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Now! Space Age Science for Everyone 

AMAZING KIT-A-MONTH CLUB 

You Get ALL the following in nine monthly kits! 

No Experience Necessary 
Everyone will enjoy the easy.t,- 
use equipment I 1,1.11111g. 
learn-loy.doing eiout,es lit ea.Y -it's (on! 
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No Special Tools Required 
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MEMBERS ARE ENTHUSIASTIC 
Over 50,000 member, have wiies,folly 
used and enjoyed these kits. All the 
projects are proven and practical. 

"Erery hit it very complete in explan 
alias., illustrations. Mat, ¡Oil, bard. 
ware and . This is who: I like." 
F. Illatoelds Nankai, P.. 

"I hare enioyed every kit. I sash 
could give them to all my students." 
Ad.. T. SZFNYMI lamas. 
MN. IMN 

CA 
Jarmartmrn. New Vert. 

"Hard.togrt equipment at is greed 
price. Thank, to your Ail, I em es- 
joyiNg sew fields of science." 
J. Allonartm MIN% SpONP. 

'I have immensely enjoyed et cry min- 
ute with she kits. and eagerly await 
the postman tier, month.' 
tad Carter. Sanford, Media. 

"The ABSClub kits are very Practirel, 
interesting and educational and the 
',Myers dicey, work." 
Larry Sehutta. Ed., Now Fork. 

"A wealth of information pretested in 
an easy-to.learn manner." 
Tam WM:NW, Video. Texas. 

"h it incredible that or rim obtain 
so mach material for sorb price. The 
manuals alone are of great value." 

Slow M. um* Hug. SL. AmErmOrm 
High snow. Maio. *kw. 
"I em ay electronics student in the Air 
Forte. We bse not covered anything in 
school that your kits have not covered 
John G. DIN Resale, Air Fame Rase. 
11114 Nid. 

"Win,* 1 started your Program I knee 
little about any of the topics that you 

presented. I sow em repairing radio 
and photography is my main bobby." 

5 nsse RusmkI, Dowenor, DNA 
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You get 4LL the equipment for AU the above in nine monthly k 

PAY $495 FOR EACH KIT 
ENROLL ONLY THAT YOU RECEIVE 

SEND $01 00 
ONLY TO 

Take as few as you wish-or get all nine ... it's up to you! 

SOME QUESTIONS ANSWERED 

Q. How is it possible? It seems incredible to be able to get all the 
equipment shown above in just nine kits-at only $4.95 per kit! 

A. The direct-to-you "no middleman" club plan is just part of the 
answer. The other key is ABSCIub's especially designed multi -use 
equipment. For example: the Microprojector quickly and easily con. 
vents into Me Spectroscope, Photo Enlarger and Cloud Chamber 
Illuminator. Similarly. the Transit doubles as a Telescope Mount. 
Such multi-purpose design... plus club plan economy ... makes 
possible this all-science program at a price everyone can atforo. 

Q. May members choose the order in which they receive their kits? 

A. Yes. With the first kit members receive a list of the equipment and 
projects contained in each of the remaining eight kits. With this 
information they are able to choose the kit sequence that best suits 
their particular interest. 

Q. Can members get their kits all at once instead of one*.month? 

A. Yes. At any time members can have the balance of their kits sent 
in one shipment. We recommend that you start on the kot-a-month 
plan because the monthly spacing will give you time to get the full 
measure of knowledge and enjoyment that each kit has to offer. 

NO EXPERIENCE NECESSARY - IT'S FUN! IT'S EASY! 

1 
NO OBLIGATION-NO RISK, 

* You take only as many kits as you wish. 
No minimum-you may c I anytime. 

* Two weeks approval on each kit you take. 
You may return any kit for full refund. 

Send coupon today-got your first kit on its ways 

ipm.TRIAL MEMBERSHIP COUPON.... 
AMERICAN BASIC SCIENCE CLUB. Inc., 
104 Heiman, Son Antonio, Texas 71205 

I wish to try the Kit a Month Program: 

I I enclose $1.00 to enroll and $4.95 for the first kit postpaid. 

-1 I enclose $1.00 to enroll. Send first kit COD. I'll pay COD fee. 

I understand if I am not satisfied with the first kit I may return 
it for a complete refund including the $1.00 membership fee. 

NAME 

ADDRESS 

AMERICAN BASIC SCIENCE CLUB. INC. 



You can pay 5600 and 
still not get professionally 
approved TV training. 

Get it now for 599. 
Before you put out money for a home study 

course in TV Servicing and Repair, take a look 
at what's new. 

National Electronic Associations did. They 
checked out the new TV training package being 
offered by ICS. Inspected the six self- teaching 
texts. Followed the step -by -step diagrams and 
instructions. Evaluated the material's practical- 
ity, its fitness for learning modern troubleshoot- 
ing (including UHF and Color). 

Then they approved the new course for use in 
their own national apprenticeship program. 

They went even further and endorsed this 
new training as an important step for anyone 
working toward recognition as a Certified 
Electronic Technician (CET). 

This is the first time a self -taught training 
program has been approved by NEA. 

The surprising thing is that this is not a 
course that costs hundreds of dollars and takes 
several years to complete. It includes no kits or 
gimmicks. Requires no experience, no elaborate 
shop setup. 

All you need is normal intelligence and a 
willingness to learn. Plus an old TV set to work 

on and some tools and equipment (you'll find 
helpful what -to -buy and where -to- buy -it informa- 
tion in the texts). 

Learning by doing, you should be able to 
complete your basic training in six months. You 
then take a final examination to win your ICS 
diploma and membership in the ICS TV Servic- 
ing Academy. 

Actually, when you complete the first two 
texts, you'll be able to locate and repair 70% of 
common TV troubles. You can begin taking ser- 
vicing jobs for money or start working in any of 
a number of electronic service businesses as a 
sought -after apprentice technician. 

Which leads to the fact that this new course is 
far below the cost you would expect to pay for a 
complete training course. Comparable courses 
with their Color TV kits cost as much as six times 
more than the $99 you'll pay for this one. 

But don't stop here. Compare its up- to- dateness 
and thoroughness. Find out about the bonus 
features -a dictionary of TV terms and a port- 
folio of 24 late -model schematics. 

Get all the facts. Free. Fast. Mail the reply 
card or coupon below. 

MO MN MN MN MN NM MN MI MI MI INI 

ICS 
Dept. M5589G 
Scranton, Penna. 18515 

Yes, I'd like all the details about your 
new TV Servicing /Repair basic train- 
ing package. I understand there's no 
obligation. (Canadian residents, send 
coupon to Scranton, Pa. Further ser- 
vice handled by ICS Canadian, Ltd.) 

UM MIIN MI MI NM 
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Name i 
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City State Zip ' 

Prices slightly higher outside U. S. and Canada. ' 
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YOUR MUS G N Ikr 1 I DAZZLING ACTION with 

Now you can have thrilling psychedelic 
"see -in" right in your own home, club. 
school or business -in fact -anywhere 
you want to add sensational "mod" ef- 
fects. Colored light beams dance and 
prance. whirl and swirl In perfect time 
with the muelc -each individual note 
creating its own unique twisting, radiat- 
ing shape. Adds a spectacularly wild. new 
dimension to the world of music and 
entertainment. Combines electronics sci- 
ence and art with dramatic results. At- 
taches in seconds to your radio, tape 
recorder, hi -fi, or stereo with two alligator 
clips. Can be used on small screens, large 
walls, stages and whole auditoriums. Build 
your own MusieVision with low -coat Do- 
lt- Yourself Kit. Loads of fun! Feat! Easy! 
BOY'S STARTER KIT 

11111111111111111F.. 

Dramatic New Breakthrough 
In Audio -Visual Enjoyment 

All you need is a light source. If you don't 
have one. the versatile Edmund 35mm 
500 Watt Projector is terrific bargain. 
All kinds of other uses too -set up to 
accept motorized accessories. Also avail- 
able in 15''x15 "x27" Walnut Cabinet 
Model. Tube Unit. or 8" and 12" Sets 
which include encased 8" or 12" Motion- 
direr. Color Wheel and set of apertures 
for use with your own 35mm projector. 
Large 12" set provides fabulous effects 
for commercial applications. Order by 
stock number listed below. Money -back 
guarantee. Complete information in new 
catalog. If you want additional details 
now. send 25e in coin for fully illustrated. 
16 -page Booklet No. 9096EK, "Introduc- 
tion to MusicVision." Patent pending. 

Stock No. 71.095EK .5 6.00 Postpaid 
8" DO- IT- YOURSELF KIT Stock No. 71,009EK .S22.50 Postpaid 
5" SET (Motiondizer, color wheel. apertures) Stock No. 71,03OEK .S45.00 Postpaid 
12" SET (Same as above w /larger Motiondizer) Stock No. 71,032E11. S37.50 Postpaid 
WALNUT VENEERED CABINET MODEL Stock No. 65,1B1EK.$99.50 F.O.B. 
EDMUND 500 Watt 35mm PROJECTOR Stock No. 71,057EK.$24,50 Postpaid 

NEW/ LOW -COST COLOR ORGAN 
Accompany tousle with colored lighting that 
changes In hue and intensity. Create tremen- 
dous variety of unusual and beautiful effect.. 
Nlnlply plug In 3 dill. sets of colored light. 
and place near audio .source. Notes puked 
up by interior "mike" determine which tol- 
nred lights go on loudness drternlines In- 
tensity. Surprising number of commercial, 
display and home uses -control lighting in 
pools and fountains. window' and holiday 
decoration,. sleet for petite 'tough, rnl- 
l'act unit pith light inter -Pty runt rd. 

1 Il /16"x2. "t I i .." 1 lb. 6 it 
Stock No. 1900EK $39.93 Ppd. 

4 CHANNEL DE LUXE 2,000 WATT 
Stock No. 71,103EK 5195.00 Ppd. 

eed rT KEEP PACE WITH 
THE SPACE AGE! 

AMAZING 
BARGAINS 
for Fun Study Profit 

from 
EDMUND SCIENTIFIC CO. 
300 Edscorp Building 

Barrington, N. J. 08007 

'BRIGHT IDEAS' in UNIQUE LIGHTING 
Rog, new lnipage handhogk eked with farts. loaded with Illustrations. All latest drvelup- meni'. application., equipment. Mt z" 11" paper punched U, fit 3 ring htinder. Stork" No. 9100E11 $3.00 Ppd. 

INSTANT ELECTRONIC PROJECTS! 
Ru11A H elretrnme marvels 

m 
, nuten-th" actually w irk: simply match ))h.,is of n as inn n o sld state building tbllo,cks with that. in anyp..ftllow diagrams. Presto-instant r lin roan-. l:riun. etc. No soldering. 

ins. i ..nls. 
M^ 

s 
Magnetic c 

rertnrs 
held . e -thrru 

I r.nmponents in place. Safe. Easy. t nique new funs, ay to learn eler- tranies. Requires onitnary tun transistor bat- tery toot incl... 
Stock No. 71,17BEK $33.50 Ppd. 
Stock No. 71,177EK- 
20 PROJECT KIT $12.00 Ppd. 
Stock No. 71.179EK- 
100 PROJECT KIT $200 00 Ppd. 

CATCH THAT STROBE ACTION! It', 5,Id. Spectaeo,lat ...top . act Inn lighting effects will make a party. rn,de a light .h,o. turn the 'swingers" into psychedelic- lair. formers. Top quality. Iw r,/.t state electronic strobe. Adeuslahle flash rate Irs,m 2 to 18 flashes per second. t'Irar luc,tr lens protects long life Xenon lamp-up In 10.- ilf1i1.1111f1 Rashes air` high lustre reflectm raisers '2r 000 sq. ft. area -even l dark of oiihtriut.. Rugged hou compact ,0" 
metal 

I a lghtweight '31/e 111.1. .h 1 .1. Wrinklrnisherial 
case. 110.120 V. AC'. 13. aPprnvwl. 
Stock No. 71.174EK $89.95 Ppd. 
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TUNE IN AND TURN ON OUR OWN 
Psychedelic Light Show 

Take mg. bookshelf Iteli r 
`estive 

Ink,i1R oiled walnut finished light hns -ssiir its mlilt -In sicker, an inI,v igintrulled :t -rhan- nel color mican. Activate t. attaching to hi- 
n nr stereo speaker Irldg n1 -nom -n , Skis,,, tilla the n n1 the to ,.matir 
eaPn Ini, pulsating 

a 
life. Patterns will 

and w lerful, q s It and .,nth loll resia,n,1 
Peql, ectli time and intensity to music rfect hnli,e irentertain nient. bill. thealel 

mb . Home nt. 11 K""w'sl 2Hsno1 
Stock No. 80,126EK $49.95 Ppd. 

NEWI PROJECTION KALEIDOSCOPE 
At last -a low -cost unit complete with inter- 
changeable 9 dram. liquid wheel. Projects 
infinite variety of brilliant mine patterns 

which do net repeat. Specially designed wheel. 
3" prnjectinn lens and Edmund Visual Special 
Effects Prnjretor make It all possible. Easily 
Aerated. large screen image at shnrt pro- 

jection distance perfect for photo backgrounds, 
fight shows. parties, dances, etc. Frnnt nr 

rear prolertinn. Incl.: 1 RPM 113V Motne, 
mntnr bracket. instructions. 
Stock No, 71,121EK. , .$94.50 Postpaid 
SOLID Multi- Colored Glass A 
Wheel (9" Diameter) 
Stock No. 71.122EK $15,00 Ppd. 

SUPER 6" SPACE CONQUEROR 
Superb aslronnmical Reflector-Up 1, 57.1X. 
Capable of revealing taint stars of neatly magnitude. split it tbles stars separated 
by Irgn dm -s than 1 sec. ,f arc. Features aluminized 
b verr,;urd brr 

1 
. !/r ground and polished shed tex Para mnime mersse ti` 

eyepieces 
, 

F.I.. aX nor. Suini s 
-4RX Kellnert 1,_,1 d/. & ri ee 1112.\ 
denn Rarl,m to tinted/. or t r mile 

11 ioer,s fing mount. 4 ' Marc, arm tube. F.Iri rl 'rk ding .. rr ,nl 
tamer-lack 

tie, l 
Tatbi 

.. .I , p loon , Pedestal . taI lbnnr. t ,, ,... $ 

Iris 
Stock Nn. 85.086EK. $199.50 F.O.B. 
3" REFLECTOR TELESCOPE 
Stock No. 8S,O5OEK. $29.95 Ppd. 

REFLECTOR TELESCOPE 
Stock No. 85.105EK $84.50 F.O.B. 

T 
NEW SURPLUS Ni -Cd CELLS 

a 
ode dr 

e 

r 
too nha,gepu-lr 

y: 
I Val, per 

h ti. 
chae a ^ravit .nbC" fir E ',i 
charge retention. \,lliple erls elde,i n series form htn.- eaily cot. 75" dia. l's. 
high Easily CMIS.ert to "C" size with sic,,. 
below for , recorders. tape toys ra,lios.0 flashlights, alarm.. experiment.. 
err. 
Order Celle DC t Pr Pled. 
0, EK 5.00 $4.40 
0,81 812EK- Trickle Charger 

(1 -10 cells 1 ..... $11.50 
PKG. OF 4 "C" SIZE SLEEVES 
Stock No. 41.217E1( $1.00 Pod. 

MONEY -BACK GUARANTEE 
Order by Stock Nn. -Send Cheek or M.O. 

GIANT FREE CATALOG 
148 Piges! More than 4.000 

UNUSUAL 
BARGAINS! 

Par Ld ,enh nearly 4000 
unusual harcaina. Dos- 

0.00.1%; ens of electrical and 
electromagnetic parta. 
accessori ea. En u rm o us 

teas 
- -election of Astronomi- 

cal Telescopes. 
F.i'SII ali SCIENTIFIC CO.. 300 e'dsuorp 
It '1.51ng, Barrington, N. J. 08007. 
Mail eoupsn for FREE Catalog EK" 
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SCIENCE & MECHANICS -INSTRUMENTS DIV. 
229 Park Ave.. S.. New York, N.Y. 10003 

Enclosed is $ Please send me the new S &M 
Supersensitive Photo Meter. If I am not satisfied. I may 
return the meter within 10 days for a complete refund. 

(Prices subject to change without notice) 

Model 102 Photo Meter 
[I $57.50 with standard fl Add'''. Standard Probe 

probe, computer I car- $7.50 
rying case $2.00 carrying case 

8 
Microscope Adapter $5.00 3/e" -mini Probe $7.50 
Addii. Computer $2.00 Easel Probe $7.50 

Add 10% for Canadian and to e'gn order. New York City 
residents add 6% sales tax. (No Stamps) 

Name 

Address 

(please print) 

City -- State Zip 
L_- 
the new and improved S &M 
Supersensitive Photo Meter 

Here is a precision instrument that meets 
the highest standards of any meter available. 
It offers consistently accurate readings at 
very low light levels, which, if required, can 
be converted to ft.- candles from a graph sup- 
plied. Researchers, scientists, and educators 
have confirmed that this meter can read light 
levels as low as 0.000245 ft.- candles. 

The S &M Supersensitive Photo Meter uses 
the newest Clairex Corp. CL -505L Cadmium 
Sulfide Light Cell to measure light levels 
from twilight to bright sunlight at ASA 
speeds of 3 to 25,000. A new Rrr high easel 
type probe and also a miniature probe are 
now available as accessories. The Computer 
included gives F stops from .7 to 90; lists 
exposure time from l /15,000 sec. to 8 hrs.; 
4 range selection; EV- EVS -LV settings. 
Used extensively in Photo Labs, Physics and 
Research Labs, Hospitals, High Schools, 
Universities and numerous industries. Also 
used with movie or still cameras, micro- 
scopes and telescopes and IS A MUST FOR 
PHOTOMICROGRAPHY. 

Use COUPON at top . . . and get a Booklet on 

Photomicrography FREE! 
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The New 1969 Improved Model 257 A REVOLUTIONARY NEW 

TUBE TESTING OUTFIT 

COMPLETE WITH ALL 
ADAPTERS AND ACCESSORIES, 

NO 'EXTRAS" 

STANDARD TUBES: 

Tests the new Novars, Nuvistors, 10 Pins, Magnovals, 
Compactrons and Decals. 
More than 2,500 tube listings. 
Tests each section of multi- section tubes individually 
for shorts, leakage and Cathode emission. 
Ultra sensitive circuit will indicate leakage up to 5 
Megohms. 

I/ Employs new improved 41/2" dual scale meter with a 
unique sealed damping chamber to assure accurate, 
vibration-less readings. 

I/ Complete set of tube straighteners mounted on front 
panel. 

Tests all modern tubes including 

Novars, Nuvistors, Compactrons and Decals. 

All Picture Tubes, Black and White 

and Color 

ANNOUNCING... for the first time 
A complete TV Tube Testing Outfit designed specifi- 
cally to test all TV tubes, color as well as standard. 
Don't confuse the Model 257 picture tube accessory 
components with mass produced "picture tube adap- 
ters" designed to work in conjunction with all com- 
petitive tube testers. The basic Model 257 circuit was 
modified to work compatibly with our picture tube ac- 
cessories and those components are not sold by us to 
be used with other competitive tube testers or even 
tube testers previously produced by us. They were 
custom designed and produced to work specifically in 
conjunction with the Model 257. 

BLACK AND WHITE PICTURE TUBES: 

Single cable used for testing all Black and White Picture 
Tubes with deflection angles 50 to 114 degrees. 
The Model 257 tests all Black and White Picture Tubes 
for emission, inter -element shorts and leakage. 

COLOR PICTURE TUBES: 

The Red, Green and Blue Color guns are tested individ 
ually for cathode emission quality, and each gun is 
tested separately for shorts or leakage between control 
grid, cathode and heater. Employment of a newly per- 
fected dual socket cable enables accomplishments of all 
tests in the shortest possible time. 

The Model 257 is housed in a handsome, sturdy, portable case. Comes complete with all $475° adapters and accessories, ready to plug in and use. No "extras" to buy. Only 

NOTICE 
We have been producing radio, TV and electronic test equipment since 1935, which means we were making 
Tube Testers at time when there were relatively few tubes on the market, 'way before the advent of TV. The model 257 employs every design improvement and every technique we have learned over an uninterrupted pro. duction period of 32 years. 

Accurate Instrument Co., Inc. 

SEND NO MONEY WITH ORDER 
PAY POSTMAN NOTHING ON DELIVERY 

Try it for 10 days before you buy. 
if completely satisfied you may 
remit $47.50 plus postage and han- 
dling charge. (If you prefer you may 
use our Easy Payment Plan.) If not 
completely satisfied, return to us, 
no explanation necessary. 

SEPTEMBER -OCTOBER, 1969 

ACCURATE INSTRUMENT CO., INC. 
Dept. 668 2435 White Plains Road, Bronx, N. Y. 10467 
Please rush me one Model 257. If satisfactory I agree to remit $47.50 plus postage 
and handling charge. (If you prefer you may use our Easy Payment Plan.) If not 
satisfactory, I may return for cancellation of account. 

Name 

Address 

City lone State 
Save Money! Check here and enclose $47.50 with this coupon and we will pay all shipping 
and charges. You still retain the privilege of returning after 10 day trial for full refund. 
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10 Exciting New Kits 
NEW 

Kit ID -29 

$2995* 

NEW /, 
Kit GD -48 

!1 

$5995 *' 

NEW 
Kit TD -17 

1295* 

NEW 
Kit GR -88 

$4995 
each 

NEW 
Kit GR -98 

NEW 
Kit GD -69 

NEW 19,5* 
Ktli'28 
'4750 + 

8 

NEW Heathkit Solid -State Auto Tune -Up Meter ... 
Measures Dwell, RPM And DC Voltage 
The new Heathkit 1D -29 is most versatile ... really three automotive test in- 
struments in one ... and its low price makes it even a better value. Measures 
Dwell on all 4 -cycle 3, 4, 6, or 8 cylinder engines ... measures RPM in two 
ranges 0.1500 and 0. 4500... measures DC voltage from 0 to 15 volts. And no 
batteries are needed ... running engine provides both signal and power. Easy 
to use ... on both 6 and 12 volt system without changing leads. Its lightweight, 
easy to carry ... comes equipped with black polypropylene case that has 
built -in lead storage compartment and is resistant to virtually everything. Fast,. 
simple assembly ... takes just one evening. The perfect accessory for the handy- 
man who wants to do his own car tune -up, emergency road service personnel, 
or shop mechanics ... order your ID -29 now. 4 lbs. 

NEW Heathkit GO-48 Solid -State Metal Locator 
A low cost, sersatile, prufcsvonal metal detector at one -third the cost of corn - 
p: cable detectors. Pecked with features for long life, rugged reliability, and 
dozens of uses. Completely portable, battery operated and weighs only 3 lbs. 
The GD -48 is highly sensitive, probes to 7 feet, and has an adjustable sensitivity 
control. Its built -in speaker signals presence of metal; front panel meter gives 
s isual indication. Other features include built -in headphone jack, telescoping 
shaft for height adjustment. smartly styled and smartly designed for easy in- 
hand use and easy assembly. Whether you're an amateur weekend hobbyist or 
a professional treasure hunter the GD -48 is for you ... also a great help to 
contractors, surveyors, Gas, Electric, Telephone and other public Utility Com- 
panies. 4 lbs. GDA-48 -1, 9 Volt Battery $1.30'; GD -396, Headphones, 2000 
ohm (Superes) $3.50' 

NEW Heathkit Electronic Metronome 
The new Heathkit TD -17 is a low cost, precise performing electronic Metro- 
nome ... a handy helper for any music student. Battery operated ... no springs 
to wind ... accurate, steady calibration is always maintained ... from 40 to 
210 beats per minute. Instruction label on bottom gives conversion from time 
signature and tempo to beats per minute. Stylish fruit wood finished cabinet. 
Easy solid state circuit board construction ... assembles and calibrates in only 
2 -3 hours. The new Heathkit TD -17 Electronic Metronome is so low in cost 
every music student can afford one ... order yours now. I lb. 

NEW Heathkit GR -88 Solid -State 
Portable VHF -FM Monitor Receiver 
Tunes both narrow and wide band signals between 154 -174 MHz ... for police. 
tire, most any emergency service. Exceptional sensitivity and selectivity, will 
outperform other portable receivers. Features smart compact styling ... with 
durable brown leatherette case. fixed station capability with accessory AC power 
supply. variable tuning or single channel crystal control, collapsible whip an- 
tenna, adjustable squelch control and easy circuit board construction. The new 
GR.88 receiver is an added safety precaution every family should have ... 
order yours tothiy. 5 Ihs. 

NEW Heathkit GR -98 Solid -State 
Portable Aircraft Monitor Receiver 
Tunes 108 through 136 MHz for monnormg commercial and private aircraft 
broadcasts, airport control towers. and many other aircraft related signals. Has 
all the same exceptional, high performance features as the GR -88 above. The 
perfect receiver for aviation enthusiast ... or anyone who wants to hear the 
whole exciting panorama of America in flight. 5 lbs. GRA -88 -1. AC Power 
Supply 57.95 

NEW Heathkit GD -69 "Thumb Tach" ... An Accurate, Low 
Cost Tachometer To Measure RPM's On Any Model Engine 
The new Heathkit GD -69 "Thumb Tach" Tachometer is an accessory every 
R/C modeler should have. An accurate, inexpensive and easy way to make sure 
your model engine is giving maximum performance (also suitable for measuring 
RPM's of any rotating shaft). Features all solid -state design and battery opera- 
tion for long life reliability. Simple to use ... set the slide switch to the meter 
scale you want to use, aim the lens at the propeller or flywheel. The meter reads 
directly in RPM from reflected light for precise. accurate measurements ... 
doesn't load engine. Easy 2 or 3 hour assembly. Raise your engine performance 
standards now ... with the new Heathkit GD -69. I lb. 

NEW Heathkit 1-30 VDC Solid -State Regulated Power Supply 
The new modestly priced IP -28 is an excellent power supply for anyone working 
with transistors whether it be in a laboratory or in a home workshop ... and 
its low price makes it the ideal power supply for classroom use. Compact brown 
and beige. Heathkit instrument styling with large easy -to -read meter ... with 
two voltage ranges 10 v. and 30 v.... and two current ranges 100 mA, I A. Ex- 
ternal sensing permits regulation of load voltage rather than terminal voltage. 
Adjustable current limiting prevents supply overloads and excessive load current. 
Convenient standby switch. Fast, easy assembly with one circuit board and 
wiring harness. Order yours today. 9 lbs. 
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From The Leader -==*. ICATHSIT' 

NEW Heathkit Ultra- Deluxe "681" Color TV With AFT , . , 

Power Channel Selection & Built-In Cable -Type Remote Control 
the new Heathkit r,R 6RI is Mc .Wild's most adsan,-ed Color TV with more 
built -in features than any other set on the market. Automatic Fine Tuning on 
all 83 channels . eliminates touchy fine tuning forever, power push button 
VHF channel selection, hoiltin cable -type remote control ... or you can add 
the optional GRA -h81 -h Wireless Remote Control any time you wish ... plus 
the built -ut self -aersrc t1g aids that are standard on all Heathkit color TV's hut 
can't he bought on any other set at any price. Other features include a bridge - 

type low voltage power supply for superior regulation: high & low AC taps to 
insure that the picture transmitted exactly tits the "681" screen. Automatic 
degaussing, 2 -speed transistor UHF tuner. hi -li sound output, two VHF antenna 
inputs, top quality American brand color tithe suth 2 -year warranty. 
GRA- 295 -4, Mediterranean Cabinet shown *119,50 
Heathkit "295" Color TV 
Big, Bold, Beautiful ... with the same high performance features and built -in 
servicing facilities as the GR -6t11 above ... hut less the Automatic Fine Tuning, 
push button VHF power tuning and built -in cable -type remote control. You 
can add the optional GRA -295.6 Wireless Remote Control at any time. 
GRA- 295 -1, Contemporary Walnut Cabinet shown *62.95' 
Both the GR -681 and GR -295 fit into the same Heath factory assembled 
cabinets; not shown, Early American style at 599.95.' 

NEW Deluxe Heathkit "581" Color TV With AFT 
The new Heathkit GR -581 will add J new dimension to your TV viewing. Brings 
you color pictures so beautiful, so natural, so real ... puts professional motion 
picture quality right into your living room. Has the same high performance 
features and exclusive self -servicing facilities as the GR -681, except with 227 
sq. inch viewing area, and without power VHF tuning or built -in cable -type 
remote control. The optional GRA.227-6 Wireless Remote Control can be 
added any time you wish. And like all Heathkit Color TV's you have a choice 
of different installations ... mount it in a wall, your own custom cabinet, your 
favorite B &W TV cabinet, or any one of the Heath factory assembled cabinets. 
GRA- 227 -2, Mediterranean Oak Cabinet shown $99.50' 

Heathkit "227" Color TV 
Same as the GR -581 above, but without Automatic Fine Tuning ... same 
superlative performance, same remarkable color picture quality, same built -in 
servicing aids. Like all Heathkit Color TV's you can add optional Wireless 
Remote Control at any time (GRA- 227 -6). And the new Table Model TV 
Cabinet and roll aruund Cart is an economical way to house your "227" . 

roll it anywhere, its rich appearance will enhance any room decor. 
GRS- 227 -6, New Cart and Cabinet combo shown 849.95' 
Both the GR -581 and GR -227 fit into the same Heath factory assembled 
cabinets; not shown, Contemporary cabinet $59.95.' 

NEW Heathkit Deluxe "481" Color TV With AFT 
The new Heathkit GR -48l has all the same high performance features and ex- 
clusive self-servicing aids as the new Gk -581, but with a smaller tube size ... 
180 sq. lushes. And like all Heathkit Color TV's it's easy to assemble ... no 
experience needed. the famous Ile.itlikit Color TV Manual guides you every 
step of the way with simple to understand instructions, giant fold -out pictorials 

. even lets you du your out, scry icing for savings of over S200 throughout the 
life ut your act. If you want a deluxe color TV at a budget price the new Heathkit 
GR -481 is for you. 
GRA -180 -1, Contemporary Walnut Cabinet shown 849.95' 
Heathkit "180" Color TV 
Feature for feature the Heathkit "180" is your best buy in color TV viewing ... 
has all the superlative performance characteristics of the GR -48I, but less Auto- 
matic Fine Tuning. For extra savings, extra beauty and convenience, add the 
table model cabinet and nubile cart. Get the value -packed GR -180 today. 
GRS -180 -5, Table Model Cabinet & Cart combo 839.95' 
Both the GR -481 and GR -180 fit the same Heath factory assembled 
cabinets; GRA -180 -2, Early American Cabinet 575.00.' 
Add the Comfort And Convenience Of Full Color Wireless Remote Control 
To Any Rectangular Tube Ifratlikit Color TV ... New Or Old! 
Kit GRA- 681 -6, for Heathkit GR -681 Color TV's $59.95' 
Kit GRA- 295 -6, for Heathkit GR -295 & GR -25 TV's $69.95' 
Kit GRA - 227 -6, for Heathkit GR -581; GR -481 & GR -180 
Color TV's $69.95' 

NEW 
FREE 1969 CATALOG! 
Now with more kits, mate mlor. 
Fully describes these along rrith 
over 30U hits for stereo /M.b, 
mlor TV. electronic organs. elec. 
tree guitar & ampblier, amateur 
radio, manne. educational. CB, 
home & hubby. Mad coupon or 
erne Heath Company. Benton 
Hobo,, Michigan 49022. 

Now There Are 6 Heathkit 
Color TV's To Choose From 

2 Models In 295 Sq. Inch Size NEW 
Kit GR 681 
With AFT 

$49995° 
(less cabinet) 

Kit GR -295 

$44995* 
Iles. cabinet) 

2 Models In 227 Sq. Inch Size 

NEW 
Kit GR -581 
with AFT 

541995' 
(less cabinas 1 

Kit GR -227 
NOW ONLY 

$37995' 
(less cabinet 

6 cart) 

2 Models In 180 Sq. Inch Size 
NEW 

Kit GR -481 
with AFT 

J 

$35995$ (lass cabinet) 

Kit GR -180 
NOW ONLY 

532995* i 1 

(Iss cabinet 6 cart) QI 

HEATH COMPANY, OWP, 139 -19 
Benton Harbor, Michigan 49022 

Enclosed is 3 

Please send models) 
Please send FREE Heathkit Catalog. U Please send Credit Application. 

, plus shipping. 
Sentumneroa eompauy 

Name 

Address 

City Stale zip 
*Mad order pries; F.O.B. lackey. Price B specifications subbed to dung, without notice. Cl.-35B 
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BY JULIAN M. SIENKIEWICZ, Editor 

Here comes the IC, so expect to see more and 
more projects in ELEMENTARY ELECTRONICS 

using integrated circuits (that's what an IC is, 
folks!). This may sound like the Editor of e/e 
is catching up with the field, but there's more 
to new components than sticking them into proj- 
ects. When the IC first came on the scene, it 
appeared with several attending headaches. 

First off was the IC's price. Twenty bananas 
was typical and by no means high. Can you 
visualize a project in e/e such as our Touch- 
down TwinHailer (page 31) that could be built 
for half the price using transistors instead of an 
IC? Neither could this Editor. Price was a big 
reason for keeping ICs out of projects. 

Another good reason ICs weren't used in 
projects was because our authors couldn't buy 
them. Electronics parts houses simply wouldn't 
supply them to single -unit purchasers. Sure, if 
you were a big manufacturing corporation and 
wanted 1000 units you could get them after 
waiting six to eight weeks. Imagine what would 
happen to the poor reader who wanted to pur- 
chase an IC for his project. He didn't stand a 

chance. 
But the biggest reason why ICs took so long 

in coming to the pages of e/e was lack of tech- 
nology- that's right, our authors didn't have 
enough experience with ICs to design units that 
could be constructed by our readers and work 
as intended. With gains of 5000 and 10,000, IC 
amps would break into oscillation and destroy 
themselves in milliseconds if the reader changed 
the circuit's wiring configuration by even as 

little as an eighth of an inch. The situation was 

very much like the early days of transistors 
when two or three transistors would go up in 
smoke before a project could be made op- 
erative. 

We demanded that our authors study and 

build projects with ICs until they became ex- 
pert. Then, we called on our authors to design 
meaningful projects using ICs to take advantage 
of their high gain, compactness. and today's 
new prices (under five dollars). After all, who 
needs an IC to wire up a code practice oscil- 
lator when one transistor can do the job cheaply 
and efficiently. 

One thing we shied away from was circuits 
appearing in manufacturers' spec sheets. Some- 
how, these circuits are great performers on 
exotic test benches and fully- equipped labora- 
tories, but they fail miserably on our experi- 
menters' work benches. 

Yes. ICs have come to e/e now that their 
price is right, they're readily available, and cir- 
cuits using ICs in hobby -type projects can be 
made to operate. But don't throw away your 
transistors. The oldest one you own can't be 
over 21 years old and that's still the prime of 
life! 

One More Time! We had planned to end our 
Basic Course in Electricity and Electronics with 
this issue of ELEMENTARY ELECTRONICS, but 
you won't let us! That's right, our readers 
thought so much of the course that we've de- 
cided to put a new one in the works. This one 
will be a programmed learning course on how 
AC and DC circuits work. Starting with simple 
DC and AC circuits, the course will progress to 
series circuits, parallel circuits, combined series 
and parallel circuits, impedance, RL circuits, 
RC circuits, and tuned LC circuits. So watch 
for our new course -it'll be a boon to newcom- 
ers and oldtimers alike! 

Who's Omar Meng? You'll enjoy our story 
on the new personality on the lectronics scene. 
What's more, you'll have fun doodling pics of 
Mr. Mung and possibly winning a shortwave 
receiver. Want the complete facts? Then turn to 
page 46 and pull out your ballpoint. 

INA 
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New Products 
that caught 

the Editor's eye 

Talk Your Masterpiece on the Road 

Ampex has a new stereo cassette system, the 
Micro 42. which is a recorder /player. The unit 
comes complete with a remote control micro- 
phone and a slide -out accessory tray. Mounted 
on the underside of the unit, the tray holds the 
microphone and extra cassettes. Other features 

TWO NEW 

`plastic view" 
screwariver kits 

EASY TO USE, CARRY & STORE 
These neat, extremely compact kits fit hip pocket, tool box, 
boat kit, glove compartment ... can also be hung on 3 

wall. Durable "Plastic View" zipper case permits instant 
identification of tools. 

Amber plastic (UL) Service Master handles are shock- 
proof, breakproof, have patented spring holding device 
that accepts all Xcelite Series 99 blades - lets you add 
tools as needed at minimum cost. 

Space saving, single-ended interchangeable blades ... 
can be used with Xcelite extensions for extra reach. 

99PV -6 

Handle and 3 slotted 
screwdriver blades 
(Y." .S" 34" tips) 
2 Phillips ( #l, 4'2) 

Ampex Micro 42 Recorder /Player Cassette 

include fast forward, rewind, stop, play. eject. 
and record. 'I he Micro 42 also has a tone 
control and two separate volume controls, as 
well as a pilot light, record light and jacks for 
an earphone and microphone. Mounting brack- 
et. hardware and demonstration tape are in- 
cluded with the Micro 42. Frequency response 
is 100 to 10.000 Hz: peak power output is Ill 
watts per channel, and it operates on 12 VDC. 
You can get companion stereo speakers as an 
accessory, if you wish. Price of Micro 42 is 
$119.95. For further information write to Am- 
pex Corp.. 2201 Estes Avenue. Elk Grove Vil- 
lage. III. 60007. (Continued on next page) 
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991.11-4 

Handle and 3 slotted screwdriver blades 
tips) 

r-- 
XCELITE INC. 80 BANK ST.. ORCHARD PARK, N. Y. 14127 
Send Catalog,, 166 with information on "Plastic View" 
Screwdriver Kits, 

name 

address 

c,v state 6 zone 

J 
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HEY, LOOK ME OVER********* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
-50 °C to 200 °C, used in conjunction with a 
quality voltmeter or multitester. You get tem- 

New -Tronics TLM Trunk Lip Mount 

Antennas, to the Rear! 

Model TLM is an antenna trunk lip mount 
which requires neither drilling nor defacing of 
your vehicle. The clamp and antenna base sup- 

port are constructed from 1/4-in. carborized 
plated steel and the mount cover is grey Cycolac 
plastic. Easily installed in seconds on the rear 
or side of any automobile trunk lip. TLM will 

give lowest SWR and minimum noise. The as- 

sembly includes New -Tronics' break -cable adap- 
tor with all connections factory soldered plus 
a special coax cable retainer to protect it when 
the trunk lid is closed. Model TLM will accom- 
modate a wide selection of antennas with the 
standard 3/4-in. base. No special tools required. 
Price is $8.95 and inquiries should be directed 
to Sales Dept., New -Tronics Corp., 15800 Com- 
merce Park Dr., Brookpark, Ohio 44142. 

