the confidencé—the simple belief in yourself—-

that has to come almost simuitaneously with the solid de-
. velopment of capacities. .

And this means that you don't /iave to spend the rest of
your life stuck in a rut, watching other men move up, eavy-
ing their position and money and influcnce. You can break
old thinking patterhs now—you can think new!

Training—like the very practical [CS training you get
on your own time at your own speed—tan spark you right
gow, and make a dramatic difference in your success for
the rest of your life.

ICS training has done just exactly this, for thousands
of success-minded men—men like you-who simply got

tired of the rut, and had the initiative to say "let's change
it.” i
o How to do it
Knowledge is the key—specific, directly applicable busi-
ness leadership know-how. This expertise can be learned; it
can be taught—and is taught through ICS business courses.
You learn precisely what you need to know through
these programs at America's best-known, most respected
home study institution. (1CS is the “alma mater” of Amer-
ican Management. A recent survey shows that one out-of
fourteen company presidents is an 1CS man.)

o Learn on your own terms

At IGS you sct the terms—you select the programs you
want, you study on your own schedule in the privacy of
your own home—without the wasted time of commuting to
a class—you move ahead at your own pace, and graduate
when you are ready.

Every step of the way you have the guidance and coun-
sel of your own experienced instructor. You study texts

that are constantly.updated with the most authoritative,

latest information.

You gain a bacﬁg und that many busipess leaders -

cvalua}c as ap extremely useful business education. An
expérlise very much respected in American business. be-
cause §0 many.leaders studied at ICS themselves. Eight
million students have learned "Successmanship™ at 1CS

.

over a period of 80 years—with the result that your ICS
diploma 1s the one rccognized throughout. the business
world!

e Get free facts 3

The facts are free. And if you want to get ahead,
there’s nothing more important you could do today than
to send for them. -

Absolutely nothing could be more important to you—
1o your future, to your family—than to do it foday!

« AN ICS “EXTRA” UNIQUE EXECUTIVE LIBRARY
to all graduates of 1CS Business
Schools Courses. Texts by nation-
ally recognized authorities include
“Marketing Management and the
Computer,” “Effective Training,”
“Advertising Research and Testing™

" —and smany more, vital to the exec-
utive competing in today’s fast-
moving world of the “knowledge
explosion.” *

= ICS, Scranton, Pa. 18515
l C *International Correspondence Schools Canadian residenti:
.. Send coupon to Scrantos.
Division of Intext .« Dur affliste in Canada will reply.
e B B e O R G W N ER

Mall to ICS, Scranton, Pa. 18515 4B058F
Rush me free information the famous 1CS booklet of tips on getting ahead; a sample

I lesson showing how the ICS method works; and catalog for subject checked, below. E
@ Namo_ __ — — — __Age
g g
i Addre =, -, sy ___Apt.___ === !
City. e _State Zip.
i Employed by. i A0 ~ - = !
i Accredited Member National Home Study Council E
O Accounting industrial Purchasing
l O Business Psychology Salesmanship- !
Administration {1 Maneging a Sales Management
O Advestising Retsll Business Personnel-Labor
] Computers O Office Management Relations
{0 Engineering (J Production
! TOEMAMS Management I
(O Other—specify field of interest . . S
l ICS has over 266 carcer-refated courses
31 am a veteran. Telt me how | qoalify for tuition refund under the new Gl Bill.
E Fasy pay-as-you-fearn plans i

N S RES RN BN SR R R BR¢ PR ONE OR R R 2R IR

CIRCLE NO. 8 ON PAGE 11

Jury-Avcusrt, 1971

n

www.americanradiohistorv.com


www.americanradiohistory.com

Get closer to the music
than ever.

Now see the music
vou hear.

The first and only true high fidelity audio-
color organ. No compromises or trick gim-
mickry. Completely solid state, EICO’s Sound
‘N Color 3450 is the only color organ with
4 audio-responsive channels in hues of red,
blue, green and yellow, 4 active filter net-
works for positive audio-to-color discrimina-
tion, and 4 individual sensitivity controls for
maximum creative flexibility by the audio-
phile. Only the 3450 captures every subtlety
of harmony, every nuance of music dynamics
and extends their full beauty
into the limitless riches of
radiant colors . . . to bring
you intimately closer to the
music than ever possible
before.

Place two 3450’s along-
side your speakers. See
them at your nearest EICO
dealer. Write for catalog.
EICO, 283 Malta St.,
B’klyn, N. Y. 11207.

g£/co0

MODEL 3450,
EASY.TO.BUILD KIT, $79.95.
WIRED, S109.95.

“LISTEN IN"T0. POLICE - FIRE RADIO CALLS IN YOUR CAR!

WORKS with ANV CAR-—Portable or HOME
RADIO! Just LUGS in—NoO wiring—3
mmule hookup‘ Switch _instantly  from
ée;.ulnr to_ALL P E-FIRE

" Everyw here—(An:glmci—nlway)s 8! ¥
M and pa O8L-
SEND ONLY S2 00 han 37 99 plus COD ppsté opr send

$9.99 for ;zgd Del m USA COMPLETE, ready to use with in-

strucu ns Year service Warranty—10 DAY MONEY BACK
TRIAL ur lentd\ AMAZING OFFER good only by mail—
WESTE DIO Dept. BE 7, KE EY, NEBR. 68847

CIRCLE NO. 9 ON PAGE 17
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tube
tube "ORDER FREE

IF_NOT SHIPPED
IN LOTS OF 100

IN 24 HOURS!
4219-E - UNIVERSITY AVE, SAN-DIEGO, CALIE 92105
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‘st Send. For 4’5
CORNELL'S
New Color

Catalog
40 Pgs New Items
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[DX Central Reporting

(Continued from page 10)

and Gabon are two that have gone this route
| already.

You can find the Malawi Broadcasting Cor-
poration’s signal on 3,380 kHz., and Radiodif-
fusion Television Gabonaise on 4,777 kHz.
during the late evening hours.

DXers have been turned on by reports out of
Swaziland that the government of this tiny
'African country and the well-known missionary
organization, Trans-World Radio have reached
an agreement on the construction of broad-
casting facilities. It is reliably reported that
TWR will begin this year to build a new station
near the Swazi capital of Mbabane.

And watch, too, for interesting shortwave de-
velopments in another African nation, Uganda.

Finally, though still in the rumor stage, there
are reports that shortwave outlets, though prob-
!ably not of the high power variety, are in the
| works In such remote corners of the world as
| the Kingdom of Bhutan and the Faroe Islands.

Tip Topper. Tuke one of Africa’s rarest sta-
tions, tack a few hours onto its daily broadcast
schedule, and what do you have? This month's
tip topper, that’s what!

Radio Gambia, located at Bathurst, capital of
Gambia, a wedge-like enclave on Africa’s West
Coast, began shortwave broadcasting back in
1962. For over eight years it was one of the
rarest catches from Africa. It’s problem was its
schedule. It signed oft too early and few North
American DXers were able to hear it, since
rarely does the 60-meter band “open” before the
station left the air at 2030 GMT. Adding to the
problem, a stronger Angolan station occupied
the same frequency and time.

Recently, though, Radio Gambia added a
“morning” transmission to its schedule. And
though still plagued by QRM (interference),
propagational conditions are more favorable
and quite a few listeners are reporting it now.

Try for Radio Gambia at sign on time, 0630
'GMT. Preceding the opening announcements,
which are in English, youw’ll hear the station's
unusual tuning signal played on the cora, a na-
tive instrument. After the announcements, the
program swings right into Islamic chanting of
the sort you'd expect to hear from a North
African or Middle Eastern broadcaster.

Bandsweep. Frequencies in kHz, all times
GMT: 1540—East Coasters may find their first
foreign medium wave catch, other than Canada,
Mexico or Cuba, in ZNS1, the Voice of the
Bahamas, just after local sunset 4,035
—Obtaining station data through the Bamboo
Curtain is ultra tough, but it is generally be-
lieved that the Chinese speaking station noted
around 1100 is located at Lhasa, Tibet
5,060—QSL collectors attention! Aden, or the
People’s Republic of Southern Yemen as it's
known these days, has finally begun to answer
SWL reports. Look for it on the air around

ELEMENTARY ELECTRONICS
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0400 ... .. 6,045—La Voz del Baru is believed
to be the only Panamanian shortwaver now
active. Not an easy catch, but try early in the
morning. say around 1030, and see what you
hear . . . . . 9,660—Here's one for the in-
experienced listener looking for a Venezuelan
logging. Radio Rumbos is easy (o identify,
despite its all-Spanish programming, during
much of the evening . . . . . 11,910—ETLF,
Ruadio Voice of the Gospel in Addis Ababa.
Ethiopia. is doing nicely, thank you, around
2000. Programming is in English . . . .. 11.950
—And not far away on the dial is another
religious station, ELWA, Monrovia, Liberia. Its
gospel broadcasts are audible around 0615
. 15,165—Though Radio Denmark
dropped its English language service some time
ago, you can still catch a quicky station identi-
fication in our lingo at 1230.

(Credits: Larry Magne, Pennsylvania: Dan
Ferguson, Florida; Duane Gettings. Ohio; Ira
Wagner, N.Y.; Dan Romanchik, Michigan; Na-
tional Radio Club, Box 99, Cambridge, Massa-
chusetts; North American SW Association, Box
989, Altoona, Pennsylvania)

Backtalk. Paul Gunn, an Aurora, Ill., reader,
asks, “Have you any information on a station in
Lithuania? I've heard it on about 9.8 MHz, at
2245. The city was announced, but I couldn’t
understand it

What you heard, Paul, was Radio Vilnius.
This program, in English and Lithuanian, is re-
corded in Lithuania and is broadcast twice a
week, Fridays and Sundays at 2230 GMT, by

various Russian transmitters. The broadcast you |

heard on 9,800 kHz was from a station at
Kazan, USSR.

One of the hottest spots for real DX these
days is the 60-meter band. the frequencies
around 5 MHz. Members of the North Ameri-
can Short Wave Association recently received a
listing of 60-meter band stations compiled by
loggings editor, Dan Ferguson. Now, according
to Dan, this useful log has been made available
to non-members. You can get a copy for one
buck., by writing Dan at P.O. Box 8443, Coral
Gables, Fla.

Canadian Graham Fleck of Victoria, B.C.,
sends a list of some of his recent loggings, in-
cluding Radio Japan. Graham reports hearing
the Tokyo station on 9,505 kHz at 1700 GMT,
on 9.670 kHz at 1430 GMT, and on 11,705
kHz at 2300 GMT.

Morrie Goldman tells of a mysterious sta- |

tion he heard on about 8,995 kHz several days
before the launching of the Apollo 14 moon
shot. Around 0500 he logged the single side-
band signal, in Russian. The Chicago listener
said the transmission consisted of a series of
repeated words.

A spy station? Signals from one of those Red
trawlers that prowl our coasts, and not just for

(Continued on page 100)
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NEW WIRE
STRIPPER-CUTTERS

| 3 MODELS TO CHOOSE FROM: Made in USA to
highest quality standards, these tools cleanly strip
and cut all commonly used solid and stranded
insulated wire.

Features include adjustable screw stop or unique,

patented cam for adaptation to different wire sizes.

Self-opening handles have slip ring or thumb-

operated catch to keep them closed in tool box.

Blades are hardened and ground, cut with a smooth

sGhearing action. Handles have comfortabte Cushion
rips.

nationwide availability through
local distributors

| = al
| |
| XCELITE, INC., 1
| 80 BANK ST., ORCHARD PARK, N.Y. 14127 |
| Send descriptive information on Xcelite |
] | Wire Strippers and Cutters. |
{ | name. l
‘ | address :
| Lcitv state & zip. J
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Philatronics Today!

BY ERNEST A. KEHR

@®® [t may come as a distinct surprise to Ameri-
cans, but little Belgium is the only nation in
the world that offers its citizens completely au-
tomatic telephone service to any part of the
world. The astonishing fact was marked by the
release of a multi-colored 1V2-franc stamp that
was released on Jan. 18. Designed by Ets. J.
Malvaux, it simply shows a handset telephone
against a background of concentric lines spread-
ing from it to the stamp’s borders to symbolize
limitless communications facilities.

® With some 10 million inhabitants, Belgium is
one of the most densely populated countries on
earth, and because of their extremely high level
of education and business acumen, it’s not at all
surprising that demands for telephones has risen
from 350,000 to 1.3 million in the last twenty-
five years.

@ Direct dialing service was initiated in 1922,
and within two years, extended to other city
central offices. By 1930, when a distinct tele-
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phone administration was established, Belgium
had dialing service in operation in 23 cities
and four domestic networks which required no
human operators to make inter-urban calls.

® Like telephone companies in other lands,
Belgium’s government-operated facilities found
itself overwhelmed with service demands fol-
lowing World War 1II. Local calls reached the
billion mark; there are upwards of 250 million
interurban calls and more than 40 million in-
ternational calls annually. That’s enough o tax
any equipment.

® The invention and development of auto-
mated, electronically controlled telephone
equipment was seen as the only solution and as
soon as it was made available, Belgium appro-
priated vast sums to purchase the machinery.
By February, 1967 interurban service was

_ O 00O

completely automatic. Belgians could pick up
any telephone in the land (including public
pay stations) and reach any other telephone in
Belgium without calling upon operator assis-
tance.

@® Automatization is so complete that pay sta-
tion telephones will complete a call just as soon
as the correct number of coins are deposited:
even making the distinction between day, night
and holiday rates, and indicating when over-
time fees must be dropped into the slots—all
without a human ever having to be necessary!

® Following the domestic automatization, Bel-
gium’s telephone service was linked with other
European networks through the European Con-
ference of Posts and Telecommunications. On
Oct. 8, 1970, work was completed on the inter-
national facilities, and today any Belgian tele-
phone can automatically complete a long-
distance call to any place on earth that has
telephones, whether it be next-door Holland or
Honshu, half a world away.

@@ Skipping from telephones to another form
of rapid communications, Portugal commemo-
rated, on Nov. 21, last year, the first submarine
cable which linked it a century ago to England,
with four multi-color stamps.

@® Two of the stamps, designed by Duarte Nuno
Simoes, (1 and 24 escudo) show the “Secan-
deria” laying the under-water cable, while the
other two (2.80 and 4 escudo) show a close-up
of the heavily insulated cable circuits. On
the day of issue Portugal also distributed spe-
cial first-day envelopes imprinted with a pic-
torial design showing a cable end, the rugged
coast at Carcavelos, near Lisbon, where the first
Portuguese terminal was built and put into op-
eration on June 8, 1870.

@ Within two years after the first trans-Atlantic
cable was finally laid for successful transmission
of messages between the United States and
Britain, John Pender, an English textile mag-

(Continued on page 16)

I'™m SITTING ON
THE CABLEVISION
WIRE OF LAUGH-IN.
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If we knew you

were commg,wcd have
filled out your form.

And youd

guarantecd
car.

WY hen we know you're
coming, we guarantee
you a car and get you
to that car the fastest
way possible. That
means most of the time-
consuming paper work
that used to be done

Jury-Avcusrt, 1971

NATIONAL
SAR RENTAL
TRAVEILNMAX

at the counter is filled |
out in advance.

We call this new res-
ervation service lravel-
max. You just call Na-

tional: 800-328-4567,
toll free. Call anytime,
from any p|ace, to guar-
antee a car anywhere.
We always know
where every one of our
cars is, thanks to Max,

www.americanradiohistorv.com

our computer. So
when we tell you a
car is going to be
there,youknow it's
going to be there.

Rlde with us and
benumber 1

Itba,%nmxﬁcwk«?!

NAT/ONAL
CAR RENTAL

o Guaranteed; computerized
reservations.

® 2400°U.S. and intemational
locations. (Tilden-Rent-A-Car
in Canada)

¢ S8&H Green Stamps.

o We feature' GM cars: Chevrolet,
Pontiac ‘Oldsmobile, Buick
and Cadillac.

® 800-328- 4567__(0"_ free.
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STAMP SHACK 0 0 0

(Continued from page 14)
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nate, established the British India Submarine
Telegraph Company, Ltd., to lay a cable from
Bombay to Suez. The Anglo-American Tele-
graph Company had already linked Alexandria
to Malta.

Work began on the manufacture of the com-
plicated, reinforced and insulated wire. By Nov.
1869—just weeks after construction of the Suez
Canal was completed by Ferdinand de Lesseps
—the “Great Eastern” and “Chiltern” left Port-
land with some 2,600 miles of cable for the job
of laying it between Bombay and Suez, via
Aden. The “Hibernia” and “William Cory” left
later, sailing to Aden. Subsequently, the four
ships dropped their cargo to the ocean floor at
different points, but simultaneously. At the
same time, the Suez to Alexandria link was put
down on Egyptian soil. When that work was
done, messages could be sent all the way to
Malta. It now remained for the Malta-Britain
link to be finished. On May 14, 1870, the ships,
“Scanderia,” “Edinburgh” and “Hibernia” laid
the last 3,300 miles of cable, using Carcavelos
as a base between Gibraltar and England. The
final splice here was made on June 8.
® Atlthough this cable has been subjected to
more than a century of wear and tear under the
oceans and have been supplemented by much
more modern and sophisticated submarine wir-
ing, maintenance of it since 1870, has kept it in
good working order. Since then Portugal has
established its own cable links to territories in
Africa; the land has been connected with exist-
ing cable networks of other nations so today
there is no spot on earth which has such facil-
ities is beyond the reach of Portuguese citizens.

@® What's New? In response to our contest of-
fered a few months ago, several dozen readers
wrote letters telling why they would like to own
one of the H. E. Harris Company “Stateman”
albums, probably the best of publications to

properly house postage stamps of the world.
The letters came from all parts of the country;
from collectors of all ages—nine to 77! All
were interesting and worthy so the final selec-
tion became particularly difficult and required
considerable deliberation. Winner of the album
is Yin L. Shih of Howard Beach, N.Y. As was
promised, each person who also submitted a
stamped, self-addressed envelope with his let-
ter received an assorment of foreign postage
stamps.

Something new in stamp collecting is a service
offered by the Martin Stamp Company. World-
wide collectors often specialize in some areas,
but never the entire world—just too costly.
Thus, many pages in their worldwide albums
are blank—Ilean at best. Now, each month, the
worldwide collector can receive a packet of
stamps from a single country from some re-
mote area of the world. Month after month,
his collection will begin to perk up as blank
portions of his album are filled quickly. Get
the complete details by writing to the Martin
Stamp Company, P.O. Box 122C, Brooklyn
NY 11223. Do it today!

Collectors living near, or planning to be in
New York next winter, will do well to mark
their calendar as one of the most outstanding
stamp shows of all time will be held at the
Waldorf-Astoria Hotel from Nov. 26 to Dec. 1.
Intended to commemorate the 75th anniversary
of the Collectors Club, one of the world’s two
most distinguished philatelic organizations, it
will include examples of all the “aristocrats” of
stampdom which are owned by members.
Among the treasures are the unique British
Guiana one-cent of 1856, which was sold last
year for $280,000; the Post Office Mauritius
cover, which brought $380,000 at auction a lit-
tle while earlier, a block of the United States
air-mail stamps with inverted center and similar
priceless gems. u

&
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READER
SERVICE PAGE

¢ The Editor of ELEMENTARY ELEC-
TRONICS offers readers an easy way to get

additional information about products and
serviees advertised in this issue. Also, if you
would like more information about any new
product mentioned in our column “Hey,
Look Me Over,” it's yohrs for the asking.
Just follow the instructions below and the

material you requested will be sent to you

’

promptly and at no cost.

@ The coupon below is designed for your canven-
iehce:Just circle the numbers that appear next to
the advertisement or editorial mention that inter-
ests you. Then, caréfully print your name and ad-
) dreés on the coupon. Cut out the coupon and mail
to ELEMENTARY ELECTRONICS, Box 886, Ansonia
Station, New York N Y 10023. Do it today!
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Let Bell & Howell Schools
help you get ready fora
rewarding Color TV
Service Business

Ultra-rectangular,

25" diagonal with

full 315 sq. inch
screen. Lets you

view more of the
transmitted image.
25,000 volts. 45
transistors, 55 diodes,
4 advanced IC’s.
3-stage solid-state IF.
Solid-state VHF, UHF
tuners. Automatic fine
tuning and many other
quality features.

BUILD, KEEP, USE ALL FOUR OF
THESE PRECISION QUALITY KITS

INCLUDES —

18

Design Console with built-
in power supply, test light,
~ and speaker. Plus patented
plug-in Modular Connectors.

 FREE! MAIL CARD TODAY FOR ALL THE FACTS >

of Your Own

- {315 sq. in.)

BUILD, KEEP

THIS FAMOUS NAME
25" DIAGONAL SOLID-STATE
COLOR TV KIT

INCLUDES —

Portable 5-inch, wide-band
oscilloscope calibrated for
peak-to-peak voltage and
time measuremehts.

No Postage Needed

www.americanradiohistorv.com

1 INCLUDES—

i # Transistorized Meter
i cambines most

desied features of

¢ vacuum-tube voit-
{ metar and quality
.| muktimeter. Meas-

. ures-very small
© current values,
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YOU'LL BE READY FOR COLOR TV...
B&W AND MOST HOME ENTERTAINMENT

ELECTRONICS DEVICES

This exciting new program offers you the first
315-sq. inch Solid-State Color TV available for
at-home training.

As you follow the simple, step-by-step assembly
procedures, you become thoroughly familiar
with the most advanced solid-state TV cir-
cuitry. And as you build this kit you’ll prepare
yourself for a profitable Color TV service busi-
ness of your own—either full or part time.

Why Color TV pays better.

Today, Color TV is the big seller. As Color
Television goes completely solid-state, the man
who has mastered this type of circuitry will be
in demand. Obviously, this is where the money
is going to be made.

This new Bell & Howell Schools program will
also give you an in-depth knowledge of the
basics as well as TV circuit theory and analysis.
You’ll get the theory and practical experience
.you need to handle radios, hi-fis, stereos, and
tape recorders.

You will also receive three precision quality in-
strument kits which you assemble and keep.
These are highly sensitive professional instru-
ments which you’ll use constantly.

EXCLUSIVE ELECTRO-LAB®
IS YOURS TO KEEP, USE

This unique at-home laboratory comes to you
in 16 shipments and includes a remarkably
instructive design console. You can rapidly
“breadboard’ a great variety of circuits without
soldering.. The Oscilloscope offers 3-way jacks
to handle test leads, wires, plugs. Images on
screen are bright, sharp. Your Transistorized
Meter is fully portable, features a sensitive,
4-inch, jewel-bearing d’Arsonval meter move-
ment. It registers the slightest power surge or
lag on a large, easily read dial.

CONSIDER THESE ADVANTAGES:

Bell & Howell Schools’ Electro-Lab-at-Home
Plan gives you the most thorough background
possible in solid-state Color TV. Everything

Note: TV picture is simulated.

comes to you by mail and you go at your own
speed. You’ll be prepared not only for a service
business of your own but for many positions in
the Electronics and Television industries. All
without missing a paycheck!

When you have completed your program our
Lifetime National Employment Service will
help you locate in an area that interests you.
This service is available at any time-—now or
in the future.

Approved for G.l. Benefits

Our programs are approved for Veterans’ Bene-
fits. If you’re a Vet, check the space in the card
at left for full details.

Student Loans now available

If you are a non-veteran and need financial
assistance, you may qualify for a student loan.
‘This may enable you.to learn now ... and to
repay later.

Special Help Sessions. These arescheduled
regularly (Saturdays) at seven Bell & Howell
Schools and in many other cities. Here you can
get expert guidance by top instructors to help
you over the rough spots.

Bell & Howell Schools offer you even more.
Once you have finished your program at home,
you may decide you want more advanced prep-
aration. In this case, you may transfer to any
one of our seven schools which are located all
across the country.

Mail the postage-free card today for all the
facts. There is no cost or obligation of any kind.

BELL & HoOWwELL
SCHOOLS

4141 Belmont, Chicago, Illinois 60641

FREE! MAIL CARD TODAY FOR ALL THE FACTS
No Postage Needed

321
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BY BOOKWORM

If you're active in electronics it’s a sure bet
you've built some of Herb Friedman’s projects.
In his thousands of published articles he’s al-
ways tried 10 use components the experimenter
can get withoul too much difficulty. In 99 Elec-
tronic Projects he’s packed in a wide assortment
of inexpensive projects, most of which can be
built right out of the junk box or for less than
$10. The book contains sixteen project groups,
from audio amplifiers, to remote controls, to
test equipment; well, you name it and it’s in
the book.

Whether your interests lie in Ham radio, CB,
auto repair, photography, audio or just general
experimentation, you’ll find several projects to

Soft cover
128 pages
$3.50

Circle No. 38
on Page 17

whet your interest. If you're not an experi-
enced electronic hobbyist, building these proj-
ects will introduce you to many of the new
solid-state devices such as solar cells, silicon
controlled rectifiers, triacs, zener diodes and,
of course, the transistor.

Unlike other project “cookbooks” with com-
ponents dating back to the stone age, 99 Elec-
tronic Projects uses the latest solid-state de-
vices, which are readily available from your
local distributor or the major mail order houses.
You'll not find a single 2N107 project that
indicates a five to ten-year-old project. Also,
you’re not left hanging in the air about such
things as heat sinks, wiring techniques, crystal
types or calibration. Herb’s anticipated most
of your problems and every project contains all
the oddball information you’ll need to get it
working right. He’s even included an introduc-
tion on how to save a buck when buying com-
ponents. Don’t expect commercial-grade per-
formance from most of the projects; just a lot
of fun and useful devices like a professional

type home burglar alarm. Published by Howard
W. Sams & Co., Inc.

A How-To Math Book. Beginning with a broad
review of basic mathematics, arithmetic, alge-
bra, geometry, trigonometry, and calculus, The
Handbook of Applied Mathematics covers in
full the methods and calculations in building
construction and mathematical shop work, to-
gether with the techniques and methods of pro-

e s Hard cover
EZr
“ -APPLIED
MATHEMATICS
e
& Circle No. 39
iSOk AR e, on Page 17

cedure. It also includes the most widely used
calculations in business mathematics. Among
the new features of the Fourth Edition are dis-
cussions of the recent advances in building con-
struction, including double pane and triple pane
glass for picture windows, plate glass for win-
dows and shower stalls; new methods of build-
ing block construction; new insulating materi-
als especially foamed plastic; the new hubless
soil pipe; and the new methods of electrical
wiring with flexible conductors. The section on
Electronics has been fully revised to include
transistors and their circuits as they are used
in the new types of radio sets, television sets
(both black-and-white and color), and high
fidelity and stereophonic music systems. The
new treatment of business calculations includes
the latest data on income and withholding
taxes, automobile insurance, and an entirely
new chapter on Accounting for Small Busi-
nesses. Published by Van Nostrand Company,
Inc.

