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SPRAGUE 

CERAMIC 

CAPACITORS 

THE Complete LINE THAT OFFERS 

MORE THAN MERE "CAPACITY" 
"Rated" capacitance is not 

enough ... actual capacitance 
during operation is equally im- 
portant. Excessively high or low 
values as well as capacitance 
change with temperature can 
foul up a TV or radio set. 
Therefore, characteristics such 
as Capacitance Stability, Capac- 
itance Tolerance, and Tem- 
perature Coefficient of Capaci- 
tance must be considered in re- 
placement applications. 

That's why the Sprague Ce- 
ramic Line is varied and broad 
-it includes capacitors with 
electrical and mechanical char- 
acteristics to meet practically 
every replacement requirement. 

See complete listings in the 
new Sprague Catalog C -614. 
Get your copy from any Sprague 
Distributor, or write to Sprague 
Products Co., 51 Marshall St., 
North Adams, Massachusetts. 

CERA -MITE® CAP 
Tiny, tough, dependable. 

Silvered flat -plate construction 
for high by -pass efficiency, 
high self- resonant frequency. 
Available in the following 
types to meet specific require- 
ments: 

General Application, for by- 

pass and coupling 
High -K, for applications re- 
quiring guaranteed mini- 
mum capacitance values 
Temperature- Stable, for 
minimum capacitance 
change with temperature 

ACITORS 
Temperature -Compensating, 
for applications requiring 
negative temperature coef- 
ficient 
NPO, for use where capaci- 
tance change with tempera- 
ture is undesirable 
AC, rated at 125 VAC 

Buffer, rated at 2000 WVDC 
Low- voltage, for by -pass and 
coupling in transistorized 
circuitry 
TV Yoke, rated at 3000 and 
5000 WVDC 

"UNIVERSAL" 
CAPACITORS 
Have multiple leads. 

Quick -fix capacitors for on- 
the -spot repairs. By using 
certain leads for terminals, 
connecting certain leads to- 
gether, and removing cer- 
tain leads, various ratings 
may be obtained. Available 
in General Application as 
well as High -K types. 

HYPERCON.' 
CAPACITORS 

Ultra- miniature discs for use in transistorized 
cir- cuitry. Designed for by- pass and coupling appli- cations in low voltage cir- tance and its where high capaci- 

portant considerations. 
Superior in size and performance 
topcom- parably -rated alu com- parably-rated 

lytic capacitorsminum electto- 

DOORKNOB 
CAPACITORS 

BULPLATE® 
CAPACITORS 

Available in 20 and 30 KV 
ratings. Molded guard rings 
lengthen surface creepage 
path. Complete with variety 
of screw -in terminals to 
meet all replacement re- 
quirements. 

BUTTONHEAD 
CAPACITORS 

Screw -mounting units 
with flat disc capacitor ele- 
ments seated in hexagon 
head. This series includes 
feed -thru capacitors for fil- 
tering leads through chassis, 
as well as standoff capaci- 
tors for by -pass applica- 
tions. 

Rugged multiple- section 
units which combine in one 
compact assembly all the ca- 

pacitors used in one or more 
stages of a radio circuit. These 
space- saving capacitors are 
ideal for miniature sets. 

WORLD'S LARGEST CAPACITOR MANUFACTURER 

THE MARK OF RELIABILITY 
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TIME- SAVING SERVICE AIDS for field or shop 

the world's finest 
exclusive in electronic service data 

famous Howard W.Sams CIRCUITRACE= and SERVICING AIDS! 
handiest, most -complete data ever published to speed and simplify servicing - 

equally useful for troubleshooting in the home or on the bench... 
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exclusive Sams standardized, 
uniform system for fastest, 
easiest printed board trouble- 
shooting... 

Here's how CircuiTrace works: All test points are 
clearly shown on the schematic and each is plainly 
coded (see illustration at left). The same test points are 
similarly coded on the printed board photo (see illustra- 
tion at right) so you instantly know where to make your 

measurement! No more costly hunting for test points 
...no more guesswork... no need to look at both sides 
of the board -identifies tubes, transistors, and foil con- 
nections of parts throughout circuits. CircuiTrace 
makes printed board servicing a breeze! 

FIELD SERVICING NOTES 

SAFETY GLASS REMOVAL (MODEL KC666) 

Remove 4 screws holding the trim strip at the top ee 
the safety glass. Tilt glus out and remove. 

FUSE AND FUSE DEVICE 

TV: Sweep - j Amp. (Ml) 
LV Supply - Fuse Wire (M2) 
Filament - Fus. Wv 
See 'Tnh- 

RRdin 

TUBE PLACEMENT CHARTS 

:NOrMEo If MAP 

INDICATES IONI! PIN 

ON LOCATING KEY 

Valuable 
Instructions for making 

all necessary adjustments in the home, 
locating fuses, removing safety glass, etc. 

DISASSEMBLY INSTRUCTIONS 

TV CHASSIS REMOVAL 

1. Remove 10 push -on type knobs 

2. Remove 12 wood screws In 

DM n 

O 

o 

111010E0 11 

SOUND 

n 

Tube layouts of 
top and bottom of chassis 

show sync and sound paths, tube 
keyways, fuses, rectifiers, etc. Helps 

you trace signal path to localize the trouble. 

You get step -by -step 
procedure for removing 

chassis, CRT, speakers, 
knobs, hidden bolts and 

connections. Avoids parts 
damage -saves valuable time. 

TUBE FAILURE CHECK CHART 

POWER SUPPLY FAILURE 
No raster, no sound Fuse Wire (LV Power), Fuse V 

SWEEP FAILURE 
No raster, has sound Fuse (Sweep), V6, VS, 
No vertical deflection V7 
Poor vert. linearity or foidover V7 
Poor boric. linearity or foldove ' 
Narrow plrture VI, un 1.2 
V.- 

V10, 

Points out 
probable causes of common 

troubles, tells you which tubes to 
replace to correct the symptom. Also 

shows series -string filament connections. 

HORIZONTAL SWEEP 
CIRCUIT ADJUSTMENTS 

Set the Horizontal Hold Control to 
Horizontal Frequency Slug (BI) 
tally. Keep turning BI in the I 

out of sync. Reverse t> er 

Detailed instructions help 
you solve the troublesome 

problem of adjusting the 
horizontal circuits (oscillator, 
linearity, and width) -avolds 
guesswork! 

These are just a few of the dozens of great features in PHOTOFACT for fastest, easiest, most profitable servicing. 
See your Sams Distributor for full details on an Easy Buy Library or Standing Order subscription! 

NOW IN PHOTOFACT! 
FREE BONUS 20- LESSON 
Second -Class Radiotelephone 

license Course! 

Will help you pass the exam 
for an FCC License -so you can 
upgrade your career in elec- 
tronics and become an expert 
in communications! Now Free 
in current PHOTOFACT Sets. 
Don't miss it -enter your sub- 
scription with your Distributor ! 

® y PHOTOFACT 
1 _ INDEX -- -.rr 

VOW invaluable guideto over52,000T V, 

Radio, Electronic listings- covering vir- 

tually every model produced since 1946. 

Helps you locate the proper PHOTO - 

FACT Folder you need to solve any 

service problem in any model. Send 

coupon today for your FREE copy of 

the latest PHOTOFACT Index! 

HOWARD W. SAMS & CO., INC. 
Howard W. Sams & Co., Inc., Dept- 5 -B2 
1724 E. 38th St., Indianapolis 6, Ind. 

Send FREE Photefact Cumulative Index 

Send full information on Easy Buy Plan 

Standing Order Subscription "Peet" Program 

Shop Name 

Attn.: 

Address 

City 
L. 

Zone State.___.___ 

-J 
ELECTRONICS WORLD Is puhlIhsd monthly by ZIOnavla PuhllXhlrlg Company at 434 Sootb pyahanli A,eJUC. Chicago 1. Illinois. P rrll,llon rate, one year United SU ono possessions ee.00; Canada and Pan Ámerlrnn Union c untrle. S. all other lot ..... n erond Cho. po.cme paid 'i1 `Chicago. ÌiÌinolsnandeat additional Mall ìliÌng "[bees. Authorized a- +,.,iul a.e mall by the Post òmre Deparnnent. Ott:,..:Cwnndann.l"for payment of postage In rash. vobruarr. Ipn_: Po.. n:. .\n. 2. 

February, 1962 1 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


FRON METRO GOLDWYN MAYER SAN YO. URONSTON'5 PRODUCTION OF "RIND OF RI 

IT'S 
SOUNDCRAFT 

IN THE 

GREAT MOTION 
PICTURES! 

2 

If you believe that all recording tapes are the same ... read these facts about Soundcraft: today's great motion 

pictures depend on the most extensive stereophonic techniques and effects. To achieve them requires a magnetic product capable 

of satisfying the most critical demand. For years one name has consistently won virtually 100% acceptance of the uncompromising 

technicians of this industry. That name -Soundcraft. The fact is the development of the Soundcraft Magna- Stripe Process revolu- 

tionized the course of the entire industry -led to the advent of the stereo sound tracks of the great wide screen films. For this, 

Soundcraft was awarded the only Academy Award "Oscar" ever given to a recording tape manufacturer. Today the sound you hear 

in the great MGM (Camera 65), Todd AO, Cinemascope and other wide screen productions is repro- 

duced on Soundcraft magnetic products. Motion picture producers investing millions of dollars can't 

afford to take chances. That's why "It's Soundcraft in the great motion pictures!" You, too, can 

have this same measure of superior performance and reliability in your own recordings by switching 

to Soundcraft -where professional performance is the standard and satisfaction the guarantee. 

See your Soundcraft Dealer today and let him put you on the right "sound" track with Soundcraft. 

REEVES SOUNDCRAFTCoRo 

SOUNDCRAF 

SOUNDCRAFT 

UNDCRAFT 

DCRAFT 

DCRAFT 

DCRAFT 

OUNDCRAFT 

SOUNDCRAFT 

NDCRAFT 

Main Office: Great Pasture Road, Danbury. Connecticut New York: 10 East 52nd St. 

Chicago: 28 E. Jackson Blvd. Los Angeles: 342 N. LaBrea Toronto: 700 Weston Rd. 

ELECTRONICS WORLD 

a 

d 

Fa< 
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STS 220 -$34.50 

S which 

T Stereotwin 

E is best 

R for you? 
Now there are two new ELAC 

Stereotwin cartridges to 
choose from. Both are of the 

rugged, moving magnet type 

and are completely shielded 
in mu- metal. Both feature 
high vertical and lateral corn- 

pliance and outstanding chan- 

nel separation over the entire 
audio spectrum. The STS -220, 

w 
a compatible mono -stereo car- 

tridge, comes complete with 
an extra diamond stylus.The 

STS 310 STUDIO with .5 mil 

individually balanced diamond 

stylus provides the epitome 

of stereophonic record repro- 

duction for the audiophile who 

demands uncompromising 
performance. 

STS 310-$45.00 

ickSTS Ste D 

1 

_J 

For complete specifications write: 

BENJAMIN 
ELECTRONIC SOUND CORP. 

Dept EW -12 -97-03 43d Ave.. Corona 68, N.Y. 
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COMING 
NEXT MONTH 

THE TECHNICIAN'S ROLE IN INDUSTRY 
Automation and the remote- control of 
industrial processes is giving the techni- 
cian a big boost toward greater recogni- 
tion and higher pay. This is the situation 
at one nation -wide manufacturer of pre- 
cision components, as related by a tech- 
nician who has "arrived." 

TRANSISTORIZED FM- MULTIPLEX STEREO ADAPTER 

Now that silicon planar transistors are 
reasonably priced, you can build a sim- 
ple switching -type adapter which pro- 
vides 25 db separation at 1 kc. A signal 
input of .5 to 1 volt r.m.s. is needed from 
your tuner. 

TRANSISTORIZED METAL LOCATOR 
A tested design for a compact, light- 
weight unit that weighs only 28 ounces 
with batteries. This beat- frequency in- 
strument provides both loudspeaker and 
output meter indication. 

VERSATILE ELECTRONIC SWITCH 
Here is an easy -to -build transistorized 
circuit that will operate a relay over a 
frequency range of 16 seconds per cycle 
to 14 cps. The circuit is designed to per- 
mit it to be used either for testing or as 
a chopper. 

SIGNAL -STRENGTH METER FOR CB 

How good are the CB signals you are 
receiving? This handy indicator will pro- 
vide useful, dependable, comparative sig- 
nal reports. 

VALUE CHECKER FOR ELECTROLYTICS 
Direct indication of capacitance values 
from 5 to 200 µf., often without removing 
the capacitor in question from its circuit, 
are obtained with an instrument that is 
simpler, more portable, and easier to op- 
erate than a conventional bridge circuit. 

NEW WESTINGHOUSE TV CIRCUITS 
Currently available receivers from this 
company feature a number of interesting 
innovations- including a re- broadcaster 
for private TV sound from an AM radio, 
an "instant -on" arrangement to mini- 
mize warm -up problems, and an unusual 
system for adjusting picture width and 
linearity. Here is an inside view of these 
new circuits. 

All these and many more interesting and 
informative articles will be yours in the 
March issue of ELECTRONICS 
WORLD ... on sale 

February 22nd 

William Ziff 
President 

ZIFF -DAVIS PUBLISHING COMPANY 
William B. Ziff 

Chairman al the Board (1946- 193) 

M. T. Birmingham, Jr. 
Vice President and Treasurer 

Robert P. Breeding 
Circulation Director 

W. Bradford Briggs 
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Hershel B. Sarbin 
Vice President and General .Manager 

Member 
Audit Bureau of 

Circulations 

e 

Charles Housman 
Financial Vice President 
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SUBSCRIPTION SERVICE. All subscription correspondence should be addressed to Electronics World. Cir- 
culation Department. 434 South Wabash Avenue. Chicago 5. Illinois. Please allow at least six weeks for 
change of address. Include your old address. as well as new -enclosing if possible an address label from 
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EDITORIAL CONTRIBUTIONS must be accompanied by return postage and will be handled with reasonable 
care: however publisher assumes no responsibility for return or safety of art work. photographs. or 
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how to get 
a Commercial 
FCC LICENSE 

An FCC License, 

Or Your Money Back! 
Completion of the Master Course (both Sections) will pre- 
pare you for a First Class Commercial Radio Telephone 
License with a Radar Endorsement. Should you fail to 
pass the FCC examination for this license after success- 
fully completing the Master Course, you will receive a 
full refund of all tuition payments. This guarantee is 
valid for the entire period of your enrollment agreement. 

Get This Handy Pocket 
Electronics Data Guide 

Free 
Puts all the commonly used conversion factors, for- 
mulas, tables, and color codes at your fingertips. Yours 
absolutely free if you mail the coupon today. No 
further obligation. 

TO GET THIS FREE GIFT 

MAIL COUPON TODAY 

Cleveland Institute Training Results in 

Job Offers Like These... 
ELECTRONICS 

TECHNICIANS: 
RCA has positions for 
technicians, field engi- 
neers & instructor tech- 
nicians to install, main- 
tain, and teach military 
radar, communications, 
and fire control equip- 
ment. Company benefits. 

RADIO OPERATORS 
& TECHNICIANS 

American Airlines -Chi- 
cago, Detroit, St. Louis, 
Cincinnati and Cleve- 
land - has openings for 
radio operators and ra- 
dio mechanics. Opera- 
tors must have a 2nd 
class FCC license and 
ability to type 40 wpm. 
Many company benefits. 

CLEVELAND INSTITUTE OF ELECTRONICS 
1776 E. 17th St. Desk RN -62A Cleveland 14, Ohio 
RN 62A 

February, 1962 

a successful plan IN .. . 

Electronics Training 

good training 
doesn't cost 

it pays! 

get all three FREE! 
Increase Your Technical Knowledge 
Get a government license plus an understanding of such electronic 
applications as computers ... industrial electronics ... radar .. . 

communications ... and many more. 

Not For Beginners 
Please inquire only if you really want to get ahead and 
to add to what you have already learned in school, in the 
service. or on the job. Some 

previous 
schooling or 

experience in electronics. electricity. or related fields 
is necessary for success in Cleveland Institute programs. 

Accredited by the National Home Study Council 

Cleveland Instituto of Electronics 

Desk RN -62A, 1776 E. 17th St., Cleveland 14, O. 

Please send Free Career Information pre- 

pared to help me get ahead in Electronics. 

I have had training or experience in Elec- 

tronics as indicated below. 

Military 

Radio.TV Servicing 

Manufacturing 

Amateur Radio 

In what kind of work are 
you now engaged? 

Broadcasting 

Home Experimenting 

Telephone Company 

Other 

In what branch of Electronics 
are you interested? 

Name Age 

Address 

City _. Zone State 
RN-62A 
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every standard 

electronic part 

you'll ever need 

is pictured and 

described in the 

1962 RADIO 

ELECTRONIC 
MASTER 

JUST 

OUT! 

'62 EDITION 

1600 PAGES 
world's largest electronic catalog 

It's new - covers all the 
latest radio -tv -audio elec- 
tronic products for servic- 
ing, experimenting, design, 
industrial and military 
applications. 
It's the world's biggest elec- 
tronics purchasing guide! 
1600 pages, more than 
175,000 items - with 
descriptions, specs, illustra- 
tions and prices. 
It's easy to use! organized 
in 32 product sections for 
rapid references; fully in- 
dexed to save you time. At 
parts distributors, $3.95 
($4.95 in Canada). 
THE RADIO -ELECTRONIC MASTER 
60 Madison Ave., Hempstead, N.Y. 
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... for the Record 
By W. A. STOCKLIN 

Editor 

HIRSCH -HOUCK LAB REPORTS 
WE RECENTLY heard a technical 

paper presented by two audio 
engineers on the design of a 100 -watt 
stereo amplifier. Their experiences in 
measuring the power output of this am- 
plifier by use of music -power and con- 
tinuous sine -wave methods were so 
interesting that we felt it extremely de- 
sirable to pass this information on. 

Their original assignment was to de- 
sign a 100 -watt (dual 50 -watt) stereo 
power amplifier that would give the best 
possible results without any considera- 
tion of its cost. This assignment, one 
that all audio engineers would like to 
have since cost is one of their biggest 
problems, was accepted with enthusi- 
asm. The best components possible went 
into its design with all power supplies 
being completely voltage regulated. 
When completed, the amplifier did pro- 
duce 50 -watts continuous sine -wave 
power on each channel and, in view of 
the voltage -regulated power supplies, 
the music -power measurement was also 
50 -watts per channel. 

Their next attempt was to reduce 
cost, yet try to maintain their 50 -watt- 
per- channel music -power rating. Substi- 
tutions and simplifications were made 
one at a time. The first step was the 
elimination of the regulated power sup- 
plies. From that point on, filter chokes 
were dropped in favor of resistive type 
filtering. Measurements were taken as 
these changes were made and the ampli- 
fier, in its final form, was still able to 
produce 50 -watts music -power output 
per channel. The interesting point is 
that the continuous sine -wave power 
dropped to only 15 watts per channel. 

This example points up one of our 
major problems in setting standards of 
measurements for the Hirsch -Houck 
Lab reports. 

There is some standardization in the 
hi -fi industry today relating to the exact 
method of specifying power output. Yet, 
there is still confusion. The EIA stand- 
ard of measurement is based on the mu- 
sic -power method and the power rating 
is given at 5% harmonic distortion. Com- 
panies making packaged hi -fi equip- 
ment, like Admiral, Magnavox, Motor- 
ola, Zenith, etc., use this standard. The 
IHFM, composed of component hi -fi 
manufacturers, also specifies music - 
power rating in addition to steady -state 
power rating, but the amount of distor- 
tion is not specified. Most IHFM manu- 
facturers rate their amplifiers at no 
more than 2% harmonic distortion. 

Let's not forget that in making con- 
tinuous sine -wave measurements, we 
would use the original power supply de- 
signed for the unit, but for music -power 
measurements we substitute external 
power supplies having perfect regula- 

tion. Let's also remember that the final 
version of the amplifier described above 
is only capable of reproducing 15 watts 
of power output when a continuous 
sine -wave tone, similar to some ex- 
tent to that available from an organ, is 
reproduced. At the same time, this same 
amplifier would be capable of reproduc- 
ing 50 watts of power output when short 
duration tones, such as those obtained 
from a piano, are reproduced. Our own 
feeling is that, since every amplifier is 
used for both types of sound, it should 
be rated by its continuous sine -wave 
capabilities. 

Another problem is that many manu- 
facturers not only rate their amplifiers 
by their music -power capabilities, but 
they also report performance with only 
one of the two channels being driven. 
We feel this is not realistic in that stereo 
amplifiers are actually used with both 
channels operating simultaneously. 
Hence, this is the way they should be 
tested. 

In all Hirsch -Houck Lab reports on 
power amplifiers, then, we will use t he 
continuous sine -wave method of meas- 
urement with both channels being 
driven simultaneously. There is nothing 
wrong with this method, since there are 
no definite standards in our industry to 
the contrary, but it is the most severe 
of all the methods that can be employed. 
Also, in all our tests we will quote maxi- 
mum output power at 2% harmonic dis- 
tortion at 1000 cps. 

Since our methods are so severe, we 
would like to take this opportunity to 
point out to our readers that on all our 
future Lab Reports prepared by Hirsch - 
Houck on power amplifiers, our results 
on the output ratings will invariably be 
lower than those published by the man- 
ufacturer. This is quite natural if manu- 
facturers use different methods of rat- 
ing equipment. 

One should not find fault with these 
companies for following the procedures 
that they do. The sales disadvantage for 
any one of them, regardless of how good 
their products are, would likely lead to 
disaster. If it is a standard practice 
among only a few in the industry to use 
a more lenient method of measurement 
that gives higher power ratings, it is im- 
perative that the rest follow. 

As editors, we have two goals : (1) to 
be as informative to our readers as pos- 
sible while being fair to the manufac- 
turers in judging each piece of equip- 
ment on an equal basis; and (2) to help 
our readers to become more technically 
knowledgeable so that they are familiar 
with the various methods that are used 
for testing. Only in this way can they be- 
come truly adept at judging such equip- 
ment. 

ELECTRONICS WORLD 
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Through 
HOME STUDY 

z 

ELECTRONICS or in s z 
RESIDENT CLASSES -field of opportunity- 

the Grantham Communications 
Electronics Course prepares you 
for your first class commercial 

F.C.C. LICENSE 
The Grantham home study course teaches you prin- 

ciples of electronics in a simple "easy -to-grasp" manner. 
Each new principle is explained first in everyday lan- 
guage and then, after you understand it, is associated 
with the proper technical language. You learn and re- 
member more, because the emphasis is on understanding 
rather than on memorizing. 

This correspondence course is directed toward two 
major objectives -(1) to teach you a great deal about 
electronics, and (2) to prepare you to pass all of the 
F. C. C. examinations required for a first class commer- 
cial operator's license. We teach you step by step and 
have you practice with FCC -type tests which you send 
to the School for grading and comment. You prepare for 
your F. C.C. examinations under the watchful direction 
of an instructor who is especially qualified in this field. 

Grantham training is the easy way to learn more 
quickly - to prepare more thoroughly - for F. C. C. 
examinations. And your first class license is the quick, 
easy way to prove to your employer that you are worth 
more money. 

Get details concerning how we can prepare you for 
your F. C. C. license and how that license can help you 
advance in electronics. Mail the coupon below to the 
home office of Grantham School of Electronics in Holly- 
wood, Calif., and our free catalog will be sent to you 
promptly. 
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offers 
interesting and profitable careers in 
RADIO AND TV BROADCASTING TWO -WAY RADIO COM- 
MUNICATIONS RESEARCH AND DEVELOPMENT RELAY 
STATION MAINTENANCE AUTOMATION ELECTRONICS 

TECHNICAL WRITING IN ELECTRONICS INDUSTRIAL 
ELECTRONICS ELECTRONIC COMPUTERS MILITARY 
ELECTRONICS INST,RUMENTATION TELEMETERING 

AERONAUTICAL ELECTRONICS SPACE ELECTRONICS 
and many other 

interesting and profitable fields of the present and future 

To get ahead in electronics, you must have the proper 
training and your employer must know that you have that 
training. Your F. C. C. license is a "diploma" in communi- 
cations electronics granted by the U.S. Government, and 
it is recognized as such by employers. Grantham School of 
Electronics specializes in preparing you to earn this 
diploma. 

HERE'S PROOF... that Grantham students prepare for 
F. C. C. examinations in a minimum of time. Here is a list 
of a feu' of our recent graduates, the class of license they 
got, and how long it took them: 

LiCgse Weeks 
lames C. Bailey, 217 Behrends Ave., Juneau, Alaska 1st 12 
Edward R. Barber, 907 S. Winnifred, Tacoma, Wash. 1st 20 
M. A. Dill, Jr., 20 Cherry St., Gardiner, Maine 1st 12 
Bernhard G. Fokken, Route 2, Canby, Minn. 1st 12 
Kenneth F. Foltz, Broad St., Middletown, Md. 1st 12 
lames C. Creer, Mound City, Kansas 1st 12 
Thomas J. Hoof, 216 S. Franklin St., Allentown, Pa. 1st 22 
Clyde C. Morse, 7505 Sharronlee Dr., Mentor, Ohio 1st 12 
Louis W. Pavek, 838 Page St., Berkeley 10, Calif. 1st 16 
Wayne Winsauer, 2009 B St., Bellingham, Wash. 1st 12 

If you are interested in details concerning our training, 
indicate in the coupon below whether you prefer home study 
or resident classes, and mail the coupon to the School's home 
office in Hollywood, California - to the address given in the 
coupon - for free details. 

Accredited by the National Home Study Council 

GRANTHAM SCHOOL OF ELECTRONICS 
LOS ANGELES SEATTLE KANSAS CITY WASHINGTON 

FIRST CLASS F.C.C. LICENSE IN 12 WEEKS 
Grantham resident schools are located in four major cities- classes in 

F.C.C. license preparation are offered at all locations. New day classes begin 
every three months, and new evening classes begin four times a year. The day 
classes meet 5 days a week and prepare you for a first class F.C.C. license in 
12 weeks. The evening classes meet 3 nights a week and prepare you for a 
first class license in 20 weeks. For more information about the Grantham resi- 
dent schools, mail the coupon to the School's home office in Hollywood, Calif. 
Free details will be mailed to you promptly. 

1505 N. Western Ave. 408 Marion Street 3123 Gillham Road 821 19th Street. H. W 

Les Angeles 27, Calif. Seattle 4, Wash. Kansas City 9, Mo. Washington 6, D. C. 

(Phone: HO 7-7727) (Phone: MA 2-7227) (Phone: lE 1.6320) (Phone: ST 3-3614 

MAIL COUPON FOR FREE DETAILS-NO SALESMAN WILL CALL--1.- 
February, 1962 

(Moil in envelope or paste on postal cord) 

To: GRANTHAM SCHOOL OF ELECTRONICS 

NATIONAL HEADQUARTERS OFFICE 
1 505 N. Western Ave., Hollywood 27, Calif. 

Gentlemen: 

Please send me your free booklet telling how I con get my com- 
mercial F.C.C. license quickly. I understand there is no obligation 
and no salesman will call. 

Name - -- _. Age 

Address 

City State 

I am interested in: 

Home Study, Resident Classes 26 -B 

i 
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Now One Look Tells You...T he Best Buys 
Take a close look at the all -new Electro -Voice SPI 2B and 12TRXB custom 

loudspeakers. Speakers with the honest beauty of precision ... 
created by the sure, deft hand of a master designer. 

Here is beauty with a reason ... beauty that actively mirrors the superb 
performance of these famous speakers. Chosen for over a decade 

as "best buys" by listeners and laboratories alike, now the- 

SPI2B and I2TRXB look better and sound better than ever before. 

No mystery about why they sound so good. Every detail of design has been 
refined, every manufacturing tolerance tightened to assure the highest 

level of musical performance and engineering integrity in your high fidelity system. 

We urge you to carefully judge the SPI2B and I2TRXB on every basis 
... on facts and figures, on appearance, and finally with your own critical 

ear. In every way these speakers give a full measure of satisfaction. 
And the real beauty is that they are very modestly priced. 
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Are Better Than Ever! 

1 
MODEL SP12B 
Coaxial Full -Range 
Loudspeaker. Features 
Radas dual cone plus long - 
throw, high -compliance 
suspension. Ideal for 
built -in and custom 
installations. $35.00. 

MODEL 2TRXB 3 -Way Loudspeaker. 
Includes diffraction tweeter for extended range, 
wider sound distribution. Provides optimum sound 
in minimum space. Perfect for stereo. $66.00. 

0 ELECTRO- VOICE, INC., Consumer Products Division, Buchanan, Michigan 

ELECTRO- VOICE, INC., Dept. 224N 
Buchanan, Michigan 
Please send my free high fidelity catalog 
plus list of EN sound specialists featuring 
the new SPI2B and 12TRXB. 

Name 

Adress 

City State 
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Distinguished 
new hi-fi 
shelf speakers 

New 'IT-3 Decorator styled cal' try 

To the very popular TF -3 series, we 
have added elegantly sculptured deco- 
rator styling in choice of fine Cherry 
or Walnut woods. Four coordinated 
speakers in finely balanced 3 -way sys- 
tem. 13W H; 23W W; 11W D. 

TF.3 Decorator $109.50 
TF -3 Contemporary Walnut 99.50 
TF -3 Utility unfinished 79.50 

A popularly priced full -sized 3- speak, 
bookshelf system -perfect for inexpen. 
sive stereo. Recent "blindfold" tests by 
audio experts proved a preference for 
the TF -2 over "rated" systems costing 
much more. 

TF -2 3- speaker 2 -way system. Full size 
Flexair woofer for distortion -free bass 
response, plus two special direct radiator 
tweeters giving smooth, extended highs. 
13W II, 23W W, 11W D. 

In oiled Walnut S79.50 
Unfinished Hardwood ..$61.50 

Write for catalog 165 -G 

ensen ,T.M. 
Rep. 

MANUFACTURING COMPANY 
DIVISION OF THE MUTER CO. 

6601 S. Laramie Ave., Chicago 38, III. 

In Mexico: Universal De Mexico, S.A., Mexico, D.P. 
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FROM OUR READERS 
V.O.M. CALIBRATION STANDARDS 

To the Editors: 
I expect that you will receive a num- 

ber of anguished letters about Tom 
Jaski's article "Calibration Standards 
for the V.O.M." in your October issue. 

A Weston standard cell is not suitable 
for use with a v.o.m. Probably more 
Weston cells have been ruined by some- 
one using a v.o.m. than from any other 
cause. The maximum current ever per- 
mitted from a Weston cell is 0.1 ma., and 
good practice requires that currents be 
limited to less than this. Obviously a 
1000 ohms /volt meter across a 1 -volt 
source will draw 1 ma., or ten times 
the maximum permissible. 

Even a 20,000 ohms /volt meter draws 
too close to the maximum to be safe. 
Weston cells are for use on bridges, 
which draw little or no current. 

Standard cells are frequently used as 
voltage reference standards in indus- 
trial control instruments. Here, too, the 
serviceman should be warned never to 
"check" the standard cell with his v.o.m. 
It may read correctly on his voltmeter, 
but it will never be the same again. 

ROY V. HUGHSON 
Flushing, N. Y. 

Author Jaski was theoretically cor- 
rect in including Weston cells in a 
discussion of accurate d.c. voltage 
standards. Practically speaking, quali- 
fications in use should have been pointed 
out. The preference for a bridge or 
other instrument that draws little or 
no current for direct cell measurement 
is unquestioned. In the absence of such 
equipment, direct use of a v.o.m. that 
meets certain conditions (many do) is 
feasible. 

A meter rated at no less than 20,000 
ohms per volt on a d.c. range reading 
at least 1.5 colts full scale would draw 
well under half the cell's rated maxi- 
mum current of 100 Its. Better yet, a 
v.t.v.m. (which would draw one -thou- 
sandth of this maximum value or less) 
could be calibrated against cell voltage 
directly and then used for the v.o.m. 
calibration. Taking a quick reading will 
minimize drain. 

If this procedure produces any meas- 
urable change in the cell's continued 
accuracy. the difference would be in- 
significant for v.o.m. calibration. Re- 
member, we are not dealing here with 
an ultra -precise, laboratory standard 
meter. Editors. 

* * 

BELOW THE BROADCAST BAND 
To the Editors: 

In reading Mr. R. Genaille's article 
"Below The Broadcast Band" (Septem- 
ber 1961) I notice he made no mention 
of the United States Navy's world -wide 
precision frequency and time synchro- 

nized transmitting system. This system 
was conceived and developed by scien- 
tists at the Naval Research Laboratory 
in Washington, D. C. with the result 
that the Navy's v.l.f. transmitters are 
controlled by precision oscillators hav- 
ing a frequency stability of one or two 
parts in 10' °. 

These high -powered transmitters op- 
erate twenty -four hours a day (except 
during maintenance down periods) as 
follows : 

NAA Cutler, Maine 14.7 kc. 
NBA Summit, C. Z. 18.0 kc. 
NLK /NPG Jim Creek, Wash. 18.6 kc. 
NPM Honolulu, Hawaii 19.8 kc. 
NSS Annapolis, Md. 22.3 kc. 

A number of commercial laboratories 
and others are already using the stable 
frequency transmissions from some of 
these stations for the calibration of their 
laboratory oscillators, thereby avoiding 
propagation problems associated with 
high- frequency standard- frequency 
transmissions. A number of papers have 
been published on suggested techniques. 

In addition to these Navy precision 
frequency stations, GBR transmits a 
precision oscillator -controlled carrier on 
16.0 kc. from a site near Rugby, Eng- 
land. Their operation is in cooperation 
with the Navy network. 

If, at a later date, it may be necessary 
to reassign one of the Navy stations to 
another frequency, the oscillators used 
will insure that it will operate to the 
same high degree of precision. The Navy 
precision frequency transmissions are 
now heard around the world and pro- 
vide a definite service to the scientific 
community where accuracy is required. 

LESTER C. HARLOW 
Lieutenant -Commander. 
United States Navy 
Alexandria, Virginia 

There has been much interest in the 
article referred to above. We certainly 
appreciate Commander Harlow's addi- 
tional information.- Editors. 

STEREO HEADPHONES 
To the Editors: 

This is to inform you that the article 
in your November issue titled "Listen- 
ing to Stereo with Headphones" omitted 
the Roberts stereophonic headset from 
your table of available models. 

The headset, Model No. 54 -04, is a 
dynamic -type with an impedance of 
8 ohms. It is priced at $24.95. 

REX BACKUS 
Chief Engineer 
Roberts Electronics, Inc. 
Los Angeles, California 

Thanks to Reader Backus for bringing 
this omission to our attention. We hare 

ELECTRONICS WORLD 
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Fcs necSÌ VOM ccb i;v 20 ea'z 

SET IT! SEE IT! 

v 
xw 

READ 

200 

IT! 
DIRECTLY- ACCURATELY 
WITHOUT MULTIPLYING 

100 50 40 30 
lo 

ALL -NEW 

V O Matic 
360 

AUTOMATIC VOLT- OHM- MILLIAMMETER 

Individual Full -Size Scale for Each Range 

Range Switch Automatically Sets Correct Scale 

Only One Scale Visible at Any Time 

No Multiplying ... No False Readings 
Meter Protected Against Extreme Overload 
Mirrored -Scale for Precise Readings WITH 

BURNOUT PROOF 
METER 

EASIEST- FASTEST - ERROR -FREE READINGS 
Once you set the range switch properly, it is impos- 
sible to read the wrong scale. Readings are easiest, 
fastest of all -so easy the meter "practically reads 
itself." Eliminates reading difficulties, errors, and 
calculations. 
All scales, including the ohms scale, are direct read- 
ing. You do not have to multiply. Saves time and 
trouble. Gives you the right answer immediately. 
Ohms- adjust control includes switch that auto- 
matically shorts out test leads for "zero" set. 
Every scale in the V O Matic 360 is the same full 
size ... and only one scale is visible at any one time, 
automatically. Supplemental ranges are also pro- 
vided on separate external overlay meter scales. 

This new -type automatic VOM is another innova- 
tion by B &K that gives you features you've always 
wanted. Outdates all others. 

Includes convenient stand to hold "360" 
for correct viewing in 4 positions. 

Net, $5995 

Ask Your B&K Distributor for Demonstration 
or Write for Catalog AP18 -N 

February, 1967 

Ranges: DC Volts - 0 - 3, 15, 60, 300, 1000, 6000 (20,000 11/v) 

AC Volts -0 - 3, 15, 60, 300, 1000, 6000 ( 5,000 St /v) 
AF (Output)- 0 - 3, 15, 60, 300 volts 
DC Current -0 - 100 µa, 5 ma, 100 ma, 500 ma, 10 amps 
Resistance -0 - 1000 ohms (3 1! center) 

O - 10,000 ohms (50 St center) 
O - 1 megohm (4 k Si center) 

O - 100 megohms (150 k St center) 

Supplemental Ranges: 18 separate external overlay meter scales for: 
DC Volts- 0 - 250 ow Capacitance -100 mmfd to 4 mfd 
Audio Power Output -up to 56 watts DB (decibels) 
Peak -to -Peak AC (sine) Volts- 0 - 170, 850 

Polarity Reversing Switch and Automatic Ohms -Adjust Control 
Frequency Response AC: 5 - 500,000 cps 

Burn -Out Proof Meter: Protected against overload and burn -out 

Complete with 1 V2 -volt and 9 -volt batteries and test leads 

B&K MANUFACTURING CO. 
1801 W. BELLE PLAINE AVE CHICAGO 13, ILL. 
Canada. Atlas Radio Corp., 50 Wmgold, Toronto 19, Ont. 
Export: Empire Exporters, 277 Broadway, New York 7, U.5. A. 
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TUBE TESTER 

Model 658 Dynamic® Output Type 
Faster, more versatile, more accurate. 
Makes more tests than any other tube 
tester. Meets the needs of every engi- 
neer, lab technician and serviceman. 

OSCILLOSCOPE 

Model 600 Laboratory type, wide 
band /high sensitivity operation .. . 

for every industrial, scientific and 
service application. Has every per- 
formance feature of higher priced 
scopes. 

$335.00 Net 

ALL -NEW 
JACKSON INSTRUMENTS FOR 

PROTOTYPE DEVELOPMENT 
INDUSTRIAL MAINTENANCE 
COMPONENT TESTING 

7 SINE /SQUARE WAVE OSCILLATOR 

Model 605 Precision unit gives both 
sine and square wave output for ac- 
curate amplifier circuit checks in hi -fi, 
stereo, video and industrial lab appli- 
cations. 20 to 200,000 cycle range. 

$129.95 Net 

POWER SUPPLY 

Model 607 Laboratory unit provides 
heater, Negative and regulated vari- 
able B voltages in one compact 
package. 

12 

$79.95 Net 

Investigate these new Jackson instruments. See your 
electronic distributor ...or write for literature. 

ELECTRICAL INSTRUMENT COMPANY 

124 McDonough St., Dayton, Ohio 

also learned of a few other manufac- 
turers of stereo headphones since the 
preparation of the table for our article. 
These manufacturers are Ampex, Jen- 
sen and Monarch. Editors. 

* 

BETTER AM REJECTION ON FM SETS 
To the Editors: 

In connection with the article "Reduc- 
ing FM Multipath Distortion" by 
Patrick Halliday, I would like to cor- 
roborate the method suggested for im- 
proving AM rejection in FM detectors. I 
have followed the method shown for 
adding an AM rejection pot to a partic- 
ular high -quality FM tuner in which the 
balancing resistor of the unbalanced 
ratio detector is usually a 470 -ohm one. 
This I often change to another value 
using a resistance -substitution box to 
determine the proper resistance in order 
to better the AM rejection, which it does. 

I have been puzzled for a long time 
as to why no American manufacturer 
incorporates one of these AM rejection 
pots in his sets. 

R. S. MACCOLLISTER 
San Francisco, California 

Some American TV sets do hare buzz 
controls which regulate the AM rejec- 
tion of their FM sound detectors. To our 
knowledge, hoverer, this technique is 
not used in high -fidelity FM tuners, al- 
though it might be useful in improving 
AM rejection. -Editors. 

ANTI- STATIC SOLUTIONS 
To the Editors: 

I do not recall seeing any article on 
the care of vinyl records, such as: how 
to clean them and how to treat them 
to keep them from attracting dust. Al -- 
though there are a number of anti- 
static solutions on the market, I would 
like to know about some simple home 
remedies for the same purpose. 

J. D. DOUGLASS 
Cleveland, Ohio 

Insofar as an anti -static solution is 
concerned, one record manufacturer 
that we know of suggests the following: 
Add one teaspoon of liquid detergent, 
such as "Joy," to one quart of water. 
Wipe this solution over the record sur- 
face and allow to dry. -Editors. 

* s * 

P.A. SYSTEM TRANSFORMERS 
To the Editors: 

I have read your magazine for more 
than two decades, being especially in- 
terested in the articles covering sound. 
However, I would like to challenge a 
small part of the circuitry appearing in 
your article "Impedance Matching in 
Public- Address Systems" (November 
1961 issue). In Figs. 17 and 19, I be- 
lieve that the wattage taps are not 
identified properly. 

JOHN MCALLISTER 
Port Huron, Michigan 

Although the test is quite correct, 
Reader McAllister is right about the 
wattage markings on the matching 
transformers. The markings shown in 
I,a,(1 figures should indicate the lowest 
rulue of power with the greatest num- 
ber of primary turns.- Editors. 

ELECTRONICS WORLD 
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EEL 
340 PAGE 1962 

ELECTRONICS CATALOG 

"America's Hi -Fi & 
Electronics Shopping Center" 

LA FAYETTE 
RADIO 
ELECTRONICS 

1962 
SALES CENTER 

CA,.Iq.AM 
OW.....GE JJ! , mete t-y 

U.u.l l l IYr. TN 
OVR11.,vEAR ~-"`O^" 

C..u00 _ 0,-. - MEN OM, n.-.M, 
/1114 0010moA0 00Y- .A 010r0ü 4r[r000 Mlt-- AM py. 0- Iy. 0 

SW 
rle 4-A 

I 
. Or 
am. syn 
. 

~r- .: 
Yours free for the asking - the biggest, best and 
most comprehensive catalog in the 41 -year history 
of Lafayette Radio. Audiophile, Experimenter, Hobbyist, Technician, 
Engineer, Student, Serviceman, Dealer - you'll find what you want 
in this latest Lafayette catalog. 

LARGEST STOCK SELECTION. Stereophonic Hi -Fi equipment, Citizens Band, 
Ham and Amateur equipment, Radio & TV parts, Optics, Industrial Supplies, 

and much more, including all the favorite name brands. 

LAFAYETTE EXCLUSIVES. Featured are the famous Lafayette Kits .. . 

dollar for dollar the best value for your money today. You'll also see 
hundreds of Lafayette specials...available only from Lafayette. And, 

as always, SATISFACTION GUARANTEED OR MONEY REFUNDED. 

LOWEST PRICES. You'll save money too with Lafayette's low, low 
prices. The lowest prices are always in the Lafayette catalog. 

24 -HOUR SERVICE. Quick, courteous service is your guarantee 
at Lafayette. Most orders are fully processed within 24 hours 

after receipt in the mail Order Division. 

NEW EASY -PAY PLAN. 
Now, NO MONEY DOWN ... 

up to 24 months to pay. 

COMPLETELY WIRED, 
FULL SIZE TUBE TESTER 

TE- 15........ ....19.95 

10,000 
OHMS -PER -VOLT 
MU LTITESTER 
TE -10. 9.95 

v4 NEW! KORDEX^" 
/-. TRANSISTORIZED 

SEMI -KIT TAPE RECORDER 
RT -201 17.95 

LAFAYETTE'S 
NEW MAIL ORDER HEADQUARTERS 

111 JERICHO TURNPIKE 
(2 Blocks West of South Oyster Bay Rd.) 

SYOSSET, LONG ISLAND, NEW YORK 

SUPERHETERODYNE 
COMMUNICATIONS RECEIVER 
KT -200, Kit 64.50 
HE -10, Wired 79.95 

February, 1962 

NEWI 
FM MULTIPLEX 
ADAPTER 
LT -200 39.50 

r 
CITIZENS , 
BAND - 
MOBILE ANTENNA WHIP 
HE -800WX .._..._..6.95 

i 
LAFAYETTE RADIO,DEPT. RB-2 

P.O. BOX 10,SYOSSET, L. I., N. Y. 
Rush my FREE Lofayerte 1962 Catalog 620 

Please send me # shipping charges collect. 

1 an, enclosing $ 

Name 

Address 

340 PAGES 

City Zone State 
J 
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Electronics \Vorkl LAB TESTED 

Product Test Report 
l'KF,I'.4K/i11 Ill IIIR.'«.II- 1101Ch /..- 1IlOR.11 OWLS 

Pilot Model 248 Integrated Stereo Amplifier 
RCA WG -360A Phase Checker 
Sencore SM112 Combination V.T.V.M.- V.O.M. 

Pilot Model 248 Integrated Stereo Amplifier 
For copy of »ulnafact urer's brochure, circle No. 58 on coupon I pug(' 120). 

THE Model 248 is Pilot's most pow- 
erful and elaborate integrated 

stereo amplifier. It is rated at 30 watts 
per channel with less than 0.5'' har- 
monic or intermodulation distortion 
from 25 to 20,000 cps. It is a rather 
husky amplifier, which in spite of its 
compact dimensions (141í" wide x 
12,," deep x 5" high) weighs some 38 
lbs. It comes complete with a black 
metal cabinet and the brushed brass 
panel which characterizes the Pilot 
line. 

The circuits of the 248 are fairly con- 
ventional, with a pair of 7591's in each 
push -pull output stage. The power sup- 
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POWER OUTPUT-WATTS 
(EQUIVALENT SINE-WAVE) 

plies use silicon rectifiers throughout. 
There is a separate d.c. heater supply 
for all tubes except the output stages 
and this supply also delivers fixed bias 
to the output tubes. There is a full 
complement of input circuits including 
microphone, tape head, FM -AM tuner. 
multiplex, and tape -recorder pream- 
plifier, plus two magnetic phono in- 
puts. The latter are selected by a front - 
panel slide switch separate from the 
input -selector switch, and are conven- 
ient for systems using both a record 
changer and a turntable. There are 

14 

also tape recorder output jacks ahead 
of the tone and volume controls, and a 
switch for monitoring directly from 
the tape when a recorder with separate 
recording and playback amplifiers is 
used. 

The usual volume, balance, and con- 
centric tone controls are provided. A 
special feature is the output system. 
which allows for driving two complete 
sets of stereo speakers. A front -panel 
switch selects either or both pairs of 
speakers. The output transformers are 
connected in such a manner that a 
third, or center -channel, speaker can 
be connected to provide a monophonic 
signal from a stereo program, or to fill 
in the center when widely spaced stereo 
speakers are used. 

Pilot is one of the few manufactur- 
ers who not only does not use the so- 
called "music- power" ratings, but actu- 
ally rates its amplifiers for output and 
distortion while driving both channels 
simultaneously. Since this is the way 
we normally test amplifiers, a good 
core elation sh wld he expected between 

o 

5 

.I I 

FREQUENCY RESPONSE AT IW(TONE CONTROLS 

its ratings and our test results. and 
this proved to be the case. In fact, the 
manufacturer's ratings appear to be 
very conservative in all respects. Each 
248 amplifier is accompanied by a test 
sheet giving its distortion and fre- 
quency response under a number of 
test conditions, and we verified these 
figures in all except one minor detail 
(we measured slightly less power out- 
put at 20 kc. than Pilot did). 

Each channel delivered 34 watts at 
1000 cps, and 30 watts ( -.5 db) or 
better at 20 and 20,000 cps, at 2'í. dis- 
tortion. Even at 0.5%, distortion there 
was no significant difference in power 
response except below 30 cps and above 
15 kc. Even here response was down 
less than 1.5 db at 20 cps and less than 
1 db at 20,000 cps. Intermodulation dis- 
tortion was below 0.3%, up to 32 watts 
output. The flattest frequency response 
occurred with both tone controls at 
their 2 o'clock positions rather than at 
the indicated flat settings. The loudness 
compensation offers two degrees of bass 
boost as the volume control setting 
is lowered, with no effect on highs. The 
turnover frequency, at which boost 
commences, is well chosen and the sub- 
jective results are excellent. The loud- 
ness compensation can be switched out 
entirely if desired. 

The following additional test data 
was obtained: 

Sensitivity for 10 -watts output: 50 
mv. on high -level inputs. 1.5 mv. on 
phono input (at 1 kc.). 

Hum level: Measured at standard 
gain settings, 1 -volt input on high -level 
inputs, 10 mv. on phono at 1000 cps, 
for 10 watts output. -68.5 db on high - 
level inputs, -61 db on phono, referred 
to 10 watts output. 

Tone- control range: bass: +15 db, 
- 17 db at 50 cps; treble: +14.4 db, 
- 10 db at 10 kc. 