Take Your Component's Temp? 

Just a mite bigger than a fountain pen, 
Thermy is a handy new sensing device that 
quickly gives accurate temperature readings of 

any solid or liquid with which it is placed in 

contact. Thermy will electronically measure 
temperatures from -60 °F to 400°F or from 

12 

perature data beyond the capabilities or orat- 
nary mercury thermometers because its two 
40-in. long leads and its 1 B -in. long steel probe 
tip permit entry into heretofore inaccessible 
areas. A sensitive thermal unit inside the probe 
increases in resistance as it cools, lowers in 

resistance as it heats. When you use Thermy 
with a multitester, hold the probe tip against 
an object for a quick resistance read -out. A 
conversion scale is provided to translate ohms 
to F or C degrees. In a protective case. Thermy 
is priced at $14.95, and for more info write 
Mura Corp., 355 Great Neck Rd., Great Neck, 
N.Y. 11021. 

No Acid for the Kiddies 

One of the drawbacks ut the child's sports - 
car. the "Dune Buggy," has been the fact that 
its batteries either wore out in a few hours 
or were lead acid storage batteries which were 
subject to dangerous leakage. Now the Con- 
sumer Products Division of Union Carbide 

Dune Buggy With Eveready Alkaline Battery 

Corp. has come up with a special Eveready re- 

chargeable alkaline battery, thus protecting fu- 
ture Andrettis from acid spill. The Dune Buggy, 

incidentally, is from Kenner Products and it 

steers, turns and backs up. and is powered by a 

6 -volt electrical system with an armature type 
motor. Price of the Eveready Rechargeable 
Alkaline Battery is $6.95 and if you want more 
info write to Consumer Products Div., Union 
Carbide Corp., 270 Park Ave., New York, 
N.Y. 10017. 

100 Watts -Count 'Em -100 
Introducing the Scott 382C 100 -watt AM /FM 

stereo receiver. The new unit has a selective 
AM front end, and a new integrated circuit AM 

ELEMENTARY ELECTRONICS 
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* * * * * * * * * * * * * * * * * * * * * * * * * * ** 
IF strip. The 382C includes Perfectune, a light 
that automatically goes on when stations are 
perfectly tuned in. Not a meter, Perfectune is LAFAYETTE 

R AD10 ELECTRONICS 

Scoff 382C AM /FM Stereo Receiver 

actually a miniature computer. The FM IF 
section contains a quartz crystal lattice filter. 
aligned once at the factory, and said never to 
need aligning again. The IC multiplex incor- 
porates 40 transistors and 27 resistors, and gives 
stereo separation of 40 dB. Solder joints are 
eliminated with Scott's wire -wrap technique - 
a wire is wrapped around a terminal under great 
tension, effecting a permanent bond. There's 
also a muting circuit which cuts out noise be- 
tween FM stations, a 3- dimensional back -lit 
dial, and plug -in speaker connectors which get 
rid of phasing problems. Controls are: dual 
bass and treble; stereo balance; input selector; 
tape monitor; speakers on/oft; power on /off; 
volume; volume compensation; muting; noise 
filter; precision signal strength meter; front 
panel stereo headphone output; tuning; stereo/ 
mono mode switch. Frequency response, 20- 
20,000 Hz -1 dB. Size is 153/4 x5x 11 I/ in., 
price $299.95. For more details write to H. H. 
Scott Inc., Ill Powder Mill Rd., Maynard, 
Mass. 01754. 
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1970 Catalog 700 FREE! 
Now OFF PRESS 

BETTER THAN EVER 

496 Pages 
Stereo HiFi Citizens 
Band Ham Gear Tape 
Recorders Test Equip- 
ment TV and Radio Tubes 
and Parts Cameras 
Auto Accessories Musical 
Instruments Toois Books 

Featuring Everything in Electronics for 
HOME INDUSTRY LABORATORY 

from the "World's Hi -Fi & Electronics Center" 
LAFAYETTE Radio EI ECTRONICS 
Dept. 25099 P.O. Box 10 
Syosset; L.I., N.Y. 11791 

Please Send the FREE 1970 CATALOG 700 

Name 

Address city- 
State Zip 

25099 

Eq'Send For' 
CORNELL'S 
New 1969 
CATALOG 

Many New Items 

TUBES! 
33 Puer tube 

per 
tube 

IN LOTS OF 100 

WE SELL 
PICTURE 

TUBES 
4219 E UNIVERSITY AVE., SAN DIEGO, CALIF. 92105 

.1 

NOW 
WRITE IVI C G E E' S 

SEN97FREE CATALOG 
1001 BARGAINS IN 

SPEAKERS -PARTS -TUBES -HI(H FIDELITY 
COMPONENTS -RECORD CHANIIERS- 

Tape Recorders -Kits- Everything in Electronics 
1901 McGee Stroet. Kansas City, Mi I 64108 

CLASSIFIED 

SECTION( 

ON PAGE 111 



NEWSCAN 

Solid State Solid 
Transistors are hack in the electronic indus- 

try's spotlight, about to do again what they do 
best -replace vacuum tubes. This time, they 
seem ready to crack the vacuum tube's last bas- 
tion: the huge, virtually untouched U. S. tele- 
vision set market. 

TV set makers should be a $55 million per 
year semi- conductor customer by 1971. com- 
pared to $16 million in 1967. The reason: Tran- 
sistor costs have finally dropped so far below 
those of vacuum tubes that the wholesale re- 
design of TV circuitry is now justified. 

For set manufacturers, the switch to tran- 
sistors means a chance to revolutionize styling 
and design. And for set owners, the coming of 

Engineer examines tiny, /ow-cost transistors Texas 

Instruments believes will push most vacuum tubes out 
of US television sets by 1971. New breeds of 
transistors, encapsulated in plastic instead of more 
expensive metal enclosures, often cost as little 
as 15 cents apiece in production quantities. 
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* * * * * * * ***** * * * * * * * * ** 
transistorized TV means lower maintenance 
costs, since about five out of six service calls 
result from vacuum tube failure or color mis- 
alignment due to tube aging. 

Last year 10,900,000 color and black -and- 
white TV sets came off U.S. assembly lines. But 
less than five percent of their circuits used tran- 
sistors. 7 he reason: skilled TV set designers 
have had years of experience in milking the 
most performance at the lowest cost from vacu- 
um tube circuits. During those years, transis- 
tors were causing a revolution in the radio in- 
dustry. The tiny specks of silicon pushed tubes 
out of radios because they were 20 or more 
times smaller, less power- hungry, and longer - 
lived. But TV designers couldn't justify a shift 
to transistors on these grounds because most of 
a TV set's size, weight and power consumption 
is tied to the picture tube-which even tran- 
sistorized sets must use. 

Howard Bonner, director of TI's Application 
Group and former chief engineer of Philco- 
Ford's TV set facility, now believes that due to 
reduced manufacturing costs, transistors will 
now push vacuum tubes out of the last indus- 
try they dominate. By 1971, when U. S. set 

manufacturers anticipate producing 12 million 
sets, Mr. Bonner sees the percentage of transis- 
torization increasing from the present five per- 
cent to approximately 70 percent. 

According to Mr. Bonner, the first areas of 
the TV sets to be transistorized are the tuners 
and intermediate frequency circuits, where tran- 
sistors have performance, as well as price ad- 
vantages over tubes. Next, he believes, transis- 
tors will push tubes out of the signal processing 
circuit: synch separation, automatic gain con- 
trol. color synchronization and other areas. 

A Hop, Skip and a Jump 
The forces that make one athlete jump farther 

than another are being measured electronically 
by a scientist /long -jumper at the University of 
California. He's Dr. Melvin Ramey, a 30 -year- 
old assistant professor of Civil Engineering 
who's still fit enough to better 45 feet in the 
triple jump. 

His studies to date have shown that a long 
jumper -himself included- exerts a force of 
from 600 to 900 pounds in the 0.1 to 0.2 second 
his leg drives for take -off. Making possible Dr. 
Ramey's studies in human ballistics is a new 
type of recording instrument called a Statos 
electrographic recorder which was developed 
by Varian Associates. The electrostatic device 
instantly produces a permanent graph of the 
lift -off thrust. 

In Dr. Ramey's words, "We rarely have any 
precise data on athletics other than finishing 
times or distances." What specifically makes one 
athlete able to jump 26 feet or more while 
another apparently as strong and quick cannot 
reach 22 feet? 
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Under the close observation of Dr. Melvin Ramey, 
University of California sophomore trackman 
Keith Williams takes off from instrumented platform 
as recorder plots his thrust during long jump test. 
Gride lines on wall serve fo locate his center of 
gravity during trajectory to a landing on gym mats. 

"I think," continued Dr. Ramey, who lettered 
in the triple and long jump at Penn State, "we 
may be able to aid the physical educator and 
coach help each man reach his unknown poten- 
tial. Precise measurements of each component 
of an event will indicate levels of strength 
which should be attained by weight training or 
other means recommended by the trainer. 

"For example, the electrographic chart of a 
22 -foot jumper may ,show adequate speed on 
the runway but a deficiency in vertical thrust 
at takeoff. Because the Varian electrographic 
chart is shown in pounds it can be compared 
with the chart of a 26- footer so the athlete and 
his coach can see exactly how much stronger 
his takeoff leg must become. 

"By the same token, we may not encourage 
some boys to train for certain events." he said. 

"The same measurement techniques are ap- 
plicable to many sports and events in which 
running and jumping play a key role," Dr. 
Ramey observed, adding that with research pro- 
gram sponsorship he could instrument an entire 
running track. 

Electronic Yo -Yo 
A formidable weapon in man's age -old strug- 

gle against the unknown was brought into serv- 
ice this past April when the University of Mary- 
land dedicated a new $7.8- million cyclotron 
facility at its College Park campus. Built joint- 
ly by the university, Raytheon Company of 
Lexington. Mass.. and Compagnie de Tele- 
graphic Sans Fil (now Thomson -CSF) of Ver - 
saille and Paris, the new atom smasher is the 
world's largest sector -focused isochronous cy- 
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NEWSCAN *********************************** 

clotron. It will hurt hydrogen nuclei at half the 
speed of light at a variety of targets selected 
by the staff of the school's department of physics 
and astronomy. 

The experimenters will use the machine to try 
to unravel the still mysterious forces underlying 
both the atomic nucleus and certain cosmo- 
logical and astro- physical problems. The un- 
raveling of this structure is one of the most diffi- 
cult and challenging problems confronting mod- 
ern science. Although the machine will be used 
mainly for nuclear research, other studies are 
planned in space physics, medicine and biology, 
radio- chemistry and solid state physics. 

The cyclotron, which took three years to con- 
struct, is housed in an underground pit behind 
eight -foot walls used as shielding from the in- 
tense radiation that the cyclotron generates. The 
machine itself is a variable energy accelerator 
that will be used to produce high intensity 
beams of protons (hydrogen nuclei), and other 
particles. The protons will have an energy of 
10 to 140 million electron volts (MeV). Deu- 
teron energies will vary from 10 to 95 MeV, 
alpha particle energies from 20 to 190 MeV. 

The particles will spiral outward from the 
center of the machine under the control of an 

electromagnet with a 400 -ton steel core. The 
main coils for the magnet carry 2,500 amperes 
of current at 200 volts. 

The acceleration electrodes are two 90- degree 
dees separately driven by two independent power 
amplifiers for push -pull or push -push operation 
from 9.8 to 22 MHz. The power for each dee 
is obtained from a Machlett 8786 tube capable 
of delivering 260 kilowatts of RF power. 

The accelerating particles reach their peak 
velocity at the perimeter of the circular ma- 
chine. Here they arc extracted through a spe- 
cial port and are directed to the various target 
areas in the building by the electro- magnets of 
the beam handling system. The extraction radius 
of the machine is 45 inches. During operation, 
the interior of the cyclotron is maintained at a 
pressure nearly a billion times smaller than 
atmospheric pressure. Pumpdown time to 
achieve a vacuum of 10' Torr is three hours. 

The cyclotron complex is built on six levels 
and measures 145 feet from top to bottom. The 
cyclotron itself is 25 feet underground in a 
room known as the cyclotron cave. A lower 
level, the pit, contains ion generating equipment, 
special power supplies for the magnets, and 
various parts of the cooling system. 
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News and views 
from e /e's 
listening post 

by Don Jensen 

DON'T GIVE UP THE SHIP 

This is the off season for many SWLs. Low 
powered. long distance catches on the short- 
wave bands are few and far between now, it's 
true, but that's no reason to pull the big switch 
until colder weather arrives. This is the time 
for DXperintentation, tuning lesser known sta- 

tions closer to home that you didn't have time 
for, or maybe never even thought about, during 
last winter's peak DX period. 

There are many little -trod paths your off 
season DXing can take. For example, for some 

really unusual domestic SWLing. how about the 

lightship and off -shore light tower stations op- 
erated by the U.S. Coast Guard? 'I hey are nat- 
urals for dog days DXing when millions of 
Americans head, lemming -like, for the nearest 
body of water big enough to float a boat. And. 
if you're a boater yourself, with a marine hand 
receiver aboard your "Neversink II," you can 

try your hand at some maritime mobile DXing! 
With their mast -mounted beacons, these 

The Scotland lightship days are numbered. 
The U.S. Coast Guard is replacing lightships 
with manned and unmanned light towers. 

13 

Coast Guard vessels have been guiding shipping 
past coastal shoals and Great Lakes reefs since 
1820. Until a few years ago, there were some 
19 lightships on duty stations, mostly along the 
Atlantic seaboard. 

Since 1961. the government gradually has 
been replacing them with permanent tower plat- 
forms. perched, spider -like, on legs SO feet 
above the waves. By the early 1970s. all will 
have disappeared from the sca. 

Besides their powerful lights. foghorns and 
underwater warning hells, the Coast Guard's 
light vessels (1. /Vs) carry shortwave transmit- 
ters for communicating with shore -based sta- 

The Ambrose light tower rides high above the 
waves of the Atlantic ¡ust outside of New 
York City. It looks like a baby flattop. 

Lions and passing ships. Several marine band 

frequencies are used for daily weather transmis- 
sions and other voice traffic. 

DXers have reported hearing the Delaware 
lightship, anchored in the mouth of Delaware 
Bay off New Jersey's southern tip. contacting 
Coast Guard stations NMK, Cape May. N.1., 
and NMY. New York. on 2,662 kHz. the Del- 
aware and Barnegat, N.J., lightships soon will 
be replaced by giant, unmanned towers. 

Off New England. the Boston and Portland 
L /V's are heard on 2.182 kHz., while the Nan- 
tucket Light has been noted on 2,694 kHz at 

times. 
Other floating beacons? Well. Pollock Rip 

L/V has been logged on 2.694 kHz. and the 

Diamond Shoal L/V has been heard with traffic 
for the Oregon Inlet Coast Guard station in 

North Carolina on both 2,182 and 2,702 kHz. 
Presumably the lightships also use a number of 
other frequencies. The Ambrose tower regu- 

larly communicates with NMY, New York. on 

2,256 and 2,670 kHz. 
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DX CENTRAL 

The most famous light vessel of them all. 
however. is no more! The Ambrose weighed 

anchor for the last time August 23, rib/, wnen 

she was replaced by a permanent tower struc- 
ture at the entrance to New York's lower bay. 

The Ambrose tower's three man crew lives a 

life of lonely luxury in the middle of the hay. 

half way between Sandy Hook and the Rock - 

aways. In addition to its six -million candlepower 
light and other navigational aids, the Ambrose 
is outfitted with color TV. hi -fl. a well -stocked 
modern galley . . . even air conditioning. At 
night, though. the Coast Guardsmen can see the 

lights of Manhattan. so near, yet so far away. 
These stations aren't great DX, though their 

irregular transmissions add some challenge, and 

they can provide some interesting listening op- 

portunities during the off season. 

TIP TOPPER 

King Mahendra, what took you so long? 

Since the pudgy, progressive monarch of the 

remote Kingdom of Nepal announced a four - 
year communications development plan back in 

1962, DXers have waited anxiously to hear the 

new, improved Radio Nepal. 
First stage. reportedly. was to install a second 

hand, 20-kW shortwave transmitter, purchased 
in Brazil. at Katmandu. capital of the isolated 
Himalayan country. Next, British engineers. 

London sources said, were busily at work build- 
ing a completely new station with a 100 -kW 
shortwave transmitter. 

When the powerful Radio Nepal transmitter 
finally became operational, most SWLs were 

disappointed. 'Though widely heard in Asia. the 

new station was only rarely logged by Stateside 

listeners. 
Now, however, thanks to a relatively new 

frequency and schedule, a growing number of 
DXers have been hearing this rare station. Op- 

erating on 11.970 kHz.. Radio Nepal signs on 

at the unusual time of 0220 GMT. A haunting 
oriental signature tune precedes sign on. After 
a few resounding clangs of a great gong. Nepali 
language programming begins. 

Even midwest SWLs have heard Radio 
Nepal until after 0300 GMT. Characteristically. 
the modulation is weak, causing what one lis- 

tener has ternhed "strain level readability." No 
"armchair copy," but a good bet for the per- 

sistent SWL on some nights. Radio Nepal qual- 
ifies as our Tip Tupper this issue. 

BANDSWEEP 

810 kHz -HJGY, Radio Sutatenza. Colom- 
bia is regularly heard until sign off at 0403 

GMT. This potent transmitter was personally 
dedicated last year by Pope Paul VI 
1500 kHz -National Radio Club has a scoop 

here. New marine band transmitter on Anguilla 

20 

has provisions for medium wave broadcasting. 
Not heard yet. but worth a try if trouble re- 

occurs on this Caribbean isle 4,810 kHz 
-YVMG. Maricaibo, Venezuela with a sur- 

prise, English announcements, heard on Mon- 
day morning at 0105 GMT- That's Sunday 

night here. mate 4.845 kHz -Radio 
Botswana has moved from 4,836 to 0358 GMT 
sign on. This channel formerly was used by the 

BBC's Central African relay 6 050 kHz - 
Radio Australia's Darwin relay base uses this 

frequency. and several others, for its new 250 

kW transmitters. These powerhouses have been 

running at reduced strength lately -just 100 

kW 6 100 kHz -Been wondering about 

the time ticks heard late nights after the German 
signs off? It's the Portuguese Naval Observa- 

tory station with voice announcements each five 

minutes in Portuguese, natch 7 205 kHz 
-A pox on you if you don't try for Mozam- 
bique's "other" station. Radio Pax, which opens 

here at 0357 GMT 14.460 kHz -The 
psych -warfare boys are busy early mornings 
here with programs directed to North Korea. 
The Voice of the United Nations Command 
transmits from Okinawa 15.100 kHz - 
Windward Islands Broadcasting Service, at St. 

George's. Granada, plays request numbers and 

offers birthday greetings at 2045 GMT. OK, 
now all together. "Happy Birthday to you 
(Credits: Sheldon Miller, Florida; Bill Sparks, 

California; A. R. Niblack, Indiana; Grady Fergu- 

son, North Carolina; National Radio Club; Newark 
News Radio Club: Japanese Short Wave Club) 

MISTAKEN IDENTITY 

The slim, sharp- featured pilot leveled his P -47 

Thunderbolt high above the Nicaraguan jungle 
and pointed the nose of the aging World War lI 
lighter northeast toward Guatemala City. 

For Jerry Fred DeLarm, a flying soldier of 
fortune from San Francisco, the flight that day. 

June 24, 1954. was a "milkrun" compared with 
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THINK FUN! 
THINK 

BOAT- CAMPING ... 

- . . And let Camping Journal, the world's 
largest camping magazine, show you how to get 

the most honest -to- goodness fun out of it 
Boat -camping, with its soaring 

popularity, is featured each and 
every month in CAMPING JOURNAL, 
bible of the great outdoors. Out- 
standing authorities tell you how to 
rig, equip and maintain your boat 
for maximum economy, safety and 
enjoyment. They spot the launching 
ramps in your own neck of the 
woods, report on the lunker hot - 
spots ... ideal cruises.., dream ski- 
ing waters. And if you trailer your 
boat, as most of us do, CJ regularly 
features outstanding trips, what to 
see, gear to take along. There are 
construction projects for the build -it 
buff and expertise on the expanding 
recreational -vehicle world -a natural 

boating companion. Doesn't it seem 
likely that CAMPING JOURNAL can 
add to your appreciation of boating 
and kindred outdoor recreation? Use 
the coupon below and -Welcome 
Aboard! 

CAMPING JOURNAL. Subscription Dept. EE -969, 
229 Park Ave. S., New York, N.Y. 10003 
Begin my I -year subscription fo CAMPING 
JOURNAL with the next issue. 
O Enclosed is $6.00 for 12 issues l7 Bill me later 
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NO STAMPS PLEASE! 
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his wartime missions over Saipan. 
His target? The transmitters of La Voz de 

Guatemala, TGWA, the official government sta- 

tion of the Red -tinged regime of Jacobo Arbenz 

Guzman. DeLarm was practically the entire air 

force of a rag -tag Army of Liberation poised 

near the Guatamalan frontier. Supposedly, the 

anti -communist rebels had the backing of the 

U.S. Central Intelligence Agency. 
The fighter banked steeply over the capital of 

the "Land of Eternal Spring." Below, a 166 -foot 
radio tower stabbed skyward. The pilot pushed 

his Thunderbolt into a bomb run. 
The bombs found their mark, but DeLarm 

had goofed. It wasn't the government station 
he'd knocked out. It was TGNA, the religious, 
non -political Radio Cultural, owned by the 

Dallas -based Central American Mission and run 
by the Rev. Harold Van Broekhoven, an evan- 

gelist from Passaic. N.J. 
Van Broekhoven. together with Canadian ra- 

dio technician. H. Leslie Garrison and a tiny 
missionary staff, had put the station together on 

a shoestring budget some four years earlier. Its 

dual four kilowatt transmitter aired religious 
and cultural programs on medium and short- 
wave. 

But, because of a quirk of banana republic 
politics, the station had been blasted off the air. 
Though it wasn't much consolation to Van 
Broekhoven. DeLarm returned four days later 
to bomb the right station. 

The Guatemalan regime quickly folded and 

Arbenz went into exile in Cuba. But TGNA 
came back, and by the way, so did La Voz de 

Guatemala. though under "new management." 
Today, both stations can still he heard during 
the evening hours. TGNA on 5,955 kHz; 
TGWA on 6,180 kHz. 

GUIDED MISSILE 
RESEARCH LAB 
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ELECTRONICS 
ETYMOLOGY 
By Webb Garrison 
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Piezoelectricity 
A Late in the last century. magnetic and elec- 
tric properties of crystals came under intensive 
scrutiny. Working with tourmaline, a complex 
borosilicate that occurs in 3 -, 6 -, and 9 -sided 
prisms. European scientists discovered an un- 
expected effect. When tourmaline crystals are 
heated. faces linked with one end of their uni- 
termal (or polar) axes develop positive electri- 
cal charges. Opposite faces develop negative 
charges. When such crystals are cooled, the 
charges are reversed. From a classical term for 
"fire," pvroelectricity was coined to name the 
heat -linked flow of electrons. 

Pyroelectric effects. it was found, are asso- 
ciated not only with tourmaline but also with 
such diverse substances as quartz, tartric acid, 
and cane sugar. Then it was found that when 
subjected to mechanical stress, a pyroelectric 
crystal develops a potential difference across 
some of its faces. Conversely, such substances 
produce a mechanical force when voltage is ap- 
plied in a suitable way. From Greek for "to 
press," the author of an 1895 volume on crystal- 
lography called stress- induced current piezo- 
electricity. 

Electricity produced by pressure seemed only 
a laboratory curiosity. But later it was found 
that an assembly of piezoelectric crystal ele- 
ments. adjusted to resonate to a desired fre- 
quency, can be used to control and measure 
frequency with great accuracy. lnterconversion 
of electric and elastic waves, accomplished by 
means of the piezoelectric effect. may prove im- 
portant in long -range exploration of space. 

Avalanche 
A Wherever there are mountains plus snow, 
the frozen stuff poses special dangers. Some- 
times it forms thick drifts that choke valleys 
for days. Melting may create flood conditions. 

In rugged terrain, there is yet another dan- 
ger. Accumulated snow may begin sliding down 
a steep grade. Momentum of the moving mass 

causes it to dislodge and then pick up new 
quantities of snow, so that through a self -feed- 
ing cycle the power of the slide increases very 
rapidly. From an early word for "descent," 
natives of the French Alps called a rapidly - 
descending mass of snow an avalanche. Adopted 
into English, until recent times the technical 
word was reserved as a label for mountain 
catastrophes. 

Now it is applied to a group of elect: mic 
phenomena, all of which involve some type of 
breakdown process. Especially in semiconduc 
tors, gas -discharge tubes. and Geiger counters. 
collisions between high -energy ions can lead to 
production of more ions: these. in turn, accel- 
erate the process of collision. Even though no 
descending snow is involved. no other label is 
quite so appropriate as "avalanche" for such a 
self- multiplying process. 

Lead 
From classical times, craftsmen have made 

wide use of a heavy metal that fuses at a low 
temperature. Dull pale bluish -gray in color, it 
is so malleable that it can be made into objects 
of any desired shape. 

Linguistic evidence suggests that it was known 
in Britain very early. A rare codex (hand- 
written volume) that dates from the 10th cen- 
tury mentions a variety of ores and metals, in- 
cluding what the author terms " Ieades." 

Precisely where the name originated, no one 
knows. It has north -European roots, however. 
For in Anglo -Saxon it was called lead, a name 
equivalent to German lod and Dutch load, A 
plausible guess links all these terms with an 
Old Norse label that indicated a primitive kind 
of draw -plate for manufacture of wire. 

Whatever its ultimate source, the name of 
the metal that could easily be drawn was gradu- 
ally altered so that it emerged into English as 
lead. Scholars preferred Latin plumbum, from 
which the title of the modern plumber (origi- 
nally an expert in the use of lead) stems. 

Artisans who spoke no Latin used lead in 
making pots, cauldrons, seals, coffins, stained 
glass windows, metal roofing plates, bullets, and 
many other common artifacts. 

Very late in the history of its use by man, 
electric properties of lead were discovered. An 
early "accumulator" or lead -acid cell, forerun- 
ner of the modern storage battery, used sponge 
lead for the negative plates and lead dioxide 
for the positive plates -with dilute sulphuric 
acid serving as the electrolyte. 

In today's sophisticated electronic systems, 
lead's importance is decreasing except in sol- 
ders. But lacking an abundant supply of the 
stuff that ancients drew into wire, it would 
have been difficult or impossible to produce 
inexpensive storage batteries which were vital 
to development of self- starting automobiles. 
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ELECTRONIC PARTS 

*2. Now, get the all -new 512 -page, 
fully illustrated Lalarerre Radio 1969 
catalog. Discover the latest in CB 
gear, test equipment, ham gear, tools. 
books, hi -fi components and gifts. 
Do it nowt 

*5. Edmund Scientific'.s new cata- 
log contains over 41)00 products that 
embrace many interests and fields. it's 
a 148 -page buyers' guide for Science 
Fair fans. 

*4. Ol.son'.r catalog is a multi- 
colored newspaper that's packed with 
more bargains than a phone book has 
names. Don't believe us? Get a copy. 

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

7. Before you build from scratch, 
check the Fair Radio Sales latest cat - 
alog for electronic gear that can be 
modified to your needs. Fair way to 
save cash, 

8. Get it now! John Meshna. Jr.'s 
new 46 -page catalog is jam packed 
with surplus buys -surplus radios. 
new parts, computer parts, etc. 

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

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

135. Get with ICs! RCA's new 
integrated Circuit Experimenter's Kit 
KD2112 is the first of its kind and 
should be a part of your next project. 
Get all the facts direct from RCA. 
Circle 135. 
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106. With 70 million TV and 240 
million radios somebody somewhere 
will need a vacuum tube replacement 
at the rate of one a second! Get 
Universal Tube Co.'s Troubleshooting 
Chart and facts on their $1.50 flat 
rate per tube. 

10. Burstein- Applebee offers a new 
giant catalog containing 100s of big 
pages crammed with savings includ- 
ing hundreds of bargains on hi -fi kits. 
power tools, tubes, and parts. 

11. Now available from EDI (Elec- 
tronic Distributors, Inc.): a catalog 
containing hundreds of electronic 
items. EDI will be happy to place 
you on their mailing list. 

6. Bargains galore, that's what's in 
store! Poly -Paks Co. will send you 
their latest eight -page flyer listing the 
latest in available merchandise, in- 
cluding a giant $1 special sale. 

CB- AMATEUR RADIO 
SHORTWAVE RADIO 

102. No never mind what brand 
your CB set is. Sentry has the crystal 
you need. Same goes for ham rigs. 
Seeing is believing, so get Sentry's 
catalog today. Circle 102. 

146. It may be the first- Giller's spe- 
ciality catalog catering to the SWL. 
Books, rigs, what -nots- everything you 
need for your listening post. Go Gillen, 
circle 146! 

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

141. Newly- designed CB antenna 
catalog by Antenna Specialists has 
been sectionalized to facilitate the 
picking of an antenna or accessory 
from a handy index system. Man. 
Antenna Specia lists makes the pickin' 
easy. 

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

107. Want a deluxe CB base sta- 
tion? Then get the specs on Tram's 
all new Titan Il -it's the SSB /AM rig 
you've been waiting for! 

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

129. Boy, oh boy -if you want to 
read about a flock of CB winners, get 

new 1969 

catalog. Lafayette s has CB sets for ata all 
pocketbooks. 

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

116. Pep-up your CB rig's perform- 
ance with Turner's M +2 mobile mi- 
crophone. Get complete spec sheets 
and data on other Turner mikes. 

48. Hy- Gain's new CB antenna cata- 
log is packed full of useful informa- 
tion and product data that every 
CBer should know. Get a copy. 

111. Get the scoop on Versa- Teonies' 
Versa -Tenna with instant magnetic 
mounting. Antenna models available 
for CBers, hams and mobile units 
from 27 MHz to 1000 MHz. 

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

101. If it's a CB product, chances 
are International Crystal has it listed 
in their colorful catalog. Whether kit 
or wired, accessory or test gear, this 
CB- oriented company can be relied 
on to fill the bill. 

103. Squires- Sanders would like you 
to know about their CB transceivers, 
the "23'er" and the new "SSS." Also, 
CB accessories that add versatility to 
their 5- watters. 

TOOLS 

*78. Need a compact screwdriver 
kit? Xcelite's 99PV-4 and 99PV -6 kits 
consist of handle. 3 and 5 blades, re- 
spectively. in a see -thru zipper case. 
Get Xcelite's catalog 166! 

118. Secure coax cables. speaker 
wires, phone wires, etc.. with Arrow 
staple gun tackers. 3 models for wires 
and cables from ?in" to 1.2" dia. Get 
fact -full Arrow literature. 

ELECTRONIC PRODUCTS 

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

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

144. Hear today the organ with the 
"Sound -of- Tomorrow." the Melo- 
Sonic by Whippany Electronics. It's 
portable -take it anywhere. Send for 
pies and descriptive literature. 

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

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

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

126. Did you dip Delta's new litera- 
ture package chucked full of pics and 
specs on such goodies as an FI T- VOM. SCR ignition system. compu- 
terized auto tach. hi- voltage analyzer. 
etc.? Man. then let Delta know you're 
alive! Circle 126 now! 

109. Seen oilers a line of specialized 
and standard test equipment that's 
ideal for the home experimenter and 
pro. Get specs and prices today. 

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

145. Ake) Electronic Products has 2R circuit ideas using their remote control 
relay. Get 100- and -one odd jobs done 
at home without calling an electrician. 
Get all the facts today! 

SCHOOLS AND EDUCATIONAL 

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

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

142. Radio- Television Training of America prepares you for a career - not a job. 16 big kits help you learn 
as you build. 120 lessons. Get all the facts today! 

114. Prepare for tomorrow by studying at home with Technical 

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

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

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

HI -FI /AUDIO 
104. You can't hear FM stereo un- 
less your FM antenna can pull 'em in. Learn more and discover what's avail- 
able from Fleco's 6 -pages "Third Di- 
mensional Sound." 

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

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

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

99. Get the inside info on why Koss /Acoustech's solid -state ampli- fiers are the rage of the experts. Col- orful brochure answers all your ques- tions. 

26. The all new, lavishly -illustrated, full -color brochure, "At Home With Stereo" clues you in on H.H. Scott's 

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

TAPE RECORDERS AND TAPE 

14. You just gotta get Craig's new 
pocket -size, full -color folder illustrat- 
ing what's new in home tape record- ers- reel -to-reel, cartridge and cas- 
sette, you name it! It looks like a 
who's who for the tape industry. 

123. Yours for the asking -Elpa's 
new "The Tape Recording Omni - 
book." 16 jam -packed pages on facts 
and tips you should know about be- 
fore you buy a tape recorder. 

31. All the facts about Concord 
Electronics Coro. tape recorders are 
yours for the asking in a free book- 
let. Portable, battery operated to four - 
track, fully transistorized stereos cov- 
er every recording need. 

34. "All the Best from Sony" is an 
8 -page booklet describing Sony- Super- 
scope products -tape recorders, mi- 
crophones, tape and accessories. Get 
a copy today before you buy! 

35. If you are a serious tape audio- 
phile, you will be interested in the 
all new Viking /Telex line of quality 
tape recorders. 

TELEVISION 

70. Need a new TV set? Then as- 
semble a Heath TV kit. Heath has 
all sizes. B &W and color, portable 
and fixed. Why not build the next 
TV you watch? 

127. National Schools will help you 
learn all about color TV as you 
assemble their 25 -in. color TV kit. 
Just one of National's many exciting 
and rewarding courses. 

q 
ELEMENTARY ELECTRONICS 
Department 1069 
229 Park Avenue South 
New York, N.Y. 10003 

Please arrange to have the lit- 
erature whose numbers I have 
circled at right sent to me as 
soon as possible. I am enclos- 
ing 25 to cover handling. (No 
stamps, please.) 
Sorry, only 20 circled items max- 
imum. 
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Electronics comes 
alive with NRI 

Training Kits 
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DISCOVER THE EASE AND EXCITEMENT 
OF TRAINING AT HOME THE NRI WAY 

New Achievement Kit - Custom 
Training Kits -"Bite Size" Texts 

Only NRI offers you this pioneering method of simpli- fied "3 Dimensional" home -study training in Electron- 
ics, TV /Radio and Broadcasting /Communications. It's 
a remarkable teaching idea unlike anything you have 
ever encountered, the result of more than half a cen- tury of simplifying, organizing and dramatizing learn - ing -at -home techniques. If you are an ambitious man -regardless of your education -you can effectively 
learn the Electronics field of your choice the NRI way. 

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

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

NRI has dramatized Electronics through the careful 
development of special training equipment that is 
programmed into your training systematically ... be- ginning with your first group of lessons. Things you read about come alive in your hands as you build, ex- periment, purposely cause "problems" in circuits - and solve them. You learn to use test equipment, to build radios and TV sets, transmitter, or computer 
circuits. It's the priceless "third dimension" in NRI training ... practical experience. 

More than 50 years of leadership 
in Electronics Training 

Career? Part -Time 

\ 
.I 

I 
YOU GET MORE FOR 

YOUR MONEY FROM NRI 
Mail postage-free card now for your free NRI catalog. 
Then, compare. You'll find -as have thousands of others -NRI training can't be beat. Read about the new 
Achievement Kit sent the day you enroll; about "bite - size," texts and custom designed training equipment. 
See why NRI gives you more value. Whatever your reason 
for wanting more knowledge of Electronics, NRI has an 
instruction plan for you. Choose from major programs in 
TV /Radio Servicing, Industrial Electronics and Complete 
Communications. Or select from 
special courses to meet specific 
needs. Check the course of inter- 
est to you on postage -free card 
and mail today for free NRI cata- 
log. No salesman will call. NATIONAL 
RADIO INSTITUTE, Electronics Div., 
Washington, D.C. 20016. 

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

2. INDUSTRIAL- MILITARY ELECTRON- 
ICS - Basics to computers. Starts with 
fundamentals, covers servos, telem- 
etry, multiplexing, phase circuitry, other 
subjects. 

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

4. FCC LICENSE * - Prepares you for 
1st Class FCC License exams. Begin with fundamentals. advance to required 
subjects in equipment and procedures. 

SEPTEMBER-OCTOBER, 1969 

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

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

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

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

A vailableUnder 
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From 12 Training Plans 
9. MARINE COMMUNICATIONS* - 
Covers electronic equipment used on 
commercial ships, pleasure boats. Pre- 
pares for FCC License with Radar 
Endorsement. 

10. MOBILE COMMUNICATIONS* - 
Learn to install, maintain mobile trans. 
mutters and receivers. Prepares for FCC License exams. 
11. ELECTRICAL APPLIANCE REPAIR - 
Learn to repair all appliances, including 
air conditioning, refrigeration, small gas 
engines. Leads to profitable part or full- time business. 
12. ELECTRONICS FOR PRINTERS - Operation and maintenance of Elec. tronic equipment used in graphic arts industry. From basics to computer cir- cuits. Approved by major manufacturers. 

*You must pass your FCC License exams (any Communications course) or NRI refunds in full the tuition you have paid. 
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ELECTRONICS 
By Jack Schmidt 
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"...and to increase speed, you switch 

to seven inches-per-second." 

..-.. 
..-_.. -I' 

"Don't try to DX Athens, it'll be 

all work tonight and no play!" 
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"Great Scott, the battery's run-down ." "Beep, Beep, Beep, Beep ..." 
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If 
ouchdown 
win Hailer 

by Lars Jorgensen 

Hey 
coach, how would you like, during prac- 

tice, to be able to instruct your stars ( ?), every man jack of them if necessary -ard 
still get home after a hard day's training ses- sion without having lost your voice or without having to suck cough drops becau: ; of a ra nr throat? The answer to your problem is our 

Touchdown TwinHailer, a high- powered 
loud hailer that's almost gua -anteed to drown out the grunts, groans and gen- 
eral noise of a practice session. Of course, you can always use the Touch- 
down TwinHailer for other, more mun- 
dane matters. CB /CD crowd control, 
voluntary police or fire auzi' ary wort, 
or boat hailing. But none will be as 
much fun as shouting Java a noisy 
bunch of players who think they are per- 
fect and can do no wrong. 