Hush Puppies of Ham Radio. The great expense
to which many radio amateurs have gone to
operate Ham radio stations has brought consid-
erable criticism to the art. Now, a formerly
unpopular Ham operation, QRP, has become
one of the fastest growing trends largely be-
cause it means a return to “‘home brewing”, and
economical operation. Solid-State QRP Projects
by Edward M. Noll, W3FQJ encourage this
activity which already has sprouted into a
world-wide chain of clubs and networks. The
topics covered here are, for the most part,
QRP projects—another way of saying amateur
operations with very, very, little power. The
units covered have power ratings from less than
100 milliwatts up to about 20 watts. A variety
of solid-state oscillators, both crystal-controlled

(Continied on page 97)

ELEMENTARY ELECTRONICS

www.americanradiohistorv.com


www.americanradiohistory.com

1. Edmund Scientific’s new catalog
contains over 4000 products that
embrace many sciences and fields.

2. Bargains galore, that's what’s in
store! Poly-Paks Co. will send you
their latest 8-page flyer.

3. Custom Alarms reveals how in-
expensive professional atarms can
really be. Install one yourself. Cir-
cle 3 for exclusive catalog.

4. Get it now! John Meshna, Jr.'s
new 96-page catalog is jam packed
with surplus buys.

5. Troubleshooting without test
gear? Get with it—let Accurate In-
strument clue you in on some great
buys for your test bench.

6. Burstein-Applebee offers a new
giant catalog containing 100s of big
pages crammed with savings.

7. Now_available from EDI (Elec-
tronic Distributors, Inc.): a catalog
containing hundreds of electronic
items.

8. Pick Cornell's Electronics’ 10th
anni. catalog and discover yester-
day prices. Tubes go for 36¢ and
33¢. Plus many other goodies!

9. Allied Radio Shack wants to in-
troduce you to the colorful world of
electronics. Discover great buys
from wide selections. Get the de-
tails from Allied today!

10. It's just off the press—Lafay-
ette’s all-new 1971 illustrated cata-
log packed with CB gear, hi-fi
components, test equipment, tools,
ham rigs, and more—get your free
copy!

11. Get all the facts on Progressive
Edu-Kits Home Radio Course. Build
20 radios and electronic circuits;
parts, tools, and instructions in-
cluded.

12. Olson’s catalog is a multi-col-
ored newspaper that's packed with
more bargains than a phone book
has names.

4
1
1
1
1
1

LITERATURE
LIBRARY

13. Take it off (insulation, that is)
neatly and quickly with Xcelite Wire
Stripper-Cutters. Discover three
models, adjustable for all commonly
used solid and stranded wires.

14. Before you build from scratch,
check the Fair Radio Sales latest
catalog for surplus gear.

15. Here's a free 20-page booklet
that tells you how to improve your
TV pic and a do-it-yourself approach
to installing a Master Antenna TV
(MATV) system. Mosley Electronics
will wing it your way.

16. RCA Experimenter's Kits for
hobbyists, hams, technicians and
students are the answer for suc-
cessful and enjoyable projects.

17. B&F Enterprizes has an inter-
esting catalog you'd enjoy scan-
ning. Goodies like geiger counters,
logic cards, kits, lenses, etc. pack
it. Get a copy!

18. Heath's new 1971 full-color
catalog is a shopper's dream. Its
116 pages are chock full of gadgets
and goodies everyone would want
to own.

19. Get two free books—‘How to
Get a Commercial FCC License’
and “How to Succeed in Electron-
ics”—from Cleveland Institute of
Electronics.

20. National Schools will help you
learn all about color TV as you
assemble their 25-in. color TV kit.

21. Bone up on CB with the latest
Sams books. Titles range from
““ABC's of CB Radio” to ‘99 Ways
to iImprove your CB Radio.”

22. You can become an electrical
engineer only if you take the first
step. Let ICS send you their free
illustrated catalog describing 17
special programs.

23. For success in communica-
tions, broadcasting and electronics,
get First Class FCC license. Grant-
ham School of Electronics will show
you how.

24. CB antenna catalog by Ap;
tenna Specialists makes the pickin
easy. Get your copy today!

25. Kit builder? Like wired prod-
ucts? EICO's 1971 catalog takes
care of both breeds of buyers at
prices you will like

26. Want some groovey PC boards
plus parts for communication proj-
ects? Then get a hold of Interna-
tional Crystal’s complete catalog.

27. H. H. Scott has a parcel of
pamphlets describing their entire
1971 line of quality hi-fi products.
They have Scottkits, too!

28. CBers, Hams, SWLs—get your
copy of World's Radio Lab’s 1971
catalog. Circle 28 now!

29. Hy-Gain's new CB antenna cat-
alog is packed full of useful in-
formation. Get a copy.

30. Get your copy of Hallicrafters’
“Shortwave Puts You Where It's
At."” Get started today on shortwave
radio for more fun tomorrow!

31. Want a deluxe CB base sta-
tion? Then get the specs on Tram’s
super CB regs.

32. Get the scoop on
Tronics’ Versa-Tenna with
magnetic mounting.

Versa-
instant

33. Prepare for tomorrow _by
studying at home with Technical
Training International. Get the facts
on how to step up in your job.

34, Pep-up your CB rig's _perform:
ance with Turner’s M+2 mobile
microphone.

35. CBers, Midland has come up
with a neat colorful brochure on
their line. Before you buy, check
on Midland.

I

I
T ELEMENTARY ELECTRONICS '
1 Box 886 1 2 3 4 5 6 7 8 9 10 1
i Ansonia Station
s New York, N.Y. 10023 11 12 13 14 15 16 }7 18 19 20 g
P . T 21 22 23 24 25 26 27 28 29 30 1

ease arrange to have this lit- :
1 erature whose numbers | have S J
g circled at right sent to me as . '
g soon as possible. | am enclos- D Indicate total number of booklets requested 1
1 ing 25¢ to cover handling. (No Sorry, only 20 circled items maximum. |
. stamps, please.) 1
1 NAME :
: ADDRESS '
1 CITY :
]
" STATE ZIP 1
1 Not Valid After October 31, 1971 0
'--------------------------------------J
JuLy-AvucGusT, 1971

WWW. americanradiohistorv.com

23


www.americanradiohistory.com

look me over

Keeps Its Lid On

Poly-Cons, the protective containers with
convenient flip-open and snap-shut hinged
lids are air-tight, moisture-proof, unbreak-
able and chemically inert. These unique
containers are made in %g-in. x 1Y-in. (14

Richard Mfqg. Poly-Cor.zs

0z.), 1Y5-in. x 11%-in. (1 oz.) and 114%-in.
x 2-in (2 0z.) sizes and in a wide variety
of bright, attractive colors plus semi-
transparent. Blank labels are recessed into
their tops for identification marking. Poly-
Cons are valuable around the home, farm,
trailer, and in workshops for the hobbyist.
They will safely house such items as photo
film and accessories, model parts, paints
and glazes, electronic components. The
manufacturer will send a representative bag
of twelve Poly-Cons in assorted sizes and
colors for $1.00 to cover postage and han-
dling. Write: Richard Manufacturing Com-
pany, Box 2041, Van Nuys, Calif., 91404.
Circle No. 32 on Page 17

Cuts Crust

Automobile battery life can now be in-
creased by as much as 50 per cent, thanks
to a unique new vinyl battery accessory,
Battery Savers. They fit all standard auto-
motive and truck-type battery posts and
are guaranteed to prevent corrosion forma-
tion or buildup if installed as directed. In-

—**************************************

o

David’s Battery Savers

stallation is simple, fast, and can be per-
formed by anyone. Secret of the new de-
vice is its vinyl honeycomb core construc-
tion which suspends standard motor oil and
provides a continuous flow of anti-corrosive
lubrication by capillary action to the area
between the cable clamp and the battery
post where it is needed most. Price is $1.00
per set, postpaid, from Louis David, Elk-
hart Lake, Wisconsin 53020.
Circle No. 33 on Page 17

Tuner Cartridge

Two new cartridge tuners for automotive
stereo tape players have been introduced by
GC Electronics as part of its Audiotex line.
They are an AM-FM tuner and an FM multi-
plex stereo tuner. Both are designed to slip
into the cartridge loading slot of all auto-
motive 4- and 8-track tape cartridge play-
ers. The AM-FM tuner, model number 30-
3075, is powered by an internal 9-volt
transistor-radio battery. It slides into the
cartridge slot, after being connected to the
car's external radio antenna. A special an-
tenna adapter connector is provided with
the unit which can be left in the car’s an-
tenna line permanently. A slide switch on
top of the unit selects AM or FM modes.
This tuner is priced at $45.00. The M
stereo multiplex tuner, model number 30-

GC 30-3075 Cartridge Tuner
ELEMENTARY ELECTRONICS
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3076, is physically similar to the AM-FM

unit. It has a **Stereo/Mono’’ mode selector A complete course in

switch for optimum operation, as well as a
stereo beacon indicator light that flashes on

when a stereo station is being received. A ELECTRONIC

special switch on the bottom of the tuner

adjusts input circuitry for nearby and dis- COMPUTERS

tant FM stations. This unit is priced at

$54.00. 3
Circle No. 34 on Page 17 for only $2.95!

Road Runner

Craig Corporation’s new model 1901 Mo- You get all the basics you need — at your own
bile FM Stereo Receiver features an FET ggﬁfp;eme;&erogoyom enteting t;};egec&ugg
(field effect tran5|§t0r) pre-selce]:c’lcotr. WD ol computers. This giant book has all the latest,
vent overload and cross modulation, ce- step-by-step learning aids; nearly 200 dia-
ramic filters to maintain exact alignment of grams and circuits; full data on digital and
IF stages and switchable automatic fre- analog computers — covering math back-
quency control for convenient and precise ground, servomechanisms, digital computer

i combi ith drift- reception. logic, programming, control and communica-
SEheiconTtinecRIh U P tion. PLUS handy glossary, self-review tests,

A “‘stereo-mono’’ switch locks the receiver A :
o byl sum o
in monaural condition when stereo recep- peﬁnga;;;ge‘?" at a fraction more than a

tion is excessively noisy. Stereo lamp indi-
»
R Complete Course In

ELECTRONICS
for only $1.95!

Craig FM Receiver

cates presence of a stereo broadcast. Unit | From fundamental electronic principles and
is furnished with a multi purpose mounting | devices right through their application in op-
bracket for quick and easy installation un- erating circuits, this famous, bestselling book
der lip of the dash or on the floor or console | covers everything — with major sections on
of any car, truck or boat with 12 volt nega- electron tubes and transistors, amplifiers, os-
tive ground electrical system. Suggested cillators, radio, TV, radar and electronic navi-

gation, high fidelity, detection systems. With
227 diagrams and circuits — 191 big pages.

et I

list price is $109.95. m |
Circle No. 35 on Page 17 {
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I— === UNCONDITIONALLY GUARANTEED!™ — =
Elementary Electronics Book Club
! Dept. DE-21
} ‘ 229 Park Avenue South, New York, N.Y. 10003
, Please send me () ELECTRONIC COMPUTERS @ $2.95
| [J ELECTRONICS MADE SIMPLE @ $1.85
I'm enclosing my check or money order for the price of
1 each book ordered, plus a 15¢ shipping charge. If 1 wish,
I may return the book(s) within two weeks for a prompt

|
!
|
refund. '
|
|
|

—11

x%, PEASTT 25% ;

NAME

ADDRESS

L R e
T \/‘* | cITY STATE 7P

i l Offer available in U.S. only.
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AT THE SOUND

OF THE TONE...

TN T/ )
by Jack Schmict

A MR Shie ki W

“Okay, okay . . . after we hear your
watch hum, then what?"

26 ELeMENTARY ELECTRONICS

“Remember, honey, right at 8 o’clock
you press the doorbell button!”
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Onr, meter stops strobe photography's F-stop fumble
by Charles Green, WHEFQ '

Electronic flash unils, or strolws, a they
are called, are blinking their way into jhe
equipment carry-alls of ammateur and pro
shutterbug. alike. And, for pretty good
reason, too. Low in cost, these compact
strobes bring the advantages of professional
electronic flash gear to John Q. Hypo. Hav-
ing made obsolete the conventional you-
have-to-slobber-the-end-first flash bulb, an
electronic flash’s light quality is so close to
daylight that it’s the perfect Jill for all the
Jacks whose cameras are always loaded with
daylight raied color film.

But, you can’t go strobing yourself into a
silver halide eternity, though. Problem with
modern electronic flash doojobbies is that
you still need to revert back to old fashioned
methods to determine your camera F-stop
lens setting. Many a pro develops calloused

Jury-AucusT, 1971

stistiiders hefting his assortment of tape
measures, guide estimates, and a whole host
of literaturz give-aways needed each time he
goes on a shooting spree with his electronic
flash. Worse yet, pity our poor photog
busily pormg over his not so easily under-
stood tables and guides, all the while miss-
ing that one-in-a-lifetime shot he so ardu-
ously prepared himself for!

Slaying The F-Stop Dragon. Saint George
made shorr shrift of the mythical Dragon
the same way our Flash Master takes the
fumble out of F-stop calculation. Our elec-
tronic meter will give you F-stop readings
faster than any published table can. All
without the problem of measuring the dis-
tance between film plane and subject.
And Flash Master “‘remembers” the F-stop
needed in the particular scene you want to

27
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@ FLASH MASTER

capture, too! Just trigger the electronic
flash before you take your picture with
Flash Master at the subject. Our FM will
indicate the required F-stop you have to set
your camera’s lens opening to. Exposure
bracketing is now a cthing of your past!

Take a peek at Flash Master’s schematic;
you’ll see our electronic flash meter uses a
silicon photo cell and an IGFET (Insulated
Gate Field Effect Transistor) in a novel and
easily-duplicated circuit. Flash Master's
ASA ranges are switch selected for perfor-
mance repeatability. And, the DC power
requirements are supplied by a C-size flash-
light battery.

Our FM is housed in a compact alumi-
num cabinet with the silicon photo celi
in a probe housing. One of Flash Master’s
advantages over conventional photo light
reading devices is that it doesn’t respond
to incident light. Not only can it be left on
for long periods without constant re-zeroing
before actual use, but our Flash Master
only responds to electronic strobe light,
making its readings accurate either indoors
or out of the studio. And the flash meter’s

R4 Ti

circuit draws less than 1 mA from the self-
contained battery, assuring the photographer
long battery life.

Flashing Performance. When a brief burst
from an electronic flash unit is sensed by
the photocell Z1, a pulse is generated and
fed via resistor R1 to the 3.2-ohm winding
of transformer T1 (an ordinary audio out-
put transformer connected ‘“‘backwards”).
The pulse voltage is stepped up to a higher
value in T1’s 500-ohm secondary winding.
This stepped-up pulse is rectified by transis-
tor QI, rigged a la diode. The “diode” is
really formed by the collector to base junc-
ton of Ql. Referring to our schematic,
youw’ll see that no connection is made to
Qs emitter; snip off this lead close to Q1’s
case.

The voltage output of QI charges capaci-
tor C1 to a value dependent upon the am-
plitude of the electrical pulse (which is de-
termined by the light flash intensity). Capa-
citor Cl’s voltage charge controls direct
current flowing through the insulated gate
of field effect transistor Q2 which is wired
into a basic super-high-input-impedance volt-
meter circuit. Finally, voltage across Cl is
read on milliammeter M1, calibrated in F-
stops to read directly.

The electrical charge of C1 will be held
until the very high internal resistances of
Ql ad Q2—measured in terms of thou-
sands of megohms—and the dielectric re-
sistance of CI itself, drains the charge off

Perf board, with all of Flash Master’s
components except pots R7-R14
(mounted on separate perf board), is
housed in pro-style cabinet, below.

ELEMENTARY ELECTRONICS
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BOTTOM VIEWS

B1—1.5 volt C-size battery (Eveready 1035 or
equiv.)

C1—1 uF, 100 volt min. rating, Mylar capacitor
(see text)

J1, J2—Phone jacks (single hole mounting type)

M1—50 vA panel meter (Lafayette 99F50494 or
equiv.)

P1, P2—Phono plugs (part of 6-inch shielded
cable—see text)

Q1—2N697 silicon NPN transistor (RCA)

Q2—3N128 Insulated gate field effect transistor
(RCA)

R1—12.0hms, V2-watt, fixed resistor

R2—2,700-chms, Yz-watt, fixed resistor

R3--220-chms, Ye-watt, fixed resistor

R4—200-ohms, linear potentiometer (with slotted
shaft)

R5—2,200-0hms, %e-watt, fixed resistor

R6—27,000-chms, Y2-watt, fixed resistor

R7, R8, R9, R10, R11—25,000-0chms, miniature
trim pot (from Roadio Shack 271.201 Trim Pot

PARTS LIST FOR FLASH MASTER

w

fos) n
|4. O

i

2.2K

Assortment)

R12—10,000-chms, miniature trim pot

R13, R14—5,000-0hms, miniature trim pot

$1—SPDT, miniature pushbutton switch (Calec-
tro E2-141 or equiv.)

§2—SPDT, miniature toggle switch (Radio Shack
275-326 or equiv.)

T1—Output transformer: 500-ohm center-tapped-
primary; 3.2-ohm secondary. Turns ratio 12.5
to 1 (Midland 25-620 or equiv.)

Z1-Silicon photo cell, approximate output .5
Volt @ 25 mA (Calectro J4-800 or equiv.)
1—Aluminum cabinet 4-inches high x 2%-inches
wide x 2%-inches deep (LMB 2754-N or

equiv.)

1—plastic flashlight lamp housing (see text)

Misc.—perf hoard and push-in clips, battery
holder for B1, sheet aluminum for photo cell
housing, 3/16-in. spacers, hookup wire, sheet
foam rubber, decals, solder, etc.

the capacitor. Cl’'s electrical charge will
normally last long enough for you to take
your reading on M1 minutes after your
strobe light has flashed. After you take the
reading, depress switch SI, discharging CI
and resetting M1 for the next light flash.

Potentiometers R7 to R14 arc adjusted
for specific sensitivities of M1 and are
selected by switch S3 for the ecight most

JuLy-Avucusr, 1971
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popular ASA ranges. Resistor R6 is con-
nccted in series with M1 with S3 thrown
into the Bar position to form a simple
voltage divider. Purpose is to provide the
photog with some means of checking B1’s
health. And lastly, switch S2 controls the
DC power from Bl to Flash Master's cir-
cuit.

Flash Master’s Bright Boardwork. Most of

www.americanradiohistorv.com
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@ @ FLASH MASTER

our FM's components are mounted on a
2%2 x 3-inch perf board installed on the rear
of the 23 x 2% x 4-inches high aluminum
cabinet. Component placement is not criti-
cal; any size perf board and cabinet can be
used. Trim pots R7 to R14 are mounted on
another perf board measuring 25 x 2-
inches. It’s installed on the rear terminals of
M1. Flash Master's remaining components
are mounted on the box front panel and
bottom section.

Begin construction by cutting the 215 x
3-inch perf board to size, and mounting the
components with flea clips as shown in
our photos and schematic. Use caution
when mounting the insulated gate field effect
transistor Q2. To prevent damage to Q2,
do not remove the shorting wire that the
manufacturer has wrapped around the
transistor leads (at the body base) until
you've wired all of Flash Master’s circuits.

Transformer T1 is mounted by bending
its mounting lugs through holes in the perf
board. Then drill a hole in for potentiometer
R4 (zero adjust) near the top of the perf
board holding FM’s circuit. Mount and wire
the remaining perf board components as
in our schematic.

Lay out and mount meter M1 and the re-
maining front panel components as shown
in our photos. Temporarily position the 215
x 3-inch component board on the rear panel
and locate the hole for adjusting R4 zero-
adjust potentiometer. Also locate the mount-
ing holes for RCA-type phono jack J2, and
B1’s battery holder on the bottom of the

Trim pot perf board is mounted on
rear of meter via M1’s lead hard-
ware. Prewire trim pot perfboard

first, wire it to S3 next; then

mount both units in place. Cali-
brating Flash Master only requires
strobe with known BCPS rating

plus Kodak’s Master Photoguide AR-21,
available at most photo shops. Cali-
brate Flash Master for incident light.

30

box. After you’ve mounted the circuit perf
board on the rear panel with 3/16-inch
spacers, slap J2, the battery holder, M1, and
the remaining controls onto the front panel.
Cut a 2V2 x 2-inch perf board section for
all trim pots. The author attached this perf
board to M1’s meter terminals. But it can
tContinued on page 100)
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Imagine 80 channels, 25 watts, FM reception,
60-foot high antennas, and plans to separate
the boys from the businessmen!

by Jack Herman

CB radio will have 80 morz chan-els

when the FCC adopts new ruies aro-
posed by the Electronic Industries Associa-
fion. In addition to 23 Class D channels in
ihe congested 27-MHz (11-mete) band and
8 paired Class A channels in the 460-MHz -
band, there would be 80 new manneis in.
the 220-MHz band. - e
T-he EIA h&s prbposed that e 220- 222"-' :

( T..m page)
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MHz portion of the 220-225 MHz ham
band be re-allocated to the Citizens Radio
Service for use by a new class of CB station
designated Class E.

It is highly probable that the petition will
be acted upon favorably because of the
backing of the powerful EIA and because
there is expected to be little or no opposi-
tion. The very few hams who operate in this
band would still have 3 MHz of space avail-
able.

Differences—Class D and Class E. They’re
quite different. The Class D CB channels
are within the old 11-meter ham band. This

band is available to industrial, scientific and

medical (ISM) devices which can knock
out the entire band with impunity. The Class
D channels are available on the basis of “no
protection” against ISM interference. No
wonder the hams gave up the band with-
out a struggle.

Either AM or SSB is permitted on Class
D channels whereas only FM would be per-
mitted on Class E channels.

Of the 23 Class D channels, only seven
may be lawtully used for intercommunica-
tion between units of different licensees
(general communications). One channel is
reserved for emergency communications,
and 15 are for communications between
units of the same station.

Under the EIA proposal for Class E sta-
tions, there would be 50 channels for inter-
communication between units of different
licensees (inter-station), 29 for communi-
cations between units of the same station
(intra-station) and one emergency channel.
Power limit on 57 of the channels would be
25 watts. On the other 23 channels the
power limit would be one wart.

Where the Band Is. The proposed Class E
band is in the VHF portion of the radio
spectrum. Fig. 1 shows that the band is 4
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Figure 2. As antenna height increases, radio
signal spans greater line-of-sight distance.

MHz above TV Channel 13, and 46 MHz
above the 150-174 MHz public safety/in-
dustrial/and transportation/marine band.
It’s a good part of the radio spectrum—it’s
free of skip and much more immune to
noise than the 27-MHz band. And it’s not as
much aflected by absorption as the Class A
UHF citizens band in the 460-470 MHz
portion of the radio spectrum.

Advantages of FM. The main reason for
lower noise is the location of the band in
the radio spectrum. FM, as used in FM
broadcasting, minimizes noise because of the
noise improvement capability of ‘“wideband
FM.” Class E stations would use “narrow-
band FM” which takes some advantage of
FM noise improvement-—but it’s not much
better than AM and is inferior to SSB.

30-50 MHz LAND MOBILE BAND

CLASS D
CBBAND

TV CHANNELS
2-6

W

130-4'/////4//////////,1 |
75

120

FREQUENCY IN MHz

2-METER HAM BAND
150~174 MHz LAND MOBILE BAND
TV CHANNELS 7-13
r — CLASS £ CB BAND

| ) l

165 210 255 300

Figure 1. Class E CBers won't be bothered as much QRN or skip as Class D CBers.

ELEMENTARY ELECTRONICS
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So why not use SSB? The answer is sim-
ple: it would cost considerably more. All
things considered, FM is the best choice
with AM a close second choice.

The big advantage of narrowband FM
over AM is the FM “capture effect.” On
the Class D citizens band (27 MHz), vou
can hear more than one AM station at a
time, plus heterodyne beats (whistles caused
by one signal heterodyning with others).
But, with a true FM receiver, you will hear
only the strongest signal. The receiver “cap-
tures” the strongest signal and blocks out
weaker signals.

Communicating Range. Don’t expect to
talk more than 100 miles unless your base
station is on top of Twin Peaks, Mount
Diablo, Mount Washington or some other

P = P

CLASS D

LOADED

WHIP ~

ANTENNA 35 TO 48

K' INCHES

high point! Reliable range is somewhat
greater than line-of-sight. Fig. 2 shows the
“radio horizon” range. But, the signals are
usually “reflected” by solid objects beyond
that distance and into closer-in areuas that
would be “dead spots” for 27-MHz signals.

Antenna “height” is not a good term. (The
proposed new rules would allow antenna
height to be 20 feet above an existing
structure or 60 feet above ground, which-
ever is higher.) “Effective antenna cleva-
tion” is much more meaningful. For exam-
ple, an antenna 60 feet above a 1000-foot
hill is 1060 feet above the valley floor be-
low. From a 1000-foot hill you can see
much farther than when standing in the
valley below or in flat country. Fig. 2 tells
you why.

Antenna Size. Here's the big advantage
of Class E over Class D. A full quarter-
wave whip antenna is only 12 inches long.
On the Class D (27-MHz) band, a quarter-
wave whip is nine feet fong. Even a loaded
whip is about four fect long. Fig. 4 shows
the big difference.

Mobile Beam. There are 27-MHz band
mobile beams which work well. But, the two
whips should be approximately nine feet

JuLy-AvucusT, 1971

Class D v. Class E Comparison Tahle
ClassD ClassE

Power limit 5 watts 25 watts™
Modulation AM or SSB FM
Antenna height limit 20 feet 60 feet
Channe! allocations:

Inter-station 7 28
Inter-station calling (only)** 0 3
Intra-station 15 19
Intra-station calling (only) 0 1
Business (only) 0 9
In-plant (only) 0 )
Marine (only) 0 5
Public service (only) 0 14
Emergency 1 1
Total channels 23 80

* On all except 23 of the Class E channels which are

limited to 1 watt.
*+ Unofficially Class D Channel 11 is widely used.
STV

CLASS E
FULL QUARTER WAVE
WHIP ANTENNA

T
12 INCHES
_L

Figure 3. Class E CB will be boon
for those who take their rigs with
their wheels. Not only is Class E
antenna shorter than Class D an-
tenna, it's also easier to install.

Better VSWR between transceiver
final, antenna is another plus for
Class E—no loading coil’s needed.

apart. In the 220-MHz band, they nced to
be only approximately one foot apart. Long
ago, the New Jersey Turnpike police cars
were equipped with a pair of 18-inch whip
antennas spaced about 18 inches apart. By
means of a switch, as shown in Fig. 4,
either whip can be the antenna and the other
a reflector. This makes it possible to im-
prove communication in either the forward
or reverse direction. Imagine what CBers
would come up with!

Base Beam. Because of the short wave-
length, high-gain beam antennas can be
about one-fifth of the size of a 27-MHz
band antenna array for the same gain. And,
il vou have the space, you can build (or
buy) a beam with much more gain.