Rumble filters: -22 db at 30 cps. 
Scratch filters: --19 db at 10 kc. 

Both filters were too gradual in their 
action, having an appreciable effect on 
program material as well as on rumble 
and scratch. 

Phono equ<dization: +1.6 db, -1.1 
db from the RIAA curve from 30 to 
15,000 cps. 

Power -line leakage: 80 microam- 
peres I negligible). 

Stereo crosstalk: -47 db at 1 kc., 
- 37 db at 10 kc. 

Crosstalk from radio to phono input: 
- 42 db at 1 kc. (adequate for most 
purposes). 

RUMBLE FILTER 
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ELECTRICAL FLAT POSITIONS) 

CHANNEL 

35 
50 500 WC 2NC. 

FREQUENCY -CPS 
SNC IOI(C. 20KC. 
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SUPERB NEW SCOTT 

MULTIPLEX TUNER KIT 

Now you can build a Multiplex Tuner 
that meets rigid factory standards 
Now have the fun of building a genuine H. H. Scott Wide -Band FM Stereo 
Tuner in just a few hours . . . and save money, too. Revolutionary Scott - 
developed kit building techniques assure you of performance equaling Scott 
factory units. 
The new LT -110 Scottkit features a pre -wired and tested multiplex section 
plus the famous silver -plated factory built and aligned front end. Sensitivity of 
this magni-icent new tuner is 2.2 µv. IHFM. There are special provisions 
for flawless tape recording right `off- the -air." 
Scott Wide -Band multiplex tuners are the standard of the industry. They have 
been chosen by leading FM stations from Boston to San Francisco. If you want 
to build a truly professional component choose a Scottkit. All H. H. Scott kits 
are backed by over 15 years experience in the design and production of superb 
components. Important features include front panel tape recorder output and 
precision illuminated tuning meter. All critical parts heavily silver plated. 
Unique Ez -a -Line system assures factory performance without expensive 
test equipment. Dimensions: 15% W x 5% H x 13 D in accessory case. 

New Scott Amplifier Kits to match the LT -110 

LC -21 Preamplifier Kit 
Performance so outstand- 
ing this kit is used for lab- 
oratory purposes. Hum level -80 db. distortion less 
than 0.1 %, f-equency re- 
sponse 8 to 50,000 cps. 
$99.95* 
Matching LK -150 130 Watt 
Power Amplif er $169.95* 

February, 1962 

mow 
LK -72 80 Watt Stereo 
Amplifier Kit - 
Plenty of power for any hi -fi 
system. Complete tape re- 
cording and monitoring fa- 
cilities. Oversized trans- 
formers weigh 12 pounds! 
Performance equal to the 
best pre- amp /power amp 
systems. $159.95* 

-- 
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LK -48 48 Watt Stereo 
Amplifier Kit - 
12 front panel controls. 
Gives full power down to 
20 cps. Husky output trans- 
formers. All aluminum 
chassis and DC operated 
preamps. Scott quality at a 
best -buy price. $119.95* 

These Exclusive Scottkit Features 
Make Kit Building Foolproof and Fun 
1. All assembly diagrams show parts 
in exact size and in full color, elim- 
inating mistakes. 
2. All wires cut to exact length and 
pre- stripped assuring correct lead 
placement and dress. 
3. Exclusive Part- Charts with parts 
mounted in order of assembly, elim- 
inating confusion and mistakes. No 
loose bag of parts. 
4. Handsome appearance makes 
Scottkits completely professional in 
looks as well as in performance. 

H.H. SCOTT 
H. H. SCOTT, INC., Dept.160.02 111 Powdermill Road, 
Maynard, Mass. 

Send me your new Scottkit catalog and 
complete information on FM Stereo. 

Name 

Address 

City State 
Export: Morhan Exporting 58 Broadway, NYC. 
Canada: Atlas Radio Corp., 50 

Corp., 
Wingold Ave., Toronto. 

"Case extra. Slightly higher west of Rockies 
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Servicemen everywhere say, 
"OUTPERFORMS THEM ALL!" 

NEW TRANSISTOR 

JE RIO LO 'POWERMATE 
PREAMPLIFIER 

offers highest gain, lowest noise figure 
Here's the preamplifier for every TV antenna in your area, whether 
new or up for years! The exclusive universal bracket of the new 
JERROLD Transistor POWERMATE permits mounting directly on 
the antenna boom (for greatest boost before downlead losses) or at 
any other point -along the mast, on the wall or windowsill, behind the 
set -anywhere your best judgment dictates. 

And look at this gain: An average of 13.9db at Channel 13 and 
18.25db at Channel 2 -by far the highest in the business! This remark- 
able gain gives any antenna system the lowest System Noise Figure 
obtainable -the key to better pictures. 

See your distributor today, or write for special bulletin describing 
System Noise Figure. 

Only $39.95 list, complete with power supply 

NO TUBES, NO BATTERIES, NO OSCILLATION, NO FEEDBACK 

Mount it on the boom or anywhere along the downlead. 
Thoroughly neutral zed against oscillation; output 
impedance balanced to prevent radiation back to 
antenna. Same 300 -ohm lead that carries signal also 
carries 15 volts ac to POWERMATE. No tubes or 
batteries to replace. 

1[1111111,11 

REMOTE AC POWER SUPPLY 
OPERATES 1 OR 2 TV OR FM SETS 

Installs on or near receiver, 
draws less current than an elec- 
tric clock. No polarity prob- 
lems when attaching to lead, no 
danger of transistor damage. 

ELECTRONICS CORPORATION 
Distributor Sales Division, Dept. IDS -202. 
The Jerrold Building, Philadelphia 32, Pa. 

Jerrold Electronics (Canada) Ltd., Toronto, Ontario 
Export Representative: CBS International, New York 22, N.Y. 

AMERICA'S LEADING MANUFACTURER OF TV-FM RECEPTION AIDS AND MASTERANTENNASYSTEM PRODUCTS 

16 

Tubes and capacitors were operated 
conservatively, within their ratings. 
When driven to full output at very low 
frequencies, there was some buzzing 
from the metal cabinet caused by mag- 
netic attraction to the output trans- 
formers, but this condition is unlikely 
to occur in practice. The only operating 
weakness we found was the sensitivity 
to induced hum at the "Phono Selec- 
tor" and "Tape Monitor" switches. 
Bringing the hand near them caused a 
noticeable hum in the speakers. How- 
ever, unless these switches are actually 
being operated, there is no occasion to 
bring one's hand near them. 

In listening, the 248 sounds as good 
as it measures. It is clean and stable 
with capacitive loads, contributes no 
coloration to the signals, and has the 
feeling of solidity and lack of itrain 
which is a property of a very good, 
high -powered amplifier. For fall prac- 
tical purposes, the performance of this 
amplifier is equivalent to that of a sep- 
arate preamplifier and a top- quality, 
basic amplifier, and is considerably su- 
perior to most integrated amplifiers. 

The Pilot 248 sells for $249.50, com- 
plete with cabinet. 

RCA WG -360A Phase Checker 
For copy of manufacturer's brochure. 
circle No. 59 on coupon (page 120). 

IN ANY multiple- speaker system, it 
is important that all cones handling 

the same frequencies operate in the 
same phase. Out -of -phase operation 
causes loss of output, particularly at 
low frequencies, and disturbing direc- 
tional effects at higher frequencies. 

In systems where the amplifier out- 
puts are clearly marked, and where 
identical speaker systems are used, 
phasing is merely a matter of connect- 
ing like leads of the two speakers to 
corresponding amplifier outputs. When 
either amplifiers or speakers are dis- 
similar, the problem is not so easily 
solved. The usual method is to place the 
speakers close together and supply a 
monophonic signal at some low fre- 
quency to both speakers. A distinct in- 
crease in level will be heard when they 
are in phase, as compared to the out -of- 
phase condition. 

The RCA WG -360A Phase Checker is 
a simple, fool -proof device which 
achieves the same result without the 
need for placing the speakers next to 
each other. It consists of two small 
speakers, which operate as microphones. 
They are in separate boxes, connected 
by a 15 -foot lead. One box has terminals 
for connecting an indicating device, 
which may be a v.o.m., a v.t.v.m., or a 
cathode -ray oscilloscope. On this box is 
a switch which reverses the phase of 
one of the small speakers relative to 
the other. The two speaker outputs are 
connected in series, stepped up by a 
transformer, and connected to the in- 
dicating device. A crystal -diode rectifier 
is included in the unit for driving a d.c. 
microammeter. 

To use the phase checker, the two 
pickup units are placed close to the 

(Continued on page 20) 
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Special Training 
Equipment Included 

Pick the field of your choice -and train 
at home with the leader -NRI. In addi- 
tion to Industrial Electronics and FCC 
License training explained at the right, 
NRI offers comprehensive courses in 
Radio -TV Servicing and Radio -TV Com- 
munications. Except for the FCC course, 
all NRI courses include -at no extra cost - special training equipment for actual 
practice at home, building circuits and 
working experiments. Makes theory you 
learn come to life in an interesting, easy - 
to -grasp manner. 

Multiplexing, FM Stereo 
Broadcasting Included 
NRI training keeps up with the times. 
New, additional profit opportunities exist 
for the Technician who understands the 
latest technical advances. Course mate- 
rial now covers FM Stereo Broadcasting, 
tells you about Multiplexing equipment, 
other recent developments. 

Learn More to Earn More 
Act now. The catalog NRI sends you 
gives more facts about the field of your 
choice, shows equipment you get and keep. 
No obligation. Cost of NRI training is low. 
Monthly payments. 60 -Day Trial Plan. 
Mail postage -free card today. NATIONAL 
RADIO INSTITUTE, Washington 16, D.C. 

Send for 
mewling 64-Page Gie\i of 

CATALOG Elea% 
FREE 

NRI- Oldest and Largest Radio 

Television School Now Offers 

NEW HOME STUDY TRAINING 

I N'& MIL TARV ELECTRONICS 

This is the age of Electronics. Rapidly ex- 0- 
panding uses for Electronic Equipment in 
industry, business, the military demands 
more trained men. Prepare now for a 
career as an Electronic Technician to 
assure advancement or to profit from your 
hobby. NRI now offers a complete course 
in ELECTRONICS -Principles, Practices, Ma 
Computers, telemetry, automation, avionics are changing 
our world, yet all employ the same basic principles ... and 
that is what this NRI course stresses with illustrated 
lessons and special training equipment. Mail card below. 

NEW HOME STUDY TRAINING 
FOR YOUR FCC LICENSE 

An FCC Commercial License combined 
with NRI time - tested training can be the 
keys to a better future for you with higher 
pay, interesting work, more rapid advance- 
ment as the rewards. Prepare at home 
quickly for your FCC examinations through 

NRI's new, low -cost, special training. Like other NRI - 
trained men, you can be monitoring TV shows, radio 
broadcasts, operating shipboard and aviation radio, or 
holding down other important jobs. Get full details - 
mail the card below. 

FOR MORE INFORMATION -TURN PAGE 

Cut Out and Mail -No Stamp Needed 
Wil)NATIONAL RADIO INSTITUTE 
WASHINGTON 16, D.C. 

Send me your Electronic, Radio -TV catalog without cost or obligation. 
I am interested in the course checked below: (No representative will call. 
Please PRINT.) 

INDUSTRIAL ELECTRONICS COMMUNICATIONS 
FCC LICENSE SERVICING 

X 

Name Age 

Address 

City Zone State 
ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL 
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ELECTRONICS NEEDS 
4T07 

QUALIFIED TECHNICIANS 

FOR EVERY ENGINEER 

t 
Choose from 4 Courses 

1 

2 

3 

4 

INDUSTRIAL ELECTRONICS 
Learn Principles, Practices, Maintenance 
of Electronic equipment used today by 
business, industry, military, government. 
Covers computers, servos, telemetry, multi- 
plexing, many other subjects. 

FCC LICENSE 
Every communications station must have 
one or more FCC -licensed operators. New 
NRI course is designed to prepare you for 
your First Class FCC exams. You learn 
quickly, training at home in your spare time. 

COMMUNICATIONS 
Training for men who want to operate and 
maintain radio and TV stations; police, 
marine, aviation, mobile radio, etc. Includes 
FM Stereo broadcasting. Course also pre- 
pares you for your FCC license exam. 

SERVICING 
Learn to service and maintain AM -FM 
Radios, TV sets, Stereo Hi -Fi, PA systems, 
etc. A profitable, interesting field for a 
spare -time or full -time business of your own. 

4IIIIISEE OTHER SIDE 

Join The Thousands 
Who Trained For 

Advancement With NRI 
Thousands of NRI graduates throughout the U. S. and Canada 

are proof that it is practical to train at home. NRI graduates are 

in every kind of Electronics work: inspectors, maintenance men, 

lab technicians, testers, broadcasting and mobile communica- 

tions operators, Radio -TV service technicians, or in essential 

military and government posts. Catalog tells more about what 

NRI graduates do and earn. Mail postage free card. 

I. 

"THE FINEST JOB I EVER HAD" is what Thomas Bilak, Jr., 
Cayuga, N. Y., says of his position with The G. E. Advanced 
Electronic Center at Cornell University. He writes, "Thanks 
to NRI, I have a job which I enjoy and which also pays well." 

BUILDING ELECTRONIC CIRCUITS on specially- designed plug -in 
type chassis, is the work of Robert H. Laurens, Hammonton, 
N. J. He is an Electronic Technician working on the "Univac" 
computer. Laurens says, "My NRI training helped me to 
pass the test to obtain this position." 

"I OWE MY SUCCESS TO NRI" says Cecil E. Wallace, Dallas, 
Texas. He holds a First Class FCC Radio -telephone License 
and works as a Recording Engineer with KRLD -TV. 

MARINE RADIO OPERATOR is the job of E. P. Searcy, Jr., of 
New Orleans, La. He works for Alcoa Steamship Company, 
has also worked as a TV transmitter engineer. He says, "I 
can recommend NRI training very highly." 

FROM FACTORY LABORER TO HIS OWN BUSINESS that rang up 
sales of $158,000 in one year. That's the success William 
F. Kline of Cincinnati, Ohio, has had since taking NRI 
training. "The course got me started on the road," he says. 

FIRST CLASS 
PERMIT 

NO. 20 -R 

(Sec. 34.9, P.L.BR.) 
Washington, D.C. 

BUSINESS REPLY MAIL 
NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 

POSTAGE WILL BE PAID BY 

National Radio Institute 
3939 Wisconsin Avenue 

Washington 16, D.C. 

NRI IS OLDEST -LARGEST . 

SCHOOL OF ITS KIND 
Training men to suc- 
ced by home study has 
been the National 
Radio Institute's only 
business for over 
45 years. NRI is 
America's oldest and 
largest Electronics 
home -study school. 
Don't delay. Cut out 
and mail POSTAGE - 
FREE CARD. 

MAIL POSTAGE -FREE CARD 
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ASTON 
13H IN 

0* 
Cabinart SPEAKER SYSTEMS 
outperform high- rated, higher priced systems 

FREE 10 DAY TRIAL OFFER You 

ci 

Or Your 

Check These Cabinart 
Stand -Out Features 

v Maximum possible speaker 
response -' Expertly engineered and 
matched 
Newer low resonance 
Smoother mid -range 
Less off -color tone 

Acoustic dampening material inside 

3/4" thick 
throughout 

Plastic cane 
grill cloth 

Tuned double ducts 

* E. T. Canby says, "The Cabinart speaker system ... is 
really an astonishing piece of equipment at its price which 
is an unbelievable $15 (mfgr's note: now $18) - speaker 
and enclosure, complete and integrated ... with an 8" 
speaker inside of quite extraordinary quality. I am really 
impressed by the sound and by the simple ingenuity of 
the entire construction." In Audio, November, 1961. 
Reprint of M-. Canby's complete review of Cabinart speaker systems is available on request. 

Pioneers in hi fi quality since 1948. 

CABINART 
ACOUSTICAL DEV. CORP. Haledon, New Jersey 

Cabinart Is One Of America's Largest Manufacturers of Speaker 
Systems and Enclosures 

February, 1962 

mark I 8" model 
11" high x 91/2" deep x 23" long 
Shipping Weight: 27 lbs. 
Sculptured Front Walnut Veneer, Oiled 
Finish $30.00 
Extended range speaker response 45 
to 13,000 cps. 8 Ohm imp. 

mark IL 12" model 
14" high x 111/2" deep s 2345" long 
Shipping Weight: 37 lbs. 
Sculptured Front Walnut Veneer, Oiled 
Finish $43.20 
12" coaxial incl. 3" Alnico V PM 
tweeter. 8 Ohm imp. Speaker re 
sponse 40 to 15,000 cps. 

1800 
Unfinished 

Prices F.O.B. Factory 

$2 700 
Unfinished 

These units are also available from distribu- 
tors everywhere. If your distributor does not 
have these items in stock, place your order 
DIRECT WITH US FOR IMMEDIATE DELIVERY! 
Your order will be shipped one day after it 
is received! 

Cabinart Acoustical Dee. Corp. 
31 Geyer St., Haledon, N. J. 

Please ship the following to be used in my home for 10 
full days. I understand unit (s) may be returned and my money 
refunded within that time unless fully satisfied. 

Mark I Unfinished $18.00 each 
Mark II Unfinished $27.00 each 
Mark I Oiled Walnut $30.00 each 
Mark II Oiled Walnut $43.20 each 

(Please make check or money order payable to Cabinart Acoustical.) 

Name 

Address 

City State 
J 
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KSI, 
6164 

6111.14 

SEII 
SAUE 

ILO 
INS 
604 
12167 tan 

12507 
1515 
ICOI 
6COR 
SAIS 

12CX5 
12166 
12617 
12141 
Sui 

616 
6111 

611 
SACS 
RHO 

saCs 
SAMS 
SAMS 
6414 
GAGS 

ELECTRONIC MARKET 
1 YEAR 

GUARANTEED 
RADIO -TV TUBES 

611 tubes not niCiS II y ne.. Sul may be eletti1nmeee e<_ -- 

factory 2nd1 or used Each clearly marled. ELECTRONIC MARKET 

m,II replace 111.E an, tub. that becomes detect). m use ROM 

1 year from date of purchase All tubes md),duall, based and 

maned Partial Loon Only - Thousands More lutes 
m4141 

ON 5641 661561 6C1111 12116 

107GT 5124 611 SCES 
6601 1)06 

11501 5141 
6105 6CM1 6511 1X15 

111501 514 
6ICI 6CN1 614 1204 

114 6506 6COI 641 1111 

IUS 
tTS 

SUI 661.6 6CR6 665 1215 

142 5V46 6115 SCSI 64601 1261 

112 54601 61666 61ÚS 66 }4541 
171.6 

2114 511 6166 6CÚ6 61467 

1654 512 6116 606 
615 12551 

2015 6614 6115 60E6 12511 

1615 65X401 6111 606601 
1266 12551 

3E5 65116 611117 6006 
126$ 17511761 

31X6 6115 6546 6i6 12115 12507 

3126 6AN0 650661 6116 
12616 12401 

3116 6106 6101 615 
12616 1761661 

154 6401 650 611 1204 

454 6115 6156 65117 12541 131611 

45516 6115 
Lan 1341 

AISI 6116 6176 656Gr 1ä21c1 

ITT 421 6AUa1 6C4 
6bÓ761 1215 

SAME 61U56í 6C4 17167 35AS 

SANS 6616 6155 605 

54X5 4V65T 
60 65 50X1 12íR 3505 

5/78 64541 60'6 6541 12116 3554 

ORDER SHIPPED SAME DAY RECEIVEO 

SHIPPING INSTRUCTIONS: ELECTRONIC MARSE1 
PAYS YOuR POSTAGE on , el 510 or mere 
USA. end }straws., send appro. postage on ns 
di,n , 111 En e 

e 
,n III 

re u es 2Se hand.. 
Orders 

charge Send r25%'en COD s 

ANY RECEIVER Tun NOT LISTED ALSO AVAILASLE 
AT 34e EACH! 

25 
per tube 

QUANTITY 
1. DISCOUNT 

When purchasing lots of 
50 or more same type tube 

74, SILICON RECTIFIERS 
{} 500 MA 'TOP HAT' 

EACH 
ALL PURPOSE $49 

per 100 Epoxy construction 

COMPLETE LINE OF 

INDUSTRIAL TUBES 

ONE OF THE LARGEST 
INVENTORIES IN THE COUNTRY 

ELECTRONIC MARKET 
3750 E. 10th CT., HIALEAH, FLORIDA 

Phone: OXford 1 -5331 
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speakers which are to be phased, and 
an indicating device is connected to the 
output terminals. If a d.c. meter is to 
be used, one with a 50- microampere 
movement is recommended. An a.c. 
v.t.v.m. of 1.5 volts full -scale sensitivity 
or better, or an oscilloscope, may be 
used instead. The more sensitive the 
indicator, the more positive the indica- 
tions will be. 

Ordinary program material or, pref- 
erably, a low audio -frequency tone is 
supplied to both speakers. The switch 
on the pickup unit is placed in its "In 
Phase" and "Out -of- Phase' positions 
and the meter reading observed. If the 
reading is greater in the "In Phase" 
position, the speakers are operating in 
phase; otherwise they are out -of- phase. 

In operation, the WG -360A Phase 
Checker performed properly at audio 
frequencies up to about 1.5 kc. Greatest 
sensitivity is obtained at about 120 cps. 
Frequencies around 160 to 200 cps are 
to be avoided, since the pickup speakers 
resonate in that region and the ratio 

between in -phase and out -of -phase read- 
ings will be small. At higher frequencies 
great care must be exercised to place 
the pickup units at the same distance 
from the speakers to avoid different 
path lengths which will cause a phase 
error. 

With a sensitive v.t.v.m. or scope, 
satisfactory results can be had at mod- 
erate sound levels. When a 150- micro- 
ampere v.o.m. was used. an uncom- 
fortably loud level had to be employed 
for usable indications, but otherwise 
the unit performed as expected. A 50- 
microampere v.o.m., as recommended by 
RCA, should be usable at comfortable 
levels. 

The WG -360A Phase Checker should 
be a valuable tool for the serviceman 
installing p.a. systems, or for the in- 
staller of high -fidelity systems. It re- 
moves the guesswork from one of the 
most critical operations in stereo -sys- 
tem installation. 

The price of the RCA Phase Checker 
is $14.95. 

Sencore SM112 Combination V.T.V.M.- V.O.M. 
Fo. ís1)11/ (1f ?mina Meliit'er's brochure, circle No. 60 on coupon (page 120). 

MANY technicians use two meters for serv- 

icing: one a v.t.v.m. for taking accurate 

on- the -bench measurements in high -impedance 

circuits with a minimum of loading; and the 

other a v.o.m. for portable use, for readings 
without meter warmup or adjustments, and for 

long -time accuracy. The v.o.m. also provides cur- 

rent readings as well as voltage and resistance. 

The Sencore SM112 combines both v.t.v.m. and 

v.o.m. functions within a single instrument that 

uses one 200 -¡.a. meter as indicator. A selector 

switch connects this meter to either the v.t.v.m. 

or to the volt- ohm -milliammeter circuits. 
There is little skimping of ranges in spite of 

the use of a double -purpose meter. The v.t.v.m. 

has six d.c. ranges (from 3 to 1000 volts full - 

scale), six a.c. ranges (3 to 1000 volts r.m.s. and 

8.4 to 2800 volts peak -to- peak), and six ohm- 

meter ranges. The circuit is a balanced bridge 

using a 12AU7, with a 6BN6 signal rectifier and 

power rectifier. The v.o.m. also has the some 

six d.c. and r.m.s. a.c. ranges, two ohmmeter 

ranges, and a single 1000 -ma. current range. 

Although the v.o.m. sensitivity is only 5000 

ohms /volt rather than the 20,000 ohms /volt 
commonly used in service e.o.m.'s, it is a simple 

matter to switch to the v.t.v.m. function when 

very high sensitivity is needed. The input re- 

sistance of the vacuum -tube voltmeter is 10 meg- 

ohms. 
After using the meter for awhile, it becomes 

obvious that it was designed for practical bench 

work with a minimum of wasted time and effort. 
For example, it is not necessary to change leads 

or to switch probes in changing from d.c. to 

a.c. or ohms measurements -or for that matter, 

in changing from v.t.v.m. to v.o.m. operation. A 

single, all- purpose probe is used for all meas- 

urements. Another time -saver is the use of scale - 

(Continued on page 103) 
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CET YOUR ELECTRONICS-TV-RADIO 

HOME TRAINING FROM N.T.S. RESIDENT SCHOOL 
BREAK THROUGH 

TO HIGHER PAY, 

GREATER JOB SECURITY 
START NOW! Break through 
the Earning Barrier that stops 
"half- trained" men. N.T.S. 
"All- Phase" Training prepares 
you .. at home in spare time . , , 

for a high -paying CAREER as a 

Over 1 City Block of Modern School 
Facilities, Laboratories and 

Shops Housing Over 
1,000 Students. 

50,000 Graduates - 
all over the World - 

since 1905 MASTER TECHNICIAN in Electronics - TV - Radio. One Master Course 
at One Low Tuition trains you 
for unlimited opportunities in All 
Phases: Servicing, Communications, 
Preparation for F.C.C. License, 
Broadcasting, Manufacturing, 
Automation, Radar and Micro -Waves, 
Missile and Rocket Projects. 
A MORE REWARDING JOB ... a 
secure future ... a richer, fuller life 
can be yours! As an N.T.S. 
MASTER TECHNICIAN you can 
go st-aight to the top in 
industry ... or open your 
own profitable business. 

NATIONAL TAU i SCHOOLS 
WORLD -WIDE TRAINING SINCE 1905 

THE SCHOOL BEHIND YOUR 
HOME -STUDY TRAINING 

BETTER 

...MORE COMPLETE 

...LOWER COST 

...WITH NATIONAL 

SCHOOLS' SHOP- METHOD 

HOME TRAINING! 

pup' BETTER 
. Training that is proved and 

tested in N.T.S. Resident School 
shops and laboratories, by a 

School that is the OLDEST and 
LARGEST of its kind in the world. 

ow' MORE COMPLETE 
. You learn ALL PHASES OF 

Television - Radio - Electronics. 
pw' LOWER COST 

... Other schools make several 
courses out of the material in our 

ONE MASTER COURSE ... and 
you pay more for less 

training than you get in 
our course at 

ONE LOW TUITION! 

In these modern School Headquarters 
your Home Training is: 

a Classroom -Developed, Lab -Studio 
Planned, Shop- Tested, 

Industry-Approved, 
Home Study -Designed. 

19 BIG FITS YOURS TO KEEP 

Friend y Instruction and 
Guidarce 
Graduate Advisory Service 
Unlimi-ed Consultation 
Diploma Recognized 
by Industry 

EVERYTHING YOU 
NEED FOR SUCCESS 

41It ,e4110. 

TRAIN AT HOME IN YOUR 
N.T.S. IS NOT JUST A SPARE TIME ...AT YOUR OWN PACE! 

MAILING ADDRESS ON A COUPON 
N.T.S. is a real school ... a world famous 

training center since 1905. Thousands of men 
from all over the world come to train in our shops, 

labs, studios and classrooms. 
You learn quickly and easily the N.T.S. Shop- Tested 

way. You get lessons, manuals, job projects, personal 
consultation from instructors as you progress. You build a 

Short-Wave, Long -Wave Superhet Receiver plus a large screen 
TV set from the ground up with parts we send you at no additional 

cost. You also get a Professional Multitester for your practical 
job projects. The Multitester will become one of your most valuable 
instruments in spare time work while training, and afterwards, too. 

Many students pay for their entire tuition with spare time work. 
You can, too ... we show you how. 

SEND FOR INFORMATION NOW ... TODAY! 
IT COSTS YOU NOTHING TO INVESTIGATE 

RESIDENT TRAINING AT LOS ANGELES 
If you wish to take your Electronics -TV- 
Radio training in our famous Resident 
School in Los Angeles - the oldest and 
largest school of its kind in the world - 
write for special Resident School cata- 
log and Information, or check special 
box In coupon. 

ACCREDITED 
MEMBER 

February, 1962 

MAIL COUPON NOW FOR 

FREE BOOK 
& ACTUAL LESSON 

After you graduate you can open your 
own TV -Radio repair business or 

go into high paying jobs like these: 
Communications Technicians, Hi -Fi, 

Stereo and Sound Recording 
Specialists, TV -Radio Broadcasting 

Technician. Technician in 
Computers & Missiles, Electronics 

Field Technician. Specialist 
in Micro -Waves and 

Servomechanisms, Expert 
Trouble Shooter, All -Phase 

Master Technician, 
TV -Radio Sales, Service 

and Repair. 

NATIONALS SCHOOLS (, 
WORLO -WIOE TRAINING SINGE 1905 

No 
obligation. 

No 
salesman 
will call. 

ACTUAL Laso.+ 1 

NATIONAL't I . 

SCHOOLS 
WORLD -WIDE TRAINING SINCE 1905 

1000 S0. FIGUEROA ST., LOS ANGELES 37, CAllf., U. S. A. 

/ Moil Now To 
Notional Technical Schools. Dept. RH -22 
4000 S. Figueroa St., Los Angeles 37, Calif. 
Please rush FREE Electronics- TV -Radio 
"Opportunity" Book and Actual Lesson. 

Nome 

' I Address 

Age 

City Zone State_ 
I- Check nena ,nleretl.O ONLY m eenbnl tram,' at lec Angell, 

VETERANS: Glue dale of discharge - 
1! 

11 
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AUTHENTIC! COMPLETE! MODERN! 

f; DOWN -TO -EARTH TRAINING 
THAT HELPS YOU REPAIR ANY 

TV OR RADIO SET EVER MADE! 

Let these two tanlous training books teach you 
to handle all types of AM. FM and TV service 
jobs by approved professional methods -and 
watch your efteienny and earnings soar! Almost 
1500 pages and over 80U clear pictures and dia- 
grams explain EVERY troubleshooting and re- 
pair operation as clearly as A -13 -C. No needless 
mathematics. No involved theory. You get 
straight-from-the-shoulder training of the type 
that teaches you to do the best work in the 
shortest time! 

SAVE $2.00! 
Make your service library complete! Get both 
these famous Ghirardi books at a saving of $2.00 
under the regular price. See MONEY -SAVING 
COMBINATION OFFER in coupon. 

O Complete Training in MODERN CIRCUITS 
You eau repair ANY rash. I \ 

r 
other 

ele. t o equipment lots easier, Lues 
tt 

nd better 
when you're fully familiar with its circuits and know 
just why and how each one works . and that's 
exactly the kind of specialized n ra in une you get in 
(,hirtrdi't 669 -pare Radio & T\' CIRCUITRY AND 
nl'f:R VIII IA ,:al_kt:. void,. It .:.CS a complete 

understanding of basic modern t then shows 
what troubles to look for and Sis to eliminate 

n eedless testing and guesswork in servicing them. 
Throughout, it gives you the above average training 
that takes the headaches ont of troubleshooting and 
lits you for the hest -paid servicing jobs. 117 clear 
illustrations. Price $9.60 separately. 

© Complete guide to PROFESSIONAL Service Methods 
Radio and '1V TROUBLESHOOTING AND 

IL ICI'. \IR is a complete 822 -page entitle to pro f tinnal 
methods . the kind than help you handle 

jobs faster, more profitably. For beginners, this giant 
honk with its 117 clear illustrations is an easily 
understood t ,arse in lucai nr troubles fast and fixing 
them right. For experienced servicemen. it is an ideal 

way to develop better methods 
tu 

d shorn ors; or : 

bind fret answers tu problems. You l'on learn uroui -I- 
shooting of all types front "static.' tests to dynan 
signal tracing methods. Step -by -step charts dent 
strate exactly what to look for. .1 big television 
tien is a down-to-can't ¢aide to all TV sen:, 
pnvednres. Price $10.18) separately. 

CASH IN ON APPLIANCE REPAIRS! 
Save on repair bills! Earn in spare time! 

ONLY 
s6.75 

FOR THE 
COMPLETE 
TRAINING 

rrp.tirs uLe.c dn- >uu -ll y: iu 1.1) nt, :e:: 1Cc :le : :n ::t -ut luny 
money -making opportunities open to trained men in this 
literally tremendous field: 

At only a small fraction of prices charged for nail -order 
training can rses. this 3711 -page. It tut cost book teaches you 
step -by -step how to repair practically :my home electrical p- 
pllance. Troubleshooting charts help you locate tutus gnickl y. 
Book even explains how to make your own iuex t'en s ive test 
tools and trains sou in modern appliance refinishing methods. 
I xcludcr spe, die ',refit( details un: SId. b au Iowa/ is rcarherr; 
ro,.,r.: Inn, r een: rang;,: cleaner,: mn tor.: hod plat:,: 

Guide to ELECTRONIC TEST PROCEDURES! 

22 

r 

It's what you 
know about 

using 
instruments 
that counts! 

Rufus P. Turner's 316 -page B.\ SIC ELECTRONIC TEST 
PROCEDURES manual with more than 1911 illustrations. 
pattern photos and prucedu re diagrams teaches you to test 
any circuit, equipment or component in a fraction of the 
usual time. It is a complete curse in prof "'lanai testing 
techniques: For instance. you learn to check for distortion 
by the 'scope. rejection filter. harmonic distortion nmeter. 

ave analyzer or oscillator methods. You learn to measure 
resistance with a current meter. a voltammeter. voltmeter, 
ohmmeter. or via the bridge method - -and so on. 

Includes Current checks: measuring Power. Capacitance, 
Resistance.: \E, RF Phase. Distortion à Modulation: testing 
Tubes and Semiconductors: testing Amplifiers: checking 
Sensitivity, RF Gain. Fidelity. : \VC Voltage. etc. Even in- 
cludes industrial elec t rot it test procedures. Price $8.30. 

LEARN ELECTRIC 

MOTOR REPAIR! 

Handle ANY job 
from minor re- 
pairs to com- 
plete rewinding 

It pays to train lot 
some' h i ng different. 
ELECTRIC MOTOR 
REI'. \IR is a complete 
guide that helps you 
cash in on this gross- 
ing lield. Shows how 
to handle all repair 
jobs (including com- 

plete rewinding.) on practically 
ANY AC or DC motor or 
generator in common t 

` from frwtional horsepower to 
giant industrial motors. Special 
duo-spiral binding brines text 
and related bout- to -do -it dia- 
grams side by side so that you 

learn Last. easily and right. It's the ideal hick 
whether you rant to train for a marl -pay motor 
repair job or simply want to fix motors as a side- 

line bar Ill :Isby: 360 pages: over 901) pistures. 
Price $9.25. 

Get your 
COMMERCIAL 
OPERATOR'S 

LICENSE! 

I :., ,:Clio la, alt- .iobest 
paid jobs as a nan- 

uercial operator aboard ship. 
a siat in. broads s' jag. telecast - o 

ing and other places where n 

FCC license is a "most'! LI- 
CF.NSE \I: \Nl'. \L FOR R :11310 

OPERATORS by J. R. Johnson 
.r: irk. low cost guide to help you breeze through 

I`CC exams. Written so you n easily- nnderstanti 
and remember it. Coscrs \LI.t EIG1IT exam ele- 
ments. Reviews almost 2221)0 typical exam elements 
so you'll know what to expect. Only $6.73 for the 
Complete Irain in:,. 1 -se ,a,np,.n. 

DIGITAL COUNTERS & 

COMPUTERS 

\ .0 kint' knotsledre of 

electronic computers may not 

be as complicated as you think 
-and this new 248 -page bola 
proves it: Written for techni- 
cians, stndents and experiment- 
ers it explains computer theory. 
design, app.) icat ion and output 
interpret at it tit in readily under- 
standable terms. Includes de 

tails on number systems: 
binary counters: readout indi- 
cators and special rattier uiles; decade counters: 
storage devices: logic circuits: computer applica- 

tions; digital -to- analog and analog-to-digital con- 

version and many others. By explaining basic cir- 
cuit configuration.. DIGITAL, ('(R-N'FERS AND 
COMPUTERS by E. Bnkstein quickly breaks doyen 

computer "mysteries" and starts you on a clear 

,mderstan,line of of the "hottest" subjects in 

Electronics today. iIL :- u. :tr,l. lilt ?s. -3. 

ELECTRONICS WORLD 
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SPECIALIZED TRAINING GUIDES! 
Complete, Easy -to- Understand! 

Each of t - ewe. icinarkably rom - 
complete trauom re n L j e t i t i ell ut plea and ant l Im i, training. Hundreds of thousands 
fast, easy understanding and priced far less than of copies have been sold to schttolc cncl for home =surly. 

PRACTICAL TV 
SERVICING JUST 

OUT! 

} 

i 

practícal 
ls!n Tele 

servicing 

Here's the clearest, most nder- 
standable Television s manual 
you've ever tried -began,' it t aç 
written by a man who ha, actually 
don; the work him,eli and knot , how 
to make thin,, clear! PRACTICAL 
TELEVISION SERVICING by J. 
R. Johnson is a fully a sed and up- 
to- the -minute guide. It's a complete 
training course for beginners. Saves 
experienced men loads of tinte: 

First you learn all about receiver 
layouts. sections and construction. A 
big TROUBLESHOOTING TOOTING SEC - 
'rioN then teaches you t,. ,.i,.;,:,,. 

THE MOST COMPLETE, GENUINELY 

HELPFUL TELEVISION SERVICE 

TRAINING in 10 years! 

troubles fast and accurately. CASE 
IIIS'l'OR I h:S Jemou.n.ne specific 
service call procedures as clearly as 
an instno, ton s1andiu1 beside nn 
Over If) panes describe CRITICAL 
ALIGNMENT PROCEDURES in- 
cluding connecting and djusting in- 
struments. CONINION i-' FAULTS IN 

C'I R('t'h'IS are explained sect inn 
by section -And there it a full chap- 
ter on Color Television principles. 

4-IS pages Mill ,w er ,st illustrations 
help you handle all lobs promptly- - 
even the lmmlten Otter -by approved 

Here's What You Need to 
'SCOPES ! Know About 

A complete guide to the 

NI ho really kmnv how to use 
,n,pes locate troubles (aster. 

reran them n I 

cl 
rately -- -:std 

this (amour manual teaches yon 
the methods They use. In short. 
MODERN OSCILLOSCOPES 
AND THEIR USES gets right 
down to earth in bringing v I the 
complete "know) how" of a iv the 
handiest. most versatile instrument 
of t: all: 

I'. r. nnlar , el to 

handiest instrument of all! 
realignment procedures. Every de 
tail of testing is explained b,n, 
connecting the 'scope and sell n 

its controls to ad, nst ing cone',, 
nents in the chassis beine tested. 
Illnstr:oeJ instruclions teach cL 
to :dialyze patterns. Even include. 
data of gr, :urtiran ice measrremeu,- 
(as user in color TV servicing/ and 
me of 'scopes in inJnst rial elec- 
tronics and anomie work. 370 ill,r. 
[rations. Price 1t8.75. 

NEW ! Practical guide to 

SEMICONDUCTORS 

Semiconductor 
Devices 

wer.,ay 

Diodes Transistors 
Thermistors 
Varistors 
Rectifiers 

Photo cells, etc. 

r PLUS 

measurement data 

I 

use, test and 

pare 
book gives you ., noon working know- 

ledge of ;JI commonly used semiconduci ors. It an- 
swers your questions. It makes semiconductor c i- 
siuction, circuit application. and use undernnmd- 
able without a lot of highly technical training. In 
short. Refus l'. Turners SEMICONDUCTOR 
DEVICES bas been specifically written for tech 

unns. servicemen anal experimenters who sou find 
these tiny devices so important in their work. 
Standard and special types are explained. Doer 
2;11 illustrations demonstrate semiconductor cir- 
cuitry. operational and construction features. Semi- 
conductor test and n -a nrement methods are de- 

scribed in detail. Price 47.+11. Use coupon. 

February, 1962 

Here's what you want 
to know about 

INDUSTRIAL 

ELECTRONIC 

CONTROLS! 
A Quick Guide to Basic Methods, 

Equipment, Applications 

Here. just off press. is a practical guide to basic 
electronic controls written specifically for tecluti- 
t.nts, mechanical and electrical engineers. techni- 

tians. servicemen. etc. who find this sort of spy 
Libra! knowledge increasingly important in their 

work. It provides a sound understanding of control 
«tnipnte nI and °sage: serves as a ready reference: 

cour answers questions. brings you fully abreast of 
nr rol methods and trends throughout industry 
Starting with growth. background and trends of 

electronically-controlled automation. BASIC IN- 
UU rRI :\I. ELECTRONIC CONTROLS pro - 

rresses through clear, concise descriptions of control 
.Umiponent s. how they work and how applied. 

Includes details on commonly used types of 
Fr:ow:duce,. Indicators. Recorders. Controllers and 
\ctuators. .\ section on electronic measuring of 

physical characteristics c v 

e 

acceleration. alt irurle. 
.dnr density. dew- point measurement. Displace- 
ment, flow, humidity, length, level, moisture COD - ,°t, pressure. speed. sot nd. viscosity and others. 

Finally` you get examples of electronic control 
ork in such diverse applications a. n thick- 

:less gauging: flaw detection: cleaning weighing 
and welding. Detailed descriptions of typical control 
c,tems as applied to modern paper making riemou- 
.rate how electronic rontrol 

I 

s end for trance 
sterilization. recording bearing temperatures, pll 

h 

ent s. paper edge control, moisture content. 
tension. basis weight and the many other Lrtots 
invoked in a (ally automated system. 

Written by Jacob II. Ruiter. Jr. and R. Gordon 
Murphy. , 3 pages. over 290 illnt. Price 88.ZIt. 

Dept. RN -22, Technical Division, 
HOLT, RINEHART 8 WINSTON, Inc., 
383 Madison Ave., New York 17, N.Y. 
Send books checked for 10 DAY FREE EXAMINATION at prices 
postage. SAVE! Send cash with order and we pay postage. Same 
privilege with money promptly refunded. 
MONEY -SAVING SERVICE TRAINING COMB 

No. 623900 

indicated plus 
10 day return 

INATION 
Radio 8 TV Circuitry & Operation; and Radio & TV Troubleshooting & Repair, only $17 for both books. (Regular price 519 separately -you save $2.001. 1= 7090061 

Check here to order Individual Books 
Radio & TV Circuitry and Operation Practical Television Servicing 1= 7082141 S 9.00 1_7056571 S 7.95 
Radio & TV Troubleshooting and 

License Manual o ic Ml for Radio Operators Repair 1= 7085781 ..$10.00 p 
D Electrical Appliance Service Monual 1= 7085371 $ 6.75 

1=7081721 S 6.75 Modern Oscilloscopes & Their Uses L Basic Electronic Test Procedures 1=7088181 S 8.75 1=7089331 $ 8.50 
Electric Motor Repair 1= 7087351 5 9.25 Semiconductor Devices /7090031 ..S 7.50 
Digital Counters 8 Computers Basic Industrial Electronic Controls 1=7081311 $ 8.75 /7098571 S 8.50 

(O(TSIDE Usi -dJd 50e NAME 
to each book. Cash with or- 
der. but n ender! i ADDRESS _ _ _ 

_ 
hook, are ternrnrd rr, (te 
day,J City Zone State 

WY, 'spin, So.. 1'. 
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The ost powerful pair 

you can put on a TV mast! 

m m 

BEST... for black & white TV.. color TV... and FM, too! 

ANNEL MAST r 
GOLDEN CROSSFIRE model 3600G 

JETRON transistorized booster -coupler model 0020 
www.americanradiohistory.comwww.americanradiohistory.com
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There are no 
lazy elements in the 
Golden Crossfire! 

In less than three months, the Channel 
Master Golden Crossfire has become the most 
wanted antenna of all time! Dealers and cus- 
tomers alike have been quick to recognize the 
outstanding superiority of the Crossfire over 
every other antenna. 

The remarkable performance of the Crossfire 
is made possible by the use of a revolutionary 
engineering principle ... Proportional Energy 
Absorption. In other antennas, a great many of 
the elements are "lazy" on any given channel 

. they are not actively working. But in the 
Crossfire, Proportional Energy Absorption puts 
more picture -pulling elements to work on every 
channel. The result: the highest gain and front - 
to -back ratios ever built into a broad band 
antenna! 

The Crossfire's performance is coupled with 
"take anything" construction that provides 
exceptional resistance to high winds and ice 
loading. 

Antenna- mounted 
booster,.. install it, 
then forget it! 

The Jetron is built to last! Not only does it 
have fewer components than any other booster, 
but the Jetron amplifier pod on the antenna 
contains no transformer, no rectifier, no filter 
capacitor. These components are all in the 
power supply, right by the set, where servicing 
is quick and easy. This power supply also 
serves as a 4 -set coupler. 

The Jetron can be used with any make or 
type of antenna to add electronic power boost. 
You are not limited to a particular antenna. 
That's why the Jetron provides a convenient, 
trouble -free means of enhancing the perform- 
ance of already existing installations. 

Here's why no other booster 
measures up to the Jetron! 

FEATURE letton Booster Booster Booster 
A B C 

No. of sets 
that can be coupled 

Newest low -noise 
transistor 

Low -cost AC 
operation 

Antenna -mounted 
components subject 
to failure (electro- 
lytic condenser, 
selenium rectifier) 

No. of antenna 
mounted components 

Highest gain on: 

Consumer -appeal 
styling 

4 

Yes 

Yes 

No 

14 

high 
band 

Yes 

Copyright 1961 Channel Mosier Corp. 

1 2 

No No 

Yes Yes 

Yes Yes 

26 31 

low low 
band band 

Yes No 

4 

Yes 

No 

No 

22 

low 
band 

No 

PICK THE RIGHT ANTENNA 
FOR THE JOB! 

CHANNEL MASTER 

MAKES IT IN GOLD... 

AT NO INCREASE IN PRICE! 
There's no need to sacrifice performance in order to meet a 

customer's desire for a gold antenna. Channel Master has the 
widest selection of gold antennas. Seventy -seven individual mod- 
els are now available with Channel Master's exclusive EPC 
"golden overcoat ". 

ENHANCES appearance for extra consumer appeal. 

PROTECTS antenna performance against salt air, in- 
dustrial atmosphere, chimney smoke, and 
other corrosive agents. 

CONDUCTS electrical energy and assures metal -to- 
metal contact. Does not have to be 
scraped off like anodizing. EPC protects 
the entire antenna ... and really lasts! 

Crossfires 

Supe Fan 

Champion 

Skylark 

High Benders 

5r/ 
3- element FM Yagi 

T-W's 

Conical Yagi 

G 
Rainbow 

Color P ince 

5- element 
Z -Match YaQis 

5- element FM Yagi 

Fold Flectors 

Dual Flector 

Super Rainbow 

Color King 

10- element 
Z -Match YaQis 

10- element FM Yagi 

City Vee 

Skyblazer 

Weefti \ 
Futuramics 

UHF Para -Scope 

FM Turnstile, 

For the best antenna of its type, 
select a Channel Master 
Gold Medal antenna. 
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E FM MULTIPL 

Ovinir 

0 QITTTt 
w 

II 

Ye .-^w -r5 

..-, ' 
i :: 1e:=, 

TRANSISTORIZED 
4 -TRACK STEREO TAPE DECK RP100 

Completely assembled, wired and tested. 
$399.95 

Semi -kit includes a completely assembled and 
tested transport, electronics in kit form. 

$299.95 
Luggage -type Carrying Case -$29.95 

Standard 19 -inch Rack Mount -$9.95 
A top quality stereo tape recorder permits you 
to build a stereo tape library of your favorite 
music at low cost. As your musical interests 
change, you may record the new music that 
interests you at no additional cost. 
Perfected 4-track stereo /mono recording, 4 & 
2 track playback. True high fidelity transistor 
electronics, individual for record & playback, 
plus separate record & playback heads permit- 
ting off -the -tape monitor. 2 recording level 
meters, mixing, mic & level controls, switched 
sound -on -sound recording. Electrodynamically 
braked supply & take -up reel motors; hysteresis 
synchronous capstan motor. Individual sole- 
noids for pinch -roller & tape lifters. All- electric, 
interlocked push -button transport control & 
interlocked safety "record" pushbutton. Preci- 
sion tape guidance & sweep loading - no pres- 
sure pads. No slurring or tape bounce problems. 
Digital turns counter. Vertical or horizontal 
mounting. Modular plug -in construction. An or- 
iginal, exclusive EICO product designed & man- 
ufactured in U.S.A. (patents pending). 

X 

NEW FM MULTIPLEX 
AUTODAPTOR MX99 
Kit $39.95 
Wired $64.95 
An original EICO 
contribution to 
the art of FM 
Multiplex reception. 