One IC = 5 Watts Output. The Touch- 
down TwinHailer uses a sin; IC (inte 
grated circuit) to produce a solid i 
watts of clean audio to drive a pair cf 
high- efficiency public- address (DA) re- 
entrant horns. And 5 watts input b 
these horns produces an &wful lot cf 
volume -particularly wher 'he 're- 
quency resporse is tailored to deliver 
almost total power in the ntelhgence- 
carrying mid -range frequencies. Th.. 
self -contained 30 -V power supply, con- 
sisting of 20 standard D cells c or netted 
in series, operates the amplifier at =ui 
output power. (, nririueJ Oro-leaf 
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SC@ @ TD TWINHAILER 

Circuit design allows the TwinHailer to 

deliver sufficient power output if the battery 
voltage drops to 18 V. Therefore, you can 

expect long -term service from a set of bat- 

teries. Alkaline batteries will provide months 

of service since the standby drain of the 

TwinHailer is only 14 to 20 mA. As a fur- 
ther advantage, alkaline batteries may be 

recharged many times from an inexpensive 

charger, available from many electronic 

parts and hobby suppliers. 
Heart of the TwinHailer is a GE type 

PA -246 integrated circuit. This small com- 

ponent packs a mike preamp, an amplifier/ 
driver, and a 5 -watt output stage in a single 

small unit. As a result, the TwinHailer is 

simple to build and unique in design, em- 

ploying one of the latest electronic develop- 

ments. 
Making the Board. Because the IC is 

small and has closely spaced leads, the corn- 

ran he assembled on 

a simple printed circuit board (see our photo 

and drawing). You should have no diffi- 

culty in making the PC board, since broad 

copper foil areas are used. We've included 

an exact size drawing of this hoard which 

you can use as a pattern. 
The first step is to thoroughly clean the 

copper foil of a 3 x 41 /2 -in. piece of copper 

clad epoxy board. Next, place carbon paper 

on top of the copper foil, slip the hoard and 

carbon paper under the pattern, and trace 

the outline of the circuit foil areas with a 

ballpoint pen. Incidentally, the circles on the 

pattern indicate where holes are to he drilled 

in the hoard: they're not used to indicate 

clear areas in the foil. Since the resist (pro- 

tective coating used in producing the etched 

circuit) covered circles would overlap at the 

IC terminals, mark the centers of all of the 

holes including the four corner mounting 

holes fo: the hoard, by pressing a very sharp 

ice pick through the center of the holes in 

the pattern to produce an indent in the foil. 

This will assist you in locating the drilling 
centers after the etching process has 

been completed. After making cer- 

tain that all outlines and holes have 

been traced and marked, remove 

the pattern and the carbon paper. 

You will now have a light tracing 

outlining the pattern on the copper 

foil. Those areas that are solid black 

on the pattern should be covered 

with resist to protect that foil area 

from the etchant. Use a resist pen 

(available from Lafayette Radio) 

to first outline the foil areas to be 

covered, then fill in these areas 

completely with resist. 
When applying resist to areas to 

be protected from the etchant, try 

to leave free of etchant a very small 

area where the centers have been 

marked by the ice pick. If at all 

possible, keep the area the sane dia- 

ameter (or slightly less) as a #58 
drill. This will help locate drilling 
centers after etching and removal 

of the resist. Those holes that are 

Full the amplifier PC board pattern - 
Apply resist over all black areas where 

foil is to remain when board is etched, 

white areas will then be clear. Touch 

circle centers with resist pen to mark 

drilling centers for parts mounting holes. 
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to he drilled where no connections to the 
copper foil are to be made (e.g., the two 
unused IC terminals and the corner board 
mounting holes) should be completely cov- 
ered with resist the full diameter of the hole 
on the pattern. Make certain there are no 
pinholes in the resist before starting the 
etching process. 

Etching. After all foil areas making up 
the circuit are protected with resist, place 
the board in a pan containing etchant (also 
available from Lafayette Radio). Be sure 
the entire board is completely immersed 
in the etchant. After 20 minutes lift the 
board out of the etchant with tweezers. 
If all unprotected foil has been removed 
from the board, rinse it thoroughly under 
running water for at least two minutes to 
remove all traces of the etchant. Should 
there be the slightest trace of unprotected 
foil remaining. re- immerse the board in the 
etchant for periods of 2 minutes until all of 
the excess copper has been removed. Don't 
allow the hoard to remain in the etchant any 
longer than necessary or the etchant may 
start to undercut the resist 
and thus remove sonic of the 
desired copper foil. 

Strip off the resist by roll- 
ing it with your fingertips. 
That resist which can't be re- 
moved by rolling can be 
stripped off either with nail 
polish remover or a Brillo 
pad. Finally, scrub the board 
with a Brillo pad and house- 
hold cleanser to be certain the 

Speakers atop cabinet housing 
point 60° either side of center. 
When used with "close- talking'. 
microphone unit produces widely 
dispersed, highly penetrating 
sound. And its all done 
with one IC. 

PC BC:°D 

Interior view 
showing where amplifier 

is mounted inside TwinHailer. 

spaced holes adjacent to the heat -sink foils 
directly under the heat -sink tabs (these loca- 
tions are the s'A x lib, in. rectangles on the 
pattern). 

Next, using the sides of the bit as a router, 
break through the holes to form a slot. Insert 
the IC very carefully into the board, making 
certain that the tabs pass through the board 
to the foil side. The IC should he positioned 
so that the notch in its case will be near the 

foil is absolutely clean. Drill all the holes 
with a #58 bit, using the center marks previ- 
ously indented or marked (all component 
leads will fit into holes of this diameter). 

Making the Amplifier. You are now 
ready to mount the components and solder 
them to the foil of the circuit hoard. The 
two tabs at the center of the IC arc heat 
sinks and must be soldered to the large cop- per foil areas that fan out from the IC. 
Using your #58 bit, first drill four closely 
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center of the board. Using a 50 -watt iron 
having a small fine tip, solder the IC's leads 
and the heat sink tabs to their respective 
connections on the copper foil. (Remember, 
you get only one chance with the IC-one 
mistake, and the IC's had it). 

Once the IC has been mounted and sol- 
dered in position, insert the balance of the 
components into the holes in the board at 
the locations indicated on our drawing and 
solder them to the foil. Note that capacitor 

33 



(0( 
C6 isn't mounted on the hoard. Reasons are 

that this would require a bigger board (more 

difficult to handle and more expensive) and 

that C6 may not be needed (it, too, is ex- 

pensive) . 

Try the amplifier without C6. If it motor- 

boats, add the capacitor (it can he placed 

just off the edge of the hoard and its leads 

will hold it in position). See our photo for 

the position of C6's mounting holes. 

Speakers and Output Load. For maxi- 

mum efficiency the (E PA -246 IC requires 

a 16 -ohm load. We have provided for this 

by connecting two 8 -ohm speakers (SPI 

and SP2) in series. Because these PA horns 

are highly directional, it's best not to point 

both straight ahead, since the sound would 

then he directed in a narrow beam. Instead, 

mount the speakers on the top of the 6 x 9 

x 5 -in. aluminum cabinet housing the Twin - 

Hailer so they form an approximately 1200 

angle. This way, they'll make a wide angle 

of sound dispersion. 
For optimum performance the speakers 

TD TWINHAILER 

JI 
30V 

R3 

-AB 

B+ 

30V 

must be properly phased. On the assumption 

that these speakers are all manufactured so 

that the polarity of a given terminal on every 

speaker is the same, we can arbitrarily as- 

sign a ( +) to the left -hand terminal and a 

( -) to the right -hand terminal. By looking 

into the front of the speaker you can observe 

the terminals referred to at the bottom of 

the hell to which the manufacturer has sol- 

dered 2- conductor zip cord. 
To determine which of the two leads is 

connected to the ( + ) terminal and which 

is connected to the ( -) terTinal of the 

speaker. use your ohmmeter. Touch one of 

its test leads to one of the two conductors 

of the zip cord connected to the speaker and 

place the other test lead on the ( +) terminal 

of the speaker. if the meter reads a short, 

you have identified the conductor soldered 

to this terminal. lf, on the other hand, you 

read 6 to 8 ohms, and hear a click each time 

you touch the ( +) terminal, you've obvious- 

ly identified the conductor connected to the 

speaker's ( -) terminal. Mark the plus lead 

for identification when connecting the speak- 

er. 
Repeat this test on the other speaker, 

again marking the lead connected to the 

( +) terminal. You should have no problem 

in phasing the speakers now when wiring 

them in a series connection for the Twin - 

Hailer. Another way to determine the polar- 

ity is to listen to the output of the Twin - 

Hailer at a fair distance from the speakers. 

Having judged its volume, reverse the con- 

nections to one of the speakers. If the pol- 

arity was correct to start with, the volume 

will be less than originally. Conversely, if 

the original connection was incorrect, the 

volume will increase. In either case, you 

want the connection that gives the greatest 

output volume. 
Completing Your TwinHailer. Mount 

both the jack (11) for the microphone /pow- 

er switch, and also the volume control (R1), 

at the top left -hand corner of the cabinet. 

Two battery holders, each holding 10 D 

cells. are mounted one on the front and one 

on the rear panels of the cabinet. Since 10 

s 
D cells are heavier than you might think, 

use four mounting screws to fasten each 

holder to its respective panel, taking care 

that the mounting screws don't contact any 

of the battery terminals. To be on the safe 

side, you might want to insulate the holder 

from the panel with either a sheet of plastic 

or plastic insulating tape. 

Note that each holder has a solid -colored 

R4 

C3 

o o 

TO 

SPEAKER 

loll SIDE OF BOARD ALL COMPONENTS 

SHIM MOUNTED ON EPDXY SIDE 

For clarity in locating actual positions, parts are 

shown as though mounted on foil side of PC board, 

however, they should be inserted from non -foil side. 

3.1 
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wire as well as one with a green tracer con- 
nected permanently to the ends of the series 
connections for the ln celle Cnnna,.r .1 

solid color of one holder to the wire with 
the green tracer of the other holder. The 
remaining solid -colored wire should be con- 
nected to the ( +) battery connection of the 
amplifier and remaining wire with the green 
tracer should be connected to the #4 termi- 

Schematic diagram for 
TwinHailer amplifier. 
Note pin numbers and 
their relation to notch 
in IC type PA-246. 
Notch must be near 
center of board. Be 
sure everything's okay 
before soldering 
as repeated application 
of heat 
can destroy the /C. 

PARTS LIST 
FOR TWINHAILER 

B1 -30 -V battery (consists of 20 D cells in 
series or 20 11 /2 -V alkaline cells in series/ C1- 0.05 -uF, 75 -V ceramic capacitor C2- 0.001 -uF, 75 -V ceramic capacitor C3- 500 -uF, 50 -V electrolytic capacitor (La- 
fayette 34T5531 or equiv.l C4- 0.005 -uF, 75 -V ceramic capacitor C5- 4.0 -uF, 6 -V electrolyti: capacitor (La- 
fayette 9976004 or equiv.) C6- 1000 -uF, 50 -V electrolytic capacitor (La- 
fayette 3475627 or equiv.) *IC1- Integrated circuit amplifier (General 
Electric PA -246) J1- 4- contact panel mounting microphone 
jack (Lafayette 9976264 or equiv.) M1- Dynamic microphone with separate 
switch mounfàti in case (Piero DX -109 or 
equiv.) 

PL1- 4- contact microphone plug (Lafayette 
99T6263 or equiv.) 

R1- 50,000 -ohm miniature potentiometer lia- 

J1 

30V 

+ 

assembly from the metal of the cabinet: this 
is necessary to prevent possible contact be- 

. 

twcurs the ton of the NC board and the side 
of the cabinet. Next, mount the volume 
control (R I) in the top of the cabinet ad- 
jacent to 11. 

Now run a jumper from terminal #3 
of 11 to terminal #2 of J I and then to the 
ground side of the volume control (R 1). 

CC + 

1000á 

(SEE 

IEXT) 

R3 

75K 

PLI 

nal of JI. (These connections should not be 
made until all of the other components of 
the system have been hooked up and you 
are ready to test your TwinHailer.) 

Mount the amplifier board inside the cabi- 
net on the left -hand 6 x 5 -in. side of the 
cabinet, using 1/4 in. spacers to raise the 
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R4 

18K 

Cl 

s 

C2 

.CC1i,F 

C3 
500á 

C5 

pNF 

15 

33011 

RO 

82K 

SPKR1 

SPKR2 

C4 

.05NF 

Nt 

H 

I I 

TAB 9 I-1 l I 

13 

IC1 

/' BOTCH 

MICRO i I 1 TAB ' I r 
-----i-CONTROL SWITCH 

fayette 3277359 or equiv.) R2- 680,000 -ohm, 1/2 -watt resistor R3- 75,000 -ohm, 1/2-watt resistor R4- 18,000 -ohm, 1/4-watt resistor R5- 330,000 -ohm, 1/2-watt resistor R6- 82,000 -ohm, 1/2-watt resistor 
SPI, 5P2-8-ohm, 5 -watt miniature re- entrant 

horn speaker (Lafayette 9914508 or equiv.) 1-6 x 9 x 5 -in. aluminum cabinet with re- 
movable front and rear panels (Lafayette 
1278532 or equiv.) 

Misc. -Printed circuit board, etchant, resist, 
resist ballpoint pen, wire, solder, hardware, 
etc. 

*DX -109 microphone ($4.95) and PA -246 in- 
tegrated circuit amplifier ($3.841 available 
from Custom Components, Box 352, Alden 
Manor, Elmont, N.Y. 11003. Add 6U 
postage and handling charges per order 
($1.00 on orders to Canada). New York 
State residents add soles tax. 

Ground this terminal to the rear cover of 
the control and also to the large foils on 
the PC board that are soldered to the heat 
sink of the IC. Connect the speaker wires 
to the amplifier output with leads as short 
as possible. Also, make certain that the 
speaker leads are well insulated, since the IC 
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would be destroyed instantly if they should 

short to the cabinet. 
To conserve battery power, a convenient, 

handy switch built into the microphone is 

used to turn the amplifier on or off as 

needed. We suggest you use the microphone 

specified in the Parts List since it has high 

output (enough to drive the IC to full power 

output), it's designed for close talking 

(necessary to achieve high volume without 

feedback), and has a rising response char- 

acteristic in the mid- frequency range for 

greatest intelligibility. You virtually can 

shout into the mike without overloading it, 

and its plastic diaphragm is immune to cor- 

rosion. The built -in switch has two separate 

leads to be used for switching power on 

and off to the amplifier. 

Herds one bank of batteries that makes up one half 

of the battery supply to power the Touchdown 

TwinHailer. Ten D cells (fire in fop row are 

visible, bottom five are not) series up to 15 

volts DC. An identical bank of unit's other side 

plate makes up the additional 15 volts DC for the 

required 30 volts needed for grandstand shouting. 

Checkout. Connect the microphone and 

set volume control (RI) to about one -quar- 

ter of its full on position. Slide SI to turn 

the TwinHailer on. If you hear a slight 

hiss from the speakers, you've passed the first 

hurdle. Should you hear motorboating as 

soon as the power is switched on, shut ev- 

erything down and install capacitor C6. Now 

for the acid test: does it work? Talk into the 

microphone in a fairly loud voice. If you 

hear nothing from the speakers, in all prob- 
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Once the Touchdown TwinHailer is mode, any cutie 

in the cheer leader group can operate it with 

one hand. Volume control is set to desired loudness. 

Let's be honest, at games set the control maximum 

clockwise. The mike on -off switch is flipped on 

only when something needs shouting, otherwise 

the unit is kept off to conserve batteries. There 

is enough soup in the banks of batteries to work 

any exciting football game. 

ability you goofed in wiring in the mike 

plug, or possibly in JI. Check both out and 

correct any errors. If you do hear the 

voice, but it's modulated with motorboating, 
you will, of course, have to install C6. 

Don't be misled by what appears to be a 

lack in power output when you talk into the 

microphone. From your position behind the 

speakers the volume is considerably less than 

when looking into them, so to speak. If this 

weren't the case, you wouldn't be able to 

raise the power output without immediately 

getting a feedback howl. 
To get a true picture of the TwinHailer's 

capabilities, have a friend talk into the mike 

while you listen in front of the speakers. 

Chances are you'll be most pleasantly sur- 

prised. In fact, the TwinHailer will out - 

shout just about any portable bullhorn, and 

with considerably less distortion. 
The Touchdown TwinHailer need not be 

a portable unit. It'll make a good PA sys- 

tem for office. store, or warehouse. If use 

is constant, you may want to build a 30 -volt 

power supply to eliminate the dry cells. It's 

a good idea to keep the battery supply handy 

just in case there is a line power shortage or 

blown fuse. 
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We all know air pollution ruins our lungs. 
But hots about that air pollutant that ruins our ears? 

We mean, of course, those , , , 

by Jorura Hyypia 
Once upon o time there were three little 

monkeys see no evil, speak no evil, and 
hear no evil. Like the third monkey, we all 
have good reason to cover our ears because 
the air around us is being increasingly pol- 
luted with evil sounds. The trouble is, we like 
some dirty decibels so much that we won't 
give them up. And yet, if this sonic self - 
immolation continues, we may eventually 
have to pay the ultimate penalty. Our ears 
will drop off! 

Sound pollution -like air and water pol- 
lution -has been creeping up on us so gradu- 
ally that only scientific experts have been 
fully cognizant of the dangers it imposes on 
us all. Everyone is at one time or another 
annoyed by unwanted sounds; but annoyance 
is a minor hazard compared to the very real 
physical damage that is being done to the 
hearing organs of millions of people. To 
grasp the true significance of sound pollution. 
we must find answers to two questions. How 
loud is too loud? And just how fragile are 
our ears? 

First, note that we keep referring to sound 
pollution rather than to noise pollution since 
it is the larger problem. Noise can be de- 
fined as any kind of sound that is unwanted. 
However, there are many kinds of sounds 
that are wanted, at least by some individuals. 
and therefore cannot be considered noise 
within this definition; yet these sounds a,e 
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among the most damaging. and insidiously 
so, because those who are hurt most by 
them have no desire to eliminate the pleas- 
antly offending sounds. 

Take Rock 'n Roll music for example. The 
artistic merits of such music are not in ques- 
tion here; we are concerned only with the 
loudness with which this type of music is 
often played in discotheques, or at home by 
record collectors. Scientists have discovered 
that an alarming number of teenage Rock 
addicts have hearing deficiencies that would 
be expected normally only in 65- year -old 
people! 

To make matters worse, Rock addicts are 
precisely the people who lean toward other 
very noisy activities -for example, driv- 
ing of noisy sports cars or hot -rods. partici- 
pating in school bands, and, more recently, 
racing ear -shattering snowmobiles. What is 
this generation coming to? Quite possihly 
a massive group of early -age candidatas for 
electronic ear trumpets! 

How Intense Is Loud? Everyone knows 
that the sound of a jet plane at take -off is 
much louder than normal human con .'er,a- 
tion. But how much louder'? To say that the 
loudness of conversation is about 60 decibels, 
and that the loudness of a jet engine is 150 
decibels means very little to most p.. ort4. 
Frequent!) thére is a gross misconcepti n 
abuut the relative sound intemities invoked 
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because decibel ratings are so easily mis- 

understood. 
Loudness, as measured in decibels, is not 

synonymous with sound intensity. Loudness 

is the subjective sensory effect that results 

when our hearing organs are stimulated by 

sound waves. Loudness is not even directly 

proportional to sound intensity; it varies 

logarithmically. 
What exactly does that mean? No need to 

ponder the perhaps long- forgotten mysteries 

of logarithms. Just look at Table 1 that re- 

lates decibels to relative sound intensities. 

Zero decibels represents the threshold audi- 

bility, which is generally taken as 10 -1e 

watts per square centimeter when using a 

standard sound frequency of 1000 Hz per 

second as a reference frequency (the audi- 

bility of sound varies with the frequency). 
The relative sound intensity is one unit at 

zero decibels loudness. 
When loudness reaches 10 decibels, the 

relative intensity is also 10-ten times greater 

than at the threshold of audibility. At this 

point it would seem that decibel loudness 

and relative intensity increase at the same 

rate and that the changes are proportional. 
This is simply a coincidence for the 10 dB 

level. For each subsequent increase of ten 

decibels, the intensity increases by a factor 

of ten, not merely by ten units. Note that 

while the decibel scale extends from zero to 

150 dB, the relative intensities go from one 

to one million billion units! 
Thus the loudness of a jet at take -off is 90 

decibels louder than normal conversation, 

but the intensity of the jet noise is one billion 

times greater than the intensity of conver- 

sational sound! 
Those who are adept at logarithmic calcu- 

lations can easily convert decibel units of 

loudness into sound intensity equivalents, and 

vice versa, by using the following simple 

equation: 

dB = 10 log Ì, 

the equation, and solving for I, you arrive at 

the answer: 0.1 watt /sq. cm. 
A similar calculation reveals that 60 dB 

conversation 's equivalent to a sound inten- 

sity of 10-10 watts /sq. cm. By dividing the 

intensity of the jet's sound by the intensity of 

the sound of conversation we find that the 

jet noise is a billion times more intense than 

the sound of conversation between two peo- 

ple. If the jet noise doesn't actually seem to 

be that much louder, it may be because the 

automatic volume control (AVC) system in 

your ear is working well. But we will get to 

that later. 
Note that in these calculations the sound 

intensities must be expressed in watts per 

unit area, not as total watts of energy created 

by the sound source. Thus the wattage data 

given in Table 2 cannot be directly applied 

to these relationships. 
The threshold of pain is about 130 deci- 

bels; sounds louder than this are not heard 

clearly because of the effect of superimposed 

pain. This obviously is the danger point since 

the body's nervous system is protesting. How- 

ever, sounds well below the 130 dB level can 

also be very harmful if they stimulate the ear 

continuously for too long a time. In terms of 

sound intensity, the zero to 130 decibel range 

of clear sound extends from 10-10 watts per 

square centimeter (10 millionths of a bil- 

lionth watt /sq. cm.) to 10-3 watts per sq. cm. 

cm. (one thousandth watt /sq. cm.). 
Drummers Beware! Table 2 shows the 

total sound energies created by various 

sound sources. The relationships are often 

startling. Bell Telephone scientists who made 

the measurements discovered that a 75 -piece 

I is the energy of the sound source in watts 

per square centimeter. I. is the energy at the 

threshold of audibility (10-10 watts /sq. cm.) 

Assume that you wish to calculate the 

intensity of sound produced by a jet at take- 

off (150 dB) . By substituting 150 for dB in 
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TABLE 1 -dBs vs. Intensities 

Loudness 
In Decibles 

Typical Reference 

0 Threshold of audibility 
1 

2 

3 

6 
9 

10 
20 
30 

40 
50 
60 Conversation 
70 Electric dishwasher 
80 Vacuum cleaner 
90 Times Square, N.Y.C. 

100 Subway train 10,000.000.000 
110 Motorcycle 100.000.000 000 
120 Propellor driven plane 1,000,000.000,000 
130 Threshold of pain in ears 10.000.000,000.000 
140 100,000.000,000.000 

Jet plane at takeoff 
150 1.000,000,000.000,000 

Relative 
Sound 
Intensities 

1 

1.26 
1.58 

2 

4 

8 

10 

100 
1,000 

10.000 
100,000 

1,000,000 

10.000,000 
100.000.000 

1,000,000,000 

TABLE 2 -Total Sound Energies 

Sound Sources 

75 piece orchestra at its loudest 
Bass drum 
Trombone at its loudest 
Piano at its loudest 
75 piece orchestra, average loudness 
Average speaking voice 
Violin at softest concert playing 

Energy (Watts) 

70 
25 

6 

0.4 
0.09 
0.000024 
0.0000038 

These figures represent total measured sound energy radiated by 
various sound sources; they cannot be directly compared with decibel 
scales of loudness. Sound intensities must be expressed in terms of 
unit area, usually as watts per square centimeter, for comparison with the decibel scale. 

orchestra playing at its loud- 
est develops about 70 watts 
of sound energy. That is 
about 777 times greater than 
the energy generated when 
the orchestra plays at aver- 
age loudness, and 18 million 
times greater than the energy 
generated by a single violin 
playing its softest passages. 
Another amazing discovery 
is that the bass drum in the 
orchestra contributes more 
than a third of the total 
sound energy of a 75 -piece 
orchestra playing at its loud- 
est! The drum generates four 
times as much energy as the 
next loudest instrument, the 
trombone. 

These figures indicate that 
drummers may he particular- 
ly prone to ear damage. So 
drummers beware! Use ear - 
plugs-at least during prac- 
tice sessions. 

Incidentally, what happens 
if a couple of drummers get 
together for a joint practice 
session? If the loudness of 
the sound produced by one 
bass drum (neglecting snare 
and other drums) is 100 dB, 
what will be the loudness 
when both drums are played 
simultaneously? If you guess 
200 dB you are wrong. The 
answer is 103 dB! Why? Be- 
cause doubling the intensity 
in- (Continued overleaf) 

IA,GOU us ,,.I.,.. 

Note similarity of mechanical ear at 
right to ear replica at left. Levers in 
middle ear at right are similar to 
the three levers commonly referred 
to as the anvil, hammer, and stirrup 
or stapes in the natural ear. Electrical 
harness in inner ear at right is 
comparable fo nerves connecting 
sensors in cochlea to brain. 
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creases the level of loudness by only 3 dB, 

as Table 1 clearly shows. See what we 

mean about dB ratings being misleading? 

It's not the dBs that erode your hearing; it 

is the intensity of a sound that is important. 
Amazing Sensitivity. You need study 

the ear structure only as far as the eardrum 

to begin to appreciate the fantastic sensitiv- 

ity of this remarkable organ. 
Alexander Wood, in The Physics of Mu- 

sic, makes some revealing comments about 

the sensitivity of the human eardrum. The 

ear is most sensitive to sounds having fre- 

quencies in the order of 3500 Hz; at this 

frequency the threshold of audible intensity 

is 1.55 X 10-17 watt. This intensity would be 

ble sound at 1000 Hz is produced by a pres- 

sure of 0.0002 microbar on the eardrum; 
this pressure is only about 5 billionths as 

much as standard atmospheric pressure! 
Incidentally, it is in the 3500 to 4000 Hz 

range of hearing that teenage Rock fans 

seem to suffer the most serious losses. This 

frequency loss causes an inability to hear so- 

called fricative speech sounds such as f, s, 

sh, ch. and th. It's no joke. Rock addicts who 

are unaware that they have suffered ear dam- 

age may be giving the wrong answers in 

classrooms because they may not always hear 

clearly and correctly what their teachers are 

saying. This same hearing deficiency may 

materially reduce their employment opportu- 
nities in later years. 

Impedance Matching. The minute vibra- 

tions of the eardrums must be transmitted 
to a liquid contained in the cochlea of the 
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equivalent to the radiant energy received 

from a 50 -watt electric lamp placed 3000 

miles away (assuming that the heat and light 
are not interrupted by passing through an 

absorbing atmosphere). 
Wood states that the pressure amplitude of 

audible sound at 3500 Hz would be about 

1.1 X 10-1 dyne per square centimeter. He 

concludes that since the eardrum is about 

one square centimeter in area, audible sound 

would be heard if a hypothetical insect 

weighing only one ten -thousandth as much 

as a mosquito were to stomp on the eardrum 
at a frequency of 3500 Hz. 

The displacement amplitude (distance of 
back and forth movement) of the eardrum 

would be about 1.25 X 10-10 centimeters. 

This displacement, says Wood, would be 

equivalent to only about one hundredth of 
the diameter of a nitrogen molecule. And 

that's not much! 
Others have pointed out that a barely audi- 
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Our ears are constantly bombarded 
by traffic, aircraft, shouting 
children and irate adults, and rock 
and roll, observed the National 
Council on Noise Abatement at a 

symposium held in Washington, D.C. 

earlier this year. A plan to study 
important potential effects other 
than hearing loss was initiated. 

ear -a curled, multi -passage organ that looks 
like a small snail shell. In the cochlea are the 

nerve sensors that detect the liquid move- 

ment and produce the signals that are sent 

to the brain for interpretation. 
Long before man ran into impedance 

matching problems -like matching a loud- 
speaker to an associated amplifier system - 
nature had to contend with an even trickier 
impedance matching problem. Remember 

that it is the vibration of air that makes 

the eardrum move; these vibrations would 

be far too weak to move the liquid in 

the cochlea. Some sort of amplifying system 

is needed to increase the initial intensity of 
these vibrations. 

Three tiny bones in the middle ear - 
popularly called the hammer, anvil and stir - 

rup-do just that. Their action as levers 

magnify the intensity of the vibrations im- 

parted to the eardrum before passing them 
(Continued on page 109) 
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'Build 
the Sun 
Spot.. 
Special 

A self-powered converter, it tun 
6- and 10 -Meter ham bands, 
plus 11 -meter CB 

by Charles Green, W6FFQ 

Now is the time for all good men to take 
advantage of "skip " -making it possible 

to communicate over grèater distances than 
normally considered feasible. Evèry eleven 
years the sun develops a severe case of 
"freckles," commonly referred to as sun 
spots, which disturbs the earth's ionosphere. 
This affects the propagation of high fre- 
quency radio signals that normally travel in 
straight paths (called line of sight trans- 
mission, e.g. TV signals). High frequency 
signals will, therefore, be reflected different- 
ly by the ionosphere than they would be if 
no sun spots disturbed it. The end result is 

transmission and reception over distances 
much further away than planned. 

As this sun spot activity increases towards 
its eleven year cycle peak, communications 
in the CB band and the 10- and 6 -Meter ham 
bands evince "skips" of hundreds, or even 
thousands of miles. 

Our Sun Spot Special is a single tube, 3- 
band converter unit that, when used in con- 
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junction with a standard broadcast band re- 
ceiver, permits you to get in on the fun of 
listening to DX skip signals by tuning in on 
the CB band, the 10 Meter ham band, and 
the most popular portion of the 6 Meter ham 
hand (from 50 to 52 MHz). The converter 
unit, containing a built in power supply, 
covers these bands with three pairs of plug - 
in coils. 

How It Works. Antenna signals are fed 
to the antenna plug -in coil assembly through 
J1, and are tuned by variable capacitor sec- 
tion C5A, and mixed with the RF output of 
the oscillator VI B circuit, in VIA. The oscil- 
lator circuit plug -in coil assembly is tuned by 
variable capacitor section C5B, so that it is 

1550 kHz above the frequency of the incom- 
ing signals. The IF transformer T1, in the 
plate circuit of VIA, is tuned to 1550 kHz. 
By this signal conversion the RF output of 
VIA is coupled to your broadcast receiver 
(which must be tuned to 1550 kHz) through 
J2. (Continued overleaf) 
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Q/ SUNSPOT SPECIAL 

There are three sets of pairs of plug -in 
coil assemblies. The CB band set of coils 
covers 26.965 MHz to 27.255 MHz (chan- 
nels 1 to 23). The 10 -Meter ham band set 
of coils covers 28 MHz to 29 MHz and the 
6 -Meter ham band set of coils covers 50 to 
52 MHz. (the most popular portion of the 
band) . 

The built -in power supply for the con- 
verter consists of transformer T2, the half - 
wave rectifier D1 and RC filter R7 -Cl2A, 
Cl 2B. 

Construction. The converter is built on a 

7 x 7 x 2 -in. aluminum chassis. Best way to 
start your construction project is to study 
the photos and note the locations of the vari- 
ous components. The vernier dial is fastened 
front and center along the front edge of the 
chassis. If you are using the same type of 
vernier drive that we used, it must first be 
mounted on a heavy aluminum sheet, ap- 
proximately 51/2 x 3'/a -in., which, in turn, is 
fastened to a piece of 1 -in. aluminum angle 
stock, and finally mounted on the chassis as 

shown in the photographs. In order to locate 
the mounting holes for the variable tuning 
capacitor (C5A, C5B) fasten the capacitor's 
shaft, temporarily, to the flexible coupling 
and to the vernier dial shaft, and mark the 
mounting hole centers on the chassis. Now 
remove the capacitor from the coupling, drill 

, the holes and then fasten it permanently to 
the chassis. The trimmer condensers at- 
tached to the variable capacitor are not used, 
so dispense with them by carefully unscrew- 
ing and removing the adjusting screws as 

Completed Sunspot Special, ready for use with any 
broadcast set. Pilot lamp is at right front; 
switch S1 of left. You yourself calibrate dial. 
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GREEN OUT G 

BOTTOM VIEW 

GN 

L1A, LIB. L1C 

ANTENNA COILS 

GN 

L1A 

CB ANTENNA COIL 

GREEN DOT 

A GN 

NC 5 

LIB 

10 -METER ANTENNA COIL 

6 

1 TURN 

PRI ' 

6 

NC s 

NC 

L2A. L2B. L2C 

OSCILLATOR COILS 

NC I 

L2A 

CB OSCILLATOR COIL 

L2B 

10 -METER OSCILLATOR COIL 

L1C 

i 6 -METER ANTENNA COIL 

`)ORIGINAL PRI. REMOVED. IN 

ITS PLACE 1 -TURN HOOKUP WIRE 

FOR NEW PRIMARY AND 2 -TURNS 

REMOVED FROM G-END (TOP) OF 

i SEC. SEE TEXT. 

L2C 

6 -METER OSCILLATOR COIL 

1 -TURN REMOVED FROM G -END 

(TOP) AND 1 -TURN REMOVED 

FROM GN -END (BOTTOM). SEE 

TEXT. 

Though coils are J. W. Miller standard types, 
many must be modified slightly for optimum results. 
Numbers on drawings above correspond to pins in 

i old octal tube bases or standard octal male plugs. 

well as the copper strip that, along with in- 
sulated back plates that are permanently 
fastened to the stator plates, makes up the 
trimmer. 

Locate the mounting holes for the remain- 
der of the components, keeping the same 
spacing relationship to the tuning capacitors 
C5A and C5B as shown in the photographs. 
Because this converter operates at high fre- 
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C13 

OUTPUT AT 

1550 MHz TO 

BC8 

J2 

RECEIVER - 

C8 - GIMMICK 

(SEE TEXT) 

UNLESS OTHERWISE MARKED 

T1 s/ 1 

O 

GREEN DOT , ALL CAPACITANCES IN pF (ppF 

PARTS LIST FOR SUNSPOT SPECIAL 

Cl, C3 -10pí, NPO, 500V min. ceramic disc 
capacitor 

C2, C4, C6, C7 -47 pF, NPO, 500V min. 
ceramic disc capacitor 

C5 -6.6 to 23 pf dual -gang variable capaci- 
for (J. W. Miller 1461 -2 or equiv.) 

C8- "Gimmick" capacitor -3 turns of hookup 
wire twisted together (see text) 

C9, C10, C14 -1000 pF, 500V min. ceramic 
disc capacitor 

C11, C13 -5000 pF, 500V min. ceramic disc 
capacitor 

C12 -Dual 50 uF, 150 V electrolytic capaci- 
tor 

C15-2 to 25 pF mica trimmer capacitor (Al- 
lied Radio 43F7078 or equiv.) 

D1- 1N2070 silicon rectifier, 400 PIV, 750 
mA (or equiv.) 

Il -Pilot lamp assembly, with #47 bulb 
(Lafayette 3373264 or equiv.) 

J1, J2 -Phono jack, single hole mount (La- 
fayette 9976234 or equiv.) 

Cl A, L1 B, L1 C- Antenna coils (J. W. Miller 
D- 5495 -A) (see text) 

L2A, L2B, L2C- Oscillator coils (J. W. Miller 
D- 5496 -C) (see text) 

quencies, the location of components is criti- 
cal. Mount the rest of the components fol- 
lowing our layout. Drill 3 /n -in. holes in the 
chassis directly below the stator lugs of the 
tuning capacitors to permit running the con- 
necting leads helow chassis. 

Wire the components in accordance with 
the schematic, keeping the leads as short and 
direct as possible when wiring the RF por- 
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T2 

AC INE 

R1, R2 -12 ohms, 1/2 watt, 10% resistor 
R3 -1 megohm 1/2 watt, 10% resistor 
R4- 47,000 ohms, 1/2 watt, 10 % resistor 
R5- 22,000 ohms, 1/7 watt, 10 % resistor 
R6 -2700 ohms, 1/2 watt, 10% resistor 
R7 -1000 ohms, 2 watt, 10% resistor 
S1 -Spst switch (slide or toggle), 125V -3A 

rating 
T1 -IF output transformer, 1400 to 1600 kHz 

(J. W. Miller 13 -W2( 
T2 -Power transformer, 6.3V -0.6A, 125V -15 

mA sec. (Stancor P5-8415 or equiv.) 
V1 -6U8A vacuum tube 
1 -7 x 7 x 2 -in. aluminum chassis (Allied Ra- 

dio 42E7849 or equiv.) 
1- Vernier dial (Lafayette 9972566 or equiv.) 
Misc.-Insulated flexible coupling (Allied 

47C2403), six octal tube bases (see text), 
two octal tube sockets for coils (Allied 47E- 
3370), one 9 pin miniature tube socket (Al- 
lied 47E1128), one AC line cord, #22 solid 
plastic jacketed hookup wire, #18 and 
#22 bus wire, aluminum sheet to mount 
dial (see text), perf board and push -in 
clips, tie strips, RG -58A /U coaxial cable, 
hardware, solder, etc. 

fion. The power supply wiring should be 
kept close to the chassis and as far away 
from the RF wiring as possible. 

DI, R7, and C13 are mounted to a 11/4 x 
134-in. piece of perf board with push -in ter- 
minals. The AC line cord and T2 primary 
winding tie point terminals are also fas- 
tened to this perf board. 

Make the C8 ( "gimmick ") capacitor by 
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SUNSPOT SPECIAL 

soldering two I to 11/4-in. lengths of plastic 
covered hook -up wire (solid conductor) to 
pins 2 and 9 of the socket for the 6U8 tube. 
Twist the leads together three turns and cut 
off the excess wire. 

Making The Coils. We made our coil 
assemblies by mounting the coils into old 
octal tube hases. If you do not have any 
available you can use standard Amphenol 
type octal male plugs. The various basic 
coils and their associated trimmer capacitors 
are listed on the drawing detailing the coil 
assemblies. Use short lengths of stiff bus wire 
to keep the components rigid in their hases. 

Before mounting the 6 -Meter coils (1_IC 
and L2C) they must be modified to cover the 
frequency range. Remove 2 turns from the 
G end (top) of the secondary winding of 
LIC. Clip off the leads and remove the pri- 
mary winding of LIC and replace it with a 
1 -turn loop of hook -up wire placed around 
the secondary and solder the two ends of the 
loop to the terminals on the coil where the 
original primary terminated. Remove 1 -turn 
from the G end (top) of coil L2C and one 
turn from the bottom (GN end) of the coil 
winding. 