A) IB'

:* — {, j
< L “L_IJ e -
COAX TO ) COAXIAL SWITCH
MOBILE UNIT

_ Figure 4. Coox switch routes RF energy to an-

tenna A or B, depending upon vehicle direction.
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CB equipment manufacturers have demon-
strated that they could develop and build
amazingly good AM gear and sophisticated
SSB transceivers—at a low price. On the
other hand, commercial land mobile FM
radio equipment has been much higher in
price. Not that it costs more to build FM
equipment, but because the number of units
manufactured is smaller—the principles of
mass production were difficult to apply.

An AM transmitter requires a high-
power modulator, but in an FM transmitter,
low-level modulation is applied at the out-
put of the oscillator, as shown in Fig. 6, by a

@/@ COMING OF CLASS E CB

Two-Frequency Operation. Class D (27-
MHz) CB stations employ single-frequency
simplex operation wherein both inter-com-
municating stations alternately transmit and
receive on the same frequency. Class E sta-
tions would use the single-frequency sim-
plex mode and/or two-frequency simplex,
as shown in Fig. 5. The base station trans-
mits on frequency 1 (f1) and receives on
trequency 2 (f2). Mobile units transmit to

fl
BASE STATION S MOBILE UNIT
e —— 221025
. MHz
RECEIVER 1= CHANNEL 42 r—‘ RECEIVER ¢
f2 -l

o™
f—

TRANSMITTER

Figure 5. Base station operator
transmits to mobile unit on one of
80 different channels allocated
to Class E Citizens Band. Mobile

TRANSMITTER

1 BASE TO MOBILE e operator responds to base station
on another channel, as our figure
¢ to left, shows. Greater transmit-
-— receive flexibility is one of Class
BASE STATION S e MOBILE UNIT E’s advantages over Class D’s
220.025 restriction (two stations may oc-
RECEIVER CHA’n:éL » —| RECEIVER :",J:ey) only one frequency at same
f2 ime).

L
7

MOBILE TO BASE

b

TRANSMITTER TRANSMITTER
f f2

a base station on f2 and receive from a single tube or transistor. Or, the oscillator

base station on fl. This technique permits
more systems to operate on the same pair
of frequencies with less interference and in
closer proximity to each other.

Equipment Differences. Ever since 1958,

itselt can be frequency-modulated by a var-
actor diode (varicap), as shown in Fig. 7.
More stages are required, however, but
they shouldn’t cost much. For example, to
transmit on 220.800 MHz (Channel 33),

18.4 18.4 26.8
MHz | MHz MHz
CW | pHASE FM__| FREQUENCY [ FM _| FREQUENCY
OSCILLATOR MODULATOR DOUBLER DOUBLER [ ]
TAF
COCRYSTAL
AUDIO
I MIKE AMPLIFIER
2208 2208 2208
736 [4 Hz
RF ANTENNA
MHz FM FREQUENCY |FM 1 DRIVER FM | power RELAY
TRIPLER AMPLIFIER AMPLIFIER

Figure 6. Original oscillator signal is multiplied 1

2 times in FMed Class E rig.
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PROPOSED CLASS E CHANNEL ALLOCATIONS

o N (= ~ [ = o) P~ [
w T g -t 2= g o= S|= S g
u.g [ WX EEE X REx] EEE IXBEX) th €3

220.375 MD | 36 220.875 G
220.400 MD | 37 220.900 G
220.425 MD | 38 220.925 G

220.450 MD | 39 220.950 G

W O~ MW PN WO ™) Y= WO =

220.000 MS| 21 220500 MC | 41 221.000 G (61 221.500 S1
220.025 MS | 22 220.525 MD | 42 221.025 G '
220.650 MS| 23 229.559 MD | 43 221.050 G |63 221.550 Sl

220.075 MS | 24 220.575 MD | 44 221.075 G |64 221,575 sl
220.100 MS | 25 220.600 MD 45 221.100 MC|65 221600 S
220.125 MS | 26 220625 MD | 46 221.125
220.150 MS | 27 220.650 MD | 47
220.175 MS | 28 220.675 MD | 48 221.175
220.200 E |29 220.700 MD 49 221.200
220.225 MS | 30 220.725 MD | 50 221.225
220.250 MC ' 31 270.750 MD | 51 221.250
220.275 A |32 220.775 MD | 52
220300  TA |33 220.800 MD | 53 221.300
220.325 WA 34 220.825 MD | 54 221.325
220.350 TA | 35 220.850 MD | 55 221.350

| 56 221.375

1 59 221450 M1 79 221.950 RC1

P 220475  MD|40 220975 G 60 221475 M1 .80 221975  RCl
B — business only. CH = channel. E — emergency. Freq, = frequency. G = general use. IP1 = in-plant (1-watt).
M — marine. M1 = marine (1-watt). MC — general calling (mobile only). MD — General use (mobile oniv). MS =
intra-station (mobile only). RC1 — road condition information (1-watt). S1 = intra-station (l-watt). SC = intra-station

62 221.525 Sl

66 221.625 iP1

B
221.150 B I 67 221.650 IP1
B |68 221.675 1P1
B 169 221.700 IP1
B |70 221.725 1P1
B |71 221.750 TC1
221.275 B |72 221.775 TC1
B |73 221.800 TC1
B |74 221.825 TC1
SC |75 221.850 TC1
M |76 221.875 RC1
57 221.400 Mo 77 221.900 RC1
58 221.425 M1 78 221.925 RC1

VARACTOR
&
AF AF
inpuT € inPUT I
e

2

*

T3 CRYSTAL

A - B
the transmitter oscillator could employ an
18.4-MHz crystal followed by the phase
modulator, two frequency doublers and a
frequency tripler to produce a 220.8-MHz
output signal 18.4 x 2 x 2 x 3 = 220.8).
A frequency multiplier (doubler, tripler,
etc.) is simply a Class C amplifier stage or
varactor stage.

An FM receiver can be exactly the same
as an AM receiver. It will demodulate AM
signals and narrowband FM signals (be-
cause of slope detection). But, far better is
a true FM recciver employing IF limiter
stages plus a discriminator, ratio detector or
gated beam detector for demodulating FM
signals. There is a little more cost here for
limiters and an FM detector, but not much
more.

What to expect. Watch the market to be

Jury-Avcusrt, 1971

calling. TA = traffic advisory. TC1 = traffic control (l-watt). WA = weather advisory.

Figure 7. Figures A, B shows how
varactor diode directly FMs oscil-
lator. Junction capacitance of diode

|
H

]
1

p is varied by AF input in series with
DC bias. Whether diode is in parallel

* (as in A), or series (as in B) with
R4 crystal, varying capacitance directly

changes output frequency of crystal

PARAGIHSRIS, oscillator.

b — —

flooded with all kinds of Class E transceiv-
ers—base, mobile and portables. Some will
employ true FM circuitry. The cheapies
will undoubtedly employ an AM receiver
circuit capable of demodulating FM. The
former type is what to consider—forget the

latter type unless you're strapped for funds.
As many will recall, the carliest Class D
rigs were operable on only one channel
Some had tunable receivers so all 23 chan-
nels could be tuned in, but transmission was
limited to one channel. Later, multi-channel
transceivers became avatlable which em-
ployed crystal control of both the transmit-
ter and receiver. And, more recently, came
the 23-channel transceiver which employs
a frequency synthesizer and is factory-
equipped with crystals for operation on all
(Continued on page 97)
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The quietest doctor on
the staff of a California
health clinic is the one
who sits in a little room
by himself all day
interviewing patients....

A patient puzzles over one of the questions
asked by Medical History Taker at interview.

hat's the doctor’s most boring task
in any medical examination? Cer-
tainly not the bill! It's finding out a
patient’s past history. Usually he dele-
gates this chore to his nurse.
A computer has now been developed
that does the job quicker and better.
It’s in.operation at the Alta Bates Hospi-
tal in Berkeley, California, where it
forms part of a massive health screen-
ing clinic. The interview with the com-
puter is the first of many stages in the
90-minute ‘“‘total screening’’ operation.
This “screening procedure'’ is part of
a gradual worldwide switch in emphasis

The Doctor’s
a Computer

The computer is remarkable in its responses as
it encourages the patient to answer questions.

from therapeutic to preventive medicine.
The computer questionnaire is called
the ‘‘Medical History Taker.” It works
very simply. A patient enters a small
rocm where he confronts a display
screen  fitted with a row of buttons.
He is alone—*Complete privacy is es-
sential,’”’ points out Dr. David Singman,
medical director of the East Bay Health
Screening Center, a division of Alta
Bates. ‘‘Many of the questions it is
necessary to ask patients are of a con-
fidantial nature and truthful answers
are essential to the diagnostic proce-
dure.” !
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Discovered by hams almost three decades ago, it’s a new bag for today’s CBers!
By Len Buckwalter, KBA4480

Ask almost anyone in Citizens Radio what
the maximum transmitter power is and
he’ll say, “Five watts.” And the number of
CB channels assigned by the FCC, as every-
one knows, is 23. Yet, an increasing num-
ber of manufacturers are talking about
transmitter power well over S-watts and rigs
that communicate on 46 channels! Is this a
case for the Better Business Bureau? Not
at all since there’s truth in all these claims.
The reason is a special method of transmit-
ting and receiving known as SSB, or single
sideband. Nearly a dozen CB manufac-
turers now offer rigs that fall in the side-
band category.

Sideband is so efficient and powerful
that military services adopted it decades ago
for long-distance voice transmission. The
American Radio Relay League says that
hams started using it back in 1933, and to-
day it’s the major mode for phone (voice)
operation. Many hams, in fact, slyly ridi-
cule regular AM as Ancient Modulation.
Telephone companies have used sideband
for point-to-point radio for years and re-
cent FCC regulations say that everyone on
the 2-3 MHz marine band must switch to
sideband within a few years. Citizens
Banders got into sideband about eight years
ago, and recently the number of CB side-
band sets has multiplied in the market-

Jury-AvgusT, 1971

place, with an ever-increasing variety of in-
teresting features being offered.

If sideband’s so good, why doesn’t the
FCC make it the rule of realm? There are
good reasons that delay a complete change-
over from regular AM to sideband. For
one, sideband is more complex than regular
AM and is priced higher. A sideband re-
ceiver must be extremely stable for good
reception. It requires extra circuitry and
controls, like a speech “clarifier,” since
sideband is more critical to tune. Also, a
sideband signal is not compatible; on a
standard receiver it sounds like a dyspeptic
Donald Duck. But the benefits of sideband
for many operators could ultimately out-
weigh its shortcomings simply on an abil-
ity to double the number of channels that
can be assigned a given band. There’s also
the sideband signal’s excellent ability to pen-
etrate interference.

Conventional AM. To grasp the mysteries
of sideband, begin with regular AM. Side-
band, in fact, is a form of Amplitude Modu-
lation, but with major electronic surgery.
Many students of radio have been brought
up on the basic. picture of AM shown in
Fig. 1. It shows a radio carrier produced
by an oscillating crystal, then amplified in a
final radio-frequency stage of a transmitter.
As the name implies, the carrier bears the

www.americanradiohistorv.com
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voice or intelligence over long distances.
(It takes carrier frequencies far higher than
audio to create electromagnetic fields that
leave the antenna.) Note that an audio
signal from the mike (after amplification)
is joined to the carrier in the final RF stage.
Since audio is delivered as a varying voltage
to the tube plate, voice frequencies ap-
parently control the amplitude, or strength,
of the emerging carrier. This creates the
classic AM signal-—one where the carrier

antenna:

Upper sideband—The audio tone and
carrier add (1 kHz + 27 MHz) and create
27.001 MHz, the upper sideband;

Lower sideband-—The tone and carrier
also subtract (1 kHz — 27 MHz) and create
26.999 MHz, the lower sideband:

Carrier—The third product is the RF
carrier, which emerges withour a trace of
modulation on 27 MHz.

Thus a CB rig’s output is actually a
three-part affair. The surprise, in terms of
a conventional textbook picture of an AM
signal, is the carrier. It actually emerges
with no modulation and is as steady as the

AM SIGNAL Fig. 1. This is how AM works. The
CARRIER carrier wave, generated by o
RFFI X?AIE’ NO fixed-frequency crystal oscillator,

RADIO
CARRIER
——

CRYSTAL
27 MHZ

AUDIO
SIGNAL

pulsates in exact step with audio.

Missing Links. But that’s only part of the
picture. A closer look at an AM signal
would reveal that it actually consists of
three, not one, basic components. The rea-
son is that audio within the final stage is
actually mixing with the carrier. Assume,
tfor example, that audio is a tone of 1 kHz
(which may also be written as .001 MHz)
and this intelligence is modulated onto the
27-MHz CB radio carrier. As shown in
Fig. 2, audio and radio mix in the final am-
plifier and three distinct signals go to the

ﬂﬂ[ Il
CB RIG U JUU = Jm
ey
RF |
OUTPUT J
EEEm—
JUUUUUYI
I KHZ r (]
AUDIO "U
MIC {11u
U

~MODULATION

UPPER SIDEBAND _ 27,001
{27 MHZ + 1 KHZ)

CARRIER =27 MHZ

has its amplitude modulated by the
audio signal. The modulated carrier
is transmitted af crystal frequency.

crystal that produced it. And once it leaves
the final stage it serves no further purpose.
It has already done its job in the RF ampli-
fier—mixing with audio to create sidebands,
which actually bear the modulation. An-
other surprise is that one sideband is also
useless. Since uppers and lowers are mirror
images of each other—and carry identical
audio—one can be cast aside without losing
a syllable. (That’s why conventional AM,
the sideband supporters say, transmits a lot
of air pollution.)

Puckered-Out Power. To heap another in-
dignity on old-time AM, let’s see how much
power it wastes. As shown in Fig. 3, if a
CB transmitter is putting out 3 watts of
RF power, then two watts fall to the car-
rier. The remaining watt then divides be-
tween the two sidebands. Thus, fully two-
thirds of the transmitter RF power is lost.

Fig. 2. When analyzed, the AM
signal is found to be a combi-
nation of an unmodulated
carrier plus sidebands. The
sideband frequencies are equal
fo the carrier frequency plus
and minus the audio frequency.

MHZ

LOWER SIDEBAND_26999
(27 MHZ-1KHZ) MHZ

ELEMENTARY ELECTRONICS
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2 WATTS
172, WATT 172 WATT
LOWER CARRIER UPPER
SIDEBAND SIDEBAND

Fig. 3 The power distribution in an AM signal
shows how much is wasted in the sidebands.

When the duplicate sidebands arrive at the
receiver, they add their voltages so there’s
no power loss here. But even though both
sidebands can be ultimately used in receiv-
ing, there's still a major disadvantage in
transmitting upper and lower, as shown in a
moment.

Suppressing the Villains. Now take the
array of signals and let’s repackage them in
far more efficient fashion. As shown in
Fig. 4, the same three RF watts have been
completely jammed into the upper sideband.
The carrier is now considered supressed,
its energy poured into the upper sideband.
Similarly, the lower sideband is suppressed
and its energy also shifted to the upper side-
band. Now, every bit of RF wattage is
serving the cause; to send maximum voice
power without violating FCC power restric-
tions. Before seeing how this three-into-one
package is created, note another important
benefit in Fig. 4. The signal—now single
sideband——is far narrower than the original.
It’s about 3 kHz wide instead of 6 or more
kHz. This is behind the claim that sideband
takes 23 channels and doubles them to 46.
It’'s possible for two independent sideband
stations to operate on the same assigned
channel; one selects the lower sideband as
the other transmits on the upper position.
Since they’re several kHz apart, there’s no

3 WATTS
SUPPRESSED
|
{
I |
| I
| |
LOWER CARRIER UPPER
SIDEBAND SIDEBAND

Fig. 4 One sideband receives all the power once
used by suppressed carrier and other sideband.
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mutual interference. What's more, these
stations will not produce those annoying
heterodynes usually heard on a busy band.
Sideband stations transmit no carriers to
create this type of interference.

Because of its efficiency, it's generally
stated that single sideband will have about
8 times the effectiveness of an equivalent
AM signal—and occupy half the bandwidth.
Before secing how the receiver is adapted
for SSB reception, consider the basic trans-
mitter circuits that create the sideband sig-
nal.

Signal Splitting. A popular circuit for
producing sideband is the “filter” method.
It begins by suppressing the carrier in the
balanced modulator stage shown in Fig. 5.

PARALLEL
ouT

——

ouTPUT
(NO CARRIER)

>
p
>
ﬁ
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w
T
°
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e e e e S T

Fig. § This balanced modulator suppresses the
RF carrier by cancellation in the load.

Although there are various ways to con-
struct the circuit, the idea is to take the
carrier, which alternates between plus and
minus, then rearrange it to cancel itself
out. Note in Fig. 5 that a crystal is generat-
ing the RF carrier and feeding it to the
grids of a pair of triode tubes. The key
action is that the signal is applied in push-
pull (one grid is driven positive while the
other is driven negative), much like push-
pull audio in a hi-fi amplifier. But the big
difference is at the output connection. In
conventional push-pull, the load is split so
signals add in the output. In the balanced
modulator, though, tubes are connected in
parallel. The net eflect is that each tube
contributes a signal of opposite polarity—
and the result is cancellation in the load. So
push-pull in, and parallel out, phases out
the carrier.

Add Audio. Now to introduce the voice
intelligence. Let’s modity the balanced mod-
ulator by adding a screen grid, which is a
convenient point for introducing audio.
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Tracing the action in Fig. 6: when no audio
occurs, there is no RF output because of
the phasing-out process just described. But
start to speak and audio is applied to the
screen grids. The tubes are now unbal-
anced at an audio rate. Unbalance occurs
as audio drives one screen more positive
than the other, and unequal tube currents
result. Now the RF signal sees an “unbal-

O
AUDIO

RF
PUSH-PULL PUSH-PULL
IN IN

This means the RF

modulator.
signal can no longer cancel itself com-
pletely in the output, so some carrier signal
appears. That carrier, however, flows exact-
ly in step with the voice, or rate of unbal-

anced”

ance. The total eflect is the appearance
of the two RF sidebands—and a suppressed
carrier.

Fig. 8. Filtering circuit uses a 4-diode
balanced modulator. The RF signal is
generated by one of the two crystals, one for
each sideband. The RF is fed up to the
center of the modulator, and

phasing of the signal cancels AU
the RF. But when audio is applied
to the modulator, the resulting
imbalance allows RF to appear in the out-
put. This RF is a double-sideband signal,
minus the steady carrier. To get rid of

one sideband, the composite signal passes
through the filter. The resulting single-
sideband signal is heterodyned in the
transmitter’s later stages, up to the

final operating frequency of 27 MHz.

_ I~ |=nm
-

Filters. There remains another major step.
We want single, not double, sideband, so
one sideband is passed through an ex-
tremely sharp filter with very high attenua-
tion on the undesired sideband. One ex-
ample is the Collins unit in Fig. 7, an elec-
tromechanical device which resonates very
sharply on a single frequency (the desired
sideband) and rejects the unwanted signal.
Fig. 8 shows the actual circuitry.

This signal processing is done at very low-
level stages in the transmitter and it wins
sideband’s great power efficiency. By elimi-

OuTPUT

Fig. 6 The audio signal causes a
double sideband to appear in the
output. The filter then removes
one of the sidebands.

| DOUBLE SRielE
SIDEBAND Siok:

R RRRTE R
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Fig. 7 This is the type of filter used to remove
the unwanted sideband from the output signal.

nating carrier and sideband early in the cir-
cuit, these unwanted components never
reach later stages for amplification. Only
the desired sideband is boosted in the final
tube or transistor and all the wattage goes
into talk power.

BALANCED
27p! MODULATOR 270pf
]l
L FILTER
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Receivers. A conventional receiver picks
up sideband as sheer gobbledegook. The
reason is that the carrier is missing. The
detection process in any receiver is exactly
the opposite of modulation back in the
transmitter, even for conventional AM
signals. Recall that the carrier originally
mixed with audio to produce sidebands.
The identical mixing must be repeated in
the receiver to convert the sideband back
to audio. Since no carrier is supplied with
an SSB signal, the receiver must ‘“‘reinsert’
it for sideband detection. This is easily done
by switching on the receiver BFO (beat-
frequency oscillator), the same type used
to make code signals audible. The receiver.
therefore, supplies a “local” RF carrier to
beat, or heterodyne, against the incoming
sideband. The mixture of the two recovers
the original audio frequency. It is far more
efficient for the receiver to supply a car-
rier of a few milliwatts than to use the pow-
erful, but wasteful, carrier sent with a regu-
lar AM signal.

One reason why sideband is more difficult
to tune than a standard signal is because of
that local carrier. The receiver must supply
an extremely accurate frequency so side-
band and local carrier mix to create the
original frequency. This is never a prob-
lem in regular AM because you’re always
receiving the original carrier (that one that
produced the sidebands) and frequency
error can’t occur. But the SSB receiver
must be very accurately tuned. Unless
you’re within less than 100 Hz (cycles) of
the correct frequency, speech is inverted
or unintelligible. Fine control over the
local frequency is done with the “clarifier”

CARRIER FREQ.
PLUS I KHZ{USB) —w
!

knob adjusted by the operator.

Another special quality in receiving side-
band is selectivity. To fully exploit the sys-
tem’s ability to reject interference and
noise, a receiver must narrow its response
to signals of about 3 kHz in width. This is
the approximate width of one sideband,
and, broader response by the receiver
admits unnecessary noise and adjacent-
channel interference. Such sharp selectivity
in the receiver is usually obtained by crys-
tal or mechanical filters.

Commercial Circuits. How the Tram Com-

RECEIVER
TUNE
V4

TRANSMIT
CHANNEL SELECTOR
|

RF  VOLUME SQUELCH LIMITER FINE RECEIVER METER

GAIN TUNE MODE
SWITCH

SWITCH

Fig. 9. Single-sideband transceiver by Tram gives
choice of either sideband on any channel.

pany achieves sideband operation in its
Titan II is shown in Fig. 9. Note that a
knob (Receiver Mode Switch) on the front
panel allows the operator to choose upper or
lower sideband on any channel, as well as
regular AM for transmitting to CBers not
equipped for sideband reception. Fig. 10 is
a block diagram of the same rig’s trans-
mitting arrangement for CB Channel 11.
As shown, the carrier is generated at about
6 MHz, then balanced out. The crystal filter

CARRIER |
f L~ FREQ
g 62535 MHZ | 27086 MHZ
| I
=
5 {LSB) use) |
2 sl 27.086 MHZ
< L : \l
FREQ.——~
CARRIER BALANCED 6.266 MHZ RF DRIVER
0SC. DIODE CRYSTAL TR@&SEM'T » AND FINAL
6.2535 MHZ MODULATOR FILTER - B RF AMP

!

!

\ CRYSTAL
F—=1 0scC

) AUDIO
e IKHZ

20.8315 MHZ

Fig. 10. Here’s how a channel-11 upper-sideband signal is generated in Tram’s Titan Il transceiver.
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chops away either sideband, and the final
transmitting frequency is obtained by mix-
ing the sideband up to 27 MHz. The reason
for all these steps is that a sideband is easier
to generate and filter at relatively low fre-
quency of 6 MHz, then boosted to the
final value by further mixing.

Fig. 11—The Regency Imperial Il double-sideband
transceiver operates on 117 VAC or 12 VDC.

The Regency Imperial [T (Fig. 11) is
actually a double sideband set, an inter-
mediate type of operation. The carrier is
suppressed, but both sidebands are trans-
mitted. This produces a broader signal, but
one that gains some of the power once

“CLARIFIER"
CONTROL

NOISE _
SWITCH ™

CB/PA

assigned to the carrier. Double sideband
sacrifices the 46-channel transmitting fea-
ture of single sideband, but tne audio signal
will have more talk power than a conven-
tional AM circuit. Still, the design is “old
hat” and not as good as SSB rigs. The
double sideband signal can be received on
sets fitted for single sideband reception. The
Regency circuit can also transmit conven-
tional AM for compatibility.

Mark Products Sidewinder-46 is a single
sideband transceiver (Fig. 12) that uses a
crystal lattice filter to slice away the unde-
sired sideband. The carrier is suppressed by
more than 40 dB, which means it’s about
one-ten thousandths of what a conventional

Fig. 12—Mark Products Sidewinder-46 single-
sideband transceiver uses a crystal lattice filter.

carrier strength would be. The alternate
(unwanted) sideband is suppressed by about
the same amount. A close look at the front
panel of this rig reveals it has an “RF
Gain” control, usually missing from a regu-
lar set. This is provided since the conven-
tional circuit has an automatic gain con-
trol (AGC) to prevent the receiver front end
from overloading. Since an AGC circuit
operates by sensing the strength of the in-
coming carrier, it’s not practical in side-
band (which has no carrier). Thus an RF
gain control is provided so the operator can
manually reduce receiver gain to prevent

Fig. 13. SBE Sidebander by Linear
Systems has a lamp that lights
when AM is transmitted and which
brightens as the operator speaks.
The “’Clarifier’” control provides
fine tuning for speech. The mode
selector has three settings, one
for AM, and the other two for

the upper and lower sidebands.

CHANNEL
SELECTOR

DE
SELECTOR

overload.

Another item peculiar to sideband be-
cause a carrier-less operation is the rating
of the final power amplifier. In a regular
CB set, output wattage is easily figured by
measuring the voltage and current in the
final transmitter stage, then multiplying the
two figures for a rating in watts. Sideband,
however, produces an RF signal that’s vary-
ing at an audio rate, so the method of
measurement is different. It’s done by using
the peak value of signal as a reference. The
power rating, therefore, is always greater
than the customary five watts. It’s always
understood, though, that sideband measure-

(Continued on page 97)
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by Francois Markette

Doctor your gear with a pocket-sized injection of signal

O ne of the easiest ways to troubleshoot
a defective amplifier or radio is with a
signal injector. Here’s a device that gener-
ates, simultaneously, AF and RF signals.
You feed the injected signal into the stage
closest to the speaker, and then work back
towards the input or antenna. At the point
where you can no longer ram a signal
through the equipment, you’ve found the de-
fective stage. Then you proceed with stand-
ard volt-ohm measurements to determine
which component is disabling the stage.

A simple, easy-to-use signal injector. dub-
bed Beeper, costs about $6, exclusive of
the battery and power switch. Beeper is a
simple blocking oscillator, like the garden
variety found in early TV receiver vertical
oscillators. The fundamental frequency of
this oscillator type is in the audio range, but
since the output waveform is so distorted,
it’s output voltage contains harmonics weli
up into the RF spectrum.

Fact is, Beeper’s output extends from ap-
proximately 1kHz to the top of the stand-
ard AM Broadcast Band. Our little tube
shaped injector’s ideal for servicing tube or
transistorized radios.