IIMEENEMBIZI1 1= :1 

ïE. fr) As+ 

FM -AM STEREO TUNER ST96 
Kit $89.95 Wired $129.95 

Includes Metal Cover and FET 

,ì,-,. =OEM 

-Y -_ ate -a.- ...r 

=l :©i (e: 

70 -WATT INTEGRATED STEREO AMPLIFIER ST70 
Kit $94.95 Includes Metal Cover Wired $149.95 
40 -WATT INTEGRATED STEREO AMPLIFIER ST40 
Kit $79.95 Includes Metal Cover Wired $129.95 

ST96: FM and AM stereo tuners on one com- 
pact chassis. Easy -to- assemble: prewired, pre - 
aligned RF and IF stages for AM and FM. 
Exclusive precision prewired EYETRONIC® 
tuning on both AM and FM. 

FM TUNER: Switched AFC (Automatic Fre- 
quency Control).' Sensitivity: 1.5uv for 20db 
quieting. Frequency Response: 20-15,000 cps 
-- -1db. Multiplex- ready: Regular and MX out- 
puts built in. 
AM TUNER: Switched "wide" and "narrow" 
bandpass. High Q filter eliminates 10 kc whistle. 
Sensitivity: 3uv for 1.0V output at 20db S/N 
ratio. Frequency Response: 20 -9,000 cps 
( "wide "), 20-4,500 cps ( "narrow "). 

BOTH AMPLIFIERS: Complete stereo centers 
plus two excellent power amplifiers. Accept, 
control, and amplify signals from any stereo 
or mono source. 
ST70: Cathode -coupled phase inverter circuitry 
preceded by a direct -coupled voltage amplifier. 
Harmonic Distortion: less than 1% from 25- 
20.000 cps within 1 db of 70 watts. Frequency 
Response: +1/2db 10. 50.000 cps. 
ST40: Highly stable Williamson -type power 
amplifiers. Harmonic Distortion: less than 1% 
from 40-20,000 cps within 1 db of 40 watts. 
Frequency Response: -4-1/2 db 12-25,000 cps. 

;Patent Pending) 

Designed for all EICO FM equipment (HFT90, 
HFT92, ST96) and any other component qual. 
ity, wide -band FM tuners having multiplex 
outputs, the new MX99 incorporates the best 
features of both matrixing and sampling tech- 
niques. It is free of phase -distorting filters and 
provides the required, or better -than -required, 
suppression of all spurious signals including 
SCA (67kc) background music carrier, re- 
inserted 38kc sub -carrier, 19kc pilot carrier and 
all harmonics thereof. This is very important 
for high quality tape recording, where spurious 
signals can beat against the tape recorder bias 
oscillator and result in audible spurious tones 
in a recording. This adaptor will synchronize 
with any usable output from the FM tuner and 
will demodulate without significant distortion 
tuner outputs as high as 7 volts peak -to -peak 
(2.5 volts RMS). 
The MX99 is self -powered, provides entirely 
automatic stereo /mono operation and includes 
low impedance cathode follower outputs to per- 
mit long lines. An indicator lamp turns on when 
the station selected is broadcasting multiplex 
stereo. A separation of 35db between channels 
is typical across the entire audio spectrum. An 
over -all gain of unity is provided from input to 
output on both stereo and mono. 

E`.v -2 
EICO, 3300 N. Blvd., L.I.C. 1, N. Y. 

Send free 32 -page catalog 8 dealer's name 
Send new 36 -page Guidebook to HI -FI for 
which I enclose 25f for postage 8 handling. 

Name 

Address 

City Zone State 

Over 2 MILLION EICO instruments in use. 

Most EICO Dealers offer budget terms. 
Add 5% in West. 

1962 Electronic Instrument Co., Inc. 
3300 N. Blvd., L.I.C. 1, N.Y. 

Listen to the EICO Hour, WABC -FM, N.Y. 95.5 MC, Mon. -Fri., 7:15 -8 P.M. 

E/CO 
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ELECTRONICS & BIOLOGY 
By TOM JASKI 

Electronics is helping us to better understand living things. In turn, biology is 
helping us to build better computers. Here are some results of this interchange. 

s technology develops, it is natural 
that there should be an ex- 
change of knowledge and tech - 

niques among the various disciplines. 
Such a mutual exchange between biol- 
ogy and electronics is now beginning to 
demonstrate some tangible advantages. 
The exchange, incidentally, is a two -way 
street. Electronics is used as a tool in 
biology, resulting in what we call "bio- 
electronics." The biological science. are 
furnishing information which helps 
build better computers and this facet 
called "bionics." In bionics we turn t 
most astounding electro- chemical 
vices as found in living entities and th 
we understand are simulated ill o 

tropic equipment. Sometimes these s 

lators help us to better understand the 
original. 

Such an association of electrical phe- 
nomena and living organisms is not new. 
In fact, we might say that some of the 
earliest awareness of some kinds of elec- 
tricity came from investigations on ani- 
mals. For instance, there was Luigi Gal - 
vani who, in 1786, used a most sensi 
detector of electricity -a frog's mu 
with nerve attached. And Allessanc 
Volta who argued with Galvani 
about the nature of electricity, 
turned to electric eels for proof 
of his contentions. Both men 
contributed a great deal to 
the beginnings of a new 
technology. 

A major contribution 
to the beginnings of bio- 
electricity was made by 
Du Bois -Reymond, whose 
investigations into the 77 

nature of nerve activity not only su . lied 
fundamental knowledge, but also pointed 
the way to new techniques of investiga- 
tion. Today some of these techniques 
have reached a high degree of sophistica- 
tion, thanks to modern, ultra -sensitive 
electronic equipment. Many new tech- 
niques have been introduced, giving us 
insight into the workings of living organ- 
isms at microscopic and sometimes sub - 
molecular levels. 

we count oscilloscopes, pulse generators 
(used in bio- electronics for stimulation), 
Wheatstone bridges for accurate voltage 
measurements and resistance determina- 
tion, high -gain amplifiers with recorders 
(as in the electroencephalographs and 
electrocardiographs), photoelectric cir- 
cuits used in experiments on vision, fre- 
quency meters used in investigations of 

hearing, timers, 
many others. 

Another group is not so familiar partly 
because it includes instniments of rela- 
tively recent origin which are expensive 
and scarce. These units are concerned 
with some form of radio spectroscopy. 
Three distinct methods are being used 
for spectroscopy -representing three dis- 
tinct kinds of activity in organic matter. 
Spectroscopy in the radio- frequency 
spectrum is analogous to light spectros- 
copy in that we examine the results of 
subjecting the sample to radiation in 
terms of frequencies absorbed and fre- 

encies transmitted through the s:un- 
Similar techniques are used with 
td and ultraviolet radiation ( and 

en, in a sense, with x- rays). But when 
subject samples to electromagnetic 

diation, distinct types of activity can 
be noted, depending on the type of 

radiation used and the presence or 
absence of moderate or strong 

magnetic fields. 
Super -high frequencies, in the 

neighborhood of the X -band 
(10,000 mc.), are likely to af- 
fect orientation of the mole- 
cules, particularly in an 
aqueous solution. Lower 
frequency microwaves 
plus a magnetic field vvill 
interact with the elec- 
trons of the substance, 

while still lower fre- 
quency radio waves and 
magnetic fields will af- 
fect the nuclei of atoms. 
The first technique is 

called transmission spectroscopy, the 
second electron spin resonance (ESR) 
or electron paramagnetic resonance 
(EPR), and the last nuclear magnetic 
resonance (NMR). The discovery of 
NMR won the Nobel Prize for two phy- 
sicists, Felix Bloch at Stanford Univers- 
ity and Edward Purcell at Harvard. 

Although direct irradiation of sub- 
stances to manipulate their constituency 
is a widely used experimental technique 
and some results have been obtained 
with it apart from the usual thermal ef- 
fects, it is not as polished a procedure as 

spectroscopy. Many of the results were 
unexpected even by the experimenters. 
For example, Hugh Fleming discovered 
that radio waves of a certain level be- 
tween 20 and 100 mc. would stimulate 
the growth of microiirganisms, but if this 

counter circuits, and 

Rio -Electronics 
The array of instrumentation available 

for bio- electronics is too extensive to be 
discussed in a single article but fortu- 
nately many of the instruments are famil- 
iar to the technician since they are 
widely used in electronics. Among these 
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MAGNET 
(A) 

Fig. 1. (A) Nuclear magnetic resonance (NMR) equipment used by Purcell. Receiver 
detects reduction in amplitude when energy is absorbed by nucleus. (B) NMR equip- 
ment used by Bloch. Receiver detects voltage generated by the relaxing nucleus. 

level were exceeded slightly, morbidity 
was high. 

Dr. Heller at the New England Insti- 
hrte of Medical Research carried out ex- 
periments with paramecia -small organ- 
isms which can be influenced in their 
motions by electromagnetic radiations. 
Many such experiments have been at- 
tempted and a whole new approach to 
irradiation with radio waves is beginning 
to infiltrate scientific laboratories now 
that the task of establishing safe working 
levels for personnel has been completed. 

Radio spectroscopy has a different ap- 
plication. At present, it is used primarily 
to analyze substances. With the various 
methods we can detect the presence 
(and the quantity present) of such mi- 
nute amounts of a substance that they 
might escape detection with more con- 
ventional chemical analyses. By now 
everyone is familiar with the concept 
that very minute controlled quantities of 
impurities in semiconductor materials 
make them suitable or unsuitable for 
transistors or, with different quantities of 
impurity, suitable for tunnel diodes. Sim- 
ilarly, in the life processes of human and 
animal organisms, minute quantities of 
some substances, such as hormones, can 
drastically affect the survival of the in- 
dividual. Thus these techniques assume 
an important role in biology. 

NMR and ESR 

The principle of NMR is relatively 
complicated but we can simplify the ex- 
planation by a familiar analogy. Recall, 
then, from your youth a spinning top 
or small gyroscope. When the top is 

28 

FREQUENCY (FOR FIXED MAGNETIC FIELD) 
MAGNR 

ETIC FIELD STRENGTH (FOR FIXED FREQUENCY) 

Fig. 2. NMR signals for solid material 
(left) and for liquid material (right). 

placed at some angle, it will not fall over, 
provided it spins fast enough, but will 
circle in its tipped position. This circling 
is called "precession." It results from the 
centrifugal force of the top, which at- 
tempts to maintain it in one position, and 
from gravity, which tries to pull it over. 
The centrifugal force wins if the top 
spins fast enough. 

The nucleus of the atom can be 
compared to the spinning top. It, too, 
spins rapidly. If we try to apply a mag- 
netic field to pull it over or to "tip" it, the 
spinning nucleus will precess like the 
top. If we increase the magnetic field, we 
will increase the precession rate (as the 
top started to precess faster when losing 
speed) but will not succeed in tipping 
the nucleus. Now, if a second field is 
added to the first magnetic field -at right 
angles to it -and this second field is made 

a spinning ( a.c. ) field, which keeps pace 
with the precession, applying its force 
continuously in the same way to the nu- 
cleus, it %vill be tipped. As it tips, energy 
is absorbed. If we change either field and 
"relax" the nucleus, it will tip back to its 
original position and release the tipping 
energy. 

Thus, at a particular magnetic field 
strength, each substance has a certain 
"tipping" frequency and we can readily 
identify the substance by this frequency, 
which is unique for each kind of atom. 
How do we create the fields and how do 
we observe the energy "dip" or energy 
"pip" from absorption or release? The 
two methods are shown schematically in 
Fig. 1. 

In Fig. IA, which depicts Purcell's 
equipment, the receiver which is swept 
with the transmitter, will show a sharp 
decline in energy received when the nu- 
cleus absorbs its share. In the Bloch 
equipment (Fig. 1B), the receiver will 
not receive maximum signal until the 
nucleus releases the energy to the special 
pickup coil. The frequencies at which 
the nucleus tips depends on the sub- 
stance, but ranges from a few to a few 
dozen megacycles. 

Electron spin resonance is similar in 
principle but since the electron spins and 
precesses more rapidly (more rapid pre- 
cession because it is a stronger magnet) 
it requires microwaves for "tipping." 

Fig. 4 shows actual equipment of the 
Bloch type. It consists principally of the 
magnet (center) with the proper coils 
and sample holder and the magnet power 
supply. To the left is the transmitter -re- 
ceiver- oscilloscope console which sup- 
plies the energy for the r.f. field and on 
which the resonance peaks can be ob- 
served. Fig. 2 shows two different kinds 
of responses. In liquids, the atoms are 
not packed as densely as in solids. Since 
each nucleus and each electron is also a 
small kind of magnet, the effects of ex- 
ternal fields are much more pronounced 
in liquids where the atoms are relatively 
far apart than in solids where they are 
doser together -hence the difference in 

Fig. 3. This deceptively simple -looking nerve cell (neurone) is the elementary unit of our nervous system. 
It is a highly complex assembly of cells capable of its own independent electro- chemical activity. 
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Fig. 4. Commercial nuclear resonance equipment designed by Varian Associates. 

response. Complex substances will have 
a number of such resonance peaks at dif- 
ferent frequencies for the different atoms 
in its makeup. Thus an array of peaks is 
like a "fingerprint" of the substance. Any 
"foreign" peaks will indicate the pres- 
ence of an alien substance. 

Radio Spectroscopy 
Basically, transmission radio spectros- 

copy rests on the fact that different sub- 
stances will have different dielectric 
properties. "Losses" in the substances 
will vary as the frequency is swept. No 
d.c. magnetic field is present. From 
microwave practice you may have ob- 
served that at such frequencies "insu- 
lators" may behave as conductors and 
what we normally consider to be a "con- 
ductor," if of the proper dimensions, may 
act as an insulator. Thus at certain fre- 
quencies some substances will behave 
differently than at other frequencies. The 
particular frequencies absorbed and 
transmitted by the sample indicates its 
constituency. This is originally estab- 
lished by examining very highly purified 
samples of single substances, as would 
have to be done for NMR and ESR. 

Along with direct irradiation of mat- 
ter, NMR, ESR, and transmission spec- 
troscopy techniques are truly modern 
boons of electronic instrumentation to 
the life sciences, biology, histology, and 
to the basic sciences for which they were 
developed- chemistry and physics. 

Now let's look at the other side of the 
picture -the side that shows how the life 
sciences are teaching us something about 
possible electronic circuitry. 

Bionics 
Bionics is that field of electronic activ- 

ity which is concerned with building 
analogues -models of parts of living or- 
ganisms. Why has there been such an 
upsurge of interest in this field? 

Our complex technology is demanding 
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more and more of computers but there 
are only so many ways one can build a 
computer. Even the most complex, most 
sophisticated, and largest computers of 
today are simpletons compared to even 
a not- very- bright person. A computer 
can do simple repetitive operations very 
rapidly, provided it has been instructed 
in the exact sequence to be followed. But 
a computer does not have judgment. A 
certain number of conditions can be 
specified with which the computer can 
modify the program of operation. But 
such fine shadings as can be distin- 
guished by human beings in their com- 
munication patterns would demand an 
impossibly complicated computer. 
Think, for example, how many times you 
speculate about how a person feels by 
the way he answers you! You can make 
"allowances" on very little data, or you 
can "speculate" and "imagine " -things no 
computer does today. 

Computer engineers are looking en- 
viously at the human brain which, in a 
space no larger than a small head of cab- 

Fig. 5. The typical "nerve impulse" or 
"action potential" produced by a stimu- 
lated nerve cell. Amplitude and response 
are constant for each cell. Propagation 
velocity along cell axon is different for 
virtually each separate nerve fiber group. 
Time morkers (below) are 500 -cps pulses. 

TIME 

bage, packs more versatility, more mem- 
ory, and more variety of operations than 
they could cram into a space the size of 
the Empire State Building. No wonder, 
then, that they would like to copy this 
compact mechanism if they could! 

This scientific interest in the human 
nervous system is nothing new. Psychol- 
ogists were the first to speculate about 
the functions of the "mind " -at that time 
still considered as a separate entity apart 
from the brain. Even today we have only 
a limited understanding of the brain - 
which we now hold to be the seat of the 
"mind." 

The entire human nervous system is 
composed of deceptively simple looking 
cells, as shown in Fig. 3. We do not yet 
completely understand the functions of 
the single nerve cell, but the bio -elec- 
tronic scientists have been able to obtain 
considerable information on the activity 
of the cells. Fig. 5 depicts a typical 
"nerve impulse," or "action potential" as 
it is called. Note that it is only milli- 
volts with which we are dealing here. 

Nerve -Cell Models 
What are the special characteristics of 

nerve cells which can be simulated? The 
nerve cell can fire when stimulated but it 
has a threshold and such stimulation 
must exceed a certain minimum. This 
cell is an "all -or -none" affair. If it fires, 
it always has the same amplitude. The 
cell must recover from a pulse and the 
time required is called the "refractory 
period." Cells, under certain conditions, 
can fire spontaneously (as they do in the 
brain). Cells can be stimulated by "sum- 
mated" pulses, that is, they have more 
than one input and if sufficient energy is 
supplied over all inputs they will also 
fire, although each separate input is be- 
low threshold. Similarly, because of the 
multiple inputs, cells can also be "inhib- 
ited"- prevented from firing. 

To understand how a large group of 
such cells gives us the power to "reason," 
the characteristic of "intelligence," sci- 
entists have taken the first step by copy- 
ing nerve cell activity. Several models 
have been made. The earliest attempt 
was by W. Grey Walter and his unit was 
built from neon tubes, resistors, capaci- 
tors, and batteries. See Fig. 6. It was a 
relatively poor model in that it did not 
provide for summation and inhibition. A 
much later version, macle by Wolfe of 
Bell Labs, is shown in Fig. 7. This has all 
the characteristics specified for nerve 
cells, with one major difference. This 
circuit deals in colts not millivolts and 
is, of course, many thousands of times 
larger than a nerve cell. 

There are a number of other, similar 
models of nerve cells designed for spe- 
cific purposes. Suffice it to say that we 
can copy all the known nerve functions 
but there may be unknown ones we do 
not yet suspect. It is also doubtful that 
we can assume that if we assemble 
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enough of these artificial neurones and 
connect them in some coherent pattern 
we will end up with a "brain" which can 
function even as well as that of an ordi- 
nary earthworm. 

One scientist has proposed a "neuris- 
tor"-a single fiber of properly treated 
semiconductor material -which could be 
made to exhibit the characteristics of a 
nerve fiber. With the ability we now have 
of re- arranging the molecules in a slab 
of semiconductor material to obtain 
relatively complex circuits, such as flip - 
flops and molecular amplifiers, this is 
certainly within the realm of possibility. 
This would take care of the space prob- 
lem, it would reduce the power require- 
ments, but it still would not provide the 
final answer by any means. 

Recognition & Learning 
One whole area of bionic research is 

devoted to "recognition" circuits. A num- 
ber of machines have been built which 
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Fg. 6. Early model of electronic nerve 
cell by Grey Walter. Each unit fires in 
sequence after charging delay. 20 of 
these units represent 1" of nerve fiber. 

can recognize shapes and characters - 
irrespective of their size and position or 
whether or not they are neatly printed 
or sloppily handwritten. Some of these 
devices require an entire computer to 
themselves to decide what the character 
is but, then, the computer -reader combi- 
nation can read as fast as 68,000 words 
per hour so perhaps it is worth all that 
equipment. The recognition circuits and 
equipment are too complex to discuss 
here since the space can be better em- 
ployed in outlining some of the interest- 
ing facets of bionics. 

One of the problems for psychologists 
-and if we want to make computers 
"smarter," of the computer engineers -is 
one of "learning." A computer which can 
react and can store (memorize) infor- 
mation still has no way of testing whether 
any decisions that it makes are good ones 
unless we give it the ability to recognize 
the results of its actions. 

W. Grey Walter built a small robot 
which was equipped to search for a 
power source to recharge its battery. In 
addition, he designed a "conditioned re- 
flex" circuit capable of learning to asso- 
ciate stimuli with a "neural" circuit. 

30 

Classically, conditioned reflex learning is 
just that; the animal begins to associate 
some signal -a buzzer, a light, or an elec- 
tric shock -with another stimulus -such 
as meat which makes it salivate. When 
the reflex has been conditioned, the 
buzzer or light which previously would 
evoke no such reaction will now cause 
salivation even if the meat is not pre- 
sented. Obviously, this reaction involves 
some sort of "trace" or "memory" of the 
activity and this can be handled very 
well in terms of computers. 

Although there are later and more 
complex models of "learning" machines 
( such as the one recently built by Mel - 
par), in Fig. 8 we show one of the sim- 
pler and older types built by W. Grey 
Walter because it is easier to understand. 
It is an analogue of the "conditioned 
reflex." Briefly, here is how it operates. 

Sound and light stimuli are obtained 
from preamplifiers. When a sound and 
light stimulus (both positive signals) ar- 
rive on the grid and screen of VI, the 
tube conducts. Each time the tube con- 
ducts C charges a bit more and after a 
number of simultaneous stimuli the neon 
tube will conduct. The capacitor will 
then retain some charge (when the tube 
extinguishes) and this charge will leak 
off very slowly -which is comparable to 
an animal "forgetting." Subsequently, it 
will take only a few stimuli to regain the 
voltage at which the neon tube strikes. 
V_ is a phase -shift oscillator biased to cut 
off and the potentiometer on the grid is 

set to a point where no oscillation occurs. 
When the neon tube strikes it provides a 
signal for short-term oscillation of V -a 
damped oscillation. During the oscilla- 
tion period we can say the animal has 
"learned" or been "conditioned" for now 
the oscillation signal, together with the 
"neural" stimulus ( in this case "sound ") 
can make the tube V:: conduct and the 
relay will be energized. Without the 
"neural" stimulus, V: remains cut off. 
Switches S. and S. are included only to 
test the circuit. A set of switches can 
provide for different responses if they are 
used to arrange the polarity of the input 
signals. In that way, either input can be 
made to "inhibit" the other. 

This, then, is a simple "learning" 
model and since all learning is, as a 
rule, concerned with repetition of the 
same stimuli, it is quite a valid model. 
More refined versions, such as the one 
being constructed by Dfelpar, can take 
into account other factors such as the 
environment provided for its benefit or 
to its detriment. But, essentially, the 
basic idea is present in the older model. 

Another area of interest to computer 
engineers and one which we find in liv- 
ing organisms is the so- called "property 
filters." We have such filters -our eyes 
see only light, our ears hear only sound 
and these two categories are separate. 
The eye also separates blues and reds 
and yellows and other colors and passes 
this information along to the brain. Here, 

(Continued on page 89) 
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Fig. 7. Later model of nerve cell, by Wolfe of Bell Labs, more nearly reproduced 
nerve -cell functions. Basic circuit is a Schmitt trigger (V, and Vzl and a two - 
stage direct- coupled amplifier IV, and V.I. Multiple inputs provide for "summation." 

Fig. 8. Early model of "conditioned reflex," a circuit which can "learn" respo 
to two overlapping stimuli. Designed by Grey Walter, this circuit was part of one 
of his "turtles, ' which could find a wall outlet and recharge its own batteries. 
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PARALLEL -LINE 
IMPEDANCE 
NOMOGRAM 

By JIM KYLE 

Here is a simple -to -use design chart that can be employed 

by industrial technicians, amateur radio operators, and 

engineers who must construct impedance- matching stubs. 

INDUSTRIAL 
technicians, ham oper- 

ators, and electronics engineers 20" 800 *16= 005" 

frequently find it necessary to determine 
the impedance of a parallel -wire r.f. - - _ 

transmission line, especially in the con- - .-... *14 - 
struction of impedance -matching trans- 15 _ - 
formers or of u.h.f. resonant circuits. -" - 

WVhile this impedance can easily be - 700 

calculated by a simple equation, the - _ *I2-,- 
equation requires that you know the - - - - 
value of a logarithm -and log tables 

Io - *10 0.10 
aren't standard equipment on most - 
benches. 9 - 

The accompanying nomogram will - 600 

provide the answer for any air -dielectric e _ *8-t 
parallel -wire line having conductors be- - 
tween .05 inch and 1 inch in diameter, 7 - _ 
spaced from one inch to 20 inches -" _ *6-r- 
center -to- center. In addition, it allows 6 -. - 
you to pick the spacing necessary to _. _ 
build a line of any specified impedance, 

5 - - 0.20 
or to choose conductor diameter. - - - 

To use the chart, simply draw a - - 
straight line through the two known - _ - 
quantities and read the third quantity 4 - - 1- - 400 _ 
at the point where the line intersects its = - ' 
scale. _ ----- -- o.30 

Example of Use 3 - _. -- 
For example, suppose we have an = _ 

- air- dielectric parallel -wire line made up - - 0.40 
of % -inch tubing spaced 2% inches center- - 300 

to- center. Drawing a line from 2% inches - - - 
on the "spacing" scale to % inch on the - - 1/2" o so 
"diameter" scale, we find that it crosses - - 
the "V." scale just below the 360 grada- - - - 
tion. The impedance, then, of the line is - -. -0.60 
approximately 359 ohms. .- - - 

Had we been planning to build a 359- - - - 0.70 
ohm line section, possibly for use as - - - 
an impedance -matching transformer, - - -0.80 
using 1.i-inch tubing, we would have - - - 
drawn the same line -but this time we - 100 = -0.90 
would read the center -to- center spacing 

1,, -1.o0" 
as 2% inches, from the appropriate SPACING 20 DIAMETER 
scale. CTR -TO -CTR OHMS 
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Computer -Simulated 
Auditorium Acoustics 

A method of simulating the acoustics of con - 
cert halls and auditoriums in an electronic 
digital computer has been devised by a Bell 
Telephone Laboratories scientist. ll.ith this 
new technique. the acoustics of a proposed 
auditorium can be listened to and evaluated 
before the hall is actually built. The archi- 
tectural design can be modified. if necessary, 
and a final plan drawn up which will ensure 
that the completed auditorium will be acous- 

tically satisfactory. The scientist, Ur. M. R. 
Schroeder. is shown listening in an anechoic 
room to music that has been processed through 
the computer programmed to simulate audi- 
torium reverberation. 

Microelectronic Circuits 
A new Texas Instruments Solid Circuit semi- 
conductor network line consists of six micro- 
electronic digital circuits. each containing the 
equivalent of some two dozen conventional 
components. The five networks shown with the 
conventional etched card above are the func- 
tioned equivalent of the.entire assembly. 

RECENT 
DEVELOPMENTS 
IN ELECTRONICS 

Transistor "Foghorn" for the Blind 
.4 trap.,' or-operated ..,r the blind, developed by Standard 
Telephones and Cable. Ltd., British affiliate of iTT, is now under- 
going tests. The blind person carries a small supersonic dog whistle. 
When blown. the whistle sound is picked up by a microphone on the 
device. which then rings o bell. The blind person can estimate his 
position in relation ta the known location of the device by judging 
the direction and intensity of the sound of the bell. The range of the 
device is about Ell yards. . 

CCTV Used in Banking 
.\erre center for the closed -circuit television 
system recently installed at the Harris Trust 
and Savings Bank in Chicago is this unique 
eight -monitor panel on the bank's ground floor. 
Bank guards are able to observe both person- 
nel and customer activity through the eyes of 
twelve television cameras located on four 
floors and six departments of the bank. The 
CCTV system was manufactured by the Doge 

Division of Thompson Ramo Vi'oolridge. 
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 Electrically Suspended Gyro 
The round ball at the right in the photograph is the heart of an 

exotic new gyroscope under development by Minneapolis- Honey- 

well. Made of beryllium, the ball becomes a gyro when it is sus- 

pended in a vacuum electrically and spun up to high speed. Here 

the ball is being measured electronically and the meter shows it 
has achieved the necessary tolerance of better than fire -millionths 
of an inch in sphericity. The next step is to polish it to a shiny 

surface finish. 

Compact Computer Module 
T ¡unrh in the foreground is a 

haywire -assembled breadboard of a four -bina- 

ry computer circuit. The compact module be- 

ing held by Ralosa Research and Develop- 

ment Laboratories' engineer contains all the 

resistance and capacitance elements in the 

breadboard version. The module is being used 

in control equipment for missiles and space 

vehicles. 

Do- it- yourself Electronic Oven 
An electronic oven that permits cafeteria patrons to 

"cook" their own meals in seconds with radar energy 

was introduced recently by Raytheon. Customers 

select pre -cooked, frozen dinners from refrigerated 
display cases and place meals in new oven for quick 
defrosting and heating. A fish fillet can be cooked 

in just 60 seconds. while a 6 -ounce portion of roast 

beef can be heated in 30 seconds and a 4 -ounce 

serving of meat loaf can be heated in 60 seconds. 

The new microwave oven sells for around S1300. 

V 

A 
High- Performance Thermoelectric Material 

,h,ucn in n sr at 1;1: \'-. lir.earch Center is a new thermoelectric material 

that is said to produce more electricity directly from high -temperature heat 

on a practical basis than can the best previously known materials. Tests 

show that a generator using a square -foot, plate -like arrangement of the 

material heated to 1000 °C. could produce up to 10 kw. of electricity. here 

a small electric motor is being powered by a 3 -watt test thermocouple. 

made up of two t/ x 1/4 x t/y inch elements of the new material, an alloy 

of germanium and silicon, mounted in a high temperature laboratory 

heater. The development 1;7 (IS sponsored by the U.S. Navy Bureau of Ships. 
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SISTORIZE 
TRANSMITTERS C B 

D 

By W. A. RHEINFELDER, / Applications Engineer, Motorola Inc., Semiconductor Products Division 

Three Citizens Band transmitter circuits having modulated r.f. power outputs of 25, 130, and 250 
mw. are made possible by use of an inexpensive mesa transistor. Suitable modulators suggested. 

CITIZENS Band communications 
equipment has become increas- 
ingly popular, particularly with 

regard to good quality sets. Price is of 
course a factor, and budget -priced 
equipment, of necessity, had to use low - 
cost transistors. Now, however, premi- 
um- quality mesa transistors are avail- 
able at a price that makes feasible their 
incorporation in Citizens Band equip- 
ment. The 2N741, for example, permits 
"deluxe" low -cost transmitters because 
of its high dissipation rating and linear- 
ity. This article will cover various 
2N741 transmitter circuit configura- 
tions, as well as the necessary modu- 
lator circuits. 

A number of circuit configurations 
were developed and are presented here.' 
In the "deluxe" version a separate crys- 
tal oscillator drives the final stage di- 
rectly, using one 2N741 mesa transistor. 
Considerable r.f. power with very low 
envelope distortion is available. The 
power drain becomes high in this con- 
figuration and attention must be paid to 
the power supply since the limits for 
portable equipment are strict. 

In a second circuit designed for lower 
power, the oscillator is modulated di- 
rectly because an additional final stage 
is hardly justified unless very low dis- 
tortion is required. In this case the first 
circuit may be used at reduced power 
input. 

For the third circuit the power input 

'All CB transmitters must be crystal -controlled 
according to FCC regulations. No license is required 
if the d.c. power input Into the final transistor is 
100 mw. or less. Powers up to 5 watts are possible 
by obtaining an FCC license. No test is required and 
only a simple form must be filled out. All frequency 
adjustments must be made by licensed commercial 
radio operators. 
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to the modulated crystal oscillator has 
been adjusted to 100 milliwatts to meet 
FCC specifications for unlicensed CB 
transmitters. 

"Deluxe" Transmitter 

The schematic of the high -power 
transmitter is shown in Fig. 1. Since the 
2N741 mesa is a "hot -can" unit with its 
case internally connected to the collec- 
tor, a bootstrap circuit must be used for 
effective heatsinking. A bootstrap cir- 
cuit generally is a circuit configuration 
which operates common -collector as far 
as d.c. is concerned. Of course it could 
still be common -emitter or common- 

base with regard to the a.c. signal. 
The crystal oscillator is such. a boot- 

strap circuit. While the d.c. configura- 
tion is common -collector, the a.c. circuit 
is common -base. Because input and out- 
put are not separated as well in an os- 
cillator as in an amplifier, it is difficult 
to determine the common electrode by 
inspection. However, if we redraw the 
circuit it becomes obvious that we have 
a common -base Colpitts oscillator with 
the crystal operating in the series mode. 
Figs. 2A through 2C are progressive 
steps in redrawing the oscillator circuit. 
In Fig. 2C the polarity of the supply 
has been reversed. For the circuit to 

Fig. 1. Schematic of the highest power transmitter. In this diagram as well as 
in the other schematics shown, all resistors and capacitors are os indicated on 
the figures. Resistors are all 1/2-w., 10% types unless otherwise indicated. 
Capacitors are disc ceramics for coupling and silver micas for the tuned cir- 
cuits. Electrolylics are shown polarized. The r.f. chokes are Jeffers Electric 
types or their equivalents. The inductance values are not critical and minor 
variations will not affect circuit performance. The trimmers are Erie Cerami- 
cons. The modulation transformer is a Stancor TA -11, with 48 -ohm center - 
tapped primary and 8 -16 ohm secondary. All transistors are Motorola types. 

2N'/4 

MODULATOR 
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operate, a short -circuit must exist at 
the crystal position and a capacitor may 
be used instead. Therefore, the crystal 
operates in the series mode. 

From the foregoing, it is evident that 
there is a total of 9 different configura- 
tions for a typical transistor circuit - 
18 if both d.c. polarities are counted. 
Each of these circuits has merit for a 
particular application. The circuit 
chosen has the advantages of good heat - 
sinking because the transistor case is 

connected to the chassis, high stability 
because the d.c. circuit is common - 
collector, high power because the tank 
circuit is connected between collector 
and base rather than emitter and base, 
and series -mode crystal because the 
crystal is in a location where a short is 
needed for operation. Series -mode oper- 
ation is more stable than parallel oper- 
ation. An additional advantage is that 
the output is taken from a small source 
resistance, resulting in stability with 
load changes. 

The two Colpitts capacitors that pro- 
vide the feedback are used simultane- 
ously to provide matching to the final 
stage; a saving of several components. 

pointed out that the circuit may be ad- 
justed for more power output, but con- 
trary to popular belief, this results in 
greatly reduced coverage. For instance, 
the average modulated power may be 
made 300 milliwatts, with the demodu- 
lated audio 1.1 volts at 10',; distortion. 
Clearly, asking for maximum power 
output in an AM transmitter also yields 
poor performance and coverage. All that 
is obtained is high power dissipation in 
the final transistor at poor coverage. 

An intelligent specification would ask 
for a certain demodulated audio power 
at a given percentage distortion. This is 

the real objective for good working dis- 
tance. Nevertheless, there still abound 
many specifications which ask for max- 
imum power output in an AM transmit- 
ter; let the reader beware. Much of the 
poor performance of present -day com- 
munications transmitters, as in nearly 
all aircraft transmitters, can be traced 
to this kind of obsolete specification. To 
repeat, asking for maximum power out- 
put in an AM transmitter also produces 
bad coverage because of low audio signal 
and poor intelligibility, and high dissipa- 
tion in the final stage (poor efficiency). 

+ 

(A) BOOTSTRAP 

The crystal oscillator is also modulated 
at a small percentage, as discussed in 
the literature.' 

The final stage operates common - 
collector in both a.c. and d.c. circuits. 
While common -emitter a.c. operation 
gives more power gain, it also involves 
an interstage transformer. For linear 
operation mutual -conductance coupling 
is difficult to control. After a thorough 
evaluation it was found that common - 
collector operation has more than ample 
power gain and the linearity is about 
the same as a common -emitter. The cir- 
cuit is greatly simplified, of course. 

For matching into the antenna, a pi- 
network is used for simplicity. Since all 
coils used are small, commercially avail- 
able r.f. chokes, the circuit may be built 
up very compactly. 

The performance of the various cir- 
cuits is shown in Table 1. 

Performance of "Deluxe" Circuit 

As can be seen from Table 1, the cir- 
cuit performance of Fig. 1 is of very 
high quality, permitting full 100'; 
modulation at very low distortion. This 
means high intelligibility and therefore 
good working distance. It should be 

Application Notes. Motorola Semiconductor Prod- 
ucts Inc.. Phoenix. Ariz.: AN-106 Description and 
Alignment of 120 -mc. Transmitter" and AN -119 
"Modulation of Driver Stage to Increase Power 
Output of AM Transmitter." 

February, 1962 

(B) INVERTED SUPPLY 

Fig. 2. Three versions of the common - 

base (common- collector for d.c.) Col - 

pitts oscillator configuration di d. 

1 

T,r 
)ll 

:ar 
Fig. 3. The 130-mw. transmitter circuit. 

son 

When users ask for high power output, 
they generally mean great operating 
distance. To get this, they must ask 
instead for maximum demodulated 
audio power at low distortion. 

The adjustments of the circuits shown 
here have been made using this latter 
specification. It is found that the adjust- 
ments for least distortion are consider- 
ably sharper and therefore more accu- 
rate than just peaking the r.f. circuits 
using a power meter. Also, as just dis- 
cussed. more audio power at lower dis- 
tortion will be developed in a receiver if 
the demodulated audio power rather 
than the r.f. power is peaked. 

Lower Power Transmitters 

The circuit of the lower power ver- 
sions of a CB transmitter is shown in 
Fig. 3, with performance given in Table 
1. In this circuit the oscillator is modu- 
ated directly and the Colpitts capacitors 
are used for feedback and matching 
simultaneously. This compromise sim- 
plifies the circuit greatly. 

The schematic of a 100- mw. -d.c.- 
power -input transmitter is shown in Fig. 
4 and its performance in Table 1. The 

I 

(C) STANDARD 

ser. 

Fig. 4. Circuit of he 100 -mw. d.c. in- 
put (25 -mw. average modulated r.f. power 
output) modulated oscillator transmitter. 

Fig. 5. The 1 -watt modulator that has been designed for the highest power transmitter. 

50mV. 15 

FOR 
1W. OUTPUT 

2NII93 

OS 

4 + 
:75K 39OK 

IOn IWATT 

R2.2K 

39 

270 15 

1á0K 

15 

2NI193 
160 

10K 

+í3.6V 

2N1193 

2NI76 

2N176 

son 

TA II 

35 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


Characteristic Fig. 1 Fig. 3 Fig. 4 Unit 
Average power, unmodulated P., 185 115 22.5 mw. 
Average power, modulated P 250 130 25 mw. 
Peak power, modulated P1. 740 355 52 mw. 
Max. modulation index number 100 75 50 
Envelope distortion 1.25 1.75 2.0 
Demod. signal across 50 ohms 2.2 1.25 0.34 v. 
Supply voltage 13.6 13.6 13.6 v. 
Supply current 95 65 10 ma. 
Modulation power required 1000 300 10 mw. 
Load seen by secondary of 

modulation transformer 100 200 3000 ohms 

The average power, unmodulated, is the r.f. power as indicated on o bolometer with the 
modulation off. Similarly with average modulated power. The peak power at 100% modu- 
lation is four times the unmodulated power. All powers are measured with a 50-ohm 
bolometer. 

The FCC specification for unlicensed CB radio calls for 100 mw. d.c. power input to the 
final stage, not the final circuit. The total d.c. power input in the third column, for instance, 
is 136 mw. with 13.6 supply voltage and 10 ma. supply current. However, the d.c. power 
input into the transistor is only 100 mw. because the collector -emitter voltage is only 10 
volts under these conditions. 

Table 1. Performance data for the three Citizens Band transmitters described. 

demodulated audio output voltage avail- 
able is roughly proportional to the d.c. 
power input, although the maximum 
modulation percentage drops. Modula- 
tion of more than 50': in Fig. 4 causes 
severe distortion and spurious outputs; 
the modulator must therefore be de- 
signed to provide peak clipping at this 
level. While the reach of these lower 
power transmitters is, of course, not as 
good as the circuit of Fig. 1, the effici- 
ency and quality compare favorably. 
These circuits are not only cheaper, but 
have the advantage of low power drain 
and weight -important in portable 
equipment. The saving applies to the 
modulator circuit as well. 

Modulator for "Deluxe" Circuit 
It takes a fairly high quality audio 

amplifier to match the circuit shown in 
Fig. 1. This audio amplifier should have 

2NI193 

Fig. 6. Alternate phase inverter for 
the 1 -watt modulator shown in Fig. S. 

a distortion of about 1% at 1 watt and 
a limited frequency response from 300 
to 3000 cps for good intelligibility. In 
addition, it must provide peak clipping 
which has very short attack and release 
times to avoid overmodulation, so as 
not to introduce intermodulation prod- 
ucts. An amplifier with these specifica- 
tions is shown in Fig. 5. Its design objec- 
tive is simplicity. Only one transformer 
is used; the modulation transformer in 
the output. This means that the circuit 
may be very compact and lightweight. 
The transistors used are of the low -cost 
variety. The output operates push -pull 
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class B in the Darlington configuration. 
The load impedance has been chosen to 
provide clean clipping at 1 watt by bot- 
toming. Since very small resistances are 
involved, this action is nearly instan- 
taneous and provides precise clipping 
without parasitics. 

To drive this push -pull output circuit 
various input configurations were tried, 
using not more than two additional tran- 
sistors. The first circuit used a regular 
amplifier stage followed by a phase 
splitter. It was found that a phase split - 
ter does not provide enough signal to 
drive the push -pull output stage. 

An emitter -coupled phase inverter is 
shown in Fig. 6. The performance is 
better than that of the phase splitter at 
the output voltages required, but mar- 
ginal because of the high inherent loss 
in the unbypassed emitter resistance. 

In the final circuit a modified form of 
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Fig. 7. Power response of 1 -w, modulator. 
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Fig. 8. Distortion and current drain of 
the modulation circuit shown in Fig. 5. 
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Fig. 9. Complete schematic diagram of 
100 -mw. modulator with 1 .5 % distortion. 
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the self -balanced paraphase inverter 
was used. This circuit is capable of de- 
livering the required output signal at 
low distortion and the degree of balance 
is high. 

The performance of the complete 
circuit shown in Fig. 5 is given in Figs. 
7 and S. The rise in distortion at low 
levels (crossover distortion) is unimpor- 
tant in a modulator in even a deluxe - 
quality transmitter because modulation 
is kept near 60% average. This is pos- 
sible because of the precise peak clip- 
ping action incorporated in the modu- 
lator. The response was limited by the 
coupling capacitor following the first 
stage and the shunt capacitor across the 
output transformer. The circuit may at 
first seem unduly complex but it should 
be noted that it uses only one transform- 
er (the largest component), two low - 
cost power transistors, and four low - 
cost GPA transistors. 

Low -Power Modulator 
A typical circuit for a low -power 

modulator is shown in Fig. 9. This par- 
ticular circuit uses low -cost GPA 
Motorola 2N1193 transistors and the 
power output is 100 milliwatts at 1.5% 
distortion. Again, peak clipping may be 
used by proper adjustment of the effec- 
tive load resistance. It is also possible to 
use a zener diode of proper voltage 
across the primary of the transformer. 
For higher power output a power tran- 
sistor must be used in the output. This 
circuit is shown merely to indicate the 
performance possible with low -cost 
transistors in a single -ended design. A 
push -pull version is hardly justified for 
a low -power, low -cost CB transmitter. 

Alignment Procedures 

The circuits as shown in the various 
diagrams have been designed to provide 
minimum distortion. In the final adjust- 
ment all that is required for satisfactory 
performance is the proper peaking of the 
variable trimmer capacitors to provide 
optimum coverage. 

While the ultimate in alignment can 
be achieved only through the use of 
laboratory instruments, such as a dis- 
tortion analyzer and bolometer, excel- 
lent results can be achieved simply by 
monitoring the transmitter output with 
a CB receiver. To do this, merely adjust 
the trimmer capacitors, one at a time, 
for maximum receiver volume. It may 
be necessary to repeat the adjustments 
several times in order to achieve best 
results. 

Summary 

The circuits described here show the 
range of CB transmitters possible with 
the 2N741 transistor. The three config- 
urations cover types from a high -qual- 
ity, high -power "deluxe" transmitter to 
a simpler 100 -mw. class D version re- 
quiring no license. These circuits fea- 
ture low distortion at high modulation 
percentages and demonstrate the 
2N741's flexibility. 

In line with the low -cost theme, the 
2N176 power transistors and the 2N1193 
general- purpose audio transistors arc 
also inexpensively priced. 

ELECTRONICS WORLD 
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DIRECTORY OF 
FM- Multiplex Stereo Adapters 

By MILTON S. SNITZER / Technical Editor, ELECTRONICS WORLD 

Many FM tuners will need some type of adapter in order to pick up the new 
stereo broadcasts. Here is complete information on available products. 

SINCE last June, When the FCC 
officially sanctioned the present 
system of FM stereo using the 

multiplex technique, there has been a 
slow but steady increase in the new 
service. Almost immediately after the 
June okay, hi -fi component manufactur- 
ers had adapters ready for the market 
or being developed in their laboratories 
for early appearance. 

A few stations, notably those tied in 
with Zenith and G -E, the developers of 
the approved FM sterco system, started 
stereo programming immediately. With- 
in a mere four months, some FM stereo 
was being broadcast by no less than 20 
stations. Such areas as those around New 
York City, Los Angeles, Chicago, Phila- 
adelphia, Detroit, Boston, San Francisco, 
Houston, Seattle, Cincinnati, Dallas, Al- 
bany, Columbus, and Spartanburg, S. C. 
had FM stereo, and this coverage is in- 
creasing every month. 

in the New York City area alone, the 
giant New York Times-good-music" sta- 
tion, \VQXR -FM is now broadcasting 
2033í hours of FM stereo a week; I -kilo- 
wafter \VDHA -FM (Dover, N.J.) is on 
for their full 17 -hour 'day broadcasting 
schedule with stereo, and 1- kilowatter 
WLIR -FM (Garden City, N.Y.) is trans- 
mitting 34 hours of stereo a week. Re- 
cently, another station in New York 
City, WTFM, went into operation with 
its entire 24- hour -a -day schedule de- 
voted to FM stereo. 

Adapters and Tuners 
For those without FM receiving 

equipment who want to pick up FM 
stereo, the best bet is to obtain a tuner 
or receiver with built -in facilities for the 
new nmltiplr \ ;%stem. Others who al- 

Alter 359A 
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ready have FM timers must obtain 
adapters for use with their tners. 

Recent model tuners that were de- 
signed with stereo in mind should do a 
good job with an adapter. Such tuners 
can be recognized by the presence of a 
"multiplex output" jack on their chassis. 
This jack makes connection to the de- 
tector output of the tuner, but ahead of 
the de- emphasis network. The network 
must be bypassed, otherwise it will at- 
tenuate the frequencies above the main 
stereo channel to such an extent that 
there Will be no L -R "difference" sig- 
nal. Suitable tuners must also have a 
broad enough passband so that the dif- 
ference signal is detected. In addition, 
the tuner must have a good linear phase 
response over its passband so that phase 
distortion will not degrade stereo sep- 
aration. Finally, the output circuit of the 
tuner should have a fairly loo' impedance 
so that connecting cable capacitance %will 

not roll -off the high- frequency difference 
signal. 

These requirements are strict enough 
to preclude the use of many early FM 
tuners with stereo adapters. Such tuners 
sometimes sacrifice bandwidth for sen- 
sitivity and they have no provision for 
a "multiplex output." Hence, it would 
not make too much sense to convert 

---- 
N a N 2? .a 20 !t a _y 
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Automatic MD -80 

Bell MXA -1 

these early FM tuners to stereo. 
Types of Circuits 

There are several basic types of cir- 
cuits used in FM stereo adapters. We 
have referred to these in our table as 
(1) matrixing type, (2) switching type, 
(3) envelope -detection type, and (4) 
a combination of two of the preceding 
types. A recent article, "Stereo FM Mul- 
tiplex Detection Methods" by Norman 

DeWald P-400 

General Electric MA -2G 

H. Crowhurst in last month's issue, de- 
scribed these circuits and covered their 
operating principles in far more detail 
than we have rom for here. This article 
also showed how the composite FM 
signal could be analyzed in either one 
of two ways: (1) as a sum signal on the 
main channel and a difference signal 
amplitude -modulating a 38 -kc. sup- 
pressed subcarrier, or; (2) as a left -only 
and a right -only signal alternately sam- 
pled Or switched at the rate of 38 kc. 
The matrixing circuit is based on the 
first method of analyzing the signal, 
while the switching and envelope- detec- 
tion circuits are based on the second. 

Matrixing type. Most of the early hi -fi 
component adapters used a matrixing- 
type circuit. This was the circuit pro- 
posed, among others, by Murray Crosby, 
who slid much of the development work 
on a type of FM stereo system which 
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ADAPTERS DESIGNED FOR SPECIFIC FM TUNERS 

These adapters will match the indicated tuners, manufactured by the same company. 

Unless otherwise stated, the adapters will fit inside the tuner and there are no operat- 

ing controls. 