The CB coil assemblies and the 10- Meter, 
coil assemblies must have jumpers connect- 
ing the base pins as detailed in the drawing. 
Keep these jumpers as short as possible, mak- 

VERNIER DIAL # 9 

L2A,B,C 

OSCILLATOR COIL 

(SEE TEXT) 

C15 

VI 

6UBA 

g 
7 

----=_s 

ing sure that they do not short out to the 
other coil connections. 

Alignment. Plug the CB band coils into 
their respective sockets. connect the AC cord 
into the power line and turn SI on, allowing 
the unit to warm up for a few minutes. Con- 
nect 12 to your broadcast band receiver an- 
tenna and ground terminals with coaxial 
cable and tune the receiver to 1550 kHz or a 
clear channel as dose to 1550 kHz as possi- 
ble. If your receiver does not have antenna 
and ground terminals. but uses a ferrite loop - 
stick antenna. wrap a few turns of hook -up 
wire around this loopstick and terminate the 
ends in the coaxial cable connected to 12. 
If your broadcast receiver should he an AC- 
D(' type, make sure there is no connection 
between the chassis, or common B- of a 
"hot chassis" and the converter in order to 
prevent possible electrical shock. 

Connect a signal generator to the stator 
of C5A and set the generator controls to pro- 
duce a modulated output signal at 1 550 kHz, 
or, if a clear channel was not available at 
1550 kHz. to the specific frequency to which 
the receiver has been tuned. Adjust the tun- 
ing slugs of IF transformer TI to produce 
maximum output signal from the broadcast 
receiver. Disconnect the signal generator 
from C5A and connect it to J I . Set tuning 
capacitor C5A /C5B to not quite maximum 
capacity (almost fully closed), retune the 
signal generator to produce a modulated sig- 
nal at 26.965 MHz and then turn the slug 
adjusting screw of both coils L I A and L2A, 

first one then the other, to 
produce maximum signal out- 
put. Retune the signal gener- 
ator to 27.255. adjust GSA/ 
C5B to approximately !.s its 
maximum capacity (almost 
fully open) and adjust C15 
on each coil for maximum 
signal output. Repeat the pre- 
ceding adjustments to assure 
the accuracy of calibration 
for both the highest and low- 
est frequencies. Then cali- 
brate the entire CB hand, 
using the signal generator set 

C15 at each of the frequencies in 

accordance N ith channel allo- 
cations tabulated in the chart 
accompanying this article. If 

(Continued on page 106) 

Top of Sunspot Special, showing 
placement of all major components on 
its 7 r 7 r 2 -in. aluminum chassis. 

FLEXIBLE v' COUPLING 

C5 -2 CANE , VARIABLE 

TUNING 

CAPACIIOR 

1 

L1A B C 

ANTENNA 

COILS (SEE 

TEXT) 

J2 

J1 
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by Edward Shaw 

how I got started in 
SHORTWAVE RADIO 

The majority of people think of "short- 
wave" as the squawk and squeal of 

Grandpaw's old radio up in the attic or the 
dit -dah -dah -dit they hear in the movies. 
Well, there is all that, but there's more, too. 
Did you know that there are really story - 
type soap operas still on the air? Did you 
ever go to Japan or Egypt to be interviewed 
on the street? Ever wonder what the other 
countries really think of us? Or, do you just 
want to know the correct time? 

My introduction to shortwave listening 

for around $40.00 and assembled my own 
in about 18 hours. I had only the barest 
knowledge of electronics at the time, but I 
didn't let that stop me. You can even find 
cheaper, ready -made sets, too, but selectivity 
would limit reception to the more powerful 
transmitters. 

Oh, sometimes you might pick up a small- 
er country -it all depends on propagation. 
This phenomenon includes a number of fac- 
tors, but the right combination of these 
would enable you to hear anything from any 

place in the world on even the 
cheapest of receivers. 

For dependable service, 
though, it takes a better set. 
The more expensive ones can 
put you down inside such little 
places as Togoland in Africa, 
which is just 32 miles wide on 
the ocean front; or Nepal, 
whose history is largely un- 
known, and which lies far away 
in the Himalayan Mountains. 

What a world this turned out 
to be! My small, homebuilt re- 
ceiver was a marvel! Ecuador, 
broadcasting the gospel 24 
hours a day; Moscow with 

their vignettes of Soviet life on a collective 
farm: symphonies from Deutsche Welle in 
Germany; popular music and letter request 
programs from Holland, Switzerland, and 
South Africa; time signals every minute from 
Canada and Colorado. And all without one 
commercial! 

Every major country has its schedule of 
English- language broadcasts. Of course, 
every country also has its programs of life 
in that particular country. Foreign -language 
programs are a boon for America's immi- 
grated citizens and other visitors who would 
love to hear programs in their own tongues 
with news of their homelands. 

I've had my "skywire" up for years now, 
and I find there's almost unlimited enjoy- 
ment to be had by the shortwave listener 

(Continued on page 110) 

came some years ago when a friend of mine 
got one of those multi -band portable radios. 
It had a dozen or more transistors and cost 
a small fortune at the time. We were tuning 
around when we heard a female voice ap- 
parently giving the news of the day. Boy! 
This news was nothing like I ever heard 
before! Imperialist rebels! American ag- 
gression! Who in the world could be talking 
treason like this? 

Then came the station break: "This is 
Radio Peking." It answered my question 
and sold me at once on the idea of short- 
wave. I didn't waste a week getting my own 
receiver. 

How much for all this? Well, you could 
buy a big job for hundreds, or a large port- 
able such as my friend's for less than 
$100.00. But I bought a kit from a catalog 
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Peace Mung 

Munger 

Multigrid Mung 

Ho Chi Mung 

0 M Omar 
Himself 
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aten down the hatches- there's a Mung among 
us! In fact, truth be known, there are probably 

thousands of the strange little critters prowling about. 
For the Mung Dynasty knows no geographic bound- 
aries. Mungs have been spotted from the North Pole 
to the South Pole, from the Greenwich Meridian to 
the longitude 180 line, and heaven only knows how 
many points between. Prolific as all get out, Mungs 
are also multiplying like crazy! 

But the real hotbed of Mungism is the U.S. Navy's 
Electronic Technician School at Great Lakes Naval 
Training Center in Illinois. 

The Mungs, headed by clan patriarch Omar Mung, 
are triangular, cartoon -like characters who have 
quickly become the mascots of the Navy's electronics 
technicians. A Mung, it is said, is as unpredictable as 

a gremlin; as ubiquitous as World War II's Kilroy. 
The ET trainees at Great Lakes have discovered that 
Omar and his kin are friendly and helpful -at times. 
But like a pair of hot leads, they're dangerous when 
crossed. 

Omar Mung, known as Ming to sailors stationed 
on the West Coast, turned up alive and well at the 
Naval Base near Chicago several months ago. At first 
the Mung sightings were only occasional. But it 
wasn't long before Omar's brothers and sisters, 
cousins and uncles, began popping up throughout the 
A -2 Branch of the electronics school. 

Initially, it was the electronics branch of the Mung 
family tree -Multigrid Mung, Electromungnet, and 

Thunder Mung 

Mungtini Dipsey 
Mungster 
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Uni -Mung 

Tunable Mung 
(Inductive) 

Charles 
de Mung 

tu,,iou3 p 
Tunable Mung (Inductive) -who turned up at Great Lakes 
to make their home with Omar. Then came their non- 
technical relatives- Batmung, Mickey Mung, Humpty 
Mung, and all the rest. Now, Mungs can he found every- 
where and anywhere. After the noon lunch break, they 
appear mysteriously, chalked on classroom blackboards. 
They regularly crop up between columns in the base 

newspaper. 
Electronics Technician First Class Timothy Gough, an 

instructor at the Navy school, says the most extraordinary 
thing about Mungs is their habit of appearing in the most 
unexpected places. 

"You'll find them inside equipment chassis, under gear 
that hasn't been moved for years ... everywhere. Remove 
38 tight -fitting screws on a receiver's base plate. Inside, 
in the heavy layer of dust, a Mung has been drawn!" 

At any given time, there are about 2000 sailors attending 
the electronics school. Each week, some of these tech- 
nicians graduate and go on to ships and shore stations 
around the world. And with them go the Mungs. 

The history of the family, not surprisingly, is obscure. 
Chief Electronics Technician David Penney, another in- 
structor at ET school, believes the pointy -headed characters 
evolved from the schematic symbol for the Zener diode. 
He vaguely recalls seeing a forerunner of the Mungs, 
doodled by an unknown sailor, about six years ago when 
he entered the Navy. But according to Penney, Mungism 
in its present form really caught hold in. of all places, 
Antarctica during the Navy's Operation Deepfreeze early 
in 1968. (Continued overleaf) 
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After. months of duty at an isolated field 

electronics hase, the Navy men were getting 
restless prior to their departure for home. 
In an attempt to control this restlessness and 
keep the men busy, a certain division officer 
split the sailors into work crews, issued them 
brushes and various colors of paint, and sent 
them out to decorate the rocks cluttering the 
station's antenna farm. 

The paint details were followed up by 

crews instructed to collect all rocks of a 

particular hue. Bugged by the senseless 
chore, members of the red -rock- gathering 
detail retaliated. In doing so they gave Omar 
Mung his rebirth. 

One morning, to his surprise, the divi- 
sion officer spotted Omar's likeness painted 
on a pole right outside his window. He 
ordered the seamen to paint over the cartoon 
character, but the next day Omar had again 
appeared on the pole. Again and again the 
drawing was daubed over with black paint, 
only to mysteriously reappear the following 
morning. 

Then, Mung began to show up all over the 
polar station -in desk drawers, between 
pages of instruction manuals, even on the 
metal flagpole that marks the southernmost 
spot on the globe. 

According to Penney. there are two 
Mungs painted on the steel post erected at 
the South Pole, a quarter mile from the Navy 
station. It seems that a couple of electronics 
men, after a few beers, decided that Omar 
should have a permanent place on the polar 
continent. 

But in March of this year, following a 
year in cold storage, Omar and his Mung 

OMAR MUNG 

family set out for pleasanter climes. In addi- 
tion to their invasion of Great Lakes, the 
triangular tribe has turned up in Vietnam 
(would you believe Mao Tse Mung and Ho 
Chi Mung ?) And it is reliably reported 
that at least one Mung family member has 
been seen on each new piece of electronic 
gear taken aboard the USS Tacoma during 
her last stay in the shipyards. 

All Mungs, of course, bear a certain 
basic family resemblance, notably their geo- 
metric shape. But sophisticated Mung crea- 
tors at Great Lakes insist on specific physical 
characteristics. 

For one thing, they will not accept a Mung 
who does not have an upward twist to the 
left corner of his mouth. And, the purists 
contend, Omar himself must have his 
pointed hat cocked rakishly to the left, its 
brim line forming what the ETs term a "posi- 
tive slope." When his brim tilts down on the 
right, watch out! It means he is in an exceed- 
ingly unfriendly mood. However, when 
Omar's hat is at a "negative slope," he sup- 
posedly becomes invisible to human eyes. 
As a result the ET students find it convenient 
to blame any misfortune, from a failing test 
grade to a burned out resistor, on an ill - 
tempered but unseen Mung. 

Penney claims to have heard rumbles of 
Thursday prayer meetings, at which harried 
sailors plead for Omar's help with the weekly 
proficiency tests given the following day. 

The inventiveness of the trainees 
doesn't surprise Master Chief Electronics 
Technician M.H. Neiss, supervisor of the 
school's A -2 Branch. who noted that the 
young sailors in his outfit rank among the 
Navy's top 20 percent in intelligence. 

"They're sharp! Many of them go on to 
become electronics officers," says Neiss. The 
27 -year Navy veteran, dubbed the Chief 
Munger by the school's commandant, is 
amused by the growth of Mungism. 

"I wish I were a cartoonist," he says. "The 
Mungs should be in a comic strip!" 

But Neiss is considering signing an Omar 
and his crew as technical instructors, using 
them to illustrate Navy electronics teaching 
manuals. 

Whether the Mungs would instruct or 
intimidate the ET students isn't clear. Al- 
ready, ET/1 Gough cautions his classes to 
"treat Omar right or he'll get you!" 

One thing is clear. In just a few months 
the Mung Dynasty has pretty well taken over 
one major Navy installation. What's next - 
the world? -Don Jensen 
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May the Best Mung Win! 
The Editors of e e are looking for the most 
original, most unusual Mung (they already 
have some pretty cool creations of their own). 
All entries must be accompanied by this 
coupon, with no more than one Mung per 
entry. The decision of the Editors will be final; 
winning entry and winner will be announced 
in a forthcoming issue of e/e. First prize 
will be a shortwave receiver; other prizes 
to be announced. All entries become the 
property of e/e and cannot be returned. 

Mail your Mung to Mung Editor, ELEMEN- 
TARY ELECTRONICS, 229 Park Ave. South, 
New York, N.Y. 10003. 

May the best Mung win! 
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kw privacy. 
for Pleasure, 
try... . 

by Herb 

The next time you want to bend an ear 
with your hi -fi system, hut competition 

from the kids who want to grind out rock 
while your darling wife fights with Aunt 
Jane over what channel is to he watched 
on the big eye, he a hero and give in. Let 
them fight it out while you enjoy the latest 
sparkling concert via the Stereofone. Con- 
nect your turntable and stereo headphones 
to the Stereofone and you've got your own 
private, intimate hi -fi. You can even use 
this combination for wee -hours listening to 
a thundering 1812 Overture and the only 
person who will ever hear the cannon is you. 

The Stereofone is a dual, IC (integrated 
circuit) amplifier designed specifically with 
input equalization for a magnetic cartridge 
and output to feed stereo headphones. Meas- 
uring just 6'/4 x 334 x 2 in.. it can he tucked 
away into the night table drawer along with 
a turntable, ready to serve as your personal 
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Friedman 

hi -fi system for those times when you just 
can't fall asleep. Or you can place it next 
to your favorite chair and tune out the Dulls - 
ville TV shows and settle down for a pleas- 
urable few hours. Use tight- fitting head- 
phones and you'll hear nothing but sweet 
sounds. 

Latest Design Employed ICs. The 
Stereophone rises a single IC to provide 
a separate equalized preamplifier for each 
channel. With a 3- millivolt cartridge con- 
nected to the inputs, the IC preamp will de- 
velop approximately 4 volts output. which 
is fed to Ql and Q2, the headphone driver 
amplifiers. Circuitry associated with tran- 
sistors Q I and Q2 is designed to match 
any headphone having an impedance of 75 
to 1000 ohms, which is the impedance range, 
usually, of quality stereo headphones. Those 
in the 75 to 1000 -ohm range can provide 
a high output almost to the threshold of 
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STEREQFONE 

pain, without distortion. So-called "budget" 
hi -fi phones, which really incorporate minia- 
ture 8 -ohm speakers for the transducers, 
present a serious mismatch to the amplifier. 
Therefore, only moderate distortion -free 
audio level can be obtained. 

How It Works. The major component 
of the Stereofone is an IC Dual Stereo Pre- 
amplifier (circuit is shown in Fig. 1). This 
IC consists of two independent, high gain, 
differential input amplifiers. Consider the 
section with input terminals 8 and 9 and out- 
put terminal 13: if terminal 8 were to be 
grounded for AC signal, an input signal ap- 
plied to terminal 9 would be amplified and 
appear at output terminal 13. Any signal 
applied to terminal 8 would cancel the in- 
put signal applied to terminal 9 in the input 
transistors' emitter circuit. 

In our Stereofone. all that's required to 
provide the equalization is to introduce feed- 
back from output terminal 13 to input ter - 
minal 8. We apply feedback through R3, 
R4, C4 and C5. As the frequency increases, 
capacitors C4 and C5 feed back proportion- 
ately more signal to the input terminal 8. 

Therefore, the higher the frequency the 
lower will be the gain through terminal 9. 

The equalization effected by R3, R4, C4 
and C5 in combination with C2, which is 

connected across the input differential am- 
plifier, provides the IC with equalization for 
magnetic cartridges. 

The sanie method of compensation for 
magnetic pickups is provided in the other 
amplifier section of the IC by R12, R13, 
C12 and CI3 in combination with C10. 

As a general note, just the IC circuit alone 
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can be used as a preamp when converting 
record players that now use ceramic cart- 
ridges to use magnetic cartridges. Substi- 
tute a 0.2 -uF capacitor for C6 and C14 
and connect the C6 output to the stereo 
phono amplifier. 

The IC amplifier less transistor Q1 and 
Q2 is powered by 14 to 15 VDC (15 V maxi- 
mum) at approximately 1 mA. Transistors 
Q1 and Q2 require approximately 15 to 17 

mA each at 15 VDC. Note that Q1 and Q2 
are "stacked" across the DC supply voltage. 
This is to equalize the load on both sides of 
the power supply to avoid a voltage unbal- 
ance, which can affect operation of the IC. 
Both positive and negative power supply 
terminals are above ground. Circuitry with- 
in the IC provides an AC center tap (or 
ground) connection. Resistors R19 and R20 
center tap (see Fig. 4) the DC supply to 
prevent any unbalance caused by a mis- 
match of Q1 and Q2 characteristics. Also, 
using an ungrounded power supply simpli- 
fies biasing of the IC. 

Capacitors C17 and C18 should be 1000 
to 2000 uF each to provide ample filtering 
in the power supply. Two capacitors were 
used to ensure that sufficient filtering could 
be fitted inside the cabinet. A single capa- 
citor of at least 2000 uF may be substituted 
for both C17 and C18 if one small enough 
to fit in the space is available. Capacitor Cx 
(100 uF) is needed only if the amplifier 
breaks into high frequency oscillation, which 
could be caused by crossed IC input- output 
wiring. Initially, build the amplifier without 
Cx. If needed, then install it as close to the 
IC as possible (its capacity is too small to 

provide any degree of hum filtering). In 
the photographs we have shown Cx mounted 
only to give you an idea of its proper loca- 
tion. We did not need it in our amplifier. 

C19 and C20 are used 
to place both sides of 
the power supply at the 
AC ground. They must 
be used, or else the 
common impedance of 
the IC, as well as R19 
and R20, will feed 
either the left or right 
input to both channels. 

One note of caution 
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Schematic diagram and 
equivalent circuit of Moto- 
rola IC, heart of Stereofone. 
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Above, view of front panel show- 
ing locations of various controls 
and input /output jacks. Right, 
schematic of complete Stereofone 
amplifier (less power supply), in- 
cluding pin locations for IC and 
transistors Q1 and Q2. Power-sup- 
ply schematic appears on page 52. 
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PARTS LIST FOR STEREOFONE 

Cl, C9- 0,05 -uF, ceramic disc capacitor 
C2, C10- 680 -pF, ceramic disc capacitor 
C3, C11- 30 -uF, 12 -VDC electrolytic capacitor 

(Lafayette 9976084 or equiv.) 
C4, C12- 0.005 -uF, ceramic capacitor (Lafay- 

ette 9976062 or equiv.) 
C5, C13- 0.001 -uF, ceramic capacitor (Fafay- 

ette 9976060 or equiv.) 
C6, C14 -2 -uF, 6 -VDC electrolytic capacitor (La- 

fayette 9976020 or equiv.) 
C7, C15 -6 -uF, 6 -VDC electrolytic capacitor 

(Lafayette 9976072 or equiv.) 
C8, C16, C19, C20- 50 -uF, 12 -VDC electrolytic 

capacitor (Lafayette 9916085 or equiv.) 
C17, C18- 1000 -uF, 15 -VDC electrolytic ca- 

capitor IDCE Blue Beaver- BR1000 -15 or equiv. 
-see text) 

Ce- 100 -uF, 15 -VDC electrolytic capacitor 
(Sprague TE -1 162 or equiv.) 

D1, D2- 750 -mA, 200 -Ply silicon diode (La- 
fayette 19742101 

J1, J2 -Phono jack (Lafayette 9976234 or 
equiv.) 

.13 -3- conductor, open circuit phone jack (La- 
fayette 9976118 or equiv.) 

ICI- Integrated circuit stereo amplifier 
(Motorola MCI303L( 

01, Q2 -NPN silicon transistor (RCA 2N3242A 
or 2N4074 or equiv.) 

when purchasing the capacitors: most Amer- 
ican -made high capacity ones are large 
physically and are expensive. Low cost, 
fairly good quality imported brands, such as 
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R1, R3, R10, R12- 680,000 -ohm, 1/4 or t /2- 
watt, 10 % resistor 

R2, R11- 1000 -ohm, 1/4 or 1/2-watt, 10 % re- 
sistor 

R4, R13- 56,000 -ohm, 1/4 or 1/2-watt, 10% 
resistor 

R5- 50,000 -ohm audio taper miniature poten- 
tionmeter with spst switch (Lafayette 32T- 
6367 or equiv.) 

R6, R15- 33,000 -ohm, I/4 or 1/2-watt, 10% 
resistor 

R7, R17 -220 -ohm, 1/4 

sistor 
R8, R16- 10,000 -ohm, 

resistor 
R9, Rl 8-27-ohm, 1/4 or 1/2-watt, 10 % resistor 
R14- 50,000 -ohm, audio taper miniature po- 

tentiometer (Lafayette 3277359 or equiv.) 
R19, R20- 1500 -ohm, 1/4 or 1/2 -watt, 10% re- 

sistor 
S1 -Part of R5 
T1 -10/20 ct /40 ct VAC, 0.035 amp low 

voltage power transformer (Allied 54E4731 
or equiv.) 

or r/2-watt, 10 % re- 

1/4 or 1/2-watt, 10% 

Misc.- Hook -up wire, hardware, perfboard, 
push -in terminals, AC cord, solder, etc. 

Ducati (available through IRC dealers), 
are perfectly satisfactory for this circuit, as 
are the "house" brands of Lafayette, Olson, 
and Radio Shack. (Continued overleaf) 
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Construction. Our Stereofone was built 
in a Radio Shack Mini -utility case, using the 
aluminum cover as a front panel. Do not 
use a Bakelite panel. If you are not skilled 
at close -quarter wiring use a larger cabinet 
as wiring may be somewhat difficult due to 
the small space in the one we used. If you 
use a larger cabinet follow the same general 
layout with additional clearance between the 
components. 

The amplifier perfboard sub -assembly and 
the power supply, as well as the balance of 
components complementing the Stereofone 
are fastened to the aluminum panel which 
normally serves as a cover for the plastic 
box. 

The amplifier is built on a 31/2 x 11/2-in. 

section of G- pattern perfboard. We sug- 
gest the G- pattern board as the extra "fill -in" 
holes exactly match the terminal spacing of 
the IC and it also makes for easier parts 
layout. Push -in terminals are used to mount 
the IC and for tie points. Make certain the 
board is not oversized so as to prevent the 
cover panel from fitting in place. 

Mounting the IC. Insert into holes in 

the perfboard, two rows of terminals, one 
on each side of the IC, leaving two rows of 
holes blank in between the rows of termi- 
nals to provide space for the body of the 
IC. By bending down IC terminals 2, 4, 
and 6 and 9, 11 and 13 the IC will drop 
into position in the push -in terminals. How- 
ever, to avoid heat damage from soldering, 
do not install the IC until all the com- 
ponents have been connected and soldered 
on the back of the perfboard. The remain- 
ing terminals of the IC may be connected 
to their respective push -in terminals by short 
pieces of solid hook -up wire. Though we 

used 1/2-watt resistors for better photo- 
graphic detail, we suggest you use IA -watt 

Ti 

Dt + 

J1 

Rear view of front panel showing 
location of amplifier perf board, 
panel- mounted controls, and 
dual -polarity -output power supply. 

resistors and miniature capacitors as space 
is at a premium and it gets difficult to hook 
up the amplifier sub -assembly when using 
1/2-watt resistors. 

The components for the Q1 and Q2 am- 
plifiers are mounted on the IC side of the 
perfboard. 

The perfboard assembly is secured to the 
panel with a small L bracket. However, 
before securing it to the panel, double -check 
polarization of the electrolytic capacitors. 
They must be polarized as indicated in the 
schematic. 

Final Assembly. Since there is not suf- 
ficient room on the panel for standard -size 
volume controls use the miniature type; as 

an added bonus they're almost half the price 
of standard controls. Jack J3 must be a 

three -circuit (stereo) type. 
Silicon rectifiers D1 and D2, and R19, 

R20, C19 and C20 are mounted on termi- 
nal tie strips held in place by the power 
transformer's (T1) mounting screws. T1 is 

a multi -voltage transformer. For the Stereo - 

fone use only the color -coded leads indicated 
in the schematic and cut off the remaining 
leads as close as possible to the transformer 

+y body and tape them to en- 

+14 IOC sure that they won't short to 
the panel. 

When connecting the pow- 
er supply output leads to the 
perfboard assembly, extra 

(Continued on page 56) 

+ C19 

50NF 
Cs 

(SEE TEXT) 
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117 VAC 

+ C20 
5CUF 

Power supply schematic, detailing 
positive and negative DC output 

and reference AC ground. 
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10 Reasons why 
RCA Home Training is 

your best 
investment 
for a rewarding 
career 
in electronics: 

1 LEADER IN ELECTRONICS 
TRAINING 

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

2 RCA AUTOTEXT TEACHES 
ELECTRONICS FASTER, EASIER 

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

3 THOUSANDS OF WELL PAID 
JOBS ARE OPEN NOW 

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

4 WIDE CHOICE OF CAREER 
PROGRAMS 

Select from a wide choice of courses 
and career programs ranging from basic 
Electronics Fundamentals to advanced 
training including Computer Program - 
Ating and Electronics Drafting. Each 

Transistor experiments 
On programmed breadboard - 
using osulloscope. 

Career Program begins with the amaz- 
ing AUTOTEXT method. 

5 SPECIALIZED ADVANCED 
TRAINING 

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

6 PERSONAL SUPERVISION 
THROUGHOUT 

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

7 VARIETY OF KITS, YOURS TO KEEP 
At no extra cost, a variety of valu- 

able specially engineered kits come with 
your program -yours to keep and use 
on the job. 

8 TRANSISTORIZED TV KIT AND 
VALUABLE OSCILLOSCOPE 

You will receive in most career pro- 
grams a valuable oscilloscope. Those 
enrolled in the TV Program or courses 
receive the all -new Transistorized TV IGreirer- eselusirn With llC:1. (Picture 
tube atailable at additional cost.) 

If Reply 

ACCREDITED MEMBER National Home Study Council 

Construction of Osccdloscopo. Construction of Multimeter. 

ROIl 
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9 CONVENIENT 
PAYMENT PLANS 

You can take advantage of RCA's 
convenient monthly payment 
plans. There is one to suit your 
budget. 

10 RCA GRADUATES GET TOP 
RECOGNITION 

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

RCA INSTITUTES, INC. Dept. LA -99 

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

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

in Canada. 

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

CLASSROOM TRAINING ALSO AVAIL 
ABLE. FREE CATALOG ON REQUEST. 

Card Is Detached -Send This Coupon Today 

RCA INSTITUTES, INC. 

Home Study Dept LA 99 
320 West 31st Street 
New York, N.Y. 10001 

Name 

Address 

City 

State Zip 

Check here if interested in Classroom Training 

I. 
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STEREOFONE 

care must be taken to get them correctly 

wired the first time. You might not get a 

second chance if voltage having reversed 

polarity is fed to the IC, which would dam- 

age it. 
Using the Stereofone. In terms of low 

distortion, the IC works best into approxi- 

mately 10,000 ohms, so try not to run the 

volume controls wide open; leave a little 

resistance in the circuit to provide the proper 

lOONTING BRACKET 

01 Cl C6 C!1 

0? CIS C1A 

OERR.BOARD 

Icl Cl 

Top view of Stereolone amplifier pert board 

assembly, showing location of all major 
components on upper side of board. 

,IYTnfriu6 BRAI'XET Cr Mt TEXT) 
t10 Cit C11 

PERTBARD 65 C13 C2 C4 C3 

Bottom view of amplifier pert board assembly, 
showing placement of components. 
Cx is needed only if amplifier oscillates. 

IC load as the input impedance of Q1 and 
Q2 is low. Isolation resistors were not in- 
stalled because they would reduce the sound 
to an unacceptable level if using 8 -ohm 
phones. Normally, wide open volume con- 
trols would produce deafening volume, but 
this will not be the case as the total output 
level has been reduced somewhat so that, 
even though it is preferable to use high qual- 
ity phones, we could provide for the 8 -ohm 
variety. While the sound level when using 
8 -ohm phones will be moderate, for those 
willing to put up with a little extra distortion 
(approximately 10 %) go ahead and run the 
volume to the top if you must have thun- 
dering volume. 

Holographic! What A Memory! 
Would you believe 150,000 English words tracks on each film strip, and the strips are 

stored on a surface smaller than a half dollar? placed on the inside surface of a transparent 

Well, that's what IBM scientists are saying is drum for readout by a laser beam. 

possible with their new memory device which Set up in a lab at IBM (below, left), a laser 

uses holographic encoding techniques. An elec. beam is reading out information from the 

tron beam is employed to write computer -gen- memory storage drum. Diagram (below, right) 

erated binary Fourier holograms on strips of details system's operation. Laser beam must be 

photographic film. Each hologram contains one positioned to within 0.0025 -in. accuracy for 

byte of data, made up of one clock bit and eight system to operate. Man, that's holo-riffic! 

data bits. The holograms are of into 256 -Chris Crumm 
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Jenkins 102 " Rodiovisor" of 1929 contrasted with 1952 DuMont Royal Sovereign. DuMont had 30 -in. screen. 

FROM TVA TENDER YEARS 
Most people today think of television as 

a post -World War II phenomenon. 
Truth is that the U.S. industry's basic en- 
gineering stan( rds were adopted in 1941. 
Limited programming was available as early 
as the late 1920s from Washington, D.C.; 

the next few years saw more than two dozen 
stations scattered across the country. 

Since the first broadcasts were made with 
mechanical scanning systems, definition was 
on the crude side (45 -60 lines) by today's 
standards (525 lines). Even so, receivers 

Radiovision, as early TV was often called, relied on motion pictures for much of its progomming. 1929 photo at left shows telecasting from Jenkiai lob; of right is early scanner operating in 1800 -2100 kHz range. 

SEPTEMBER -OCTOBER, 1969 
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Pianist Ruth Rowe performs before TV camera: in 1931 telecast. The station: W2XCD of Passaic, N.J. 

were marketed in commerc, ally finished cab- 
inets. And, by 1931, at least one company, 
the Jenkins Television Corp., could boast 
that it was selling enough receivers to the 
public to meet expenses. 

Mechanical scan gave way to the versatile 

Cal 

electron beam in the early 30s with succes- 
sive improvements in the cathode ray tube. 
And by 1939, the industry's standards were 
remarkably close to today's versions (even 
color TV depends on specs stemming from 
those early monochrome days). 

Television Stations on the Air June 1, 1931 

Company, (Power In watts, Company, (Power In. watts, 

Locution lines per (rame) Cal! Location fines per tame) 

La00 -2100 kHz 2850 -2950 kHz 

W3XK Jon ns Laboratories, Wheaton, Md. 
(5000. 60) 

W2XCR Television Co'p., New York. 
N.Y (50a0. 60) 

W2XAP Jenkins Television Corp., portab)e'(250, 
60) 

W2KC13 Del Nest Radio Co., Passaic, N.J (5000. 
60) 

WOKBU Harsid E. 3nith, Near Beacon N.Y. 
(Ix, 48) 

WBXAO W'esterr Television Corp., Chicago, In. 
(530, 45) 

21 %.2200 kHz 
WVXAD RCA Victor Co., Camden. N.J. (500, 60) 

WZXBS NMI-anal Broadcasting Co., New York. 
N.Y. e (500, 60) 

WZXCW Genera. Electric Co., S. Sche2ady, 
N.t. 

W!XAV WrstinehuuSO Elec. & Mtg. Co., E Pats. 
burgh, oa. (26000. 60) 

W;XR Radio Pictures, Inc., Long Island 
Clay. N.Y.. 

WIXAP Cleeago Mill News. Chicago, lit 
45) 

W3XAK National Breadcasting Co., 
(5300, 00 

le 

6700-5O kHz 
W ?XAe Arantle Broadcasting Corp., New or OYrk City 
WOAG Purdue University, W. Lafayette. Ind. 

I- 500. ?) 

WMXBO Ur,ted Research Corp, Lang Island 
C y, N Y. :500, ? ) 

58 

WIXAV Shortwave & Tclai.sinc Lob Inr Bos- 
ton, Mass. (550, 60) 

W1XR Great Lakes Broadcasting Co., Downer's 
Grove. Ili. (O000. 60) 

W2XR Radio P;ctares, Inc . Long Island Cdy. 
N.Y. (`.i00, 60) 

43000 -460% kHz 

W3XAD RCA Victor Co.. Inc. Camder. N.J. 
550, 60) 

W2XB1- National Broadcasting Corp. portable 
(550, 60) 

WIXG Shortwavr 6 Television Lab. Inc. porta- 
ble 

rta- 

ble 

43000.44000 kHz 
WfXD The Journal Company, Milwaukee, Wis. 

(500, ?) 

46500 -56300 kHz 
W3XAD RCA Victor Co. Inc., Camden. N.J. (i 
WIXBT National Broadcasting Corp. porlabla 

(750, 60) 

WIXG Shortwave 6 Television lab. lac .. porta- 
ble (30. 601 

60000 -80000 ) HI 
W3XAD RCA Victor Co., Inc., Camden, N.J. 

(550. 

W2XBT National Broadcasting Colp. portable 

WIXG ShOrtwave 6 Television Lab. Inc . ó r, 
ble 
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by Steve DaMels, WB2GIF 

TRANSISTOR TESTER 
Get the best out of bargain transistors with our low-cost Transistor Tester 

ike most experimenters you undoubtedly have 
L been tempted by ads (some appearing in Sci- 
ence and Electronics) that read: "HUGE BARGAIN 
-ASSORTMENT OF 25 TRANSISTORS -PNP AND 
NPN, $1.00." After reading further you usually 
lind a statement, in small type, to the effect that 
these are not tested. With our Jur k-Box Transistor 
Tester you will be able to grade them as to type 
tnpn or pnp), open, leaky, bela (DC current drain), 
and applications (voltage or power). So with the 
expenditure of a little of your precious time and a 
tow bucks (in case your junk box is shy of some 
components), you will have a device that will reduce 
the cost of these bargain transistors to something 
like 5C each, or less, by helpirg you to identify and 
classify those unknown transistors. 

Of course. some will be absolutely NG, and most 
will have had all identifying marks as to type num- 
ber and manufacturer obliteated. Naturally, you 
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e TRANSISTOR TESTER 

cannot guess whether they are pnp or npn 

just by looking at them. No-the situation 

is not hopeless and you did not throw away 

the dollar you invested for the bag of tran- 

sistors. 
What JBTT Can Do. The first things you 

must know ahout an unmarked transistor 

are: a) is it an npn or a pnp, and b) is it 
good or bad. Our basic test unit is, essential- 

ly, a Hartley Oscillator when a transistor is 

connected to it. (See Fig. 1.) The resistor 

connected to the hase of the transistor under 

test serves as a protector by limiting the cur- 

rent and it also provides base bias. The cir- 

cuit in this unit is not critical as to transistor 

gain, and will tell you if the transistor under 

test is basically goo-1 or had. 

In order for the circuit to oscillate, bat- 

tery polarity must he correctly oriented for 
the type of transistor (whether a pnp or an 

npn) being used. Dpdt switch Si reverses 

the battery polarity. If no oscillation is gen- 

erated with the switch in npn position, slide 

it to pnp, which reverses the polarity, and 

then, if the transistor is functional, regard- 

less of how good, you should get oscillation. 
You do have to know which lead is the 

base, which the emitter, and which the col- 

lector. Typical base connections are illus- 

trated in Fig. 2. You may have to refer to a 

transistor handbook or cross reference 

book (a good one is Datadex, M. W. Lads 

Publishing Co., 11401 Roosevelt Blvd., Phil- 

adelphia, Pa. 19154) for those weird types 

not covered in the diagrams in Fig. 2. 

How Simple Is It? Connect the transis- 

tor to the test clips and depress S3. If no 

tone is heard in the earpiece, reverse the po- 

b 

KEY SHIELD 

SHIELD 

e 

( c 
COLOR DOT b 

BASE DIAGRAMS 

Fig. 2. Typical base diagrams for the most popular 

transistors usually found in packages offered 

in bargain sales by majority of supply houses. 

60 

larity switch SI. If after trying both of these 

you still get no tone, in all probability, the 

transistor under test really is NG. (However, 
don't'toss it in the wastebasket yet. If you 

conduct basic tests that we will describe 

further on, you may be able to discern more 

data to classify it as OK.) When you do hear 

a tone, indicating the transistor under test is 

TRANSISTOR 

UNDER TEST 

PARTS LISTS FOR JUNK BOX 

Ti 

DYNAMIC ' 

EAR PIECE DE 

PNP NPN 

S1 

+ B1A 

T,.5 VDC 

i9. f. Schematic for basic Hartley oscillator, 
cart of our tester. It determines whether transistor 

will work and whether type is npn or pnp. 

n r Blkl 
/ _ 

it sIi 
Z. I - 

S3 AI 

Oscillation Tester (see fig. 1.) 

1- Battery holder for one type AA cell (La- 

fayette 3415005 or equiv.) 
1 -1.5 V. Type AA penlight cell (Lafayette 

9916258 or equiv.) 
3- Alligator clips (Lafayette 3273500 or 

equiv.) 
DE- Dynamic earpiece (Lafayette 9972548 or 

equiv.) 
J1- Miniature phone jack (Lafayette 9976211 

or equiv.) 
1- Miniature phone jack (Lafayette 9976211 

or equiv.) 
1-4 x lys x 1%-in. plastic box with metal 

panel (Lafayette 9978078 or equiv.) 

R1 -2700 ohm, ya watt, 10 % resistor 

S1 -Dpdt slide switch (Lafayette 3473912 or 

equiv.) 
S3 -Spdt normally open momentary push but- 

ton switch (Lafayette 9916218 or equiv.) 

Tl- Transformer, pri. 500 ohm c.t., sec. 3.2 

ohms (Lafayette 9976127 or equiv.) 
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oscillating in the circuit, you will have ascer- 
tained if the transistor is pnp or npn from 
the position of S I . Isn't that easy? Now try 
the rest of the transistors in the bargain hag 
and you'll wind up with 2, 3, or 4 piles rep- 
resenting good, had, npn and pnp transistors. 