In the model shown, a mercury cell sup-
plies power rather than a flashlight-size
battery. Seems the small batteries, such as
the AA and N size, which would fit into
the probe, are highly prone to leakage
which would destroy the components. A
mercury cell will last several years without
leaking, so it’s the author’s choice and is,
therefore, suggested. In the model shown, a
standard mercury cell holder is used. Rea-

~son is, you want to avoid soldering leads

directly to the mercury cell, which could
destroy the cell.

Except for battery Bl and push-button
switch PB1, all component values are criti-
cal and no substitutions should be made.
Push-button switch PB1 can be any nor-

Check out Beeper for shorts, other wiring errors, before slipping unit into its case.
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Top Right—Full-size foil outline for
Beeper’s printed circuit board.
Right—Topside view of

printed circuit board show-

ing location of components.

Hold board with foil pat-

tern as shown; flip over for

correct parts placement. ci

mally open (NO) type you have lying
around. The probe handle is supplied pre-
drilled with a 13/32-in. hole for a standard
¥8”PB switch. But, by using a 3s-in. grommet
to fill the hole, a miniature type 3-in. PB
switch can be used. If you prefer, an on-off
miniature switch can be substituted to avoid
having to hold the switch down when using
our Beeper.

Construction. The Beeper is assembled on
a ¥8-in. X 3-in. printed circuit board for which
a template is supplied. To make the PC
board, cut a piece of copper-clad board
(any type) to the specified dimensions and
clean the copper surface thoroughly with a
coarse household cleanser; then rinse the
board and dry.

Place a piece of carbon paper, carbon
side towards the copper foil, on the board and
tape the board under the supplied template,
or a copy of the template. Using a sharp
instrument, indent the copper at the indi-
cated component mounting holes by forcing
the point of the instrument through the
template into the copper. Then, using a ball-
point pen, trace the foil outlines.

Remove the PC board, and using a resist
pen, or a brush dipped in resist, fill in the

TO PBY

outlined areas of foil to be protected. Let
the resist dry for a few minutes and then
immerse the board under at least Y4-in. of
etchant.

Etch for about 45 minutes, agitating the
board frequently. Then check to see if all
undesired copper is removed. If it isn’t, re-
immerse the board for 5 minute intervals
until every trace of the undesired copper
has been etched away.

Rinse the board thoroughly under run-
ning water and then drill the component
mounting holes, which are indicated in the
copper foil by the indents.

The holes for the mercury cell holder re-
quires a #39 bit for #2 or #3 screws. The
holes for transformer T1’s mounting tabs
use a #27 bit. The remaining component
holes are made with a #57, #58 or #59 bit.

Install transtormer T1 first. Note that the
secondary is center-tapped. The center-
tapped lead is not used; cut it off at the
transformer. Though we have given the
color codes for T1’s leads in the schematic,
note that manufacturers do change their
color codes, so double-check the particular
transformer you use before installation. Re-

(Continued on page 98)
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BOTTOM
VIEW
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If Beeper doesn’t oscillate, reverse T1's
secondary leads. Or, add Cx (see text).

PARTS LIST FOR THE BEEPER

Bl—Mercury cell, Mallory type RM625 or
PX-13

C1—.001 uF, 500 VDC disc capacitor

Cx—.005 ufF, 25 VDC capacitor, see text

PB1—Push-button switch, see text

Ql—Transistor, 2N404A

T1—10000 ohm primary, 2000 ohm C.T. sec-
ondary sub-miniature transistor transformer.
(Custom Electronics 442.3390).

1—Keystone type 117 mercury cell holder

1—Keystone test probe kit

A kit containing all the above components ex-

cept Bl and PB1 is available for $5.85 plus

75¢ postage and handling from the Electronic

Hobby Shop, Box 587, Brooklyn, N. Y. 11202,

Qutside U. S. shipments add $1 extra.

ELEMENTARY ELECTRONICS
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e/e checks out an excellent

AUDIO-COLOR ORGAN

_EICO’s latest contender in the audiophile’s
fight for sight is an honest-to-gosh heavyweight

just imagine the pleasure we could get
from music if we could hear, see, touch
and smcll the melodies! It would be total
interaction betwcen the scnses and pleas-
ure. Unfortunately, technology hasn’t yet
made it possible to immerse all our senses in
sound, but with EICO’s Model 3450 Audio-
Color Organ you will be able to both hear
and “see” the music.

The EICO Color Organ is a four-channel
lighting device that translates the music
into blends of four different colors, with
the blending and intensity determincd by
the frequency and dynamic range of the
music. In a typical installation, the color
organ is connected across the hi-fi amplifier’s
output and it docs not interferc with the
normal speaker feed. The organ’s sensitivity
control is then adjusted so the lowest-level

JuLy-AvucusrT, 1971

Printed circuit board holds most of EICO’s Model 3450 Color
Organ kit components. Board has anti-run protective coating

& opplied to it; this assures that even neophyte hobbyist won't
be oble to ruin board from too much heat. Potentiometer

strip, seen at top of board, is for individual color-channel
sensitivity adjustments. They’re set once, then forgotten.

music passages barely cause the organ lamps
to light. The crescendos will cause the Jamps
to light to full brilliance. The frequency
spectrum of the music determines which
lamps will light. The bass frequencies cause
predominatly blue light, the lower midrange
is red, the upper midrange is green, and the
high frequencies are amber. Since music
consists of many frequencies and overtones,
the four color channels are ever-blending.

The color organ measures 30 in. high x
15 in. wide x 11 in. deep. It is finished in
Danish walnut (vinyl on pressed wood). Un-
like some other color organs, the EICO has
complete full-wave, high-voltage lamp cir-
cuits for high brilliance effects, as well as
a full-dispersion screen (rather than a semi-
opaque screen on which the lights seem to
stand in one position). In the EICO color
organ the colors blend and flow across the
entire screen.

How it works. The Color Organ’s input
is through a bridging transformer that con-
nects directly across the hi-fi amplifier’s
output. This provides electrical isolation be-
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G

tween the amplifier and the color organ.
The signal output from the bridging trans-
former’s secondary winding is then fed to
four active filters—one each for the bass,
lower midrange, upper midrange and high
frequencies. Each filter output is then am-
plified, fed to a level control and then to an
SCR (Silicon Controlled Rectifier). Each
rectified controls a string of eight lamps of
the same color. Since the lamps are fed from
the power line through a full-wave bridge
rectifier, each SCR can fire its lamps on
both halves of the powerline cycle, thereby
providing double the brilliance of the more
common SCR lamp control.

Building the kit. With the exception of
the SCRs and power outlets for the lamp
strings, all electronic circuits are assem-
bled on a printed-circuit board. The board
is in turn mounted on a metal bracket which
also serves as the heat-sinks for the SCRs.

The lamp assemblies are supplied pre-
wired with molded plugs and sockets. Each
string is mounted on the rear cabinet cover,
with the different color lamps interlaced so
that there is no fixed color area on the front

Assembled pc board is instal-
led on combination chassis/
heat sink. Silicon Controlled

Rectifiers, power outlets,
even input circuit are fasten-

ed to this double-duty chassis.
CONTROLS

screen. the lamps blend together, providing
moving color across the entire screen.
Set up. Since the energy varies at differ-
ent frequencies, depending to a large de-
grec on the type of music and the instru-
ments being used, and because the intensity

COLOR BALANCE 8
INPUT SENSITIVITY

§ CHANNEL
e SENSITIVITY
CONTROLS

COLOR BALANCE &
» INPUT SENSITIVITY

Rear panel of EICO Model 3450 Color Organ.
One corner of cabinet back cover has user-
adjustable Color Balance, Input Sensitiv-

ity controls. AC power switch is part of

Input Sensitivity control. Both controls
appeor to have same effect. Each channel
has its own screwdriver-adjusted control.

N
E — LamP
OUTPUTS

of the colored lamps differs from color to
color. the user must establish a basic gain
setting for each of the four color channels
so that there is no predominant color shade,
unless a predominant shade is desired. The

(Continued on page 102)

Here’s how EICO Color Organ’s
rear panel looks before it is
installed into simulated wal-
nut case. Note that four sets

of lamps are interlaced into
three rows so that colored ef-
fects are spread evenly from
side to side, top to bottom.
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For the best
DX of all
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PICKER

All it takes is a globe, a hunk of string, and a little homework

By Dick

Tonight—in the comfort and privacy of
your own home—how would you like to
predict the best band for hearing or working
South Africa at 8:00 p.m. on May 15, 1972?
And without using a Ouija board or astrolo-
gy tables?

After you read this article, the procedure
will become a simple matter of wrestling
for a few minutes with a piece of string, a
dime-store world globe, and some basic pro-
pagation data.

During World War II, many riddles of
long-range radio communications were un-
raveled. And in the years that followed,
quite accurate means of forecasting paths
and frequencies were developed. Material
available from the Government Printing Of-
fice in Washington, D.C., will enable you to
dig deeper into this fascinating branch of
electronics later on if you choose.

While these engineering methods are more
accurate than the one we’re about to pre-
sent, we can take advantage of one big plus
factor. We're not interested in exact frequen-
cies worked out to the tolerances of a gnat’s

JuLy-Avucusr, 1971

Strippel

eyebrow. As hams or SWLs, we're limited
to specific bands. And if we can predict
good reception conditions for these bands,
were as good as we need to be.

How We Do [t. On the next two pages
you'll see tables and charts. At first glance,
they look like bingo cards. In reality,
they’re the basis of our calculations.

First off, Fig. 1 is a chart of Optimum
Traffic Frequencies (OTF) by month, over
the next several years, derived from long-
range sunspot data and averaged out to the
nearest ham or SWL band. Critical toler-
ance forecasting requires the user to go
through several steps involving the selected
path, before figuring the OTF.

Next, Fig. 2 shows Lowest Usable High
Frequencies month-by-month over the same
period. To put it simply, it’s possible to re-
ceive signals on the bands that lie above the
LUHF and below the OTF.

If you haven’t drowned in the alphabet
soup yet, let’s go on!

In Fig. 3 you’ll find a graphic presenta-
tion of the hour-by-hour factors by which
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the basic monthly OTF and LUHF figures
must be mulitiplied. Fig. 4 provides an ad-
ditional corrective factor for seasonal vari-
ations in noise level at the receiving point,
and applies only to LUHF.

Problem. To show how we manipulate
all this information, let’s work out our pre-
viously given example. (Don’t forget the
world globe and piece of string as you sharp-
en your pencil.) The details will come later.

Say we’re located at DX Central in New
York City and we want to hear Johannes-
burg at 8:00 p.m. on May 15, 1972.

® Stretch the piece of string tightly across
the face of the world globe between New
York and Johannesburg. Using the scale of
miles on your globe, mark the string at a
point 1250 miles from New York toward
Johannesburg, and at a second point 1250
miles from Johannesburg toward New York.

e Determine the sun time at these points,
using a 24-hour clock. Allow 15 degrees of
displacement (longitude) for one hour. And
don’t forget to take Daylight Saving Time
into account, if applicable.

® In our example, local time at the point
1250 miles from New York will be 8:00
p.m., or 20:00 hours, minus one hour for
Daylight Saving Time, minus an additional
hour for 15 degrees displacement, or /8:00
fours. Local standard time at Johannesburg
is six hours ahcad of New York, or 13:00
hours; 1250 miles downline it will be /4:00.

® From Fig. 1, we find that the basic
OTF for May (between April-June) of 1972
is 11 MHz.

e From Fig. 2, we find that the basic
LUHF for that date is 7 MHz.

® Multiply these frequencies by the fac-
tors found in Fig. 3.

Time OTF LUHF
18:00 hours 11 x 0.7=7.7 MHz 7 x 0.4=2.8 MHz
14:00 hours 11 x 1.0=11 MHz 7 x 1.0= 7 MHz

® The lower OTF (7.7 MHz) will pre-
vail over the route, while the higher LUHF
(7 MHz) will define the lower limit. (These
figures can be rounded off to the nearest
SWL or ham band and still retain their ac-
curacy.) We can now add the Seasonal Noise
Corrector, if any, from Fig. 4. In this case
the corrector for 7.7 MHz, when it is spring
at the receiver’s location, is zero—no
change.

Solution. At 8:00 p.m. on May 15, 1972,
the “best” band for hearing or working
South Africa would be 40/41 meters, which
is the band opposite the 7-MHz frequency
in Fig. 5, the Band Relationships table. Since
the OTF is somewhat higher, SWLs could
also search for South African stations on 39
meters.

Reviewing, here are the steps to compute
a prediction:

I. Stretch a string between receiver and
transmitter points on the globe. This
gives you the great-circle path between
these points and shows how the signal
will travel.

2. Determine local time at points 1250
miles up and down the signal path
from its terminals.

3. Find basic OTF and LUHF from Figs.
I and 2, then apply the hour-by-hour
correction in Fig. 3.

4. Apply the Seasonal Noise Correction
factor from Fig. 4.

5. Over the selected route, at the time de-
sired, the lower OTF and the higher
LUHF will determine the frequency
range in which communication will be
propagated. When the LUHF is higher
than the OTF, communication is im-
possible.

Another Example. Take the winter date
of Feb. 15, 1974, for noon only. From Fig.
1, the OTF is 7 MHz. The hourly correc-
tion from Fig. 3 for noon is zero, so the
OTF remains at 7 MHz. From Fig. 2, the
LUHF 1s 6 MHz. The hourly correction is
again zero, so the LUHF remains at 6 MHz.
But the Seasonal Noise Corrector for 6
MHz in winter is -2, so the LUHF is moved
two bands lower, to 4 MHz, or 75/80
meters.

How Propagation Works. A brief review
of radio propagation theory will help ex-
plain what we’ve been doing.

DX signals travel from transmitter to
receiver by a sky wave which travels in a
straight line, heading out toward space, un-
til it meets a layer of ionized gasses strong
enough to bend it back to the Earth’s sur-
face. For communications purposes, we can
assume a fixed position for this layer (the
E-layer, or lowest reflecting layer) to be
about 60 miles high and about 1250 miles
downline from the transmitter. In practice,
depending upon the strength of the reflecting
layer land the frequency of the signal, the
first returning waves from the ionosphere

ELEMENTARY ELECTRONICS
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USE THESE AIDS TO PICK YOUR BEST DX BAND

o *
o - s -,‘

PRGN AT A A YEAR!Q-
i 7L 72,7,3 74 75 76 17 78
JANMAR | 1811 9 7 9 1518 21
APRJUN| 15 11 9 7 11 15 18 26
JULSEP" | 1511 7 9 11 15 21 26
OCT-DEC [ 15 9 7 9 11 18 21 26

Fig. 1—Basic Optimum Traffic Freqs (OTF).
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Sun time at points 4250 mi. up & down
line from transmitter & receiver

Fig. 3—Hourly OTF/LUHF Variation.
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Y ;,,:. . YEAR 19- ‘
71 72 73 74 75 76 7778
JANMAR' 9 9 7 6 7 9 111
APRJUN| 9 7 6 6 7 9 1115 |

,JUL-SEP_, 9 76 6 7 9 1115 |

. OCT-DEC. | 9 7 6 7 9 9 11 15

-

Fig. 2—Basic Lowest Usable High Freqs (LUHF).

Check the text thoroughly before
you use these tables and graph.

FREQUENCY
3.7 7-12 12-UP

WINTER -2 -9 0
SPRING/FALL | +1 0 -1
SUMMER +2 0 -2

— sign = Number of bands lower
+ sign = Number of bands higher

Fig. 4—Seasonal Noise Corrector,
applied to LUHF only .

MHz | 3 4.5 6 7 _,9_' 12 15 18 22 26
METERS 80 20
90 L 60 49 03925730 1 13 11

Fig. 5—Relationship of Frequencies to Bands

may strike the Earth as close as several hun-
dred miles from the transmitter.

The reflective ability of the ionosphere de-
pends upon ultraviolet radiation from the
sun. The strength of this radiation follows
the number of sunspots, and both vary quite
predictably over an 11-year cycle.

Unfortunately, ultraviolet radiation from
the sun also causes the formation of a signal-
absorbing layer of ionization (the D-layer),
closer to the Earth than the E-layer. Signals
must be sufficiently high in frequency or
power to pass through the D-layer before
they can be bounced back by the E-layer
or the even higher F-layers.

Seasonal Considerations. In addition to
D-layer absorption, lower-frequency signals
run afoul of noise, both man-made and at-
mospheric. Since thunderstorms are more
prevalent in the summer (and tropics) at-

JuLy-Avucusr, 1971

mospheric noise varies with the seasons.

Generally, during the listener’s winter sea-
son, reception is better on the higher-fre-
quency bands (15, 17, 21 and 25 MHz) and
when it is daylight at both the transmiiter
and receiver locations. During evening and
night hours, reception is better on the lower
bands (up through 11 MHz), becoming par-
ticularly good in the winter. When both
transmitter and receiver are located in the
same hemisphere, summer DX is especially
good on the higher bands.

Further Details. If you're interested in
how to predict openings more accurately,
material available from the Environmental
Sciences Service Administration (ESSA) will
help. Write the U.S. Government Printing
Office, Washington, D.C. 20401, and ask
for the prices on the Central Radio Propa-
gation Laboratory (CRPL) publications. B
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Kit for kit,

text for text,
dollar for dollar, your

best home
buy is NRI

training

NRI “hands on’ method gives you as much as 2 years
of on-the-job experience. Pick your field and enroll now!

iAfter over 55 years of training men for Electronics in
their homes, NRI knows that theory alone is not
enough. That’s why NRI concentrates so heavily in
the development of special training equipment. Your
hands must be trained as well as your head, and NRI
gives you both kinds of training in a manner no other
school can match.

You get your hands on professional parts and demon-
strate theory you read in NRI’s unique “bite-size”
texts. You build designed-for-learning Electronic cir-
cuits and complete, operating equipment. You use
what you build to prove out what you read. Elec-
tronics comes alive in the most valuable, practical
manner. You experiment with the same kinds of solid-
state and transistorized and tube circuits you’ll find
on the job—not hardware or breadboard hobby kits.

NRI prepares you for your choice of careers in Color
TV Servicing, Communications, Industrial Electron-
ics and the growing field of Computer Electronics.
Many NRI graduates start earning $5 to $7 an hour
extra soon after they enroll, fixing home Electronic
equipment for friends and neighbors in spare time.
NRP’s remarkable teaching method simplifies, organ-
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izes, dramatizes subject matter so that any ambitious
man, regardless of his education, can effectively learn
and profit from the Electronics course of his choice—
and NRI gives you 15 training plans to choose from.

Over three-quarters of a million men have enrolled
with NRI since 1914. Proof of the value and experi-
ence you get when you choose NRI for your Elec-
tronics training . . . proof of why NRI continues to be
the country’s largest Electronics home-study school.
Discover for yourself how easy it is to move into
Electronics and move up in a rewarding career. Mail
the postage-free card for the new NRI Catalog. There
is no obligation. No salesman will call on you because
NRI does not employ salesmen. NATIONAL RADIO
INSTITUTE, Washington, D.C. 20016.

= \ If postage-free card is missing, write to:
NATIONAL RADIO INSTITUTE
Washington, D.C. 20016

GET FACTS ABOUT Gl BILL

If you have served since January 31, 1955, or are in
service now, check GI line on postage-free card.

ELEMENTARY ELECTRONICS
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...first and only school to include
training equipment designed from
chassis up for your education

Earn $5 to $7 an hour spare or full
time in COLOR TV SERVICING

It's easy to learn as you build, stage-by-stage, the only
custom designed Color TV receiver engineered specifically
for training purposes. You grasp a professional under-
standing of all color circuits through logical demonstrations
never before presented. The end product is a superb Color
TV set that will give you and your family years of viewing
pleasure. NRI gives you the option of selecting either
Color or black-and-white training equipment.

There’s glamour, success awaiting
Technicians in COMMUNICATIONS

NRI gives you the experience you need to qualify for
jobs in TV broadcasting stations, or operating and servic-
ing mobile, marine, aviation communications equipment.
You build and use a solid-state voltohmmeter; perform
experiments on transmission lines and antenna systems,
even build your own 25-watt, phone-cw amateur transmit-
ter band. In all NRI Communications courses, you must
pass your FCC exams—or you get your money back.

Fill technical jobs without a degree’
in INDUSTRIAL ELECTRONICS

NRI’s Electronics Technology course gives you completely
specialized training kits engineered for business, industrial
and military Electronics fields. On completing this train-
ing, competent technical ability can be instantly demon-
strated by you. As you learn, you actually build and use
your own training center in solid-state motor control and
analog computer servo-mechanisms. Telemetering circuits,
solid-state multi-vibrators, even the latest integrated cir-
cuits are included in your home training program.

Prepare quickly for a high pay career
in COMPUTER ELECTRONICS

This may well be the most unique and exciting educational
aid ever developed for home training—a digital computer
with memory you build and use to learn organization,
trouble shooting, operation and programming. It performs
the same functions as commercial computers you encounter
on the job. Lessons stress computer repair. You perform a
hundred experiments, build hundreds of circuits. Your own
solid-state voltohmmeter is included among the ten training
kits you receive.

OVER 50 YEARS OF LEADERSHIP IN ELECTRONICS TRAINING

CIRCLE NO. 13 ON PAGE 17
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etymology

How about a word with us?

QuANTUM

A Classical languages contain lots of raw ma-
terial for possible use in shaping new words.
This is one of the primary sources to which a
scientist turns when a new phenomenon is found
for which there is no name. Until comparatively
recent times, it was actually considered bad taste
(or lack of knowledge) to get the stuff with
which to shape new labels from any other
source.

Physicist Max Karl Ernst Ludwig Planck was
rather mild-mannered in spite of his formidable
name and his tremendous intellect. So when he
developed a radical new theory about the nature
of radiation he turned to Latin to name the
minute particle he had never seen, but which
his theory required.

From Latin for “how much,” Planck coined
the term quantum. He used it to indicate the
hypothetical “unit of radiation” that helps to
cxplain behavior of radiant energy.

First publicly presented to the Berlin Physical
Society in the late autumn of 1900, the guantum
theory is a milestone in the progress of modern
science. According to it a quantum (“how
much”?) is a packet of energy equal 1o Iy,
where /i is Planck’s constant and v is the fre-
quency of the radiation.

Hirac
A Proliferation of research and discovery in
our times has led to a boom in formation of
acronyms—words completely artificial in nature,
having no roots in any language, and shaped by
putting together initial letters of complicated
descriptive terms.

So many acronyms have been formed and so
many have proved usable that formal names
of programs and systems are often chosen so
that acronyms will take the form of familiar
words. That was the case with the Dispersed
Early Warning radar system set up across
North America at about the 70th parallel. Here
the name was chosen so that the acronym
drawn from it would be DEW.

No such strategy was used in early talk

about a sophisticated accelerator at the Uni-
versity of California. Scientists simply called it
what it seemed to be: heavy-ion linear ac-
celerator.

That was fine, so long as only a handful of
persons made occasional references to this
elaborate equipment. As it became more and
more prominent, and increasing numbers of
persons couldn’t avoid referring to it, the in-
evitable happened. The cumbersome name was
in common speech dropped in favor of its
acronym.

That is how the accelerator that last May
produced element #105 (with 105 protons and
155 neutrons) came to be known as hilac. Tt
would be harder to produce a clumsier word by
trying 1o do so—but the hilac looms so large
in atomic physics that its name is sure to find
a permanent place in speech.

GHoOST
A Developers of a constant-level balloon that
could be put into the stratosphere with a pay
load of instruments couldn’t think of a simple
name. They realized that whatever label at-
tached to it was likely to be condensed into an
acronym.

So they deliberately juggled words until they
came up with Global Horizontal Sounding
Technique balloon. Now almost universally des-
ignated by the artificial-but-realistic word
formed from initial letters, the ghost balloon
has played a big part in advancing space
technology and changing plans for a world-
wide system of weather balloons.

Launched from Christchurch, New Zealand.
in 1966, the first ghost circled the Southern
Hemisphere eight times, stayed aloft for 102
days. Another ghost launched in September,
1967, remained in action more than four times
as long and made 35 trips around the world. A
typical ghost carries about $3.000 worth of in-
struments—most of which are never recovered
—and doesn’t function well in the troposphere
(the lower six miles of the atmosphere).

NEwTON

A Thousands of surnames of theorists and dis-
coverers have attached to phenomena with
which they worked. Many of these “names that
have become words™ are highly technical. Some
survived only a few years, and then dropped
out of use. In several cases, otherwise little-
known persons are commemorated by uni-
versally used terms.

Sir Isaac Newton is often labelled “the great-
est scientist who ever lived.” But the only com-
mon word shaped from his name is modern in
origin and seldom used. Increasing use of high-
level energy required a name for a big unit
in the meter-kilogram-second system. So newton
was adopted as shorthand for 100,000 dynes—
unit of force required to accelerate a mass of
one kilogram one meter per second. ]
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Electronic touch-and-tell eyes
for the unsighted.

by Helen K. Branson

You probably never stop to think how easily you look at
a printed page, a chart, or a label, and take in a dozen
words at a glance. Only a blind person can trulv understand
the inconvenience of not being able to read print. I wish I
had a nickel for every can I've opened, thinking it contained
onc thing, and getting another. It would be worth much more
than a nickel to me for every time I've lost dollars just be-
cause I had to wait to have something important read to me,
and so missed a publisher’s deadline, because nobedy was
“available to help me.
All this promises to be remedied within the next vear and
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a half, according to Dr. James Bliss, of
Stanford University’s Palo Alto, California
Research Institute’s Bio-Information Sys-
tems Lab. For it was Dr. Bliss’ lab which
designed and brought the Optacon into
existence after 6 years of research.

The clectronic device, battery operated,
and about the size of the casette tape recorder,
weighs about 6 pounds. And Optacon’s de-
velopment, which will allow blind persons
to read everything from banner headlines
to the smallest newsprint by touch vibra-
tion, cost $600,000-—not much by today’s
medical research standards. The device,
which has been displayed recently, is still
experimental, and will not be available com-
mercially for at least another year and a
half.

Six of the instruments have been put to-
gether at a cost of $5,000 cach. They’re
being field-tested by blind students, profes-
sional persons with serious visual handicaps,
and other blind workers. One is on public
display at the Palace of Arts and Sciences
in San Francisco, where blind persons not
directly associated with the research project
will be given an opportunity to try out the
machine.

Actually, it takes several months of train-
ing to learn the tactile skill required to
interpret the vibrations well enough to read
60 words per minute of ordinary printed
materials. Field tests show that an Optacon-
aided blind person “reading” text material
is slower than most experienced braille
readers. But braille materials are very limit-
ed, and many blind find it difficult to learn
to read the braille characters with speed
and facility—especially those who have
read ink print into adolescence or longer.

Books, newspapers, typewritten letters,
labels on cans and bottles, and denomina-
tions of paper money can be rcad by hold-
ing the scanner in one hand, and interpret-
ing the vibrations of the Optacon with the
other.

Photoelectric sensors in the scanner pick
up the shapes of individual letters and
convert them into electric impulses which
travel through a cord in the rcad-out unit.
The impulses cause a total of 144 fine wires
to vibrate selectively in the form of the let-
ter or combination of letters being scanned.