NAME ADAPTER MODEL 

Bell MXA- 1 

Crosby MX-80 

Dynaco FMX-3 

General Electric MA-2G 

Harman- Kardon MX500" 
MX6003 4 

Citation MA2 3 S 

Knight -Kit KS-116 

Sherwood A3MX2 

TUNER MODEL 

All models in present stereo 
component line 

R -80 

FM -1 

FA-12 to FA -171 

F -500, ST -350, ST -360, ST -360A 

TA -224, TA -230, TA -260 

Citation III 

All deluxe models 

S -2200, S -3000 Ill 

1. May hove to be exte nally mounted; 2. Plug -in type; 3. For controls, see other table; 4. 

Snap -on type; S. Control protrudes through opening in tuner panel; 6. Built on printed - 

circuit board. 
u . 

had the sympathy and support of many 
in the hi -fi component field. Adapters 
using the matrix circuit employ a low - 

pass filter to recover the 50- 15,000 cps 
main- channel L-+-R sum signal, and a 

bandpass filter to recover the 23 -53 kc. 

subcarrier- channel L -R difference sig- 
nal sidebands. After restoration of the 
38 -kc subcarrier, suppressed at the 
transmitter, the detected difference sig- 
nal is combined with the sum signal in 

a matrixing network. This network adds 
the two signals to produce a left -only 
output, and subtracts the two signals to 
produce a right -only output. These out- 
puts are then de- emphasized and ap- 
plied to the stereo amplifier and speak- 
ers. 

Advantages of this circuit are its fa- 

I:IecL( rooks \\orld 

A 
B ® 
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iniliarity to many circuit designers and 
its flexibility, which permits exact ad- 
justment of sum and difference signals 
to be made. However, a disadvantage 
is that it is impossible to design simple 
filter circuits to be phase- linear over 
their entire operating frequency range. 
If there is phase distortion here, then 
there will be a loss of separation. 

Switching and envelope- detection 
types. In the switching -type circuit, nei- 
ther filter circuits nor matrixing circuits 
are used. Instead the entire composite 
signal is converted directly to left -only 
and right -only outputs by means of a 
time -division multiplex technique. In 
adapters using switching -type (some- 
times called "time- division ") circuits, 
two detectors are alternately switched 

COVER STORY 
THIS month's cover shows a number of 
representative FM- multiplex stereo 

adapters. The units shown are the follow- 
ing: 

A. Paco MX -100 
B. Harman -Kardon MX700 

C. Bogen PX60 

D. Realistic MPX -215 
E. Eico MX -99 
F. Lafayette LT -200 

G. Fisher MPX -100 
H. Sherwood S3MX 

I. Pilot 200 
J. Heath AC -11 

K. Scott 335 
L. Crosby MX -101 

M. Knight KN -MX 

(Cover photograph: Bob Loeb) 

on and off at the 38 -kc subcarrier rate. 
Special beam- deflection tubes (such as 
the 6AR8, developed for use as a syn- 
chronous detector in color TV sets) or 
diode bridges may be switched in this 
manner. 

The third type of circuit uses envel- 
ope detection. Here again filters and 
matrix networks are not used. The ar- 
rangement may be considered to be a 

type of switching circuit in which first 
one and then a second diode are 
switched on. In this circuit, the subcar- 
rier is added to the composite signal 
in such a way that the upper edge of 
the signal envelope is the left waveform 
and the lower edge is the right, or vice 
versa. Then the top and bottom of the 
envelope are detected separately, and 
the result is a left -only and a right -only 
signal in the output. 

The switching and envelope- detector 
circuits, without filters and matrixing, 
are much simpler than the matrix -type 
arrangement. However, this simplicity 
may be misleading. For example, it is 

important that the switching waveform 
and the detector characteristics be care- 
fully controlled in order that the left and 
right signals have exactly the proper 
amplitudes and there be no loss of sep- 
aration. Sometimes this cannot be done 
readily, so some matrixing is used in 
order to restore the proper balance of 
left and right signals. 

Combination type. In this type of 
arrangement, a matrixing circuit is used 
to add a small amount of the L -l--R sum 
signal to the switching or envelope -de- 
tector circuit. This requires the use of 
a low -pass filter to separate out the sum 
signal. This type of circuit has some of 
the characteristics of the two basic types 
of which it is made up. 

As to which of the circuits is best, it 

is still too early to say. We haven't been 
testing any multiplex adapters yet be- 
cause of the shortage and high cost of 
multiplex test equipment. However, we 
feel that it is not the specific type of 
circuit used that is so important as the 
knowledge and care that goes into the 
specific design that counts. It is possible 
to have a very well -designed matrix -type 
adapter just as it is possible to have a 

poorly designed one. Likewise, switch- 
ing circuits may be well designed or they 
may be poorly designed. Remember, text, 

that manufacturers must always design 
their products with a given selling price 
in mind, and this frequently determines 
the quality that can be put into any 
product. Our feeling right now is that 
there is no such thing as a "best" circuit 
and that any of the types mentioned, 
if well designed, should be able to do 
its job. 

Problems and Solutions 

Regardless of which circuit is used, 
(Continued on page 68) 
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Listing of FM- Multiplex Stereo Adapters 

É 
tw z 

ABC 

Altec 

Automatic 

Bell 

Bogen 
CrosbyaM 

DeWa 

Dynac 

Eico 

Fisher 

General Electric 

Harman- Kardon 

Heath 

Karg 

Kenwood 

e) 

2 
600 
611 
650 

359A 

MO-80 

MXA-1' 
MXP-2 

PX60 

MX-101 
MX-80' 

P-400 

FMX-3' 

_ 

G) 

O 

CL 

H 

Matrixing 
Matrixing 
Matrixing 

Combination' 

No 
Yes' 
Yes 

Env. Dot. 

Switching 
Switching 

Matrixing 

Matrixing 
Matrixing 

Matrixing 

Yes 

Yes' 

No 
Yes 

Yes 

Yes 
No 

Yes 

Switching No 

MX-99 

MPX-1 

Combination' 

Switching 

Yes 

Yes 

MA -2G' Combination' 

MX600' 
MX700 

Citation MA' 

AC-11 

Matrixing 
Matrixing 
Matrixing 
Env. Det. 

Matrixing 

Yes 

No 
No 
Yes 
No 

Yes 

MX-3 Switching Yes 

KD-1 Matrixing Yes 

Knight 
Knight -Kit 

Lafayette 

Paco 

Pilot 

Realis 

Scott 

Sherwood 

KN-MX 

KS-10 
KS-11' 

LT-200 

Combination' Yes 

Yes 
No 

Matrixing 
Matrixing 

MX-100 

200' 
100 

MPX-215 
MPX-230 

335 

S3MX 
A3MX' 

Stromberg -Carlson MPX -2 /MX -477 

Combination' Yes 

Matrixing Yes 

Yes 
Yes 

Switching 
Switching 

Matrixing 
Switching 

Switching 

Switching 
Switching 

Env. Det. 

Yes 
Yes 

Yes 

Yes 
No 

Yes 

V! N 

a°- 

0 z 

rA 

e 
E 
Ñ r 

= o e 
Ó O z ea 

Cs``n 

V O C 6 O O C 

7 x 

V! d 
N _° =. 

r` d 
c 
ía V 

O 
U 

3 Y si 
U 
a 

Ó 
O 
a' ca d.0 
N ç 

2 No C 6x3x6 No Wired $39.95 
0" 
3 

2 
3* 

No 
No 

C 

C 

3;x5';x4',Ç 
5x8x6 

Yes Wired $39.95 
Yes Wired $44.95 

4 2* Yes B,C,F 51/2 x 51/2 x 91/2 Yes Wired $89.50 

0" 4 No M 61/x2%x4> Yes Wired $49.95 (approx.) 

12 2 No 21ex2 x4'/ No Wired $39.95 
2' 2 No A 51/2x41/2 x 41/2 Yes Wired $59.95 

4' No A,B,C 4'/x4'/,x9 Yes Wired $69.50 

2 No A,B,C 5'/,x4%x9 Yes Wired $69.95 
3 2 No 4%x4'' %s6 Yes Wired $49.95 

3* 2 No A,B,C 91x4;x3% Yes Wired $57.95 

No 4x3x5 No Kit $29.95 

6' 6 Yes A,B,C 6'< 'ox3%x9y Yes Kit /Wired $39.95/$64.95 

10* Yes 0,11 4 %x4;x12 Yes Wired $89.50' 

2 3' No 10x3x2; No Wired $39.95 

2 2 No D 81/2 x 31/2x 31/2 No Wired $39.95 
2 
3* 

2 
2 

No 
Yes 

D 

A,É,O 
5;x3;x2 
3x4x8 

No Wired 
Yes Wired 

$49.95 
$59.95 

3 2 No 4%)(3%x3 No Wired $79.95 

3 3* No A,C 3%x3 %x9% Yes Kit /Wired $~32.50/ $56.25 

4* 4 No 5' /ex 5510% No Wired $79.50 

4* 1 Yes B,D,F,6 7 %x4 %x7% Yes Wired $49.95 

2 1' No A,C 5 x 4% x7% Yes Wired $44.50 

3 1* No 9 :x2 %x3; Yes Kit $19.95 
2 No 6x2x3 No Kit $17.95 

4' 2 Yes A,B 5N6 4i' X 11 Yes Wired $54.50 

4' 2 No A,C,0,1 9x4x8% Yes Kit /Wired $49.95/$69.95 

4* 
3* 

9 
9 

Yes 
No B 

14x5x3 
12x5x3 

Yes Wired 
Yes Wired 

$79.50 
$49.50 

3 2* No C,l 61/2x61/2x81/2 Yes Kit /Wired 529.95/$39.95 
1 1* No A 4x3x5 Yes Kit $19.95 

5* 8 Yes B,D,F,K 61/2 x4?;x13s/a Yes Wired $99.95' 

3 5* No A,B,C,F 5;x4x10% Yes Wired $69.50' 
2 4 No 41/2x3%x4'/. No Wired $49.50 

0' 2' No 3x1',x5 No Wired $39.95 

OPERATING CONTROLS: 
A. "On -Off" power switch; B. "Normal" & "Main Channel" (adapter in 
or out); C. "Separation"; D. "Noise Filter" on -off; E. Selector Switch ( "On- 
Off "; "Normal FM "; "FM Stereo, SCA Filter Out "; "FM Stereo, SCA Filter 
in"); F. "Volume Control "; G. Selector Switch ( "On- Off," "FM," "Stereo," 
"MPX Mono," for checking purposes); H. Selector Switch ("On- Off," 

FOOTNOTE REFERENCES: 
* Includes rectifierlsl; 1 Recommended for use only with 
manufacturer's own tuners; 2 Includes triple- function Corn - 
pactron tube; 3 Relay -type automatic switching from mono to 
stereo; 4 Additional charge for cabinet; 5 Envelope detection 

"Tuner," "Stereo -Mono Automatic," "Stereo Manual "); I. Single Control 
( "On -Off" & "Volume"); J. Selector Switch ( "Mono," "Stereo Max.," 
"Stereo Dimension "); K. Selector Switch ( "On- Off," "Mono," "Stereo with 
Filter In," "Stereo with Filter Out"); L. Selector Switch ( "On- Off," "FM," 
"Stereo," "Sub -Channel "); M. "Balance" and "Input Sensitivity." 

and matrixing; 6 Switching and matrixing; 7 Diode -type auto- 
matic switching from mono to stereo with remote stereo -indi- 
cator lamp; 8 Seven transistors are used; 9 Battery operated; 
10 Four transistors are used; 11 Six transistors are used. 
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A MINIATURE, 
TRANSISTORIZED 
OSCILLOSCOPE 
By THOMAS J. BARMORE 

RI4 

R24 
PLASTIC 

INSULATOR 

TI 

R36 

JI 
VERT. -HORIZ. 

BOARD 
SHIELD 

R26 H.V. BOARD 

ACOMMONLY used instrument 
today, the versatile oscilloscope 
has been extended to many 

functions beside that of merely examin- 
ing waveforms. Considering its poten- 
tial, it would be handy to carry one 
wherever testing may be needed. Un- 
fortunately, size, weight, and the need 
for line voltage have limited use to the 
Axed test bench. 

The scope described here is the au- 
thor's answer to the problem. About the 
size of two boxes of kitchen matches, 
using transistors and self -powered by 
batteries, it is lightweight and fully 
portable. Operating controls (Fig. 1) 
as well as size have been cut to a mini- 
mum. Vertical gain (R::.) and horizontal 
frequency (S,. R) are adjusted at the 
front; brightness and focus at the rear. 
Sweep width and centering are fixed 
without controls. Synchronization is 

Fig. 1. Greatest dimension of the handy unit complete with 
power pack, its depth, is less than the width of this page. 

Fig. 2. Shown out of its housing, the complete scope chassis is 

lying on one side, with its front facing left. Note the mount- 
ing and spacing of the two chassis boards and the shield. 

Look at this portable's specifications before 

you let its size, weight, cost, and operation 

from self- contained, low voltage deceive you. 

also automatic, without external con- 
trol. The instrument obviously falls 
short of deluxe laboratory instruments, 
but it meets or exceeds the modest 
capabilities one might expect in a carry - 
about unit. 

Vertical -channel response is only 1 db 
down from 10 cps to 1 mc., 3 db down 
from 5 cps to 1.5 mc. (See Fig. 5.) 
Sensitivity is excellent (.004 volt r.m.s./ 
inch at 1 kc.); input impedance is 1 
megohm at 1 kc.; and rise time is .25 
microsecond. Sweep frequency, pro- 
vided in six overlapping, switched steps 
and a vernier control, ranges from 5 cps 
to 50 kc. The 11/2-inch scope tube is a 
913 or equivalent. A 45 -volt battery and 
4 flashlight cells provide the necessary 
power. 

Of the problems involved, an impor- 
tant one was the requirement of most 
CR tubes for a higher deflection po- 

40 

V0 by. 

+ 

tential than can be obtained reasonably 
with transistors. This was solved by 
substantially lowering accelerating 
voltage. Satisfactorily bright traces 
were nevertheless obtained, and deflec- 
tion sensitivity went up significantly. 
For the rest, nine transistors, not 
expensive, are used in conventional con- 
figurations. See Fig. 4. 

Vertical Amplifier 

Vertical -input stage V, uses a 2N170 
as an emitter -follower to keep input 
impedance reasonably high; the latter 
ranges from 1 megohm at 20 cps to 
50,000 ohms at 100 kc. V, output, de- 
veloped across R,, is coupled through 
C: to driver V :, whose base bias is fur- 
nished by R:. High- frequency compen- 
sation is obtained by bypassing R:, with 
a smaller capacitor (C:,) than is nor- 
mally used. This capacitor's reactance, 

de Rit RLS 

RZ 

R34 

SIDE FACING 
FRONT OF SCOPE 
SHOWN 

ALL POINTS MARKED "45" 
DENOTES POINTS TO WHICH 
-45V.D.C. ARE SUPPLIED 

.- MOUNTING HOLES -O 
(4 EACH CHASSIS) 

Fig. 3. Two chassis boards, drawn 

Kl5 

NUS Ott 
vs 0>wlf 
ro Mn.. 
CNI.55,$ 

31 

nOUNTING 
1101t FOR RZy 

MÓl[ sÓR RZC 

V H 

to scale here, contain most of the circuitry. 
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GC7 

C25 

GC27 

high at low frequencies, becomes a few 
ohms at higher frequencies, permitting 
stage gain to increase. V, output is de- 
veloped across vertical -gain control R.1, 
from which signal is tapped off and 
applied through C. to the vertical -out- 
put stage. 

Output stage V:, is operated like its 
preceding driver. A synchronization sig- 
nal, developed across R,, is applied to 
the horizontal oscillator. Two de- 
coupling networks (R. -C, and R. -C.) 
serve to isolate the driver and output 
stages from other circuits. 

Horizontal Circuits 

The horizontal oscillator (V, and V,) 
is a multivibrator, with R,., R,,, and C. 
furnishing the operational mode for the 
generated pulse. The time constant is 
varied by the resistors R and R in 
conjunction with capacitors C. through 
C,., which form the integrated, saw - 
tooth waveforms. Synchronization is 
furnished by applying a signal from V,, 
as already noted, to the base of V, 
through the network consisting of R. 
and C,.. C. and R,. form a decoupling 

Fig. 4. The small CRT, two semiconductor 

JI 
VERT. 

N Ci 

2M70 2N247 
vi 

02 

C3 
R3 

_ 
g 

. 
.4 IT e 

0 

z 

FREQUENCY -CPS 

Fig. 5. Response of the vertical channel. 

network to isolate the oscillator from 
other circuits. Oscillator output from 
V. is coupled through R and C to the 
base of V,,. 

Since impedance of the oscillator out- 
put is relatively high, the first stage in 
the horizontal amplifier, V., is a 2N170 
employed in a grounded -collector con- 
figuration to give the necessary high 
input impedance. The signal, developed 
with unity gain across R,,, is coupled 
through C. to driver V,. 

The driver and succeeding horizontal - 
output stage, V., are conventional. Base 
bias is furnished respectively by R and 
R I. V. output is then coupled to the 
horizontal deflection plate through Cr. 

Note that gain of the horizontal am- 
plifier is set to maximum by adjustment 
of the value of R,,. No gain control is 
used because output voltage of the am- 
plifier must be as high as possible in 
order that horizontal sweep will be of 
sufficient amplitude. 

The Power Supplies 
The high- voltage supply uses a 2N107, 

V., as a Hartley oscillator, whose tuned 
circuit is made up of T, and C,,. Output 
voltage is controlled by the feedback 
loop consisting of R.. and C,,. The T, 
secondary feeds a voltage doubler that 
includes rectifiers SR, and SR, in con- 
junction with capacitors C. through C,, 
and resistor R,:I. The transformer is nor- 
mally a line -to -grid audio unit, a UTC 
"Ouncer." This little supply develops 
about 300 to 400 volts d.c. at 100 micro- 
amperes, which is sufficient for good 
trace brightness. 

High voltage is then distributed 
through a divider network consisting of 
resistors R through R:,, Two of these 
are controls : R for intensity and R,. 

(Continued on page 72) 

rectifiers, nine common transistors, and a miniature 

2N247 
V3 

R 

C4 

036 
VERT. 
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CS 
R5 

9 

R6 

029 

28 

CS 

transformer on the major components. 

C30 

I/ 
R3C 

C31 

\I _ 

R3 

Re 

10 

CR722 
V4 

TCe 

RIO 
C12 

RI5 

C13 .i - 

RIT 
2N170 

V6 

C9 

VNMV 
R16 

Rle 

R19 R21 

RII 
CII 

52 
NOR12 
COARSE - 

R12 R14 
NORIE. 
FINE 

1j 
_ 

/ $ US Cif Cie 

Re, Re:, R2.-100.000 ohm, 1 w. res. R. R.,-47,000 ohm. 1= w. res. 
L. R5-100 ohm, 1/2 w. res. 
R,- 330.000 ohm, I/2 w. res. 
R,, R:, Re,- 10,000 ohm. != w. res. 
R,-S60 ohm, 1 w. res. 
Rs- 150.000 ohm. 1/2 w. res. 
R,,- 22.000 ohm, 1/2 w. res. 
R,,- 82.000 ohm, 1/2 w. res. 
Ru- 150.000 ohm, t w. res. 
Ru-10 megohm, I/2 w. res. 
R14-10 megohm pot. 
Res -6800 ohm, 1 w. res. 
Re,- 56,000 ohm, II/ w. res. (see text) 
Res -8200 ohm 1/2 W. res. 
R,.- 820,000 ohm, 1/2 w. res. 
R2r 18,000 oh,,,, 1/2 w. res. 
R, -820 ohm, I1 w. res. 
R2,- 200,000 ohm linear taper pot. 
Rss- 470,000 ohm, I = w. rea. 
R:4- 500.000 ohm linear taper pot. 

C16 
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C211+ 

R20 

2N107 
Ve 

Re,, R.,,, R.:,- 2.2 neegohm. I í w. res. 
R:.. R,., R,,, R;.:- 1 meeohm, .2 W. res. 
Rs,-10,000 ohm linear taper pot. 
C,, C:-20 µt., 25 v. elec. capacitor 
C1-75 pl, 25 v. elec. capacitor 
Cd-.002 pt., 200 v. capacitor 
Cs, C,--.005 pt., 200 v. capacitor 
C,-.01 pf., 400 v. capacitor 
Cr. Cm-5 pt., 25 v. elec. capacitar 
C,-10 pt., SO o. elec. capacitor 
C9-5 pl., SO v. elec. capacito 

Cu-500 suf., 200 0. capacitor 
Cer20 Aid., 200 o. capacitor 
C,--.02 µt., 200 o. capacitor 
C,-1 pt., 25 tr. elec. capacitor 
Cu, Cu-.1 µl, 200 v. capacitor 
Cu-.01 pt., 200 v. capacitor 
co,. C25-.03 pt., 200 v. capacitor 
Ces-190 ppt.. 200 v. capacitor 
c:,-20 pt., 25 v. elec. capacitor 
Cu-.1 pt., 400 v. capacitor 

913 
V10 

R35 

033 

R26 
FOCUS 

025 

i l 
1 

l l l l l l l II I I I I II I I l l l l l I--r 

C22 

830 

032 

9 

028 

SR2 

SRI 

024 

C26 

(.' .22 pl., 2110 v. capacitor 
C. . C:;- --.11l pf., 600 v. raparito 
C.,- -.02 pf., 600 v. capacitor 
Cm, C,., C3, -.005 pl., 400 v. capacitor 
Te- Line -to -grid trans. pri: 50500 ah,,,, .sec: 

50.000 ohms (.UTC 0.2 "(hearer") 
S,- D.p.s.t. toggle switch 
S,-6-pos. non-shorting rotary .switch 
SRI SR- Silicon rectifier. 600 p.i.v. tSarhes 

Torsion F -6 or egaiv.) 
Be-45 -volt battery (Burgess 11:30 or equiv./ 
B: -Four sise "D" flashlight cells 1, BNC pane! connector (Type UC- 262/171 
Ye, Y.- "n -p -n" transistor (G-E 2N1701 

Y,- "pnp" transistor (Sylvania 2N217Á 
VI. Vn V,- "p-p" transistor (Raytheon 

CÁ'7221. 
V., V,- "p -a -p" transistor (C -E 2N107) 
Vie -913 cathode-ray tube (or equiv. If on. 

available, the electrically similar 2.41'1 can 
he used with minor changes in a somewhat 
larger housing.) 
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Do educational gaps limit your career growth in 
electronics? There are ways around the roadblock. 

ARECENTLY as ten years ago, 
most technicians in the elec- 
tronics industry were engaged 

in servicing radio and TV receivers. The 
rapid growth of our industry has, since 
then, produced a wide range of special- 
ties and with it a demand for technicians 
who are specialists. As soon as most of 
the "old timers" had advanced from 
radio servicing to TV, they found that 
the electronics industry had grown ad- 
ditional branches. Jobs opened up in 
industrial electronic controls, comput- 
ers, medical electronics, communica- 
tions, and other, even more specialized 
fields. These jobs promise not only good 
wages but also advancement as the 
fields themselves grow. Many of today's 
apprentice technicians may be tomor- 
row's managers. 

Technicians who consider themselves 
"lost" in a particular job often ask what 
they can do. More money, as well as 
more interesting work, and a chance for 
advancement are usually the main aims. 
Most of these men are not prepared to 
go through four years of college, with 
its attendant expense. Evening classes 
are not available everywhere and, in 
any event, eight years is a long time. 
By understanding the fundamentals of 
radio and TV, these men have shown 
above- average intelligence. It would be 
a waste not to use this "know- how." 

This article deals with the problems 
of the technician who already has a 
foothold in the electronics industry and 
who wants to advance himself. In an 
industry that depends so much on tech- 
nical innovation, the one sure road to 
advancement is expanding technical 
knowledge. Such knowledge is urgently 
needed in every branch of electronics: 
many employers go to great lengths to 
obtain qualified personnel. In addition 

to on- the -job training, many companies 
sponsor evening classes and even pay 
tuition for attendance at technical 
schools. Recognizing the need for spe- 
cialized technical training, most of the 
established schools now offer advanced 
courses in particular branches of elec- 
tronics for students already familiar 
with the fundamentals. Before describ- 
ing the training available, we want to 
dispose of the most frequently asked 
question. 

Who Needs a Degree? 

This elusive question concerns the 
prerequisite of a college degree in vari- 
ous branches and job levels of the elec- 
tronics industry. We know of companies 
whose chief engineers have no degrees, 
but who won't classify anyone new at 
the engineering level unless a college 
degree has been obtained. Conversely 
some companies publicize the fact that 
their customer service engineers do not 
usually have college degrees. Because of 
these variations within the industry and 
even within individual companies, it is 
difficult to draw a hard and fast rule. 
It is, however, safe to say that for design 
engineering work degrees are generally 
required. Personnel lacking college de- 
grees are classified as technicians or en- 
gineering aides in research, develop- 
ment, and design groups. 

In the areas of production engineer- 
ing, quality control, standards labora- 
tories, test engineering, field service, 
installation, and engineering sales, the 
line between the degree holder and the 
technically competent technician is in- 
distinct. Anyone having sufficient tech- 
nical knowledge and the particular 
personal abilities required for the job 

ADVANCEQ., 
TRAIN IN °ä 
FOR 

can enter these areas of electronics 
without a degree. 

We know many sales engineers, man- 
ufacturers' representatives, and parts 
salesmen whose technical backgrounds 
consist of some years as ham operators. 
The same applies to electronics buyers 
employed by all the large companies. 
These men combine a basic technical 
knowledge with an understanding of 
business. 

When we consider other non -degree 
fields, however, fundamental electronics 
knowledge is no longer sufficient. A field 
service engineer on digital computers 
must know more than basic radio theory. 
He must be proficient in digital tech- 
niques, have an understanding of alge- 
bra, know binary notation, and be fa- 
miliar with computer logic. 

Similarly, the man servicing indus- 
trial electronic controls will find himself 
lost unless he knows basic servo theory. 
feedback principles, and is familiar with 
production processes. For servicing 
radar equipment, one must know the 
fundamentals of radar, pulse circuitry. 
and microwaves. In short, the funda- 
mentals of electronics must be imple- 
mented by specialized, advanced tech- 
nical training. Not only is this necessary 
for field engineering but it is often 
required for production and test engi- 
neering and many other engineering ac- 
tivities that are not directly concerned 
with the original design. In most civil - 
service positions practical experience. 
trade -school training, and the passing 
of an examination can be substituted 
for a college degree. 

To sum up, a college degree is re- 
quired principally in design and develop- 
ment laboratories but is not required 
for a number of other positions that 
carry the word "engineer" in the title. 
Technical training, in addition to the 
fundamentals, is a necessity for many 
engineering jobs, especially those in- 
volving actual work on electronic equip- 
ment. 

What Kind of Training? 

Having mastered the fundamentals of 
radio and TV, the technician often feels 
he has gone as far as he can without 
entering the esoteric realms of "higher 
math" and similar forbidding subjects. 

By WALTER H. BUCHSBAUM 
Industrial Consultant, ELECTRONICS WORLD 
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It is true that something more complex 
than arithmetic is required, but the 
amount of "higher math" and its diffi- 
culty is grossly overestimated. Anyone 
who can understand the principles of 
radio transmission and reception, the 
synchronization of television signals. 
and the conversion of electrical energy 
into sound has already taken the funda- 
mental step of grasping something ab- 
stract, something that can be explained 
logically but cannot be seen, felt, heard . 

or smelled. Advanced technical courses. 
based . on such abstract knowledge, 
merely add a little more to it. Once a 
person has understood the principles of 
electronics, their particular applications 
to computers, industrial controls, com- 
munications, and other specialties are 
not nearly as hard to learn. 

Before describing some of the ma- 
terial that will be taken up in these 
advanced courses, we want to assure 
the student that the hardest part of the 
studying is behind him once he has 
grasped the fundamentals. Studying 
techniques are already established in his 
mind; he already knows much of the 
terminology; and he already has dem- 
onstrated above -average intelligence. 
There is no reason to be afraid of any 
subject, no matter how difficult or for- 
bidding it may seem at first. Just re- 
member how complex the circuits of a 
TV receiver appeared the first time you 
saw them. 

Typical of the courses running two to 
three years at many technical institutes 
is the "Advanced Electronic Technol- 
ogy" course at RCA Institutes. Mathe- 
matics up to and including calculus is 
taught and courses are offered in tech- 
nical writing, as well as in such subjects 
as electro- acoustics, pulse circuits, mi- 
crowaves, analog computers, digital 
circuits, and transistors The student 
has a choice of specializing in one of 
several fields such as industrial elec- 
tronics, communications, and com- 
puters with heavy course concentration 
in the field of his choice. 

At Capitol Radio Engineering Insti- 
tute and Milwaukee School of Engineer- 
ing, the curriculum for an associate de- 
gree also goes up to calculus and in- 
cludes options in such major fields as 
control systems and communications. 
All of these study programs contain 
college -level physics, some English, in- 
cluding technical writing and the prep- 
aration of reports, and appropriate 
electronics lab courses. While some 
basic knowledge of radio and TV is help- 
ful, only a high- school level education is 
prerequisite since electronics funda- 
mentals are offered to those who have 
not yet had them. These extensive pro- 
grams, given in residence schools, are 
not usually available as home -study pro- 
grams. 

Typical of the latter are courses avail- 
able from CREI in specialized commu- 
nications technology, in aeronautical 
and navigational technology, in servo 
mechanisms and computers, and one in 
automation and industrial electronics. 
These courses, which consist of from 15 
to 86 separate lessons, are available in 
a variety of combinations. The Cleve- 
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Advanced technology students practice 
spectrometer measurement techniques in 

the laboratory of a resident school. 

land Institute of Electronics offers a sec- 
tion in applied electronics that teaches 
such varied subjects as radar, digital 
and analog components, automation, 
radio telemetry, and aviation elec- 
tronics. The curricula of technical insti- 
tutes and schools offering electronics 
courses allow the student to choose the 
particular training suited to his purpose. 
In most schools, there are options for 
the student who wants to go deeper into 
mathematics and physics or to concen- 
trate on English and technical writing, 
or other areas, according to his desires. 

Because of the number of institutions 
and variety of study programs they 
offer, including electives or options, 
virtually anyone can tailor advanced 
education to meet his individual require- 
ments, whether he can attend a resident 
school or must confine himself to home 
study. A glance at Table 1 will confirm 
this. 

Where schools call attention to spe- 
cial recognition, this has been included 
in the column marked "Other Informa- 
tion." "NHSC" indicates accreditation 
by the National Home Study Council. 
"ECPD" indicates recognition by the 
Engineers' Council for Professional De- 
velopment. The latter is an accrediting 
body set up by the American Institute of 
Electrical Engineers and other technical 
and educational groups. "Accel" indi- 
cates an accelerated or condensed cur- 
riculum for resident students. generally 
running from two to three years. Other 
abbreviations are explained in the foot- 
notes to the table. 

Most institutions offering accelerated 
programs, instead of breaking the school 
calendar into conventional years or se- 
mesters, divide it into quarters, with the 
summer recess eliminated. This makes 
it possible to admit new students four 
times a year. Thus a student in a hurry 
would have to wait no more than three 
months, at worst, to get started. Since 
most schools, whether resident or cor- 
respondence, require a high -school di- 
ploma for equivalent), no special men- 
tion has been made of this point. Where 
more or less is required, this is indicated 
under "Other Information." 

Many of the college -level courses that 
do not lead to a degree or lead to an 
"associate" degree have nevertheless 
won wide acceptance as being equiva- 
lent to engineering degrees. Frequently 
these condensed courses offer all the 

Working with actual, commercial analog 
computers, students qualify for jobs 
they will seek when studies are over. 

After training of the type discussed, Rich- 
ard Kerian became data- processing serv- 
ice engineer with Minneapolis -Honeywell. 

Most courses offer extensive work in such 
universal circuits as those found in TV, 

including the role of test instruments . 

technical material that would be cov- 
ered for a regular degree but eliminate 
or reduce conventional requirements in 
the social sciences. English, the arts, 
and other general, non -technical sub- 
jects. If a student who has taken one of 
these accredited programs later decides 
to enter a college or university to ob- 
tain a regular diploma, he will often 
receive credit or advanced standing for 
the ground he has already covered. 

Some schools that offer training only 
in specific areas are listed in Table 1 

because their courses may correspond 
with the specialized needs of many stu- 

43 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


Institution & Address Study Programs 
Type of 

Instruction Other Information 

American Technical Writing Schools 
5504 Hollywood Blvd., Hollywood 28, Calif. 

Capitol Radio Engineering Institute 
3224 Sixteenth St. N.W., Washington 10, D.C. 

Central Technical Institute 
1644 Wyandotte, Kansas City 8, Mo. 

Cleveland Institute of Electronics 
1776 E. 17th St., Cleveland 14, Ohio 

Covne Electrical School 
1455 W. Congress Pkwy., Chicago 7, III. 

DeVr" Technical Institute 
4141 Belmont Ave., Chicago 41, III. 

Tech writing, electronics 

College level: servo & com- 
puters; electronic engineer- 
ing; aero & navigational; 
automation & industrial; nu- 
clear engineering 
General electronics incl. 
FCC prep 

Grantham School of Electronics 
1505 N. Western Ave., Hollywood 21, Calif. 

General electronics: master 
(intermediate) & advanced 
(college -level) courses; FCC 
prep 

Specialized courses incl. au- 
tomation, thermoelectricity, 
semiconductors 
Associate degree, advanced 
technology; electronic in- 
strumentation; communica- 
tions (incl. FCC prep) 

Other specialized vocational 
courses 
Communications electronics 
(FCC prep) 

Indiana Home Study Institute 
924 E. Columbia Ave., Fort Wayne, Ind. 

Indiana Technical College 
9121 E. Washington Blvd., Fort Wayne 2, Ind. 

Milwaukee School of Engineering 
1025 N. Milwaukee St., Milwaukee, Wisc. 

Engineering mathematics 

B.S. or B.E. degree 

B.S. or Associate degree; 
communications, power, 
computers 

National Radio Institute 
3939 Wisconsin Ave., Washington 16, D.C. 

National Technical Schools 
4000 S. Figueroa St., Los Angeles 31, Calif. 

Pacific Internat'! College of Arts & Sciences 
5719 Santa Monica Blvd., Hollywood 38, Calif. 
RCA Institutes 
350 West 4th St., New York 14, N. Y. 

Sparton School of Aeronautics 
Municipal Airport, Tulsa, Oklahoma 

Tri -State College 
16121 College Ave., Angola, Ind. 

Valparaiso Technical Institute 
Valparaiso, Ind. 

Cor 

Res (D &E), 
Cor 

Res, Cor 

Cor 

Res 

Res (D &E) 

Res, Cor 

Res (D &E), 
Cor 

Cor 

Res 

Res (D &E), 
Cor 

Prerequisite: interest in electronics; in- 
cludes military specifications, instruc- 
tion in electronics, and writing projects 
Accel (27 mos. for associate degree) 
ECPD, GI, entrance exam 

NHSC 

Prerequisite: previous electronics educa- 
tion or experience; NHSC; FCC license 
guaranteed; branches in Honolulu, Jack- 
sonville, Norfolk, Providence, San Diego, 
San Francisco, Seattle, & Waukegan 
Prerequisite: previous background; en- 
trance exam; GI 

Accel (24 mos. for advanced technology), 
ECPD, GI 

NHSC 

FCC license guaranteed; branches in 
Hollywood, Kansas City, Seattle, & Wash- 
ington (D.C.) 

Choice of two math curricula 

Accel (27 or 36 mos.), GI, Dorm 

Accel (18 mos. for associate degree, 36 
mos. for B.S.), GI, Dorm 

Industrial electronics; com- 
munications, FCC prep 
General electronics, master 
technician 
E.E. degree, option in elec- 
tronics 
College level: advanced 
technology Incl. industrial 
electronics with computer 
option 

Technical writing course 

Other specialized vocational 
courses 
Electronic engineering tech- 
nology, incl. FCC prep 

Electronics technician (vo- 
cational; less mathematics 
and theory than in technol- 
ogy course) 
B.S. degree 

B.S. or Associate degree 

Cor 

Res, Cor 

Cor 

Res (D &E) 

Res (D &E) 

Res, Cor 

Res (Day) 

Res (Eve) 

Res 

Res 

NHSC 

NHSC 

Primarily home study, but resident 
classes available 
Accel (27 mos. for advanced technology), 
ECPD, GI; resident classes also at Los 
Angeles branch 

Accel (18 mos. for E.E. technology), 
ECPD pending, GI, Dorm 

Accel (27 mos.), Dorm 

ECPD, GI, Dorm 

NOTES: 
Accel = Accelerated or condensed program (admissions usu- ECPD = Accredited by Engineers' Council for Professional 

ally 4 times per year). Development. 
Cor = Home study courses. FCC prep = Training for FCC license examinations. 
D &E = Either day or evening classes available. GI = Approved for veterans' benefits. 
Dorm = Dormitories available for resident students. NHSC.= Accredited by National Home Study Council. 

Res = Residence School. 

Table 1. Courses and schools listed here are adaptable to most of the specialized and general career objectives discussed. 

dents. For example, a skilled technician 
who has had no experience with trans- 
mitters or transmission theory may 
hope to enter broadcast work or some 
other aspect of communications. He will 
also have to qualify for an FCC license 
at one level or another. Courses offered 
for this need are thus listed. In some 
cases, excellent courses in certain spe- 
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cialties are available from training in- 
stitutions established by electronics 
manufacturers. Although they have not 
been listed, they are well suited to cer- 
tain career objectives. The Philco Tech- 
nological Center, P.O. Box 4730, Phila- 
delphia 34, Pa., offers five advanced, 
home -study courses in such areas as 
semiconductor technology and computer 

or radar electronics. The Motorola 
Training Institute, 4501 Augusta Blvd.. 
Chicago 51, III., offers an extensive, 
well- regarded course in two -way radio. 

How Much? How Long? 

Many who have considered going in 
for advanced training have been discour- 

(Contiuued on paye 110) 
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Tunnel Diode Bias Supplies 
By HAROLD REED 

Practical battery and a.c. power supplies to provide the 
technician and engineer with measured d.c. parameters. 

TO THE electronic technician 
the tunnel diode reported during 
1958 is now about where the tran- 

sistor was several years after its an- 
nouncement in 1948. The diode is avail- 
able but the cost of most units is still 
quite high. Also, simple experimental 
tunnel -diode circuits are appearing in 
electronics magazines. 

One of the least expensive tunnel di- 
odes at this writing is the G -E 1N2941 
which has been purchased by the author 

RI 

CRI 

TUNNEL 
0100E 

Fig. 1. Bask b.as supply for tunnel diode 
consists of battery and resistive divider. 

.150 v.) for germanium tunnel diodes. 
A practical battery bias supply is 

given in Fig. 2. A resistive network com- 
prising R,, R, and R:: is connected across 
the battery with the diode across the 
20 -ohm resistor R::. Since tunnel diode 
characteristics vary somewhat, variable 
control R, is included to adjust the bias 
of any particular diode to the optimum 
point in the negative- resistance region. 
To give the technician an example of 
what to expect with this bias supply the 
following measurements, which were 
made using the 1N2941 diode, are de- 
scribed. Current meters were inserted 
in the circuit at the points indicated in 
Fig. 2 for these tests. 

Starting with all the resistance in 
control R,, as this control is turned up. 

NEGATIVE - 
/RESISTANCE 

I/ REGION 

Fig. 2. Practical battery bias supply with 
control for varying bias. The battery may 
be either a flashlight cell or mercury type. 

for $4.15. It may well become the ex- 
perimental tunnel -diode "workhorse" as 
was the Raytheon CK722 transistor. 

The tunnel diode requires a low -im- 
pedance, stable d.c. bias supply. Whether 
used in amplifier or oscillator circuitry, 
it is necessary to bias the diode in the 
negative- resistance region of its char- 
acteristic curve. This negative- resist- 
ance region is non -linear, therefore. 
small changes in bias will result in con- 
ductance variations with considerable 
variation in circuit gain. 

As with transistors, small batteries 
are a logical source of bias supply for 
the tunnel diode because of its low 
voltage and current requirements. A 
battery also provides the required low - 
impedance, stable supply. Suggested 
bias supplies for germanium tunnel di- 
odes using batteries are similar to the 
circuit shown in Fig. 1. Here, a resistive I T 

network composed of R, and R_ is placed II7VA.0 
across the battery. R, of this low- resis- 
tance voltage divider, across which the 
diode is connected, will have a low value, 
say 18 to 22 ohms and the value of R 
is selected to provide proper bias for the 
diode. between 125 and 150 mv. (.125 to 

Fig. 3 

rn e nts 
of Fig 

117V.A.0 

.I 6 

Vr V5 

VOLTAGE (V) 

Curve showing results of measure - 
made with the bias- supply circuit 
2 and a G -E 1N2941 tunnel diode. 

TI 

CRI 

voltage across the diode and current 
through it gradually increases, as indi- 
cated by meter M_. When E reached 100 
mv. (0.1 v.), the peak -point voltage V,., 
the peak -point current I,. was 4.8 ma. 
and then suddenly decreased placing di- 
ode operation in the negative- resistance 
part of its characteristic curve. When 
the voltage was increased to 500 mv. 
(0.5 v.), the valley -point voltage Vr, 
meter M2 indicated 0.5 ma., the valley - 
point current Ir, and then the current 
began to rise again with further voltage 
increase. These results for the 1N2941 
are shown by the curve of Fig. 3. Meas- 
ured data was similar to the manufac- 
turer's specifications. With bias set for 
an optimum value of 130 mv., current 
through the diode was 3.6 ma. Meter M, 
indicates the total circuit current, which 
turned out to be 6.3 ma. for the 130 mv. 
bias condition. Control R, varied the 
voltage across the diode from 50 to 550 
mv. 

The battery may be a regular flash- 
light battery or penlight cell. A mercury 
cell is preferable because of its longer 
life and more constant voltage output 
during its life span. For continuous use 
or prolonged experimentation battery 
life is considerably shortened due to the 
low- impedance voltage divider required 
for tunnel diode biasing. This can be 
noted by the difference in current read- 
ings given for M, and M2. 

An a.c. supply used with the 1N2941 
is shown in Fig. 4. In this circuit a 6 -volt 

(Continued on page 69) 

10on 

CI 

I SO pf. 
15V. 

22o.n 

C2 

150 pi. 
15V. + 

CR3 
*TUNNEL 

DIODE 

(NOTE: CRI, CR2 ARE INT. RECT. CORP. SILICON DIODES) 

Fig. 4. An a.c. bias supply using a silicon diode for rectification and another for 
stabilization. The stabilizing diode is forward- biased and presents low impedance. 

Fig. 5. An a.c. supply employing zener diode stabilization. Output is varied by 
control R while control R. provides output from 2.5 to 3.9 v. for other devices. 

+2.5 TO 39V. 

CRI 

SOS1 

e.3 V. 

RI R2 

10011 sen 20011 

B 
CI C2 

CR2 , IN1507 
ISOpf. ISO pf. 
ISV. 15 V. 

IoOOn 

(NOTE' CR2 IS INT. RECT. CORP MZ3.9T10 ZENER DIODE) 

+ C3 
500f. 

16V. 

R5 
2211 

R3 
TUNNEL 
DIODE 

+I 
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ZENITH 
COLOR -TV 
FEATURES 

A new receiver design has interesting innovations 
in circuitry, components, layout, and operation. 

I OW FAR the current upsurge 
of interest in color TV will 
carry cannot be predicted, but 

its existence is genuine. Increased sales 
have outstripped production of one lead- 
ing manufacturer for the first time. 
leading to expansion of facilities. Al- 
most all major TV makers and several 
lesser ones have entered the market. 
New designs are appearing. 

Zenith's decision to set sail in tinted 
waters aroused more than ordinary in- 
terest. This leading monochrome manu- 
facturer, claiming it would stick to de- 
velopment until it could produce a set 
whose performance, reliability, and 
serviceability met high standards, is 
offering its first receiver eight years 
after FCC approval of current trans - 
mission standards. The 29JC20 chassis, 
its own design, incorporates many fea- 
tures that will interest both viewers and 
the men who must keep the sets going. 

The CRT used is the latest three -gun, 
shadow -mask tube with high -efficiency 
phosphors. On its neck, behind the de- 
flection yoke, is a new "cloverleaf" static 
convergence assembly, followed by ad- 
justable- magnet purity controls and a 

Fig. 1. Mounted on the CRT neck behind 
convergence assembly, adjustable purity 

ADJUSTMENT SLEEVE 
[Static Convergence 

Magnet for Blue Gun) 

PM centering system. Other features in- 
clude a simplified focus adjustment, an 
improved color killer, an automatic 
color -level circuit to compensate for 
signal variations, and a two -tube color 
demodulator using specially designed 
tubes. A removable, perforated plate at 
the bottom of the cabinet permits un- 
derside access to most of the hand - 
wired, horizontal chassis for service. 

In the black- and -white portions of the 
circuit, Zenith has adhered to prevailing 
philosophy : refinements have been 
added to conventional circuits for su- 
perior performance with respect to 
bandwidth, stability, and other factors. 
The two -tube tuner and 3 -stage i.f. strip 
are followed, not by a single detector, 
but by two semiconductor diodes. The 
first, a sound -sync detector, feeds an 
amplifier that provides signal for the 
sync clipper and sound i.f. stages. The 
second, driven by the last i.f. stage 
through a separate transformer, in- 
cludes an adjustable filter to tune out 
920 -kc. beat interference. From this de- 
tector, three outputs go to the a.g.c./ 
sync -clipper stage, the color -signal am- 
plifier, and the luminance or Y section. 

the deflection yoke are a new "clover -leaf" 
rings, and other permanent- magnet controls. 

PURITY RINGS PURITY RING 
HOLDER 

(Position With Wider Edge 
Toword Tube Boa At Shown) 

CONVERGENCE YOKE 

r ASSEMBLY 

l 
` (Position Directly Over 

Convergence Pole Pieces) 

PURITY RINGS SHOULD BE 
POSITIONED DIRECTLY OVER 
OPENING BETWEEN GRIDS 3 B 4. 

EDGE OF LATERAL MAGNET ASSEMBLY 
SHOULD JUST TOUCH EDGE OF PURITY 
RING HOLDER WHEN WIDEST EDGE OF 
HOLDER FACES TOWARD TUBE BASE. 

BLUE LATERAL 
MAGNET 

(Position Directly Over 
Internal Pole Pietist 

ADJUSTMENT SLEEVE 
IStaoc Convergence 

Magnet for Green Gun) 

FLAT EDGES OF MAG- 
NET MUST BE IN THIS 
POSITION RELATIVE TO 
CRT NECK. 

. 

/ APPROX. j / yi 
i 

ADJUSTMENT. 
SLEEVE 

CRT 

NECK 

The latter, :I two -stage circuit, is 
rather more elaborate than the corre- 
sponding video amplifier in a mono- 
chrome set. The first stage, a triode 
cathode -follower, presents a high input 
impedance to avoid loading the detector. 
This preserves detail and over -all qual- 
ity of the video signal. The contrast 
control, in the follower's output, drives 
the pentode luminance amplifier 
through a delay line. Also connected to 
the pentode's grid is the brightness con- 
trol, a bias adjustment that determines 
stage gain. Thus two important controls 
are kept away from the CRT itself, 
which will have enough associated ad- 
justments of its own. Y amplifier output 
is then direct -coupled to the three CRT 
cathodes. It goes to the red -gun cathode 
through only a peaking coil, but also 
passes through separate gain controls 
for the blue and green cathodes, so that 
output of the three guns may be bal- 
anced. 

The a.g.c. -sync stage uses a 6HS8. 
Along with its single cathode and con- 
trol grid, this tube has two separate 
plates, each with its own suppressor 
grid to which an additional control sig- 
nal is applied. Thus, with inputs sam- 
pling such different points as the Y de- 
tector- amplifier and the sync -sound am- 
plifier, stable operation of sync and 
gain -controlled stages is maintained 
over a wide range of conditions. Gated 
a.g.c. output to the tuner is delayed for 
low noise. 

The Deflection Circuits 

The vertical oscillator -sweep section 
is conventional except that extra out- 
put- transformer secondaries provide 
wave- shaping voltages for dynamic con- 
vergence. The horizontal oscillator- a.f.c. 
circuit uses a pair of multi- section tubes. 
A twin diode -triode serves as a.f.c. phase 
detector and control (reactance) stage. 
The first section of the second tube, a 
twin triode, is a modified Hartley oscil- 
lator, with the second acting as a dis- 
charge tube. Despite the fact that there 
are only two tube envelopes, the circuit 
recalls the lavish design practice in 
earlier post -war TV receivers. 

The horizontal- output /high -voltage 
section is a mixture of old and new. A 
6DQ5 output tube drives a flyback trans- 
former with many secondaries and taps. 
Associated with it are an h.v. rectifier 
(a 3A3 for 24,000 volts) a damper, and 
the horizontal yoke coils. In addition, 
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there are a focus -voltage rectifier (1V2), 
a voltage regulator (6BK4), three con- 
trols, and take -off taps for burst am- 
plifier, color killer, and convergence cir- 
cuits. 

The focus control, a variable inductor, 
is set for 4900 volts d.c. from the focus 
rectifier. A potentiometer in the grid of 
the regulator, which shunts the h.v. out- 
put, is adjusted for 24 kv. The variable 
horizontal -efficiency coil, associated 
with damper and regulator, is set for 
minimum current. The last two controls 
need generally be used only after tube 
replacements. To discourage heater - 
cathode breakdown, d.c. is superimposed 
on the normal a.c. voltages applied to 
heaters of the damper, regulator, and 
CRT. 