Ready To Delve Deeper? Search through 
that junk box again for a O to IO mA. milli- 

TRANSISTOR TESTERS 

ammeter. With the meter, a few resistors 
and a slide switch breadboarded as shown in 
Fig. 3 you will he able to further classify the 
transistors under test. You will he able to 
make fairly accurate measurements of DC 
current gain theta). If you do not want to 
manually reverse the meter wiring when 

(Continued on page 107) 

TRANSISTOR 

UNDER TEST 

X)0 b j X 00 

S2 
R4 

56(uc 3 

56K 
(A) 

PIiP 

(A) 

510 

I 

+ 

S1 

(D) 

MI 

0 -10 MA 

(SEE TEXT) 

:L 
=.818 
= 6VDC 

T 

+ M1 

(A) (C) 

(8) (D) 

CONNECT (A. 8. C AND D) TO POINTS IN 
FIGURE 3 HAVING SAME LETTER DESIGNATIONS. 

Fig. 3. Left, schematic for Beta test. If no 10 -0 -10 mA meter is available, wire a sec- ond dpdt switch as shown in Fig. 3o (right) to reverse meter readings when required. 

Beta Tester (see figs. 3 & 3a.) 1- Battery holder for four type AA cells (La- 
fayette 3475009 or equiv.) 

4 -1.5 V. Type AA penlight cells (Lafayette 
99T6258 or equiv.) 

1 -0 -10 mA. milliameter (Lafayette 3876085 
or equiv.) 

*1-6 x 33/4 x 2 -in. plastic box (Lafayette 
1972001 or equiv.) 

RS 

(SEE TEXT) 

Fig. 4. Left, schematic for leakage and shorts 
test. Fig. 40. Right, schematic showing how 
meter shunt is calibrated and connected to Mt. 

Leakage and Shorts Tester (see figs. 
4 &4a.) 
1- Battery holder for 8 type AA cells (Lafay- 

ette 9976323 or equiv.) 
8 -1.5 V. Type AA penlight cells (Lafayette 

9976258 or equiv.) 
1 -0 -100 mA. milliameter (Lafayette 381- 
6089 or equiv.) 

1 -6'/4 x 3 3/4 x 2 -in. plastic box (Lafayette 
1972001 or equiv.) 

'-good size box if meter is panel mounted, holds all parts for stest unit. #- required unless experimenter desires to convert 
0-10 mA. meter, see text. 
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1- plastic panel for box (Lafayette 19T3701 
or equiv.) 

R2 -510 ohm, '/r watt, 10% resistor 
R3- 56,000 ohm, 1/7 watt, 10% resistor 
R4- 560,000 ohm, 1/2 watt, 10% resistor 
51 -Dpdt slide switch (Lafayette 3473912 or 

equiv.) 
52 -Spdt slide switch (Lafayette 3473704 or 

equiv.) 

VOM 

200 MA SCALE 

10 

M1 

0 -10MA - 

PARALLEL R7 ACROSS MI TO 

CHANGE RANGE TO 0 -100MA 

1- plastic panel for box (Lafayette 1973701 
or equiv.) 

R5 -33 ohm, 2 watt, 10 % resistor 
R6 -1000 ohms, 5 watt wirewound potentiom- 

eter (Lafayette 3371349 or equiv.) 
# #R7 -10 ohm, 5 watt wirewound poten- 

tiometer (Lafayette 3371332 or equiv.) 

# #- required for shunt if converting 0.10 mA. meter 
to higher range. 

Misc. hardware, hookup wire, Fahnestock clips (Lafay- ette 3276459 or equiv) 
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Transistor 

Radio 
It's normal for us humanoids to want our 

purchases to be versatile and to present 
us with many services. For those who have 

to stretch our dollars, and that is nearly all 

of us, and especially electronics experiment- 
ers, students and hobbyists, we are forever 

searching for things that serve many uses. 

With this thought in mind we dreamed up 

many applications for our Handy -Dandy 

Transistor Radio. Not only can we use it to 

entertain us, brief us on the latest news and 

weather, etc., we can use it as an AM tuner 

for our hi -fi amplifier and speaker combo, 

for private listening with our good head- 

phones (either magnetic or crystal), as a 

low -level general purpose audio amplifier, as 

a phono- amplifier for crystal or ceramic 

phono pickups or as a RF -AF signal tracer. 
We used a packaged transistor radio 

called 'Build -In" radio, available from Radio 
Shack. It is a conventional six transistor 
broadcast receiver mounted in a clear plastic 
case that serves to protect the receiver yet 
take up very little space, with a separate 
speaker and switch /volume control. It has 

been packaged to facilitate building it into 

any type of cabinet or interesting housing 
(e.g. a combination lamp, desk pen and desk 

radio assembly; in toys; in odd -shaped en- 

closures, etc.). 
Multi -use Package. We mounted the 

plastic case containing the receiver, less the 

speaker and switch /volume control, centered 
on a wooden base 81 x 4 x 3/4 -in. so that the 

shaft of the tuning capacitor could extend 
beyond a fiber board front panel 8' x 31/4 

x 1/4-in. The speaker was mounted to the left 

of the receiver and a closed circuit jack be- 
tween the speaker and the re- 
ceiver. The switch /volume con- 

RY CLIP 

WITH RADIO) 
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blk 

9V 

FED SPEAKER LEADS 

n 

FAHNESTOCK CLIPS 

2f" PM SPEAKER 
STANDARD CIRCUIT 

(COMES WITH RADIO) 
CLOSING JACK 

(FOR LARGER PM 

SPEAKER. OR LOW - 

IMPEDANCE EAR- RADIO SHACK 12 -1150 

PHONES) "BUILD -IN" RADIO 

I (COMMON) 

2 (TUNER OUTPUT) 

y 

(AMPLIFIER 

R 

b 

cht 

grn 

VOLUME CONTROL AND 

SWITCH (COMES WITH 

RADIO) 
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trol was mounted to the right of 
the receiver to balance the panel 
layout. Calibrated knobs were 
substituted for the plain knobs 
supplied with the radio to facili- 
tate tuning and audio level set- 

tings. Fahnestock clips were fas- 

tened behind the panel to the 
base hoard so that various patch 
cords could he connected to use 

the various functions mentioned 

External wiring for "Build -In" 
kit as phono or mike amp, AF or RF 

signal tracer, and BCB tuner. 
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Making a transistor set into a many -splendored thing 

by Art Trauffer 

above. The block diagram details the various 
output /input combinations available as well 
as the general hook -up of the complete 
assembly. 

The battery which powers the radio is 
mounted to the base board behind the 
speaker with a metal strap. There are two 
holes drilled into the plastic case of the 
radio that may be used to hold it in position 
on the panel. They are undersized for clear- 
ance of 6 -32 machine screws, which would, 
if carefully started, cut their own thread in 
the soft plastic when screwed in. Use screws 
about 3 /s -in. long, being careful not to dam- 
age the printed circuit board of the receiver, 
which could happen if the screws are too 
long. The leads from the receiver to the 
speaker, switch /volume control and battery 
are color coded and the receiver is supplied 
with full inter -connecting instructions. The 
variations we have added are indicated in 
the block diagram. The photos clearly show 
the mounting details and layout. 

The Dividends. Now that you have as- 
sembled your Handy -Dandy combo how can 
you apply it to reap the dividends from its 
multiple uses? 

If you want to use it as a tuner for your 
hi -fi amplifier all you have to do is connect 
a shielded cable, the shield to clip # 1 (Com- 
mon) the hot lead to clip #2 (Tuner Out- 
put) on the Handy Dandy. The shield is 

Top view of completed assembly, showing locations 
of components comprising Handy -Dandy transistor 

lash -up. Note similarity to diagram at left. 
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connected to the ground side and the hot 
lead to the center of the input of your 
amplifier. Run a jumper from #2 clip to 
#3 clip. If you do not want the speaker on 
your Handy -Dandy to operate and the full 
output signal from the detector will not over- 
load the input of your amplifier, omit the 
jumper. 

You just want to listen to the game or a 
special musical program and the rest of the 
family want the TV. Get out your high qual- 
ity headphones and plug them into the jack 
on the front panel. The local speaker will be 
disconnected and you will be able to listen 
in comfort and privacy. 

You need a low level general purpose 
amplifier for a project; all you have to do is 

(Continued on page 105) 

9V BATTERY 

f 

#2 (TUNER OUTPUT) 

SPEAKER 

HEADPHONE JACK "BUILD-IN' RADIO 

SWITCH /VOLUME CONTROL- 

#3 
(AMPLIFIER INPUT) 
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According to an ancient Bantu legend, 
Tilo, the sky god, is responsible for all 

mysteries. It is therefore appropriate that 
three air- portable radio stations are responsi- 
ble for much of the DX interest in lower 

Africa. That interest in countries surround - 
ing The Kalahari desert, from Zambia on the 

north to the Republic of South Africa on the 

south, has been growing steadily for the past 
four years. Today, this area has become one 

of the hottest on anybody's dial. 
Kicking.off all the action, before any Tilo- 

type capers, was the emergence early in 

1965 of ultra- rightist Radio RSA -the prop- 
aganda arm of the state -owned South 
African Broadcasting Corp. RSA's power- 
ful transmitters now beam programs all over 
the world, including a four -hour session to 

North America. While RSA's approach is 

a very cleverly done soft sell, many SWLs 
have not been fooled. One listener, in fact, 
recently suggested that burning RSA's QSL 
card just might be a more meaningful protest 
than burning one's draft card. 

Later in 1965, Rhodesia, ruled by a white 
minority, declared its independence from 
Britain. The British hurriedly set up a relay 

station (then known as Bechuanaland). 
They were able to put this station on the 
air rapidly because of secret help from the 
U.S. government and the use of highly 
sophisticated American air -transportable 
equipment. So long as their Francistown 
station was on the air, the BBC consistently 
refused to answer questions about either of 
these aspects of their Botswana operation 
(but also scrupulously avoided denying 
them), and it was this secrecy which really 
made the station controversial. 

Much to everyone's surprise, now that 
the station is closed, the controversy has 
suddenly become even hotter. Why? Be- 

cause a little official information has now 
been released in hopes of glossing over the 
above -mentioned secrecy. While U.S. Gov- 
ernment involvement is still not admitted, 
it has now been acknowledged that Amer- 
ican gear was used. And while the equip- 
ment, Continental Electronics air- transport- 
able antenna and transmission system, is 

definitely not the original American portable 
used at Francistown, the Continental is in- 

deed a very advanced unit with capabilities 
almost matching those of the widely pub- 
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What's that? You never 
heard of the Kalahari? 
Why man, it's second only 
to the Sahara as deserts 
go in Africa and it's in- 
habited by- Hottentots and 
Bushmen. DX them you 
can't, but wait til you 
get a load of those rare 
catches right next door! 

by C. M. Stanbury II 

SEPTEMBER- OCTOBER; 1969 

licized -VOA portables. To be precise, it 
can be put on the air in just 18 days. 

A Piece of the Action. Even a novice 
SWL will have no trouble logging RSA's 
broadcasts to North America. These are 
aired at 1830 -2220 EST on 9705, 11876, and 
15220 kHz. However, if it happens you don't 
want to give RSA the satisfaction of know- 
ing you've listened (and assuming you don't 
plan to use their QSL card merely for in- 
cendiary purposes), South Africa can be 
logged via a far longer DX route. For ex- 
ample, in the evening you might try for 
SABC's commercial service, Springbok Ra- 
dio, intended for domestic consumption on 
4945, 3250, or even 3020 kHz. The latter 
channel is of course 75 -meter ham territory 
on this continent. 

At the opposite extreme is R. Botswana, 
which DXers will find a very difficult station 
to log. R. Botswana operates on 4834 and 
7295 kHz, supposedly with a morning trans- 
mission beginning at 2300 EST. However, 
to the best of our knowledge, no reliable 
SWL has ever reported reception at this 
hour. But NA DXers do definitely have a 
chance, albeit a slim one, of hearing R. Bots- 
wana on 7295 at 1400 EST S /Off. 

More DX. Between these two extremes 
lie the other four countries of lower Africa 
which can be heard in North America with 
varying degrees of effort. They are Rhodesia 
and Zambia along with the two Portuguese 

ABBREVIATIONS 

BBC British Broadcasting Corporation 
BCB broadcast band 

OXer radio listener interested in long- distance 
reception 

kHz kilohertz (kilocycles) 
NA North American 

QRM noise and signals interfering with de- 
sired signal 

OSL a decorated postcard or letter used to 
acknowledge a reception report 

R Radio (as in Radio South Africa) 
RBC Rhodesian Broadcasting Corp. 
SABC South African Broadcasting Corp. 
S /Off sign off 

SW shortwave 
SWL shortwave listener 
VOA Voice of America 

ZBC Zambia Broadcasting Corp. 
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colonies of Angola and Mozambique. The 
only station "still carrying on an active anti - 

Rhodesian campaign is the Zambian Broad- 
casting Corp. at Lusaka. SWLs on this 
continent should watch for both stations 
around 2300 EST. ZBC transmits on 3346 
and 4911 kHz; RBC on 3396 and 5975 kHz. 

in related conflicts, rebel hands are active 
in both Angola and Mozambique. True, 
Portugal has a new government, at least on 
paper, but its hard -line colonial policies are 

unlikely to change markedly. The stations 
to watch for from these areas are R. Clube 
de Mocambique, technically a privatel 
owned station at Lourenco Marques: R. 

Angola, a government operation at Luanda: 
and R. Commercial at Sa da Bancira. An- 
gola. 

On the Broadcast Band. Lower Africa 
is extremely difficult to log on the BCB in 

North America, especially with those 50- 
kHzers now removed from the Botswana 
scene. Outside the Chicago area (where 
WBBM holds down 780) your best bet is 

the R. Springbok outlet on 782 kHz at 
Bloomfontein. Unlike its SW counterpart, 
782 does not operate all night but instead 
signs on at 2156 EST. In Chicagoland you 
might try at the sane time on 1286 kHz but 
sideband QRM will he intense. 

However, the real BCB action will come 
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Africa's Kalahari Desert is some 120,000 sq 
mi big, located in one of its hottest areas. 

when DXers try to track down the present 
whereabouts of those three 50,000 -watt 
portables formerly at Francistown. The first 
is so wrapped in intrigue that locating it 

will be extremely difficult (would you be- 
lieve dangerous ?). But either Washington 
or London, depending on who officially owns 
them, will eventually be forced to reveal the 
current locations of their two Continental 
air -portables. If they don't, there's good 
chance that Tilo, the sky god, may let the 
cat out of the bag beforehand. 

e /e's Shortwave Guide to the Kalahari 

kHz Station 
3218 R. Clube de Mocambique 
3250 Springbok Radio' 
3346 Zambia Broadcasting Services 
3396 Rhodesia Broadcasting Corp.2 

3920 Springbok Radio' 
4795 R. Commercial 

4820 R. Angola 

4834 R. Botswana, 
4911 Zambia Broadcasting Services 
4925 R. Clube de Mocambique 
4945 Springbok Radio' 
5975 Rhodesia Broadcasting Corp.= 

6175 R. Angola 
7295 R. Botswana 
9660 R. Angola 
9705 R. RSA' 

11780 R. Clube de Mocambique 
11875 R. RSA'= 

15220 R. RSA' 

its to Johannesburg. 2 Reports to Salisbury. 

Location 
Lourenco Marques, Mozambique 
Paradys, South Africa 
Lusaka, Zambia 
Gwelo, Rhodesia 
Paradys, South Africa 
Sa da Bandeira, Angola 

Luanda, Angola 

Gaberones, Botswana 
Lusaka, Zambia 
Lourenco Marques, Mozambique 
Paradys, South Africa 
Gwelo, Rhodesia 
Luanda, Angola 
Gaberones, Botswana 
Luanda, Angola 
Bloemendal, South Africa 
Lourenco Marques, Mozambique 
Bloemendal, South Africa 
Bloemendal, South Africa 

I Repo 

Time (EST) 
Evenings 
Evenings 
2300 
2300 
Evenings 
1700 -1800, 
0000 -0100 
1700-1800. 
00000100 

2300 
2300 
Evenings 
2300 
0000 -0100 
1400 
0000 -0100 
1830-2220 
2300 
1830.2220 
1830-2220 
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0/0 NIGH -FIDELITY 

HEATHKIT AD -27 

Solid -State FM Stereo 

30 -Watt Compact Kit 

T he Heath AD -27 Compact Stereo Center 
is tailor -made for those who want a 

quality stereo system that can blend right in 
with the general decorating scheme. That's 
hi -fi showroom talk meaning the stereo gear 
doesn't stick out like a sore thumb. 

The AD -27 consists of an FM /FM 
stereo receiJer and a record changer housed 
in a walnut- finish, roll -top cabinet. When 
the roll -top is down the cabinet appears to 
be the top of a roll -top desk or bar. In fact, 
if the cabinet is placed on a small table or 
record storage unit, the entire assembly looks 
just like an updated version of Grandpa's 
roll -top desk or an executive -suite bar. ; Both bass and treble tone controls are 

0 
-2 
-4 

NIM1111111111 

provided in the AD -27 as well as separate 
volume and balance controls. The tone con- 
trols are ganged together so that both chan- 
nels are adjusted simultaneously. For this 
reason, both the left and right speakers must 
be identical. (Since mono is long since dead, 
mismatched speakers are found only in an- 
cient systems.) The selector switch selects 
either FM, phono, or an auxiliary input. 
Three panel switches control the power, 
speakers, and the stereo -mono modes. A 
recessed panel contains the auxiliary input 
jacks, tape outputs, headphone jack, and 
speaker terminals. 
f The amplifier output is so wired that 
the headphone jack provides full -time moni- 
toring. whether the speakers are on or off. 
The headphone outputs are provided with 
100 -ohm series resistors to prevent burn -out 
or overload of sensitive headphones. They 
also prevent amplifier overload if one of the 
newer 3.2 -ohm headphones is used. 
f The record changer is the popular BSR 
McDonald 500 complete with a calibrated 
stylus force adjustment, counterweight, cali- 
brated anti- skate, and a cueing lever. It is 
supplied with a Shure M44MB cartridge. 
Interchangeable spindles are provided so that 
the changer can be used for full automatic 
or full manual operation. The cabinet is 
large enough to allow the cover to be closed 
with a record on the platter, thereby not only 
protecting the record from dust but also 
eliminating all vestiges of "needle chatter." 
1+ Typical of simplified kits, the AD -27 is 
supplied with all critical components -the 
FM front end and MPX assembly -com- 
pletely preassembled and pre- aligned. In ad- 

MAXIMUM BOOST CURVE`--- .--_.-'' 
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111111111101111MMIIIMMIIME 
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5K 

Since it was tough fo believe 
performance curves shown at left, 
our honest Injun approach to test 
reports prompted us to recheck the 
AD -27. (We came up with iden- 
tical curves.) Incidentally, though 
Heath recommends their AS -37, 
AS -16, and AS -10 speaker systems 
for use with the AD -27, its boost 
and cut capabilities are such that 
most quality speakers will serve. 
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dition, because the power supply, MPX, and 
amplifier assemblies are spread out on the 
underside of the cabinet, a pre -formed wire 
harness has been provided for interconnec- 
tion of the assemblies. This greatly simpli- 
fies final wiring. 
) The changer assembly isn't a kit, so you 
face no mechanical assembly problems. You 
simply install a few items such as the pickup 
and counterweight, just as you would with 
any other changer or turntable purchased 
ready -made. To simplify accurate stylus 
pressure, the stylus force adjustment has 
click -stops at the /3 and '-/3 gram positions 
between the indicated gram markings (1 
gram, 2 grams, etc.) 
) The amplifier, which is rated at 10 rms 
watts per channel (sustained sine wave- 
form), 15 watts music power, is an example 
of what can be obtained using the latest 
solid -state design techniques. As shown in 
the accompanying chart, the measured fre- 
quency response at a sustained 10 -watt out- 
put is essentially ruler flat from 20 to 20,000 
Hz, extending from below 10 to above 50,- 
000 Hz at lower, normal volume levels. At 
full 10 watts output, the measured total 
harmonic distortion (THD) was 0.1% from 
20 to 10,000 Hz, rising to but 0.25% at 20 
kHz. This performance level was un- 
dreamed of at the AD -27's price just a year 
or so ago. 
) The measured tone -control range shown 
in the chart, though adequate, was consider- 

/ A 
TURNTABLE =ICIER IER AUDIO CIRCUIT BOARD 

AD -27's electronics is divided into three sections: 
power supply, tuner -MPX and AF amplifier, all 
of which are mounted in cabinet's base. Pre- formed 
wiring harness is provided for inlerconnedioo 
of all assemblies and record changes 

ably different from that specified by the 
manufacturer. But as we said, the measured 
performance is adequate, and not untypical 
of solid -state amplifiers. The measured noise 
level of -60 dB was right on specs. That's 
almost dead quiet -very good! , The FM sensitivity checked out at 4.5 
uV (IHF) for 30 db attenuation of hum, 
noise and distortion. Full noise limiting was 
obtained with a 30-uV input. Mono FM 
distortion was 0.8%; stereo, 1.1%. An in- 
strument alignment, as opposed to the few 
"builder adjustments," made no significant 
improvement in performance other than sep- 
aration, which (at 1 kHz) was 20 dB user- 

WE WiPUI SPEAKER TERMI SAL3 

Auxiliary inputs, tape outputs, phone and speaker 
outputs are available through slit on side d cabineL 
Narrow slit makes a somewhat difficult to conned 
to speaker terminals, so ose of soldering lugs is 

suggested. Check connections careful 

adjusted and 27 dB instrument -aligned. A 
front panel phase control allows the user to 
adjust for optimum separation by simply 
setting the control for maximum sound leveL 

l The Heath AD 27 is supplied without 
speakers. Since the system is capable of 
hi -fi performance, we suggest that good qual- 
ity speakers be selected as opposed to run - 
of- the -ill speakers usually used with low - 
cost stereo systems. However, 10 watts per 
channel is not going to produce outstand- 
ingly loud volume levels with low- efficiency 
speakers and we suggest extra care be taken 
to avoid speakers that are specifically rec- 
ommended for higher power levels. Also, 
the 10 watts is available only with 4- and 
8 -ohm loads; a 16 -ohm load resulted in clip- 
ping at 7 watts, to we suggest your choice 
of speakers be restricted to 4- and 8 -ohm 
models. Heath recommends their AS-37, 
AS -16, and AS-10 speakers. 
) Priced at only $169.95 (including the 
cabinet), the Heath AD -27 delivers hi -fi per- 
formance at a cost that'll establish new low - 
price levels in the hi -fi marketplace. For 
additional information on the Heath AD -27, 
write to the Heath Co., Dept. EE, Benton 
Harbor, Mich. 49022. 
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ril,LIFA\SFORVERS 
- POWER AND PARADOX 

Can Mike Faraday's law of induction 
fully explain the inner workings 
of the world's most perfect machine? 

by Jim Kyle, K5JKX 

Fr 

SEPTElI5ER-OCTOBER, 1969 

I t has been described as the world's most perfect 
machine. Yet 50 years elapsed between its dis- 

covery and the first attempts to put it to practical 
use. 

Without it, the nationwide electrical -power net- 
works we take for granted could not exist. Yet the 
first U.S. patent was not taken out until nine years 
after Edison's incandescent lamp was a success. 

The bigger it is, the better it works. Yet many 
are no larger than an ordinary pencil eraser. 

What is this strange paradox of electricity and 
electronics? It's our old friend of toy -train days, 
the reliable servant on the power pole. the heart of 
our power -supply circuits and transistorized in- 
verters, and the bane of hi -fi addicts -the trans- 
former. 

To be such a vital component of the entire elec- 
trical industry, the transformer is a strange device 
indeed. Most of us tend to take it for granted - 
except when something goes wrong in one, and then 
we merely replace it. 

Experimentgrs aren't the only persons who take 
the transformer for granted. Two of the three lead- 
ing encyclopedias fail to mention either its inventor 
or the date of its invention. One makes no mention 
at all of its history; the other reports that it was 
"perfected" in the years 1885 -1886 but omits men- 
tion of earlier events. 

Faraday's Folly. Actually, the first transformer 
was constructed in the year 1831 by the famed 
Michael Faraday. Ten years earlier, at the age of 
30, Faraday had discovered the principle of elec- 
trical induction. In the decade that followed, he 
had formulated his laws of induction which laid 
much of the groundwork for today's entire science 
of physics. 

Faraday's first transformer was strikingly similar 
to those we use today. It featured an iron ring for 
a core (the toroidal core is claimed to be one of the 
latest advances!) and was wound with two coils, as 
shown in Fig. 1. The primary contained about 72 
feet of wire and the secondary about 60 feet. Both 
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windings were made of hare wire (insulated 
wire wasn't as available in 1831), hut the 
turns were separated by twine and the layers 
by calico. so that no turns shorted together. 

Faraday tested his apparatus with direct 
current from a battery. He connected the 
ends of the secondary winding to a loop of 
wire which passed around a magnetized 
needle; this formed a crude hut sensitive 
milliammeter. He then connected the pri- 
mary winding to the battery, as shown in 
Fig. 2. 

At the instant of connection, the needle 
deflected to one side; when he broke the 
circuit, the needle swung an equal distance 
to the other side. When he reversed the 
battery, the same thing happened but the 
direction of swing reversed. Thus he proved 
that the energy was transformed from elec- 
tric current into magnetism, and back to 
electricity. 

The record shows no additional experi- 
menting with transformers until 1881. In 
that 50 years, the telegraph and the tele- 
phone came into being. Joseph Henry, who, 
independently discovered induction at about 
the same time as Faraday, had extended his 
discovery far enough to invent the electric 
bell, the relay, and the first telegraph re- 
ceiver. Samuel F. B. Morse contributed a 

key, a code, and a driving force, to establish 
a working telegraph system. 

By 1879, Edison in this country and Swan 
in Great Britain had both developed electric 
light bulbs. The world was looking for a 

means of making use of the power inherent 
in electricity. 

But one major drawback acted as an ef- 
fective block to progress. All electric power 
at that time was direct current, which could 

Fig. 1. Faraday's original transformer was wound 
something like this. Core was iron ring, with two 
windings of wire. Since insulated wire wasn't avail- 
able, each turn was separated from its neighbors 
by twine and layers were separated by cloth. 
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be neither raised nor lowered 
any practical means. Most po 
tions require high current and r 
voltage. but long -distance pow 
sion needs low current and hi 
The result was that electricity ó 
you happened to he within a mi ñ 
the generating plant. hilt it wasn't ; 

- 

use othen isc. l o o o n ¡. 
Enter AC. In this atmosphere, tv ry 

perimenters named Lucien Gaulard 
John Gibbs developed a "series power 
tern" using alternating current. It incluc 
transformers to step the power up to hig 
voltage for transmission, and back down to 
low voltage for ultimate use. The two were 
awarded an English patent on their system 
in 1881. 

Four years later, George Westinghouse 
purchased the patent rights of Gaulard and 
Gibbs, and assigned William Stanley to de- 
velop the system further. In 1886 Stanley 
and Westinghouse demonstrated the com- 
plete system. The next year Westinghouse 
was awarded U.S. patent No. 366,362, spe- 

cifically covering the transformer developed. 
By 1888, the use of alternating current 

and the Westinghouse system was common 
throughout the U.S. and to a lesser degree 
in Europe. That same year, Nikola Tesla 
announced his discovery of the "rotating 
field principle" for electric motors and began 
an association with Westinghouse which 
continued for several years. 

During those years, Tesla added greatly 
to the store of knowledge about transform- 
ers, their principles, and their practical de- 
sign. He also set the standard frequency 
for alternating current in this country at 60 
Hz and chose the voltage levels which are 
still standard for AC power -110. 220. 440, 
and integral multiples of these figures. 

Since that time, the detailed knowledge 
which has accumulated about transformers 
has become a cumbersome mass similar in 
many ways to the specialization trends in 
medical science. Let's stay out of that mo- 
rass and look at the bigger picture -what 
is a transformer, how does it work, what 
kinds of transformers do we commonly 
meet, and how do they differ from each 
other? Then we can get into a little more 
detail and examine methods of repairing a 

defective transformer, and even designing 
your own for some special purpose. 

What Is A Transformer? As the name 
implies. a transformer is a device which 
transforms something from one forni to an- 
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other. The electrical transformer changes and the current present in the line, such 

impedance from its original value to any 
new value desired. 

If a transformer is used in a signal- carry- 
ing circuit, the change of impedance is usu- 
ally the main reason for using the trans- 
former. If. however. its in a power circuit 
rather than handling a signal, the effect of 
the impedance change is of more importance. 

Impedance is simply the ratio of voltage 
to current in any circuit. For a constant 
amount of current flow. the greater the 
voltage, then the higher the impedance (and 
vice versa). If the voltage is held constant. 
reducing impedance permits more current to 
flow. 

With a constant amount of power -the 
product of voltage and current held con- 
stant, rather than either of their individual 
values -an impedance change amounts to 
a change in both voltage and current levels. 

If impedance is reduced, voltage comes 
down and current goes up by the same ratio 
to retain constant power. Similarly. if im- 
pedance is increased, the voltage goes up 
and the current conies down. 

The designer of a power transmission 
system has the option of transmitting the 
power at either high voltage and low cur- 
rent, or low voltage and high current. Nor- 
mally, the high voltage route is chosen, 
since the amount of power lost in wire re- 

sistance increases as the square of the cur- 
rent. When current flow is doubled, line 
losses increase by four times! 

Soldering guns take advantage of this: 
they contain transformers which step the 

117 -VAC line voltage down to less than a 

volt. At this voltage, a 100 -watt gun is 

driving about 100 amperes through its tip. 
And though the tip is 10- gauge copper or 
iron, it frequently gets red hot with the 
power that is converted to heat. 

But while production of heat is the main 
purpose of a soldering gun. it's an unwanted 
action in power transmission. By keeping 
line impedance high. the designer can mini- 
mize the current and cut to the lowest pos- 
sible amount the power lost in the line. 

Keep in mind that the impedance we're 
speaking of here has almost no relation to 
the "characteristic impedance" of RF trans- 
mission lines, which depends upon other 
factors. The lines we're discussing are 

power lines carrying AC power from the 

generating station to the users. 
Up And Down. Since the transformation 

of impedance also changes both the voltage 
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transformers are most frequently known as 

"step up" or "step down" transformers. The 
change "up" or "down" invariably refers to 
the change in voltage. A generating station 
may produce power at 13,200 volts. A step - 

up transformer may then boost this voltage 
to 222.000 volts and at the same time reduce 
the current level by the same ratio that volt- 
age is increased (161/2 times). 

After a trip of several hundred miles, the 
voltage may then meet a series of step -down 
transformers and be distributed around a 

residential neighborhood at 7200 volts. Just 
before leaving the power pole to come down 
to an individual home, a final step -down 
reduces voltage to 110 or 220 volts (or 
both) for use by lamps and appliances. Fig. 
3 shows the entire arrangement, though in 
much -simplified form. 

Physically, a transformer (regardless of 
type) consists of a core with two or more 
windings of wire around it. The core may 
be made of any of a number of types of 
material; the choice depends largely upon 
the intended use for the transformer. 

Power transformers commonly use a 

laminated core composed of a number of 
layers of thin silicon steel; some of recent 
design use Hypersil, a special steel alloy. 
Audio transformers may employ either sili- 
con steel, Hypersil, Mumetal (another spe- 

cial alloy), or permalloy. Radio- frequency 
transformers normally use a ferrite core; 
some use only air as their cores. 

The shape of the core may also vary. 
The most efficient core shape is a toroid, 
which looks like a doughnut; this shape 
makes maximum use of the magnetic fields. 
However, it is also the most difficult type 
of core to wind wire on, so many transform- 
ers use alternated "E" and "I" core lamina- 
tions. A special ratio of width to height 
allows the pieces punched out when forming 
the "E" to be used as the "I" parts: such 
a core is known as a "scrapless" core. Fig. 
4 shows some of the various types of cores 
you may run across. 

The windings are almost invariably of 
copper wire, but the size of wire, number 
of turns, and insulation used are all deter- 
mined by the specific transformer design. 
Wire must he large enough to carry the re- 

quired current and yet small enough to fit 
into available space. The number of turns 
is determined by the magnetic properties 
of the core material, and the transformer 
application. The insulation depends upon 
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nearly 3/4 of the power available in its fuel. 

The transformer operates only when the 
current flow through its windings is chang- 
ing. As soon as the current through the 
primary becomes steady, the core's mag- 
netism is also steady. And when the core's 
magnetism stops changing, no energy is in- 
duced in the secondary windings. 

Thus, at the instant direct current is ap- 
plied to a transformer, a single surge of 
current will appear in the secondary wind- 
ings. Another will appear when power is 
removed. But in between, no energy will 
be transferred. 

For this reason the transformer is useful 
only with alternating current or rapidly pul- 
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the voltage levels which will be present; fre- 
quently, these are far higher within the 
transformer than they ever will be outside 
its shell. 

Both core and windings are often encased 
in a metal shell, for physical protection as 
well as for partial shielding. Many trans- 
formers, though, are of so- called "open - 
frame" design; in these the windings are pro- 
tected only by a wrapping of paper soaked 
in wax. 

Some medium -power transformers include 
a copper strap around the core to minimize 
external magnetic fields. High -power trans- 
formers are almost always encased in heavy 
shells filled with insulating oil; this beats 
the paper used in smaller units by providing 
both better insulation and increased cooling 
of the windings. 

How Does It Work? The transformer 
is unusual among machines in that it has 
no moving parts. It operates by converting 
electrical energy to magnetic energy, and 
back again. Power applied to one winding 
magnetizes the core at the instant of appli- 
cation. The magnetization of the core in- 
duces electrical energy in the other winding 
so long as the magnetism is changing. 

If both windings have the same number 
of turns, the energy developed in the second 
(secondary) winding will be at the same 
impedance level as that applied to the first 
(primary) winding -except for a slight loss 
in the magnetization process. 

If the secondary winding has twice as 
many turns as the first, the power of the 
magnetic field must be spread over twice 
as many turns and so can develop only half 
the current. With constant power, this 
doubles the voltage, and the simultaneous 
halving of current and doubling of voltage 
increases the impedance level to four times 
that of the primary. 

In general, the voltage step -up ratio is 
equal to the ratio of the number of turns on 
the secondary to those on the primary; the 
impedance ratio is equal to the square of 
the ratio of turns. 

The energy lost between windings is gen- 
erally called core loss; in large, well -designed 
transformers this lost energy can be as little 
as 0.5 percent of that transferred. No other 
machine approaches this 99.5 percent effi- 
ciency; by contrast, an automobile wastes 

Fig. 2. Equivalent circuit of Faraday's experimental 
setup. Closing switch SI caused magnetized 
needle to deflect, proving that electrical 
energy had passed through transformer. 

sating DC (such as produced by a vibrator). 
AC continually changes its intensity, re- 
versing direction some 60 times per second 
in the case of normal power lines. 

The whole basis of the transformer's op- 
eration is Faraday's law of induction, which 
is also the basis of all electric generating 
apparatus. This states that an electric cur- 
rent is induced in any conductor which is 
in motion relative to a magnetic field. 

In most generators, the conductor itself 
is in motion while the magnetic field re- 
mains stationary. In the transformer, the 
conductors remain stationary and the field 
moves. The motion of the field is provided 
by the reversal of current flow in the pri- 
mary winding during each cycle of alter- 
nating current. When current flows in one 
direction, the field has one "sense" (it is 
oriented in one direction); when current di- 
rection reverses, so does the sense or direc- 
tion of the field. This change of direction is, 
effectively, motion. 

This motion of the field is the only mo- 
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tion connected with the transformer. And used to carry the entire band of audible 
the fact is that the phenomenal efficiency 
of the transformer is due primarily to its 
lack of moving parts. 

A transformer isn't limited to a single 
pair of windings, though in practice only 
one winding is used as the primary and all 
other windings upon the core are used as 
secondaries. An ordinary TV power trans- 
former may contain three or four second- 
aries in addition to its primary. One of 
these secondaries usually has a large number 
of turns (compared to the primary) so that 
it provides high voltage. The rest have few- 
er turns and thus supply low voltage for 
filament and heater use. 

Some transformers have been made with 
"dual primaries" so that primary current 
could be supplied from either 117 -VAC or 
Interrupted 6- or 12 -VDC sources; these, 
however, are not exceptions to the one - 
priinary rule, since only one of the two or 
three primary windings is used at any given 
time. 

What Kinds Exist? Almost any device 
which couples two circuits by magnetic 
means may legitimately be called a trans- 
former. Generally, however, transformers 
are divided into three categories: two handle 
signals, the other deals with power. The 
classes are power transformers, audio-fre- 
quency transformers, and high- frequency 
transformers. 

Power transformers include all those de- 
signed particularly for the supply or con - 
version of power. They range from the ordi- 
nary doorbell transformer up to huge oh- 
filled units capable of handling Vs million 
volt -amperes. The characteristic they all 
share in common is that they are designed 
for maximum conversion efficiency at a 
single frequency, and for minimum power 
losses. 

Audio-frequency transformers are used to 
match impedances, and to transmit audio - 
frequency signals from one circuit to an- 
other. They include input transformers, in- 
terstage transformers, driver transformers, 
output transformers, and modulation trans- 
formers, among other types. Their common 
characteristic is that they are designed to 
handle a relatively wide frequency range 
and to reject pickup of stray signals. Com- 
plexity may be anything from the simple 
590 "universal" output transformer; through 
multi -kilowatt broadcast modulation trans- 
formers-, to multiple- shielded, carefully bal- 
anced, wide -range microphone transformers 
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frequencies without distortion. 
An important sub -class of at' '4o-frequency 

transformers is that known as geoformers; 
these are similar to ordinary audio units 
except that they are designed for frequencies 
in the subsonic range, from 1 /10 to 10 Hz. 
Such frequencies are most often encountered 
in geological exploration, which explains the 
name. Geoformers normally have much 
more massive cores and higher -inductance 
windings than do ordinary audio units. Fre- 
quently, they are also shielded against stray 
pickup of power -line frequencies. 

High- frequency transformers include all 
types which match impedances or transmit 
a band of frequencies above the audio range, 
from approximately 50 kHz on up. The 
most common example is the intermediate - 
frequency (IF) transformer used in radio re- 
ceivers. Another is the RF coil assembly 
of a receiver, though it is frequently not 
considered as a transformer. Other high - 
frequency transformers include pulse trans- 
formers, used to either generate or transmit 
extremely brief pulse signals, and wide -band 
units which transmit both AF and RF sig- 
nals without significant distortion. 