The blind person puts a finger into a

o 006 0 0o 0
© 0 0 0 0 00
© 00 0 0 0 0

PLANAR ARRAY OF
+ TACTILE STIMULATORS

GENERATE TACTILE iMAGE

ELECTRONIC SYSTEM ACTUATING
EACH TACTILE STIMULATOR WHEN
TS PHOTOELECTRIC DEVICE IS DARK

A
e

PLANAR ARRAY OF
’ PHOTOELECTRIC DEVICES

?PTICAL SYSTEM TRANSMITTING
OPTICAL IMAGE FROM PAGE TO
PLANE OF PHOTOELECTRIC DEVICES

A

=y

READING MATERIAL

When unsighted person places his fingers
upon Optacon’s “‘reading’’ surface, he's

sensing sets of vibrating pins that are ac-
tuated by photoelectric-driven IC circuits.

groove, and the wires vibrate against the
fingertip. The letter felt by the finger can
be blown up 5 times its sizc by a zoom lens
on the scanner, and a controllable size-
doubling device in the simulator. Larger let-
ters such as headlines can be traced.

Dr. Bliss feels that the speed with which
the blind person reads is emotional, not
physical, the reader can move the scanner
as fast as he desires. However, some blind
people disagree with this assumption, say-
ing that the ability of the finger to in-
terpret the vibrations of the wire is also a
limiting factor. A good braille reader can
go much faster than 60 words per minute,
but, the limitations of braille make the pos-
sibility of using a scanner much more prac-
tical.

Candy Linvill is a blind tester for the
Stanford project. Candy, seen in the photo-
graph on page 57, has had about 300 hours
of practice on 5 different machines. She
reads about half of her braille speed cur-
rently, and she says that her Optacon speed
is increasing all the time. Candy, a fresh-
man at Stanford, uses the Optacon as her
sole means of study for a course she is
taking in Conversational French. She is as-
signed the same material as all other stu-
dents in the class. Although she reads more
slowly than her sighted companions, she
feels that the system is far superior to
braille in many ways.

How Optacon Sees. The main principle
of the Optacon is the generation of a

ELEMENTARY ELECTRONICS
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dynamically magnified tactile image which
is a facsimile of the ink characters being
viewed by an optical system. The tactile
image is generated by a rectangular array
of vibratory pins which can be made to
vibrate selectively, individually or in groups.
Integrated circuits, and piezelectric vibra-
tors are the essential new components of
the Optacon. Special integrated circuits have
been invented and developed for Optacon
by graduate students, as well as faculty and
research staff at the Stanford Graduate
School and the Stanford Research Institute.

The optical system includes a rectangular
group of photo cells on which the ink print
characters to be “read” are focused. The
reader rests his finger on the sensing plate
which brings the vibrations of the pins to a
focus that can be interpreted through per-
forations in the plate. Once the research
project had established several years ago
that blind persons could “read” the vibra-
tions, the problems of constructing photo
sensitive arrays and the electronics control
and switching circuits required to generate
tactile images from ordinary printed material
were solved.

Actually, the array of photo transistors to
which the image of reading materials is con-
ducted is not necessarily new. This version
of Optacon has only 12 rows of photo tran-
sistors. The reading rates of this model were
low because the image was not clearly trans-
mittable to the reader; the problem was
mainly in the distinction of letters.

Dr. Bliss studied this aspect of the situa-
tion carefully. He decided that at least 24
rows would be required for facile reading
of all capital and lower case letters. The use
of plastic fibers to conduct the images from
the reading materials to the array of vi-
brators gave a partial solution to the prob-

+5V
20K

LIGHT

SV

i

ov
SINGLE CELL

SECTION OF ARRAY OF
PHOTOTRANSISTORS

Schematic of single photoelectric cell (left)
which is the basic unit of phototransistor
array (right) housed within the scanning
retina of the Optacon.
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lem. Dr. Bliss and others realized, however,
that faster reading rates could only come
about when integrated-circuit technology
was brought into play.

The Eyes of Optacon Revealed. The sili-
con retina of Optacon consists of an array
of 6 by 24 photo transistors on a single chip
of silicon 100 by 160 mils in area. Also, a
multiplex circuit which has 6 channels of
communication is necessary.

A guiding device which keeps the scanner
roughly in line with the lines on the printed
page is utilized so that the reader will not
scramble the material. Small bulbs in the
reading head illuminate the portion of the
page to be focused on by the 100 by 160
mils silicon retina of the reading head.

Six channels of output signals are fed
from the reading head through the thin wire
cable to the electronic control circuit, which
is housed in the small flat box under the
reading plane. Signals are processed in this
box. They gate on and off a 200-Hz source
to appropriate piezo-electric reeds. This is
what presents the tactile image to the left
index finger of the reader.

In parallel, a corresponding signal is fed
to the array of neon lamps in the box on
which a large lighted image for the sighted
rescarch observer is presented. This image
would not be necessary for practical use of
the device outside of the laboratory. It is
necessary in the research ficld, of course,
so that progress of reading tests can be
followed.

The small, light reading head is one of
the chief advantages of the Stanford scanner.
Moving it easily over the page is one factor
which makes the device more practical than
other systems. The silicon retina has made
this possible.

As already mentioned, this retina consists
of an array of 4 transistors in a rectangle
on a single silicon chip. These are operated
in the charge-storage mode. The essential
teatures of the operation are shown on this
page. At the left is shown a series circuit
consisting of a photo transistor with its base
floating, a 20,000 ohm load resistor which is
connected to a 5 volt power supply, and the
emitter terminal which periodically is
brought from 5 volts, where it usually rests,
to 0 volt. At the time of the pulse of 0 volt
on the emitter of the circuit, a current flows
through the phototransistor.

In the present reading aid, the frequency
of the pulsating 5 volt emitter voltage is 200
Hz. In the silicon retina, an array of 6 col-
umns of 24 phototransistors each is on a
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single silicon chip. In any given column, all
of the phototransistors have a common col-
lector, and the common terminal is termi-
nated in a single load resistance. All of the
emitters in a given row share the common
emitter terminal. Only one of the emitter
rows at a time is subjected to a negative-
going emitter pulse. Successive rows are in-
tegrated in turn, and the voltage appearing
at the load resistor for the column then
gives in sequence the indication of lightness
or darkness of the individual phototransis-
tors over the preceding sample period.

If you could draw 4 photomicrographic
schematic of Optacon’s silicon retina, the in-
dividual phototransistor bases would be seen
as dark rectangles 5 by 10 mils in dimension.
Horizontal step lines represent the alumi-
num leads connected to each row of the
emitters, which are small rectangular dots 1
mil square. Alternate rows of emitters are
connected to bonding pads of aluminum on
opposite sides of the silicon chip. Six of the
aluminum areas at the top and bottom of the
slide are the terminals for the collectors of
the respective columns. At opposite corners
of the chip are leads connected to the cor-
ners of aluminum pads fastened to the sili-
con substrate. Simple, isn’t it?

The Electronic Control Circuits. The
functional operation of the electronic con-
trol circuits coupling the silicon retina to
the tactile stimulator ray is illustrated at top
of page. The silicon retina is provided with
a stepping-pulse source which delivers suc-
cessive negative-going pulses to the rows of
the silicon retina, one at a time. The output

pulses from each of the columns of collec-

tors are supplied over 6 channels to the
electronic circuits where they are applied to
comparator circuits which determine wheth-
er a given element of the silicon retina has
been lighted or not.

The electronic control circuit provides
200-Hz squarewave voltages to the piczo-
electric reeds whose corresponding photo-
transistors have been dark.

The most recent version of the tactile
stimulator has 6 columns of 24 rows of pins.
Each is connected to a cantilever-mounted
piezoelectric reed. The piezoelectric reeds

(" = comparators

11
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1 [ ] STIMULATOR
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ELECTRONIC
CONTROL CIRCUIT

Working much like the human nerve system,
Optacon ‘‘sees’ printed characters with its
silicon retina, and integrates the scanned
information into a signal which controls the
Tactile Stimulator Array.

are made of lead zircomate and lead titinate
and are manufactured by the Clevite Cor-
poration. They are surprisingly small, com-
pact and efficient motors. The arrangement
of the vibratory pins has a mounting with
100 mil spacing between columns of pins
that are spaced in 50 mil series.

This size permits the tip of the finger to
be placed in the grooved space on the plastic
cover of the stimulator and there receive a
tactile image of the letter being viewed by
the optical reading head.

The combination of the integrated circuits
in the silicon retina, and the control (or
controlled) circuits with piczoelectric vibra-

tory reeds for tactile stimulation makes up

a very practical system.

A somewhat smaller reading aid using the
same principles is being tested. It requires
oniy 142 watts of continuous power; 1 watt
of this is required for illumination. This
makes it possible to power this Optacon by
rechargeable batteries.

Actually, the Optacon is in an intermedi-
ate stage of development. The machines test-
ed by Candy Linvill have cach been progres-
sively more utilitarian, and it is expected
that before actual production begins in about
a year and a half, the machine will be im-
proved even more. “If some of the ideas
for improving the Optacon are successful,
Dr. Bliss said, “reading performance equal
or exceeding that of braille should result,
and the cost of production should decrcase.”
If the Optacon proves to be as practical as
Stanford researchers predict, it should, in-
deed, be an example of how modern tech-
nology can be used to mitigate human prob-
lems. |
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e/e checks out an excellent

- PORTABLE MUSIC CENTER

You can take it with

you—Toyo's new
portable has an AM/
FM-stereo radio in
the left half and a
cassette recorder

in the right half.
Pick it up and go!

] Here’s a complete music center for the
hi-fi enthusiast on the go, the coilege student
with not much room for a full-size stereo
rig, and just about anyone who wants to
tuck a music center into a corner of the
bedroom or playroom. It’s the Toyo CRH-
506 portable cassette recorder and AM/
FM-stereo radio, housed in a travel case no
larger than carry-on airplane luggage.

The Toyo radio measures 11”7H x 1234”
W x 6% " D. Weight is 13 1b. The case con-
sists of two half-cases with lift-off hinges.
Each case-half contains a 5” speaker and
part of the total electronics. The left half
also contains the power supply and the AM/
FM-stereo tuner while the right half con-
tains the cassette recorder and power am-
plifiers.

Most features found on standard stereo
compacts are found on the Toyo, such as an
FM-stereo beacon and dual VU recording
meters. Controls include tuning, tone, vol-

CASSETTE
CONTROLS

vuU

METERS TONE VOLUME'

TUNING POWER
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ume right, volume left, and tape/radio se-
lector. There are switches for power, AC/
battery, and AM/FM/FM-stereo modes.

The cassette recorder uses piano-key con-
trols for eject, stop, instant stop, play, fast
forward, rewind and record interlock. The
recorder can record either from the supplied
microphones or from any amplifier sound
source. A monitor switch allows speaker
monitoring of the radio inputs while record-
Ing.

The unit is powered by 117 VAC, from
internal D batteries, or an external 12 VDC
source. The batteries, power cord and a 6’
speaker cord are housed in a storage com-
partment in the rear of the left case. A sim-
ilar storage compartment in the rear of the
right case houses the microphones.

A telescopic whip antenna is provided for
FM reception, and a rod antenna for AM.

Performance. Because the unit is
basically a radio, and because there are no

TAPE/RADIO
SELECTOR

With the sections folded and
locked, the CRH-506 becomes a
portable music center no larger
than an airline travel case. All
operating controls are mounted on
top of the case. The top half, as
shown, contains the amplifier and
its operating controls. The bottom
half contains the tuners, power
supply and their controls.

AC/BATT
SELECTOR
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EXTERNALY
POWER
INPUT

The right case half of the Toyo
CRH-506 has the recorder monitor
switch and microphone input on
the side. The left half has an
external 12 VDC power input jack.

standard input and output connec-
tions, the Toyo CRH-506 could not
be measured for performance to the
usual hi-fi standards. Instead, we com-
pared its relative performance against
better quality radios and portable
cassette recorders.

First off, the sound quality is very good,
noticeably better than so-called stereo rec-
ord players or “compacts” in the $100 price
range. Also, the maximum low distortion
power output is considerably more than bet-
ter quality players and radios; this unit has
no difficulty producing ear-straining volume
levels in smaller rooms.

The single hi-cut tone control works the
same as others of its type, either attenuating
the highs to produce a “mellowed” sound,
or restoring the highs for “‘brilliance.”

The FM radio. through its whip antenna,
was about as sensitive as a $50 FM radio
and delivers good performance in urban and
surburban areas—it is not a fringe-area re-

MONITOR
SWITCH

MICROPHONE
INPUTS

ceiver. Separation as judged by listening
was about average for a good-quality FM
radio. AM performance similarly equaled
a good-quality radio.

The cassette recorder performance easily
matched any but strictly hi-fi cassette re-
corders. Wow and flutter was 0.32% with a
#3 dB, 50 to 8000-Hz response.

In short. the all-round performance was
very attractive.

Summing up. While not a hi-fi system
in the true sense of the term, the Toyo
CRH-506 is an excellent choice as a porta-
ble or “vacation”™ music system, and is cer-
tainly recommended for college students
and playroom use.

The Toyo CRH-506 Cassette AM/
FM Stereo Radio is priced at $149.95
complete with microphones. For addi-
tional information on the Toyo CRH-
506, circle number 37 on the Reader
Service Coupon on page 17. B

Each case has a storage compartment in

the rear. The power and speaker connecting
cords are stored in the rear of the left
case. The right case has a similar
compartment for the microphones
that come with the music center.

ELEMENTARY ELECTRONICS
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By Kathi Martin, KAI()614

I’ve got a riddle for the active CBer. Crystal-controlled ten transistor re-

How do you fellow-CBers keep your- 4 ceiver is Mobilink system’s other half.
selves in contact with the messages (“Hurry,
Kathi, it’s a real crisis. You don’t have a
minute to wait!"”’) that somchow manage
to spew forth just as you amble away from
your parked car. Especially, when the
destination is that long awaited snack at the
local diner. Certainly, nobody in his right
mind would unbolt his rig from the dash-
board, and strong-arm it into the restaurant.
And, if you think that the answer to my rid-
dle lies under the guise of a portable CB
transceiver, just try a tug-of-war with one
of these “mobile” beauties. You know—the
kind that are conveniently” carried from
the shoulder. I guarantee you’ll soon be
begging your local druggist for his entire

stock of skin softener as your brand new =
baby Brunhilde muscles ripple under both always confirms, those mini-rigs doctored

super-calloused shoulder- to deliver decent performance suffer badly

& blades. from Dying Battery-itis after but a few
In my work with various chit-chats on the Band.

battery-operated CB rigs, I've What’s the active CBer, who can’t always

found that, as a general rule, Srook his ear toward that sensitive mobile
none of them have the trans. (Or base) rig, to do? Portable rigs do work
mit power, or the receiver very well for short-range CBing. But, the
sensitivity, of even the more answer for the Citizens Bander who has to
moderately-priced transceiv- monitor his rig away from car or home lies
ers. And, as our lab almost With a better idea from Refugio, Texas!
Thanks to the Lone Star crowd down at
Tompkins Radio Products, they've solved
this CB dilemma with a device known as
Mobilink. You can monitor your CB rig
LY {rom as far as Y4 mile away with their add-
on goody! With a Mobilink working for
: you, taking a coffee break in the local
diner and still keeping tabs on your mobile
CB rig becomes a simple matter, indeed.
Or, you can go out to work around the
house and still monitor on the base rig for
a “family” call. Mobilink’s the best way I
can think of listening for your Channel 9
Transmitter half of distress calls, too. With a Mobilink, CB is
Mobilink’s contained in MO further away than your shirt pocket.
this perky little box. Whip Pocket-sized Messenger Service. A Mo-
antenna detaches from base.  bilink system consists of a small signal-

Jury-Avucusrt, 1971 63

wWWww.americanradiohistorv.com


www.americanradiohistory.com

64

@ @ KATHI'S CB CAROUSEL

triggered transmitter and a pocket-size re-
ceiver. The handsize transmitter boasts a
75 mW RF signal. It is voice actuated
by the regular CB receiver; and has a built-
in telescopic antenna like the collapsable
jobs supplied with normal CB walkie-talkies.
A two-wire audio cable connects the audio
input to the CB transceiver’s speaker, or
directly to your rig's External Speaker jack.

With no signal being received, a special
circuit keeps the Mobilink transmitter in-
active. Whenever an audio signal is received
at your rig, the transmitter is activated by
the received audio, which re-transmits the
original message over another CB channel.
A small Mobilink receiver in the operator's
pocket—no larger than a transistor radio—
receives the re-broadcast signal. Now you
can enjoy full-time, unattended, monitoring
of your CB transceiver!

Both Mobilink transmitfer and receiver
are crystal controlled. The crystals plug-in;
any CB frequency can be used for re-
broadcasts. Simply select a channel infre-
quently used by the local CBers.

It's What Inside that Counts. After |
opened Mobilink’s cabinet, I counted four
transistors, a modulation transformer, and
a handful of resistors and capacitors. Two
transistors form the heart of a two-stage
transmitter, simply consisting of an oscilla-
tor and a power amplifier. The modulation
transformer receives its signal directly
from the CB rig’s audio output transformer.
Both remaining transistors work as a voice-
actuated switch, turning the oscillator stage
on or off. When no audio reaches the mod-
ulation transformer, the transistor switch is
“open,” and the oscillator is inoperative. No
signal is transmitted—it’s like squelch in re-
verse! Audio fed from your rig “trips” the
transistor switch, which, in turn, turns on
the oscillator and the received signal is re-
broadcast by Mobilink. It's a simple ar-
rangement but in our tests Mobilink worked
very well.

The receiver appears to be an ordinary
transistorized radio, modified with the stan-
dard AM front end removed, and a crystal-
controlled, CB front end substituted. It is
a very small radio—measuring merely 4%
x2% x1%2 -inches—and will easily slip into a
shirt or jacket pocket. The supplied antenna
is the small telescopic type such as found on

PRINTED CIRCUIT
XMIT BOARD

CRYSTAL

ACTIVATOR
for THARIEITON

MODULATION
TRANSFORMER AUDIO INPUT

Innards of Mobilink transmitter. Circuitry’s
simple but unit worked well under field testing.

small CB walkie-talkies.

Testing . .. 1...2...3. First, | tried
the Mobilink system with the transmitter
placed on the seat of my car. The effective
range for receiving really solid copy
dropped down to about 200 feet. Then after
moving Mobilink’s transmitter onto the car’s
dash, I tried the test again. This increased
Mobilink’s useful range to about 400 feet.

With the transmitter placed outside the
car and on its fender, solid-copy range was
about & mile, with received signal starting
to peter out into the noise beyond this dis-
tance. So far, so good.

When [ broke out my expensive CB
walkie-talkie, and used this as the Mobilink
receiver, the solid-copy range increased to
a quarter of a mile.

The transmitter’s received signal was very
clear and triggering was essentially in-
stantaneous—the first word wasn't “lost” as
the transmitter turned itself on.

Performance was the same on all forms
of transmission (such as AM, sideband and
tone-controlled squelch) because the Mobi-
link functions on the audio output fed to
the speaker of your rig.

Some Last Thoughts. Mobilink's an im-
portant accessory for the CBer on the go.
The Mobilink transmitter is priced at $44.95,
and the receiver sells for $24.95. Prices
include antennas, crystals and batteries. For
additioral information circle number 36
on the Reader Service page 17. [ ]

ELEMENTARY ELECTRONICS
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by Steve Daniels
WB2GIF

hen the FCC opened the FM band to

permit legal use of low-powered trans-
mitters for wireless microphones, telemeter-
ing and for measurement, they opcned a
Pandoras Box for many an experimenter.
Within the short space of time after the
FCC relaxed their regulations, there was a
flood of flea-power devices on the market.
Some were good, some bad, but most had
one basic inherent problem. Body capacity
afTected the tuning of the device, which, in
turn, affected its usefullness.

No doubt about it. For a speaker or per-
former to be completely free of a fixed posi-
tion—dictated mostly by the best location
for a floor microphone in a PA system—is
probably the dream of all would-be orators
and very-offi-Broadway thespians. So, as
soon as the new wireless microphones were
introduced, there was a rush to try them out.

It didn’t take long before it was discov-
ered that this ideal device was not so ideal.
Problem was, when tuned up on the bench,
the little devils worked perfectly. But, after
the bench tune-up, when concealed in the
clothing of a voluptuous young chick, or, for
that matter, an uninteresting looking gentle-
man, the tuning was off.

Just by walking or breathing, the signal
quality, as well as its output level changed,

JurLy-AvucusT, 1971

Use it with any FM set
connected to your PA!
No mike line needed!

and so at times there was poor sound. Or,
no sound at all! This is very disturbing for
any performer whose roller-coaster voice
levels causes the audience to loose a tomato/
egg barrage!

Simple Magic. Our Magic-Mike certainly
solves the tuning problem and so ultimately
solves the major drawback of this equip-
ment. You may well ask what makes Magic-
Mike so different, especiaily when we note
that a commercially-produced transistorized
oscillator is used to generate the signal? Se-
cret is, we added an FET (Field Effect Tran-
sistor) bufler stage to the output of the com-
mercial unit. That isolated the tuned ele-
ments of the oscillator from the antennd and
thereby eliminated the problem of body ca-
pacity disturbing the tuning of the oscillator.
This bufler stage is comprised of compo-
nents RI, Cl1, C2, L2 and Q1. These are
wired as an RF amplifier. Transistor Q1 is
an n channel FET operating in a positive
ground circuit which may appear to be a bit
unusual.

Microphone Making. Sure, you could wind
coils and assemble transistors, resistors and
capacitors together into a basic oscillator.
But if you’re like us—a little on the lazy side
—it’s much simpler, and cheaper, to buy a
commercially-built unit to start your proj-
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@/@ MAGIC MIKE

ect. We used an Archer model 277-205 FM
Wireless Microphone. It’s available through
Allied Radio Shack sales outlets. The mod-
ule’s easier to work with if you use just the
printed circuit board without the housing.

Start your module mashery by prying off
the bottom plate of the Archer module and
removing the printed circuit board with its
components from the housing. We mounted
this circuit board, along with a 34 X 13s-in.
picce of perfboard (on which the buffer
stage components are mounted) and the bat-
tery, microphone element and power switch
into a 4 X 2% X 1%-in. bakelite utility
case supplied with aluminum cover panel.

Drill mounting holes for the switch, the
microphone, the antenna, the circuit board,
and the battery clamp in the plastic utility
case. You can see the arrangement we used
in the photos. The layout isn’t critical; how-
ever, we suggest you use the basic arrange-
ment shown in the photos to simplify the
construction project.

The crystal lapel microphone was fitted
with a metal spring clip that can be bent to
pass through a hole in the bakelite face of
the utility cabinet. The clip’s then crimped to
hold the microphone in position. A scrap of
aluminum was pressed into service as a bat-
tery clamp, holding it tightly inside the case.

The perfboard is mounted on two 6-32

MICROPHONE

Heart of our Magic-Mike is FM wireless mike
module shown with its cover on. We removed
pc board from case to make easier assembly.

-

machine screws with Y4-in. spacers raising it
off the surface of the case. The printed-
circuit board is suspended from the perf-
board by soldering a stiff solid wire lead
and capacitors Cl and C2 to circuit con-
necting points between them.

Buffer Stage Assembly. Drill mounting
holes in the perfboard to match the spacing
of the mounting bolt holes you drilled in the
plastic case. Mount three push-in pins on
the frec end of the perfboard for mounting
and making connections to the FET (Ql1).
Resistor R1 is mounted between the pins
that connect to the gare (g) and source (s)
pins of Q1.

Next comes coil L2, which is made by
winding 3 Y2 turns of #22 bare copper wire
on a %gs-in. diameter. Use a M¢ in. diam-
eter dowel rod to form the coil. After it’s
wound, spread it out and solder the antenna
lead to the center turn. When these opera-
tions have been completed remove the
dowel rod and discard it. After winding the
coil the turns should be spread apart so that
total length of the coil is ¥¢-in.

Solder coil L2 directly to the leads of
capacitor C2 and cut off any excess coil lead
wire. One end of C2 is connected to the
drain (d) of Q1, and the other end is soldered
to the 9V plus terminal on the printed cir-
cuit board that connects to the center tap of
the coil (L1) on this circuit board. Except
for the minus battery lead which is run from
one side of the power switch to the source
(s) terminal of QI1, the buffer stage is now
finished.

The only other connections required to
complete the project are your microphone
and the plus battery leads. The shiclded mi-
crophone cable supplied is cut to a length of
about 2-in. Skin back the shielding about
Va2-in. Then connect the center lead of this
cable to the proper tab on the Wireless Mike
module printed circuit board. The shield of
the mic cable is soldered to the ground bus
at this saume end of the pc board.

The 9V battery connector is soldered to
the assembly so that the red wire (plus lead)
is connected to the tab on the printed circuit
board where you connected C2. The black
lead (minus lead) is soldered to one side of
the power switch.

Now that the hard (?) work has been com-
pleted, there’s little left to do. Fasten the
perfboard assembly and printed circuit
board to the case. Then mount S1 into the
hole you drilled for it, insert the battery and
you're ready to test Magic-Mike.

ELEMENTARY ELECTRONICS
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= 2N5457
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PARTS LIST FOR MAGIC-MIKE

B1—9V Battery (Eveready 216 or equiv.)

Cl1l, €C2—15 pF, 1000V ceramic disc ca:
pacitor (Lafayette 32F01514 or equiv.)

L2—314, turns #22 bare copper wire (see
text)

MM1—FM wireless microphone module
(Allied Radio Shack 277-205 or equiv.
—see text)

Ql1—n channel FET, Motorola MPF103
or HEP 801 or 2N5457

R1—12,000,000-ohm, 14-watt carbon re-
sistor

1—4 X 21, X 154-in. plastic mini utility
box with aluminum panel (Lafayette
99F80780 or equiv.)

1—Battery connector (Allied Radio Shack
270B325 or equiv.)

1—Crystal lapel microphone (Allied Ra-
dio Shack 33B100 or equiv.)

Misc. Wire, solder, bolts, nuts, spacers,
perfboard, push-in terminals, aluminum
strip for battery clamp, etc.

One thing not mentioned—the antenna
discussed above—is soldered to the center
tap of coil L2. It should be made from a
piece of #22 stranded wire about 18-in. long.
You might try points other than the exact
physical center of coil L2 as the final con-
nection point for the antenna. A spot a little
ahead or perhaps behind the midpoint may
produce a better signal.

So okay, already, how
does a smart operator like
you groove on Magic-
Mike? Just follow the

It’s easier to follow
our layout although
circuit isn't critical. If
you want to make it
small enough to hide
in performer’s clothes
go ahead and try it.
The case we used
may be a little too
deep.