All twelve dynamic- convergence con- 
trols, for tracking adjustment of the 
three guns at the top, bottom, right, and 
left raster areas, are on a conveniently 
removable service panel. Before they 
are used, however, proper setting of 
static -convergence and other controls 
on the CRT neck (Fig. 1) should be 
confirmed. 

Manipulated for center -screen con- 
vergence only, the three static controls, 
one for each gun, are magnets with ad- 
justable sleeves. Mounted on the clover- 
leaf assembly, two are visible in Fig. 1. 

The blue lateral magnet, farther back 
on the CRT neck, compensates the blue 
beam for lateral shifts that may occur 
in the red and green beams. With center 
convergence achieved, blue and green 
guns are disabled by turning down their 
screen controls so that purity may be 
obtained using a red field. The tabs on 
the purity rings (Fig. 1) are rotated 
away from each other until the CRT 
face is uniformly red. 

Color- Signal Processing 

Of greatest interest are the circuits 
devoted exclusively to color. Except for 
CRT details, the entire color channel is 
shown in Fig. 2. Input to the 1st color 
amplifier comes from one of the three 
outputs of the video detector noted 
earlier, through a 4.5 -mc. trap (L,:) to 
suppress beat interference. Another in- 
put to this grid is d.c. voltage ( "ACC 
Bias ") developed by the twin diode 
"ACC- Killer Phase Detector." Without 
immediate consideration of details con- 
cerning the latter circuit, we can say 
that its output depends on the level of 
part of the incoming signal. Thus gain 
of the first color amplifier is controlled, 
in a manner resembling a.g.c. action, so 
that color level does not have to be ad- 
justed manually to compensate for 
slight changes in the incoming signal. 

Fig. 2. Except for the 3 -gun CRT and its directly associated 
circuits, this schematic covers all color -signal processing. 
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The plate load of the 1st amplifier, 
L21, is tuned to 3 mc. Output is applied 
to the burst amplifier through C. and 
to the 2nd color amplifier through C.0. 
Output of the latter stage is tuned to 3.6 
mc., so that the two amplifiers consti- 
tute a stagger -tuned strip providing the 
desired bandwidth characteristic. 

In addition to signal input, the 2nd 
amplifier receives output from the plate 
of the color killer. When there is no 
color being transmitted, the latter's out- 
put is -50 volts, sufficient to cut off the 
second amplifier and thus disable suc- 
ceeding color circuits, permitting only a 
black- and -white picture to be produced. 
In the presence of color signal, there is 
no disabling output from the killer. 

The externally available "Color 
Level" control in the cathode of the 
second amplifier sets gain for the stage, 
permitting the viewer to adjust the 
picture anywhere from slight tinting to 
well- saturated color. Pulling this con- 
trol knob outward closes "Color Off" 
switch S. which grounds the grid of the 
killer. Highly negative killer output 
then cuts off the 2nd amplifier whether 
color is being received or not. 

Color detection is accomplished by a 
pair of demodulators operating 90 de- 
grees apart, corresponding to the red 

(Continued on page 80) 
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ELECTRONICS 

SERVICE 

LIGHT SERVICE WORK 
DOGGONE this little stinker 

anyway!" Barney exploded as 
he shoved the small a.c. -d.c. 

radio chassis to the back of the bench. 
"Ah -ah, temper, temper!" Mac, his 

employer chided with a mocking grin. 
"I remember only yesterday you were 
telling me tube radio service bored you 
because it was so easy -'didn't offer any 
challenge' was the way you put it." 

"I hate people with good memories 
for the wrong things," Barney growled; 
"anyway, that was yesterday. This little 
monster has a hum in it bad enough to 
cause distortion; yet the filter capaci- 
tors are all OK; it can't be heater -to- 
cathode shorting because changing 
tubes doesn't help; the a.c. line bypasses 
are all right; there are no chassis 
grounds on the a.v.c. bus or the tuning 
capacitor; and the loop antenna isn't 
open. What else can cause hum ?" 

"Hm- m -m -m, would you call that a 
60- or 120 -cycle hum ?" Mac asked. 

"I'm not sure. It sounds kinda funny, 
sort of half -way between." 

Mac picked up the v.t.v.m. probes and 
checked the voltage on the grid pin of 
the output tube. It was five or six volts 
positive. He snipped loose the lead com- 
ing to this point from the printed- circuit 
Couplate unit. The hum stopped 
abruptly, and the voltage on the grid 
dropped to zero. Next he put an .01 pf. 
capacitor in series with the cut lead and 
clipped a half- megohm resistor between 
the grid connection and the "B- minus" 
point. The radio played perfectly. 

"I can't decide if I prefer feeling mad 
and frustrated as I did before or just 
plain stupid as I do now," Barney re- 
flected slowly. "I was so sure the distor- 
tion was coming from the hum -as is so 
often the case with open filter capacitors 
-that I never once thought of checking 
for a leaky coupling capacitor. What 
was causing the hum ?" 

"I'm not certain myself," Mac admit- 
ted; "but I suspect it was actually a low - 
frequency motorboating resulting from 
trouble in the Couplate unit. That was 
what tipped me off; the hum didn't 
sound like 60- or 120- cycle. But you 
needn't feel too stupid. Those little 
printed circuit coupling units give 
trouble so seldom that it's mighty easy 
to overlook them entirely." 
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"You can say that again. I don't think 
I ever saw one go bad in a radio before, 
although I have replaced integrator 
units in TV receivers. If all printed cir- 
cuits performed like these little jewels, 
there would be little squawking about 
t hem." 

"They probably are a good example 
of how dependable a printed circuit can 
be, and it's really no wonder. I believe 
the Couplate was the very first applica- 
tion of the printed circuit technique to 
household electronic equipment. Its im- 
mediate ancestor was the printed circuit 
in the proximity fuse, a spot where rug- 
gedness and dependability was most es- 
sential; and when the Couplate was 
designed, the boys had not yet started 
seeing how much they could cut the 
cost and still make the printed circuit 
work. 

"Actually the Couplate gives so little 
trouble because the board itself is small 
and of good quality. The three resistors 
and five capacitors in this unit are 
printed right on the board and are an 
integral part of the circuit. It is not a 
case of conventional components being 
soldered to printed wiring. The entire 
printed assembly is protected from me- 
chanical injury and moisture by a heavy 
coating. All possible connections are 
made internally, and the seven leads 
from the (ward are firmly anchored to 
it to afford strain relief and good per- 
manent connections are made to the 
circuit. The board is supported only by 
these leads; so no flexing or warping 
strains are imposed upon the circuitry. 
In short, the Couplate is a printed cir- 
cuit at its best." 

"I'm convinced. Guess I may as well 
trim the leads of the resistor and capaci- 
tor and solder them in place, huh ?" 

"No, I'd replace the entire Couplate. 
The cost is small, and I don't like to take 
a chance with a unit in which one ca- 
pacitor has developed leakage. But be- 
fore we leave the subject, I think there 
is one other lesson to be learned from 
this experience, and that is this: symp- 
toms that point in one direction in a 
wired receiver do not always point the 
same way in a printed circuit. Leakage 
between printed conductors can feed a 
60 -cycle a.c. hum voltage to a sensitive 
grid; and a thermal intermittent is often 

produced by an expansion break in a 
printed conductor. Come to think of it, 
that's kind of funny. I always used to 
grin to myself when a customer brought 
in a radio and said he thought the 
trouble was 'a broken wire.' Chances of 
his being right were about one in a 
thousand; but now, with printed cir- 
cuits, the odds in his favor are much 
better. Just keep in mind, though, that 
printed circuits can come up with some 
entirely new symptoms and also with 
symptoms that seem familiar but may 
have an entirely different cause than 
would be the case with a wired re- 
ceiver." 

Barney nodded and set to work re- 
placing the Couplate. He was unusually 
quiet, though, and Mac knew the youth 
had something on his mind. When the 
radio was finished and back in its case, 
Barney suddenly blurted out : "Hey, 
Mac, I've got to tell you something, and 
I hope it doesn't make you mad." 

"I hope it doesn't either, for I don't 
like to get mad, but out with it." 

"Well, I guess it's pretty stupid to 
encourage business competition, but 
that's exactly what I was doing last 
night." 

"Go on." 
"It all started about five -thirty last 

evening when I got a telephone call from 
a man I didn't know. He said he was ill 
and needed some advice and wondered 
if I could come over to see him. Well, 
you know how I am when anyone is 
dumb enough to ask me for advice; so 
I went over after supper to his home on 
the West Side. It turned out he is in his 
early thirties and has a wife and two 
kids. The kids aren't very old. Anyway 
this guy is a carpenter, but he is just 
getting over a heart attack and has 
been told he can never do any heavy 
work again. Before he had the attack he 
had been taking a radio and TV course 
by correspondence. He's an ambitious 
cuss and has really been trying hard to 
get ahead. Maybe that's what brought 
on the heart attack." 

"What about wanting advice ?" 
"Well, he realized he couldn't wrestle 

heavy TV chassis around, and he was 
wondering if I thought he could do any 
good in service work by hiring someone 
to do the lifting for him while he did the 
actual troubleshooting and repairing." 

"What did you tell him ?" 
"The truth. I said I seriously doubted 

he could get started that way. A really 
hot -shot of a technician might be able 
to do all right with an arrangement of 
this sort, for he could turn out enough 
work to keep the cheap help busy and 
pay for it. But a new technician would 
naturally be slow. His helper would be 
sitting around reading comic books most 
of the time -and drawing his pay. It is 
very important that the overhead be 
kept low when you're getting started, 
and hiring a non -productive helper is no 
way to keep the overhead down." 

"After you had thrown that wet blan- 
ket on the poor devil's hopes, what did 
you do: put on your hat and go home ?" 
Mac asked sarcastically. 

"No, I suggested he go on and finish 
(Continued on page 102) 
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Fig. 1. %t characteristic "print" of 
the mineral beryl (beryllium aluminum 
silicate), produced by the Laue method. 
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By JOHN R. COLLINS 

Distinctive patterns reveal the basic structure of 
unknown materials when subjected to radiation. 

Eon os's N nt t: As the author pointed out in 
our December issue (industrial X -Ray Analy- 
sis"), this type of radiation can he used to "see 
through" inanimate objects as well as living 
creatures. 01 greater interest to many will be 
the techniques of developing characteristic ra- 
diation patterns or "fingerprints- to reveal 
the nature of unknown materials. 

MANY recent advances in semi- 
conductors, thermoelectric 
alloys, ferrites, and other 

solid -state devices can he traced di- 
rectly to intimate knowledge of the 
basic structure of these materials made 
possible by x -ray analysis. Analytical 
methods formerly used only for basic 
scientific research are now applied to 
problems in product development and 
quality control. Such x -ray analysis has 
nothing to do with the shadow pictures 
that reveal flaws in castings or defects 
in welds. It involves not so much the 
penetrating power of x -rays as their 
characteristic radiation patterns. 

Two distinct approaches to x -ray 
analysis are in common use, each based 
on a different principle. X -ray diffrac- 
tion makes use of the special way in 
which x -rays are reflected from crystal- 
line materials. X -ray fluorescence, ap- 
paratus for which is pictured in Fig. 2, 
is concerned with the radiation given 
off by many materials when they are 
bombarded with x -rays. The two meth- 
ods are complementary, each providing 
the best solution for a particular range 

of problems encountered in analysis. 
Electronic technicians encountering 

x -ray instrumentation for the first time 
find the technology compatible with 
their previous training. Since x -rays are 
a form of electromagnetic radiation like 
radio waves, many components and sub- 
assemblies are the same in x -ray as in 
radio apparatus. Differences do exist, 
however, and some guidance is needed 
before an electronic technician can 
safely handle x -ray equipment. 

X -Ray Spectra 

X -rays result from the conversion of 
kinetic energy into radiant energy when 
high -speed electrons strike the target of 
an x -ray tube. The radiation produced in 
this manner covers a broad range and 
includes x -rays of many different wave- 
lengths. The shortest wavelengths, 
which represent the greatest energy, are 
produced by electrons that strike the 
nuclei of atoms on the surface of the 
target, since in that instance the entire 
kinetic energy of the electron is con- 
verted into x -ray radiation. Other elec- 
trons which do not collide with surface 
nuclei will dissipate part of their energy 
in penetrating the target, and they thus 
yield longer wavelengths. The result is 
the continuous spectrum (broken line), 
pictured in Fig. 3, which is made up of 
waves of all possible lengths. 

A mathematical relationship exists 
between wavelength and energy, so it is 

possible to calculate precisely the short- 
est wavelength that can be produced 
with a given accelerating potential. If 
the number 12,398 is divided by the en- 
ergy of the bombarding electrons in 
electron volts (which will be equal to 
the plate voltage of the x -ray tube), 
the result will be the minimum wave- 
length in angstrom units (1 angstrom 
unit = 0.00000001 cm.). With an acceler- 
ating potential of 50.000 volts, therefore, 
the shortest x -rays produced will have 
wavelengths of about 0.248 angstrom 
unit. While x -rays with longer wave- 
lengths will also be produced, a higher 
accelerating potential is needed to pro- 
duce any with shorter wavelengths. 

If 12,398 is divided by the wavelength 
in angstrom units of a desired x -ray, the 
energy in electron volts needed to pro- 
duce it can be found. 

The electron bombardment of the tar- 
get also produces a line spectrum, con- 
sisting of a series of well -defined lines 
whose wavelengths are characteristic of 
the material from which the target is 
fabricated. The line spectrum is caused 
by the conversion into x -rays of the en- 
ergy released when electrons from the 
inner orbits of target atoms are dis- 
placed by electron bombardment. The 
amount of energy released (and hence 
the wavelength) depends on the bind- 
ing forces of the particular atom. Since 
only a limited number of orbits can par- 
ticipate, the spectrum consists of com- 
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paratively few lines. A copper target 
produces two lines, as shown in Fig. 3, 
at wavelengths of 1.39 and 1.54 ang- 
strom units. 

The continuous spectrum is often 
called white x -ray because of the simi- 
larity to white light which is composed 
of all colors or wavelengths. X -ray 
beams of a single wavelength are called 
monochromatic. They are produced by 
filtering line spectra to eliminate all but 
a single line. Various materials act as 
filters with sharp cut -off characteristics. 
A thin sheet of nickel interposed in the 
x -ray beam emanating from a copper 
target will absorb the 1.39 angstrom line 
but will not affect the 1.54 angstrom 
line. 

Both white and monochromatic 
x -rays are useful for x -ray analysis. 

X -Ray Diffraction 

Radio technicians often think of crys- 
tals in terms of the quartz, silicon, and 
germanium devices with which they are 
most familiar. Actually, almost all pure 
elements and compounds may be found 
in crystal form -that is, a regular, sym- 
metrical arrangement of molecules re- 
peated over and over like a wallpaper 
pattern. If a narrow beam of white x -ray 
is directed against such a crystal, each 
individual wavelength will be diffracted 
differently. A photographic film used to 
record the result will show an intricate 
arrangement of dots of various sizes, 
called a Laue pattern. The character- 
istic print of the mineral beryl (beryl- 
lium aluminum silicate), made by the 
Laue method, is shown in Fig. 1. While 
the Laue pattern demonstrates that 
x -rays are diffracted by crystals, the re- 
sult generally is too complicated for 
practical use. Hence monochromatic 
beams are almost always used for dif- 
fraction analysis. 

The principle on which x -ray diffrac- 
tion is based is illustrated in Fig. 4. The 
atomic planes of a given crystal are al- 
ways a constant distance d apart. If a 
train of x -rays falls on a set of planes 
at a glancing angle e, each plane will 
reflect a small part of the wave train 
and let the rest through to the next 
plane. The reflected wave trains from 
successive planes will usually be out -of- 
phase with each other. This will cause 
destructive interference and there will 
be no net reflection. However, In the 
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Fig. 3. Continuous (broken curve) and 
line spectra. Absorption of nickel 
shield, used as filter, in solid line. 

Fig 4 In one analysis method, x -rays 
are diffracted by the planes of a crys- 
tal of the material that is under study. 

Pt 

P2 

special case where the path distance of 
the wave passing from plane to plane is 
equal to the wavelength of the x -ray (or 
a multiple of the wavelength). the re- 
flected wave trains will be in- phase, and 
a net reflection will occur. 

An analysis of the conditions neces- 
sary for reflection will show that it can 
occur only when sin B= nX /2d, where 0= 
the angle between the incident ray and 
the atomic planes; X = wavelength of the 
x -ray beam; d= distance between the 
atomic planes; and of =an integer. 

The integer n may take the successive 
values 1, 2, 3, etc. It indicates that re- 
flection may occur not only at the basic 
wavelength, but also at various "har- 
monics." 

The above formula, called the Bragg 
Law, is the basis on which an instrument 
known as the Bragg spectrometer (Fig. 
6) operates. In this instrument, x -rays 
from a copper target are filtered 
through a nickel sheet and directed 
against the crystal to be analyzed. A 
scintillation counter, similar to those 
used for nuclear explorations, is used to 
detect the reflected beam and measure 
its intensity. The spectrometer is pre- 
cisely calibrated so that the exact 

Fig. 2. An x -ray fluorescence spectrograph, consisting of a power supply (left), 
a spectrographic attachment (center), and an analyzing- recording cabinet (right). 

angles at which reflections occur can be 
determined. 

In operation. the crystal is rotated so 
that the x -ray beam will strike it suc- 
cessively from all angles. At the same 
time, the detector is rotated at twice 
the speed of the crystal in order to main- 
tain it always in the proper position to 
record all possible reflections. In auto- 
matic equipment, the output of the de- 
tector is fed to a recorder where both 
the angles and the intensity of reflec- 
tions are recorded. 

Diffraction spectrometers of this kind 
are used for the comparatively simple 
task of orienting quartz crystals to find 
the proper angle at which to slice them 
in the manufacture of piezoelectric crys- 
tals. But beyond this they are also used 
for complex work on crystal structures 
of many kinds, to identify unknown ma- 
terials, for the analysis of the way in 
which various elements form corn- 
pounds, and for the identification of 
trace impurities. 

Powder -Camera Method 

A different way of studying the dif- 
fraction properties of crystals is the 
powder -camera method. It is based on 
the principle that. if the sample crystal 
is ground into a fine powder, the prob- 
ability is high of having individual crys- 
tal fragments lying in all possible direc- 
tions from which reflection can occur. 

The powder may be placed in a thin 
glass tube or glued to a glass fiber sus- 
pended in the center of a metal cylinder. 
A strip of photographic film is placed 
around the inner surface of the cylinder. 
and a fine beam of monochromatic 
x -rays is directed against the powder 
sample. The diffracted rays diverge 
from the sample in sets of cones. to form 
dark, curved lines on the film strip. 
Powder- camera photographs of lead ni- 
trate, tungsten, salt, and quartz are 
shown in Fig. 5. 

The powder- camera record is like a 
fingerprint of a material. Identification 
of an unknown substance is made by 
comparing its powder- camera photo- 
graph with those of known substances. 
The American Society for Testing Ma- 
terials (ASTM) maintains a file on 
many thousands of substances. includ- 
ing minerals, metals, and alloys. and 
both organic and inorganic compounds. 
The file is being continually expanded 
as new substances are investigated. To 
facilitate identification, the data is re- 
corded on cards which are arranged 
according to the spacing of the three 
most intense lines. 

Powder- camera methods are used for 
purposes other than the identification 
of materials. It has been observed. for 
instance, that when a metal has been 
strained or its crystal structure other- 
wise damaged, the diffraction lines be- 
come large and poorly defined. Proper 
heat treating will correct the defect and 
return the metal to its former state. 
Powder diffraction methods can be used 
not only to locate the defect but to 
study the most effective annealing pro- 
cedure. 

The crystals of some materials tend 
to arrange themselves in a preferred di- 
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Fig. S. Powder -camera "fingerprints" 
(left to right) of lead nitrate, tung- 
sten, sodium chloride, and of quartz. 

rection when ground into a powder, and 
this characteristic may be important 
when drawing fine wires or rolling thin 
sheets of foil. The tendency can be de- 
tected in powder- camera photographs 
by differences in the patterns obtained 
when the sample is photographed from 
different angles or is rotated. 

Fluorescence Spectrograph 
The fact that x -ray diffraction equip- 

ment can be used only with materials in 

crystal form is a serious limitation, since 
many substances do not form crystals. 
However, many non -crystalline sub- 
stances can be analyzed through the use 
of the x -ray fluorescence spectrograph, 
shown in Fig. 2. A simplification of how 
it works appears in Fig. 7. 

The sample to be analyzed is bom- 
barded with high intensity x -rays, caus- 
ing it to fluoresce or give off a charac- 
teristic line spectrum. Fluorescence oc- 
curs when the wavelength of the bom- 
barding x -rays is slightly shorter than 
the wavelength of the emitted radiation. 
White x -rays are therefore used to as- 
sure that waves of the proper length to 
produce fluorescence will be present. 

The line spectra given off in fluores- 
cence are similar to those obtained when 
a target is bombarded with electrons, 
although not as strong. Since they are 
different for each element, they provide 
positive identification of the substance 
under study. 

The equipment used to measure the 
wavelength and intensity of the line 
spectrum is quite similar to the Bragg 
spectrometer previously described. The 
fluorescent radiation is directed against 
a known analyzing crystal (usually 
made of quartz, salt, or lithium fluo- 
ride). While the analyzing crystal is ro- 
tated at a constant speed, a scintillation 
counter is rotated at twice the speed 
to pick up the reflections. Measurements 
are made of the angles at which reflec- 
tions occur and their intensity. 

X -RAY 
TUBE 

TEST 
SAMPLE 

The information obtained in this man- 
ner is used to determine both the ele- 
ments present in the sample and their 
concentration. The Bragg formula, used 
for diffraction, applies also to fluores- 
cence. However, in diffraction, the wave- 
length N of the radiation was known and 
the equation was solved to find the 
spacing d of the crystal planes. In fluo- 
rescence analysis, the spacing of the 
crystal planes is already known (since 
a known analyzing crystal is used) and 
the formula is solved to find the wave- 
length of the radiation. 

The intensity of the reflected beam 
varies with the amount of the element 
present in the test sample, but usually 
not in a linear manner. Quantitative 
analysis therefore generally requires 
that the instrument be calibrated 
against samples of known composition. 

Unlike x -ray diffraction, x -ray fluo- 
rescence gives no information regarding 
the structure of the material under 
study nor of the way in which it forms 
compounds. Its function is to identify 
and measure the elements which go to 
make up the sample, and it can be ap- 
plied to many substances. It has been 
used to measure such things as the 
amount of lead in gasoline, sulfur in oil, 
and even the hemoglobin )iron) in 
blood. It permits rapid analysis of ores, 
and portable equipment has been devel- 
oped for field use. 

There are several limitations. It can- 
not be used to identify all elements- 

.47.7. 
COLLIMATING 

SLITS 

Fig. 7. Fluorescence analysis of non- 
crystalline substances: rays from test 
sample ore diffracted by known crystal. 
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Fig. 6. Simplification of 
how the diffraction spec- 
trometer works. X -ray out- 
put is beamed against crys- 
tal; the diffracted rays 
are sensed by detector. 
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only those between atomic number 12 
(magnesium) and number 98 (califor- 
nium). Thus, it cannot test for such ele- 
ments as boron (5) and carbon (6). Also, 
while it will correctly identify trace 
elements, its accuracy for measuring the 
exact percentage of minute quantities 
is limited. Since the longer x -rays are 
absorbed by air, vacuum techniques are 
needed to analyze elements with an 
atomic number below 22 ( titanium). 

In combination, x -ray diffraction and 
x -ray fluorescence equipment represent 
great advances in modern laboratory 
and industrial technology. They are 
more rapid than vet chemical processes, 
are non -destructive, and provide types 
of information on atomic structure that 
cannot be obtained by other means. 
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PULSE -MODULATION TECHNIQUES 
Pulses are widely used to transmit data from one point 

to another. Here is how the various pulse systems work 

and how they are able to carry the information. 

pULSE-MODULATION tech- 
niques are widely used for in- 
formation transmission. This 

article will discuss the various methods 
employed, define them, and give the 
fundamental characteristics of each 
technique. 

It is assumed that the reader is 
familiar with the basic concept of 
modulation, that of superimposing in- 
telligence on a carrier. We have the 
familiar techniques of using a carrier 
wave to transmit information by means 
of amplitude modulation (the AM of 
broadcast -band radio programming), 
frequency modulation (the technique 
employed in FM radio and in the sound 
portion of television), and phase modu- 
lation (PM, as used mainly in industrial 
control) . 

The standard techniques of transmis- 
sion have certain shortcomings when 
applied to data transmission. One such 
consideration is efficiency. Data sys- 
tems, employed in such fields as radar, 

Fig. 1. A time -multiplex signal system 
having four channels of information. I 
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f,(t) f4(t) 

Fig. 2. Basic principle of multiplexing. 

fi(t) 

fi'(t) 

f(t) 

T 
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Fig. 4. Information is lost and output is 

distorted if the sampling rate is too low. 

telemetry, and tele- processing, are 
required to transmit numeric or, at 
most, alphabetic information, which by 
its nature is discrete and hence easily 

- permits a similarly discrete represen- 
TIME (SEC.) tation. By contrast, carrier transmission 

(particularly c.w., or continuous wave) 
is more conveniently continuous in or- 
der to convey speech, music, or other 
continuous phenomena. Thus, the econ- 
omy of "packing" data signals on a 
compressed time -scale becomes evident 
with data systems. Normally, the 
"packing" idea is put to best use when 
the transmission capacity is greater 
than the rate at which data from a 
single source becomes available. 

Sampled Signals 

Information -transmission systems are 
designed to handle periodically sampled 
signals; they are then called sampled - 
data systems. Sampling of a signal or 
of a channel means that there are times 
in which no information is being trans- 
mitted through the system; hence, it is 
possible to transmit information from 
other sources during the vacant inter- 

ig. 3. Sampled output of single channel. 
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vals. Transmission of samples of infor- 
mation from several signal channels 
concurrently through one communica- 
tion system, with different channel 
samples staggered in time, is called 
time multiplexing. Fig. 1 shows a time - 
multiplex signal system having four 
information channels, with a sampling 
interval (for completion of the 4 -chan- 
nel sampling cycle) of T units of time. 
The bars numbered 1 represent suc- 
cessive signal -samples taken at interval 
T from Channel 1; the 2's represent 
successive samples at interval T from 
Channel 2, etc. 

Two further considerations place a 
strong preference on a modified data - 
transmission system, over carrier -wave 
modulation. These are, in fact, strongly 
interdependent. One reason for using 
time -multiplexed sampled -data systems 
is that the samples are ordinarily avail- 
able in the form of discrete pulses, and 
may readily be adapted or used directly 
for digital- computer processing. More 
significantly in the data -transmission 
field, the samples may be coded into 
pulses having two of the following char- 

FILTER CHARACTERISTICS 

fm fc 2fc 

(A) 

FRED. 

channel through the system, on an in- 
terlaced pattern with respect to time. 
In the following diagrams, only a single 
input signal, f,(t), is illustrated in order 
to make it easier to visualize the be- 
havior of the system; the actual com- 
posite pulses fed into the transmission 
system from the four inputs of Fig. 2 
might be similar to those of Fig. 1. 
Assuming that the switch rotates uni- 
formly at the rate of 1/T times per 
second and remains on each position 
r seconds, the sampling times and the 
sampled output corresponding to chan- 
nel f,(t) appears as in Fig. 3. 

From the figure it is evident that 
sampling is a means for representing 
a continuously varying curve, such as 
speech, by a series of single values, i.e., 
by a series of pulses. This is the general 
technique of pulse -time modulation, 
used in the long- distance telephone 
cable, and microwave transmission of 
many conversations concurrently. 

Sampling Rate 

Since the commutator action of the 
multiplexing switch "chops" the message 

FILTER CHARACTERISTICS 
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1 

II 

I 

1 
1 
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-1 GUARD BAND 
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Fig. 5. Pulse spectra produced by sampling IA) at the Nyquist rate, where the chopper 
or sampling frequency If ) is made exactly equal to twice the rate of the number of 
measurements per second (2f,,,), and all at a higher sampling rate. In IA), idealized 
filters of infinite cut -off characteristics are required, while IB) permits a more 
practical filter design whose cut -off characteristics fall within the guard band. 

acteristics uniform and one varying with 
the sampled signal : pulse height, pulse 
width, or occurrence of the pulse on the 
time scale. The pulses can then be re- 
shaped to the fixed dimensions at inter- 
mediate points and at the receiving 
terminus in order to "repair the dam- 
age" caused by noise and interference, 
thereby increasing substantially the 
validity and reliability of the incoming 
signal. This operation is also facilitated 
greatly by the very fact of the trans- 
mission of "bursts" of energy in pulses. 
in that the signal -to -noise ratio is 
high. And, although instantaneous 
power is great, the pulses being of brief 
duration relative to the quiescent inter- 
val between pulses, the average power 
requirement is modest. 

Pulse -Time Modulation 
The simplest type of sampled -data 

system incorporating time -multiplexing 
may be thought of as a multi -channel 
input, connected through a multi -posi- 
tion switch to the transmission system. 
In Fig. 2 a mechanical switch is shown 
for simplicity although, in practice, elec- 
tronic switching is used. 

The f,(t) represents terminations of 
four input channels whose message in- 
formation is transmitted intermittently. 
As noted previously, a series of discrete 
pulses carries the message from each 
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wave into segments of r second each, 
its frequency of rotation is generally 
spoken of as the chopper frequency. 
denoted f, =1 /T. It is common prac- 
tice to use f., to denote the significant 
bandwidth of the message, i.e., the band 
limit on input signal. 

There is no theoretical upper limit on 
f.. Practically, however, sampling a 
channel more often fat the same sam- 
ple- duration r) results in less time 
available between samples. Fewer chan- 
nels can be multiplexed until, as f. 
approaches infinity, the input becomes 
practically continuous. 

On the other hand, the lower limit on 
sampling frequency is highly significant. 
If we sample at too low a rate, the 
signal may change radically between 
sampling times. We lose information 
and produce a distorted output, as Fig. FRAME 

4 indicates. 
If the sample rate is 1 /T, it is evident 

that we have lost detail on the perform- 
ance of the waveform between A and 
B. This detail can be recovered by de- 
creasing the sample interval by at least 
one -third, as indicated by the dotted 
pulse widths. 

Successive instantaneous measure- 
ments of magnitude made upon a 
continuous wave at the rate of 2f,. 
measurements per second (j measured 
in cycles per second) provide enough 

information to allow reconstruction of 
the original wave. Sampling at exactly 
jr =2j., called the Nyquist rate, how- 
ever, requires filters of infinite cut -off 
characteristics in demodulation, i.e., in 
reconstructing the wave at the receiver. 
Now, such filters are idealized from 
theoretical considerations, but are im- 
possible to achieve in practice. See Fig. 
5A. For example, voice transmission is 
normally limited to 3.3 kc. The Nyquist 
sampling rate would be 6.6 kc., but a 
sample rate of 8 kc. is most frequently 
used, providing a filter guard band of 
1.4 kc. 

Marker Pulses 

It is apparent that the pulses derived 
from each input must be correctly as- 
sociated at the receiver. In other words, 
the successive pulses obtained from 
Channel 1 must be identified in order to 
be re- assembled into a usable message, 
as must those of Channel 2, Channel 
3, etc. To accomplish this purpose, one 
of the pulses sent per sampling -cycle 
(and at the same relative time within 

(Continued on page 100) 
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Fig. 6. Summary of pulse techniques. 

Fig. 7. In this example a 1000 -cps sine 
wave appears on Channel 2. The sampling 
is occurring at 8000 times per second. 
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SOLVING SQUARE -WAVE TEST PROBLEMS By ROY HARTKOPF 

The reasons for misleading results sometimes obtained in audio and video testing 
and how to avoid pitfalls at the source -- plus a "foolproof" generator design. 

EDITOR'S NOTE: For performance checks of 
broadband amplifiers of all kinds and frequency 
ranges, square waves have proven themselves 
to be extremely useful. The technique has be- 
come highly popular with many people in re- 
cent years, but is firmly resisted by others. Pit- 
falls for the unwary, often inherent in the 
square -wave source, are the usual causes for 
unsatisfactory results. Thus the author, instead 
of repeating the often -done treatment of square - 
wave analysis, takes a fresh look at the wave- 
forms themselves and discusses the design of a 
reliable generator. 

IN THAT primitive era of electronics 
before oscilloscopes and TV sets, 
the chief possessions of every good 

technician were, apart from his multi - 
meter, accurate and reliable signal gen- 
erators. With this equipment, when 
he had to, he could make checks of 
frequency, bandwidth, sensitivity, and 
distortion, even though this often in- 
volved him in a slow and painful proc- 
ess. With the advent of the oscilloscope 
and new techniques relating to it, it 
became possible to do many of the old 
jobs with greater accuracy and less 
time. However, the new methods 
brought new problems. The ones of 
concern here relate to the testing of 
amplifiers and other circuits with an 
oscilloscope and a square -wave gener- 
ator. 

On paper the testing procedure is 
quite simple. For an amplifier to pass 
a good quality square wave, it must 
have reasonably good response from 
about 1 /10 to about 10 times the funda- 
mental frequency of the square wave. 
When the bandwidth is much less than 
this, a distortion of the square wave 
becomes noticeable. Thus it would seem 
that all one needs to do is to feed square 
waves at various frequencies into the 
amplifier and note when and how the 
output becomes distorted. Textbooks 
show the "characteristic" traces with 
nicely drooping tops or prettily rounded 
curves, indicating fall -off at low and 
high frequencies respectively. In prac- 
tice, one can get the most peculiar pat- 
terns even if the amplifier is satisfactory 
and sometimes a reasonable -looking 
square wave when it is not. 

In order to understand why these 
things can happen, let us look at the 
basic waveforms shown in Fig. 1. Fig. 
lA shows a triangular waveform; Fig. 
1B shows a square waveform and 
Figs. 1C and 1D show pulses. Now in 
spite of the fact that these,have differ- 
ent shapes, they are quite closely re- 
lated to each other. If we look at the 
triangular waveform, we see that it 
rises at a steady rate from minimum to 
maximum and then falls at the same 
steady rate at which it rose. In other 
words, we can say it has a steady slope 
or gradient. If it were flattened out 
until it were horizontal, like a level 
highway, we could say the slope was 
zero; on the other hand, if it rose ver- 
tically we would say that the slope was 
infinitely great. If it rises at 45 de- 
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grees, as is shown in Fig. 1A, we call 
it a slope of 1, and the fall at 45 degrees 
a slope of minus 1. 

Suppose we now plot a graph of the 
slope of this triangular wave. We find 
that the first half of the cycle, when it 
is rising at a slope of plus 1, will be 
represented by a horizontal line one 
unit above the horizontal axis. Then 
when the slope suddenly changes to 
minus 1 for the second half of the cycle, 
this will be represented by a sudden 
switch to a horizontal line one unit be- 
low the horizontal axis. In other words, 
the plot of the slope of the triangular 
waveform of Fig. lA is the square wave- 
form of Fig. 1B. 

If, in turn, we try to plot the slope of 
the square waveform of Fig. 1B, we find 
that, for the first half of the cycle, there 
is zero slope as the line is horizontal. 

1.) 

(ID 

(C) 

(D) 

Fig. 1. These four waveforms are closely 
related, electrically and mathematically. 

Fig. 2. Basic multivibrator from which 
the author's instrument was developed. 

Then there is a vertical, infinitely steep 
slope downwards, followed by the sec- 
ond half of the cycle -again with no 
slope at all. Then a vertical, infinitely 
steep slope upwards, and so on. (We 
must be careful here to avoid getting 
confused between the infinitely steep 
slope of the square waveform and the 
amount by which it has dropped : in this 
case, two units.) The perfect square 
wave we have shown with a vertical, 
infinitely steep drop and rise would 
have to be represented by a series of 
negative and positive spikes stretching 
to infinity. The general appearance of 
this waveform is as is shown in Fig. 1C. 
The broken lines represent infinite am- 
plitude. 

Many readers will realize that we 
have been performing an operation 
known in mathematics as differentia- 
tion, the basis of the differential calcu- 
lus. The other half of the calculus, the 
integral calculus, is basically differen- 
tial calculus in reverse. The integral of 
the spiked waveform of Fig. 1C is the 
square waveform of Fig. 1B; and the 
integral of the square waveform of 
Fig. 1B is the triangular waveform of 
Fig. 1A. (It is worth noting that, if 
we differentiate the spiked waveform 
of Fig. 1C, we get another spiked wave- 
form, with each spike stretching to 
infinity in both the negative and the 
positive directions, as in Fig. 1D. After 
this, any further differentiation gives 
exactly this same waveform over and 
over again.) 

Instead of doing integration and 
differentiation by mathematics or by 
plotting, we can do it electrically by 
means of the simple networks shown 
in Fig. 4A and B. The explanation of 
how this happens is as simple as the 
networks themselves. If we apply a 
sudden increase of voltage (i.e., the 
leading edge of a square wave) to the 
input of Fig. 4A, we can see that, to 
charge C, to the new voltage, a current, 
gradually decreasing, must flow through 
R,. This current will cause a decreasing 
voltage drop across the resistor so that, 
as long as C, is being charged, there 
will be a steadily rising voltage across 
the latter. Thus the square -wave input 
will be integrated into the triangular 
type of waveform of Fig. 1A. 

If the input voltage does not drop 
again quickly enough, the output volt- 
age will eventually flatten out to a con- 
stant value equal to that across the 
input. Thus it is necessary that an ef- 
fective integrating circuit should have 
a very long time constant compared to 
the input frequency it is handling, 
otherwise the integration will be only 
partial. Oscillograms of slightly, mod- 
erately, and almost completely inte- 
grated square waves are shown oppo- 
site the integrating network in Fig. 4A. 

The differentiating network of Fig. 
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OUTPUT 
0.35v fd 30011 

a3 

V1 V2 

c4 

4 R 

e3VAe. 
(FLOATING) 

}EXTERNAL 
CAPACITY 

300V. 

N, 500(1 ohm. w. carbon res. ± 5% 
R- 300 ohm, = w. carbon res. 
R. -1700 ohm, IV3 w. carbon res. ± 5% 
R,, Rs- 100,000 ohm, 4= w. carbon res. ± 5% 
C,, C :, C, -.001 µf ceramic capacitor 
C.I -2.2 µµI Ceramic capacitor (see test) 
Cs thre C,, -See text 
S,-DD. IIpos. wafer switch 

V -954 acorn tube (see text) 
Fig. 3. Final version features direct, 
low -Z output and overshoot suppression. 

4B works in the opposite way. Here the 
sharp voltage rise across the resistor 
caused by the leading edge of the square 
wave appears immediately across the 
output, then tapers off. But if the time 
constant of C, and R, is very small com- 
pared to the frequency of the input 
waveform, capacitor C, will discharge 
very quickly and the voltage across R, 
will rapidly drop back to zero. Thus 
the square wave will have been differ- 
entiated into the spiked waveform of 
Fig. 1C. Again examples of slight, mod- 
erate, and almost complete differentia- 
tion of a square wave are shown in 
Fig. 4B. 

It should be noted that similar cir- 
cuits can be made up using resistance 
and inductance instead of resistance and 
capacitance. Since all circuits are made 
up of some resistance, capacitance, and 
inductance, it is rather surprising that 
any square waves ever manage to get 
through without being distorted out of 
all recognition. Often, of course, they 
are distorted; and this brings us back 
to where we came in -the problems as- 
sociated with the testing of amplifiers 
by passing square waves through them. 

It may seem obvious and unnecessary 
to say that the first essential require- 
ment is to make certain that true square 
waves, free from rounding or over- 
shoot, are in fact being fed into the 
equipment under test. In practice, how- 
ever, this apparently simple and obvi- 
ous requirement is very often over- 
looked. 

Fig. 5A shows a circuit arrangement 
February, 1962 

that is used in the output of some 
square -wave generators and even more 
commonly in the input, coupling, and 
output stages of amplifiers. After get- 
ting past any stray capacitance (CO 
associated with the input and /or the 
source, the signal passes through block- 
ing capacitor C, into R,. The required 
amount is tapped off by the slider of 
R, and, after getting past stray capaci- 
tance C, the unfortunate signal - or 
what is left of it - probably has to go 
through a similar process in the next 
stage of the amplifier. 

In the circuit of Fig. 5A, we see first 
that C, will tend to filter out high fre- 
quencies. Then we notice that C, and 
R, form a differentiating network (as 
in Fig. 4B) which is modified by C,. 

If the slider of R, is set part of the 
way down, the resistance of the top 
part of R, and stray capacitance C. 
form an integrating circuit (as in Fig. 
4A), with the bottom part of R, in 
parallel with C, just to create further 
confusion! Finally when the slider of 
R, is nearly at the bottom and C:: is 

shunted by a very low resistance, the 
differentiating effect takes over again. 
It is caused by stray capacitance C,, but 
the effect is complicated by the top 
half of R, being in parallel with it. The 
net result is that we get a differentiated 
spike imposed on the top of a fairly 
normal square wave. 

The oscillograms of Fig. 5B show 
some of the "57 varieties" of waveforms 
we can get out of the circuit of Fig. 5A 
at different settings of R, and at differ- 
ent frequencies. Don't imagine, of 
course, that every network of this type 
will have such disastrous results. The 
network used to produce the oscillo- 
grams of Fig. 5B had component values 
designed to produce a distorted output 
rather than to minimize it. The block- 
ing capacitor -in order to produce a 
marked differentiating effect -was cut 
to .001 15f. when it normally should 
be about 1 µf. Potentiometer R, was 1 
megohm when a more suitable value for 
high frequencies would have been a few 
hundred ohms; and stray capacitance 
C. was lifted to .001 µf. That is quite 
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Fig. 4. Degrees of distortion produced by integrating and differentiating networks. 
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Fig. 7. Note back -to -back mounting of 
acorn tubes to minimize wire capacitance. 

a bit of "stray" capacitance indeed! 
Nevertheless it is a very wise pre- 

caution, when using a square -wave gen- 
erator with a variable output, to try 
it direct on the oscilloscope first at vari- 
ous output levels over the full range 
of frequencies and loads that are likely 
to be used. If there is the slightest sus- 
picion about the oscilloscope, check that 
too. One simple precaution is to see 
that a high -level output from the 
square -wave generator, attenuated by 
the oscilloscope control, gives exactly 
the same waveform as a medium- and 
low -level output with little or no at- 
tenuation at the oscilloscope. The latter 
instrument, of course, must be reliable. 

In any normal set -up, there is bound 
to be some departure from an abso- 
lutely perfect shape. The main thing is 
to be able to recognize the type of dis- 
tortion, and have some idea of its se- 
verity and its possible causes. For this 
there is nothing like personal experi- 
ence: a couple of hours spent experi- 
menting with a simple network like the 
one in Fig. 5 will do more than weeks 
of theoretical study to show just what 
waveforms one can get and how they 
change from one type to another. This 
experience actually makes the subse- 
quent reading of literature on the 
subject easier and more profitable. 
Considering the abundance of such 
literature on square -wave analysis and 
interpretation, the subject will not be 
treated here. 

A Practical Generator 

Square waves are usually generated 
either by amplifying and clipping sine 
waves or else by using some form of 
flip -flop or multivibrator circuit. The 
clipping method can produce excellent 
shape but is relatively difficult and ex- 
pensive, particularly if a wide range 
of frequencies is to be covered. There 
are several types of multivibrator cir- 
cuit, but one of the best and simplest 
is shown in Fig. 2. (Except for C. and 
C. part numbers correspond to Fig. 3.) 
This has a fast rise time and stable out- 
put, both practically independent of 
frequency, and it can be made to op- 
erate from a few cycles per second to 
over 1 mc. (actually to about 5 mc.) 
merely by altering the value of the 
cathode coupling capacitor. 
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To understand how the circuit works, 
let tis assume that V, of Fig. 2 is just 
beginning to conduct. As current starts 
to flow through V,, a voltage drop ap- 
pears across both plate resistor R, and 
cathode resistor R,. This causes the 
plate voltage to drop, and the drop is 
transferred through C, to the grid of 
V,, driving the latter negative. At the 
same time, the voltage rise at the cath- 
ode is transferred through cathode 
coupling capacitor C to the cathode of 
V,, driving the latter positive. Thus V, 
is completely cut off. The voltage at the 
plate of V, rises, and this rise is trans- 
ferred through CI to the grid of V,, 

Fig. 8. Authors compact version has 
a power plug for an external supply. 
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Fig. 9. Chart shows capacitor values 
for desired square -wave frequencies. 

LOADED WITH 500 LOADED WITH .005)1F. 

Fig. 10. Abnormal loading of generator 
leaves a 10 -kc. square wave unchanged. 

making the latter fully conducting. 
Nothing further happens until the 

discharging of cathode coupling capaci- 
tor C. has reduced the voltage at the 
cathode of V, sufficiently for that tube 
to begin to conduct again. Then the 
whole procedure mentioned above hap- 
pens in reverse, with V, conducting and 
V, cut off. The rate at which these 
change -overs take place depends on the 
time constants of R, and C:, and R: and 
C.:. (This, incidentally, creates another 
possible use for the circuit. If one cath- 
ode resistor is made small compared 
to the other, a pulse type of output can 
be obtained.) 

The circuit of Fig. 2 has two fairly 
important shortcomings. One is that the 
negative half of the square wave has 

a tilt due to the changing rate of flow 
of current as cathode coupling capaci- 
tor C. discharges. This tilt can be about 
5 per -cent. The other and more serious 
shortcoming is the marked degree of 
overshoot generated. Overshoot is per- 
haps one of the worst faults a square - 
wave generator can have. A square 
wave with a marked overshoot has little 
in common, either in frequency or am- 
plitude, with the signal that is supposed 
to be there. At low frequencies, be- 
cause of the fast rise time, the over- 
shoot is often not visible on the oscil- 
loscope, but its presence can cause a 
perfectly good amplifier to exhibit all 
kinds of unusual and misleading symp- 
toms. And, of course, if the amplifier 
itself is developing overshoot, it is im- 
possible to detect it. A reliable square - 
wave generator should be completely 
free from overshoot -- -even at the ex- 
pense of tolerating some rounding of 
the corners. 

The schematic of the square -wave 
generator developed by the author is 
shown in Fig. 3. The most noticeable 
difference between this circuit and that 
of Fig. 2 is that pentodes are used in- 
stead of triodes. The immediate result 
of this change is an almost complete 
removal of the tilt in the negative half 
of the waveform. A pentode is a con- 
stant- current device and, since there 
is a clamping action between the grid 
and cathode of each tube (although 
they are not actually connected), the 
discharge of the cathode coupling ca- 
pacitor leaves the current through the 
pentode largely unaffected. 

Another virtue of the pentode is the 
reduced interelectrode capacitance be- 
tween cathode and plate. At each 
change -over, the cathode of each tube 
carries a pulse of about 15 volts with 
a rise time of about .1 microsecond or 
less. It takes very little stray capaci- 
tance indeed for part of this voltage to 
be transferred to the plate where, it 
must be remembered, the voltage 
change is very small anyway, the plate 
resistor being only 5000 ohms while the 
cathode resistor is 100,000 ohms. 

But when the pentode circuit was 
originally wired and tested, it was 
found that a small amount of overshoot 
still appeared on the negative peak 'of 
the waveform. This was finally found 
to be due to a cathode peaking effect 
caused by stray capacitance from the 
cathodes to ground. It was mainly in 
the wafer switch used to select the vari- 
ous cathode coupling capacitors. 

This effect can best be described by 
considering the tube as a generator 
with the cathode and plate resistors 
in series, but with the cathode resistor 
having a small capacitance across it. 
We then get something similar to the 
potentiometer set -up in Fig. 5 when 
the slider is near the bottom. 

The most effective way of removing 
this slight overshoot is to connect a 
very small capacitor, 2.2 ppf. (C:: in 
Fig. 3), across from one plate to the 
other. Small as it is, this causes round- 
ing of the waveform at megacycle fre- 
quencies; but, as can be seen from Fig. 

(Continued on page 851 
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Reaching New Peaks In 
Performance, Portability and Price 

M i G HTY MiTE II 
They're shouting from the hill tops. 
Technicians, engineers and test labs 
all say that the original Mighty Mite 
finds the tubes that large expensive 
testers miss. And now ... here is 
the new improved Mighty Mite! De- 
signed for the present and far into 
the future. Tests all of your present 
tubes plus the new RCA Nuvistors and 
Novars, GE Compactrons and Sylvania 10 
pin tubes. 