The three major classes of transformers 
all follow the same basic operating prin- 
ciples. Even so, the design objectives for 
each class differ so greatly that almost all 
the design details are also different This 
is not always so, however, 400-Hz power 
transformers have frequently been used as 
AF transformers by enterprising experi- 
menters, with notable results. And in an 
emergency, an audio transformer can often 
be used to replace a power transformer if 
the transformation ratio Is sufficiently close 
and the power- handling capacity is adequate. 

Power Transformers. The design of a 
power transformer starts with a knowledge 
of the primary voltage available for it, and 
the voltages and currents required from the 
secondaries. For each secondary, the de- 
signer multiplies the voltage desired by the 
current requirement from that winding to 
determine that secondary's volt -ampere rat- 
ing of the transformer. 

The actual AC voltage and current which 
the transformer must supply depend largely 
upon the type of circuit it will be connected 
to. AC rating may vary from 71 percent 
of the DC load up to 2.2 times the DC load; 
voltage may vary from half to one and a 
half times the desired DC level. When the 
AC values are determined, their total is 
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the original design. It may not. Only ex- 
perimentation can tell, and the manufactur- 
ers offer no assurance of success. 

In particular, a power transformer rated 
to supply a given amount of current into a 
power supply using a choke -input filter may 
fail completely if the filter is changed to 
a capacitor -input design. Reason is that ca- 
pacitor -input filters take from 30 to 40 per- 
cent more current from the transformer. 
Most small transformers, though, are either 
designed for capacitor -input filters, or are 
rated for both types. 

Use of a power transformer with power 
at a frequency other than that for which it 
was designed is also a source of possible 
damage to the transformer. (This is espe- 
cially so if the new frequency is lower than 
the design frequency.) Normally, no harm 
results from using low- frequency power 
transformers at higher frequencies, though 
transformer efficiency may suffer. 

Audio Transformers. The design of an 
audio -frequency transformer depends pri- 
marily upon a different set of factors. The 
audio- transformer designer is interested in 
the impedance levels of the signal source 
and the load which his unit must couple 
together. He also is concerned with the 
frequency band to be coupled, the amount 
of distortion permissible, the operating volt- 
ages, and (in the case of output or modula- 
tion transformers) the efficiency required. 

Impedance transformation depends upon 
the ratio of the squares of the turns ratio, 
rather than upon the turns ratio directly. 
And since transformers present different 
electrical characteristics to signals of low, 
mid- range, and high frequencies, audio 
transformer design is much more complex 
than is the power case with transformers. 

Response at low frequencies is determined 
largely by the inductance of the windings. 
At high frequencies, response is affected by 
both the inductance and unavoidable stray 
capacitances. High inductance is necessary 
for low- frequency response, but it prevents 
high- frequency response by increasing the 
capacitance. The result is a fall -off of signal 
transfer at both high and low frequencies, 
together with a phase shift at each end. 

At the low end of the range, load voltage 
may lead source voltage in phase by 80 
degrees or more; at the high end, it may 
lag behind by the same amount. 

This phase distortion normally isn't audi- 
ble. Still, it may easily create extreme prob- 
lems in high -quality audio amplifiers when 
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multiplied by a factor which ranges from 
1.1 up to 1.5 (depending upon the safety 
factors and loss values expected) to deter- 
mine the actual volt -ampere ratings. 

From the volt- ampere ratings thus deter- 
mined for each winding, the designer must 
calculate the size of wire to be used for each. 
This way, he can ensure that the wire will 
be able to carry the current without over- 
heating or losing too much inside the trans- 
former. He then chooses a set of dimen- 
sions for the core, guided by the frequency 
and the power level the transformer is to 
operate on. He also determines from the 
core data the number of turns required in 
the transformer primary. 

The number of turns in the primary, to- 
gether with the primary voltage, gives him 
the number of turns per volt required for 
each secondary winding. He then calculates 
the number of turns needed for each, from 
the number of turns per volt and the voltage 
required. In the process, he must see that 
the selected core provides enough room for 
all necessary windings. 

If not, he must choose a larger core size 
and repeat the turns calculations until he 
finds one set of figures which can be used. 
He then has a prototype built, to that set 
of figures, and tests it. 

Only rarely does the first attempt turn 
out right. Turns can be added to or sub- 
tracted from windings as necessary to adjust 
the voltages. If the transformer overheats, 
then a complete redesign is required. 

Only after all the original specifications 
have been met, and repeated tests prove 
the design practical, is the transformer ac- 
tually put into production. 

This extensive design and testing effort 
is one reason why transformers are expen- 
sive. Other reasons include the high cost 
of core material and wire, and the numer- 
ous safety features (which we have ignored) 
which are often included in the design. 

The result of all this is a transformer 
which meets all its design specifications. This 
transformer, however, has not been tested 
for such factors as ability to handle a wide 
range of frequencies. Neither has it been 
severely tested for performance at loads 
much greater than its voltage or current 
ratings. It may perform successfully in many 
applications which were not considered in 
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feedback is added to reduce total distortion. 
Phase shift introduced by the transformer 
may change phase of the feedback by 
enough, at some frequency, to turn the am- 
plifier into a power oscillator. (See Fig. 5). 
This usually happens at a supersonic fre- 
quency; you can't hear the result. but out- 
put is distorted and the speakers may he 
destroyed. 

To overcome this problem. high -quality 
audio transformers are usually designed to 
pass a nu'eh wider band of frequencies than 

many designs, distortion level rather than 
low- frequency response requirements sets 
the minimum permissible inductance. The 
end result is heave, large, and bulky trans- 
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Fig. 3. Simplified version of typical power - 
transmission network. Note use of 220 -kY level 
for most effective cross -country transmission. 

they are actually intended to handle. This 
maintains phase distortion within the actual 
signal band inside acceptable limits. 

All transformers introduce harmonic dis- 
tion into signals passing through them be- 
cause of the hysteresis effect in the core 
material. The designer must take this prob- 
lem into account and choose core materials 
and sizes to keep this distortion within his 
design limits. This is a serious problem with 
inexpensive transformers; if 4- percent silicon 
steel is used for the core (a common ma- 
terial for cheap designs), as much as 30 
percent third- harmonic distortion, and up 
to 5 percent of fifth- harmonic on top of this, 
may be added to strong signals. 

The greater the inductance of the wind- 
ings, the lower the harmonic distortion. lu 
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formers. 
High- Frequency Transformers. The de- 

sign problem in high -frequency transformers 
is similar to that for audio units. except that 
in many cases no magnetic core is used. 
The magnetic field naturally surrounding 
the windings provides ample coupling be- 
tween primary and secondary. In such cases, 
the ratio of turns between primary and sec- 

ondary loses its meaning since the coupling 
between windings may vary over a wide 
range. In metallic -core units, the coupling is 

almost perfect and turns ratio determines 
the transformation ratio. 

For pulse and wide -hand applications, spe- 
cial core materials and shapes are often 
used. One such special shape now finding 
wide use is the ferrite toroid, a doughnut - 
shaped core made of a magnetic ceramic. 
The toroid shape holds all the magnetic field 
essentially within the transformer itself, 
where it does maximum good and causes 
the least interference problems. The ferrite 
material also reduces core losses. 

Such transformers have been built to op- 
erate over the frequency range from 3 to 
30 MHz. providing a constant impedance 
ratio over the entire hand, and handling 
2000 watts of power. 

How Do You Fix One? The normal re- 
action when a transformer develops a fault 
is simply to purchase and install a replace- 
ment. This may prove to be neither con- 
venient or practical -and in any case you 
can probably save money by repairing the 
defective unit rather than replacing it. 

A few words of caution are in order, how- 
ever. If the unit handles extremely high 
voltages (anything above 1000 volts, for 
example), don't try to repair it unless you 
have some experience at repair of smaller 
transformers. Even then, extreme care is 
necessary. Internal voltages of a transform- 
er may exceed the expected levels by up 
to 100 times under failure conditions. This 
means that if your repair job fails, you may 
have 100.000 volts looking for a place to gol 

Since transformers are such extremely 
simple machines. they can have only two 
possible faults. One or more windings may 
have an open or short circuit. The first step 
of repair is to determine which type of fault 
exists, and in which winding. 

(Continued overleaf) 
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Short circuits are characterized by over- 
heating of the transformer. If power is ap- 
plied for any appreciable length of time to 
a transformer with a shorted turn or turns, 
the overheating will literally burn out the 
affected part of the winding (together with 
the insulation and adjacent layers of wire, 
usually) and thus convert the short into an 
open circuit. 

It's not too unusual, though, for a wind- 
ing to short out to the core or the shell of 
the unit without shorting to any other wind- 
ing. This can give you a shock when you 
touch the transformer with power applied. 

Open circuits, as well as shorts to the 
core or shell, can be located with an ohm- 

TAPE -WOUND OR 

C -CORE 

EFERRITE SLUG 

Fig. 4. Common types of transformer cores. Most 
power transformers use E -1 stack; tape -wound or 
C -core appears in high -qualify audio units. Slugs 
and toroids are generally restricted to RF work. 

meter, by checking for continuity. 
When the type of fault is determined, and 

the affected winding, the procedure becomes 
one of patience and physical care rather 
than one of troubleshooting. The next step 
is to disassemble the transformer. Just how 
to do this depends upon the construction 
of the individual unit. Most low- voltage 
power transformers are held together by 
long screws which run through the core 
stack and the shell. When these are re- 
moved, the shell can be taken off and the 
core and winding are exposed. 

To fix the affected winding, it must be 
removed from the core. The conventional 
E -I core is, however, usually soaked in 

shellac which binds each lamination to its 
neighbors. Application of alcohol or lacquer 
thinner can soften this enough to allow 
I- layers to be removed a few at a time. Take 
care not to let the solvent get into the wind- 
ings where it may damage the wire insula- 
tion, and don't break any connections. 

When enough of the I- laminations are 
removed, the corresponding E- laminations 
can be driven out by using a thin wooden 
block and tapping it with a mallet. After 
a few of the E- laminations are out, the rest 
of the core stack usually comes out rather 
easily. Remember how it was assembled, 
so you can reassemble it. 

With the windings (which are in one 
wrapped mass of wire) removed from the 
core, recheck to determine exactly where in 
the mass of wire the fault is located. If it's 
near the inner layers, file the removed core 
layers neatly in your junkbox against the 
time you next need some sheet steel. (Fixing 
the unit without special winding lathes sim- 
ply isn't practical.) 

lf, however, it's near the outside, then 
you stand a chance of making a successful 
repair. Carefully remove the outer wrap of 
insulating paper and save it. Then, still 
working carefully, unwind each layer of 
wire from the outside in. Spool the wire as 
it is unwound, to prevent kinks and snarls, 
and, if possible, keep a record of how many 
turns were on each layer. 

When the start of the winding which con- 
tains the fault is reached, turns -counting 
becomes necessary. It isn't necessary to save 
this wire, if you can obtain a fresh supply 
of the same size wire with the same type 
of insulation. Simply unwind and discard 
each layer. When the fault is passed, con- 
tinue on until you reach the end of the 
winding. No more unwinding is necessary. 

Using fresh wire, replace the winding. 
Insulate between layers as it was before, 
and be sure to put the same number of turns 
back on each layer, as tightly as they were 
wound originally. Then replace each wind- 
ing above the repaired one, until the outer 
layer of insulation is back in place. 

From here, work in reverse. Put the core 
stack back into the winding form a few 
laminations at a time. The final few will 
probably have to be tapped into place with 
wood -block and mallet. Apply fresh shellac 
to bind the plates together and prevent hum- 
ming, and replace the shell. 

Most problems met by inexperienced 
transformer -repairers are in one of two gen- 

ELEMENTARY ELECTRONICS 

I. 



eral classes. Either the repaired windings 
won't fit into the available space in the core 
stark nr :° chnrtrrl h°rn nr IV; nrlinn rlaamin..c 

proximately the same amount of power 
you'll need. If your need is for au audio 
transformer, start with an audio unit as close 

during the process of disassembly or reas- 
sembly. 

If the windings won't fit, you didn't wind 
them tightly enough. The only cure is to 
strip them back down and try again. wind- 
ing more tightly. However, if only a few 
layers of core material won't fit, you may 
get by with simply leaving them out. The 
unit won't have as much safety factor as 
it did originally, but it may perform satis- 
factorily. 

If a short develops, you can attempt an- 
other repair. Usually, though, the damage 
is so severe that it's better to abandon the 
effort. This is not so catastrophic as it may 
sound -after all, the transformer was ruined 
in the normal way of things before you even 
began the rapair job! 

Designing Your Own. According to 
almost all the textbooks on the subject. 
transformer design is an exotic and com- 
plicated art. It requires hundreds of la- 

AUDIO 

IN 

.CHEAP TRANSFORMER 

AMPLIFIER 

TOTAL PHASE 

SHIFT = 180° 

FROM 50 15OOO Hz 

FEEDBACK PHASE = 180° AT 1 kHz 

360° AT 15 kHz 

A LIMB PHASE SHIFT = 0° AT 1000 Hz 

180°AT 15 kHz 

Fig. SA. With cheap output transformer, phase 
shift at 15 kHz is such that feedback is positive 
and amplifier actually functions as oscillator. 

borious calculations involving dozens of in- 
dependent variable elements. 

And for an engineer assigned the job of 
designing a new unit for production. it is. 
However, from an experimenter's point of 
view, most special -purpose transformer de- 
signs are far less difficult. 

Most of the variables, in fact, can be 
eliminated by letting a transformer engineer 
do most of the work for you. That is, for 
your special -purpose design. start with an 
existing transformer which was designed for 
a similar purpose. If you need a low- voltage 
power transformer, say to supply a special 
voltage for some transistor project, start with 
a filament transformer rated to supply ap- 
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to your needs as available, and modify it 
as required. 

This approach turns your design job into 
something more like a custom modification. 
At the same time, it solves most of the total - 
design problems for you. 

Most of the special- purpose units needed 
by experimenters fall into the power- trans- 
former class, so we'll go through the steps 
for one of these. The same general prin- 
ciples apply to modification of audio trans- 
formers, however. 

The transformer you start with need not 
he in perfect condition. But the better the 
shape of the unit, the easier will be your 
modification task. We'll assume that the 
primary (I 17 -VAC) winding is in good 
shape; condition of the secondaries is im- 
material. 

Begin by taking the transformer to your 
bench and removing all the secondary wind- 
ings so that only the primary remains. Then 

Fig. SB. With quality transformer, identical 
amplifier circuitry now exhibits only minor phase 
shifts. Amplifier therefore works as intended. 

AUDIO 

IN 

DUALITY TRANfFL'RM[z 

SAME 

AMPLIFIER 

FEEDBACK PHASE = 180° AT 1 kHz 

190° AT 15 kHz 

B LIMB PHASE SHIFT = 0° AT 1000 Hz 

10° AT 15 kHz 

wind a temporary secondary of exactly 10 
turns, and reassemble the windings and core 
stack. Connect the primary to its rated volt- 
age and measure the voltage produced by 
the temporary secondary. 

In a power transformer. the output volt- 
age is determined by the primary voltage 
and the turns ratio. This means that output 
voltage is a definite number of volts for 
each turn in the secondary, when the pri- 
mary is receiving rated voltage. All you 
need do is measure the voltage produced 
by the 10 -turn secondary and divide by 10 

to determine the number of volts produced 
by each secondary turn. From there it's 
only one step to decide how many turns 
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you'll need to produce any desired voltage. 
For instance, if you measure 7.53 volts 

across the 10 -turn secondary, this means 
that each turn is producing 0.753 volts. If 
you want 35 volts from your finished trans- 
former, then you will need 35/0.753 turns 
on the secondary. This divides out to be 
just a fraction greater than 461/2 turns. 
Either 46 or 47 turns will probably give 
you the desired results, since the chances 
are your voltmeter wasn't closer than about 
3 percent to the exact reading in the first 
place. 

With the number of turns determined, 
the second step is to choose a wire size. 
The wire must be large enough to carry 
your desired output current without over- 

a listing for circular mu wire size; the normal 
figure for wire capacity employed in pro- 
fessional transformer designs is 1000 cir- 
cular mils per ampere of current. If you 
need 5 amps from your secondary, this 
means you would want wire at least 5000 
circular mils in diameter. The safest choice, 
though, is to use the largest size of wire 
which will fit into available space. 

With wire size and number of turns de- 
termined, the job from here on becomes the 
same as a transformer repair. Simply wind 
on the new secondary, being sure to insulate 
each layer properly, then reassemble the 
unit permanently. 

For the audio units, the design factor is 
usually impedance level rather than voltage 
ratio; impedance depends upon the square 
of the turns ratio. With this difference, a 
similar approach works. 

They Play 
The Numbers 
Without 
Nixies 

Precise control of more 
than 1.4 million phosphor 

dots is required to meet 
quality standards for 

Sylvania's color TV tubes. 
And therein lies reason 

why the lady in our photo 
is playing her own kind 

of numbers by individually 
screening each phosphor 

-red, green, and blue - 
to form a triangular dot 

pattern. And why the 
happy faces at right? 

Easy! They're holding the 
150 millionth Compactron 

to roll off GE production 
lines since the tube's 

birth back in 1950. 
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12/0 NIGH- FIDELITY 

BOSE Model 901 

Direct /Reflecting 

Speaker System 

Aud io engineers generally acknowledge 
that speaker systems are the weak link 

in the chain of components encompassing 
hi -fi reproducing systems. Amplifiers, pre - 
amps, recordings, have all benefited from 
state -of -the -art developments employing 
solid -state devices, but speaker design has 
followed the same basic concept since the 
introduction of the dynamic reproducer. 

Many design engineers have attempted to 
overcome the inherent weaknesses of the 
moving coil reproducer. By novel applica- 
tions of mechanical, electrical, and acous- 
tical principles in combination they attempt 
to produce a speaker system that sounds like 
the original vocal, solo instrument, or orches- 
tral rendition. 

Hi -fi enthusiasts spend hours, even weeks 
or months in selecting a speaker system that 
pleases them. As a result, they are convinced 
that there really is little possibility that a 
.new system will be developed that can pro- 
vide cleaner, more realistic reproduction of 
sound. To correct for the deficiencies in 

+10 

+5 

-1 

o 

5 

speaker systems, amplifiers have been pro- 
vided with unique compensating circuits that 
provide boost and /or cut at both high and 
low ends and sometimes in the mid -range 
of the audio spectrum. All of these circuits 
add to the cost of the amplifier. 

Design Considerations. The recently 
introduced Bose 901 speaker system ap- 
pears to have met the challenge. The Bose 
901 is a product resulting from extensive 
research that disclosed many basic consider- 
ations to he taken in designing a speaker 
system. Among them are: a) correct bal- 
ance between reflected and direct sound 
radiation: b) a means to overcome conflicts 
created by inherent resonances of speaker 
mechanisms and speaker housings; c) a new 
technique in the measurement of speakers, 
resulting in new standards for design, taking 
into account environmental conditions in 
which the speaker system will be operated; 
d) a new approach to the equalization of 
the signal driving the speaker to correct for 
deviations in frequency response created by 

BOSE 901 SYSTEM 

^ 40 DECREASE 

NTOUR TREBLE COC 
SWITCH POSITION -BELOW 

BOSE 901 SYSTEM 

L 

TREBLE CONTOUR 
4 ate 

SWITCH POSITION 2 I 

20 50 100 200 500 1K 2K 

FREQUENCY IN HERTZS (Hz) 

SEPTEMBER- OCTOBER, 1969 

5K 10K 20K 

Curves supplied by manufacturer 
show various treble contours 
possible with Bose 901 speaker sys- 
tem and its equalizer. In upper 
graph, treble level switch is in 
normal position; in lower graph, 
switch is in decrease position. 
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mechanical design limitations; e) elimina- 
tion of cross -over networks because of their 
inherent inability to effectively control am- 
plitude and phase of the acoustic output in 
the crossover region, be they active or pas- 
sive: f) a means to provide smooth, con- 
tinuous acoustical blending of stereo chan- 
nels without the necessity for a center 
speaker; and g) a means of eliminating 
standing waves that can affect frequency 
response. 

Adapting Design Research. The Bose 
901 system is comprised of two speaker en- 
closures, each pentagonal in shape, 123/4 x 
20 9/16 x 12N -in. (HWD), and each con- 
taining nine 4 -in. speakers. In addition, the 
system is furnished with an active equalizer 
that is inserted between the prcamp and the 
power amp. 

The form of the housing was developed 
for reasons other than to make a speaker 
having a different shape than those which 
are now popular. Two rear baffles are joined 
at an angle of 120° to establish a proper 
reflective angle off the wall of the room in 
which the speakers are operating. Because 
of this angular placement and the large ratio 
( 8 to 1) of radiated sound, achieved by em- 
ploying eight speakers on the rear angled 
baffles and one facing forward on the front 
baffle, there is uniform dispersion through- 
out the room without a "hole" in the center. 

For listeners, this creates the illusion of 
being in a concert hall with a full orchestra 
spread across a stage. It removes completely 
the necessity of having the listener located 
directly on the axis of the speakers in order 
to enjoy the full high frequency response of 
the system. To create the concert hall illu- 
sion, the speaker housings must be placed 8 

to 20 -in. from the wall (12 -in. is ideal aver- 
age) to take advantage of the reflective wall 

surface that was calculated in the overall 
system design. 

Also, the enclosures arc shaped in penta 
gons to ensure that there are no surfaces 
parallel to the speakers, thus avoiding stand- 
ing waves. 

By placing eight speakers closely spaced 
on the rear baffles, acoustic coupling creates 
a resonant frequency for each speaker that 
will he different from that of every other 
speaker. The end result will he that each 
resonance becomes inaudible because it 
changes the output of just one of many 
speakers in the system. Thus, the distor- 
tion of sound that is caused by reson- 
ances in conventional systems is eliminated 
by using many speakers, each being driven 
by the same signal. This, in fact, is the prin- 
cipal reason for the improved clarity and 
definition of reproduction from the Bose 
901, as compared to other speaker systems. 

Excellent Bass Response. To solve the 
problem of wide response with good bass 
reproduction, designers have always used as 
large a speaker as possible for reproducing 
lows, along with smaller speakers to repro- 
duce mid range and highs. In addition, they 
have employed a passive crossover network 
to route the appropriate frequency segment 
to a specific speaker. At best, these networks 
contribute appreciably to the overall distor- 
tion of the complete system. Despite the 
distortion effects of this combination on the 
response curve of such a speaker system, it 
appeared to he the only feasible method of 
covering the full audio range with dynamic 
speakers. 

Bose, however, developed special tech- 
niques, requiring many hours of precision 
measurements of room characteristics along 
with computer analysis of taped perform- 
ances, to prove that multiple small speakers 
can reproduce the same range as with single 
large speakers with no resonances or dis- 
tortion. Bose employs a total of nine 4 -in. 

(Continued on page 104) 

Left, view of front and (center) view of bad of Bose 9.01 with grille cloth removed (note that unit has 
eight speaAers in rear, only one in front). Right, view of rear of unit with grille cloth in place. 
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you can count on 
Eother because nothing suitable was avail - 

able, or, because of economic limita- 
tions, have you ever had to use a meter that 
had a scale not calibrated in the proper units 
for the particular application? For example, 
your power supply output is 65 volts, but 
your meter indicates 100 volts full -scale. To 
gain resolution you "juggle" the multiplier 
so that 65 volts is now the full -scale indica- 
tion, but then you have to convert the read- 
ing on the meter scale by a factor which you 
are always forgetting. Or, the meter should 

AILIC37). 

Add beauty and 
reliability to your projects 

by customizing meters to serve your purpose! 

by Thomas R. Sear 

read volts, but the only meter immediately 
available has a milli- ammeter scale. Sounc: 
familiar? 

How You Do It. If so, here is a method 
that will enable you to customize your 
meters to utilize maximum scale deflection, 
and yet you will always know just what units 
you're reading. In addition, you will have a 
meter scale that doesn't look home -made 
and makes you look like a real professional. 

All you need is a ruler, a compass. some 
dry transfer numerals, and a protractor. 

If you draw the required scale several 
times larger than the actual size of the exist- 
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ing meter scale and then photographically 
reduce this drawing to the original size. the 
slight inaccuracies that inadvertently creep 
into your drawing will be minimized by the 
reduction in size. The resulting scale will 
look professional and will enhance the over- 
all appearance of the project as well as 

making it easier to use the equipment. 
Preliminary Steps. First remove the 

meter movement and scale from the meter 
case and Very carefully remove the meter 
scale from the meter movement. You must 
determine the length of the original meter 
scale arc in degrees before making a new 
scale. To do this tape the original meter scale 

to the center line in the lower half of a piece 
of paper at least 81/2 x 11 in. Then place the 
compass point near the center of the scale 
(point A in Fig. 1) and draw two curved, 
dotted lines. Now place the compass point 
at each end of the scale (points B, Fig. 1) 

and draw the solid curved lines that are 

shown. Make certain that the pencil lead is 

kept sharp, and that the compass point is 

placed exactly where specified. Do not draw 
the lines too heavy so that they may be easily 
erased in the event you may require the 

original scale for a future application. Draw 
the two straight lines between point O and 

the crossing of the curved lines. Point O 

is the center of the circle, a portion of which 
is the meter scale arc. 

Drawing the New Arc. Next, draw two 
lines from point O exactly through the ends 

of the meter scale, extending them so that 
they are 3 to 4 times the length of the radius 
of the scale, as shown in Fig. 2. Using a 

protractor accurately measure the angular 
distance between the two straight lines, and 

record it for later use. Using point O as a 

What You Will Need 
Drafting Equipment. Compass, ruler. protractor. 

pencils, pens, india ink (select professional 
quality tools and supplies) from your local art 

supplier. Some items are available from elec- 

tronics mail order houses such as Allied Radio 

and Lafayette Electronics. 
Dry Transfer Letters: Sometimes called "Press- 

_ Type," or "wax lettering." Datak offers several 

letter, words and numeral kits in combination 
or singly. Datak products are available at Al- 

lied Radio and Lafayette Electronics. Art supply 
stores may carry Datak as well as other prod- 
ucts equally as good. 
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A 

ORIGINAL METER 

Er.Y ABEM;- 

/ 
/MITT iwn critic 

USE YOUR RULER TO VERIFY THAT 

POINT 0 IS EQUIDISTANT FROM 

POINTS B, A AND B 

Fig. 1. To determine length of original scale you 
must know where center of original sca/e arc is 

located. Reason is that you use it as your starting 
point when you draw your new sca/e. 

: 'E6' CUAAENI 

lp m 

30 /1/4, . 
VOLTS 

MEASURE THIS 

ANGLE 

Fig. 2. Carefully measure angle of arc by placing 
protractor between radii and centered at O. Record 
reading for use later when calculating new sca/e. 

center draw an arc using a radius about 
3 times the length of the original radius (OA 
in Fig. 3). An enlargement of 2 to 3 times 
produces an effective new scale size. Dry 
transfer letters are available in many sizes, 
therefore you can readily select a suitable 
ratio of arc enlargement to lettering size. 
The enlargement factor is determined by 
dividing the radius of the enlarged arc by 
the radius of the original arc. 

You now remove the original scale from 
the paper and work directly with the newly 
drawn lines. 

Enlarge the Scale. Draw an outline of 
the original scale that is enlarged by the 
same ratio as the radius of the arc. Make 
certain that cutouts are enlarged, and mount- 
ing holes arc spaced in the same increased 
proportion as the increase in arc radius (see 
Fig. 4). It is advisable. also. to draw the new 
scale arc and its divisions proportionately 
thicker so that when the enlarged scale draw- 
ing is reduced photographically to the origi- 
nal scale size, they will not he lost in the 
reduction. 

Dividing the Scale. Dividing the scale 
requires a little thought. If the new scale is 

an even multiple of the original scale the 
graduations on the original scale will be 
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right where you want them, and you can 
just extend them as shown in Fig. 5. (Note: 
it may he easier to extend these markings 
before removing the original scale.) It's 
more likely though, that you will he changing 
the markings radically. For example, you 
may he using a 10 -volt full -scale meter for 
a 17 -volt full -scale reading. In this case you 
first rough out a meter scale, deciding just 
how you want it to he divided to match the 
read -out that you need (e.g. whether to have 
graduations every 12 volt, or every 10 
volts). 

Once you know how you are going to 
divide your scale, count how many divisions 
will he required on the scale. In Fig. 6 there 
are 20 divisions on the scale. Then divide 
the arc length in degrees (measured earlier), 
by the number of new scale divisions. For 
example, if the arc length of the scale in 
Fig. 6 was measured as 103 degrees we 
divide 103 by 20. The answer is 5.15 degrees 
per division. This tells us that the divisions 
on our meter will be drawn every 5.15 
degrees. 

To ensure that your scale graduations are 
uniform in length, draw four dotted lines 
lightly as shown in Fig. 6 (these will be 
erased later). For best contrast the lines of 
the scale should be drawn with ink; how- 
ever, any dark pencil will do if you make 
the lines uniform in thickness. As far as 
the weight of the lines is concerned, they 
can he made as dark as you wish during the 
reproduction process. 

Marking the Scale. Carefully apply the 
correct dry- transfer lettering and numbering 
to the scale drawing. Clean up the drawing 

SCALE ARC FOR NEW METER SCALE 

DISTANCE (8 - 
ENLARGEMENT FACTOR 

DISTANCE CA 

°.IRECT CURRENT 

VOLTS 
4, 

Fig. 3. To enlarge scale, extend radii OA 3 -4 times 
to OB. Select size of transfer letters to complement 
scalé expansion, and draw new scale arc from point 
O as center. Bold lines ordinarily reduce best. 

OUTLINE OF METER SCALE PLATE 

Fig. 4. Draw new meter face outline, increasing old 
meter face diameter by scale enlargement factor. 
Enlarge original cut -outs and space between old 
mounting holes, using same enlargement factor. 

with an eraser, and spray it with a coat of 
clear plastic to ensure that it remains clean 
and that the lettering is not accidentally 
scraped off in handling. 

Photographing the Scale. Once the 
scale is drawn, accurately measure the dis- 
tance between the meter scale mounting 
holes as shown in Fig. 7. Mark this dimen- 
sion on your drawing for use in the reduction 
process. When the scale is being photo- 
graphically reduced, the photographer will 
actually measure this dimension on the print 
with an accurate ruler. 

If you have photographic equipment, pro- 
ceed as follows; if not, give your drawing 
and these instructions to a photo lab and 

NEW METER SCALE ARC 

ao 

1 

60 

0 

Fig. S. When new scale divisions are even multiples 
of original ones, extend them to new 
sca/e arc. Use ruler, carefully centering it on 
point O and each division marker on old sca/e. 
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VOLTS 
D. C. 
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they will do the remaining work for you. 
Take a closeup picture of the completed 

drawing so as to obtain a full -sized good 
quality negative. Next. make contact prints 
of the drawing on douhle- weight eggshell 
paper. It is during this phase of the work 
that the dimension determined in Fig. 7 is so 

important. While the film is in the enlarger 
or projector, and prior to making the print, 
measure the mounting hole spacing of the 
projected image and verify that it is correct. 
It is a good idea to make more than one copy 
at this time just in case your first mounting 
effort is not successful. 

5.15° 

BETWEEN 

ALL MARKS 

FOR CORRECT GRADUATION 

'SLANT ". EXTEND ALL 

LINES THROUGH POINT 0 

103° 

20 DIV. 
- 5.15 ° /DIV. 

Fig. 6. When new scale divisions are not even 
multiples of original scale, divide arc length 
measured earlier (refer to Fig. 2) by number of 
new scale divisions desired. Extend all graduations 
through point O to assure correct slant of markers. 

HOLE (2 EA.) 

Fig. 7. When photographically printing new scale, 
final print must be exactly same size as 
original sca /e. To be sure, before actually exposing 
the sensitized paper, project negative onto 
easel and measure distance between mounting 
holes. They must exactly match original holes. 

Finally. Trim the new scale to slightly 
larger than necessary by cutting out the scale 

I /16th in. larger than the outline. Mount 
the new scale on the back of the old meter 
scale plate using a good quality cement. 
Alignment is very important. so line up the 
mounting holes and use backlighting to en- 
sure that the scale outlines match. 

Trim the excess paper off, using either a 
very sharp razor blade or, preferably, a very 
fine jeweler's file. Always work away from 
the viewing side of the scale. 

Mount the new customized scale on the 
meter movement and replace the meter case. 

Applications. While this article has de- 
scribed the process as applied to the chang- 
ing of one linear scale to another linear 
scale, it is possible to make scales for watts, 
decibels, etc. The only limiting factor is your 
own ingenuity. The process was developed 
while converting a meter that was graduated 
in decibels and volts to one that would read 
out in Gs (gravity) as shown in the lead 
picture. 

Two for the Fish Flicks 

11b7-11111111 Militimpumeas 

Two, 250 -watt tungsten- halogen lamps on this underwater sea 

sled will help put fish on film. Developed by Sylvania, 
lamps will illuminate deep to probe fishes' fickle ways. 
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ab "A good game of chess is decided in the 
Middle Game" says Tarrasch. And it is true that 
most of the decisive battles are'fought in that 
part of the game. It is there that the tactical 
motifs I have shown in previous columns (dou- 
ble attack, pin, skewer, vulnerable first rank, 
etc.) come into their own. There that hidden 
combinations are found. There that one must 
avoid mistakes and exploit the mistakes of one's 
opponent. And it is there too that one must at- 
tack certain squares, down files, on diagonals, 
and across ranks. Here are some of these typical 
attacks. 

Attack On QN7. Legend has it that a certain 
impoverished but solicitious chess -playing fa- 
ther's only legacy to his chess -playing son was 
the advice: "Never take the Queen Knight's 
Pawn!" Be that as it may, when the Queen 
penetrates as far as QN7 into the enemy camp 
she may be attacked from all sides and lost. 

Black 

White 

Black moves. White has just played I QR -Q1, 
setting a trap. 1 ... QxNP ?? (taking the bait) 
2 R -N1, QxRP 3 R -R1, Q -N5 4 KR -N1 and the 
Black Queen is caught. 

Forcible Exposure Of The King. A frequent 
way of getting at the King is by sacrificing a 
Bishop or a Knight at KN6 or KR6 for two 
Pawns. After that it is a matter of bringing up 
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the Queen and some additional pieces to effect 
a mate. 

Black 

White 

An initial attack on the KRP sets it up. I 
Q -B2. P -B4? 2 PxP e.p., NxP 3 N -N5, P -N3 
4 BxP! (on target) PxB 5 QxP# K -RI 6 
Q -R6# K -NI 7 N -N6 (threatening mate by 
either 8 Q -R8 or 8 NxB) N -B2 8 NxB mate. 

Attack with the King Bishop's Pawn. A Pawn 
at KB6 can be crushing, catastrophic for the 
opponent, as all kinds of mating attacks may 
revolve around it. 

Black 

. 

iffG If 
it* 

White 

I R -R8 #! KxR 2 Q -Q8# K -R2 3 Q -KB8 and 
4 Q -N7 mate can be postponed for only one 
move with the "spite check 3 ... Q -N7 #. 

Game of the Issue. Dr. Reuben Fine, a New 
York psychologist, has had one of the most 
brilliant chess careers of our time. It has been 
distinguished in chess play and in chess writing. 
This has been true of only a small number of 
grandmasters. 

Fine, born in 1914. learned the moves from 
an uncle when he was about 8 years old. He 
played in high school and began to frequent 
the Manhattan and Marshall Chess Clubs in the 
spring of 1929. It was then that his great pas- 
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1 

2 
P-K4 
P-Q4 

P-K3 
P-Q4 

15 
16 

RxP 
Q-R5! 

Q-01 
N-K2 

3 N-0113 B-N5 17 R-04! P-KN3 
4 P-K5 P-QB4 18 Q-B3 0-B2 
5 B-Q2 N-K 2 19 N-B3 N-B4 
6 N-B3 N-B4? 20 N-N5 0-N3 
7 PxP! BxP 21 RxB! KxR 
8 B-03 N-R5 22 P-KN4 N-R5 
9 0-0 N-83 23 QxBP B-K2 

10 R-K 1 P-KR3 24 B-N4 OR-K1 
11 N-R4! B-81 25 BxB RxB 
12 R-0B1! B-02 26 0-B6 P-R3 
13 NxN QxN 27 R-Q1! PxN 
14 P-QB4! PxP 28 B-K4= Resigns 
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sion for the game began -a passion which lasted 
for some eight years. During those eight years. 
he became tops in rapid -transit tournaments. 
devoted himself to the study of the books and 
games of Tarrasch. Reti, Nimzovitch, Lasker. 
Capablanca, Alekhine, and Steinitz. started 
writing his own books. played on three U.S. 
World Championship Teams. won the U.S. 
Speed Championship four times. gave simul- 
taneous exhibitions (some blindfold), and com- 
peted in tournaments (home and abroad) and 
matches. But by 1938 his passion for chess had 
subsided. This was due to several things -his 
eagerness to get back to professional work. his 
dislike of how the chess world was organized, 
his belief that the Russians played politics with 
the world championship, and his disappointment 
at being unable to get a crack at the title by 
playing matches with Alekhine. Botvinnik, or 
Smyslov. all World Champions. 

Fine played in thirty -six master tournaments 
and finished first, or tied for first and second. 
in twenty -one of them. In matches, he defeated 
H. Steiner. 51/2-41/2, A. Dake. 6 -4, 1. Horowitz. 
6 -3. G. Stahlberg, 5 -3, H. Steiner (again), 31/2- 

I /z, and drew with M. Najdorf, 4 -4. 
But it may well be that the psychologist- chess- 

player has made his most indelible mark on 
chess history with his books. The list is impres- 
sive -CHESS THE EASY WAY. an introductory 
textbook for beginners and one of the all -time 
best sellers. THE IDEAS BEHIND THE OPENINGS. 
an explanatory review of each opening. PRAC- 
TICAL CHESS OPENINGS. a compilation of 10,000 
opening variations. THE MIDDLE GAME IN 
CHESS, one of the few worthwhile books on a 
part of the game which is comparatively neg- 
lected, BASIC CHESS ENDINGS, a 573 page de- 
finitive work which is hailed as a masterpiece, 
and several other books. 

Former World Champion Max Euwe wrote 
that Fine likes "sharp positions." that he goes in 
for chancey situations, that he never takes risks. 
that he confronts his opponents with tricky prob- 
lems from the very first move, but that above all 
his play is logical. Fine himself says he is an 
eclectic and that he stresses accuracy more than 
everything else. He considers the game below 
to he the best one of his career. It is a French 
Defense, was against Salo Flohr (Black ), and 
was played in the AVRO Tournament, 1938. 
AVRO was Fine's greatest tournament victory: 
he scored 81/2 points, which included two wins 
from Alekhine and a win and a draw with Bot- 
vinnik, and tied for first and second places with 
Paul Keres. Game at top of next column. 