Jury-AvucusT, 1971

instructions that come with the Archer
module! We haven’t changed the module’s
basic how-it-works principles. All we've
done is to provide a means of eliminating
one of the principle drawbacks inherent
in all of these units. Namely, the problem
of a chick’s body capacity broadly detuning
the oscillator. |

LI
(PART OF
MMI)

B
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Electronics in the News!

Look Out Below

A series of dives by a circus performer from
heights up to 57 feet has helped General
Motors researchers study impact forces simi-
lar to those experienced in automobile crashes.
The high dives were performed by stunt-man
Ross Collins, under contract to GM Research
Laboratories, from a 60-foot tower. Carrying
instruments that recorded the severity of his
impact, Mr. Collins slammed repeatedly into
a 3-foot thick foam rubber pad at speeds up to
40 miles per hour. The new data provided by the
tests is considered to be a valuable contribution
to a body of biomechanics information which
they have been collecting for some 15 years, and
which has led to progressively increasing the
crashwarthiness of automobiles.

The Martian-like appearance of circus
performer Ross Collins comes from
instrumentation and telemetry he carried in
high dives of up to 57 feet for GM safety
research. Accelerometers on his head and chest
recorded his rapid deceleration. Around his
waist are the telemetry units which transmitted
this data to scientific monitoring equipment
manned by biomechanics specialists.

In his dives, Mr. Collins experienced a mea-
sured chest impact of 48 g's of deceleration,
higher than was previously considered to be a
“safe” level. The “g” is a measurement of the
severity of the jolt, and 48 g’s means that the
forces experienced by Mr. Collins were equiva-
lent to 48 times his own weight of 189 pounds.
In dives from 57 feet, Mr. Collins is stopped
from a 40 miles per hour impact in a space of
about two feet. His landing platform is made
up of foam rubber, similar to that used to cush-
ion the landings of pole-vaulters.

The dives he performed for GM are identical
to those Mr. Collins makes routinely as part of
his act at the Circus-Circus, a Las Vegas casino
with in-residence circus acts.

Mr. Collins, a stunt man for 23 of his 40
years, is an accomplished aquatic high-diver.
He holds the world's highest diving record:
132 feet into 8 feet of water, set at the 1954
championships in Panama City. In his dives
onto the pad, he begins in the swan position,
then rolls to land on his back. Important stresses
within the chest and head, particularly those

A 57-foot jump for science by circus performer
Ross Collins helps GM safety researchers
study the effects of high speed impacts. This
multiple-image photograph shows Collins
heading for a cushion of foum-rubber
strips three feet thick.

-
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on the critical lower regions of the brain, are
similar from a biomechanial standpoint
whether the impact is from the front or back.

Rock Diary

The moon’s Ocean of Storms, explored by the
Apollo 12 astronauts in 1969, has been wracked
by at least four cataclysmic events during the
past 70 million years. This discovery, based
upon a sophisticated analysis of cosmic ray
tracks in lunar materials, was reported by
scientists from the General Electric Research
Development Center, who examined some rocks.

One lunar sample, known as Rock 12017,
provided numerous clues to the natural forces
that have repeatedly stirred the dry surface of
the Ocean of Storms. Rock 12017 is a gray
stone about 1.5 inches in diameter. By interpret-
ing the cosmic ray tracks stored in the rock, the
GE scientists have deduced that, about 70 mil-
lion years ago, it was jarred from a lower depth
to within the top few feet of the moon’s sur-
face layers. Then, about 1.7 million years ago,
the rock appeared on the surface of the moon,
where it remained in position for roughly the
next 700,000 years. At that point, a natural
force caused the rock to flop over. Finally, some
9,000 years ago, the rock was splattered with
molten glass.

The GE researchers suspect that the impact
of meteoroids against the moon was responsible
for this repeated churning of the dry surface of
the Ocean of Storms. A meteoroid collision also
could melt and splatter lunar material for long
distances, accounting for the “young” glassy
coating on Rock 12017.

The scientists have examined Rock 12017
and other lunar specimens with a new tech-
nique for detecting the tracks left by cosmic rays
_charged particles that bombard the moon
and earth ceaselessly from outer space.

Some types of cosmic rays are spewed out by
the sun, while others are generated by un-
known sources in outer space. Among the cos-
mic rays striking the moon are the nuclei of
iron atoms, which leave distinctive tracks in
surface rocks. An average iron nucleus pene-
trates only two or three inches of rock.

Other types of cosmic rays, on the other
hand, can penetrate several feet of solid rock.
Among these are the nuclei of hydrogen atoms,
which themselves are not massive enough to
leave tracks. However, as a hydrogen nucleus
moves through a rock, it sometimes collides
with and alters a heavier nucleus belonging to
one of the rock’s constituent atoms. If this hap-
pens, the heavier nucleus recoils, and leaves a
short track in the rock.

The cosmic ray bombardment of the moon
is believed to have remained constant over
hundreds of millions of years. Thus, by counting
the tracks of iron nuclei, the GE scientists can

JuLy-AvcusT, 1971

determine how much time a rock spent on the
moon’s surface.

Further, by performing calibration experi-
ments with man-made “cosmic rays” generated
by an accelerator at Princeton University, the
GE scientists have determined the number and
nature of “recoil tracks” that should be created
in rocks near the moon’s surface over certain
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Cosmic rays have riddled moon rocks with
tracks of damage. As one type of cosmic ray
passes through a rock (a), it ionizes adjacent
atoms, thereby giving them an electrical
charge. Because like charges repel, the atoms
move apart (b), creating « track that can be
observed with an electron microscope. This
track can be etched out chemically and
enlarged for studv with an optical microscope.
An average iron nucleus penetrates only two
or three inches of rock. Other types of cosmic
rays, such as the nucleus of a hydrogen atom,
can penetrate several feet of solid rock.
Although a hydrogen nucleus is not massive
enough to leave a track, it sometimes
collides with and alters a heavier nucleus
(¢) belonging to one of the rock’s constituent
atoms. If this happens, the resulting nucleus
recoils, and leaves a short track (d) in the rock.

amounts of time. This information permits them
to calculate how long a sample was buried
within a few feet of the surface—and, by com-
parison with other measurements, at which

depths.
Once a rock reaches the surface of the
(Continued on page 99)
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ASK AN,
HEKNDNS

Interference on FM
! recently purchased an FM-stereo receiver. 1
have been getting some pretry had interference
on the lower part of the FM band from short-
wave stations. One station on 91.5 MHz is
ruined by WWV. Another on 955 MHz is
drowned out nightlv by Radio Havana. I have
tried special untennas for FAM and FM-stereo
hut the interference continues. What would you
suggest that | do?

—A.F., New Kensington, Pu.
The best advice is “trade it in for a better re-
ceiver.” The fact that you can hear WWYV at

TWIN-LEAD FM RECE!VER

TO ANTENNA
A A
R
N 88-108 MHz
- PASS FILTER
Q

2
91.5 MHz seems incredible. Your recejver’s

front end must be poorly designed. Try a
band-pass filter (Finco 3007 or equal) in series
with the antenna as shown in the diagram

FBI Frequency
On what frequency do FBI mobile radio systems
operate?

—O.R.,, San Rafuel, Calif.
None of your business.

Portable as Amplifier?
! would like 10 use a portable ransistor radio as
an electric guitar amplifier. Would it be possible
to install a jack on the radio?

—J.D., Soutligare, Mich.
You wouldn’t be happy with the results. In the
first place. the gain of the audio section of a
typical transistor radio is not great enough. Nej-
ther is the audio power output.

Power Supply for Battery Radio

[ want 10 know how | can build a power supply
for a battery-pack radio that requires 90 volts
DC and 1.5 volts DC. | have huilt a power
supply to replace the 90-volt battery to operate

Hank Scott, our Workshop Editor, wants to
share his project tips with you. Got a question
or a problem with a project you're building—
ask Hank! Please remember that Hank’s col-
umn is limited to answering specific elec-
tronic project questions that you send to him.
Sorry, he isn’t offering a circuit design service.
Write to:

Hank Scott, Workshop Editor
ELEMENTARY ELECTRONICS
229 Park Avenue South
New York NY 10003

the receiver. However, I was unable to get the
1.5 volts for the tube filameni. Can you help me
with this problem?

—C.F.B., Green Bay, Newfoundland.
Stay with the 1.5-volt battery. A hum-free 1.5-
volt rectifier power supply would be costly. But

"7 2,8
VAC L

vou can keep the 1.5-volt battery charged by
floating it across the charger whose circuit is
shown in the diagram. Try different values for
R until the current measured at X with the re-
ceiver on is zero. Then, the charger will fur-
nish the current and the battery will last iis
shelf life and act as a filter and voltage stabi-
lizer. The diodes can be International Rectifier
type 8D4 or equal and Cl and C2 can be 6000-
uF, 6-volt electrolytics.
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No Distortion with Speaker

! hooked up « jack on my radio for recording.
But if I have the speaker on while recording,
can it cause distortion? If ii does, can you tell
how to record with the speaker on and no dis-
tortion?

C.C.. North Salem, N.Y.
If you're recording radio programs, leaving the
speaker on should not cause distortion.

Separating the Stations
I have a 4-band regencrative SW receiver with
good sensitivity, hut poor signal separation. |
thought it might be a good idea to get a super-
het receiver for bhetier separation. However, [
have been told that it isn’t wise to move up to
a more expensive receiver. This gave me doubis.
Could you please straighten me out. 1 just
want to listen 10 one thing at a time.

—K.C., Somers, Conn.
A good superhet with a selectivity filter or
Q-multiplier is belter. A regen receiver depends
upon feedback to improve the selectivity of one
tuned circuit. In a superhet you have several
tuned circuits. L}

ELEmENTARY ELECTRONICS
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PART 11
UNDERSTANDING
RLC CIRCUITS

Whal You Will Learn. You will
now learn how to combine beoth
reactive effects (inductive and ca-
pacitive) with and without resis-
tance. A number of impeortant spe-
cial circuits, called tuned circuits,
depend on the RLC combination.
You will learn how to calculate their
effects in circuits having inputs of
various frequencies. After you have
finished this part, you will know a
general rule about phase and power
in AC circuits. You will be able to
analyze the effects of RLC circuits
on pulse inputs in terms of frequen-
¢y response, and how to use a uni-
versal time-constant chart.

* This series is based on Basic Electricity/Electron-
ics, Vol. 2, published by Howard W. Sams & Co., Inc.
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RLC IMPEDANCE

When vector diagrams are used to find the impedance and phase angle
(as in the previous parts), +jX is always drawn upward, while —jX is always
drawn downward. This leads to the idea that inductance and capacitance provide
opposite reactions.

What happens if a circuit contains both inductance and capacitance in series?
The two reactances cannot be just arithmetically added to find the total reactance.
43X and —jX tend to ofiset each other, and the total eflect is their difference.

o~ INDUCTIVE AND CAPACITIVE REACTANCE VECTORS OPPOSE —

]
t
l fo INDUCTIVE
six 1 REACTANCE
R
—_——— -
RESISTANCE
$ix X CAPACITIVE |
; REACTANCE
]
[}
— _J}

This difference is in the direction of the greater of the two reactances. So, if a
circuit contains a capacitor, the reactance of which is —j50 ohms, and an in-
ductor, the reactance of which is +j100 ohms, the net result is equivalent 1o an
inductive reactance of +j50 ohms.

If a resistor is connected in series with an LC circuit, the impedance of the
circuit will simply be the resultant reactance (whether inductive or capacitive)
in series with the resistor.

A series circuit containing L and C hehaves either as a capacitor or as an
induetor, whichever of the two components has the greater reactance at the
operating frequency.

RESONANCE

A special case arises when the capacitive reactance and the inductive reactance
are equal. When this condition exists, the reactances cancel each other and the
circuit appears to be purely resistive. This can happen at only one frequency,
however, for each particular set of inductive and capacitive values. At a low
frequency, the inductive reactance is low and the capacitive reactance is high. The
circuit, therefore, behaves as a capacitance. If the frequency of the applied
voltage is gradually increased, the inductive reactance will gradually increase
and the capacitive reactance will gradually decrease. At some point the two
reactances become equal. and thus cancel. This point is called the resonant
frequency of the circuit. 1f the frequency is increased further, the inductive
reactance becomes greater than the capacitive reactance, and the circuit will
behave as an inductor.

ELEMENTARY ELECTRONICS
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Every L and C combination has one, and only one, resonant frequency. It is
the frequency at which the inductive and capacitive reactances are equal.

¢~ EVERY L/C COMBINATION HAS ONE RESONANT FREQUENCY ‘ﬂ

X, X

i

INCREASING
REACTANCE

Xe= X

o - o e - - B

i
I
]
1
11
]
1
1
1
1
i
]

fo f INCREASING —=-

\ _

Q1. Capacitance and inductance both store energy. Capacitance
stores energy in a(an) - --- - - - - field. Inductance stores
energy in a(an) -------- field.

Q2. How do capacitance and inductance affect a DC input?

Q3. What are the formulas for finding capacitive and inductive
reactances?

Q4. How does an increase in the frequency of the input affect
capacitive reactance? Inductive reactance?

Q5. Capacitive impedance is e\pressed in component form as
R — jX. Inductive impedance is expressed as

Q6. What is the total reactance of a circuit that has an X, of
100 ohms and an X¢ of 25 ohms? Is the total reactance
capacitive or inductive?

Q7. The condition existing when capacitive reactance is equal
to inductive reactance is known as - - - - - - - - - :

Q8. Any circuit containing inductance and capacitance has only
one - - ------ frequency.

Your Answers Should Be:

Al. Capacitance stores energy in an electric field. Inductance stores
energy in a magnetic field.

A2. Capacitance blocks DC. Inductance offers no opposition to
D.C.

A3, Xc = X, = 2nfL

2fC

A4. An increase in frequency results in a decreased capacitive re-
actance, and an increased inductive reactance.

AS5. Inductive impedance is expressed as R + jX.

A6. 75 ohms of inductive reactance.

A7. The condition existing when capacitive reactance is equal to induc-
tive reactance is known as resonance.

A8. Any circuit containing inductance and capacitance has only one
resonant frequency.

JuLy-AucusTt, 1971
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Resonant Frequency Calculation
The resonant frequency (f,) formula is derived as follows:

: 1
271 —
ol 221,C
Multiplying by fo,
_f2 1
bt S 27C
Dividing by 2xL,
2=t
T T 472G
Taking the square root of both sides,
fo = — 1,__
27\‘ LC

S IMPEDANCE IS MINIMUM IN A SERIES CIRCUIT AT RESONANCE —j
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Now see whal actually happens in a series resonant circuil. Current I, which
is in phase with the applied "AC voliage, flows through all three components—
L, C, and R. During the first quarter cycle (of each sine wave) the inductance
is returning energy to the circuit and the capacitance is taking energy from
the circuil at the same rate.

During the second quarter cvcle, the situation is reversed—the capacilor is
returning energy, and the inductor is taking it out. This sequence occurs during
each cycle.

The voltage across the capacitance is equal and opposite to the voltage across
the coil at all 1imes, and the two cancel. One voliage (E.) is 90° behind the
current and the other voltage (E.) is 90° ahead. No power is consuned in the L
and C elements—only the resistor consumes power.

Q9. What is the resonant frequency of a circuil containing 2
henrys in series with 2 mfd?

Q10. If a 100-ohm resistor is placed in series with the two com-
ponents of Question 9, what happens to the resonant fre-
quency of the cireuit.

Your Answers Should Be:

A9. f, — 1 _796H:z
628 X V2 X 0.000002

A10. If o 100-ohm resistor is placed in series with the two components
of Question 9, the resonant frequency of the circuit will remain
the same.

Q of a Resonant Circuit

At resonance, the voltage across the capacitor and across the inductor is
greater than at any other [requency. The eflective current in the circuit is also
higher at the resonant {requency than it is below or above resonance.

RIES-CIRCUIT CURRENT IS MAXIMUM AT RESONANT FREQUENCY
r-— SERIE —'\

\ _ )

The qualitv of a resonant circuit can be measured by the Q factor. Q is
the ratio of the energy stored in the capacitor and inductor divided by the
energy dissipated in the resistor.

The amounl of reactive opposilion to current flow al a given f[requency 1is
not effected by the Q of the circuit. The resistive opposilion, however, does
vary according to the Q. This means that the shape of the resonance curve de-
pends on this factor. 1f the frequency is changed from f, lo a [requency where
the reactance is low, and if the Q is high (resistance is only a few ohms), the

JuLy-Avcusrt, 1971

www.americanradiohistorv.com

79


www.americanradiohistory.com

80

@ / Basic Course
, @)

total impedance will be halved. If the Q is low (resistance is high), the total
impedance will be increased by only a small amount, and the current decrease
will be very small.

The Q determines the exact shape of the resonance curve of a circuit. For

example, if the resonant frequency is multiplied by % and the frequency of the
input is changed from the resonant frequency by this amount, the current will
be 0.707 times the resonant current. If the frequency is changed by 21_Q times

the resonant frequency, the current will be 0.447 times the resonant current.

r— CIRCUIT @ DETERMINES THE SHAPE OF THE RESONANCE CURVE ey

B | S &
'
0707 __,__} ________
TR AN
o.447f (.t e
R AR
f o . ! @)
: iguw:—w!g '
fﬁ s Q ; Q :fo
2Q 2Q
- v

Q11. Both the capacitor and the inductor in a resonant circuit
store energy. Do both store energy at the same time?

Q12. Do they both store the same maximum amount of energy?

Q13. At what frequency would you measure the Q of a cireunit?

Q14. What is the Q of a circuit whose resonant frequency is 1,000
Hz, inductance is 0.5 henry, and resistance is 10 ohms?

Q15. If two resonant circuits are identical except that one has a
greater R (and therefore a lower Q) than the other, which
one will pass a greater effective current at a given voltage?

Q16. Draw a curve representing current for various frequencies
in a low-Q, series resonant circuit.

Your Answers Should Be:

All. No. The inductor stores energy when the capacitor is releasing it,
and vice versa.

Al2. Yes. When maximum energy is stored in the inductor, the
capacitor has stored no energy.

Al3. At its resonant frequency. O
_Xo _ 2nfL _ 3,140
A14.Q_R —T_—lo—_3l4-

ELEMENTARY ELECTRONICS
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Al5. The one with the higher Q will pass the greater current.
Al6. Your curve should look something like this:

; | '=
{
g
—t
f0

—f

APPLICATIONS OF RLC CIRCUITS

Frequency-selective properties of series resonant circuits are useful in ap-
plications where it is desired to pass one particular frequency with more ease than
others. The circuit can act as a filter.

pro— A BANDPASS FILTER CONSISTS OF L AND C COMPONENTS e,

o A s —0
R e
/I\C Ej out
40
EAPPLIED
L E2 our
\ ° = )

If the voltage across either L or C is used for the output, the voltage will be
much greater for signals having the resonant frequency than for signals above
or below this frequency. Such a circuit is called a bandpass filter.

The width of the bandpass depends on the circuit Q—the higher the Q, the
sharper the resonance curve, and the narrower the bandpass.

In a radio-frequency eircuit a high-Q tuned circuit can be used 1o select the
desired station and reject all others. In a power supply, a circuit using fairly
large L and C values may be used to reject undesired frequencies.

PARALLEL RESONANT CIRCUITS

A parallel resonant circuit is made up of inductance and each of the two
branches shows reactance. The capacitive losses are usually associated with the
coil rather than with the capacitor, the resistance is usually shown as being in
series with the inductance.

~ INDUCTANCES IN PARALLEL-RESONANT CIRCUITS HAVE DC RESISTANCE -\

4

EAPPLIED
f

< 7 _J
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Q17. What is the phase relationship between the applied voltage
and the output voltage across the capacitor in the bandpass
filter circuit on page 817

Q18. What is the phase relationship between the applied voltage
and the output voltage across the inductor?

Q19. What is the phase relationship between the applied voltage
and the current through the circuit?

Q20. Analyze what will happen in the parallel-resonant eircuit on
page 81. Assume that R is negligible. What effeet will C have
on the phase of the current through the C branch?

Q21. What effect will L have on the phase of the current through
the L branch?

Q22. Draw a sketch of the applied voltage sine wave and then of
the inductive and capacitive currents to show their phase
relationships.

I
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I
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i
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|
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1

1

|

1

1
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Your Answers Should Be: :
Al7. Output voltage across the capacitor lags the applied voltage I
by 90°. |
Al18. Output voltage across the inductor leads the applied voltage |
by 90°. |
A19. Current is in phase with the applied voltage. O |
A20. In the C branch, current will lead the applied voltage by 90°. I
A2l. In the L branch, current will lag the applied voltage by 90° |
(if R is negligible). i

A22. Your sketch should look like this: :
|
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E APPLIED

90° 180° 270° 360°

Parallel RLC Circuits

When an AC voliage is applied to a parallel RLC circuit, each of the two
branches shows reactance. The capacitive reactance in the capaecitor branch is
high at low frequencies, and decreases as the frequency increases. Similarly, the O
inductive reactance of the inductor branch is low al low frequencies, and in-
creases as the frequency increases.

ELEMENTARY ELECTRONICS

www.americanradiohistorv.com


www.americanradiohistory.com

The capacitor has a high reactance and the inductor a low reactance at fre-
quencies below resonance. Consequently, most of the current flows through the
inductive branch and lags the applied voltage. Similarly, il the frequency is
above resonance, most of the current will flow in the capacitive branch and
will lead the applied voltage.

At some particular frequency the two reactances in a parallel resonant circuit
are exactly equal. Since there is an AC voltage applied across each branch, both
kinds of current are present—an inductive current in the inductive branch and
a capacitive current in the capacitive branch. Al resonance the two currents
are equal.

¢~ CURRENT, PHASE SHIFT, AND IMPEDANCE IN A PARALLEL CIRCUIT -j

INDUCTIVE =—— 1| ——= CAPACITIVE

CURRENT
THROUGH
(WITH
CONSTANT
APPLIED
VOLTAGE)

1
1
1
1
1
|
)
1
1
'
]
]
|
1
|
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'
|
T
!
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1
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SHIFT OF T

CURRENT | O4--er—mmmmmm = s

-+
P T
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CIRCUIT |

lMPEDANCEI

- ) e it - ———

v,

L

But, because one of the currents leads the applied voltage by 90°, and the
other lags the voltage by 90°. the two currents are 180° out of phase with
each other. This means that they cancel (add up to zero).

The applied voltage was kept constant as the (requency was varied. Since
current is minimum through the circuit at resonance, a parallel circuit has a
higher impedance a! the resonant [requency than at any other.

Now. let’s look at what happens inside the loop formed by the inductance
and capacitance.

The two large currents—inductive and capacitive-—still flow, but only inside
the loop. Energy alternaiely tlows from capacitor to inductor and back again,
twice each cvcle. The capacitor alternately charges and discharges, first in one
direction and then in the other. The inductive magnetic feld alternately builds
up and collapses. changing polarily twice each cycle. But this flow back and
forth is contained in the loop, and none appears in the external circuit. The
outside circuit only has to replenish the energy lost in any resistance the inductor
has, and this constitutes the entire external currenl.

The Q of the circuit, just as in the series resonant circuit, is the inductive

JuLy-Avugust, 1971
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reactance at resonance divided by the resistance of the inductor (%‘4). In a

parallel resonant circuit the loop current flowing between inductor and capacitor
is Q times the external (resistive) current.

A parallel resonant circuit is, in a way, the opposite of a series resonant
circuit. A series circuit has low impedance at resonance (maximum current) ;
a parallel circuit has high impedance (minimum current). The total im-
pedance will be greater as X, and X become greater relative to resistance. It
will decrease as R increases and draws more current. The impedance of a
parallel circuit at its resonant frequency can be found by this formula:

r-'! "CURRENT, VOLTAGE, AND POWER IN PARALLEL-RESONANT CIRCUIT o=y

A\

WA

& S
1 ! | ] :J

R
If you use the formulas for X, and X, you can also develop another formula.
: 1 2wiL 10
X = = el
e Ha SOl X e it~

Substituting in the above impedance formula,
X X !

R 7 CR
Another useful formula can be developed if you notice that X, R is the Q of O
the circuit. This means that the impedance at resonance is simply X¢ (or Xg
since they are equal) times the Q of the circuit.
Z, = X.Q = 2rfL.Q |
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The impedance curve for a parallel resonant circuit is the same shape as the
current curve for a series resonant circuit. Its shape depends on the Q of the
circuit in the same way.

Parallel tuned circuits are used in receivers, transmitters, and similar equip-
ment. For instance, the superheterodyne radio receiver has parallel tuned circuits
in its IF amplifiers. Their function is to select certain frequencies and reject
others.

Q23. What is the impedance at resonance of a parallel resonant
circuit consisting of a l-henry inductor with 1 ohm of DC
resistance, and a 1-mfd capacitor?

Q24. If the resonant frequency of a circuit is 1,000 Hz, L is 1
henry, and the Q of the circuit is 80, what is the impedance
of the circuit at resonance?

Your Answers Should Be:

A23. Z, = L= 1 _ o megohm
CR 0.000001 x 1

A24. Z, 27fLQ = 6.28 X 1,000 x 1 X 80 = 502,100 ohms

POWER IN RLC CIRCUITS

To ecalculate the power dissipated in a circuit containing only resistance,
either P = 1R or P = EI can be used. Either will yield the same result. How-
ever, P = EI applies only to resistive circuits (circuits in which the voltage and
current are in phase).

In a parallel circuit that contains resistance and either capacitance or in-
ductance, P = EI gives the apparent power. This, however, is not the true
power—apparent power is always larger., The reason is that the overall current
in a reactive circuit is not in phase with the voltage. The total current is actually
the vector sum of the resistive current (which is in phase with voltage) and
the reactive current (which leads or lags by 90°). To use P = EI, multiply the
voltage by only that portion of the current that is in phase—the resistive current.
In order to calculate the true consumed power, the resistive and reactive currents
must be taken separately.

~ TOTAL AMPS IS VECTOR SUM OF REACTIVE AND RESISTIVE CURRENT ===\

\ | J

The overall current is the vector sum of the reactive current and the resistive
current. This overall current leads or lags the applied voltage by an angle 6.
The true power dissipated in a circuit is found by multiplying the apparent
power by cos 6.
El COoS 0 _ 0
=== = cos
EI (Continued on page 90)
JuLy-AvucGusT, 1971 85
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‘The best way to get electronics intomyouf'l'iead'

No book ever written can give you the
“'feel” of electronics.

This is why every NTS course in Elec-
tronics includes the most modern, profes-
siopal training equipment in kit form.

Putting equipment together, kit by kit,
can teach you more about electronics than
a whole library of hone-dry theory.

Each kit contains illustrated instruc-
tiors.

You look at the pictures, then you apply
what you see as you assemble or service
your equipment.

What could he simpler? Or more fun?
You'll enjoy every profitable minute.

Here's just some of the equipment you
get to build and what you will learn.

Square-Corner
25" Diagonal picture.