A complete tube tester that is smaller than a portable type- writer yet outperforms testers costing hundreds of dollars. 
A real money maker for the serviceman and a trusty com- 
panion for engineers, maintenance men and experimenters. 
Even though the Mighty Mite weighs less than 8 pounds, 
new circuity by Sencore enables you to use a meter to 
check grid leakage as high as 100 megohms and gas condi- 
tions that cause as little as one half microamp of grid cur- 
rent to flow. Then too, it checks for emission at operating 
levels and shorts or leakage up to 120,000 ohms between all 
elements. This analytical "stethoscope" approach finds 
troublesome tubes even when large mutual conductance 
testers fail. And it does all this by merely setting four con- 
trols labeled A, B, C, & D. 
Check these plus Sencore features: Meter glows in dark for 
easy reading behind TV set Stainless steel mirror in ad- 

S 
February, 1962 

6 I DEALLEER NET 

Remember ... there is 

only one Mighty Mite 

justable cover for TV adjustments Rugged, all steel carry- 
ing case and easy grip handle Smallest complete tester 
made, less than one foot square. Mighty Mite ll will test 
every standard radio and TV tube that you encounter, 
nearly 2000 in all, including foreign. five star, auto radio 
tubes (without damage) plus the new GE Compactrons, 
RCA Nuvistors and Novars and Sylvania 10 pin tubes. 
Mighty Mite II also has larger, easy -to -read type in the set- 
up booklet to insure faster testing. Why don't you join the 
thousands of servicemen, engineers, and technicians who 
now own a Mighty Mite tube tester? Tube substitution is 
becoming impossible and costly with nearly 2000 tubes in 
use today. Ask your authorized Sencore Distributor for the 
New Improved Mighty Mite. Size: 10% " x 91/4 " x 31/2 " 
Wt. 8 lbs. 
MODEL TC114 

Sencore Sam says ... "They all agree .. . 
the Mighty Mite is the real answer for the man on the go." 

ENCORE ADDISON,.ILLINOIS 
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Profiles in Electronic Engineering Technology 

how will 

your success 

in electronics 

compare with 

this man's? 
Will you have a rewarding 
career, like Richard S. Conway? 

Or will you never get beyond 

a routine job? It's up to you. 

LET'S LOOK AT THE FACTS. There's something wonder- 
ful about understanding how a circuit works or what a 

filter capacitor does. If you've ever fixed a TV set, built 
a radio or used a voltmeter, you've tasted the thrills of 
electronics. 

This excitement may have led you to a job in electronics. 
But the glamour fades if you are stuck in the same job 
year after year. You'll be bored with routine and unhappy 
about prospects for future earnings. You'll discover, as 
have many men, that simply working in electronics 
does not assure a good future. 

If electronics is the "field of opportunity," how is this 
possible? No question about it, electronics offers many 
opportunities, but only to qualified men. In any career 
field, it is how much you know that counts. This is 
particularly true in the fast moving field of electronics. 
The man without thorough technical education doesn't 
advance. Even men with intensive military technical 
training find their careers can be limited in civilian 
electronics. 

ELECTRONICS KNOWLEDGE YOU CAN USE. CREI Home Study 
preparation gives R. S. Conway the technical background to deal with Engi- 
neers as Supervisor, Electronic Test Dept., Wilcox Electric Co. 

ADVANCED TECHNICAL KNOWLEDGE IS THE KEY to success in 

electronics. If you have a practical knowledge of current engineer- 
ing developments, if you understand "why" as well as "how," 
you have what employers want and pay for. With such qualifica- 
tions, you can expect to move ahead. 

CREI OFFERS YOU, for study at home, a complete program in elec- 

tronic engineering technology designed to prepare you for a 

rewarding, well -paying career in electronics. CREI equips you 
with a practical working knowledge of advanced and up -to -date 
electronic developments that will put you on the level of specializa- 
tion where men are most in demand. 

CREI MEN LIKE RICHARD S. CONWAY hold positions as associate 
engineers, engineering aides, field engineers, project engineers and 
technical representatives. They work in every area of electronics, 
from manufacturing to research. 

WHEN YOU ENROLL IN A CREI HOME STUDY PROGRAM, 
you study courses to which a number of today's leading engineers 
and scientists have made substantial contributions. You are 
guided and assisted by CREI's staff of experienced instructors. 
You study texts that are specifically prepared for home study use. 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


EMPLOYERS GI ¡E YOU SPECIAL CONSIDERATION for advancement 
with CBE/ limn,' Study preparation. Quality Control Manager Ray V. 
Smith of Wilcox Electric Co. explains this to CREI alumnus Conway. 

PREPARE FOR A SECURE FUTURE in electronics with a CREI Home 
Study Program. Richard Conway is shown relaxing in his yard with his 
children. CREI helped further his career, increase his income. 

INCREASE YOUR PROFESSIONAL STANDING. A CREI Home Study 
Program helps you gain new authority and respect. Examining a complex 
installation with Conway is R. M. Soldanels, a technician at Wilcox Electric 
Co. who is currently studying a CREI Program at home. 

Through CREI, you have a choice of programs covering every 
field of electronics: 
RADAR COMPUTERS SERVOMECHANISMS INSTRUMENTATION 
AERONAUTICAL ANO NAVIGATIONAL COMMUNICATIONS TELEVISION 

AUTOMATION AND INDUSTRIAL ENGINEERING TECHNOLOGY 
NUCLEAR ENGINEERING TECHNOLOGY 

Programs are available for men, such as engineers, who already 
have extensive technical knowledge, as well as for men with 
limited technical training or experience. 

THE HIGH CALIBRE OF A CREI HOME STUDY EDUCATION is 
attested to by America's biggest corporations, where CREI 
students and alumni attain positions ranging from engineering 
technicians to engineers to top officials. Such companies are 
National Broadcasting Company, Pan American Airways, Federal 
Electric Corporation, The Martin Company, Northwest Tele- 
phone Company, Mackay Radio, Florida Power and Light and 
many others. They not only recognize CREI Home Study educa- 
tional qualifications but often pay all or part of CREI tuition 
for their employee,. 
CREI HOME STUDY PROGRAMS are the product of 35 years of expe- 
rience; CREI was among the first to have its curricula accredited 

YOUR WHOLE FAMILY SHARES YOUR SUCCESS. Living is better for 
everyone when you get promotions and advancements through CREI Home 
Study. Above, Mrs. Conway and their two children, Cynthia and David, 
share Richard Conway's success. 

by the Engineers' Council for Professional Development. Each 
program has been developed with the same painstaking skill and 
care that CREI put into its electronics courses for the Army 
Signal Corps, its special radio technician courses for the Navy, and 
its group training programs for leading aviation and electronics 
companies. For those who can attend classes in person, CREI 
maintains a Residence School in Washington, D. C. 

YOU CAN QUALIFY for a CREI Program, if you have basic 
knowledge of radio or electronics and are a high school graduate 
or the equivalent. If you meet these qualifications, write for FREE 
58 -page book describing CREI Programs and career opportunities 
in advanced electronic engineering technology. Use coupon 
provided, or write to: 

The Capitol Radio Engineering Institute 
ECPD Accredited Technical Institute Curricula founded 1927 

Dept 1102 -K 3224 Sixteenth St., N.W. 
Washington 10, D.C. #20 
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SERVICING 
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AUTOMATIC STEAM IRONS 

By DAVID R. ANDERSON 

Relative simplicity of these appliances and the 
potential of extra profit justify the side line. 

AIMPRESSIVELY large number 
of small appliances, electric but 
non -electronic, are sold in this 

country every year, and they are in reg- 
ular use. Eventually they break down 
and must be serviced. Even where the 
radio and TV technician does not solicit 
such business, he is likely to have it of- 
fered to him. The service installations 
devoted exclusively to this type of work 
are scattered. Aside from manufacturer 
service or the repair operation of a de- 
partment store, there are not many 
places the appliance owner can go to. To 
the user, the TV repair shop seems like 
a logical place. 

The pros and cons concerning this 
type of auxiliary business, which are 
many, have been discussed before. (See 
the author's "Small Appliance Service: 
Toasters," page 70, in our issue for May 
1961.) Each shop owner must decide for 
himself whether this modest type of di- 
versification will benefit him. For those 
who are interested but have done noth- 
ing about it until now: the repair of 
steam irons, as is the case with many 
small appliances, is not particularly diffi- 
cult. Furthermore, many thousands are 
sold each year. Most need service sooner 
or later. 

Principles of Operation 
Despite the many makes and models, 

all operate on the same general prin- 
ciples. The heating element, which has 
its temperature controlled by a thermo- 
stat, heats the sole plate (the bottom. 
metallic surface that comes into con- 
tact with the material being ironed) and 
water stored in the iron is also heated to 
produce steam. As steam is formed, it 
builds up pressure, which then forces 
the steam out through holes in the sole 
plate. A control is provided that allows 
steam to be turned on or off, as desired. 

There is a choice of several, specific 
methods for producing the steam, but 
two of them account for the great ma- 
jority of automatic steam irons in use. 
One of these popular methods involves 
the use of a boiler, as shown in Fig. 1. 
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Here the water tank is placed directly 
over the heating element. The heating 
water is evaporated to form steam and 
build up pressure. The pressure forces 
the steam out through the indicated 
holes. Irons using this method can be 
recognized quickly by the fact that 
steam production does not occur as soon 
as the sole plate comes up to operating 
heat. The water must also become hot 
enough to produce steam. 

The other method is to mount the 
water tank away from the heating ele- 
ment, usually well above it. Water is 
then slowly fed to the steam chamber 
below (Fig. 2) through a small opening, 
usually a drop at a time. As each drop 
strikes the sole plate, which is usually 
part of the steam chamber, it is vapor- 
ized immediately and forced out through 
the holes in the sole plate. This is the 
steam -generator type of iron. With this 
method, steam production begins as soon 
as the sole plate is hot enough for iron- 
ing. In such a design, the steam control 
permits the user to choose dry ironing 
without emptying the water tank, sim- 
ply by turning off the flow of water to 
the steam chamber. 

The electrical system of any steam 
iron is quite simple, and will not depend 

STEAM HEAT CONTROL CONTROL 

WATER TANK THERMOSTAT 

Cttt 
HOLES SOLE PLATE HEATING ELEMENT 

Fig. 1. How the boiler -type steam iron 
works. The diagram has been simplified. 

Fig. 2. In the steam -generator system, 
drops of water are vaporized instantly. 

STEAM 
CONTROL 

MATER TANK 

TCONTROL 

THERMOSTAT 
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STEAM AMBER 
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much on differences in steam genera- 
tion. A typical arrangement is shown in 
Fig. 3. The thermostat cycles on and off 
to keep sole -plate temperature fairly 
constant at a pre -selected level. Al- 
though specific thermostats may vary 
with make and model, very few work on 
any principle other than that of the bi- 
metal strip. Connected in series with the 
heating element, the thermostat is also 
positioned close enough to sense the heat 
from this element. 

Because the strip is made of two dis- 
similar metals that have different rates 
of expansion and contraction when they 
are heated or cooled, it bends as it gets 
hot, causing the contacts, initially 
closed, to open at a pre -set temperature. 
This cuts off current to the heating ele- 
ment, which begins to cool. The bi -metal 
strip also cools, until it bends back to 
close the contacts and start the cycle of 
operation all over again. 

The operating temperature may be 
controlled by adjusting the thermostat- 
ic gap. The control with which this is ac- 
complished, made externally available 
to the user, is conventionally marked 
with the types of material that should 
be ironed at the various settings rather 
than directly in temperature. However, 
actual temperature is of interest when 
an iron is checked for proper operation. 
It is useful to know, then, that the high 
setting (for linen) is in the vicinity of 
500° F, whereas the low (rayon) setting 
will probably be 275° F or somewhat 
lower. 

Equipment Requirements 

In addition to what is doubtless in the 
service shop already, a few items of aux- 
iliary equipment will make working on 
irons easier, and they are both simple 
and inexpensive to assemble. For ex- 
ample, it is a good idea to put together 
an iron holder, like the one shown in Fig. 
4. This will keep a disassembled iron in 
convenient order and facilitate check- 
ing. It will also prevent scratching of the 
smooth, bottom surface of the sole plate 
or other possible damage. 

The materials for the holder can be 
three pieces of scrap wood and a soft 
cloth. The bottom piece, number 1, 

should be large enough to accommodate 
any iron and may be cut square. The 
cloth is stretched flat on top of it. In ad- 
dition to being soft, the cloth should be 
fairly heavy -padding or several thick- 
nesses may be used -and synthetic fab- 
rics should be avoided as they do not 
tolerate as much heat as other types. An 
iron can be used as a template for deter- 
mining the shape to which pieces 2 and 
3 should be cut. These pieces are then 
fastened to the first piece with screws. 
If desired, the holder may be fastened to 
the work bench. 

To use the holder, the iron is simply 
placed in the shaped opening and slid 
forward until it is held securely. Since 
the sole plate is the base on which most 
of the components are mounted, this 
arrangement is convenient for service 
once the cover has been removed. 

Another useful device is a simple iron 
tester. The schematic for one appears in 
Fig. 5. Parts may be laid out in any way 
that is convenient. A block of wood is 
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convenient for mounting. Such types as 
#41 or #43 should be suitable for the 2.5- 
volt lamp. Together with its resistive 
shunt, it will give useful indication with- 
out altering iron operation, because it 
will not alter voltage and current to the 
iron significantly. 

A suitable value for the shunt will be 
less than one ohm -about a third of an 
ohm, in fact, for most irons -and it will 
have to pass a current of several am- 
peres. It can best be made up from ni- 
chrome or other resistance -type wire. If 
a standard replacement heating element 
for use in electric heaters and hot plates. 
usually available at low cost in dime 
stores, is obtained, it can serve as the 
raw material. With total resistance 
(perhaps 25 ohms) known, short lengths 
of desired value can be measured off ex- 
perimentally with an ordinary inch rule. 

To handle the heavy current safely, it 
is better to use three somewhat longer 
strips connected in parallel across the 
2.5 -volt lamp. The long element provides 
surplus material for trimming and ex- 
perimenting until the right value is 
achieved. 

Another helpful accessory is a simple 
test -probe set made up of several feet 
of ordinary line cord, terminated in an 
a.c. plug at one end. The other end can 
simply be the exposed tips of the two 
wires in the cord or a pair of insulated 
prods with exposed tips can be used. 
Care should be taken to avoid shorting 
the tips or making contact with them in 
use, as full line voltage will appear 
across them if the switch at the 7.5 -watt, 
117 -volt lamp should be closed. Remem- 
ber that the switch will have to carry at 
least 10 amperes. 

Basic Procedures 

Actual troubleshooting of a steam iron 
is quite simple: taking the appliance 
apart to find the defect and putting it 
together again will account for most of 
the time involved. For disassembly and 
re- assembly, the manufacturer's in- 
structions are most helpful. Since these 
are not generally at hand and since spe- 
cific procedures vary from model to 
model, the technician will work on his 
own, more often than not. Fortunately, 
despite variations, he will seldom run 
into complications. The object is to get 
the upper, covering portion of the device 
out of the way to expose inner parts. 
Noting the position of each part as it is 
removed will ease the problem of getting 
the iron together later. 

One of the most common checks on 
the iron's electrical system will be for 
shorted or open conditions. When check- 
ing for continuity, the tester's on -off 
switch is placed in the off position, put- 
ting the 7.5 -watt lamp in the circuit; the 
iron is plugged into the tester's a.c. re- 
ceptacle; and the appliance's heat con- 
trol is turned on. The 7.5 -watt lamp will 
light only if there is continuity. 

To check for shorts or leakage, the 
tester switch is left in the off position, 
but the test probe is inserted in the re- 
ceptacle. One lead or prod of this probe 
is touched to one prong of the iron's 
line -cord connector and the other lead is 
touched to the iron's body or other me- 
tallic parts, with the iron turned on. 
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Fig. 3. In all types, the electrical 
system, as shown above, is quite simple. 

Lighting of the lamp now indicates a 
short. 

Operation of the thermostat can also 
be checked with the tester. This time 
the iron is plugged directly into the re- 
ceptacle, but the on -off switch is closed 
to short out the 7.5 -watt lamp. When 
the iron is cold, the thermostat contacts 
should normally be closed. If they are, 
the 2.5 -volt pilot bulb will light. The iron 
is then allowed to heat up. If the ther- 
mostat is working, the bulb will extin- 
guish when the proper temperature is 
reached, indicating that the thermostat 
contacts have opened. 

Common Symptoms 

Some of the usual complaints asso- 
ciated with the appliance are water 
leakage, failure to steam, inability to 
maintain proper temperature, sputter- 
ing, and staining of the materials being 
ironed. The first symptom is usually 
caused by a leaky steam control, but 
there is also the possibility of a leaky 
tank. Visual inspection should determine 
the cause quickly once the interior of 
the appliance is exposed to view. An im- 
properly operating control may merely 
be due to deposited foreign matter. 
which can be cleaned away, rather than 
an actual defect. 
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Fig. 4. An easily built holder culs the 
inconvenience of disassembly and service. 

Fig. 5. Circuit for a universal tester 
that can check most phases of operation. 
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Failure to steam most often results 
from either of two causes : the thermo- 
stat is out of calibration or the steam 
passages have become clogged. Commer- 
cial testers are available for checking 
the temperature about which the ther- 
mostat operates, but the technician may 
feel that the amount of iron repair he 
will handle does not justify an extra in- 
vestment. A rough but adequate indica- 
tion can be obtained with the tester of 
Fig. 5 and a thermometer having a tem- 
perature range between 250° F and 510° 
F. A common oven thermometer will do. 

To check temperature at which the 
thermostat operates, the iron is plugged 
into the tester and the 7.5 -watt bulb is 
shorted out. The thermometer is put in 
contact with the sole plate and the iron 
is allowed to heat up. When the 2.5 -volt 
bulb extinguishes, the thermometer 
reading is noted, since this is the tem- 
perature at which the thermostat opens. 
It is also a good idea to take another 
reading when the lamp goes on again, to 
make sure that there is not an excessive 
temperature drop before the thermostat 
closes again. If operating temperature is 
incorrect, there is usually an adjustment 
available to correct this. Once more, al- 
though the manufacturer's service data 
is the best guide, it should not be diffi- 
cult to find and re -set the adjustment 
without help. 

If failure to steam is the result of 
clogging in the steam passages, the iron 
has probably been used with tap water 
for some time, instead of the recom- 
mended distilled water. The impurities 
in tap water eventually build up a de- 
posit in the narrow passages. Often 
these passages can be cleared with a 
narrow, sharply pointed tool; in other 
cases the damaged part must be re- 
placed. 

Inability to maintain proper temper- 
ature or sputtering are both due, as a 
rule, to improper calibration of the 
thermostat. The check procedure for 
these symptoms, involving the tester 
and a thermometer, have already been 
described. 

Staining of materials is caused by im- 
purities that have accumulated in the 
water tank and steam passages and 
which are expelled with the steam dur- 
ing use. Cleaning out deposits and flush- 
ing the iron should eliminate this com- 
plaint. One way to flush the iron is to 
open the steam control valve and fill the 
iron with water while it is cold, flooding 
all steam passages. The iron is then 
turned on and set to generate steam. As 
steam is forced out under pressure, it 
will carry out impurities with it. Inex- 
pensive chemical compounds are avail- 
able in many groceries and supermar- 
kets for addition to the water to promote 
this cleaning action while flushing. 
These are of some help. The water used, 
of course, should be distilled. 

All in all, service requirements for 
steam irons should not prove difficult for 
a technician who can successfully handle 
such a complex device as a TV re- 
ceiver. The extra profit this side line can 
provide ought to make a worthwhile dif- 
ference to all but the most successful 
shops, and the customer good will can 
be of help to any shop. 

63 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


FM STEREO AT LOW COST 
A "value packed" combination for exciting stereo FM entertainment! Tuner has pre - 
assembled, prealigned FM tuning unit for fast, easy assembly. Features flywheel 
tuning, automatic frequency control, handsome modern styling. Stereo converter has 
self -contained power supply, cathode follower outputs for A & B channels. 12 lbs. 

Kit AJ -31S (includes AJ -31 tuner and converter)... no money down, $7 mo 
Saves $2.50 only $69.95 

SPACE- SAVING AS -81 SERIES 
MINIATURE HI -FI SPEAKER SYSTEM KITS 
Measures only 104' x 61/2' x 64'. 70- 14.000 cps 
response. 6' woofer, 3' tweeter. 8 ohm imp. 6 watt 
power rating. Factory assembled cabinet. 'Bibs. 
Kit AS- SI...Unfinished $17.50 

.Mahogany or Walnut $19.95 

SAVE TIME & STEPS WITH A HEATHKIT INTERCOM SYSTEM 
Complete indoor & outdoor communications facilities in easy to build kit form. 
All- transistor master handles up to five indoor or outdoor remotes. Powerful I 

watt output and specially designed frequency response assure crisp, clear com- 
munications. Costs only 5c a month to operate! 
Kit GD -121 Master Station ... 5 lbs.... no money down, $5 mo $29.95 
Kit GO -131 Indoor Remote ... 3 lbs $8.95 
Kit GO -141 Outdoor Remote ... 2 lbs $ 5.95 

"CORDLESS" AM RADIO 
Battery powered. 4' x 6' PM 
speaker; transistorcircuit; ivory 
& green. 3 lbs. 
Kit GR -131 Radio 

(less battery) $19.95 
GRA.131-1: Battery pack 

2lbs $1.10 

HEATHKIT® offers MORE -more new 

Whatever your interest, there's a 

Heathkit for you. Over 250 kits- each 
priced to save you money. Guaranteed 
to be easy to build and to provide years 
of enjoyment and superior performance. 
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Why take chances in kit buying - 
Heathkit's broad guarantee 
assures satisfaction every time. 
Compare this guarantee with any competitive 
electronic kit manufacturer. See why Heathkit 
gives you more. Our pride in our quality, in 
our reputation and goodwill, in our pains- 
takingly engineered "check -by- step" instruc- 
tions is reflected in the unconditional guaran- 
tee that you, regardless of technical knowledge 
or experience, can build any Heathkit. 

\ 11111111111111 11111111111111111 
MONEY SACK GUARANTEE 

The Heath Company unconditionally guaran- 
tees that you can build any Heathkil product 
and that it will perform in accordance with our 
published specifications. by simply following 
and completing our check -by -step instructions, 
or your purchase price will be cheerfully re- 
funded. 

/1111111111111111 QQQQQQQI1111I11 
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WORLD -WIDE REACH! 
SHORT WAVE RECEIVER 
Covers 550 kc to 30 me in four bands. Illuminated 
7' slide -rule dial & meter. Versatile controls for top 
reception. "Velvet touch" tuning. Easy circuit 
hoard assembly. Beige & aqua color. 9 lbs. 
Kit GR- 91... no money down, $5 mo $39.95 

NEW CITIZEN'S BAND TRANSCEIVERS 
New high-efficiency transmitter. 3- crystal controlled 
transmitting channels; single crystal or variable 
receiver tuning. Adjustable squelch, automatic 
noise limiter. Press -to -talk mic. Signal meter. 13 lbs. 
Kit GW -11 ... specify AC or DC ... 
no money down,$7 mo. a$69.95 

NEW! FIRST COMPLETE FILTER -TYPE 
SSB TRANSMITTER IN KIT FORM! 
Another Heathkit first! Every desired SSB feature at half price. Send for full specifi- 
cations and compare for yourself! Operates 80 through IO meters with out -of -band 
coverage for MARS operation. 180 watts PEP -SSB & CW, 75 watts AM. Parallel 
6146's in final. All power supplies built -in. Unique simplified alignment procedure! 
Kit HX -10 SSB TRANSMITTER...92 lbs... no money down, as low as $22 mo.$334.95 

POCKET SIZE 
"WALKIE TALKIE" 
4- transistor; crystal - 
controlled. Range I 

mile. Easy circuit 
board assembly. 2 lbs. 
Kit GW -31 ea. $24.95 

RESISTANCE & CAPACITOR DECADES 
Provide precision resistor values from I ohm to 999,999 
ohms in one ohm steps, at 1/z of I e% accuracy ... capacitor 
values from 100 mmfd to 0.111 mfd in 100 mmf steps. 

Kit IN- 11...6 decade resistance kit...4 lbs.... 
no money down, $5 mo . $24.95 

Kit IN-21...3 decade capacitor kit ...3 lbs $17.95 

kits, better guarantee, easier terms 
wait to buy the kit you need! 

Heathkit's easy terms let you 
enjoy it while you pay! 

No need for cash. Beginners, enthusiastic 
amateurs and dedicated professionals will find 
kits to meet their needs ... and pocketbooks. 
Here is tremendous quality at the lowest pos- 
sible cost PLUS new relaxed credit terms. You 
can purchase any kit from $25 to $600 with no 
down payment and take up to 18 months to 
pay. What's more, when you purchase the kit 
of your choice, you purchase with confidence, 
with the sure knowledge that it will outper- 
form any competitively priced product. Enjoy 
it today ... pay for it tomorrow. Remember, 
no money down and up to 18 months to pay. 
With a Heathkit every dollar invested gives 
double enjoyment, double value! 
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HEATH COMPANY 
Benton Harbor 15, Michigan 

Yes. send me my free 1962 Heathkit catalog 

NAME 

ADDRESS 

CITY - ZONE - STATE. 

Order direct by mail or see your Heathkit dealer. 

Ship Parcel Post : Express C.O.D. Best Way 

Orderinp Instructions: F.II ont the order plans Include charges for n rcrl 
r' 
ost 

accord.no lo ?s rnh shown Er0ress orders snooped delver, c arums collect All 
prics F. O. BÇ Benton Harbor Mrch. A 20 ", deoos.t o 'redo all COD. 
orders Procas sulllect lo dram'?' wdhuut no oce. Dealer and cruor! nroc. s slrn011, 
loorror 

ITEM MODEL NO. PRICE 

Free Catalog! 

Send In today for your tree 
100page catalog. Over 250 
kits ,more than 40 are new 
in this most complete calm 
log of kits Every piece os 

lop quality - - save up to 

50% Get a catalog now and 
receive 1962 Healy k It sop 
elements. 

This Christmas Give a Heathgrft .. . from the Wo td's Shopping Center for Eleclronrc Nits 
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UNIVAC I 

FIELD 

ENGINEERING 

Assignments for 

Missile- Guidance 

Computers & Tactical 

Data Systems 

FIELD ENGINEERS 
Involves maintenance of Univac computer 
equipment such as the ICBM Guidance 
Computer and the Nike Zeus Target In- 
tercept Computer. Applicants must have 
at least 2 years formal education in elec- 
tronics with 3 or more years in mainten- 
ance. Experience should be associated 
with complex electronic equipment such 
as TV, radar, sonar or digital computing 
systems. Two to 6 months training at full 
pay before assignment. 

INSTRUCTORS 
Qualified instructors with backgrounds 
similar to field engineer requirements are 
now being selected to instruct and train 
field personnel. There are also re- 
quirements for computer programming 
instructors. 

ENGINEER WRITERS 
Writers and editors are needed to write 
and produce instruction manuals for field 
engineering projects. Applicants should 
have technical degree or equivalent and 
extensive electronic writing experience, 
preferably with computer circuits and 
theory. Familiarity with military publica- 
tion specifications essential. 

These positions offer career 
opportunities for qualified person- 
nel who are interested in joining 
an industry leader. Benefits include 
company paid life insurance, hos- 
pitalization, medical and surgical 
benefits, relocation expenses and, 
where applicable, living allowances 
at field sites. 

Send complete resume of 
education and experience to: 

R. K. PATTERSON 

Department CC -2 

R C M i i J C T O N R A N O 

UNIVAC 
DIVISION OF SPERRY RANO CORPORATION 

Univac Park St. Paul 16, Minnesota 

(An equal opportunities employer) 

CALENDAR 1111 
of EVENTS 
ifia MIN 

26 

JANUARY 23 -27 
Third Annnal ERA Convention & Management 
Conference. Sponsored by Electronic Representa- 
tives Assn., Hollywood Beach Hotel, Hollywood 
Beach, Fla. Details from ERA headquarters, 600 S. 

Michigan Ave., Chicago 5, III. 

FEBRUARY 7 -9 
1962 National Winter Convention on Military 
Electronics. Sponsored by PGMIL and L.A. Section 
of IRE. Ambassador Hotel, Los Angeles. Details 
from IRE Los Angeles Office, 1435 S. La Cienega 
Blvd., L.A., Calif. 

FEBRUARY 9 -11 
Pacific Electronic Trade Show. Shrine Exposition 
Hall, Los Angeles. Information on exhibits and 
program available from PETS, 2216 S. Hill St., 
Los Angeles 7, Calif. 

FEBRUARY 14 
Color TV Seminar. Sponsored by Precision Ap- 
paratus Co., Inc., General Electric Co. and Voor- 
hees Technical Institute. Meeting at Voorhees 
Technical Institute, 67th St. at Second Avenue, 
New York City, 7:30 p.m. Details from Precision 
Apparatus, Inc., 70 -31 84th St., Glendale, N.Y. 

FEBRUARY 14 -16 
International Solid-State Circuits Conference. 
Sponsored by IRE, AIEE, and University of Penn- 
sylvania. Campus of the University of Pennsyl- 
vania and Sheraton Hotel, Philadelphia. Details 
available from the IRE, 1 East 79th St., New 
York 21. 

FEBRUARY 27 -MARCH 1 

Symposium on Application of Switching Theory 
in Space Technology. Sponsored by Lockheed 
Aircraft Corp. and AFOSR /General Physics Div. 
Contact Dr. J. P. Nach, c/o Lockheed, Sunnyvale, 
Calif. for details. 

MARCH 1 -2 
Eighth Scintillation and Semiconductor Counter 
Symposium. Sponsored by PONS, AIEE, AEC, NBS. 
Shoreham Hotel, Washington, D.C. Program infor- 
mation from Dr. George A. Morton, RCA Lobs, 
Princeton, N.J. 

MARCH 7 -11 
San Francisco Home and High Fidelity Show. 
Sponsored by Magnetic Recording Industry Assn. 
Cow Palace, San Francisco. Open to the public. 
Stereo FM multiplex broadcasting and receiving 
equipment will be featured. 

MARCH 14 -16 
Twelfth Annual Conference on Instrumentation 
for the Iron d Steel Industry. Sponsored by in- 
strument Society of America. Hotel Roosevelt, 
Pittsburgh, Pa. Details from H. M. Gravait, Alle- 
gheny Ludlum Steel Corp., Research Lab., Brack- 
enridge, Pa. 

MARCH 20 -25 
1962 Los Angeles High Fidelity Music Show. 
Sponsored by Institute of High Fidelity Manufac- 
turers, Inc. The Ambassador Hotel, Los Angeles. 
Open to public March 21 -25th. 

CIRCUIT QUIZ 
By JOE TERRA 

THE circuit is perhaps the most important constituent part of any electronic device. Can you 
identify the following circuits? Match the types of circuits given in the first column with 

their respective descriptions given in the second column, then check your answers on page 98. 

1. Bridge 

2. Clamping 

3. Decoupling 

4. Differentiating 

5. Equivalent 

6. Grid 

7. Ground -return 

8. Hazeltine Neutrodyne 

9. Integrating 

10. Isochronous 

11. Link 

12. Push -pull 

13. Reflex 

14. Rejector 

15. Scaling 

A. Used in analyzing the function of electronic devices such as 
vacuum tubes and crystal cartridges. 

B. RC circuit used to separate two functions or frequencies. 
C. Two -tube amplifier circuit; grid and plate of one tube op- 

erates 180 degrees out -of -phase with the grid and plate 
of the other tube. 

D. Parallel- resonant circuit which suppresses the frequency to 
which it is tuned. 

E. Keeps either amplitude extreme of a waveform at a certain 
potential level. 

F. Closed circuit containing one or more coils; used to couple 
radio- frequency circuits. 

G. The input circuit of a vacuum tube. 
H. Utilizes the earth as a conductive path. 
I. Voltage amplitude at the output is proportional to the rate 

of change of voltage at the input. 
J. Used to record pulses from Geiger tube when pulse fre- 

quency is extremely high. 
K. Circuits operating at the some resonant frequency. 
L. Mesh circuit consisting of a number of branches including 

one source of Potential. 
M. Early form of radio- frequency amplifier circuit. 
N. Signal is amplified both before and after detection in the 

some amplifier tube or tubes. 
O. Network of resistors and capacitors used to separate or by- 

pass signals that would ordinarily flow in a common circuit. 
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The Making of a Magnet. Bell scientists test new superconducting electromagnet, the small cylindrical object being removed 
from helium bath at minus 450 degrees F. An early experimental design produced a field strength over 65,000 gauss. 

OUT OF SOLID STATE SCIENCE COMES A POWERFUL NEW MAGNET 

Bell Telephone Laboratories' creation of a power- 
ful superconducting electromagnet once again illus- 
trates the role of materials research in the advancement 
of communications. 

It has long been known that certain materials 
called superconductors have a zero electrical resistance 
at temperatures near absolute zero. A solenoid of 
superconductive wire carrying a large current should 
be capable of producing an extremely powerful mag- 
netic field without the bulky power equipment that is 
needed for conventional electromagnets. 

A formidable obstacle blocked the way, however. 
The strong magnetic field tended to destroy the wire's 
superconductivity. 

Bell Laboratories scientists studying superconduc- 
tors-as part of their endless search for new materials 
for communications -were led to the discovery of a 
number of alloys and compounds having exceptional 
superconductive properties. One of these materials, a 

February, 1962 

compound of niobium and tin, was found to possess 
a startling ability to retain its superconductivity in 
intense magnetic fields of over 100,000 gauss. Bell 
scientists went on to show how the brittle, intrac- 
table material could be made into a wire and hence 
wound to make an extremely powerful electromagnet. 

By finding a low -cost way to create enormously 
powerful magnetic fields, Bell scientists have brought 
closer new applications of magnetism in communica- 
tions. Intense magnetic fields provide an invaluable 
tool in research. and offer an attractive means for 
containing hot plasma in thermonuclear experiments. 

The new magnet is another example of how Bell 
Laboratories research not only works to improve Bell 
System communications but also benefits science on 
a broad front. 

BELL TELEPHONE LABORATORIES 
World center of communications research and development 
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TV -RADIO Servicemen or Beginners 

SEND FOR 

7- Volume Job Training Set 

on 1 -Day FREE TRIAL 
The First Practical 

TV- RADIO -ELECTRONICS 

Shop Library 

Answers ALL 
Servicing Problems QUICKLY .. . 

Makes You Worth More On The Job! 
Examine Coyne's all -new 7- Volume TV- 
RADIO- ELECTRONICS Reference Set for 7 

days at our expense! Be convinced it gives you 
the way to easier TV -Radio repair -time sav- 
ing. practical working knowledge that helps 
you get the BIG money! See how to install. 
service, and align ALL radio and TV sets, even 
color -TV. UHF. FM and transistorized equip- 
ment. New photo -instruction method is quick 
and easy to understand. No complicated math 
or theory -just practical facts you can put to 
use immediately right in the shop, or for ready 
reference at home. Over 3000 pages: 1200 dia- 
grams; 10,000 facts' 

Like An Electronics 
VOL. 1- EVERYTHING 
ON TV -RADIO PRINCI- 
PLES! 3011 pages of 

:I explanations: 
Or illustra- 

VOL. 2- IRO 
ON TVRADIO-FM RE- 
CEIVERS; 403 pages: 
ally illustrated. 

VOL. 3- ING 
ON TV -RADIO CIR- 
CUITS! 336 pages: hun- 
-Ireds of illustrations. 

cuit diagrams. 
VOL. 4- EVERYTHINO 
ON SERVICING IN- 
STRUMENTS! How they 
work. how to use them. 
308 pages: illustrated. 

Expert At Your Side! 
VOL. 5- EVERYTHING 
ON TV TROUBLE- 
SHOOTING! Covers all 
types of sets. 437 
pages: illustrations. dia- 
grams. 
VOL. 6 -TV CYCLOPE- 
DIA! Quick and concise 
answers to TV problems 
in alphabetical order. 
including UHF. Color 
TV and Transistors: 868 
Ptt Res. 

VOL- 7- TRANSISTOR 
CIRCUIT HANDBOOK! 
Practical Reference 
covering Transistor Ap- 
plications: over 200 
Circuit Diagrams: 410 
pages 

DIAGRAM BOOK FREE! 
For prompt action, we'll also send 
you this big book. "150 Radio - 
Television Picture Patterns and 
Diagrams Explained" ABSO- 
LUTELY FREE just for examin- 
ing Coyne's 7- Volume Shop Li- 
brary on 7 -Day FREE TRIAL! 
Shows how to cut servicing time 
by reading picture- patterns, plus 
schematic diagrams for many TV 
and radio sets. 

SEND NO MONEY 
Just mail coupon for 7- Volume TV -Radio Set 
on 7 -Day FREE TRIAL! Well include the DIA- 
GRAM BOOK FREE. If you keep the set, pay 
only S3 in 7 days and S3 per month until S27.25 
plus postage is paid. Cash price only $24.95. Or 
return set at our expense in 7 days and owe 
nothing. Either way, the FREE BOOK is yours 
to keep. Offer is limited. so mall the coupon 
TODAY! 

FREE BOOK -FREE TRIAL COUPON 

Educational Book Publishing Division I 

COYNE ELECTRICAL SCHOOL I 

1455 W. Congress Parkway, Dept. 22.EW, Chicago 7, III. I 
Yes! Send me COYNE'S Volume Applied Prar- I 
:real TV- RADIO- ELECTRONICS Set for 7 -Days I 
FREE TRIAL per your offer. Include -Patterns 8- I Diagrams' book FREE! I 

same Age... I 
address 

Check here if you want Set sent C.Ó.D. Coyne I 
pays postage on C.O.D. and cash orders. 7 -Day I 

Money -Back Guarantee. I 
ti 
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FM- Multiplex Adapters 
(Continued front page 38) 

it is important that phase distortion be 
kept low and that the subcarrier be 
reinserted in exactly the right phase. 
Adapter manufacturers are aware of 
this requirement and everything is done 
to maintain proper phase relations. If 
there is phase error, separation suffers 
and there may even be a complete in- 
terchange of signals in the two chan- 
nels, with the left signal coming out of 
the right speaker, and vice versa. 

Another problem is that of noise and 
interference. Because of the added in- 
formation that is transmitted when a 

station is broadcasting stereo, there is a 
loss of signal -to -noise ratio compared to 
monophonic reception. Hence, every- 
thing must be done to keep signal 
strength high. This means that the user 
may have to switch to an outdoor or more 
highly directional antenna, and that a 

little more care will have to be exer- 
cised in tuning. A tuning indicator will 
be helpful here. 

Noise may also come in along with the 
19. -kc. pilot signal and appear as ampli- 
tude modulation of the 38 -kc. subcarrier. 
The detectors in the adapter have no 
way of knowing whether this is "signal" 
or "noise," hence noise may appear in 
the output. Some adapters have built -in 
noise filters that may be switched in if 
they are needed- Also, because of the 
possibility of noise in the stereo circuits, 
these are usually bypassed completely. 
either automatically or manually, when 
a mono signal is being received. Inter- 
ference from the SCA storecasting chan- 
nel, if used, may also be a problem. 
Proper detector design and the use of 
trap circuits will eliminate this source 
of interference. Thesè same techniques 
will also prevent interfering beat notes 
between harmonics of the subcarrier fre- 
quency and bias oscillators in tape re- 
corders that may be used to record FM 
stereo programs. 

One question may arise as to hole the 
listener twill know when an FM station 
is broadcasting stereo- The obvious way 
is to hear the stereo effect and note the 
characteristic spread of sound. To make 
it it little easier for the user to know 
when a stereo program is on, some of 
the adapters have a stereo indicator. 
This is usually a lamp that lights when- 
ever the 19 -kc. pilot signal is being de- 
tected, thus indicating the presence of 
a stereo signal. 

All the problems just mentioned are 
minor and they can be solved by good 
adapter design and a proper FM receiv- 
ing installation. The money that the user 
spends for his stereo adapter will buy 
him a good many hours of enjoyable 
stereo listening -and all with "broadcast 
quality." 

CITIZEN 
-ERAS 

ItOU 

BAND 
CLASS "D" 

CRYSTALS 
ara Overtone: Her,neheally Sra,rd 
.005OÓ ,oleranee -Meet r C C r u,re- 

ent., Ve- pin spacing - 050 
e 

.- 
a93 Pins afar.. 

available. add 15e per re 295 
UI.1 c 

ÁLL n S las 
In oropokl 

crystal Sc ver crystal lor cage and nanm,nal 

The following Class '0" Citizen Band frequencies 
in stock (frequencies listed in megacycles): 26.965, 
26.975. 26.985. 27.005. 27.015. 27.025. 27.035. 
27.055. 27.065. 27.075. 27.085. 27.105. 27.115. 
27.125. 27.185. 27.155. 27.165. 27.175. 27.185. 
27.205. 27.215. 27.225. 

Matched crystal sets for all CB units ... $5.90 per 
et. S, Is n ke and model numbers. 

RADIO CONTROL CRYSTALS 
in HC6, U HOLDERS -SIX FREQUENCIES 

In st.,rk tor immediate delivery ifreolleneier listed ... 

11recycles,: 
tolerance .0054}. l,y p pacte:: 

1l5Ì) pin diameter. 1.093 pins available. add ISt In, 
I.. .' cify freitneney de.ire,l. 

26.995, 27.045, 27.095, 27.145, f 
27.195, 27.255........ .. ZEiS 
lade. 5p per crystal for postage- handllnh) 
NOW! engineering s'.nt tete. and Il quantities ntities for 
pr"pnype.. n made either at Chicago or at Ft. 

SU -rr.. Plant. "24 Hour Service! 
IN CHICAGO. PHONE Gladstone 3.3555 

Send for FREE CRYSTAL CATALOG =9e1 
WITH OSCILLATOR CIRCUITS 

ASK YOUR PARTS DEALER FOR TEXAS CRYSTALS) 

Rush your order to: 
TEXAS CRYSTALS 

Dept. R -22- -1000 Crystal Drive, Fort Myers, Fla. 
All orders shipped 1st Class Mail. 
For faster service phone WE 6-2100 

TBW HI- FREQUENCY TRANSMITTER. 
Tunes 2.18 MC. Housed in aluminum cabinet 
30110x12. Contains 2 1/2KW Rotary Inductors -Hi- 
Volt Variables, 3 Meters, RF band switches 1 837, 

3S 1 803, etc., etc. New Cond. No Pow. 00 
Supp. w /schem. 40 Lbs. a 
HAMMARLUND SP600JX (R620 /FRR) - 

575.00 Relu. Net. 1140 -BRAND NEW 
Recond. Good 425.00 

VICTOREEN GEIGER COUNTER d631. Excell Fallout 

2 Counter, Beta -Gamma Detector. Sim- 995 pie instructions -NEW L 7 
Batteries 3.50 

MINE DETECTOR AN/PRS-3. Portable Metal Locator. 
Recently released type. Presence of metal indi- 
cated on meter or phones (supplied). 39 95 Simple to operate. LIKE NEW 7 7.7 

40 Lbs. Batteries 5.00 

3 SIG. CORPS. FIELD PHONES EE /A, In 2.95 Leather Case. Recond. PAIR (2) `.p 
ECHO BOX TS 488 /U -NEW 150.00 
ECHO BOX TS 218A /UP NEW 75.00 
UHF MONITOR I COMMUNICATIONS SIG. CORPS. 
Receiver :VHR 401A. 109 -144 MCS. 115V -60 CPS 
Operate. HRO type dial. Good Cond. 

4Áa95 50 Lbs. 7 
50 FOOT ALUMINUM MAST. 2" dia. Consists of 10 
5 ft. sections which fit into each other. Packed in 

ropes and pulleyRBRAND NEW' 45 Lbs. 24.95 
MALLORY NI -VOLT SUPPLY -82701 -Input 1.5 VDC 
(Battery) -Output 1650 VC 350 V /A. 3x11/4x1 -8 
oz. 1.49 Dozen -15.00 
ROTARY CONVERTER -Input 230 VDC -Output 110 

9 VAC -60 CPS -150 Watts- NEW -25 2a95 Lbs. L7 7 
REX RADIO, 84 Cortlandt St., N.Y. 7, N.Y. 

ENGINEERING 
SCIENCE 
MATH 

DEGREE IN 

127 or 36 MOS. 

ea_ -e ei fatT A _ 
B.S. degree - 36 m B.E. doves - 27 mos. 
Acelerated year -round program prepares for early 
employment in holds of Science and Engineering. 
Regular 4 -year program for B.S. Degree completed 
in 36 months. special engineering degree program 
in 27. Classes start - March, Junto, July, September, 
1 Quality education. Graduates 

e 
mployed 

from coast to oast. Government approved for vet- 
eran training. Students from 50 states, 40 countries. 
20 buildings: dorms. gym. Campus. Save time and 
money. Earn board while studying Write for catalog 
and complete information. 

922 E. Washington Blvd., Fort Wayne 2, Indiana 

INDIANA TECHNICAL COLLEGE 

ELECTRONICS WORLD 
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Tunnel Diode Bias Supplies 
(Continued frota page 45) 

filament transformer is employed and 
the a.c. supply is rectified by silicon di- 
ode CR.. A ripple filter circuit R,, C,, and 
C: follows the rectified output. The out- 
put is then stabilized by the forward - 
biased diode CR, connected to the power 
supply output through resistor R. A 
low -resistive voltage divider R. and R, 
for diode biasing is connected across the 
stabilizing diode. Additional filtering is 
provided by capacitor C. Bias voltage 
across the tunnel diode CR.: may be 
varied from 40 mv. to 600 mv. by vari- 
able control R. and output voltage 
across the stabilizing diode remained 
constant when operating the tunnel 
diode throughout its negative -resistance 
region. 

Another a.c. bias supply set -up used 
by the author is shown in Fig. 5. The 
a.c. supply is again furnished by a 6 -volt 
filament transformer. After rectifica- 
tion and filtering. he output at the filler 
network is stabilized by zener diode CR,. 
The zener diode will also help to reduce 
the ripple component. Bias is obtained 
across the 22 -ohm resistor R,. It is ad- 
justable from 30 mv. to 500 mv. by R,. 
An added feature of this supply is the 
variable control R . This provides a sep- 
arately controlled d.c. source for tran- 
sistors or other solid -state devices to be 
used in conjunction with the tunnel - 
diode circuitry. With the IN2941 biased 
at 150 mv., output available from con- 
trol R. can be varied from 2.5 volts to 
3.9 volts. 

The technician, when working with 
tunnel diodes. should take the usual pre- 
cautions recommended for other diodes 
and transistors --such as observing max- 
imum ratings and dissipating heat when 
applying the soldering iron to its leads 
if a socket is not used. Since results 
will vary with different type diodes, the 
manufacturer's specifications concern- 
ing V,,, V I,,, and I. values should be 
checked. 

SYLVANIA CRT 
IMPROVEMENT 

Anew soldering teal me for the base 
pins of TV picture tube., no% in 

use by Se Ivania Electric Products Inc., 
has been adopted to raet a long- 
standing service problem. The .train pro- 
duced by the rocking and twisting needed 
to r 'e or replace CRT socket eonnee- 
tors often results in cracked tube bases 
or defective corner s between tube 
Inge pins and internal leads. When this 
occurs, set Owner and heel fan must 
el se between scrapping an otherwise 
operative, expensive c l nt and at- 
tempting a delicate repair. 

With the "tip -to -top" terl me, solder 
is extended well into the core of the base 
pins, al -t filling these cavities. Con- 
ventionally, a small a of sol- 
der is used to anchor the leads. The 
added .older provides ma untaet 
between the pin and the internal wire, 
reduces electrical resistance, and im- 
proves mechanical strength. The chance 
of a defective base or pin is reduced 
drastically. A 
February, 1962 

New society attracts 
more than 4000 kit builders 

in less than 3 months 
Charter Membership Invitation extended to April 30, 1962 

Announcement of the new RAE Society 
has received overwhelming response. 

Charter Membership applications from kit - 
building enthusiasts are pouring in from every 
section of the Country. Long -time kit -builders, 
new kit- builders, and will -be kit- builders are 
as one in applauding the RAE Society idea 
for people interested in building radio, audio, 
electronic kits. The Society will help you, too, 
to derive more enjoyment and satisfaction from 
this fascinating hobby, and show you how to 
achieve the best performance possible from 
kits you build. 

KIT ENTHUSIASTS CITE 

RAE SOCIETY BENEFITS 

Many letters accompanying applications cite 
the various benefits offered by the Society as 
reasons for seeking membership. Most often 
mentioned: 

r. The RAE Quarterly Journal received 
the greatest number of mentions as the 
only publication devoted exclusively to 
kits and kit -building. (No music articles, 
no record reviews) 
2. The Advance -Test Panels excited in- 
terest with the plan to have members pre- 
test newly -designed RAE kits before 
they are marketed and, in so doing, receive 
the kits absolutely free. 
3. The Members' Roundtable and other 
departments of the Journal devoted to 
members' correspondence, brought favor- 
able comment as an opportunity to 
exchange ideas and experiences, opinions 
and recommendations, to help others, and 
to learn from them. 