Why did Black resign? Because he will be 
mated, lose his Queen. or be a piece and a Pawn 
behind. Here is the analysis: 

Position after 28 BxK4 

Black 

E 
fE_Jti 

# 
it4 

Ait 
g 
White 

Solution to Problem 19: 1 K -B7 

Stranger Than Fiction. 
master game of all time. 
Opening, was played in 
contestants were Gibaud. 

1 P-Q4 N-KB3 
2 N-02 P-K4 
3 PxP N-N5 

Black 

Here is the shortest 
It is a Queen's Pawn 
Paris, 1924, and the 
White. and Lazard. 

4 P -KR3 ?? N -K6!! 
Resigns 

E 4t.L fit III 

41 A 
A' it-O.alg 

White 

Black mates or wins the Queen. If 5 PxN, 
Q-R5# 6 P -N 3, QxNP mate. 

(Continued on page 105) 
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WHAT YOU WILL LEARN. In this chapter r ou 
will learn how a television receiver converts 
electronic signals into picture and sound re- 
productions. Learning the basic principles of 
television receivers is no more difficult than 
learning the principles of radio. The basic elec- 
tronic principles are the same for both. You 
will find this to he true for any electronic equip- 
ment, regardless of how complicated it may 
seem. We suggest you review the Basic Course 
on television transmitters in the preceding issue 
of ELEMENTARY ELECTRONICS. 

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

There are, of course, as many varieties of TV receivers as there are bats in 

the belfry. Thing is, since they all must process the same signals from a TV 
transmitter, the function of their circuits must be identical. 

Block Diagram of a TV Receiver ç 

ANTENNA 

90 

RF SECTION 

SYNC 

SEPARATOR 

LOW- VOLTAGE 

POWER SUPPLY 

FOR ALL 

CIRCUITS 

.....10. SOUND 

SECTION 

IF VIDEO 

AMPLIFIER SECTION 

i1 
VERTICAL 

SCANNING 

CI RCI1I TS 

]1:1 SPKR 

PICTURE TUBE 

HORIZONTAL 

SCANNING 

CIRCUITS 

HIGH- VOLTAGE 

PONER SUPPLY 

The illustration above shows a single antenna bringing both the FM sound 
carrier and the AM video carrier to the RF (radio- frequency) circuits. This is 

satisfactory, since the sound- and video -carrier frequencies are fairly close to- 

gether (though the sound carrier is 4.5 MHz higher). 
Both carriers are amplified and converted into an intermediate frequency 

(IF). The IF signals are amplified and then separated, each being sent to its 

proper section. In the sound section, the audio component of the frequency - 
modulated wave is extracted and sent to the speaker. In the video section, the 

picture signals and blanking pulses are taken from the amplitude -modulated 

wave and sent to the cathode -ray (picture) tube. 
Synchronizing (sync) pulses time the controlling voltages of the vertical and 

horizontal circuits. Outputs of these stages cause the image to be placed on the 

screen of the cathode-ray tube. 

RF Section 
In most TV sets the RF section (sometimes called the front end or tuner) 

normally consists of an RF amplifier, a mixer, and an oscillator. Refer to 

illustration on next page. Dashed lines to two or more circuits in a diagram 

indicate that a single control has an effect on each circuit or part indicated. 

Q1. and carriers are received by a single 
antenna. 

o 

o 
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Q2. The two frequencies differ by- - MHz. 
Q3. The carrier containing the synchronizing pulses is at a 

(lower, higher) frequency than the audio carrier. 
Q4. Outputs from the RF section are fed to the and 

sections. 
Q5. What stages are tuned by the receiver channel selector 

switch? 
Q6. What section delivers the picture image to the picture 

tube? 

RF Section of a TV Receiver 

ü Oil 
VIDEO SIGNAL 

lt RF AMPLIFIER MIKER 

i. i 

ii 
AGO:' 

SIGN:_ 

, I i 

I 

--- 4e- -- 
RF TUNING 

- - - -- OSCILLA 

0' lucLlFl_a 

Your Answers Should Be: 
Al. Sound and video carriers are received by a single antenna. 
A2. The two frequencies differ by 4.5 MHz. 
43. The carrier containing the synchronizing pulses is at a louer 

frequency than the audio carrier. 
A4. Outputs from the RF section are fed to the sound and video 

sections. 
AS. RF amplifier. mixer, and oscillator stages are tuned by the 

selector switch. 
A6. The video section delivers the picture image to the picture 

(cathode -ray) tube. 

RF Amplifier. All the TV station carriers reaching your receiver appear at 
the input of the RF amplifier. In selecting a channel, the tuner provides the 
right combination of inductance and capacitance in this circuit so that only the 
video- and sound -carrier frequencies of that channel are amplified. All other 
channel frequencies are rejected. 

Mixer and Oscillator. The mixer is tuned to the same frequency as the PF 
amplifier. Its purpose is to develop the intermediate frequency for the 1F' ampli- 
fiers located in the sound and video sections. The mixer (converter) does this 
in the same manner as the mixer in the AM radio receiver. The oscillator de- 
velops a frequency that is the desired IF' above the video- and sound -carrier 
frequencies. The oscillator and carrier frequencies are mixed to produce the IF 
difference frequency at the output of the mixer. This frequency is then fed to 
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the IF amplifiers with the appropriate video and sound modulations still 
existing. 

Fine -Tuning Control. Most sets have a fine- tuning control in addition to the 
channel selector. The fine -tuning control adjusts the value of a component 
(usually a capacitor I in the oscillator circuit. The change in value of this com- 

ponent causes an appropriate change in the frequency of the oscillator, allow- 

ing the IF for sound and video to be tuned more precisely. 

Sound Section 
You may have noticed the similarity between the mixer and oscillator of a 

radio receiver and the corresponding circuits in a TV receiver. In fact, most of 

the circuits of the sound section are similar in operation to those found in an 

FM radio. 

92 

TV Receiver Video Section 

IF 
AMPLIFIER 

o 
DETECTOR 

AUDIO --(/ 
AMPLIFIF IER 

SPhR 

IF Amplifiers. The IF signal contains both frequency and amplitude modula- 

tion. The IF frequency is usually near 45 MHz, which is a much higher fre- 

quency than the 455 -kHz IF usually found in an AM radio. This higher IF fre- 

quency modulated by both the audio and video signals is more difficult to 

amplify. Thus, the gain (amount of amplitude increase between circuit input 

and output) is low, and more than one stage of IF amplification is necessary. 

Depending on the quality of the receiver, the IF section will have two, three, or 

four IF amplifiers, one after the other. This row of amplifying circuits is 

sometimes called the IF strip. 

Q7. Front end is another name for the - - 
What are the two carriers that enter the RF amplifier 
from the antenna? 

Q9. What are the frequencies that become inputs to the 
mixer? 

Q10. The selector switch tunes the mixer to the same input 
frequency as the - - 

Q11. The oscillator is tuned to a (higher, lower) frequency 
than the video carrier. 

Q12. IF amplifiers are circuits in both the and 
sections. 

Q8. 

o 

o 
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Q13. There are (more, fewer) circuits in a TV IF strip than in 
the similar section of a home radio. 

Your Answers Should Be: 
A 7. Front end is another name for the RF section. 
A 8. Sound and video carriers enter the RF amplifier from the 

antenna. 
A 9. Sound, video, and oscillator frequencies are inputs to the 

mixer. 
A10. The selector switch tunes the mixer to the same input fre- 

quency as the RF amplifier. 
All. The oscillator is tuned to a higher frequency than the video 

carrier. 
Al2. IF amplifiers are circuits in both the sound and video sections. 
A13. There are more circuits in a TV IF strip than in the similar 

section of a home radio. 

Sound Detection and Amplification 
Because the TV sound is contained in the form of frequency modulation, the 

method for removing the audio component is different from that for AM. 

Frequency Modulated Wave 

ó 

J 
a1 

AUDIO COMPONRi 

I LOUD VOLUME . I LOW VOLUME 

I LOW -FREQUENCY AUDIO I LOW -FREQUENCY AUDIO 

1/) 

LOUD VOLUME I 

HIGH- FREOlin: ' ^I" 

The Detector. FM and AM detectors have the saine purpose -to remove the 
audio component from the modulated intermediate frequency. For FM, the 
variations in frequency are changed into voltage variations by the detector. 
The output of the detector I quite frequently called a discriminator because it 
discriminates between AF and IF), is an audio frequency representing the 
tone and amplitude of the sound originating at the studio. 

The difference in volume, as shown in the illustration, is determined by the 
distance between cycles of the carrier I or IF). For a given carrier, its fre- 
quency is the same,for each cycle of audio. Carrier frequency decreases 
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i cy cles farther apart) during the positive portion of an audio wave and 

increases (cycles closer together) during the negative portion. The greater the 

volume of the audio, the greater is the difference in carrier frequency between 

the positive and negative half cycles of the audio. A weaker volume shows less 

difference (carrier frequency will be more uniform throughout the audio 
cycle) between positive and negative half cycles of the audio. 

High and low tones are determined by the number of times the periodic 
carrier- frequency variations repeat themselves. For low audio tones, repetition 
of cycles (audio frequency) is less often. For high tones, repetition of cycles 
occurs a greater number of times per second. 

The Audio Amplifier. The purpose and method of amplifying audio are 
identical in AM and FM receivers. The amplifier in either system raises the 

amplitude of the pure audio signal to the level required for operating the 

speaker. The volume control and tone control (if the TV set has one) are 

normally separate variable resistances in the first of two audio- amplifier stages. 

Q14. Detectors are designed to remove modu- 
lation from the frequency. 

Q15. The audio component of an FM signal is removed by a 
(an) circuit. 

Q16. In frequency modulation, the distance between cycles of 
the carrier frequency determines the (volume, tone) of 
the sound. 

Q17. A high tone requires (more, less) repetition of the IF 
variations than a low tone. 

Q18. A discriminator separates the modulation frequency from 
the 

94 

Your Answers Should Be: 

414. Detectors are designed to remove amplitude modulation 
from the intermediate frequency. 

415. The audio component of an FM signal is removed by a 

discriminator circuit. 
416. In frequency modulation, the distance between cycles of thf 

carrier frequency determines the volume of the sound. 

A17. A high tone requires more repetition of the IF variations than 
a low tone. 

418. A discriminator separates the modulation frequency from the 
intermediate frequency. 

Video Section 
The purpose of the video section is to amplify the modulated picture signal 

and distribute its signal components to the correct stages of the set. 

o 

() 
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TV Receiver Video Section 

FROM 

MIXER 

IF 
AMPLIFIERS 

VIDEO VIDEO 

DETECTOR AMPLIFIER 

411 

IF Amplifiers. The output of the IF' amplifiers contains the s ideo signal and 
is fed to the video detector, as shown in the diagram. 

Contrast Control. The contrast control is actually a variable resistance in 
one of the video -amplifier stages. Its purpose is to vary the amount of output 
from the amplifier with which it is associated. This increases or decreases the 
amplitude difference between the voltages representing the white and black 
portions of the image. If the amplifier output is increased, the difference 
between the N o voltages becomes greater and the contrast is increased. 

Video Detector. Like the detector used in an AM radio, a TV video detector 
is usually a diode. As we have already learned, a diode conducts current in one 
direction only. When the modulated signal is applied, the detector conducts 
only during the time the waveform is going positive. The varying frequency 
representing the sound, and the negative portion of the video signal cannot pass 
through the detector stage. Therefore, the output of the detector is identical tu 
the picture signal as it left the camera and before it was placed on the carrier. 

FROM 

DETECTOR 

Video Amplifier and DC Restorer 

VIDEO 

AMPLIFIER 

TO SYNC 4 
SEPARATOR 

DC RESTORER 

J 
Video Amplifiers. The output of the detector is a relatively weak signal. not 

strong enough to cause a reproduction of the picture. Video amplifiers are 
therefore required to achieve the necessary signal amplitude. These must be 
wide -band amplifiers because the frequency content of the picture signal covers 
a wide frequency range. 

The output from the video -amplifier section is the reverse (upside -down I of 
the waveform that entered its input. This is the condition of the waveform that 
is desired. If the image and blanking pulses were positive -going instead of 
negative- going, the blacks of the image would appear as whites. and the whites 
as blacks. 
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Q19. The contrast control changes the amount of 
of a video amplifier. 

Q20. 'l'he video detector selects the (positive, negative) por- 
t' of the picture signal and rejects the 

fretiuenev. 
Q21. In the output of the video -amplifier section the sync 

pulse has a voltage (more, less) negative than the image. 

Your Answers SI hi Be: 

t19. The contrast control changes the amount of output of a video 
amplifier. 

A20. The video detector selects the positive portion of the picture 
signal and rejects the intermediate frequency. 

A21. ln the output of the video -amplifier section the sync pulse has 
a voltage more negative than the image. 

Image Display 
III the illustration below, zero voltage is shown on the reference line. Any 

portion of the signal below this line is negative. As you may recall, the camera 

image produces a signal in which whites are more positive than blacks and 

grays, and grays mure positive than the blacks. The cathode -ray tube places the 

image on the screen with an electron beam similar to that used for scanning in 
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Video Waveform Content 

V 

IMAGE FOR ONE 

LINE OF SCAN 

SYNC PULSE --q 

WHITE SIGNAL 

SHADES OF GRAY 

+. 
u 

_ - BUCK SIGNAL 

BUNKING PULSE/ 

1 

the camera. Video signals fed to the cathode -ray tube control the number of 

electrons striking the fluorescent screen. The fluorescent material on the screen 

gives off light in proportion to the number of electrons that strike it. 

To reproduce blacks, the beam must be shut off. Whites require a maximum 

number of electrons. The video signal controls the number of electrons by the 

value of its negative voltage. Negative voltage repels electrons. A highly nega- 

tive portion of the image signal (black) stops electron flow completely. I 
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DC Restorer. To achieve proper values of the image and blanking voltages 
that control the number of electrons in the beam, a definite voltage reference 
level must be established and maintained. In other words, zero voltage is the 
reference shown in the illustration, and must be at the top of the waveform. If 
the waveform varies above or below this zero reference, the video and blanking 
will not appear on the screen properly. The circuit in most TV sets that main- 
tains this level is called a DC restorer. 

Brightness Control. Another front -panel adjustment. the brightness control, 
is a variable resistor in the picture -tube circuit. The purpose of this control is to 
adjust the position of the waveform on the zero reference level to a point that 
provides the best screen brightness for viewing purposes. if the control is 
adjusted so that the near -white amplitudes in the image are brought closer to 
the zero reference, more electrons strike the screen, making it brighter. When 
the control is turned in the other direction, so that even the white amplitudes 
are below the zero reference, fewer electrons strike the screen and the entire 
picture is darker. 

Sync and Blanking Pulses 

FROM IDEO 
DC RESTORER 01. AMPLIFIER 

SYNC 

SEPARATOR 

BLANKING 

PULSES 

11 

SYNC PULSES 

Q22. The screen of a cathode -ray tube glows brighter if (more, 
fewer) electrons strike it. 

Q23. To put "black" on the picture tube, the voltage repre- 
senting black in the video waveform must be as (nega- 
tive, positive) as the pulse. 

Q24. A zero reference level of the video waveform is estab- 
lished by the - - 

Q25. The adjust the zero ref- 
erence level for the desired brightness of the screen. 

Your Answers Should Be: 
A22. The screen of a cathode -ray tube glows brighter if more 

electrons strike it. 
A23. To put "black" on the television screen, the voltage repre- 

senting black in the video waveform must be as negative as 
the blanking pulse. 

A24. A zero reference level of the video waveform is established by 
the DC restorer. 

A25. The brightness control adjusts the zero reference for the de- 
sired brightness of the screen. 
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Scanning 
In the discussion thus far. video and blanking pulses have been fed to the 

cathode-ray tube for each scanned line of the picture waveform entering the set. 

The picture portion of the waveform controls the intensity of the electron beam, 

Screen and Camera Beams are Synchronized 

- 

525 ,Ili_ 
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; 
ODD 

EVEN EACH FIELD IS SWEPT IN 

l TH SECOND OR A TOTAL 

000/ FRAME INS TH SECOND 

EVEN 

OÚ0 

EVEN 

l 

while the periodically appearing blanking pulses shut the beam off at the proper 
intervals. 

Some method is needed to move the beam on the receiver screen from side to 

side and top to bottom in synchronization (in step) with the action that takes 

place in the camera. Each of the video waveforms represents one particular scan 

line among the 525 lines that should appear on the screen for a complete picture. 
Up to this point all of the video waveform has been used except the small sync 

pulses that are on top of the blanking pulses. 
There are 525 horizontal lines in a complete picture on a TV screen. Each 

line represents an image line scanned by the TV camera and a screen line to be 

swept (reverse of scan) by the electron beam in the TV tube. The entire 525 

lines are called a frame. 
The camera sweeps every other line (interlaced scanning) for ease in 

electronic control and viewing (this technique effectively eliminates flicker) . The 

receiver beam must do likewise, sweeping every other line precisely in sequence 

with the camera. In the first pass, called a field, the beam must start in the upper 

left -hand corner and trace every odd line, ending at the middle of the bottom 

line for a total of 2621/9 lines (1/, of 5251. The beam must then return to the top 

center of the screen and sweep each even line in sequence, completing 2621/_ 

lines of the field at the end of the bottom line. 

In the process. the beam must excite the fluorescent screen with the correct 

intensity indicated by the corresponding portions of the video waveform. At 

the end of each line, the beam is blanked and must be rapidly returned to the 
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left to start the next line of the picture. When the beam reaches the bottom of the screen, it must be blanked again and rapidly returned to the correct position (left or middle) at the top to sweep the next field. It must complete a field (2621/ lines) in precisely 1/60 of a second and a full frame (complete picture) in 1/30 of a second. 

Q26. There are lines to a field and - -- fields to a frame. 
Q27. The sweep of the receiver beam must be 

with the - - -- of the camera 
beam. 

Q28. The start and the position of each scan line on the CRT 
screen are controlled by the 

Your Answers Should Be: 
A26. There are 262% lines to a field and two fields to a frame. 
A27. The sweep of the receiver beam must he synchronized with 

the scan of the camera beam. 
A28. The start and the position of each scan line on the CRT screen 

are controlled by the synchronizing pulses. 

Moving the Electron Beam 
You know that a negative voltage repels and a positive voltage attracts 

electrons. The cathode -ray tube (CRT) uses this effect to send an electron 
beam to the screen and control its movement. 

VIOEO ANO BLANKING 

SIGNAL' 

Cathode Ray Tube 

VERTICAL CONTROL 

HORIZONTAL CONTROL 

COUPLE OF ELECTRON BEAM 

10.000 OP MORE VOLTS 

The basic construction and connections of a CRT are illustrated above. At 
the left end is shown an electron gun which shoots a narrow stream of electrons 
toward the screen. To speed the electrons on their way, the inner surface of the 
flared portion of the tube has a conductive coating energized with a voltage that 
is several thousand volts positive with respect to the electron source. 
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The CRT i- connected to the output of the last video amplifier from which is 
received the video and blanking signals. The CRT element which controls the 
number of electrons responds to the varying amplitude of the video and 
releases the quantity required. This element also stops the flow of electrons 
when the blanking pulse appears. 

During the time a video signal is present, the beam must be moved from left 
to right across the screen. When the beam reaches the right side, the blanking 
pulse shuts off the electrons and the beam moves back to start the next line. 

Moving the Beam Across the Screen 

T O P V I E W 

HORIZONTAL DEFLECTION COIL 

A horizontal- deflection coil wrapped around the neck of the tube moves 
the l,eam from side to side. Current moving through the coil sets up a magnetic 
field which has an attracting and a repelling effect on electrons similar to 

positive and negative voltages. The stronger the field, the greater its effect on 

the beam. To increase the strength of the field requires an increase in current 
through the coil. The illustration shows the beam deflected to the left. 

The change in strength of the magnetic field during a sweep must coincide 
with the time duration of the scanned line. A gradual rise of current within the 
coil during this time period accomplishes this. The starting time is triggered 
rapidly at the end of each line (during the blanking pulse I, the sudden drop in 

by the sync pulses that ride on the blanking pulses. If the current decreases 

magnetic field strength returns the beam to the left very quickly. 
A similar magnetic field is set up by a second coil (the vertical -deflection coil) 

which controls the movement of the beam line by line from the top of the screen 

to the bottom. On completion of a field, the beam quickly retraces to the top. 

Q29. The electron beam in the CRT is generated by a (an) 

Q30. Electrons are drawn to the screen of the CRT by a (an) 

100 

Q31. move the CRT beam. 

Q32. An increase in current through a deflection coil (increases, 
decreases) the magnetic field. 

o 

o 
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Your Answers Should Be: 

A29. The electron beans in the CRT is generated by an electron gun. 
X30. Electrons are drawn to the screen of the CRT by a positirc l Cage. 

A31. Magnetic fields move the CRT beam. 
A32. An increase in current through a deflection coil increases the 

magnetic field. 

Sync Control Circuits 
The beam movement is accomplished by steadily increasing the current flow 

in each of the deflection coils during precise time intervals. The starting times 
for these intervals are controlled by the ne pulses. 

Sync Control Circuits 

CM ASEO 

AMPLIFIER 

n n n r-t D f 
1 _^ / 

SYNC 

SEPARATOR 

VERTICAL 

SWEEP 1 

n n n 

L 
HDRIZDNTAL 

S 

SWEEP 

Sync Separator. Sync pulses arrive at the sync separator from the video 
amplifier. There is one narrow sync pulse for each line of scan. This pulse is 
intended to control the starting time of each horizontal sweep across the screen. 
When one field of 2621/, lines has been completed, the video waveforms are 
followed by a sync pulse many times wider than the horizontal sync pulses. 

This wide pulse is the trigger that develops a vertical sweep to move the beam 
from line to line down the face of the screen. Every other vertical sync pulse 
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starts in the middle of a video waveform, accounting for 2621/. lines in each 
frame of interlace scanning. 

The illustration on the previous page shows the comparative widths of the 
horizontal and vertical sync pulses and the relative starting times of the first 
and second frames. The sync pulses are removed from the complete video 
waveform and sent to the sync separator. 

The narrow and wide pulses are distributed to the appropriate sweep circuits 
(horizontal and vertical) by the sync separator. This is accomplished by capaci- 
tor and resistor combinations which can distinguish between voltage waveforms 
with short time durations and those with long durations. The short sync pulses 
are sent to the horizontal -sweep circuit and the long pulses to the vertical -sweep 
circuit. 

Sweep Circuits 
The two sheep circuits (horizontal and vertical) generate a linear rising 

voltage each time they receive a sync pulse. The horizontal -sweep circuit is 
triggered 525 times during the same time the vertical -sweep circuit is triggered 
twice. 

Horizontal -Sweep Circuit. Horizontal sweep is produced by an oscillator 
which generates a slowly rising and rapidly decaying sawtooth waveform, 
whether or not the set is tuned to a transmitting station. This accounts for the 
raster (lines on the screen) when the TV receiver is on but no signal is being 
received. 

Horizontal Sweep Circuit 

nn nn RISE 11ME 
DECAY TIME 

SON SYNC HORIZONTAL 
PARATOR 

SWEEP 

TO HORIZONTAL 

DEFLECTION COIL 

The purpose of the sync pulse is to trigger the oscillator so that oscillation, 
start at the sanie time as the line scan in the camera. Capacitor and resistor 
combinations convert the oscillations to the sawtooth waveshapes shown in the 
diagram above. Rise time of the sawtooth causes the current in the horizontal - 
deflection coil to increase gradually, moving the beam across the screen in step 
with the line scan in the camera. At the end of the line, coil current decreases 
rapidly, returning the beam (which is now blanked) to the left side of the 
screen. There are 2621/ lines to each frame, so the frequency of the horizontal 
oscillator Hoist he 15,750 cycles per second. 

Vertical -Sweep Circuit. The vertical -sweep oscillator and amplifier are almost 
identical to those in the horizontal -sweep section. The main difference is that 
the frequency of oscillation is much lower -60 times a second, to match the 
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frequency at which each field is swept. The rise time (plus a short decay time) 
of the vertical sawtooth lasts for 1/60 of a second before another vertical-s nc 

pulse arrives to start the next waveform. Gradual increase in current in the 
vertical- deflection coil moves the beam from the top to the bottom of the screen. 
The decay of the vertical sawtooth waveform brings the beam back to the top 
in time for the next sync pulse. 

Height Control. in most TV receivers a height control varies the setting of a 

variable resistor in the vertical -sweep stage. Adjustment of the control moves 

the starting position of the sweep up or down. The resistor controls the amount 
of initial current that flows through the coil. 

High -Voltage Power Supply 
The several thousand volts required for the CRT are developed in the high - 

voltage power supply. a group of circuits usually contained in a metal cage 
inside the set. A diode discharging a capacitor through a transformer produces 
the high voltage for the CRT. Even after the set has been turned off, the 
capacitor can retain its charge for some time. Precautions should therefore be 

taken if work must be done inside this cage. 

WHAT YOU HAVE LEARNED 

1. A TV receiver contains many circuits that can be grouped into a few 

electronic functions. These include the RF section I front -end I, IF section. 
sound section. video Sectiom. vertical -s% nc c(ntrol. horizontal-sync control. 
cathode -rav tube. and low- and high -% oltage power supplies. Many of the 
functions are similar to those found in a radio receiver. 

2. The RF amplifier, mixer, and oscillator select the desired channel among 
the many appearing on the antenna and convert the sound and video - 
carrier frequencies to appropriate intermediate frequencies. 

3. The sound section. containing an iF stage for amplification. a detector I or 

discriminator) for removal of the audio component. and audio amplifiers 
for further amplitude gain. processes the signal for operation of the speaker. 

4. The video section contains similar circuits to extract the video signal and 

amplify it to a level required for operating the beam- control portion of the 

CRT. 

5. Vertical- and horizontal -sync pulses are taken from the iilei, signal and 
channeled through corresponding vertical- and horizontal-s%% eel) circuits. 
The sawtooth waveforms developed by these circuits control the nu %ement 

of the electron beam, causing the image to be placed on the screen, a line at 
a time, in precise synchronization with the camera scan beam. 

6. Highly dangerous voltages exist on the cathode -ray tube and inside the cage 

of the high -voltage power supply. Extreme caution should be used when 

working in these areas. 

7. Most of all, you have learned a great deal more about electronics. You 

should now have acquired a fairy good understanding of how electronic 
circuits work. A mental image of circuit and equipment operation will give 

you a solid reference against which you can base the details of current, 
voltage, resistance. inductance. and capacitance principles. You need a clear 
understanding of these priuciples if you plan to become technically compe- 
tent when working with electronic equipment. 
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Bose Lab Check 
inuinued from page 80 

special, long excursion, high compliance 
cone, wide range speakers in each penta- 
gonal housing. Arranged in an in -phase ar- 
ray these can move large amounts of air, 
which, along with the special equalizer, ac- 
counts for the spectacular bass and clean 
mid and high range response of the 901 
system. 

High Power Capacity. Since each of the 
nine speakers individually can handle 30 
watts of audio power, the complete system 
is capable of operating at very high power 
levels (upwards of 270 watts), that may be 
required to reproduce low frequencies of 
sufficient loudness. Bose recommends that 
amplifiers having a minimum of 20 watts 
power output be used. This is necessary 
to overcome the losses created by the equa- 
lizer and still have sufficient power output 
to recreate the dynamic range necessary to 
produce the illusion of natural reproduction. 

The Active Filter. Regardless of the de- 
sign of any speaker system, its overall per- 
formance can be improved somewhat by the 
application of correctly designed electronic 
networks that compensate for its variations 
from a uniform frequency response. Be- 
cause it is impractical to equalize for varia- 
tions created by resonances, speaker systems 
have suffered. However, since the Bose 901 
speaker has been designed to be virtually 
free of resonance effects, the active equalizer 
that is part of this speaker system, produces 
uniformity of radiated power vs frequency 
not attainable in other commercially avail- 
able speaker systems. This equalizer is a 
sophisticated, transistorized, active unit that 
accurately compensates stereo response for 
the effects of speaker characteristics, enclo- 
sure dimensions, radiation impedances and 
even the grille cloth covering the baffles. 
Equalization is accomplished without intro- 
ducing distortion. This is achieved by equa- 
lizing the signal between the preamp and 
the power amplifier which, therefore, re- 
moves the necessity of employing the iron 
core inducers and capacitors capable of han- 
dling high power, that introduce distortion 
in passive filters. Further to this, it is pos- 
sible to get a greater degree of accuracy in 
equalization by the use of more elements 
in an active filter than is practical in a pas- 
sive one. 
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Tailoring Response. Besides affording 
the compensation required to produce flat 
acoustic response, this equalizer provides a 
selection of nineteen additional contours, 
selectable from the front panel of the equa- 
lizer. This flexibility of control of equaliza- 
tion permits the listener to tailor the response 
to meet his particular tastes in compensating 
for room characteristics, recording tech- 
niques, and other variables. A separate 
switch produces steep, uniform attenuation 
below 40 Hz to remove turntable rumble 
without affecting bass response from 50 Hz 
on. 

Conclusion. The Bose 901 speaker sys- 
tem delivers the most natural stereo sound, 
creating the illusion of being in a concert 
hall, with a uniformity of frequency re- 
sponse and freedom from distortion that is 
unbelievable, particularly if the listener takes 
into account the physical size. Considering 
all its advantages, the price tag of just under 
$500.00 for the complete system, which in- 
cludes two speaker assemblies and the active 
equalizer, is modest. It is our opinion that 
this is the speaker system to own, regardless 
of price, if one wants the ultimate in listen- 
ing pleasure. 

For further information and literature, 
write The Bose Corp., Dept. E, Natick, 
Mass. 01760 

"That's very flattering, but according 
to our calculations you tell that 

to two out of three secretaries." 
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Handy -Dandy Radio 
Continued from page 63 

connect a mic, or phono, or tape deck or 
FM tuner or what have you to clips # I 

(Common) and #3 (Amplifier Input). If 
you want better tone and volume plug in a 

larger PM speaker into the jack on the front 
panel. This same connection plan can be 

used to listen to records, thus using the 
Handy -Dandy Combo as a phono amplifier. 

You need an AF probe to trace audio sig- 
nals lost in a defective amplifier stage. Make 
a probe. using single conductor shielded 

PARTS LIST FOR HANDY -DANDY 
TRANSISTOR RADIO 

1- "Build -ln" three part transistor radio 
(Radio Shack 12 -1150 or equiv.) 

1-9 volt transistor battery (Radio Shack 23- 
464 or equiv.) 

1 -100 pF ceramic disk capacitor (Radio Shack 
71 -5106 or equiv.) 

1 -.05 uF, 600 V. capacitor (Radio Shack 71- 
0458 or equiv.) 2- Miniature alligator clips (Radio Shack 270- 

= 348 or equiv.) 
s 3- Fahnestack clips (Radio Shack 270 -393 or 

equiv.) 2- Calibrated knobs (Radio Shack 274 -392 
or equiv.) 2- 100,000 ohm, V/2 watt, 10% resistor 

1 -31/2 x 1/2 18 gauge metal strap for hold- 
ing battery 

1 -81/2 x 31/4 x l /5 -in. Masonite or fiber board 
panel 

1-81/2 x 4 x 3/4-in. wooden baseboard 
Misc. Wood and machine screws, solder, wire, 

etc. 

En Passant 
Continued from page 86 

A. If 28 ... K -B2 (if 28 ... K -B1 29 QxR# 
R -K 1 30 QxR# K -B2 31 Q -Q8 mate) 29 
QxR /8 (threatening 30 Q -Q8 mate) R -Q2 30 
R -Bl # Q -B3 31 BxQ. PxB 32 Q -B6, P -N4 33 
QxKP and White romps to victory. 

B. If 28 ... K -K I (28 ... Q -Q3 29 RxQ# 
and mate is soon forced) 29 QxR /8# K -B2 
30Q -B6# K -K1 31 QxN wins. 

C. If 28 ... K -B2 29 QxR# (White has the 
happy choice between this and the above 29 
QxR /8) K -N 1 30 QxN and, with an extra 
Bishop and Pawn. White wins easily. 

Logic and accuracy in good measure. 
Problem 20. By Carl Schlecter from the 

Sports Newspaper, 1908 -how do you fare? 
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ett 
CLIP LEAD TO GRN3 

PROBE ' .05NF 

CLIP LEAD TO GAND 

T0 CLIP 1 

(COMMON) 

TO CUP 3 

(AMPLIFIER INPUT) 

TO CLIP 1 

(COMMON) 

Above, RF probe mode from a short length 
of coax cable. Below, AF probe mode from 
short length of shielded or coax cable. 

cable. as detailed in the schematic and con- 
nect it as shown there. Using the probe side 
of the lead you can trace the audio signal 
through the different stages till you locate the 
place where the signal no longer exists. Now 
you have found the defective portion of the 
unit under test. 

For RF signal tracing make a comparable 
probe lead, following the schematic for the 
RF probe. Use it in a similar manner. Oh 
yes, one thing we did not mention, if you 
want to use the Handy -Dandy just as a 

transistor radio, no special uses, you will 
have to run a jumper from clip #2 to clip 
#3. As you trace the signal path you will see 

that without the jumper the rf output of the 
receiver could not get to the input to the 
audio amp in the Handy -Dandy. 

..1.1111111,1111 

Black 

White 

White to move and mate in two. 
Solution in next issue. 
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Sunspot Special 
Continued front page 44 

CB Channel Allocations 
Chan. 

2 

Freq. 
26.965 
26.975 

Chan. 
13 
14 

Freq. 
27.115 
27.125 

3 26.985 15 27.135 
4 27.005 16 27.155 
5 27.015 17 27.165 
6 27.025 18 27.175 
7 27.035 19 27.185 
8 27.055 20 27.205 
9 27.065 21 27.215 

10 27.075 22 27.225 
1l 27.085 23 27.255 
12 27.105 

you want to check the accuracy of the signal 
generator, or, if you do not have a generator 
covering the CB bands, why not use a 23 
band CB transmitter as the source of your 
calibrating signals. Connect the transmitter 
to a 75 ohm dummy load, loosely couple a 

pickup coil, connected to ]I, to the trans- 
mitter output. You'll get plenty of signal 
that can't help but be on frequency. 

Remove the CB band coils and plug in 
the 10 -Meter coil set. Repeat the same align- 
ment steps detailed for the CB coils with the 
exception that the signal generator should 
now be tuned to 28 MHz. Adjust LIB and 
L2B for maximum signal output of the 
broadcast receiver. With C5A /C5B at nearly 
minimum capacity (almost fully open), the 
signal generator tuned to 29.7 MHz adjust 
C15 on each coil for maximum signal out- 
put at the broadcast receiver, then again re- 
peat these adjustments to double check their 
accuracy. Calibrate the dial, based on signals 
from the generator, at several points in the 
band between 28.0 and 29.7 MHz. 

Now remove the 10 -Meter coils and plug 
in the 6 -Meter ones. Again repeat the align- 
ment steps detailed for the CB band, but with 
the signal generator tuned at 50.0 MHz for 
the lowest frequency and at 52.0 MHz for 
the highest frequency, adjusting L1C and 

S1 C10 R1 ei G4 C3 

1 0G 

L2C at 50.0 MHz and C15 on each coil at 
52.0 MHz. After calibrating the dial for the 
6 -Meter band disconnect the signal gen- 
erator from the converter. (Note: Use 
the lowest output level possible from your 
signal generator that will permit you to make 
alignment adjustments. Too high a signal 
level will overload the adaptor input stage.) 

Operation. In order to take advantage 
of the DX signals made available because the 
sun spots altered the ionosphere, the receiv- 
ing antenna must be located as high above 
ground as possible. When not affected by 
sun spot activity, reception of signals. at dis- 
tances normally expected for the hand and 
available power, is line of sight, similar to 
your reception of TV. A CB antenna (with- 
out a loading coil), or a 6 -ft. whip, con- 
nected to the converter via coaxial cable, is 
good for receiving vertically polarized sig- 
nals. A TV antenna can he tried for receiv- 

ing horizontally polarized sig- 
nals. When the sun spot skip 
is affecting reception, polar- 
ization of the antenna does 
not seem to have any effect 
on the reception. 

When tuning the converter 
searching for a signal, turn 

P3 the dial slowly and, if neces- 
sary, use the broadcast re- 
ceiver dial for bandspread, to 

CR separate a group of stations. 
Local activity is usually great- 
est in the evening and on 
week -ends. Sun spot skip re- 
ception will usually occur 

C14 during the daylight hours. 
Now that you have completed 
the project you should enjoy 
many hours of local as well 
as DX skip reception on any 
of the three bands for which 
the converter has been de- 
signed. 

I1 C6 
zt2 

12 C12 C13 

R5 R7 J2 

R4 

TI J1 

C9 

XVI 

C11 
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Transistor Tester 
Continued from page 61 

what type of transistor is being tested. 
Leakage And Shorts. If your junk box 

can supply you with a 0 to 100 mA. meter 
and a 1000 ohm potentiometer, you can test 

you reverse SI, as required for the type of 
transistor being tested, use a dpdt switch, 
wired as shown in Fig. 3a. As a second alter- 
native, use a 10 -0 -IO mA. meter in place of 
the 0 to 10 mA. meter. 

Beta Tests. Once you have determined 
if the transistor is a pnp or an npn, and 
that it will function as an oscillator, connect 
it for the gain measurement test. Set SI to 
the proper position (pnp or npn), depend- 
ing on the type of transistor under test, and 
place S2 to the X100 position. If the meter 
barely indicates current is flowing set S2 to 
the X10 position. Multiply the meter reading 
by the scale factor used to arrive at the beta 
of the transistor being tested. 