86

NTS COLOR AND B&W TV
SERVICING

You receive a big screen color TV
with many unique features, including
self-servicing equipment so you can
make all normal test operations. You
also get an AM-SW radio, sofid-state
radio, field-effect transistor, Volt-
Ohmmeter and electronic tube
tester. You learn about electronic
principles, trouble-shooting, hi-fi,
multiplex systems, stereo and color
TV servicing.

Solid- F
state
B&W TV
74 sq. in.
picture
(cabinet
included) :

The B&W TV receiver features the
latest in solid-state circuitry, making
your TV training the most modern,
most advanced available.

www.americanradiohistorv.com
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NTS COMPUTER
ELECTRONICS

One of the 10 important kits included
is this remarkable Compu-Trainer®
— an NTS exclusive. It's a fully oper-
ationa! computer logic trainer —
loaded with-integrated circuits. It in-
troduces you quickly to the how,
what, when, and why of computers.
This unit is capable of 50,000 opera--
tions per
second.

Exclusive
Compu-Trainer®

NTS ELECTRONICS
COMMUNICATIONS
Two exciting courses in the big-pay-
ing fields of transmitting and receiv-
ing equipment. Either one qualifies
you for your FCC First Class Radio-

ELEMENTARY ELECTRONICS
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Pravres

is to have the actual equipment in your hands.

Telephone License. NTS assures you
will pass this FCC exam within 6
months after successtfully complet-
ing your course — or your tuition is
refunded. You receive 14 kits to build
an amateur phone 6 meter VHF tran-
ceiver plus NTS’ exclusive 6 transis-
tor solid-state radio and a fully
transistorized volt-ohmmeter.

e —
5 watt AM - il )

transmitter/ -

receiver.
i .
-
= B

NTS AUTOMATION/
INDUSTRIAL
ELECTRONICS

Let NTS put you into the age of elec-
tronic controls. Systems automation
is rapidly becoming the emphasis of
modern “industry. NTS training in-
cludes eguipment like a 5" wide
band oscilloscope. You also get the
new, exclusive NTS Electro-Lab — a

JuLy-Avucusr, 1971

complete workshop
that lets you build
five industrial
controls to regulate
motor speed,
temperatures, .
pressure, liguid ry

level, smoke, and %
much more.

i

e WPk

5" Oscilloscope R

Mail card today for free, full-color cata-
iog that details what each training program
offers. (Or if card is missing, send cou-
pon.) No obligation. No salesman will call.

Remember, the best way to get electron-
ics Into your head is to have the actual
equipment in your hands. The sooner you
mail the card, the sooner you'il get your
hands on the finest, most advanced elec-
tronics home training ever offered.
CLASSROOM TRAINING
AT LOS ANGELES You can take class-
room tralning at Los Angeles in sunny Cali-
fornia. NTS occupies-a city block with over
a million dollars in facilities devoted ex-
clusively to technical tralning. Check box
in coupon.

APPROVED FOR VETERANS

Accredited Member: Nationat Association of Trade
and Technical Schocls; National Home Study Council.

CIRCLE NO. 14 ON PAGE 17

www.americanradiohistorv.com

NATIONAL G2 SCHOOLS

WORLD-WIDE TRAINING SINCE 1905
4000 S. Figueroa St., Los Angeles, Calif. 30037
s e . v e e e B

if card I8 missing check

l coupon and mail for free
color ¢caislog and sample

l lesson. Now. 1|
| Please rush Free Color A1

Catalog and Sample ¥
| Lesson, plus informa- 1 i
| tion on course checked A
i below. Ne obligation.

No satesman will call. |
[ National Technical Scheols |
| 4000 5. Figueroa St., Los Angeles, Cailr. 92037 |
]I Masier Course in Color TV Servicing l
l Color TV Servicing I

Master Course in TY & Radio Servicing

1 Practical TV & Radlo Servicing |

| Master Course in Electronic Comm.
l I”| FCC License Course I

7 Master Course in Electronics Tech.

l {T] Industrial and Automation Electronics l
l [ Computer Electronigs ‘
l [} Basic Electronics Dept. 222-D71 |
i Name Age l
: ] Address = =
| City State Zip I
1 F Creck It intorasted i Voteran Trairing under new G.1. 81 |
L Check i interested only in Classroom Training af Les Argeies.

e S s i i St S S i S S
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(Continued from puge 85)

True power divided by apparent power equals cos 6 and is called the power
factor of the circuit. There are several things to consider ahout power factor.
The more reactance there is in a circuit (compared to the resistance present),
the more out of phase the current will be with the voltage, and the smaller the
power factor will be.

It is possible to represent the total current flowing as two separate component
currents at right angles to each other. The resistive current produces power
(does the work). The reactive current merely flows in and out of the capacitance
or inductance as it charges and discharges, but it does no work.

Even though the reactive current produces no power in the circuit, the wires
must be large enough to carry i1. Power lines are designed to carry the total
current, not just the resistive component.

A low power factor sometimes leads to problems. For example, when a plant
that uses induction motors draws a large reactive current (has a low power
factor), equipment must be provided to supply it with more current than it
actually consumes. The large inductive component can be canceled in such cases
by placing large capacitors in series with the load. The capacitors draw reactive
current 180° out of phase with the inductive current, and thus the capacitors cancel
the inductive component. This is called “power factor improvement” and can
save considerable money in large power installations.

Q25. Is a high or a low power factor desirable in electrical circuits
used to transmit power?

Q26. How can inductive reactance be canceled to increase the
power factor in an inductive circuit?

Your Answers Should Be:

A25. A high power factor.
A26. Inductive reaclance can be canceled by capacitive reactance.

PULSES IN RLC CIRCUITS

Pulses are a special type of AC voltage, even though they often have a DC
voltage component as well. Radar systems are based on pulses of RF energy
reflected from targets. Digital computers, counters, and other data-processing
circuits employ pulses. Pulses are also used in telemetry and remote control to
switch circuits on and off. Trains of pulses are used to transmit information
between satellites, spaceships, and the earth.

All these applications create a need for circuits that can generate, amplify,
send, receive, count, recognize, and/or process pulses. Because pulses are com-
posed of a combination of many sine-wave frequencies, pulse-handling circuits
have very severe requirements placed on them.

Frequency Response

All pulse waveforms are made up of a combination of sine waves.

The lowest frequency contained in a train of rectangular pulses is called
the fundamental frequency. This frequency has a period equal to that of the
square wave. All the other frequencies contained in the square wave are
harmonies, or multiples, of the fundamental frequency. In the case of a square
or rectangular wave, only the odd harmoniecs are included. (The next higher

ELEMENTARY ELECTRONICS
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r—- A SQUARE WAVE IS COMPOSED OF 0DD-ORDER HARMONICS-—ﬂ

/-XFUNDAMENTAL

3RD
/ HARMONIC

\
5TH HARMONIC

\_ y

frequency is three times the fundamental (the third harmonic), then five times
the fundamental (the fifth harmonic), etc.). A perfectly square waveform con-
tains an infinite number of odd harmonics.

To pass or amplify a square wave without distortion, a circuit must be able
to pass all the frequencies contained in the wave. In practice, an infinitely high
frequency response is not electrically possible, nor is it necessary. All circuits
have some frequency-sensitive characteristics due to such factors as stray capaci-
tance, the inability of vacuum tubes or transistors to amplify signals ahove
certain limits, etc. All of these frequency-sensitive characteristics result in dis-
tortion of the square wave.

r-—- RESPONSE IS SAME T0 ALL FREQUENCIES ABOVE FUNDAMENTAL —’

WAVEFORM IN  WAVEFORM OUT

¥

JULFER
k. | _

Q27. In a pulse circuit, inductance opposes a change in - - - ----.

Q28. In a pulse circuit, capacitance opposes a change in - ------.

Q29. What sine-wave frequency contributes most of the amplitude
of the flat-top, or straight-line, portion of a square wave?

Q30. What sine-wave frequencies are responsible for the steep
leading and trailing edges of a square wave?

Your Answers Should Be:

A27. In a pulse circuit, inductance opposes a change in current.
A28. In a pulse circuit, capacitance opposes a change in voltage.
A29. The fundamental frequency.

A30. The higher harmonic frequencies.

Pulse Circuit Applications
If a circuit has poor low-frequency response, there will be a visible sag in
the level portion of the output waveform.

Jury-Avucusr, 1971
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r———-—- POOR CIRCUIT LOW-FREQUENCY RESPONSE e

WAVEFORM IN  WAVEFORM OUT

3

- | p

If the circuit has good low-frequency response but poor high-frequency re-
sponse, the corners of the output waveform will be rounded off.

r———— POOR CIRCUIT HIGH-FREQUENCY RESPONSE Po——

.. WAVEFORM IN WAVEFORM OUTY

\_ J

The application of the pulse determines whether a particular circuit is good
enough or not. In a telegraph system. it may only be necessary lo detect the
presence or ahsence of pulses with no concern as to their exact shape.

But if precise location of the start of a pulse is necessary (as in a precision
radar, or a timing ecircuit), then the high-frequency response of the circuit is
extremely critical.

TIME CONSTANTS

LR and RC time constants indicate how quickly current or voltage builds
up when a sudden increase in DC voltage (such as a square wave) is applied
to a particular combination of L and R or C and R. One time constant is the time
required for voltage (or current, depending on the circuit) to reach 63% of
its peak value. The percentage of the peak value can be calculaied for any
elapsed time il the time constant of the circuit is known. The curves for the
voltage increase across a capacitor, or the current increase through an inductor,
are exactly the same if thie time constants of the two circuits are the same.

ELEMENTARY ELECTRONICS
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— CIRCUIT TIME CONSTANT AFFECTS SUDDEN DC VOLTAGE BUILD-UP sy

ioov 1 AMP
B3V [ -mmm e L0.63 AMP fm
| CAPACITOR | INDUCTOR
| VOLTAGE { CURRENT
1 WHEN ‘ i WHEN
'RC EQUALS 'L/R EQUALS
1 0.1 SECOND 10.1 SECOND
0.1 SEC 0.1 SEC '
- J

Q31. If a square wave is applied to the circuit below, the capacitor
will tend to bypass what frequencies? What frequencies will
be emphasized in the voltage across the capacitor? How
will this affect the shape of the output waveform?

) 1
_-IIL Ein I Eour?
o— o)
Q32. Sketch how you think a sawtooth wave should be affected

by a circuit with a poor low-frequency response. With a poor
high-frequency response.

Your Answers Should Be:

A31. The capacitor will tend to bypass the high frequencies and
emphasize the low frequencies in the output voltage. This will
tend to round off the steep edges of the waveform.

A32. The response to a sawtooth is very similar to that of the square
wave.

WAVEFORM IN WAVEFORM OUT

UNIFORM | RESPONSE

POOR -LOW-FREQUENCY RESPONSE

POOR HIGH - FREQUENCY RESPONSE

Poor low-frequency response produces a sag in the sloped
portions of the wave, while poor high-frequency response rounds
off the sharp corners of the wave.

JuLy-Avgust, 1971
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g~ PLOT GROWTH OR DECAY OF EOR I INL/R OR C/R CIRCUITS ==
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& P
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= 5o TIME-CONSTANTHH
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3 40
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L 30
£ 20 Nl FALLING VALUES
w
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o 9 L P
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NUMBER OF TIME CONSTANTS (RC OR—LR-)
\ -

A universal time-constant chart can be used to calculate the growth and
decay of voltage and currents in any RL or RC circuit to which a sudden step
voltage is applied. All you have to know is the final voliage and current, and the
time constant of the circuit.

Calculate the voltage across the capacitor and the current in the following
circuit:

r—-—-—— STEP VOLTAGE APPLIED TO A SIMPLE R/C CIRCUIT e

R=1000 OHMS
O- VvV
5= 1
EAPPLIED d k e L
o— |
\_ y,

The time constant is:
RC=1,000 x 0.5 x 10 = 0.5 x 103 = 0.5 millisecond

10
1,000
ampere. Using the time constant and the falling curve in the chart, it can be
seen that at the end of one time constant 0.5 millisec), the current is about
37% of its full value (0.37 x 0.01 = 0.0037 ampere). At the end of two time
constants (1 millisecond), current will be 13% (0.13 X 0.01 = 1.3 milliamperes).
At the end of three time constants, current will be 5% (0.5 x 0.01 = 05
milliampere), and so on.

The voltage across the capacitor can be determined in a similar manner. When
the switch is first closed, E¢ is zero. This voltage gradually increases to the

When the 10 volts is first applied, the current will be E/R = = 0.01

ELEMENTARY ELECTRONICS
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value of the power supply, or 10 volts. At the end of one time constant (0.5
millisec) Ec will be 63% of maximum (6.3 volts). At the end of two time con-
stants 1 millisec) E; will be 87% of maximum (8.7 volis), etc.

~ The same charts can be used when the voltage is suddenly removed (the switch
is opened). In this case, Ec decays according to the falling curve.

Q33. Use the universal time-constant chart to describe in detail
what happens when a step voltage of 10 volts is applied
across a 100-ohm resistance in series with a 3-millihenry
inductance.

Your Answers Should Be:
A33.

R=1000
O My
lgxl__
E L=5mh
APPLIED
O
Time constant = L _ 0.005 = 50 microseconds.
R 100
(1) Current through R and I is zero to start with, and increases to
% = 1—%)% = 0.1 ampere eventually. Use the rising curve.

(2) Voltage across L is 10 volts initially, and drops to zero eventu-
ally. Use the falling curve.

(3) Voltage across R is zero at first, and rises to 10 volts eventu-
all. Use the rising curve.

Time No. of time I E: E:
in sec constants amps volts volts
0 0 0 10.0 0
0.25 0.5 0.038 6.2 3.8
0.35 0.7 0.050 5.0 50

0.50 1.0 0.063 3.7 6.3
1.00 2.0 0.087 1.3 8.7
1.50 3.0 0.095 0.5 9.5
2.00 4.0 0.098 0.2 9.8
2.50 5.0 0.099 0.1 9.9
3.00 6.0 0.0995 0.05 9.99
0.100 0 10.00

Remember that a universal time-constant chart can
only be used with step voltages or square waves.

JuLy-Avugusrt, 1971
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WHAT YOU HAVE LEARNED

1. Equal amounts of capacitive and inductive reactance cancel each other when
they are combined in series, I inductive reactance is greater than capacitive
reactance, the total circuit will behave as though it had only an inductive
reactance equal to the diflerence between the two reactances. If capacitive
reactance is greater, the circuit will be capacitive,

2. For any series RLC circuit there is one frequency al which the two re-
actances are exactly equal. This is called the resonant frequency. This fre-
quency can be found by setting the formulas for inductive and capacitive
reactance equal to each other:

= 1
2:\V/LC

3. Maximum current will flow in a series RLC circuit at the resonant frequency.

and this current will decrease at higher or lower frequencies.
4. A parallel RLC circuit has maximum impedance at its resonant frequency,

and much lower impedance at higher or lower frequencies.
5. The Q of a resonant circuit js the amount of reactance ol either kind,
R_R The Q of a resonant circuit
X Xe
determines how quickly current or impedance decreases as the frequency is O
changed from the resonant frequency. High Q means a very sharp drop, low
Q means a slower decrease.

divided by the resistance. Q =

6. Formulas e, o Zo. XiQ = Zo. and 2+(1.Q = Z, give the impedance of a

CR
parallel resonunt circuit at its resonant frequency.
7. P = El cos # is a power formula that can be used to find true power in

any kind of RLC circuit. Cos # is the cosine of the phase angle be-
tween the reactive and resistive vectors, and is called the power factor. I cos
represents the resistive portion of the overall current.

8. The straight-line (flai-top) portions of pulses are determined by the low-
frequency, sine-wave components and the steep edges are determined by
the high-tfrequency components.

9. RLC circuits that tend to filter out low frequencies cause the straight-line
portions of pulse waveforms to sag, while those that filter out high fre-
quencies cause the steep edges to be rounded off.

10. A universal time-constant chart can bhe used to analvze the response of either
an RL or an RC circuit 1o a step voltage.

NEXT ISSUE: Part 12—Understanding the Transformer

This series is based on material appearing in Vol. 2 of the 5-volume set, O
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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Continued from page 22

and VFO, are explained. Multi-stage CW trans-
mitters can be constructed using the included
data, permitting a bit more power and addi-
tional versatility. Both AM and sideband cir-
cuits are presented. The emphasis is on solid
state. Bipolar transistors, field-effect transis-
tors and integrated circuits (ICs) are the main
characters in Solid State QRP Projects. No ex-
tensive knowledge of electronics is required
but a good deal of operating skill must be de-
veloped to utilize the equipment efficiently. The

Soft cover
128 pages
$4.25

Circte No. 40
on Page 17

serious experimenter will find in this book many
hours of pure enjoyment. Published by Editors
and Engineers, a Division of Howard W. Sams
& Co., Inc. |

Single Sideband

Continued from page 44

ments refer only to instants of peak power.
The letters “P.E.P.” (peak envelope power)
qualify the rating. The Sidewinder. for ex-
ample, is specified at 3.5 watts AM, but §
watts P.E.P. sideband. This is equivalent to
more than a doubling in power, though,
since voice power in sideband is about eight
times more potent because so little power
is wasted in the carrier.

The SBE Sidebander by Linear Systems
illustrated in Fig. 13 is a compact sideband
rig. Note a front panel knob marked “Clar-
ifier” to fine-tune speech. The mode selec-
tor chooses upper or lower sideband in

speech will be detected backwards and
sound like gibberish. A red output lamp
on this set glows when AM is being trans-
mitted and brightens as the operator speaks.
It will flash rapidiy during sideband trans-
mission, however, because there’s no carrier
to keep it illuminated between words. The
Mode Selector picks AM, USB or LSB.

So the next time you hear a signal on
the air that sounds like the Martians have
landed in Grovers Corners, N.J., attribute
it to single sideband. It’s taken a long time
to catch on in CB. probably because CBers
like to talk to other operators and side-
band isn’t compatible. Everyone has to have
the same receiving capability. But the power-
ful boost of sideband, its narrower band-
width and ability to cut through noise and
interference should guarantee it a position

each channel. Pick the wrong one and among conventional AM sets. ]
to modify Class D gear for the 220-MHz
Class E CB band, nor to use a frequency converter with

Continued from page 35

23 channels.

For the new citizens band, it would be
possible to build transceivers operable on all
80 channels. However, it is highly probable
that such rigs won't become available be-
cause of cost and technical design prob-
lems. There will be multi-channel transceiv-
ers as well as single-channel units.

It won't be long after the new rules are
adopted before Class E gear will be avail-
able. Those manufacturers who already pro-
duce 150-174 MHz band commercial mobile
radio equipment will be able to modify them
quickly for 220-MHz band operation.

What's available. It will not be feasible

JurLy-Avucusrt, 1971

a Class D rig, because FM must be used
instead of AM or SSB. It will, however, be
feasible to use a converter and an AM BCB

L

Tawns EAD

“I can’t get any ghosts.”
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(Continued from previous page)
or SWL receiver for receiving 220-MHz
band FM signals, depending upon slope de-
tection for demodulating FM.

As soon as the FCC okays Class E CB,
if new equipment is not available, you won’t
have to wait to get on the air.

You will be able to buy modified second-
hand mobile units and base station equip-
ment previously used (by police, etc.) on
150-174 MHz band frequencies. This equip-
ment should work well, if properly modi-
fied. Be sure the seller “certifies” that it per-
forms as required by FCC technical stand-

ards. How much? About $88 and up!

How seon? It’s impossible to predict when
the FCC will act. Before new rules are
adopted, it is customary for the FCC to ask
for, and review, comments from the public.
In this case, quicker than usual action
should be forthcoming because affirmative
action will help alleviate Class D channel
congestion and put a stop to badgering of
the FCC by CB groups demanding legaliza-
tion of hobby-type operations on Class D
channels. Meanwhile, start saving scraps of
wire about one foot long—they’re poten-
tial Class E antennas!

Beeper
Continued from page 46

gardless of the color codes, the secondary
is center-tapped, and the leads on both sides
of the center-tap are the secondary leads.

Orient the PC board horizontally so that
you face the top of the board (copper foil
is underneath) with the holes for the mer-
cury cell holder to the right. The extreme
right side of the board has three component
holes—one for the holder connection and
two for the switch.) Hold TI so you face
the top of the transformer with the center-
tap lead on top. Then push T1's mounting
tabs into their respective holes.

Using a screwdriver or long nose pliers,
fold the tabs over so that T1 is secured to
the board. Then install T1’s leads, C1, Q1
and the battery holder in that order. If the
holder is supplied with the “solder lug” off
to one side, carefully bend it in so the lug
cuts through the center of the holder’s in-
sulating block.

Note carefully the construction of the
holder. When the cell is installed, the posi-
tive terminal seats into the holder. The
solder lug is the positive terminal. The
heavy spring clamp that secures the cell is
the negative terminal. Make certain the
holder is installed so that the heavy spring
clamp faces T1 while the solder lug faces
the end of the PC board.

Capacitor Cx, a 0.005 uF disc ceramic
unit, is not used or installed at this time.
It is needed to compensate for possible
variations in the transistor or transformer,
and its use, depending on the checkout,
might not be required.

Solder a 1%3-in. stranded twist pair to

switch PB1; then connect the free ends to
the appropriate PC board terminals. Solder
a 1%2-in. bare solid wire to the output PC
terminal.

Checkout. Using an amplifier, tape re-
corder, or any other audio device, check out
the Beeper by touching the output wire to
the amplifier input. You should hear a tone
of approximately 1 kHz. If you get a deep
growl, connect capacitor Cx across T1's
primary terminals on the under-side of the
board—the foil side. (Tack solder Cx’s leads
to the foil.)

Using the BEEPER. Since the peak output
of the Beeper is 2V—a voltage that can
damage some transistors—always try to in-
ject the signal without directly touching a
transistor lead. Bring the probe tip near the
appropriate transistor lead until the signal
is heard in the speaker. If this “capacity”
coupling does not inject the signal, you can
then bring the probe tip in contact with
the transistor lead. Tubed circuits aren’t
critical in this respect and the tube pins can
be touched directly with the probe tip.

In RF circuits, such as a superhet radio’s
IF amplifier, Beeper’s signal can often be
injected by simply placing the probe tip
near an IF can or connecting wire.

It you work primarily with tube circuits,
or any high-impedance-type circuit, and find
that touching the probe tip to a low-level
amplifier grid causes excess hum in the am-
plifier, install a ground lead for the Beeper
by soldering a short flexible wire to Q1’s
emitter PC tab. Drill a small hole in the
probe body, bring the wire through the hole
and install an alligator clip to the free end.
The ground lead has not been made part of
the basic Beeper since accidental contact of
the ground lead when working on solid-
state gear will disable the Beeper. |
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NewScan
(Continued from page 73)

moon, it is relatively easy to determine whether
is has remained in one position on the surface or
has been turned over. If the rock is not dis-
turbed, cosmic ray tracks will build up only at
its top surface. However, if the rock has been
turned over, cosmic ray tracks will be found in
both the bottom and top of the rock—as was the
case with Rock 12017.

Moon Glass

A chunk of glass that spent 31 months on the
moon aboard the Surveyor III spacecraft has
revealed new clues to the rate at which lunar
rocks are undergoing erosion. The clues, dis-
covered by scientists at the General Electric Re-
search and Development Center. take the form
of cosmic ray tracks in a glass filter housed in-
side the Surveyor’s TV camera. The TV camera
was removed from the spacecraft by the Apollo
12 astronauts on their mission to the Ocean of
Storms in 1969, and returned to the earth.

Measurements of the density and depth of the
cosmic ray tracks in the chunk of glass have en-
abled GE scientists to calculate that particles
from space are wearing away the moon’s rocks
at a rate of about onc layer of atoms per year.
At this rate, it would take 60 million years to
wear away one half inch of rock. Unlike the
earth, the moon has no winds or surface water
to erode its rocks. However, the moon also
lacks an atmosphere and a magnetic field—two
factors that help to shield the earth against
bombardment by various types of particles. De-
structive particles that constantly rain down
upon the moon’s surface include meteoroids
(ranging in size from specks of sand to ex-
tremely large chunks of rock). the solar wind
(charged particles that stream out from the
sun), and cosmic rays.

Cosmic rays are energetic charged particles,
that bombard the moon from all directions in
space. Studies have demonstrated that as such a
charged particle passes through a glass on the
surface of the moon for an extended period of
time will register cosmic ray tracks.

In their original state, cosmic ray tracks are
extremely tiny (less than a millionth of an inch
wide), and can be observed only with extremely
powerful electron microscopes. However, GE
scientists have learned how to etch out such
tracks and enlarge them for study with optical
microscopes. After etching fragments of the
glass filter, the GE scientists counted the num-
ber of cosmic ray tracks and measured the
depths to which various types of cosmic rays
had penetrated. This provided them with infor-
mation about the density and energy spectrum
of the cosmic radiation over the fixed period of
time.

JuLy-AvucGusT, 1971

Fragments from a chunk of glass (top) that
spent 31 months on the moon have revealed
new clues to the rate at which lunar rocks
are undergoing erosion. By studying cosmic
rav tracks (arrow bottom) that accumulated
in glass during its stay on the moon, GE
scientists have calculated that particles from
space are wearing away the moon’s rocks at a
rate of about one layer of atoms per year.
At this rate, it would take 60 million yeurs to
wear away one half inch of rock.

) t
oV

In addition, the scientists etched various
samples collected by the astronauts, and made
similar measurements on the cosmic ray tracks
revealed in lunar minerals. By comparing the
variations of track density with depth in the
glass filter fragments to the variations of track
density with depth in the lunar rock samples,
the scientists were able to calculate the rate at
which erosion exposes new rock surface on the

moon. This rate turned out to be approximately
one atomic layer per year.

“After a day of violence on TV
this stuff is kind of dull!”
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DX Central Reporting

Continued from page 13

If you're interested, use the handy for.m on
this page. Remember, though, send it .dxrectly
to the ciub, not to DX Central Reporting. &

halibut? Who knows what gives on the bands?

Are you looking for a DX club to join? Every
serious listener should consider joining one or
more of these organizations. To help you, DX
Central will spotlight the major hobby clubs in
this and subsequent columns.

The American SWL Club was founded back
in 1959, and is presently headquartered on the
west coast. In its monthly bulletins you’ll find
current information on shortwave broadcast
stations, their schedules and where they’re being
heard. The ASWLC bulletins also have plenty
of information on obtaining those QSL cards,
data on the non-broadcast type utility stations,
and a top-flight propagation column.

- American SWL Club
16182 Ballad Lane

Huntington Beach CA 92649
| read about ASWLC in ELEMENTARY ELEC-

TRONICS’ “DX Central Reporting.” Piease check
one:

O I'm enclosing 75¢ for a sample copy of your
bulletin.

] | want to join. I'm enclosing $8.50 for one
year's membership.

Name
Address S

City State Zip.