One applicant summed it up: "This looks 
like the best Sr investment I ever made." 
R-A-E QUARTERLY JOURNAL 

Milton B. Sleeper, noted figure in electronics 
and Chairman of the RAE Society, heads the 
editorial staff of the Society's Journal. This 
unique publication, elaborately illustrated and 
printed on fine paper, will cover new RAE 
stereo and mono kit designs, new kit -building 
ideas, high -quality installations from the 
simplest to the most complete, recording tech- 
niques, and maintenance and testing methods, 
with articles on improving reproduction from 
records, tape, multiplex' FM, and TV sound. 

The Journal will include an "I Think" de- 
partment where members will air their ideas 
as to what they would like or don't like in 
kit designs, circuits, and methods of assembly. 
"Notes and Comments" will contain news and 
criticism related to radio, audio, and electronics. 
Use of the "Buy, Sell, and Swap" section will 
be available to members without charge. 

The wide spread of authoritative, reliable 
information in the Journal, planned for be- 
ginners as well as advanced enthusiasts, is not 
available from any other source. 

YOU CAN'T BUY COPIES OF THE JOURNAL 

Only members of the Society will receive the 
RAE Journal. The St annual membership 
dues will entitle you to receive four issues free 
of charge as one of the benefits of membership. 
No copies can be bought anywhere. 

At this writing, the first 1962 issue is being 
completed, and will be ready for mailing to 
Society members soon after this advertisement 
appears. Among the equipment articles are: 

Simplified, Modular -Type Stereo FM Tuner 
Electronic Network Improves Any System 
New Concepts of Kit Design 
A Mono Preamp You Can Convert to Stereo 
36 Plans for High -Quality Installations 

In addition, the first x962 issue of the Quar- 
terly Journal will contain important, advance 
information about new kits of revolutionary 
design by RAE Equipment, Inc. 

ADVANCE -TEST PANELS 

Many comments indicate that this is one of the 
most original ideas ever adopted for pre- testing 
new products. Kits intended for kit -builders 
will now represent the kit -builders' point of 
view, with design techniques based on kit - 
builders' experiences. 

Before any new RAE kit is finalized, ten 
prototypes will be first tested by an Advance - 
Test Panel comprised of ro Society members. 
Each will receive a kit to assemble, and will 
report his findings to the Society. The com- 
pleted kit will then become his property at 
no cost to him. All members may qualify for 
the Advance -Test Panels. A new Panel will be 
chosen for each new kit to be pre- tested; no 
member will serve twice. 

CHARTER MEMBERSHIP OFFER 

EXTENDED TO APRIL 30, 1962 

Because response has been so much greater 
than anticipated, the cutoff date for Charter 
Membership has been extended. By sending 
St for your first -year dues before April 3o, 
1962, you can still become a Charter Member. 
This will entitle you to receive the quarterly 
issues of the Journal; to qualify for an Ad- 
vance -Test Panel; to receive advance informa- 
tion on new RAE kits, and to participate in 
all other activities announced in the Journal. 

MAIL YOUR APPLICATION NOW: 

Use the coupon below or your own stationery. 

RAE 
SOCIETY 

RAE SOCIETY 
(sponsored by RAE 
Equipment, Inc.) 
Essex Bank Building 
Great Barrington, Moss. 

Yes, I want to participate in the RAE Society's 
activities. I enclose $1 as my Charter Member- 
ship dues for one year. I understand that I will 
receive a Charter Membership Card, the Quarter- 
ly Journal issues for one year, and will qualify 
to serve on the Advance -Test Panel. 

Name 

Street 

City & Zone __.. _. .. _. _. ......_. State 

I understand that I am not required to purchase 
any RAE kits to enjoy membership privileges. 
I am a Beginner IJ Experienced kit -builder 

El Advanced 
UNCONDITIONAL MONEY -BACK GUARANTEE 
If I am not completely satisfied after I receive 
and examine my first issue of the Quarterly 
Journal, my money will be refunded promptly 
on request. No extra charge outside the USA. 
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NEWS 

SURPLUS 
SILICON RECTIFIERS. All rectifiers listed at maxi- 
mum peak inverse voltage ratings; approxi- 
mate forward voltage drop, 1.5 volts. 

1N1446 .750 amp. 100 volts .60 
1N1447 .750 amp. 200 volts .70 
1N1448 .750 amp. 300 volts .80 
11.41449 .750 amp. 400 volts .95 
1N1S51 1 amp. 100 volts .80 
1N1552 1 amp. 200 volts .95 
1N1553 1 amp. 300 volts 1.10 
1N1450 5 amp. 100 volts 1.00 
IN1451 5 amp. 200 volts 1.25 
141452 5 amp. 300 volts 1.50 
1N1453 5 amp. 400 volts 2.00 
1N1454 25 amp. 100 volts 3.00 
»41455 25 amp. 200 volts 3.50 
1N1456 25 amp. 300 volts 4.50 
1N1458 35 amp. 100 volts 3.50 
1N1459 35 amp. 200 volts 4.00 
1 N05P7 50 amp. 50 volts 6.00 
1N1462 50 amp. 100 volts 7.00 
1N1466 75 amp. 100 volts 10.00 
1N1467 75 amp. 200 volts 11.00 
1N1468 75 amp. 300 volts 12.50 
INOSV7 150 amp. 50 volts 16.50 
1N1474 150 amp. 100 volts 17.00 

X- -BAND POWER LEVEL TEST SET, TS -36 /AP 

,'4Y ' Jr: Brand new. in 
- - 

-- original pack- / i o , 'th Mens- 
a/^I s etes. 

s 
V- 

/} 10 to 30 
'o 

8700- V IIC 

: 00 mc. 

PRICE 
- 514.95 each 

OIL CAPACITORS 
1 MFD. 25,000 V. DC Westing- 
house Interteen Type FP Style 
1313854. 

$39.95 each 
10 or more, $35.00 each. 

8 -Day Elapsed Time Surplus 

-4, 
Aircraft Clock 

.h` 1 Here's an accurate time - 
control center that'll help 

t . you win your next rally. 
; It not only tells you the 

"_ 1 . date and time of day right 
to the second. It's a stop 

lcalch that gives you elapsed time in sec- 
onds, minutes and hours! The 24 -hour clock 
simplifies adding and subtracting elapsed 
time for your navigator. Manufactured by 
Elgin Watch Co. to military exacting speci- 
fications" it will remain accurate in spite 
of road bumps and vibrations. Uses no elec- 
trical connections. Does the job of high -cost 
equipment. Jewelled Sweep Second Hand/ 
Luminous Hands and numerals /24 -hr. Dial. 
Black face and plastic Case, 3íé" mounting. 
Cost the Gov't $185. 

Postpaid $39.95 only .. . 

TYPE AN /ARN -6 RADIO COMPASS 

{ Receiver R /101 /ARN -6. 
it 111 i -1750 kc in four 
rl . Excellent condition. 

-fi.4`r_ .' { orie. $49.50 
ÁS313 -B. Excellent Iv i n. 

Prier. 577.50 
" 1 1tor ID91B /ARN -6. 

A aant 
condition. 

e. $9.95 
?L mots MT -273 or MT- Ï 274 Excellent condition. 

1L Pele. $9.95 each 

MANUAL u:malannl. of on.r:,one m.trueunn.. e.n. 
cal In.tallnlIon a.lJuamem nl un 15 

. , oil diagram, A srhrmatles. 
Price 53.50 

NO C.O.D.'S. REMIT FULL AMOUNT WITH ORDER. 

C & H SALES CO. 
2176 E. Colorado St. Pasadena 5, Calif. 
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SERVICE 
INcoVSTRY 

IT HE Indiana Electronic Service As- 1 sociation, one of many in the coun- 
try that has spent several years actively 
trying to "do something" about service 
licensing under the law, is now trying to 
"do something else." In the absence of 
the governmental regulation it has 
sought and continues to seek, IESA is 
issuing its own license certificates to 
qualified members. Although its an- 
nouncement in the "Hoosier Test Probe" 
reads, "Radio -TV Service Licensing 
Now a Reality," the program is effec- 
tively similar to the certification sys- 
tems tried by other groups. 

Since there is nothing mandatory 
about the plan, IESA is trying to pro- 
mote the license idea with the public. 
Releases are going out to newspapers in 
all areas throughout the state where 
local affiliates are active. Members are 
being asked to display their license cer- 
tificates prominently, to refer to them 
in advertising, and to talk them up with 
their customers. 

The new plan does not mean the 
Hoosier group has given up on legisla- 
tion. On the contrary, there appears to 
be some hope that, if public acceptance 
of the alternate plan can be promoted, 
the climate for legal regulation will be 
improved. The license steering commit- 
tee of the state group is keeping itself 
very busy with the matter of pushing 
its goal with the new session of the 
state legislature. 

Attacking the problem from as many 
angles as possible, the Hoosiers are also 
supporting a local licensing ordinance 
for South Bend, introduced in the South 
Bend Common Council by a local coun- 
cilman. The proposal took the imme- 
diately affected IESA affiliate, ARTS of 
St. Joseph Valley, by surprise, since it 
was not made with their prior knowl- 
edge. However, it may properly be called 
the fruit of their own efforts. The ordi- 
nance is similar to one that ARTS had 
supported over a year ago. The St. Jo- 
seph Valley local had only recently affil- 
iated with IESA. 

CRT Laws Disillusioning 
Far more successful in getting legis- 

lative support than proponents of licens- 
ing, the sponsors of bills requiring 
identification of picture -tube condition 
at the time of sale have met with suc- 
cess in at least three states over a rela- 
tively short span of time. The nature of 
these sponsors is doubtless a factor: 
they are the glass manufacturers who 
produce the shells for CRT's. Since the 
bills require that tubes using all new or 

old glass be differentiated clearly to the 
buyer, as new or rebuilt, the glass in- 
dustry is a principal beneficiary. Service 
associations, however, have generally 
supported passage of such legislation. 

Where the laws already exist, service 
people have begun to express doubts 
about them. Irving Toner, NATESA's 
eastern vice -president and long active in 
New York State service groups, indi- 
cates the industry in his state does not 
feel that the law has proven very effec- 
tive. This conclusion is based on early 
returns of a survey co- sponsored by the 
Kimball Glass Co. 

Going into more detail on this matter 
is an editorial in "Springfield TESA 
News." Ohio, like New York and Penn- 
sylvania, has a CRT law. The editorial 
points out the fact that most picture 
tubes offered for replacement sale, re- 
gardless of brand or quality, use old 
glass. Under the law, many a high - 
priced, top -quality CRT line is indis- 
criminately labeled as "rebuilt" along 
with low- priced products of inferior 
quality. Beneficiaries of this situation 
are the low- quality rebuilders. These 
people, reports the editor, "are putting 
this law to their advantage, since they 
can truthfully assure their customers 
that practically all replacement CRT's 
are rebuilts. They tactfully avoid any 
reference to quality, while concentrat- 
ing on the low price as a sales gimmick." 

The Springfield writer considers the 
situation acute. The real question in his 
mind, evaded by the law, is the quality 
of the rebuilt tube. 

Incidentally "Springfield TESA 
News" is being discontinued in favor of 
a new monthly by the state group, 
TESA of Ohio, which will cover local 
affiliates. 

NATESA Administrative Matters 
Incumbent NATESA President Ralph 

Woertendyke may have sounded the 
keynote he plans for his term of office in 
a recent issue of "NATESA Scope." 
Finding no fault with existing programs 
and policies, he intends no great revi- 
sions in that area. He is turning his at- 
tention to the improvement of organiza- 
tional and administrative functioning. 
Eschewing the word "reform," he states, 
"Our organizational set -up is a well - 
thought -out, well- executed chain. Cer- 
tainly it contains all the essentials for a 
smooth- running, efficient organization." 

He sees opportunities for improve- 
ment and strengthening, however, in 
two areas. In the interests of increased 
grass -roots understanding and partici- 
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pation, he urges all affiliates to devote 
time to explaining the machinery of in- 
ternal organization. On this point, he 
says, "I have been amazed at the num- 
ber of NATESA members who are only 
vaguely familiar with such terms as 'Di- 
rector,' 'Zone Governor,' and even 'Di- 
visional Vice -President.' Only by un- 
derstanding of internal organization 
can the absolute democracy of this 
NATESA machinery be realized and ap- 
preciated." 

He also seeks a thorough -going review 
of the constitution and by -laws. 
"Through many re- writings through the 
years, some very important items have 
been accidentally omitted. Also, many 
NATESA members have expressed a 
sincere desire for clarification on many 
vital items. Certainly, one of the most 
important of these is a clear -cut state- 
ment of the duties of the officers and 
executive council." Work on the latter 
project is already under way, with the 
hope that suggested amendments based 
on findings of the responsible committee 
will be available for discussion to affili- 
ates well in advance of the directors' 
meeting this spring. 

NCFEA Executive Secretary 
The North Carolina Federation of 

Electronic Associations has taken action 
on the proposal to advance its aims by 
establishing the part -time paid office of 
executive secretary. (For the back- 
ground on this situation, see this column 
in our December 1961 issue, page 93.) 
Duties include editing and handling all 

TRU-VAC 

detail work pertaining to the NCFEA 
monthly, "The Printed Circuit," taking 
care of correspondence and other regu- 
lar office work such as origination of 
vouchers, authorization to sign checks 
(with either the president or treasurer), 
otherwise conducting the business of the 
organization under the general direction 
of the president and directors, and main- 
tenance of an office for the federation. 
Also important is the availability of this 
officer for handling immediate problems 
of member groups and individuals, par- 
ticularly with respect to the formation 
of new affiliates. 

Jim Hornady, already editor of "The 
Printed Circuit," is first to hold the new 
position. He has established liaison with 
people in two areas, Roxboro and Bur- 
lington, who want to form new locals, 
and is soliciting contact with others of 
like mind. His first report contains some 
sound, practical advice on the mechan- 
ics of setting up the framework for a 
new group. 

Successful Phone -Book Ads 
The San Francisco TV Service Asso- 

ciation reports marked success with its 
version of advertising in the yellow 
pages of the phone directory. Instead of 
listing individual members, this group 
runs a single ad on its own behalf assur- 
ing quality service. Incoming calls are 
referred to the member who is nearest 
to the caller. As many as eleven calls in 
a single day are handled on this basis. 
Members benefit and the association 
image is enhanced. 

INVITATION TO AUTHORS 

Just as a reminder, the Editors of ELECTRON- 

ICS WORLD are always interested in obtain- 

ing outstanding manuscripts, for publica- 

tion in this magazine, of interest to tech- 

nicians in industry, radio, and television. 

Articles covering design, servicing, main- 

tenance, and operation are especially 

welcome. Articles on Citizens Band, 

audio, hi -fi, and amateur radio are also 

needed. Such articles in manuscript 

form may be submitted for immediate de- 

cision or projected articles con be outlined 

in a letter in which case the writer will be 

advised promptly as to the suitability of 

the topic. We can also use short "filler" 

items outlining worthwhile shortcuts that 

have made your servicing chores easier. 

This magazine pays for articles on accept- 

ance. Send all manuscripts or your letters 

of suggestion to the Editor, ELECTRONICS 

WORLD, One Park Avenue, New York City 

16, New York. 

UP TO 100 
1 -YR. GUARANTEED 

TRU -VAC TUBES 
TO QUANTITY BUYERS! 

Now quantity buyers get a FREE 

assortment of individually- boxed, regular 
stock TRU-VAC tubes 

with each 
order. 

PLACE YOUR ORDER TODAY! 
GET UP TO 100 TUBES FREE! 

Here's how this FREE offer works! 
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As Is 

Factory Used or Factory Second Tubes! 
TRU -VAC will replace FREE any tube that 
becomes defective in use within 1 year 
from date of purchase! 

ALL TUBES INDIVIDUALLY BOXED! 
CODE DATED & BRANDED "TRU -VAC" 

Partial Listing Only ... Thousands More Tubes in Stock! 
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Sensational Offer! 
"Self Service" 

TUBE CHECKERS 
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Warehouse 

Let your Customers test 
own wn tubes, These - 

liable, reconditioned 22- 
o ket tube Checkers will 'turn 

week 
investment In 

one eñ less 
your nisi or 

WITH KEY 
FOR BOTTOM DOOR AND 
NEON -LIGHTED HEAD! 

l When- 6.7.51. Dep. refunded when dud Is returned prepaid. Aluminised tubes-$4.00 
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Advance ,.:. 
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ASTRO COMPASS 
The Aetro Composa Is a 

Precision Instrument a. rii, h,rr a SV e. 
Designed 

10 t 
provide 

accu. 
,.ca fed to ueo hea accu- 
rately to (al True heading T of 

bearing 
heat. :ht True 

bearing or a mont h)cctf 
I n ,ot bearing of 

distant pcialtinterest 
Ironemer+1e1 en. A& 
Experimenter.. 

$14.50 ea. 
nrnnd New with instruction 
booklet. 

G -R VARIACS 
115 VAC Input, 0 -135 VAC Output 

2 Amp .... 7.50 3 Amp Powerstat 8.95 
6 Amp ....11.95 10 Amp 22.50 

Telephone Power Supply 
24" a 18 "a 12" 

115 VAC Input (regulated) 48 VDC b. 6 ADC 
Max. Output (filtered) w/2 meters - 

1 DC Voltmeter l DC An,pmetcr- Specoal h 579.50 

TRANSFORMERS 
ALL Primary 115 VAC. 60 cycles 

See. 60 VCT. 50 MA: 6.3 V. 2.5 A $3.25 
Sec. 1250 VCT. 200 MA: 2, 10 VCT. 

1 A; 3 X 5 VCT. 1.2 A: 5 V. 2 A 6 95 
SOC. 1050 VCT. 200 MA: 6.3 VCT, 3 A; 

6.3 VCT, A: 5 VCT. 3 A S 95 
Set. 800 VCT, 200 MA: 6.3 V, 6 A; 5 V, 3 A..5.75 
SeC. 1100 VCT; 212 MA 7.95 
SeC. 12.6 VCT, 3.3 A; 15.6 V. 1 A 2 5 
Sec. 6.3 8A -6.3 SA -6.3 10A Total 26A 0 6.3 -230 V. 490 MA S 95 

METERS 
0 -1 MA 1" round 53.50 all 3" round l' /," square 0 -20 Microamps 55.75 
0 -500 Microamps 3.75 0 -100 " 4.95 

2" round 0 -1 MA 3.95 
0 -1 MA 3.50 0 -50 MA 3.95 
0 -50 Microamps 3.95 0 -100 MA 3.95 
0 -100 3.95 0.150 MA 3.95 
0 -200 " 3.50 0 -200 MA 2.45 
0.1 MA 3.45 0 -250 MA 3.95 
0 -3 MA 3.50 0 -2 A DC 3.73 
0 -1 Amp AC 0 -25 Amp DC 4.25 

(Weston) 4.23 0.130 V AC 3.45 
0 -10 ADC 3.25 0 -150 V AC 4.45 
0 -130 VAC 3.75 200 -0 -200 V DC 3.95 
0 -5 MA 3" square 3.95 0 -15 V AC 3.25 

0 -75 V DC 3.85 
-15 to +5 DB 3.93 

41/," 0 -50 VDC w /50. 100. 200. 300. V scales 
Basic Mater 1 MA 7.95 

9 Reed -Freq. mater 380 -420 eye. 9.95 

Advance Electronics 
79 Cortlandt Street 

New York 7, N.Y. RE 2 -0270 

SEND 

ELECTRONICS WORLD 

EVERYci(t(.,l)llI(',\\(l.,i(i 

MONTH ..'n 
v- 

Z 
name 

1 I 

address 

city zone state 
Check one: 

3 years for $12 2 years for $9 
1 year for S5 

In the U. S., and possessions. 
Payment enclosed Bill me 

Foreign rates: Canada and Pan Ameri- 
can Union countries, add .50 per 
year; all other foreign countries, 
add $1.00 per year. 

Mail to: ELECTRONICS WORLD 
Dept. EW 262H, 434 S. Wabsh Ave. 

Chicago 5, III. 
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A Miniature Oscilloscope 
(Continued from page 41) 

for focus. Vertical and horizontal posi- 
tioning is fixed, centering being estab- 
lished by the values of R:: -R::, and 
R_a respectively. Normally the CRT is 
constructed symmetrically enough so 
that, if balanced voltage is applied to 
the deflection plates, the trace will be 
centered. If values of the resistors men- 
tioned are adjusted to accomplish this, 
where necessary, controls can be elimi- 
nated. 

Power for the high -voltage oscillator 
and the CRT filament is obtained by 
four flashlight cells in series, B. The 
other circuits draw on a small, 45 -volt 
battery, B,. Both sources are switched 

Fig. 6. Rear view of twin case assembly 
shows the intensity and focus controls. 

on and off simultaneously by S,, a 
d.p.s.t. switch. 

Construction 
Although it might appear a bit out 

of the ordinary, construction of the os- 
cilloscope was chosen to accommodate 
standard components in small space. 
Most components and wiring were con- 
tained on two cloth -based phenolic 
boards, 1 /16 -inch thick, measuring 2'/2 
by 31,z inches each. They are shown in 
Fig. 3 about three -quarters of life size, 
but drawn to scale. Hollow brass eyelets 
were used as tie points by the author. 
The horizontal and vertical channels 
were built on one chassis, with the high - 
voltage oscillator, divider, and position- 
ing networks on the other. When 
mounted, the chassis boards are sepa- 
rated by an aluminum shield of the 
same size. 

The case in which the scope is housed 
is simply an aluminum box measuring 
2 by 3?i by 6 inches, open at one end, 
with openings made at the rear (Fig. 
6) for the brightness and focus controls 
and for mounting the power connector. 
Another case just like it is used to 
house the batteries. 

Fig. 7. Attenuator 
probe should be 
shielded. A gimmick 
may be used as com- 
pensating capacitor. 

The CRT bezel, horizontal coarse - 
and fine -frequency controls, vertical - 
input jack, and vertical -gain control 
(Fig. 1) are all mounted on the front 
panel, because these are the ones that 
will be most frequently used. The rear 
controls may be adjusted by shaft - 
extending plastic sleeves that protrude 
from the rear. 

Once the chassis boards are wired, 
assembly is in the following order : front 
panel, horizontal -vertical chassis, shield, 
and high -voltage chassis, as shown in 
Fig. 2. The chassis and shield are held 
apart by aluminum spacers (the author 
cut sections of gas- burner pipe), 
through which four 6 -inch lengths of 
threaded, aluminum welding rod are in- 
serted. The straightforward arrange- 
ment in the battery case is shown in 
Fig. 8. 

Since the instrument is very sensitive, 
the builder will probably want to con- 
struct an attenuator probe, as did the 
author. His, shown in Fig. 1 connected 
to the oscilloscope, includes a switch 
so that the probe may be used direct or 
with attenuation. In the latter position, 
of course, it increases input impedance 
of the instrument. 

The probe circuit (Fig. 7) is quite 
simple. A resistor, bypassed with a small 
capacitor, is in series with the center 
conductor of about three feet of RG- 
59/U coaxial cable. About 10 megohms 
of resistance should be used for every 
20 db (10 times) of desired attenuation. 
The capacitor is used for cable compen- 
sation. A small, variable unit may be 
used; the author employed a "gimmick" 
of five twists of #30 enamel wire. The 

Fig. 8. Battery layout in bottom case. 

probe housing should be metal for 
shielding. 

The compensating capacitor is ad- 
justed, once the scope is operating, by 
applying a 1000 -cps square wave 
through the probe and working for 
waveform edges that show neither 
peaking nor rounding. The degree of 
attenuation built into the probe is best 
determined with some experimentation 
based on the amplitude of waveforms 
that the user is likely to be investigat- 
ing. 

( 10 MEG. 
1 -MMMN-- 

S.P.S.T. 
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O 
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NOW.., RCA 

OFFERS A COMPLETE 

SELECTION OF 

HOME TRAINING 

COURSES IN 

ELECTRONICS 

TELEVISION 

SERVICING 
10 study groups total- 
ing 27 lessons plus 6 
complete kits for con- 
struction of a modern 
television receiver! 

COLOR 

TELEVISION 

11 comp ete lessons. 
Includes the theory, in -. 
stallation, and servrci 
of modern color tele 
sion receivers! 

2 
flew 

MRS 
pow 

arai /ab /e 

9 study groups! 18 lessons! Covers oscillators, 
power amplifiers, AM, FM, SSB, Mobile 
Radio- prepares you for an FCC license! 

COMPUTER PROGRAMMING 
5 study groups totaling 11 complete lessons, 
in principles and techniques of programming 
business computers! High School graduation 
and 1 year business experience required. 

l'iactiL al murk begins with the very first lesson! Volun- 
tary tuition plan! No long -term contracts to sign! No 
monthly installment payments. Pay only for one study 
group at a time if and when you order it! 

Build your future 
in electronics now! 
SEND FOR THIS FREE 
HOME STUDY 
CATALOG TODAY! 
Just fill out this card and' 
drop it in the mail. 

RCA INSTITUTES, INC., Dept. EW -22 

A Service of Radio Corporation of America 
350 W. 4th St., N. Y. 14, N. Y. 610 S. Main St., Los Angeles 14, Calif. 

The Most Trusted Name in Electronics 

AUTOMATION 
ELECTRONICS 

5 study units of 4 lessons each! 
Covers electronic devices used in 
industry to achieve automatic 
control of production systems 
and processes! 

-.r 
TRANSISTORS 

stu. y groups o moi: :` i corn 
ete lessons! Fundamentals, op- 
ation, and construction of mod - 
n transistor and circuit devices! 

FRCA INSTITUTES, INC., Dept. EW -22 

A Service of Radio Corporation of America 
350 West Fourth Street, New York 14, N. Y. 

610 South Main Street, Los Angeles 14, Calif. 

Without obligation, rush me the FREE 64 -page illustrated book describing 
your electronic training program (check one). No salesman will call. 

Home Study School Los Angeles Resident School 
New York Resident School 

Name Age 
(please print) 

Address 

City Zone State 

Veterans: Enter discharge date 

CANADIANS -Take advantage of these same RCA courses at no additional cost. 
No postage, no customs, no delay. Enclose this card in envelope and mail to: 
RCA Victor Company, Ltd., 5581 Royalmount Ave., Montreal 9, Quebec. 
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RCA TRAINING CAN BE THE SMARTEST 

INVESTMENT YOU EVER MANE 

HOM TUDY SCHOOL 

With RCA Institutes Home Study training, you set 
your own pace in keeping with your ability, finances 
and time. All equipment and components provided 
are brand new and of prime quality ... and you 
never have to take apart one piece to build another. 

Most Important To You, RCA offers a liberal Volun- 
tary Tuition Plan -the most economical home study 
method available because you pay only for lessons 
as you order them ... one study group at a time! If 
you drop out at any time, for any reason, you do not 
owe RCA one penny! No other obligations! No 
monthly installment payments! Licensed by the New 
York State Education Department. See reverse side 
for list of courses. 

RCA INSTITUTES, INC., Dept. EW -22 

350 West Fourth Street 
New York 14, N. Y. 

RESIDENT SCHOOLS 

If you prefer you may attend classes at one of RCA 
Institutes Resident Schools in either Los Angeles or 
New York City. Co- educational Day and Evening 
Classes. Free placement service. The following 
courses are available at either resident school: 

CHOOSE FROM THIS LIST... 

PLACE 

34 STAMP 

HERE 

Course Qualifications Length of 
Course 

A 
Advanced Electronic 
Technology (ctrl 

Hugh Schoolgrad, with 
Algebra. Physics 
or Science 

Day 24 yrs. 
Eve. 63'a yrs. (N.Y.) 

41/2 yrs. (L.A.) 

B 
television and General 
Electronics (V -7) 

2 yrs. High School. 
with Algebra. Physics 

or Science 

Day 142 yrs. 
Eve. 442 yrs. (N.Y.) 

3 yrs. (L.A.) 

C 
Radio and Television 
Servicing (V-3) 

2 yrs. High School, 
with Algebra, Physics 
or Science 

Day 9 mot. 
Eve. 24a yrs. (N.Y.) 

142 yrs. (L.A.) 

D Transistors Radio background Eve. 3 mos. 

Electronic 
Drafting (V -11 V -12) 

2 yrs. High School. 
with Algebra, Physics 
or Science 

Eve. 
Basic: 1 yr. 
Advanced: 2 yrs. 

F Color Television Television background Eve. 3 mos. 

G 
Radio Telegraph R ra p 
Operating iV.5 

2 yrs. High School, 
with Algebra. Physics 
or Science 

Day 9 mos. 

Eve. 21/4 yrs. (N.Y.) 
11/2 Yrs. (L.A.) 

H Computer 
Programming (C -1) 

College Graduate or 
Industry sponsored. 

Eve. 24 weeks 
Sat 30 weeks 

I Technical 
Writing (V -10) 

High School Graduate 
Day 9 mos. (L.A.) 
Eve. 21/2 yrs.(L.A.) 

3 mos: (N.Y.) 

i Automation 
Electronics 0/-14. 

Background in Radio 
Receivers and 
Transistors 

Eve. 9 mos. (N.Y.) 
Sat. 44 weeks (N.Y.) 

K Digital Computers Electronics background Eve. 3 mos. (L.A.) 

L Preparatory Math & 
Physics (P -O) 

1 yr. High School 
Day 3 mos. 
or 6 mos. 

M Preparatory 
Mathematics (P -OA) 

1 yr. High School Eve. 3 mos. 

Send for this FREE 

illustrated book describing 

RCA Resident Schools. 

Fill in the other side of 

the postcard and check 

Resident School. 

RCA INSTITUTES, INC., Dept. EW -22 

A Service of Radio Corporation of America 
350 W. 4th St., N. Y. 14, N. Y. 610 S. Main St., Los Angeles 14, Calif. 

The Most Trusted Name in Electronics 
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SOLID -STATE 

CROSSWORDS 
By LUTHER A. GOTWALD, JR. 

An.,1,c-r on puye 98' 

ACROSS 
1. Basic solid -state material. 

10. Deposit on anode (two words). 
12. "Black _ __ 

14. Equals watts (formula). 
15. In proximity to. 
17. Radioactive element (abbr.). 
19. Multiples of ten (suffix) . 

20. Construction method. 
23. Legal representative (abbr.). 
25. Sharp breakdown diode. 
28. Corroded. 
29. Minimum. 
30. Classifies. 
32. Conjunction. 
33. A rare mineral (abbr.). 
35. Opposite (abbr.). 
36. Together (prefix). 
37. Paper measure (abbr.). 
38. Frequency meter. 
40. Chemical generator. 
41. Luminous body. 
43. Signal voltage. 
44. Four -element transistor. 
48. Part of a building. 
51. Weight measure (abbr.). 
52. Metal used in relays (abbr.) . 

53. Contact point. 
54. Soft mineral. 
55. Output current. 
56. Load resistance. 
57. Arrange compactly. 
58. Preposition denoting rate. 
59. Custodian of funds (abbr.). 
60. Lowered. 
62. One -eighth ounce. 
63. Units of e.m.f. 
65. A constant. 
66. Anode voltage. 
67. Early canal. 
68. Tetrode junction. 
69. Type of switch (abbr.). 
70. Good conductor (abbr.). 
71. Active. 

DOWN 
1. Basic solid -state element 

(abbr.) . 

2. Argument. 
3. Calcium (abbr.). 
4. Unit. 
5. Magnetic metal (abbr.). 
6. Perform. 
7. A negative prefix. 
8. Muscle. 
9. Atomic machine. 

11. Two- junction devices. 
13. Three axes. 
14. State (abbr.). 
16. Temperature -regulated 

resistors. 
18. Small particle. 
20. A remote control. 
21. Skills. 
22. Anode current (abbr.). 
24. Score (abbr.). 
26. Signal voltage. 
27. Switch position. 
31. Transistor "plates." 
34. Used in diodes (abbr.). 
36. Rare mineral (abbr.). 
38. Rodent. 
39. To sin. 
42. American electrician. 
43. Transistor "cathode." 
45. Choose. 
46. Rectifiers. 
47. Involve. 
48. Very minute. 
49. Amplifying system (abbr.). 
50. Serve. 
57. Pass over. 
61. Transistor sandwich. 
64. To utter. 

I 

3 

4 5 6 7 e 9 
12 

10 : II 13 14 : I. K 

17 IB 19 20 21 ..22 
28 . 23 . 24 25 26 27 . 

29 .. 30 31 32 

33 . 34 35 . 36 37 

442 
44 ..45 
3 

46 47 4e 

40 

49 

:43 
50 51 

52 . 53 .. 54 ... 56 

56 . 57 . 58 . 39 . 
60 61 62 63 64 

65 . 66 . 67 .. 
68 .. 69 70 . 71 

February, 1962 

The first component in your stereo music system ... 
your turntable ... can make or break your stereo 
sound. And its easy to make the best, when you 
make it with a THORENS transcription turntable. 
Thorens offers the right answer to every turntable 
requirement. the right turntable answer for every 
budget. Never before has a line of transcription 
turntables combined so many precision- engineered 
features to send your sound on its way . .. with 
absolute pitch constancy ... with no trace of wow, 
flutter, or rumble . with so much operating 
convenience. Here are just two selections from the 
Thorens line. See them, hear them at your 
franchised dealer's today. 

THORE 51 TD -121, Convertible Speed Transcription Turntable 

Standard in 331/3 rpm, easily converted by user to 16, 45, 
or 78 rpm. All speeds adjustable, ±395. TD -121 features 8 lb. 
non -magnetic table, gives you all the essential precision 
features of famous Thorens TD -124 without added expense 
of 4 speeds, clutch mechanism and electronic Strobe. Shown 
with separately sold 12 -inch Ortofon arm, SMG -2I2, and 
Thorens WBTD base. 

WBTD Base: $10 net. TD -121: $80 net. 

I r 
tlA K1F 

THOltf, TD -111, Single Speed Turntable (3335 rpm) 
Truly economical, but starts your music off with the finest 
credentials. Precision, single -speed drive mechanism turns 
12 ", 8 -Ib., non -magnetic table, just as in TD -I21 above. 
Shown with WB -111 base. Base is recessed for flush mounting 
of turntable base -plate; has triangular arm mounting board 
... two features that add distinction to any installation. 

WB -111 Base: $10 net. TD -111: $60 net. 

ALL GUARANTEED FOR ONE FULL YEAR 
Sold unlr 1hrnu¢h carefully selected franchicerl dealers. 

THORENS DIVISION ELPA 

ELPA MARKETING INDUSTRIES, Inc. / (/\ 
New Hyde Park, N. Y. 
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P20NEER 2= RE 2rE SS ir_.__N 
By HOWARD S. PYLE 

Description of .11a,' oni % ireless' "high- power" Alaska 
¡'odio station KPB. a radio giant of the gear 1913. 
by an Old Tinier who iras one of the station's operators. 

ALASKA! In earlier days what a 
name to conjure with -the mere 
pronouncement of the word was 

rhythmic! If you closed your eyes and 
said "Alaska," a mental picture immedi- 
ately associated it with long, bitterly cold 
winters with but an hour or two of day- 
light; short summers with an almost 
never- ending brightness where it was 
actually possible to read a newspaper at 
midnight without the aid of artificial illu- 
mination. Truly, the "Land of the Mid- 
night Sun." 

It was in a setting such as this that the 
Marconi Wireless Telegraph Company 
of America chose to locate one of its then 
"high -powered" stations in 1913 after 
having earlier acquired all of the assets 
of the then -defunct United Wireless 
Telegraph Company. 

At that time the only existing tele- 
graphic communication between the 
United States and the some 5000 people 
who inhabited this vast northern Terri- 
tory was by means of an underwater 
cable which was installed, owned, oper- 
ated, and maintained by the U.S. Army 
Signal Corps through their agency 
known as Washington -Alaska Military 
Cable and Telegraph System (WA- 
MCATS). The cable had been laid with 
great difficulty several years before and 
ran from Seattle, Washington to its 
northern terminus at Skagway, Alaska - 
headquarters of the Yukon gold rush of 
1898. Cable "drops" were provided at 
Ketchikan, Juneau, Fort Wm. H. Seward, 
and a number of intermediate points. 

Maintenance of such cable through 
the treacherous waters under which it ran 
proved as difficult as its initial installa- 
tion. It was necessary to keep an Army 
cable ship available on immediate call, 
to pick up the cable and repair the fre- 
quent breaks. The cable was the life -line 
of the Territory -food, supplies, steam- 
ship and fisheries, business communica- 
tions, personal messages as well as mili- 

tary traffic -all u-ere dependent upon the 
WAMCATS cable. Let it be chronicled 
here that the Army accomplished a yeo- 
man job in spite of the terrific handicaps 
and great cost of maintaining such com- 
munication. 

The Marconi Wireless Telegraph Corn- 
pany of America, always alert to expand 
its rapidly growing system of world -wide 
communication wherever it appeared 
profitable to do so, saw opportunity here. 
Wireless required no cable, no wires, no 
interconnecting medium other than the 
ether which Nature supplied and main- 
tained. 

Alaska's population was rapidly in- 
creasing and the fisheries industry, with 
on- the -spot canning, was becoming "big 
business" calling for much communica- 
tion between the various cannery super- 
intendents in the far north and their 
home offices in Seattle, Portland, and 
San Francisco. Shipping interests as well, 
as the freight and tourist trade increased, 
were finding greater need for fast com- 
munication between the Territory and 
the world outside. 

Antennas 
Thus was KPB, the "high- power" sta- 

tion of Marconi Wireless born at Ketchi- 
kan, Alaska. Once the decision was made, 
it was not long before four graceful, self - 
supporting steel towers, each 300 feet 
high, were erected two miles north of the 
city of Ketchikan and on the shore of 
Revillagigedo Channel. 

The towers were located at the four 
corners of a rectangle, 400 feet by 600 
feet, with the long axis pointing directly 
toward Astoria, Oregon -some 600 air 
miles to the south. At Astoria, an identi- 
cal station was being erected to provide 
the southern terminus of the link. Be- 
tween the two northern and the two 
southern pair of towers, triatic stays were 
stretched to support a twenty -wire an- 
tenna. From the southern stays a "rat- 

tail" lead -in, also of twenty wires, led 
down to the corrugated steel transmitter 
building for the high -power equipment 
-the building being centered on the 
long axis of an extension between the 
towers, some 300 feet south of the south- 
ern pair. Atop each of the four towers, 
a 15 -foot wooden topmast supported a 
single wire encircling all four towers and 
leading down to the operating building. 
This served the dual purpose of receiving 
antenna, as well as transmitting antenna 
for the 5 -kw. marine transmitter used to 
communicate with ships. 

Equipment Used 
One of the two rooms in the small 

operating building, some 75 feet north 
of the transmitter house, accommodated 
the 5 -kw., 240 -cycle non -synchronous 
rotary -spark marine transmitter. In the 
other room were operating controls for 
both the marine transmitter and the 
25 -kw. "high- power" transmitter in the 
corrugated steel building. 

Receiving equipment was also located 
in the control room and consisted of 
standard Marconi receivers of the loose - 
coupled type, using crystal detectors. 
Two separate tuners, one with a range of 
from 100 to 4000 meters and the other 
100 to 7000 meters, were used with long - 
wave loading coils permitting tuning up 
to 18,000 meters. For crystal -type re- 
ceivers (De Forest's "Audion" had not 
been widely accepted by commercial 
interests at this time), the Ketchikan re- 
ceivers were remarkably efficient. The 
Marconi station in Honolulu was easily 
readable in the daytime and Bolinas, 
Cal. could be copied on a typewriter. 

Perhaps greatest historical interest, 
however, centers in the high -powered, 
long -wave transmitting equipment used 
to work with the southern terminus of 
the circuit at Astoria, Oregon. Rated at 
25 kilowatts, this was of the synchronous 
rotary -spark -gap type. Power at 2300- 

m 11/1/1 NMI in INIIM111111141.111111111.101111110 1.1111111111110.0140,11,11111,111. 
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volt, 60 -cycle a.c. was supplied to the 
station from the city of Ketchikan and 
ran underground into the building from 
a terminal pole 300 feet away. It was 
then distributed through a switchboard 
to the various heating, lighting, and 
power transformers. 

In the steel -and -concrete transmitter 
building, which was about thirty feet 
square, were located the high- and low - 
tension switchboards, a rotary converter 
which furnished direct current for oper- 
ating keying relays -the shaft of the con- 
verter also serving to drive the three -foot 
disc of the rotating spark gap. Remote - 
control oil switches and all power trans- 
formers, the solenoid relay key, and mis- 
cellaneous equipment were arranged 
around the inner walls of the building. 
The center of the room was occupied by 
a huge bank of earthenware tanks, thirty 
in all, in which alternate glass and metal 
plates were immersed in transformer oil. 
Each tank was about 10" x 18" and 
stood approximately four feet high. Inter- 
connections were made on top of the 
bank by heavy copper strap, the whole 
comprising the high -voltage sec ndary 
capacitor. 

The oscillation transformer was of the 
spiral -wound type using heavy copper 
ribbon and consisted of two such spirals 
hinged so that the coupling between 
them could be varied by swinging them 
closer together or farther apart. Each 
coil was about five feet in diameter. 

A novel keying arrangement was used 
in that the 60,000 -volt secondary circuit 
was broken by a solenoid -operated lever 
about three feet long fitted with contacts 
at each end with an air gap of several 
inches between them. A 15 -pound blast 
of compressed air played continuously 
between the contacts while keying, serv- 
ing to extinguish the heavy arc which 
followed each break. Action of this key 
was, of course, rather sluggish and, as it 
required two solenoids -one to "make" 
and one to "break" the contact -a similar 
double- action hand key was manipulated 
manually by the operator. Speed of trans- 
mission was necessarily slow and rarely 
exceeded 25 wpm, usually being closer 
to 20 wpm. 

The station ground system consisted 
of some 3000 pounds of zinc plates 
buried around the steel transmitter build- 
ing. Three strips, each four feet wide, 
ran down to the beach to low -tide level - 
one strip being routed for about 100 feet 
through the bed of a small creek. 

This station proved very efficient both 
on the longer waves of 3000 to 4000 
meters employed with the 25 -kw, trans- 
mitter and on 300, 800, 1700, and 3000 
meters used with the 5 -kw. marine trans- 
mitter. The latter had a regular range of 
about 1200 miles while the 25 -kw. in- 
stallation could be easily read at all Alas- 
kan points, including the Pribiloff Is- 
lands in the Bering Sea, southern Cali- 

fornia, Honolulu, and on occasion, its sig- 
nals were reported very readable in 
Japan. 

The Nary Takes Over 
At the outbreak of World War I, the 

U.S. Navy took over all commercial wire- 
less telegraph stations, including the 
Marconi installations at Ketchikan and at 
Astoria, Oregon, staffing them with Naval 
operating personnel or, where expedient, 
accepting Marconi operators into Naval 
Reserve service. 

The Navy made a few improvements 
at each station. The 5 -kw. marine trans- 
mitters were relocated from the oper- 
ating building to the main transmitter 
building and the ground system was ex- 
tended by laying a web mat of copper 
wire on the underbrush between the four 
towers. The Marconi Company's receiv- 
ing equipment of the crystal type was 
replaced by the recently developed Navy 
SE -143 receivers with "Audion" detec- 
tors and two -stage audio amplifiers, 
which enormously increased the sensitiv- 
ity and receiving range at both stations. 

The duplex dwellings which the Mar- 
coni Company had erected to house their 
Chief Operators and their families, as 
well as providing similar accommoda- 
tions for the senior assistant operators, 
were also taken over by the Navy and 
served to house the equivalent Naval 
operating personnel. 

TO PRIMARY 
SUPPLY VOLTAGE 

, ®oo IMIIIIPMINIfIraelil.101,"I1:1111IMMI.W,LEME7IIIIVI 

i 

This writer, as a Chief Raclin Electri- 
cian USN, was assigned to the Ketchikat l 

station whose original KPB call letters 
had been changed to the Naval call. 
NVH, in 1919. After a two -year tour of 
duty at NVH, the author was transferred 
to NPC at Puget Sound Navy Yard 
( Washington ) and not long thereafter 
the Navy turned the Ketchikan station 
over to the Alaska Communication Serv- 
ice of the Army (ACS), successor to the 
older Signal Corps WAMCATS. The 
ACS soon replaced the somewhat obso- 
lete 25 -kw. rotary -spark equipment with 
a 30 -kw. Federal arc installation and 
made other major changes including. 
some time later, dismantling two of the 
300 -foot towers. 

Operating under the Army call letters 
ALE, Ketchikan is still in service al- 
though many changes have taken place 
in the past few decades. Modern vacu- 
um -tube equipment of both radiotele- 
graph and radiotelephone type has long 
since replaced the arc and marine spark 
type of transmitters and automatic trans- 
mission and reception has greatly in- 
creased the traffic capacity of the statimi 
to meet the demands of increasing popu- 
lation -both prior to and subsequent to 
Statehood. 

The two graceful steel towers still re- 
main- standing as a monument to one of 
the early pioneers in high -power, point - 
to- point wireless telegraphy. 

RK 

1-POWER TRANSFORMER 
RG- ROTARY SPARK GAP 

C -HIGH VOLTAGE CAPACITOR BANK 
A,B -HOSES FROM AIR COMPRESSOR 

The novel keying method that was employed at the Ketchikan, Alaska radio station. 

=U 

TO 
OSCILLATION 

TRANSFORMER 

TO D.C. 
SUPPLY 

RK -RELAY KEY 
LI,L2 -KEY ARM ACTUATING SOLENOIDS 

K- OPERATORS DOUBLE- ACTION HAND KEY 

The famous Navy SE -143 receiver with audion detector box. This receiver replaced the 
Marconi Co. crystal receivers at Ketchikan when the Navy took over the station for 
the duration of World War I. A two -stage audio amplifier was used with the set. 

Imam rar, .nmr 
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ACTUAL PHOTOS OF TV 

PICTURES RECEIVED UP 

10248 MILES AWAY 

PULLED 

IN BY A 

¡tin egwrl 
SUPER 

POWERTRON 

TV ANTENNA 

160 MILES 

We can't guarantee that everyone will get results 

like this but long distance reception performance is 

not unusual for the world's most powerful TV antenna. 

Why the Winegard Super Powertron is the Most Effective Antenna Ever Designed- 

,\D;$ 
CAPTURES MORE SIGNAL than any other all - 

channel antenna ever made. Patented design, electro- 
lens director system, dual "TAPERED T" driven 
elements, 30 precision -tuned elements in all. 

IT ELIMINATES ALL SIGNAL LOSS that normally 
occurs between the driven element and the amplifier 
due to transmission and coupling mis -match. 

ONLY POWERTRON HAS BOTH 

300 OHM TWIN LEAD AND 75 

OHM COAX TERMINALS ON 

BUILT -IN AMPLIFIER. 

IT'S THE ONLY TRUE ELECTRONIC ANTENNA. 
Only the Winegard Powertron is built with the ampli- 
fier as part of the driven element -not an "add -on" 
attachment. 

IT BOOSTS WEAK SIGNALS UP OUT OF THE SNOW 

far better than any other antenna or antenna -ampli- 
fier combination made. 

ONLY POWERTRON GIVES YOU 

YOUR CHOICE OF TRANSISTORS 

OR TUBES (TUBE MODELS 300 

OHM ONLY). 

ONLY POWERTRON HAS RANGE 

AND POLARITY CONTROL 
SWITCH TO PREVENT OVER- 

DRIVING ON STRONG CHANNELS. 

ONLY POWERTRON HAS AC 

PLUG -IN OUTLET FOR TV SET 

BUILT INTO THE POWER SUP- 

PLY. 

POWERTRON POWER SUPPLY IS 
ALL AC -SAFE, SHOCKPROOF. 

Transistorized Model has rectifier 
and filter in power supply - not in 
amplifier, where servicing is diffi- 
cult. No nuisance batteries. Costs 
27c to operate for a full year. 
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Read what Charles J. Milton of Moyer TV, Milwaukee, 

has to say about the Winegard Super Powertron 

Milton and Jim Moyer 

In front of Moyer TV 

Of course, everyone can't get reception re- 
sults like Charles Milton has experienced. 
Each area has its own unique reception 
characteristics and problems. But one thing 
we can promise, the Powertron will deliver 
more clean pictures on your TV screen than 
any antenna you can own. 

TESA -MIIW. 

MOYER TV & RADIO SERVICE 3111 W. NORTH AVE. 
2913 

8, WIS. 
W. NORTH AVE. 

Hilltop 4-0740 

Winegard Company 
3000 Kirkwood 
Burlington, Iowa 

Gentlemen: 

I would like to thank the Winegard Company for building the Super Powertron SP -99X. 

With this antenna, reception at the local station level is perfect in both black and white and color. At medium range, the Powertron outperforms all others. Channel nine from Chicago, about 90 air miles, tomes in clear and regularly. This is the Cubs baseball station and the one Milwaukeeans are willing to pay big money to get. 