If a 0 to IOmA. meter is heing used, and 
the needle goes helow zero, you will have to 
reverse the polarity of the meter circuit, 
either manually or by the reversing switch 
shown in Fig. 3a. If you use a 10 -0 -10 mA. 
meter then the reading will he either to the 
right or left of 0 on the scale, depending on 

transistors for leakage and /or shorts. If you 
don't find a 100 mA. meter in your stock of 
parts, or, if you would prefer just one in- 
strument with a dual range, you can add re- 
sistor R7 as a shunt across the meter to make 
it possible to read higher current (see Fig. 
4a.). You will need a wire wound potenti- 
ometer used as a rheostat and a battery plus 
your VOM to arrive at the correct resistance 
for the shunt. Connect the battery, VOM 
and pot (using maximum resistance to start 
with) in the circuit shown in Fig. 4a., using 
at least a range of 100 mA. After adjusting 
R7 until the VOM reads 100 mA. without 
changing setting of R7 parallel it across the 
0 to IO mA. meter. The 0 to IOmA. meter 
will now he reading full scale (which actu- 
ally will he 100 mA.). With the shunt across 
the 0 to 10 mA. meter, any reading on its 
scale must he multiplied by ten to arrive at 
the correct value (e.g. 3 mA. on the IO mA. 
scale now really is 3 x 10 or 30 mA.) . 

These tests definitely establish whether or 
not the transistor is worth anything. Any 

Other circuits you can try 
r,JL 0021111E 10 

r - IC .021111E 

¡ Ot 02 

Cl 

(SEE PARTS 

LIST) 

4 OR Bn 

SPKR 

Fig. 5. Leff, circuit for two- transistor com- 
plementary amplifier that can be converted to 

a CPO by adding feedback capacitor C2. 
Fig. 6. Below, use this AM -BCB Hartley 

oscillator as o CPO, signal tracer, etc. Bar- 
gain transistors can be erratic, so use one with 

a Beta near 108. For CP, try using o 2N579. 

1001( TO 1ME6 _+g 
-6V 

Complementary Amplifier /CPO (see 
fig. 5.) 
1- Battery holder for four type AA cell (La- 

fayette 3475009 or equiv.) 
4 -1.5 V. type AA penlight cell (Lafayette 

9976258 or equiv.) 
Cl -Input capacitor, used only if unit is em- 

ployed as an amplifier (.25uF.) 
C2- Feedback capacitor if unit is used as a 

CPO (.005 to .02 uF.l 
01 -Any npn transistor having a beta of 120- 

150 
02 -Any pnp power transistor 
R- 100,000 to 1.0 meg. t/s watt, 10% resis- 

tor 
1 -4 or 8 ohm speaker (Lafayette 99T6039 or 

equiv.) 
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AM Broadcast Band Hartley Oscilla- 
tor (see fig. 6.) 
1- Battery holder for one type AA cell (Lafay- 

ette 3475005 or equiv.) 
1 -1.5 V. Type AA penlight cell (Lafayette 

9976258 or equiv.) 
C1 -.005 uF. capacitor 
C2 -390 pF. capacitor ll- Tapped loopstick antenna (Lafayette 32T- 

8201 or equiv.) 
01 -any npn transistor having beta of 100- 

110 
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Transistor Tester 
Continued from page 107 

Breadboarding. Mount a number of 
Fahnestock clips on a piece of perforated 
board, or Masonite, or a cigar box lid. The 
clips are quite inexpensive and make it easy 

transistor drawing more than 50 mA., re- 
gardless of the setting of R6. is no good. 
This is the test that will tell you what to do 
with those transistors that would not oscil- 
late on the initial test. Since a high- current 
reading indicates excessive leakage, or a 
short -forget it. Don't waste any more time 
hoping that you may find a circuit in which 
the transistor can be made to work by fudg- 
ing component values. 

Try Various Circuits. Now then, you 
have been able to classify and grade all of 
the transistors you got in the bargain hag, 
what will you do with them? They cost just a 
few pennies apiece so you can live danger- 
ously and experiment with them without 
suffering any great financial loss if, acci- 
dentally you should ruin a few by trying a 
runaway circuit or reverse polarity, etc.. etc. 
Why not build a CPO, a power amplifier, a 
flip -flop, an electric organ oscillator, or an 
audio oscillator? There are literally hundreds 
of circuits and construction projects de- 
scribed in the various issues of our maga- 
zine, as well as others, that are easily within 
your grasp, now that you have a supply of 
various types of transistors that cost just 
pennies. 

True, you may not he certain that you 
have exactly the one called for in the 
construction article, but from the informa- 
tion you have been able to gather in the 
tests you made with the Junk Box Tester you 
will, in all probability, he able to select one 
that closely resembles the one actually speci- 
fied. Why not breadboard the circuit? Then 
by intelligent cut - Ind -try substitution of re- 
sistors and capacitors for the ones specified, 
you should be able to either come close or 
duplicate the results outlined in the article, 
evrn if you did not have the transistor orig- 
inally called for. When substituting a bar- 
gain type in a circuit, try to match the gain 
as closely as possible. If the substitute trans- 
istor will not work either try anot!-ter one of 
t: a same type or, experiment with the value 
of the hase bias resistor, or both. Base bias 
is critical when dealing with small sig- 
nal transistors and just a small change in 
bias may produce the desired result. Current 
gain is not so important for power types, if 
they pass the go -no -go tests you can be sure 
that they have some gain. 
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to change connections or substitute parts 
without soldering the connections. You will 
not have to worry that excessive heat from 
numerous soldering operations will damage 
the transistor, nor will you have to snip its 
leads short to fit a particular space which 
might ruin it for 3ther applications. Once 
you are satisfied with your breadboarding 
you can transfer the circuit and parts to a 
more permanent structure. 

We have included several circuits, along 
with parts lists, that are typical and which 
we have tried out to show you what can be 
accomplished. For example we show a cir- 
cuit for a 2- transistor complementary ampli- 
fier that converts to a CPO with the addition 
of a feedback capacitor. We also show a 
Hartley oscillator that generates a fairly 
strong signal in the AM broadcast band. 
Performance of the bargain transistors was 
erratic. Some would not work, several gave 
a pure tone and others just a carrier. Those 
that did work well had betas around 108. If 
you would like to purchase a standard type 
to give a definite tone for code practice try 
a 2N579. This unit can he used for trouble- 
shooting radio receivers or as a wireless 
microphone. A word of caution: always 
keep the output low so as not to cause inter- 
ference. (FCC regulations limit output of 
these devices to 100 milliwatts.) 

We have started you on the road to trans- 
istor experimentation, from here on you are 
on Four own, have fun! 

rlloT LINE 

"Can't you read ?!" 
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Dirty Decibels 
Con tic(' Inom pap, 40 

on to the cochlear system by pushing against 
a small membranous oval window in the 
vestibule leading to the cochlea. The oval 
window is much smaller in area than is the 
eardrum. hence the concentration of the 
vibrations into this relatively small area af- 
fords a second means of amplifying the 
initial signal received by the eardrum. The 
end result is amplification of the original 
vibrational power by about 90 times. 

AVC System. The impedance- matching 
amplifying system built into the ear would, 
in itself. he remarkable enough, yet the three 
small bones have still another important 
function. They, along with associated con- 
trol muscles. form a sort of biological auto- 
matic volume control (AVC) system. Radio 
buffs know that constant voice intensity can 
be maintained more or less in radio commu- 
nications by use of electronic AVC systems. 
The ear also tries to control excessive sound 
intensities in order to protect itself. 

How Is It Done? The three lever hones 
have a muscle -controlled slippage capability. 
When a loud sound begins to build up, the 
brain signals these muscles to adjust the 
hones so as to reduce the amount of lever- 
age, and thereby reduce the degree of signal 
amplification. Simultaneously, another mus- 
cle tightens the eardrum to reduce its ability 
to vibrate. 

This AVC system works well, up to a 
point. Unfortunately, it cannot respond 
quickly enough to sudden loud sounds, only 
to those that build up more or less gradually 
to high intensities. This is why such sounds 
as gun shots and other explosions can be so 
hazardous. 

Why does this defensive AVC system fail 
to protect the ears of Rock 'n Roll fans? 
Because there is a limit to the amount of 
overload compensation that the ear can pro- 
vide even if the sound is continuous. Re- 
member that in nature (for which the ear is 
really designed) there are few sounds as loud 
and as continually heard as such manmade 
sounds as loud music and the noise of jet 
planes, vacuum cleaners, industrial machin- 
ery and a host of other mechanical devices. 
Unfortunately, evolutionary adaptation is too 
slow a process to cope with the burgeoning 
noise problems created by man. 

SEPTEMBER- OCTOBER, 1969 

t::onsequenuy the inner ear receives In- 
creasing amounts of over- amplified sound 
signals. Eventually, the sensory cells in the 
cochlea begin to break down. This cell de- 
generation is a normal part of the biological 
aging process, and most people suffer from 
a substantial lowering of their high- frequency 
hearing thresholds as they grow older. The 
worrisome thing is that young people -even 
teenagers -are hastening this degenerative 
process greatly by grossly overloading their 
irreplaceable hearing organs. 

Acoustic Bias. Wherever we go, there is 
always some background noise even if we 
do not seem to hear it always because we 
are so accustomed to it. We of course hear 
the sounds. but we can also automatically 
disregard uninteresting sounds if they are 
not annoying. For example, during daylight 
hours you may not even be aware that the 
neighbor's dog is harking: but if the same 
mutt yaps at one a.m., you are ready to 
throw a shoe! 

The ability of the brain to select certain 
interesting sounds from a melange of other 
sounds is manifested in a phenomenon called 
the cocktail party effect. You may he in a 
room filled with people who are conversing, 
and yet be able to tune in on the conversation 
of one particular individual or group rela- 
tively far from you in the crowd. When you 
lose interest in what is being said, their con- 
versation again melts into the general back- 
ground noise. 

The advantages of being able to disregard 
many background noises are obvious. But it 
also has a serious drawback: by becoming 
used to these noises, one is less likely to 
appreciate how damaging they are to our 
hearing. 

A moderate amount of background noise 
-call it acoustic bias -is a good thing be- 
cause it masks many still weaker noises that 
could be most annoying. Take, for example, 
body noises. In a perfectly quiet environ- 
ment, you would he able to hear the beat of 
your heart, the flow of air through your 
lungs. and even the squeaks and clicks of 
your muscles and tendons! 

You don't believe it? Then try this. Plug 
both ears carefully with wax type earplugs 
to block out most environmental sounds 
(earplugs are not 100 percent efficient). 
Now roll your head around and gnash your 
teeth. Hear some strange crackling and 
swishing sounds? 

Or, do this, stick a fingertip tightly into 
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each ear. Do you hear a low -pitched "roar" 
not unlike the sound of a distant waterfall? 
Scientists say the sound is caused by biologi- 

Unquestionably, Mother Nature will do 
her best to modify our hearing organs to 
compensate for the steadily increasing noise 

cal pulsations rn your nngerttps. rr you mum 
this, plug your ears with pencil erasers in- 
stead of with your fingers. No roar now - 
because erasers do not have movable tendons 
and blood vessels. 

What To Do. By this time it should be 
obvious that if you do not want to be saying 
"Eh? How's that again ?" before your time, 
you should, at least, take minimal precau- 
tions to protect your irreplaceable hearing 
organs. 

If you engage in a noisy occupation, use 
ear protectors. If you go in for sport shoot- 
ing, obtain special "valve" protectors that 
soften gunshot sounds without interfering 
with normal conversation. Use wax earplugs 
when you practice your drums or run the 
power lawnmower. Put a muffler on your car 
-please!? And stay out of the kitchen when 
noisy appliances are in operation. 

How I Got Started 
Continued from page 43 

(SWL). There's even a new language to 
be learned in this hobby -Dxing, as the 
common jargon goes. The further away 
or weaker the station, the greater challenge 
to the SWL. 

The custom is for the SWL to submit a 
report of reception to a station heard in ac- 
cordance with internationally known stand- 
ards. This, in short, simply means how the 
signal came through in terms of strength, 
noise, fading, etc. You also give some de- 
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levels in our society. nut sne worm very 
slowly, over many generations. Perhaps her 
first try at reducing the sound levels will be 
to remove the outer ears gradually, leaving 
only small holes in the sides of the head. 
Some mammals that live in water -porpoises 
and whales -have no need of external ears 
to help them gather sounds because, living 
in a liquid environment, they have less of an 
impedance- matching problem. 

It may happen yet that we- mankind, that 
is -will someday find our ears dropping off. 
In the meantime, about all we can do to 
cope with the increasing sound pollution - 
the dangers of dirty decibels -is to try to 
make things quieter, and -when we can't do 
that -cover our ears to avoid the worst of 
these evils. If we don't learn to act like wise 
monkeys, we all may very well end up 
going ape! 

tails of the programming heard to authenti- 
cate your report. In return, most stations 
will verify your report with a QSL -a deco- 
rative, sometimes colorful card with the sta- 
tion's identification on it. This is returned 
to the SWL for his collection. For many 
shortwave listeners, the more QSLs received 
from hard -to -hear stations, the more fun the 
hobby becomes. 

It takes practice at first to learn the art 
and technique of shortwave tuning. But 
after a while its nothing to flip on the 
receiver and settle back with a glass of some- 
thing or other to listen to the strum of fado 
guitar music from Portugal. I think it's the 
greatest hobby ever. 
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FOR BIGGER PROFITS! NEW CAREER OPPORTUNITIES! 
READ AND REPLY TO THESE CLASSIFIED ADS 

11\ 
Classified Ads 65C 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 August 10th. Address orders to C. D. Wilson, 
Manager, Classified Advertising, ELEMENTARY ELECTRONICS, 229 Park Avenue South, New York, N. Y. 10003. 

ADDITIONAL INCOME 

MONEY -Sparetime Opportunity Panel- 
ists At Home Wanted By New York Re- 
searcher. Leading research firm seeking 
people to furnish honest opinions by mall 
from home. Pays cash for all opinions 
rendered. Clients' products supplied at no 
cost. For Information write: Research 669, 
Mineola, N. Y. 11501. Dept. 633 -EE. 

MAKE Your Classified Ad Pas'. Get 
"How To Write a Classified Ad That 
Pulls." Includes certificate worth $2.00 
towards classified ad. Send $1.25 to C. D. 
Wilson. Science & Mechanics. 229 Park 
Avenue South, New York. N. Y. 10003. 

AUTHOR'S SERVICE 

PUBLISH your book! Join our success- 
ful authors: publicity advertising promo- 
tion, beautiful books. All subjects invited. 
Send for free manuscript report and de- 
tailed booklet. Carlton Press, SMH. 84 
Fifth Avenue. New York. 10011. 

BUSINESS OPPORTUNITIES 

I MADE 040.000.00 Year by Mailorder! 
Helped others make money! Start with 
$10.00 -Free Proof! Torrey. Box 318 -T, 
Ypsilanti, Michigan 48197. 

FREE Book "990 Successful. Little - 
Known Businesses." Fascinating! Work 
home! Plymouth 311 -J, Brooklyn, N. Y. 
11218. 

$20.000 00 ANNUALLY you can make - 
selling Automobiles. Complete course $3.00. 
Mar -Lo Products, Dept. 13. 8150 Roselawn, 
Detroit. Mich. 48204. 

DO IT YOURSELF 

BURGLAR ALARM Stickers-Scares 
Burglars Away. Sample 504. 10. $2.00. 
Surety. 1018. Plattsburg, N. Y. 12901. 

FULL SIZE FURNITURE PLANS! 72 
attractive designs developed for the Home 
Workshop. Traditional, Early American, 
Danish Modern. Mediterranean. Catalog 
50t. Furniture Design. Dept. D -70. 1425 
Sherman, Evanston, Illinois 60201. 

CATALOG of all Science & Mechanics 
Craftprints. Send 25t to cover postage 
to Craftprint Dlv., Science & Mechanics, 
229 Park Ave., South. New York 10003. 

EDUCATION & INSTRUCTION 

LEARN BARTENDING. Correspondence 
School, 426 -G East Seventh St., Tucson, 
Arizona 85705 

ELECTRONIC COMPONENTS & KITS 

KITS! Color Light Organ (3 channel 
electronics) $12.95. Plans $1.00. Workshop, 
Box 393DP, Bethpage, New York 11714. 

WHOLESALE. Stereo and Experimenter 
Parts and Accessories. Free Catalog. 
N.C.I. Distributing. P.O. Box 415. Terre 
Haute. Indiana 47801. 

HOBBIES & COLLECTIONS 

WE Guarantee HOBBY -WORLD Maga- 
zine is pleasantly different: For sports- 
men. mailorder, opportunist. Sample sub- 
scription $2.00. United, Oakton, Va. 22124. 

WINNING Secrets Revealed "How I 
Won $10,000 In A Nationwide Sweepstakes 
Contest." $1.00. Benro Enterprises, P.O. 
Box 6656, Philadelphia, Pa. 19149. 

INVENTIONS WANTED 

WE either sell your invention or pay 
rash bonus. Write for details. Universal 
Inventions, 298 -3, Marion, Ohio 43302. 

MAGNETS 

MAGNETS. All types. Specials -20 disc 
magnets or 2 stick magnets, on 10 small 
bar magnets, or 8 assorted magnets, $1.00. 
Maryland Magnet Company, 5412 -R, Gist, 
Baltimore. Md. 21215. 

MISCELLANEOUS 

"ADULT" Books, Magazines. Free Il- 
lustrated catalogue. State age. Clifton's, 
Box 1068 -M8, Saugus, Calif. 91350. 

PLANS -Analog Computer programmed 
to make optimal strategy decisions In 
BLACKJACK. $5.00. D. Tweedy, Box 
11282. Santa Ana, Calif. 92711. 

MONEYMAKING OPPORTUNITIES 

EASY -To -Start rubber stamp business 
at home in spare time. Make tip to $16.50 
an hour without experience. Facts free. 
Write to: Roberts, 1512 Jarvis, Room CR- 
107-B, Chicago, Ill. $0626. 

FREE! The World's Leading Money 
making Magazine. How and when to earn 
a Second Income, develop a Spare -time 
Business, get into Profitable Franchising. 
become a successful Agent. For your free 
copy -write Income Opportunities, 229 
I':uk Ave.. South, New York, 10003. 

PERSONAL 

ELIMINATE Debts Without Borrowing! 
Particulars Free. Helper. 10639 Riverside. 
No. Hollywood, Calif. 91002. 

PRINTING, MIMEOGRAPHING 
& MULTIGRAPHING 

250 EACH -Letterheads, Statements. 
Envelopes and Business Cards. Send copy 
(up to 5 lines) and $17.75 to The Wright - 
way. 404 East Green, Champaign, Ill. 
61820. 

RADIO & TELEVISION 

THOUSANDS and thousands of types of 
electronic parts, tubes, transistors, instru- 
ments, etc. Send for Free Catalog. Arc- 
turus Electronics Corp.. EME, 502 -22nd 
St., Union City, N. J. 07087. 

POLICE - Fire - Aircraft - Marine - 
Amateur calls on your broadcast radio! 
Free catalog. Sotch Company. Woodsboro 
EE14, Texas 78393. 

"DISTANCE Crystal Set Construction" 
Handbook - 50t. "Coll Winding" - 504. 
Catalog. Laboratories, 12041 -G Sheridan. 
Garden Grove, Calif. 92640. 

RADIO & TV Tubes 334. Free Catalog. 
Cornell. 4217 West University, San Diego, 
California 92105. 

RECEIVING & INDUSTRIAL TUBES, 
TRANSISTORS. All Brands -Biggest Dis- 
counts. Technicians, Hobbyists, Experi- 
menters- Request Free Giant Catalog and 
Save! Zalytron, 469 Jericho Turnpike. 
Mineola, N. Y. 11501. 

BATTERY ELIMINATOR & Charger for 
Transistor Radios. Lifetime Guarantee 
$3.00. Surety. 1018. Plattsburg, N. Y. 
12901. 

GERMAN and JAPANESE TUBES - 
Parts. Send $1.00 for Price List,. The 
Matthews Company. Box 151. Lawton. 
Oklahoma 73501. 

C.B. BUYERS' Guide -A new magazine 
for the buyers of Citizens' Band Electronic 
Equipment. Send $1.25 -Includes Postage 
to C. B. Buyers' Guide, 229 Park Avenue 
South, New York, N. Y. 10003. 

SALESMEN -DISTRIBUTORS 

PERFUMES Most fantastic deal for 
Agents. Salesmen, Distributors. Murat, 
2132 Northwest Eleventh Avenue, Miami, 
Flotilla 3:1127. 

For Greater Classified Profits 
why not try the new combination classified ad medium 

Your classified ad will appear in SCIENCE & MECHANICS MAGAZINE as well as in a minimum of 
four other SCIENCE & MECHANICS PUBLICATIONS. Write now for information to C. D. Wilson, Manager, 
Classified Advertising, SCIENCE & MECHANICS, 229 Park Avenue South, New York, N. Y. 10003. 
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How to get into 

One of the hottest money -making 
fields in electronics today - 
servicing two -way radios! 

. 13 CAST IS' ST. 

A, Sit1:E0 NI-FI 

EN AND BUSINESS BAND 
2 WAY PADIO - 

HE'S I II. I r lE training and FCC License, Ed Dulaney's only professignal skill was as a com- 

mercial pilot engaged in cop du+ung. I Way he has his own two -way radio company, with seven full -time employees. "I am 

much better off financially, and really enjoy my work," he says. Read here how you can break into this profitable field. 

More than 5 million two -way transmitters have skyrocketed 

the demand for service men and field, system, and R &D engi- 

neers. Topnotch licensed experts can earn 512,000 a year 

or more. You can be your own boss, build your own com- 

pany. And you don't need a college education to break in. 

HW WOULD YOU LIKE t0 start col - 
' 

r 

lecting your share of the big 
money being made in electronics today? 
To start earning $5 to $7 an hour... 
$200 to $300 a week... $10,000 to 
$15,000 a year? 

Your Lest bet today, especially if you 

1.12 

don't have a college education, is prob- 
ably in the field of two -way radio. 

Two -way radio is booming. Today 
there are more than five million two - 
way transmitters for police cars, fire de- 

partment vehicles, taxis, trucks, boats, 
planes, etc. and Citizen's Band uses- 

and the number is still growing at the rate 
of 80,000 new transmitters per month. 

This wildfire boom presents a solid 
gold opportunity for trained two -way 
radio service experts. Many of them are 
earning $5,000 to $10,000 a year more 
than the average radio -TV repair man. 

Why You'll Earn Top Pay 

One reason is that the United States 
Government doesn't permit anyone to 
service two -way radio systems unless he 
is licensed by the Federal Communica- 
tions Commission. And there simply 
aren't enough licensed electronics ex- 
perts to go around. 

ELEMENTARY ELECTRONICS 



Another renon t \%o -.Nary radio 111111 

earn so ouch more than radio- I \' serv- 
ice men is That they are needed more 
often and more desperately. A home 
radio or Ides ision se( May need repair 
onF once e\ Cr year or I\\o. and there's 
110 real energr:icy \%hen it dues. But a 

Is%n -%say radio user 11111,1 keep those 
transmitters operating at all times- and 
must haor their tcquencc modulation 
and plate po\%er input vhecked at regu- 
lar intervals be licensed personnel to 
meet I C(' requirements. 

l his means that the .a.ul.rhle licensed 
e \pert. can "\%rite their 1,, ticket.. 
\s hen it contes In earnings. Some Nork 
by the hour and usually charge .ri least 

.nu per hour. 67.41 on riming. and 
Suncl.u\., plus Ira\ el cy,ensCS.:\ !mole 
connnon arr.11igenienl is Io be paid a 

nuanhly retainer Ice h each Customer. 
Although rades Nat nidef. this tied 
charge might be S20 a month for the 
base station and S7.S0 I,or each mobile 
station. :\ .ur\CC shoed !hail one m.m 
Can easily maintain at (east tun stations, 
.oera_ging I bane stations and ss mo- 
biles. I his Notdd add up Io al lead 
SI 2,11110 a vCar. 

Be \bur Own Buss 

here are other ad%anl.n C. loo. You can 
heeonle %our 01%n boss - Noi k emir eF% 

lis yourself or gradually build your nun 
lulls stalled service company. Instead 
of being Chained lo a inorkhenuh. 
machine. of I.. k all day. %ou.II inu%r 
around. sec lots of :,clion. tub shoulders 
Nish important police and tine officials 
and business esecutis es N\ ho depend on 

Imo-NY ay radin for their daily operations. 
YOU nias ci en he tapped for a big job 
Norking for one of the luo.Na\ radio 
ni,intlac(tuers in field sers ice. factor 
guiltily control. or laboratory research 
and de\elopnent. 

Ilow To Get Started 

How do 'au break into the ranks of the 
hig-nlnnec earners Ti i tn -su ay radio! 
'this is probably the hest %%.r\ : 

\\ ¡thou! quitting your present job, 
learn enough About electronics lun- 
damenlals to pans the Cosermlieni 
I CC 1:\.1111 and get your Commer- 
cial FCC License. 

2. "I hen get a job in :t tun -su ac radio 
service shop and '-learn Ille ropes- of 
the business. 

3. As sonn as you've canned a ieputa- 
finn :1s :111 evert. there are se\ era] 
Nay. you can -en. You can tame out 
:und start signing up :nid scrcieing 
cour 011n cllslnlllers. l'or alight be- 
canie a franchised sirs ice represen- 
t:utice of :1 big nianul.ncturer :und then 
stall telling 11110 1 %0 -1% an radin sales. 
%%here one sales contract might net 

you )5,1111n. Or you mac even be in- 
sned to mdse nip into a high -prestige 
salaried lob \kith one of the manor 
nianutaclurers either in the plant or 
out in the field. 

The !list step -mastering the funda- 
menl:lsof 1`lectnnnucs in your spare time 
and getting your I ( C License -can he 

easier than \on think. 
( Ieseland lu siilute of Ileelronics has 

been suece-.stull teuehing clecironics 
h mall for oser !hilt c sears. Right at 
home. in sour spare tinte. sou learn 
clecttonius step by step. Our u n, -pkn- 

'lsn n'' lessons and coaching b\ 
esperl instructors slake eserithing clear 
and cuss. clin Icnr men Nho Ihnunhl 
Ille %%ere ..poor learners." l'oull Icon 
not ont the Iund.unentals Ih.d apply la 
all eleetnnües design and sen icing. bull 
also the speCifiC procedures for install- 
ing. Irnuhksho t mar. :end maintaining 
INn 

Col \,nu 1 I I i%nusc... 
\ rn \tanins ItauL' 

liv Ibc Inns ,, u ,. li :inl.c.l %.vr ('II 
course. you'll hr able Io pass IhC I ( (' 
I lie 11,e I .m usith rani. liciter 111.111 

nine nul n (I1:- bannit' mien pans 
the I (( I _nt the first time they lis. 
rien thee... ',No out of three non -(ll 
nien lad. I Iles sl.utljng record of.uehirs C- 

.r., 

nient makes possible the famous CIE 
N.ul.11li: %mull pans the I'('( I saint 
upon completion of sour eourse Or cour 
tuition \kill be rettlnded jn Lull, 

I if Dulaney is an oulsi.uiding e.1»- 
plc of Ilur sucre, possible through CIF. 
naming. Betore he studied \stil ( II', 
h)ul.rnr su :n a rlol, duster. lod.rc hr 
insu n, ihr I)ulane% Communications 
'imice. \uill sewn people suorkinnu for 
hun rep.urin_ unit ni.uuutactllring hso- 
N.n equipment. Say s 1)01.0ne\ : "I Iound 
elfe ( II training thorough .und the les- 
sons ras% to understand. \o yuestiun 
..loti It the ('I I. Course suas the best in- 
s es! men t I esrr nn.ude... 

I nit' out more about Ihm to gel ahead 
ln all fields uni electronics. including tus o- 
su.us radio. \Ltd the hound -in postpaid 
Iepls edit' for nui, I RI I looks. "Ilnss 
I. (rei :\ ( ont nercial I -('C I icinse'. 

and `Floss lo Sureert' In I Ieclronics... 
II card han been rrniosed. just mail the 
coupon below. 

F :".RO1.1. UNDER NM (:.1.1111.1. 

All CIF. courses are mailable under 
the new G.I. 11i11. If yuu screed on 
active duty since January 31. 1955, 
OR are in sers ice now, check bon 
on reply card for G.I. Bill infor- 
mation. 

CIE Cleveland Institute of Electronics 
1778 East 17th Street, Cleveland, Oho 44114 

A LiJoi rr Electronics Tr amine Since 1934 Accredited Member Nahunal Horne Study Council 

2 New 
CIE CAREER 

COURSES 

1 BROADCAST (Radio & TV) 
ENGINEERING now in- 
cludes Video Systems. Mono 
tors. FM Stereo Multiplex. 
Color Transmitter Operation 
and CATV. 

2 ELECTRONICS ENGI- 
NEERING...covers steady - 
state and transient network 
theory. sohdstate physics 
and circuitry. pulse tech 
niques. computer logic and 
mathematics through safer 
lus. A collegelevel course 
for men already working m 

Electronics. 

r 
Cleveland Institute of Electronics 
1776 East 17th Street. Cleveland. Ohio 44114 

Please send me without cost or obligation' 
Your 40-page book "How To Succeed In Electronics 

describmg the job opportumues in Electronics today. 
and how your courses can prepare me for then,. 

Your book on "How To Get A Commercial FCC Li- 
cense. 

lam especially interested In: 

Electronics Technology Electronic Communications 

Broadcast Engineering Industrial Electronics 

First Class FCC License Electronics Engineering 

Name 

Address 

City__ 

State- l'In 

Check here for G.I. Bill information. 

L 



BUILD 20 RADIO 
CIRCUITS AT HOME 

with the New Improved $ 95 
PROGRESSIVE RADIO "EDU- KIT 

only 

A Practical Home Radio Course 
Now Includes 
* 12 RECEIVERS 
* 3 TRANSMITTERS 
*SO. WAVE GENERATOR 
* SIGNAL TRACER 
* AMPLIFIER 
* SIGNAL INJECTOR 
* CODE OSCILLATOR 

* No Knowledge of Radio Necessary 

* No Additional Parts or Tools Needed 

* EXCELLENT BACKGROUND FOR TV 

* Sold In 79 Countries 

SCHOOL INQUIRIES INVITED 

YOU DON'T HAVE TO SPEND 
HUNDREDS OF DOLLARS FOR A RADIO COURSE 

The "EduKit'' offers you an outstanding PRACTICAL NOME RADIO COURSE at a 
roCk-bottorn price. Our Kit designed to train Radio & Electronics Technicians, making 
use se of the most modern methods of home training. You will learn radio theory. construe- 
Hon and erviIcing. THIS IS A COMPLeiE RADIO COURSE IN EVERY DETAIL. 

You will learn how to build radios. using regular schematics; how to wire and solder 
In a proles. aoh.tl manner; how to service radios. You will Work with the standard type of 
Punched metal chassis as well as the latest development of Printed Circuit chassis. rua will learn the basic principies of radio. You will Construct. study and wok with 
RC and AF amplifiers and oscillators. detectors. rectifiers. test equipment. You will learn 
and practice code. using the Progressive Code Oscillator. You will learn and practice (rouble- shooting. using the Progressive Signal Tracer, Progressive Signal Injector. Pro. 
r -essive Dynamic Radio & Electronics Tester, Square Wave Generator and the accompany - eig instruelaonal material. 

You will receive training for the Novice. Technician and General Classes of F.C.C. Radio 
Amateur Licenses. You will build Receiver. Transmitter, Square Wave Generator, Codo 
Oscillator, Signal Tracer and Signal Injector circuits, and learn how to operate them. You will receive n 

e 
xcellent background for iston, Hi -Fi and Electronics. 

Absolutely no previous knowledge of radio dio io or seient e is required. The "Eau -Kit" it 
the product of many years of teaching and engineering experience. The "Eau -Kit" will 
Provide you with basic education in Electronics and Radio, worth many times the low a 
Mice you pay. The Signal Tracer alone is worth more than the price of the kit. 

THE KIT FOR EVERYONE 
You do not need the slightest background 

In radio or science. Whether you are inter- 
ested in Radio & Electronics because you 
want an interesting hobby. a well paying 
business or d job with a future. you will find 
the 'Edu -Kit" a 

w 
orth -while investment. 

Many thousands of Individuals of all 

ages and backgrounds have successfully 
used the 'Edu -Kit's in more than 79 coon 
tries of the world. The "EduKit" has been 
caretully designed. step by step. so that 
you cannot make a mistake. The 'EduKlt" 
allows you to teach yourself at your own 
rate. No instructor IS necessary. 

PROGRESSIVE TEACHING METHOD 
The Progressive Radio "Edu -Kit" is the foremost ducational radio kit in the world. 

and is universally accepted as the standard in the hold of electronics training. The "Edit- 
Kit" uses the modern educational principle of Learn by Doing -" Therefore you construct. 
learn schematics. study theory. Practice trouble shooting -all In a closely Integrated pro 
gram designed to provide an easily -learned. thorough and interesting background in radio. 

You begin by examining the various radio parts of the "Edu-Kit... You then learn the 
function, theory and wiring of those parts. Then you build a simple radio. With this first 
set you will enjoy listening to egul,ar broadcast stations. learn theory. practice testing 
and trouble- shooting. Then you build a more advanced radio. learn more advanced theory 
and techniques. Gradually, in a Progressive manner. and at your own rate. you will 
find yourseil constructing more advanced multi -tube radio circuits. and doing work like a 
pr lessional Radio Technician. 

Included in the "Edu -Kit" course are Receiver, Transmitter, Code Oscillator. Signal 
Tracer. Square Wave G for and Signal Injector Circuits. These are not 

n 
professional 

breadboard" experiments. but genuine radio circuits, constructed by means of nil 
wiring and soldering on metal chassis. plus the new method of radio construction known 
as "Printed Circuitry. 

a 
These circuits operate on your regular AC or DC house current. 

THE "EDU -KIT" IS COMPLETE 
ou vs, receive all parts and instructions necessary to build twenty different radio and 

electronics circuits, each guaranteed to operate. Our Kits contain tubes, tube sockets. vari- 
able, electrolytic, mina. ceramic and paper dielectric condensers, resistors, tie strips. 

hardware, tubing, punched metal chassas, Instruction Manuals, hook -up wire, solder, 
selenlum rectifiers. coils, volume controls and switches, etc. 

In addition, you receive Printed Circuit materials, including Printed Circuit Chassis, 
special tube sockets, hardware and instructions. You also r useful set of tools, a 
professional electric soldering and self- powered Dynamic Radio and Electronics 
Tester. The Edu -Nit" also includes Code Instructions and the Progressive Code Oscillator, 
in addition to F.0 C. Radio Amateur License receive training. You will also r e lessons for 
servicing with the Progressive Sign..l Tracer and Inc Progressive Signal lnlector. a High 
Fidelity Guide and a Quiz Book. You receive Membership in Radio -TV Club, Free Consulta - 
tion Service, Certificate of Merit and Di'voi"t Privileges. You receive all parts, turd.. 
Instructions. etc. Evcrythino i ours to Seen. 

Progressive Edu -guts" Inc., 1186 Broadway, Dept. 533 13.1. Hewlett, N. Y. 11557 - - -- UNCONDITIONAL MONEY -BACK GUARANTEE---- - 
Please rush my Progressive Radio "Edu-Kit" to me, as indicated below: 
Check one box to indicate choice of model 

Regular model $26.95. 
Deluxe model $31.95 (same as regular model except with superior parts 
and tools plus valuable Radio & TV Tuhe Checker /. 

Check one box to indicate manner of payment 
I enclose full payment. Ship 'Edu -Kit post paid. 
I enclose $5 deposit. Ship Edu -Kit" C.O.D. for balance- plus postage. 
Send me FREE additional information describing "Edu- Kit." 

Address 

City & State Zip 
PROGRESSIVE "EDU- KITS" INC. 

1186 Broadway, Dept. 533 Di, Hewlett, N. Y. 11557 

Reg. U.S. 
Pat, Oft. 

Training Electronics Tethnicions Since 1946 

FREE EXTRAS 
SET OF TOOLS 

SOLDERING IRON 
ELECTRONICS TESTER 
PLIERSCUTTERS 
VALUABLE DISCOUNT CARO 
CERTIFICATE OF MERIT 
TESTER INSTRUCTION MANUAL 
HIGH FIDELITY GUIDE QUIZZES 
TELEVISION BOOK . RADIO 
TROUBLE SHOOTING BOOK 
MEMBERSHIP IN RADIO TV CLUB: 
CONSULTATION SERVICE FCC 
AMATEUR LICENSE TRA, NINO 

. PRINTED CIRCUITRY 

I SERVICING LESSONS I 

You will learn trouble shooting and 
Servicing In a progressive manner. You 
will practice repairs on the sets that 
a and causes 

Construct. will learn 
f troublein homes pó table 

and car radios. You will learn hew to 
use the professional Signal Tracer. the 
unique Signal Injecter and the dynamic 
Radio & Electronics Tester. While you 
are learning in This practical y'. you 
will be able to do many a repaira job for 
your friends and neighbors. and Charge 
fees which will far exceed the price of 
the 'Edu- Kit." Our Consultation Service 
will help you with any technical probe 
lems you may have. 

FROM OUR MAIL BAG 
J. Stataitis. of 25 Poplar Pl.. Water- 

bury. Conn.. Writes: I have `paired 
several sets for my friend and made 
money. The 'EduKit'' paid for itself. I 
was ready to spend $240 for a Course. 
but I found your ad and sent for your 
Kit." 

Ben VOler lo, P. O. Box 21. Magna. 
Utah: "The Edu -Kits are wonderful. Here 
I am sending you the questions and also 
the answers for them. I have been in 
Radio for the last a years. but like 
to work with Radio 

v 
Kts, and like to 

build Radio Testing Equipment. I en. 

'revery tialrra the 
á ñ e its; the sgnTcer works 
fine. Also like to let you know that 1 

feel proud of becoming a member of your 
Radio -TV Club." 

Robert L. Shun. 1534 Monroe Ave., 
Huntington. W. Va.: "Thought I would 
drop you a few lines to say that I r 

moved my Edu -Kit. and was really am.i 
that such a bargain can be had at +,th 
a 'ow price. i have already started' re- 
pairing 
riends 

radios 
allyd..0 pis drto hsee My 

me 
get into the swing of it so quickly. The 
T ouhleshooting Tester that comes with 
the Kit Is really swell. and finds the 
trouble. If there is any to be found." 

PRINTED CIRCUITRY 
At no increase in price, the 'Edu -Kit" 

now includes Printed Circuitry. You build 
a Printed Circuit Signal Injector. a unique 
servicing instrument that can detect many 
Radio and TV troubles. This revolutionary 
new technique of radio construction is now 
becoming popular in commercial radio and 
TV sets. 

A Printed Circuit is a special insulated 
chassis on which has been deposited .1 con- 
ducting material which takes the place el 
wiring. The various parts are merely plugged 
in and soldered to terminals. 

Printed Circuitry is the basis of modern 
Automation Electronics. A knowledge of this 
subject is a necessity today for anyone in- 
terested in Electronics. 