Flash Master

Continued from page 30

also be mounted with small bracket or long
screws attached to the front panel on either
side of M1. Mount and wire FM’s ASA
trim pots R14 to the perf board, before in-
stalling it into the flash meter. Incidentally,
you can mount your trim pots on both
sides of the pc board for easier wiring, in-
stead of on the rear side as in our unit. Last
step’s installing a C-size 114 volt battery into
its holder.

Flash Master's Big Red Eye. We mounted
the photo cell made from a red plastic lamp
housing canniballized from an inexpensive
flashlight. Jack J1 fits into a hole in the
lamp housing’s side. Photo cell Z1 is held
against the ex-flashlight’s glass or plastic
faceplate by a section of foam rubber.
Finally, after you’ve soldered Z1’s leads to
11 cut a section of sheet aluminum and
press-fit it into the lamp bottom.

A plastic strap was also mounted on the
aluminum section to fit an aluminum brack-
et. Install it on the Flash Master’s case as
shown in the photos. If you don’t need
this feature, it can be left out of your
model. Only problem is that the photo cell
housing would have to be hand-held while
you're working with Flash Master.

Normally, a short shielded lead (approxi-
mately 6-inches long) connects the probe
assembly to J2. But longer pickup probe
lead lengths can be used as well. After you’ve
made sure that your wiring chores are

completed—and correct—set S2 to its off
position. Then depress the reset button
(that’s S1), and remove Q2’s shorting strap
while keeping S1 depressed.

BCPS and Tape Measure, too. To calibrate
Flash Master, you need an electronic strobe
unit with a known guide number BCPS
rating (Beam-Candlepower-Seconds). Also,
scout up a tape measure and a flash expo-
sure distance guide (similar to the one in
Eastman Kodak’s Master Photoguide AR-21
Manual). You’'ll find the Photoguide avail-
able in most photo stores.

Make sure that M1’s pointer is at zero; if
not, adjust the meter’s mechanical zero until
the pointer sits on the goose egg. Set the
ASA switch (S3) to bat, turn S2 on, and
observe that the pointer of M1 swings nearly
full scale. Mark the M1 scale at this point
to indicate a fresh battery’s voltage reading.
Next, set the ASA switch to the position that
is connected to R14 (full clockwise posi-
tion), depress S1, and electrically “zero” M1
by adjusting R4. If M1 cannot be adjusted
to zero, change the resistance value of R3
or RS. Set S2 to its off position.

We calibrated our flash meter for the
eight most popular ASA film ratings. If you
desire, the meter can be calibrated for
other ASA values to fit your special needs
(up to ASA 400). All you need is a large
room, or long hallway, to properly calibrate
the flash meter. Set your Flash Master on
a window ledge or table at one end of the
room or hallway and position the photo
cell toward you. Attach one end of the tape
measure near the photocell and extend the
other end outward.

vy
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CLASSIFIED&
FOR BIGGER PROFITS! NEW CAREER OPPORTUNITIES!
READ AND REPLY TO THESE CLASSIFIED ADS
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Classified Ads 65¢ per word, each insertion, minimum 10 words, payable in advance. To be included in the next available

issue of ELEMENTARY ELECTRONICS, copy must be in our New York Office by July 1Ist. Address orders to C.
Manager, Classified Adevtising. ELEMENTARY ELECTRONICS, 229 Park Avenue South, New York, N. Y. 10003.

D. Wilson,

BOOKS & PERIODICALS

DO-IT-YOURSELF

BIG itch. If you have the itch to write
for more information, do it today. Don’t
delay, A big itch makes for a lot of scratch.
Publishing books on all casinc games.
Keno, Roulette, Dice, Handicapping. Black-
jack. Exactly *21.” Beat the dealer, The
information is absolutely free, We will even
return your postage with our free cata-
logue. You cannot beat that. Now don't
delay. Write today. Mr. Keno % Combut-
ered Systems. Inc. 133 Main, P.O. Box 939,
Burley, Idaho 83318,

BURGLAR—Fire alarm systems and sup-
plies. Free Catalog. Informer Mfg. 200b S.
Eden Street, Baltimore. Maryland 21231.

PRACTICAL tips for home, garden and
workshop are in ''1001 How-To Ideas.’’
Send $1.00 for your copy includes Postage.
to 1001 How-To Ideas, 229 Park Avenue
South. New York, N.Y. 10003.

FARMS, ACREAGE & REAL ESTATE

12 FOR $1.00—Paperbacks, 225 West
Alabama, Flerence, Alabama 35630.

FREE list of Amazing self improvement
books plus free list of unusual gift items.
Keevil's Gifts, Dept. 717, 6041 Washington,
Chicago Ridge, Illinois 60415.

HIGHER INCOME, Security and Power.
256 page book, “'Thinking Big” reveals se-
crets that make men rich! Send $2.00 for
=WB-123, K. Scott, Drawer 147, Dept.
SMT771, Monroe, North Carolina 28110.

BUILD-IT-YOURSELF

PSYCHEDELIC LIGHTING MANUAL!'
Make strobes, kaleidoscopes, organs, etc.
Send $2.95 Lightrays, 1315 N. Weaver,
Philadelphia, Pennsylvania 19150.

BUILD YOUR OWN REFLECTIVE-
SOUND, omni-directional speakers. Previ-
ously unpublished plans use nine low-cost
5" speakers per enclosure. Sound_radiates
360° when placed near any wall. Use with
or without equalizer. For detalled instruc-
tions and parts list, send $3.00 to
Modutronics (Plan =901E) P. O. Box 1144,
Sun Valley, California 91352,

4-OHANNEL SOUND FOR UNDER
$10.00. Newly developed matrix adapter en-
ables you to electronically separate any
standard 2-channel record, tape or FM
broadcast into four channels using your
present stereo amplifier or receiver. No
electronic experience needed. For com-
pletely illustrated plams and parts list send
$3.00 to Techni-Sketch *5. P.O. Box 1151.
Sun Valley, California 91352.

BUSINESS OPPORTUNITIES

I made $40,000.00 Year by Mailorder!
Help others make money! Start with $10.00
—Free Proof! Torrey, Box 318-T, Ypsilanti.
Michigan 48197.

FREE Book ''999 Successful. Little-
Known Businesses.”” Fascinating! Work
home! Plvymouth 411-G, Brooklyn,

New York 11218.

I MADE $2.000.00 MONTHLY by mail-
order—evenings only. You can too! Free
Proof! Kingman, Box 7227DC, Erie, Pa.
16510.

MAKE Magnetic Signs. Blg profits. De-
tails. Universal, Lenora, Kansas 67645,

10 to 160 Acre tracts—Lake Superior,
Marquette, Mich. Area, from $99 acre.
Any terms A-OK. Cabins, trailers, camp-
ing welcome. Free pictures, write Hiawatha

Forest Lake Acres 3650 Dixie, Drayton
Plains, 44 Michigan 48020.
GIFTS THAT PLEASE
BARGAINS: Ken-craft Fine China.

James Kalousis & Co.,

1175 Magie Ave.,
Union. New Jersey 07083.

GOVERNMENT SURPLUS

AMAZING SURPLUS BARGAINS. Gov-
ernment Surplus never before offered, for
PENNIES ON THE DOLLAR! Hardware,
Tools. Motors, Electronics, Optics, Hobby-
craft! ILLUSTRATED $1.00. Refundable.
SURPLUS WORLD. Box 785, Rochester.
New York 14603.

HOME WORKSHOP SUPPLIES

MONEYMAKING OPPORTUNITIES—

Con't.

OVER §$16.50 an hour. Spare time at
home! Rubber Stamp industry needs small
manufacturers. We furnish all equipment
and know-how! Particulars free! Write:
Roberts, Room RC-107-AF, 1512 Jarvis,
Chicago, Illinois 60626.

EARN money working at home! Details,
Send addressed envelope, 25¢. Happy, Box
1161-DV, Battle Creek, Michigan 49016.

MAKE $1.060 PER SALE selling engraved
metal Social Security plates. FREE
SAMPLE KIT. Engravaplates, Box 10460-
7503, Jacksonville. Fla. 32207.

MAKE YOUR CLASSIFIED AD PAY.
Get “"How To Write a Classified Ad That
Pulls.”” Includes certificate worth $2.00
toward a classified ad in S & M. Send
$1.25 (includes postage) to C. D. Wilson,
Science & Mechanics, 229 Park Avenue
South, New York, New York 10003.

OF INTEREST TO WOMEN

EARN_ Money mailing commission cir-

culars. Send standard self addressed en-
velope. Details Free! Ayers, Box 1591,
Denton, Texas 76201.

PERSONAL

ELIMINATE Debts Without Borrowing!
Particulars Free. Helper, P.O. Box 9308,
No. Hollywood, California 91609.

SPECIALLY designed offset open and
wrench set for electronic and hobby work.
Wrench Sizes 5/647, 7/64”, 5/32". 3/32",
5/16”. $3.75 post paid. Free list precision.
Moody Tiny Tool Kits Available. Village
Fair, Dept. E.. Falls Village, Connecticut
06031.

INVENTIONS WANTED

LIFETIME ordinations, 25¢ brings de-
tails. Life Science Church, 2207 Cardinal,
Rolling Meadows, Illinois 60008.

PROFITABLE OCCUPATIONS

CHINCHILLA income guaranteed. Terms
25¢—Bulletin $1.00, Rainbow, 11DC, Port

Richey, Florida 33568.

WE either sell your invention or pay
cash bonus. Write for details. Universal
Inventions, 298-3, Marion, Ohio 43302,

MAGNETS

RADIO & TELEVISION

RADIO & TV tubes 35¢. Free Catalog.
Cornell, 4217 west University, San Diego,
California 92105.

MAGNETS—AIl types. Specials—20 disc
magnets, or 10 small bar magnets, or 8
assorted magnets, or 2 stick magnets,
$1.00. Maryland Magnet Company. 8825-R
Allenswood, Randallstown, Maryland 21133,

MAIL-ORDER OPPORTUNITIES

CRASH the Mall Order Import market.
Booklet $1.00. Harold Leonard, 2409
Catherine, Bristol, Virginia 24201

MONEYMAKING OPPORTUNITIES

MAKE Big Money raising chinchillas.
rabbits, guinea plgs for us. Catalog 25¢.
Keeney Brothers Farms, Inc. New Freedom.
Pennsylvania 17349,

FREE! "“THE FUTURE MILLIONAIRE. "
24 Page publication containing 137 little
known secrets on how to make money.
COSSMAN. 13451-N  Ventura, Sherman
Oaks, Calif. 91403,

Jury-Avugusr, 1971

UNUSUAL Lucrative home _bsusiness.
Small basement production. Investment
skill unnecessary. Amazing literature free,
Barta-Davi. Box 15083, San Francisco,
California 94115.

www.americanradiohistorv.com

FREE electronics
bargains. Edu-Kits,
Hewlett, New York 11557.

catalog. Tremendpus
Dept. C-546-DJ,

EXCITING Listening! Police—Fire—
Emergency calls on your broadcast radio.
$19.95 up. Also receivers, scanners, cdual-
band high/low, crystals. Salch Company,
Woodsboro 1. Texas 78393.

“DISTANCE Crystal Set Construction”
Handbook—50¢. ‘‘Coil Winding”—50¢. Cat-
alog. Labnratories, 745-G Cordone, Reno,
Nevada 89502.

REMAILING SERVYICE

OTTAWA—Remails 50¢ Dependable $5.00
Monthly, Robert, 110, Dagmar Ottawa,
Ontario. Cghada.

THERE 1S NO CHARGE FOR THE ZIP
CODE. PLEASE USE IT IN YOUR CLAS-
SIFIED AD.
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CMION EY-BACE
P WARRANITY

of success in obtaining a
Government FCC License

The Cleveland Institute of Electronics hereby warrants that
upon completion of the Electronics Technology, (with or without
Lab), Broadcast Engineering, or First-Class FCC License course,
you will be able to pass the FCC examination for a First Class
Commercial Radio Telephone License (with Radar Endorse-
ment); .

OR upon completion of the Electronic Communications
course you will be able to pass the FCC examination for a Second
Class Commercial Radio Telephone License;

AND in the event that you are unable to pass the FCC test
for the course you select, on the very first try, you will receive a
FULL REFUND of all tuition payments.

This warranty is valid for the original completion time allowed
for the course selected.

&;

Dr. G. O. Allen
President

o

ELEMENTARY ELECTRONICS

www.americanradiohistorv.com
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You can earn more money

inou get an FCC License

...and here’s our famous CIE warranty that
you will get your license if you study with us at home

OT SATISFIED with your present income”
The most practical thing you can do about
it is “*bone up™ on your electronics, pass the
FCC exam, and get your Government license.

The demand for licensed men is enormous.
Ten ycars ago there were about 100,000 licensed
communications stations, including those for
police and fire departments, airlines, the mer-
chant marine, pipelines, telephone companices,
taxicabs, railroads, trucking firms, delivery
services, and so on,

Today there are over a million such stations
on the air, and the number is growing con-
stantly. And according to Federal law, no one
is permitted to operate or service such equip-
ment without a Commercial FCC License or
without being under the direct supervision of a
licensed operator.

This has resulted in a gold mine of new
business for licensed service technicians. A
typical mobile radio service contract pays an
average of about $100 a month. It's possible
for one trained technician to maintain cight to
ten such mobile systems. Some men cover as
many as fifteen systems, cach with perhaps a
dozen units.

Coming Impact of UHF

This demand for licensed operators and service
technicians will be boosted agatn in the next
3 years by the mushrooming of UHF tetevision.
To the 500 or so VHI" television stations now
in operation, several times that many UHF
stations may be added by the licensing of UHF
channels and the sale of 10 million all-channel
sets per year,

Opportunities in Plants

And there are other e¢Xciting opportunities in
acrospace industries, electronics manulactur-
ers, telephont companices, and plants operated
by electronic automation. Inside industrial
plants like these, it's the licensed technician
who is always considered first for promotion
and in-plant training programs. The reason is
simple. Passing the Federal government's +FCC
exam and getting your license is widely accepted
proof that you know the fundamentals of
clectronics.

So why doesn't everybody who “tinkers”
with electronic components get an FCC License
and start cleaning up?

The answer: it's not that simple. The gov-
crnment’s licensing exam is tough. In fact, an
average of two out of every three men who
take the FCC exam fail.

There is one way, however, of being pretty
certain that you will pass the FCC exam. And
that is to take one of the FCC home study
courses olfered by the Cleveland Institute of
Electronics.

CIE courses are s0 effective that better than
9 out of every 10 ClE-trained graduates who
take the exam pass it. That's why we can afford
to back our courses with the iron-clad Warranty
shown on the facing page: you get your FCC
License or your money back.

There's a reason for this remarkable record.
From the beginning, CIE has specialized in
electronics courses designed for home study.
We have developed techniques that make learn-
ing ut home casy, even if you've had troubie
studying before.

in a Class by Yourself

Your CIE instructor gives his undivided per-
sonal attention to the lessons and questions
you send in. IUs like being the only student in
his “'class,” He not only grades your work, he
analyzes it. Even your correct answers can
reveal misunderstandings he will help you clear
up. And he mails back his corrections and
comments the same day he receives your assign-
ment, so you can read his notations while
everything is still fresh in your mind.

It Really Works

Our tiles are crammed with success stories
of men whose CIE training has gained them
their FCC “tickets” and admission to a higher
income bracket.

Mark Newland of Santa Maria, Calif.,
boosted his earnings by $120 a month after get-
ting his FCC License. e says: “Of 11 ditferent
correspondence courses ['ve taken, CIE's was
the best prepared, most interesting, and easiest
to understand.”™

Once he could show his FCC License, CIE
graduate Calvin Smith of Salinas, California,
landed the mobile phone job he’d been after
for over a year,

Mail Card for Two Free Books

want to know more”? The postpaid reply card
bound-in here will bring you free copies of
our school catalog describing opportunities in
electronics, our teaching methods, and our
courses, together with our special booklet,
“How 1o Get a Commercial FCC License.”
If card has been removed, just mail the coupon
at right.

2 NEW
CIE CAREER
COURSES

1. ELECTRONICS TECHNOLOGY with LABORATORY . . . teaches you the
fundamentals. With a 161-piece laboratory you apply the principles
you learn by analyzing and trouble-shooting electronics equipment.

2. ELECTRONICS ENGINEERING . . . Covers steady-state and transient
network theory, solid state physics and circuitry, pulse techniques,
computer logic and mathematics through calculus. A college-level
course for men already working in Electronics.

Cleveland Institute of Electronics

Accredited Member

ci

1776 East 17th Street. Cleveland, Ohio 4414  National Home Study Council

CIRCLE NO. 15 ON PAGE 17
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THESE CIE MEN PASSED THE
FCC LICENSE EXAM...NOW THEY
ARE EARNING MORE MONEY

From Tugboat
to Television
“When [ started my
CIE electronics train-
ing, 1 was working in
the engine room of &
tugboat. Belore tinish-
ing, | passed my First
Class FCC License
exam and landed a job
as a Broadcast Engineer
at KDFM-TV in Beaumont. | was able to
work. complete my CLE course and get lwo
raises . . . all in the first year of my new
career in broadcasting. The course was
interesting and well written.”—Richard L.
Kihn, Anahuac. Texas.

New Job with
409, More Pay

“CIE has taken me
% from a dull low-pay job
with little chance for
advancement 0 one
with challenge and a
good future. F'm now
an Enginecring Special-
ist with Nutional Radio
Y Company, Inc. lesting
prototype equipment, CIE training gave
me the electronics technology [ necded to
pass the exam for First Class FCC License.
I’m already earning 407, more than 1 could
without my CIE training.”—Joseph E.
Perry, Cambnidge, Mass.

NEW REVISED G.1. BILL BENEFITS: All CIE
courses are approved for full tuition reim-
bursement under new G.I. Bill. If you served
on active duty since January 31, 1955, OR
are in service now, check box on reply
card or coupon for G.I. Bill information.

—_——————e— e ————— -
Cleveland Institute of Electronics |
1776 East 17th Street, Cleveland, D. 44114 |
Please send me without cost or obligation: |

Your illustrated 44.page book, '‘How To |
Succeed in Electronics.”

Your book on. ‘'How To Get a Commercial
FCC License.”
| am especially Interested in-
[ Electronics [[] Etectranic

[J Broadcast [J Industrial
Engineering Efectronlcs
[ Electronics
FCC License Engineering

[J Electronics Technology
with Laboratory

Name _ e
Address. _

Citypms:~—m__, = e

State . Zip . Age

[} Veterans & Servicemen: Check here for |

|
|
|
|
|
|
|
|
|
|
|
]
| O First Class
|
|
|
|
i
|
|
|
|
[ _taest oL B oo EL27]
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8 1189 Broadwoy, Dept. 547DJ, Hewlett, N. Y. 11557

BUILD 20 RAD

"and Electronics Circuits
PROGRESSIVE HOME

RADIO-T.V. COURSE

Now Includes
% 12 RECEIVERS

% No Knowledge of Radio Necessary

% 3 TRANSMITTERS Y No Additional Parts or Tools Needed
% SL\WAVE GENERATOR % EXCELLENT BACKGROUND FOR TV
* A'MPLIFIER *

: g(;;;EAIb;glJLELCAT?oRR Y Sold In 79 Countries

YOU DON'T HAVE TO SPEND
HUNDREDS OF DOLLARS FOR A RADIO COURSE

he ‘*Edu-Kit'' offers you an outstandmg PRACYICAL HOME RADIO COURSE at a
rock-bottom price. Qur Kit is deslgned to t n dlo & Electronlcs Technicians, making
use of the most modern methods of home tra le. m radlo theory, construc.
tion practice and servicing, 1S 1S A cOMPthE RADIO cou IN EVERY DETVAIL.

You will learn how to build radios, using ru.ular schematics; ho to wirc and solden
In a proressionat manner: how to service radios. You will work with the standard type of
Punched metal chassis as well as the fatest dcveloument of Printed Circuit chassis

You will learn the basic principles of radio. You will construct, study and work with
RF and AF amplifiers and oscillators. detectors, rectitiers, test equipment. You will learn
and practice code, using the Progressive Code Oscillator. You will learn and practice
lrouble shooting, using the Progressive Signal Tracer, Progmssnve Signal Injector, Pro-
B ] Ra'mo I& Electronics Tester, Sguare wave Generator and the accompany-

nal mater:

You will receive traiming for the Novice, Technician and General Classes of £.C.C. Radio
Amateur Licenses.  You will build Receiver, Transmitter, Square Wave Generator,
Oscillator, Signal Tracer and Signal Injector circuits, and learn how to operate them.
will receive an excelient background for television, Hi-Fi and Electronics.

Absolutely no previous knowledge of radio or science is required. The Edu-K
the product of many years of teaching and cngineering experience. The ‘‘Edu-Kit'
provide you with a basu; education in Electronics and Radio, worth many times the

»ou Th nal Tracer alone is worth more than the Dnce o' the klt

You do not need the shrmes( backzround ages and bacl nds have successfully
In radio or science. Whether you are inter- used the '‘Edu-Kit more than 79 coun-
estegd in Radio & Electronics because you tries of the world 'rhe '‘Edu-Kit'* has been
want an umeresnnz hobby, pay carefully designed, s T EdsoKtha(
b sl

Ed
Many thousands of fndividuals of ait

\ PRO*E&SIV VTEAEHLNG METHOD

The Frogressive Radio *‘‘Edu-Kit*' is the foremost educat onal radio kit the worid,
and is universally accepted as the standard m he field of eleclromcs training. The *‘Edu-
Kit'" uses the modern educational principle Learn by Do ' Therefore you construct,
learn schematics, study theory. Dracnce trrnuble shootng: II ln a closely integrated nro
gram designed to provide an eastly-iearned, thorough and interesting background in ra

ou begin by exammbng the various rad © parts ot the ‘*Edu-Kit.'" You then learn lhe
function, theory and wiring of these parts. The you build a simple radio. With nns tirst
set you will enjoy tistening to regular hroadcast stations, learn theory, practice testing
and trouble-shootinyg. Then you butld a more advanced radio, tearn more advanced theory
and techniques. Gradually,” in a progressive manner, and at your own rate, you will
find yourself constructing more advanced multi-tube radio circults, and doing work g
Dro'essuonal Radjo Technician .

1n in the *Edu-Kit"! course are Receiver, Transmitter, Code Oscillator,

Tra cer. Square Wave Generator and nal Injector Circuits. These are not unprofes.
‘‘breadboard’’ experiments, but genu’ circuits, constructed by means of pro'esslonll
ring and soldering on metal chass s. plus the new method of radio construction known
Printed Circuitey.’’ These circuits om Lsour rce ular AC or DC house current.

You will receive all parts and |nst'uct|ons necessary to build twenty different radio and
electronics circuits, each guaranteed to operate. Our Kits contain tubes, tube sockets, var
able, electrolytic, mica, ceramic and paper dielectric condensers, resistors, tie stri
hardware, tubing, punched metal chassis, Instruction Manuals, hook-up wire, solde
selenium rectifiers. coiis, volume controis and switches, etc.

In addition, you reccive Printed Circuit materials, including Printed Circuit chassis,
special tube sockets, hardware and instructions. You also receive a useful set of tools, a
professional electric soldering on. and a self-powered Dynamic Radio and Electronics
Tester. The “"Edu-Kit'* also inctudes Code Instructions and the Progressive Code Oscillator,
in addition to F.C.C, Radio Amateur License training. You will also receive lessons 1or

«l Tracer and the Progressive Signai Injectar,
You receive Membership in Radio- 'rv Club, Free cansul(a-
Service, cate of Merit and Discount Priviieges. You receive all parts, toels,
instructions, etc. Eve'ylhlna is vours te keep.

Proyressive ‘"Edu-Kits'' Inc.. 1189 Broadway. Dept. 547DJ, Hewlett, N.¥Y. 11557

Reg. U. S.
Pat. Off,

10

Trmninq Electronics Tech

FREE EXTRAS l

SET OF TOOLS ‘

® SOLDERING IRON

® ELECTRONICS TESTER

PLIERS-CUTTER

VALUABLE mscoum’ CARD

CERTIFICATE OF MER

TESTER ms‘rnuc‘nou MANUAL

HIGH FIDELITY GUIDE o QUIZZES
D10

csssae

MEMBERSHIP IN RADIO-TV CLUB:
CONSULTATION SERVICE « FCC
AMATEUR LICENSE TRAINING

e PRINTED CIRCUITRY )

l SERVICING LESSONS

You will learn troubte-shooting and
servicing in a progressive manner. You
will practice repairs opn the sets that
you construct. You will learn symptoms
and causes of trouble in home. portable

the *‘Edu-Ki
will help you with any technical probe
lems you may have,

J. Stataitis, ot 25 P plar PI., Water-
bury, Conn.,

several sets r ¢ triends, a
money. The ‘‘Edu-Kit aid for itself. |
was ready to spend $2. for a Course,

but | found your ad and sent for your
Kit.**
Valerio. P. O. Box 21. Magna,

AV
Radio for the last seven years, but like
to work with Radino Kits, and lil.e to
build Radio Testing Euulnmnm. | en-
joyed every minute orkes  with the
different he Slr.'nal Tracer works
fine. Also like to let you know that |
feel proud of becomm: a member ot your
Radio-TV Club
Ropert L. Shutf, 1534 Monroe Ave

Huntington, W. Va.: '"‘Thought | would
drop you a few lines to say that | re-
ceived my Edu-Kit, and was really amazed
that such a bargain can be had at such
a low price. | have already started re-
pairing  radios and phonographs. My
friends were reatly surnnsexl to see me
get into the swing of it so quickly. The
Trouhle-shooting Tesmr that comes with
the Kit is really swell, and finds the
trouble, if there is any to be found.’’

s UNCONDITIONAL MONEY-BACK GUARANTEE — — — |

Please rush my expanded “‘Edu-Kit'" to me, as indicated below:

Check ane hox to indicate choice of model

[] Deluxe Model $31.95
New Expanded Model $34.95 (Same as Deluxe Model Plus Tele-
vision Servicing Course)

Check one box to indicate manner of payment

i1 enclose full payment. Ship *“Edu-Kit’’ post paid.

1 enclose $5 deposit. Ship **Edu-Kit” C.0.D. for balance plus Dostage. |
Send me FREE additional information describing **Edu-Kit.' |

Name 5 3 1 SR IR O
Address = o TR

City & State oo = b e 290000 B L L.

PROGRESSIVE ‘“EDU-KITS' INC.

[ PRINTED CIRCUITRY l:

At no increase in price, the ‘Edu-Kit”
now includes Printed Circuitry. You build
a Printed Circuit Signal Injector. a unique
servicing instrument that can detect many
Radio and TV troubles. This revolutionary
new technique of radio construction is now
becoming popular in commercial radio and
TV sets.

A Printed Circuit is a special insulated
chassis on which has been deposited a con.
ducting material which takes the place of
wiring. The various parts are merely plugged
in and soidered 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.

CIRCLE NO. 16 ON PAGE 17
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