When the "Big Winegard ", as it is affectionately called around the shop, is on long range it probes the unknown alone. All other antennas have fallen far behind. I have picked up eleven stations over 100 air miles away. The farthest of these is WWI, Channel Four, Detroit, an unbelievable 251 miles. I have included a few pictures that I took off the TV with a Rolliflex F 3.5 at one second using Verichrome Pan. 
We use the pictures in a window display and I use a set of pictures to explain the advantages of a Winegard to prospective customers. Believe me the pictures work -- and so does the "Big Winegard." 

Sincerely, 

POWERTRON IS 100% 

" OF 

ANTENNA IS GOLD ANOi ED 

ALL HARDWARE IRRIDIZED, 

AMPLIFIER HOUSING OF HIGH 
IMPACT POLYSTYRENE. 

PHOTOGRAPH YOUR OWN TV STATION 

PICTURES AND SEND THEM IN! 
If you own a Powertron, chances are 
you too are experiencing unusual re- 
sults. Why not photograph the stations 
you receive and send them in to us. 
We are always interested in hearing 
from Winegard antenna dealers and 
owners. We will be glad to enlarge 
your camera shots so that you can make 
your own window or store display like 
Moyer TV has done. The photos make 

great sales persuaders to prospects and 
can be used in many ways to sell more 
Powertrons. 

If you have never tried a Winegard 
Electronic Powertron, give it a test and 
be agreeably surprised. Don't take our 
word for it -let your eyes and ears 
and field strength meter tell the story. 
For full details and spec sheets, ask 
your distributor or write. 

Win eaw'd 
ANTENNA SYSTEMS 

Winegard Co., 3003 -2A Kirkwood St., Burlington, Iowa 
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BUILD THE FINEST 

fa 
CUSTOMIZED 

TV KIT 
On Easy "Pay As You Wire" Terms 
Only $15 for the Starting Package! 

The 
"PROFESSIONAL" 
Series- designed for 

the perfectionist seeking 
the finest in TV performance. 

Easy to assemble. No technical 
knowledge required. An ideal 

"Learning" Kit with a Complete 
Course of Study is available. 

Also available: 
WIRED 

CHASSIS 
for custom 

installations 
with a choice 

of vertical or horizontal 
controls and the newest 

19 ", 23" or 27" 
Picture Tube. 

Beautiful Cabinets - 
designed to enhance sound quality and blend with 
modern decor. For TV or combination TV and Hi -Fi. 

A few of the Professional Quality Features: 
Choice of push -pull 10 -watt audio or output 
to your Hi -Fi system ... D.C. restoration... 
Ultra- linear sweep circuits ... Standard Coil 
model PKO Automatic Tuner ...Super -sen- 
sitivity for fringe areas ... Complete line of 
Accessories for Custom Installations. 
Choice of 19",23" or 27" CRT. Prices range 
from $119 to $199. 
U.S. Armed Services and over 4000 schools and 
colleges have selected Transvision Receivers for 
educational television. 

5 s4 .4 d in thecLso.r cs? 
Learn the basic principles of elec- c! 
tronics from the Course available with the Kit. 

ASSEMBLY MANUAL -$2.00 
See how easy it is to assemble the Transvision 

Kit. Cost of Manual refunded on purchase of Kit. 

80 

New Rochelle, N.Y. 

NE 6 -6000 
START NOW - MAIL THIS COUPON. - 

TRANSVISION Electronics, Inc., New Rochelle, N.T. Dept. EW 

p Send FREE 8page Catalog... I enclose S2 for Assembly 

Manual, refundable on purchase of Kit. 

I enclose SIS for Starting Pkg. on pay.as-you wire plan. 

(Complete Kits range from $119 to $199.1 

Name 

Address 

City Zone State 

Zenith Color TV Features 
(Continued from page 47) 

(R -Y) and blue (B -Y) signals. The 6JH8 
sheet -beam tubes used here have been 
specially developed for this application. 
In addition to the conventional cathode 
and control grid, each has focus elec- 
trodes to form the electron stream into 
the required sheet beam, an accelerat- 
ing electrode, a pair of deflecting elec- 
trodes, and a pair of plates. 

Consider the B -Y demodulator. Ampli- 
fied color information is applied to its 
grid. Its deflectors are connected to op- 
posite ends of a coil that is a secondary 
of T,., through which the suppressed 
color subcarrier, obtained from the 3.58 - 
mc. oscillator, is re- inserted. In this 
push -pull connection, the deflectors are 
180 degrees out -of- phase, each being 
activated on alternating half cycles of 
3.58 -mc. Thus they alternately switch 
the electron beam between the plates. 
Output in the desired phase from one 
plate is fed to the CRT's blue -gun grid. 
Its amplitude varies with that of the 
grid input to produce varying degrees of 
blue coloration. Opposite -phase output 
from the other plate is used elsewhere, 
as will be described. 

The grid of the R -Y demodulator also 
accepts input from the 2nd color ampli- 
fier, attenuated through L., to comple- 
ment transmission standards. Its de- 
flector plates are also connected to 
opposite ends of a coil that is another 
secondary on quadrature transformer 
T,.. The latter coil is adjusted so that 
the 3.58 -mc. signal it picks up is 90 
degrees out -of -phase with the signal ac- 
cepted by the coil for the B -Y demodu- 
lator. One of the plates of the R -Y de- 
modulator applies red signal to the grid 
of the corresponding CRT gun. Output 
from the other, out -of -phase plate 
passes through Rw, from which it is fed 
to the green grid in combination with 
corresponding output from the B -Y am- 
plifier. The correct addition of these two 
signals produces the proper color- differ- 
ence signal for green in the CRT. 

The two demodulators, which may be 
called synchronized switching detectors 
whose plates are alternately turned on 
and off at the right intervals by the 
3.58 -mc. signals, offer several advan- 
tages. Their high -level outputs elim- 
inate the need for additional amplifica- 
tion. The balanced outputs, positive and 
negative, from each pair of plates elim- 
inate the need for phase- inverter stages. 
The G -Y signal may be derived without 
additional, active circuitry. 

Color Synchronization 

For correct color reproduction, the 
locally generated 3.58 -mc. re- insertion 
signal must accurately match the fre- 
quency and phase of the color subcar- 
rier, filtered out at the transmitter, 
whose place it takes. To insure adequate 
control the oscillator, in the lower -right 
corner of Fig. 2, receives considerable 
support. 

Following its operation may be easier 
if we remember that the horizontal 

oscillator in any monochrome receiver 
presents a similar problem : it must be 
synchronized to the transmitted picture. 
In black and white, special horizontal 
sync pulses are sent out for this pur- 
pose between intervals of picture in- 
formation. In color transmissions, spe- 
cial burst signals, each consisting of 
several cycles at 3.58 -mc., are sent out 
riding on a portion of each horizontal 
sync pulse. These are actually frag- 
ments of the same 3.58 -mc. subcarrier 
that is suppressed during the video -in- 
formation intervals to avoid interfer- 
ence. 

A keying pulse from the horizontal 
circuit (lower left, Fig. 2) is applied to 
the burst amplifier so that the latter 
will conduct only during the pulse inter- 
vals. Another input to the grid of this 
stage comes from the plate of the 1st 
color amplifier, and thus includes the 
3.58 -mc. bursts along with other com- 
posite -video information. Output of the 
6EW6 is thus amplified burst signal. 
Variable inductor L,:., in its plate circuit, 
is externally available as the "Hue Con- 
trol." It is a phasing coil that permits 
the viewer to adjust his set so that the 
proper colors will be reproduced. 

One output from the burst amplifier 
goes to the "ACC- Killer Phase Detec- 
tor," which we will bypass once more. 
Another output goes to the "AFC Phase 
Detector." The role of the latter is simi- 
lar to that of the phase detector in the 
horizontal oscillator. When there are 
any differences between the frequency 
or phase of incoming bursts and output 
of the 3.58 -mc. oscillator, it develops a 
correction voltage that is applied to the 
following reactance -control stage. The 
latter then re -tunes the oscillator cor- 
rectly. Coil L,:, in the reactance stage, 
is adjusted close to the desired fre- 
quency. In addition a 3.58 -mc. crystal, 
X:., is used in the oscillator grid to main- 
tain stability. 

One function of the automatic color 
control (ACC) phase detector- adjust- 
ing for variations in signal level -has 
been noted. Another output goes to the 
grid of the color killer. One input to this 
detector, from the 3.58 -mc. oscillator 
via one of the T. secondaries, is rela- 
tively constant. Another input, from the 
burst amplifier, depends on transmission 
of burst signals during color broadcasts. 
Without the latter, negative d.c. output 
is too low to cut off the killer, whose 
output then disables color circuits on 
monochrome broadcasts. When the 
burst input is active, this signal adds in 
the ACC detector to the in- phase, syn- 
chronized input from the 3.58 -mc. os- 
cillator. The increased, negative outptit 
from the detector then cuts off the 
killer. Since the latter produces no out- 
put in this condition, the color ampli- 
fiers are permitted to operate. 

While the highlights presented here 
are extensive, they do not by any means 
cover everything noteworthy in the 
29JC20 color chassis. For those inter- 
ested, however, Zenith's service manual 
for this design is quite thorough, in- 
cluding its coverage of alignment, ad- 
justment, and troubleshooting tech- 
niques. 
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Stereo Tape Head Tips 

on Adjustments and Measurements 
By HAROLD REED 

HALF -TRACK and quarter -track tape - 
recorder heads can present some spe- 

cial problems to the serious -minded au- 
diophile and service technician. In stereo 
recording and reproduction these prob- 
lems should be given careful considera- 
tion. 

Azimuth Alignment 
Azimuth adjustment, the process of 

correctly positioning the head with re- 
spect to the magnetic tape as it travels 
across the head, is best done with a 
standard alignment tape. The output of 
the high- frequency signal from this tape 
is observed on the recorder vu meter or 
external audio voltmeter connected to 
the recorder output. Head adjustment is 
then made to obtain maximum meter 
reading. 

In a dual -track stereo system it may 
be found that optimum adjustment for 
one head track is not the best for the 
other. The output reading of one chan- 
nel may reach peak output when the 
other channel has passed through its 
peak and dropped down 2 or 3 decibels. 
In many cases an improved azimuthal 
setting can be attained by first adjusting 
for the peak point of the track with the 
greatest output then slowly adjusting 
for a rising output of the other track 
while watching the meter reading of the 
higher output track previously peaked. 
Often, with this method the lower out- 
put track can be raised to a higher level, 
sometimes approaching the level of the 
other track, with a reduction in the out- 
put of the higher level track of only a 
fraction of a decibel. This method re- 
quires the use of both channel vu me- 
ters, simultaneously, or two external 
output meters if there are no vu meters 
in the system. 

Output Level Variations 
Output level variations between 

tracks with the same head may occur 
when recording and playing back. The 
author investigated a number of com- 
plaints concerning this condition and 
observed variations of as much as 8 db 
in the output from one track compared 
to the output from the other track. It is 
desirable to hold this deviation to at 
least within 2 db. Many times consider- 
able improvement can be obtained, and 
often the deviation can be held to within 
2 db, by a slight adjustment of the re- 
cording bias. Most recorders use a small 
trimmer capacitor for bias adjustment. 
Maximum bias level to the recording 
head does not necessarily result in max- 
imum normal recording level on the 
tape. This adjustment is made to obtain 
an output level from a recorded and 
played -back tape that approaches the 
output level from a standard alignment 
tape and is performed as follows. 

A standard alignment tape, such as 
Ampex #5563, contains a 250 -cps signal 

recorded at normal, maximum record- 
ing level. With the dual- track, stereo re- 
cording system in the playback mode, 
adjust the recorder volume controls to 
obtain zero vu on each of the channel 
vu meters, or a convenient reading on 
external output meters if used, when 
playing the standard tape. Do not 
change the setting of the recorder vol- 
ume controls for the duration of this 
test. Replace the standard alignment 
tape with a blank, unrecorded tape. Con- 
nect a signal generator, set for 250 cps, 
to the input of one of the channels of the 
recording system. Adjust the signal 
generator output for normal recording 
level (zero vu on the meter) and re- 
cord on the blank tape. 

Now, play back this tape and observe 
the meter reading. Ideally, it should be 
zero VU, matching the output reading 
from the standard tape. If it deviates 
more than 2 db make a slight adjust- 
ment on the bias control of this channel, 
re- record and play back, noting the me- 
ter to see if the output rises or falls. If 
there is no improvement, try turning the 
bias control in the opposite direction and 
check again. Most often the output is 
below that of the standard tape and can 
be brought up when optimum bias ad- 
justment is attained. 

Perform the same tests on the other 
track and stereo channel. The final goal 
is to obtain a close output level balance 
between the channels and to have them 
within 2 db of the standard alignment 
tape output level. 

Crosstalk 

Crosstalk, that undesirable condition 
of the signals from one stereo channel 
or tape -head section coupling into the 
other, may be checked by the following 
method. 

Connect an audio voltmeter to the 
output of one channel, say channel 2. 
Feed a signal generator set for 1000 cps 
to the input of this channel and record 
and play back a tape, adjusting the 
channel controls to obtain zero vu on 
the channel meter. Note the reading on 
the audio voltmeter. Now, connect the 
signal generator to the input of channel 
1 and record the 1000 -cps signal on this 
channel. Play back this recording with 
the controls of the recorder adjusted to 
obtain zero vu on the channel -1 meter. 
Observe the reading on the voltmeter at 
the output of channel 2. This is the 
crosstalk level. 

Crosstalk can occur in both the dual - 
track sections of the tape head and in 
the wiring of the stereo amplifier, par- 
ticularly in leads associated with switch- 
ing components. If it is unusually high, 
wiring should be checked. It may be that 
original lead dress was disturbed during 
some service work with the result that 
there is considerable coupling between 
certain wires in the circuit. 

SUPRA 
PROFESSIONAL 

World's most magnificent recorder end 
greatest performance value per dollar! 

NEW SUPRA BX801 -FULL TRACK 
Also available in half track, two track 

stereo and quarter track stereo 
CROWN GUARANTEED PERFORMANCE 

FREQUENCY 
RESPONSE 

±2 dh 30 to 28,000 (PS 
2 db 30 to 16,000 (PS 

23 db 30 to 8,000 CPS 

IPS FLUTTER a NOISE 
SPEED WOW RATIO 
1S .06/, 60 rb 

71/, .09/. 60 db 
33/e .1R/. 55 do 

Some dealer franchises available. Write Dept. 
EW -102 or phone JA 3.4919 for complete 
information. 

CROWN INTERNATIONAL 
Division of 

INTERNATIONAL RADIO 8, ELECTRONICS CORP. 

ELKHART, INDIANA 

those who 
Serve Best 

Use 

QUIETROLE 
There's never any doubt 

with QUIETROLE ... it 
always says "Sh, Sh" to 

noisy controls and 
switches on TV, radio and 

electronics instruments. 
Now, Quietrole is even 

easier to use ... has 
FREE EXTENDER TUBE 
that hits those hard to 

reach places right on the 
button. It's Quality 

Quietrole that makes 
those once pesty repairs 

easier than ever. 
See how Quietrole can 

ease the jangled nerves 
of even your hardest to 

please customers. 
Quietrole, helps the 

serviceman serve better 
than ever. 

6 u. SPRAY PACK CAN 
(with FREE Extender Tube) 

2, 4, 8 u. Bottles 
(with dropper) 

Product of 

QUIETROLE 
COMPANY 

Spartanburg, South Carolina 

in Canada: CROSS CANADA ELECTRONICS 

12 Laurel Street, Waterloo, Ontario 
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Within the 
n !IU 

FREE 
CAREER .. 

BOOKLET 
JOHN H. DUMMER, director of foreign 
operations and affiliates for Interna- 

tional Resistance 
Co., has been named 
vice- president of the 
firm. 

He came to the 
United States from 
England in 1951 to 
join /RC as a buyer 
in the purchasing 
department. A year 

later he was appointed administrative 
assistant to the president. In 1955 he 
was named manager of licenses and 
contracts and was later promoted to 
director of foreign operations and af- 
filiates. The company has licensees in 
ten free -world countries. 

During World War II, Mr. Dummer 
was a member of the United Kingdom 
Technical Mission to the U.S., serving 
in Washington for an approximate two - 
year period. 

YOUR CAREER 

i 

MSOE 

to guide you 
to a 
successful future 
in 

ELECTRONICS 
RADIO -TV 
COMPUTERS 
ELECTRICAL 
ENGINEERING 
This interesting pictorial booklet 
tells you how you can prepare for a 
dynamic career as an Electrical En- 
gineer or Engineering Technician in 
many exciting, growing fields: 
MISSILES RADAR RESEARCH 
ELECTRICAL POWER ROCKETRY 

AUTOMATION AVIONICS 
SALES DEVELOPMENT 

Get all the facts about job opportu- 
nities, length of study, courses 
offered, degrees you can earn, 
scholarships, part -time work - as 
well as pictures of the Milwaukee 
School of Engineering's educational 
and recreational facilities. No obli- 
gation - it's yours free. 

MILWAUKEE SCHOOL OF ENGINEERING 

MAIL COUPON TODAY! 
MILWAUKEE SCHOOL OF ENGINEERING 
Dept. EW -262 1025 N Milwaukee St. 
Milwoukee, Wi In MS413 

Please send FREE "Your Career" booklet 
Fm interested in Electronics Radio -TV 

Computers Electrical Engineering 
Mechanical Engineering 

(PLEASE PRINT) 

Name.... _. _........_. _._.. __...._....__..__....Age 

Address 

City Zone ....._ ....State ..._.........._.._.... 

I'm eligible for veterans education benefits 
Discharge date 

= = =www =ww ==..J 
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ADMIRAL ARLEIGH A. BURKE has been 
elected to the board of directors of 
Capitol Radio Engineering Institute of 
Washington, D.C. He recently retired 
as Chief of Naval Operations and mem- 
ber of the Joint Chiefs of Staff, Depart- 
ment of Defense ... PAUL B. WISHART 
has been elected chairman of the board 
and chief executive officer of Minneapo- 
lis- Honeywell Regulator Company . 

The Electronic Tube Division of Syl- 
vania Electric Products Inc. has named 
WILFRED E. BLANCHARD to the post of 
coordinator -distributor sales ... HAROLD 
F. ERDLEY is the new assistant general 
manager of the guidance and control 
systems division of Litton Systems, Inc. 

Semicon, Inc. of Bedford, Mass. has 
named ROLLAND V. ROBISON as president. 
He will also continue as sales manager 
... FRANK P. VENDELY has been named 
general sales manager of the distributor 
division of P. R. Mallory d Co., Inc.... 
General Instrument Corporation's 
Semiconductor Division has named 
JULIAN HILMAN director of reliability ... 
HAMILTON O. HAUCK has been named as- 
sistant general manager of Raytheon's 
Missile & Space Division, Santa Barbara 
Operation ... DR. R. E. FOX is the new 
manager of the physics department of 
the Westinghouse research laboratories ... International Resistance Co. has 
named OTTO C. KEBERNICK to the post of 
director of marketing ... ROBERT R. 

STEPHENS has been appointed chief elec- 
tronics engineer for Vitro Electronics, 
Silver Spring, Maryland ... PAUL GARRI- 
SON is the new general manager of 
Technical Appliance Corporation, a 
wholly owned subsidiary of Jerrold 
Electronics Corporation ... Promotion 
of RALPH W. WIGHT to vice -president of 
the Wester Recording Equipment Di- 
vision has been announced by the par- 

ent firm, Litton Systems, Inc....Oak 
Manufacturing Co. has named R. W. 
PEIRCE to the post of manager, new 
products ... Two veteran executives of 
British Industries Corporation have 
been upped to vice -presidencies. FRANK- 
LIN S. HOFFMAN has been named vice - 
president. sales while ARTHUR M. GAS- 
MAN is the new vice -president, promo- 
tion ... SYDNEY MINAULT is the new vice - 
president, marketing at Dunn Engi- 
neering Corporation. 

ROBERT NEYMAN has been named techni- 
cal manager of electronics and com- 

munications projects 
at Cannon Electric 
Company in Los An- 
geles. 

He received a BS 
from the U.S. Naval 
Academy in 1936 and 
an MSEE from MIT 
in 1944. He com- 
pleted his graduate 

business management and engineering 
work at Rensselaer Polytechnic Insti- 
tute in 1951. 

Captain Neyman served in the U.S. 
Navy for 25 years and prior to joining 
Cannon was operations manager for 
Elgin Micronics. 

a e a 

RAYTHEON COMPANY and JAPAN RADIO 
CO., LTD. of Tokyo have completed plans 
to form and operate a new electronics 
company in Japan to be known as NEW 
JAPAN RADIO COMPANY. It will engineer 
and produce a complete line of micro- 
wave tubes ... HEWLETT -PACKARD COM- 
PANY has acquired HARRISON LABORA- 
TORIES which will be operated as a 
wholly owned subsidiary... ATLAS 
SOUND CORPORATION is now operating 
as a division of AMERICAN TRADING AND 
PRODUCTION CORPORATION of Baltimore, 
Md. The new subsidiary will continue 
to operate under its present manage- 
ment at its present location in Brooklyn, 
N.Y.... DAMON ENGINEERING, INC. has 
been established at 240 Highland Ave., 
Needham Heights, Mass. to design and 
manufacture crystal filters ... DON 
Bosco ELECTRONICS, INC. of Hanover, 
N.J. has been acquired as a wholly 
owned subsidiary by HOWELL ELECTRIC 

MOTORS COMPANY of Howell, Mich.... 
DATA -TRONIX CORPORATION has been 
established in King of Prussia, Pa. to 
engage in research, development, and 
production of advanced telemetry com- 
ponents and systems ... JOSEPH WALD- 
MAN L SONS has established a new firm, 
INTERMETALLIC PRODUCTS, INC., for the 
manufacture of bismuth telluride and 
gallium arsenide compounds and cool- 
ing modules. The new firm will be lo- 
cated at 119 Colt Street, Irvington, N.J. 

. ELECTRONIC ASSISTANCE CORPORATION 
of Red Bank, N.J. has acquired INDUS- 

ELECTRONICS WORLD 
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TRIAL INSTRUMENTS DIVISION of SPECIAL- 
TIES, INC., Syosset, Long Island ... FILM 
RESISTORS, INC. has been acquired by 
NYTRONICS, INC. and will be operated 
as a wholly owned subsidiary of the 
Berkeley Heights, N.J. firm. 

a 

1. M. ELLIS has been named to the newly 
created post of field sales manager at 

General Electric's 
national two -way 
radio headquarters. 
He was formerly 
West Coast regional 
manager for mo- 
bile communication 
equipment with of- 
fices in Redwood 
City, California. 

In his new post Mr. Ellis will be re- 
sponsible for coordination of regional 
and district activities involving all field 
two -way radio salesmen throughout the 
country. In addition, he will be in charge 
of the company's manufacturer's repre- 
sentative program which includes sev- 
eral hundred sales engineers who handle 
the firm's transistorized and standard 
two -way radios, portable units, and 
miniaturized personal communications 
devices. 

a * a 

E. M. NYHEN has been named director of 
the Electronics Division, Business and 
Defense Services Administration, U.S. 
Department of Commerce. He succeeds 
DONALD S. PARRIS who has been pro- 
moted to head the new Office of Indus- 
trial Equipment . . . Hamnlarlund 

Manufacturing Company, Inc. has ap- 
pointed STUART MEYER to the post of vice - 
president in charge of engineering . . 

JOSEPH P. SWANSON has been named 
chief engineer of the newly created 
products division of Radiation at Stan- 
ford . . . ROY DALLY, phono cartridge 
engineer for General Electric's Audio 
Products Operation in Decatur, Illinois, 
was named winner of the Emile Berliner 
Award for 1961, presented annually by 
the Audio Engineering Society ... ROB- 
ERT J. McDONALD has joined Blonder - 
Tongue Laboratories as merchandise 
manager . . . Appointment of RICHARD 
A. HAGBERG as vice -president and gen- 
eral manager has been announced by 
Triad Transformer Corporation . 

GEORGE MENA has been promoted to the 
post of distributor sales manager of 
Stancor Electronics, Inc. He was previ- 
ously a field sales manager for the firm's 
distributor division ... STEPHEN A. KELLER 

is the new executive vice -president of 
Telex, Inc.... The Department of the 
Army has named COL. CHARLES W. FLINT, 
Signal Corps, as Deputy Director of the 
Armed Services Electro- Standards 
Agency ... ROBERT L. BORCHARDT is the 
new national service manager for Mo- 
torola Communications and Electronics. 
Inc.... The Institute of Radio Engineers 
has appointed W. REED CRONE to the 
newly created post of Student Affairs 
Secretary, handling the activities and 
services for the approximately 17,000 
student members of the association ... 
DR. S. ROY MORRISON, senior staff sci- 

(Continued on page 84) 
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ELECTRONIC CHEMICAL CORP. 
813 Communipaw Avenue Jersey City 4, N. J. 

FM STEREO MULTIPLEX 
All on One Chassis 

and in KIT FORM 
by C 

That's Right - No external Multiplex Adap sr required 
. PACO introduces the new model ST.35MX FM Stereo 

Multiplex tuner, featuring the finest multiplex circuitry, 
ALL ON ONE CHASSIS ... ALL IN ONE CABINET AND 
IN KIT FORM (with factory pre -aligned multiplex sec. 
tion). 

The ST.35MX FM Stereomultiplex tuner is designed 
for the discriminating Audiophile who demands the ulti- 
mate in distortionless FM Stereo reception. Its incom. 
parable features include ultra high sensitivity, rock. 
stable AFC, pin point selectivity combined with broad 
band response, 

The ST.35MX has been engineered to meet the most 
critical standards. Highly styled in a handsome black 
and gold case ... it is the perfect companion to Paco's 
popular SA -40 Stereo preamp -amplifier or any other 
fine quality stereo system. Available and on display at 
all leading distributors throughout the world. Write 
for catalog. 

AVAILABLE THREE WAYS IN 
HANDSOME GOLD AND BLACK ENCLOSURE 

MODEL ST.35MX (Kit) with full pre -aligned multiplex 
circuitry and PACO detailed assembly - operating 
manual NET PRICE $99.95 

MODEL ST- 35PAMX (Semi.Kit) with both tuner and mul 
tiplex sections factory-wired and completely pre - 
aligned for hairline sensitivity. Complete with PACO 
detailed assembly - operating manual. 

NET PRICE $119.95 
MODEL ST -35WMX (ready to operate). Factory- Wired, 

aligned, calibrated and assembled. Complete with 
operating manual NET PRICE $139.95 

® ® ©0 Electronics Co., Inc. 
a division of PRECISION Apparatus Co. Inc. 

Subsidiaries of Paeotromos, Inc. 
70 -31 84th Street. Glendale 27. Luna Island. New York 

C C CC C[ 

Model SA-40 
STEREO PREAMP- AMPLIFIER KIT 

Kit Net Price: $79.95 
Factory Wired Net Price: $129.95 

®-I a t`... 

Model ST-25 MX 
FM STEREO TUNER KIT 

Kit Net Price: $19.95 
Factory Wired Net Price: $99.95 

Medal MX -100 
STEREO MULTIPLEX ADAPTER 

Kit Net Price: }4S.IS 
Factory Wired Net Price: $19.95 

Model C -25 
Model V -10 Model C -32 Model C -34 IN- CIRCUIT 

VACUUM TUBE SWEEP GENERATOR SINE -SQUARE CAPACITOR 
VOLTMETER KIT AND MARKER ADDER WAVE GENERATOR TESTER KIT 

Kit Net Price: $31.19 Kit Net Price: $95.95 Kit Net Price: $64.95 Kit Net Price: $19.95 
Factory Wired Factory Wired Factory Wired Factory Wired 

Net Price: $41.95 Net Price: $129.95 Net Price: $99.95 Net Price: $29.95 
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llELECTRONIC'SGOV'T 
FINEST 

SURPLUS BARGAINS 
it 

--t, 
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12 -24 V. CONVERTER 

PP -18/AR VIBRATOR POWER SUPPLY 

12 VDC INPUT; 28 VDC OUTPUT @ 1.5 A 

Uses a nitrogen -filled. hermeti- 
cally sealed vie . Input & out- 
put well filtered for hum & hash 
& ext. interference. Used by Navy 
& Airforce to operate ARC -5 & 
Comm. Receivers, using 24 V. 
Dynamotors. from 12 V. Also used 

to operate any 24 V. device. Or units can be wired 
in parallel for higher output. Complete with con- 
necting plugs. vlb S mounting. Wt.: 
9 lbs. Size: 61/ x 151/4 x 1/4" a NEW: $7.95 Price 

AC POWER SUPPLIES 
For SURPLUS EQUIPMENT 

SELENIUM RECTIFIER POWER SUPPLY- 
outUt of 28 Operates 

Amp. ComOp!ete 
60 

iwiith Trainsformer.nSelenium Rec- 
tifier. Capacitor, Switch. Line Fuse, Pilot Light, Output 
Terminals. Wiring Diagram. Punched Chassis, etc. Sice 
701302 ". STK .28VDC8A -Wt.: 15 lbs. 
Prices: Kit of Parts: $14.00 Wired: $18.95 

BC -923 RECEIVER POWER SUPPLY - 
UDC 150 MA. 8 12.6 

Volt 
AC 4e Amps. Complete 

output 
ith 

of 

former. Choke. Capacitor, Switch. Pilot Light. Line Fuse. 
5U40 Tube. Punched Chassis. Wiring Diagram. etc. Sire: 
51.1091201,'2 ". STK = PS- 923 -W t.: 15 lbs. 
Prices: Kit of Parts: $16.00 Wired: $20.95 

R -77 /ARC -3 RECEIVER POWER SUPPLY 
Operates from 110 Volt 60 Cycle with an output of 210 
VDC 125 MA. 8 24 VAC 2 Amp. Complete with Trans- 
former, Choke. Capacitor. Switch. Pilot Light, Line Fuse. 
ST3GT Tube, Punched Chassis, Wiring Diagram. etc. Size: 
81 ;kV 2.11 2 ". STK - PS.R -77 ARC -3 wt.: 12 1ós. 
Prices: Kit of Parts: $15.00 Wired: $19.95 

POWER 
ñ 

UPPLIES available for other Surplus Equip- 
ment. suc as BC -603. BC -683. APB. BC -191. etc. 
IF YOU HAVE NOT BEEN RECEIVING OUR FREE CATA- 
LOG, SEND FOR IT TODAY- WITHOUT DELAY! 

Address Dept. EW . All Prices are F.0.8.. Lima. Ohio 
Minimum Order 35.00 -25% Deposit on AN C.o.D.s 

FAIR RADIO SALES 
2133 ELIDA RD. Box 1105 LIMA, OHIO 

QUICKLY CUT HOLES 

in metal, plastics, 

hard rubber... 

ROUND SQUARE KEY "D" 

tt- 
GREENLEE CHASSIS PUNCHES 

Make smooth, accurate 
openings in 13i minutes or 
less ... for sockets, plugs, 
controls, meters, panel 
lights, etc. Easy to use .. . 

simply turn with wrench. 
Many sizes and models. 
Write for literature. 
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G R E E N L E E TOOL CO. 
19I6Columbia Ave., Rockford, Illinois 

entist at the Minneapolis -Honeywell Re- 
search Center in Hopkins, Minn., has 
been promoted to assistant director of 
the center ... HERB HOROWITZ has been 
named president of Empire Scientific 
Corporation. 

WILLIAM G. ROYCE has been appointed 
director of engineering at Cimron Cor- 

poration, San Diego, 
California. 

He is a former 
project engineer, de- 
sign specialist, and 
applications engi- 
neer at the Kin Tel 
Division of Cohn 
Electronics, Inc., is 
the author of numer- 

ous articles on electronic instrumenta- 
tion, and a pioneer in the field of chop- 
per- stabilized direct -current amplifiers. 

In his new post, Mr. Royce will be re- 
sponsible for the developmental re- 
search leading to the design of instru- 
ments to augment the firm's line of 
digital instrumentation. 

e x: v 

SYLVANIA ELECTRONIC SYSTEMS has dedi- 
cated a new headquarters and applied 
research laboratory facility at 
Waltham, Mass.... DUNN ENGINEERING 
CORPORATION has completed its move to 
new and larger quarters at 38 Henry 
St., Cambridge, Mass.... BURNELL L CO., 
INC. has dedicated its new Guillemin 
Research Laboratory in Cambridge, 
Mass., honoring Dr. Ernst A. Guillemin, 
MIT scientist and vice -president in 
charge of research for the firm ... Oc- 
cupancy of the new advanced research 
center of AUTONETICS, a division of 
NORTH AMERICAN AVIATION, INC. has 
been completed in Anaheim, California 

The Semiconductor Division of 
SYNTRON COMPANY has moved into its 
new half -million- dollar facility in 
Homer City, Pa.... ELECTRONIC APPLICA- 
TIONS, INC. has moved to 80 Danbury 
Road, Route #7, Wilton, Conn.... 
HEWLETT -PACKARD COMPANY has an- 
nounced plans to establish a manufac- 
turing plant in Colorado Springs, Colo- 
rado ... HARVEY ELECTRONICS -SYRACUSE, 
INC. has been established in the Pichard 
Building, East Molloy Road, near Syra- 
cuse, as an upstate New York outlet for 
the New York City distributor... MIN- 
NESOTA MINING AND MANUFACTURING 
CO. has opened a new instrumentation, 

audio, and video tape manufacturing 
plant at Freehold, New Jersey ... COM- 
MUNICATIONS COMPANY, INC. has com- 
pleted an expansion program which 
more than triples its original floor space 
at 300 Greco Avenue, Coral Gables, 
Florida ... ASSEMBLY ENGINEERS, INC. has 
acquired new and enlarged quarters at 
3650 Holdrege Ave., Los Angeles... 
GENERAL ELECTRIC COMPANY has estab- 
lished a television picture tube ware- 
house and testing facility at 601 
Twenty- fourth Street, Bakersfield, 
California. 

a e t' 

BURNELL a CO, INC. has acquired 80 per- 
cent of the common stock of GLP ELEC- 
TRONICS, INC., Bristol, Conn. manufac- 
turer of tantalum and aluminum foil 
capacitors ... JOHN WILEY 8 SONS, INC. 
and INTERSCIENCE PUBLISHERS, INC. lit e 
merged to establish one of the world's 
largest publishing houses devoted ex- 
clusively to the production of books and 
journals in the various fields of natural 
and behavioral sciences, technology, and 
engineering ... HOOVER BALI. AND BEAR- 
ING COMPANY of Ann Arbor, Mich. and 
INSTITUT DR. FORSTER of Reutlingen, Ger- 
many have formed FORSTER /HOOVER 
ELECTRONICS, INC. which will manufac- 
ture and sell electronic products devel- 
oped by the German firm . . . AUDIO - 
PHONICS CORPORATION has purchased 
certain audio products, manufacturing 
facilities, and inventories from CBS 
ELECTRONICS . . . PALL CORPORATION has 
acquired VECTOR LABORATORIES, INC. of 
Montreal, Canada. 

A p 

SAMUEL J. McDONALD has been appointed 
distributor sales manager for the semi- 

conductor division of 
Sylvania Electric 
Products Inc., mov- 
ing up from the post 
of assistant distribu- 
tor sales manager. 

He will maintain 
offices in Woburn, 
Massachusetts. He 
joined the company 

in 1943 as supervisor of personnel and 
in 1956 was named eastern -region dis- 
tributor sales manager. Prior to this 
association he was with Lever Brothers 
Company. 

Mr. McDonald holds a BA from 
Brown University and has taken gradu- 
ate work at MIT, Boston University, 
and Harvard. 

Gov. David L. Lawrence of Pennsylvania officiated at the opening of this new Fisher 
Rodio Corporation plant located at the 20 -acre Fisher Park in Milroy, Pa. The building 
contains 62,000 square feet and is designed to permit unlimited expansion. The 
new plant will be operated in addition to the firm's Long Island City factory while 
speaker manufacturing facilities will be maintained at the plant in Belleville, N.J. 
The dedication also marked the beginning of the firm's 25th year in high fidelity. 

A 
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e: / 

ELECTRONICS WORLD 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


The House of Crystals" 

U. S. CRYSTALS, Inc. 
.42 S. La Brea Ave. Los Angeles 19, Cal. 

Square -Wave Test Problems 
(Continued from page 56) 

6. has practically no effect at frequen 
cies as high as 100 kc. 

Construction Notes 

Actual construction is quite simple 
and can also be quite inexpensive. 
Choice of pentodes for V, and V_ is 
scarcely limited to the 954 acorn tubes 
used. These were selected because, as 
is the case with many another experi- 

e menter, the author happened to have 
some in his junk box and they are ideal 
for the job on other grounds -they can 
be wired up without sockets, thus great- 
ly reducing stray capacitance. They are 
widely available on the surplus market 
at very low prices. 

As shown in Fig. 7, it was most con- 
venient to mount them so that one is 
upside -down with respect to the other. 
Also note the wiring of the cathode 
capacitors directly on the two -wafer 
switch. The choice of capacitor values 
and the number of positions on the 
switch will be up to the user's needs. 
Selection of values will be discussed 
shortly. 

The 100,000 -ohm cathode resistors, 
R, and R, should be matched within 
5 per -cent so that the mark -space ratio 
will not be affected adversely. This is 
the width ratio between the flat, upper 
and lower portions of the square wave. 
If there is too much difference between 
R, and R, an asymmetric, rectangular 
pulse rather than a square wave will 
be produced. While a switching position 
for an external capacitor has been pro- 
vided, this facility should be used with 
caution because of the cathode peaking 
effect already mentioned. 

The cathode coupling capacitors are 
not at all critical as to type. Mica, ce- 
ramic, paper, and electrolytic types all 
work well without affecting waveshape. 
If electrolytics are used, two must be 
wired in series, back to back, for each 
position so that polarity is no problem. 
As to the values of these, Cl to Co, the 
user will choose them according to his 
needs with respect to the square -wave 
frequencies he will find most useful. 

In the author's unit, the lowest fre- 
quency (25 cps) was obtained with a 
pair of 15 -µf., 15 -volt electrolytics. At 
the other end of the range, a 200 -ppf. 
capacitor gave about 1 mc. For all prac- 
tical purposes, frequency is inversely 
proportional to the value of the capaci- 
tor. From the graph of Fig. 9, the ca- 
pacitor value for any frequency from 
2 cps to 1 mc. can be read directly, and 
the graph could be extended for higher 
frequencies. The approximate, required 
capacitance can also be determined with 
simple mathematics. Dividing 200 by 
the desired frequency, in cps, yields 
the capacitance value, in microfarads. 
Thus for 400 cps we would need 200/400, 
or .5 µf., which is confirmed on the 
graph. 

If the constructor finds he cannot get 
down below 20 or 30 cps or if the mark - 
space ratio goes awry at low frequen- 
cies, it is probable that one or both of 
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the plate -grid coupling capacitors (C, 
and C_ in Fig. 3) are leaking. This af- 
fects the clamping action of the grids. 

The version built by the author (Fig 
8) is compact and without its own power 
supply. Two pairs of connectors on the 
panel are for the output signal and the 
external capacitor. Filament and d.c. 
voltages are brought in through a sep- 
arate cable and plug. As with the 
capacitors, power- supply and power - 
switching arrangements are left to 
individual constructors. 

Value of "B +" should be 300 volts 
or more. The author used the separate 
supply he described in an earlier article 
in this publication ( "Adjustable D.C. 
Power Supply," June 1961). With less 
than 300 volts, marked rounding of the 
waveform begins to develop. Output 
frequency also varies with "B +" : the 
former falls as the latter is raised. Fre- 
quency deviation can be up to 5 per -cent 
for a variation of 50 volts -nearly 17 
per -cent - in voltage. However, fre- 
quency precision is normally unimpor- 
tant in square -wave testing. 

Amplitude of the output waveform 
is also slightly affected by "B +" varia- 
tion. Thus if the power supply is not 
reliable, it may be wise to check during 
any test sequence to make sure that 
"B +" is relatively constant, say be- 
tween 300 and 310 volts. Within these 
limits, output amplitude will not change 
over the full range of frequencies. 

The specified output of .35 volt is 
within the handling capacity of most 
amplifiers. It may be changed by lower- 
ing or raising the value of Ra. The latter 
can be doubled without noticeable effect 
on the waveform. However, it is a good 
idea to keep the resistor as low as con- 
venient and fixed. Most amplifiers tested 
will have gain controls of some kind, 
and another control complicates mat- 
ters, besides providing a possible source 
of distortion from the causes discussed 
earlier. Another component that can 
well be left out, for similar reasons, is 
an output blocking capacitor. This 
elimination has been facilitated by 
grounding "B +" to the chassis. Hence, 
the matching power supply should not 
employ a grounded "B -" output. 

Waveshape is also unaffected by any 
reasonable load -or even unreasonable 
ones, as Fig. 10 shows. The waveform 
at the left is a 10 -kc. trace with another 
300 -ohm resistor connected across the 
output. Amplitude, of course, is halved. 
With the output loaded by a .005 -µf. 
capacitor at the same frequency, there 
is a barely perceptible increase in round- 
ing of the corners, as shown to the right 
in Fig. 10. A more normal load would 
be in the order of 50 ,nµf., about one- 
hundredth the value illustrated. 

Apart from the need to avoid stray 
capacitance in the cathode circuits, 
there is nothing critical about construc- 
tion. The constant output at all fre- 
quencies, stability, and freedom from 
overshoot provide a known standard by 
which other equipment can be safely 
judged. Since this unit was built, at 
least one "wideband" oscilloscope, pre- 
viously trusted, is on a shelf in disgrace, 
awaiting overhaul of its vertical ampli- 
fier. 

ßicaour~DgestrPs/ 
BUY NOW AND SAVE ! 

OVERTONES: 10 to 30 Meg... Tol. .005 % $2.50 
AMATEUR & NOVICE Fundamental.. Tot. .005% 
HC -6 Herm. Sealed $2.50 
HC -6 -6 Meters (5th Overtone) $3.75 
MARINE FREQ. HC -6 (Herm. Sealed) 

Tol. .005 % $3.50 
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26.965 to 27.225 MC, 3rd Over. Harm. Seal, or 
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13.4825 to 13.6125 MC, 2nd Harm. Mum Seal. or 

FT -243 $2.50 
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SPECIAL! 
STOCK CRYSTALS 
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8700 KC in steps of 25 KC's 

SEND FOR FREE CATALOG 

DC -34 Hold. 1690 KC to 4440 KC steps of 10 KC, ea. 79c 
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80 Met. 3701 -3748 -Steps of 1 KC. FT -2431 49 
40 Met. 7150-7198-Steps of 1 K . FT-243 C 243 
Dbl. to 40 Met. 3576 -3599. Steps of 1 KC. FT -243 
15 Met. 5276 -5312- 7034 -7083 Steps of 1 KC. FT -243 
F1-243 -2 Meters (Steps of 1 KC) 
F7-243 -6 Meters (Steps of 1 KC) 1.19 
FT -243 -From 3000.4000 $1.19 
FT -243 -From 1005.2999 (Steps of 5 KC) $2.39 
FT-243--.005% Tol. From 3000 -8750 $2.39 
FT-243-.01% Tol. From 3000-8750 $1.89 
FT -241 SSB Low Xtals 370 to 540 KC 
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Include Sc per rystal poste a Y.S. only) . calif. add 4; tax. No C.O.Ó. Prices subject fo chg. Ind. 2nd thole., 
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AMAZING BARGAIN 
RADIO & TV SERVICE DATA 

Shur hest, complete source for all 
needed RADIO and TV diagrams and 
servicing data. Most amazing values. 
Only S2.so and St per giant rt fume. 
Cover all important makes, models of 
all periods. Use this entire ad as your 
nomrk order form. r---- NO RISK ORDER COUPON 

TELEVISION SERVICE MANUALS 
Supreme TV m uals arc hest for faster, easier TV 

repairs. Lowest priced. Factory data on practically all 
.. cotplete circuits, needed alignment facts, wir- 

ing hoard waveforms. voltages. production 
changes, :ndltdouble -page achem:ilk.. Only S3 per 
large annual manual. Check volumes wanted, send 
entire advertisement as your order form. 
7. New 1962 Television servicing manual. only S3. 

1961 TV Manual. 53. O 1960 TV annual. $3. 
additional 1959 TV. S3. 0 Early 1959 TV, $3. 
19s5 TV manual. 53. O Additional 1957 Tv. 53. 
Early 1957 Television. S3. O 1956 TV Manual, 53. 
Additional 1955 TV. 53. 0 Early 1955 TV. S3. 
1954 TV. $3. 17 1953 TV, 53. r] 1952 TV, 53. 
1951 TV. 93. 7 Master Index in all M.to, ;,I -. 2St 

RADIO DIAGRAM MANUALS 
Here arc lowpriced radio manuals that simplify 

repairing. Cover everything from most recent to61 
radios to pre -war old -timers; home radi.,s. .Irrsn, 
combinations, transistor porta- 
bles. FM. auto sets. Large who 

usics, all needed alignment facts, 
, int ed hoards, voltages, dial 
'ringing, hints. Volumes are big, 

X II ". about 100 pages each, 
1962. 0 1961.0 1960, O 1959. 0 1955. 0 1957. 
195e. 0 1955. 17 1954. 0 1953. 0 1952. 0 1951. 
1950, - 1949. - 1949. n 1947. 1946. 1942. 
1941. 1940.' 1926.38 PRICE EACH. 52.50 
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SUPREME PUBLICATIONS 
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I am enclosing full price. You guarantee my 
complete satisfaction or money back. 
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AN ECONOMICAL 813 FINAL 
FOR THE HAM 

By HARTLAND B. SMITH, W8VVD 

Construction of a bandswitching power amplifier for c.w., 
AM, and SSB with half kilowatt average plate input power. 

IN ORDER to keep up with the trend 
toward more versatile amateur 
transmitting equipment, the author 

recently decided to up -date his rig by 
adding a bandswitching final for c.w., 
AM, and sideband. The completed am- 
plifier is shown in Fig. 1. With a suit- 
able power supply it is capable of 500 
watts average input or 1000 watts peak - 
envelope power as an AB, sideband 
linear. It will also run 500 watts c.w. 
or 400 watts AM phone in class C serv- 
ice. 

Since the author is an avid trader and 
surplus shopper, it was possible to 
scrounge up all the necessary compo- 
nents for less than thirty dollars. A 

similar unit can be built with new ma- 
terial for a little less than one -hundred 
dollars. Thus, even though you have a 
sparsely filled junk box and are unable 
to make use of very many bargain parts, 
this particular circuit will provide a 
husky signal for a relatively small in- 
vestment. 

Construction 

A 10" x 17" x 3" chassis with a bottom 
plate was decided upon as a foundation 
for the amplifier. Because it was low 
in cost and easily drilled, 1A," Masonite, 
backed with a thin aluminum sheet, was 
employed for the 9" x 19" front panel. 
To shield the amplifier against TVI, an 

Fig. 1. The completed home -built half -kilowatt final power amplifier. 

Fig. 2. Top- chassis view of the amplifier with the cover shield removed. 

J3 JI 

CI5 

CI4 
RFC3 

enclosure was built from .051" alumi- 
num. A 6" x 7'/2" rectangular hole cut 
in the top of the shield for ventilation 
was covered with perforated aluminum 
removed from an old TV receiver cabi- 
net. A number of 3/16" holes were 
drilled in one end of the enclosure to 
admit air. Perforated aluminum was 
also used to cover several large venti- 
lation holes cut in the chassis bottom 
plate. 

If you live near a big city, you can 
obtain sheet aluminum from scrap metal 
dealers for 10d to 300 per square foot. 
In those localities where aluminum isn't 
available, thin galvanized sheet metal 
may be used as a substitute. 

A small tube -cooling fan was built 
from a discarded phonograph motor. It 
stirs up the air inside the case to some 
extent, but a commercially built fan 
would undoubtedly be quieter and more 
efficient. 

Although a number of excellent new 
transmitting tubes have been developed 
in the past few years, the author set- 
tled on that inexpensive old workhorse, 
the 813. Since this tube has a reputation 
for taking off on its own, especially at 
the low bias and high screen voltages 
required in linear operation, several pre- 
cautions were observed while building 
the amplifier. 

Minimum inductance was assured by 
the use of copper strip in place of ordi- 
nary hookup wire for all leads carrying 
r.f. However, 3'2" tinned shield braid can 
be used as a substitute, if you have no 
source of copper strip. 

A hole somewhat larger than the 
diameter of the 813 was cut in the chas- 
sis and the socket was mounted with 
aluminum brackets below this hole so 
that when the tube was plugged in, the 
top of its metal base was even with the 
top of the chassis. A small piece of alumi- 
num, fastened to the chassis and bent 
at a slight angle presses against the 
metal base of the tube for grounding 
purposes. 

C.,, a 25 µµf. mica capacitor, was con- 
nected with as short leads as possible 
between pin 4 of the 813 and ground. 
This capacitor provides a low- impedance 
v.h.f. path from grid to ground. It tends 
to short out TVI- causing harmonics and 
helps to bypass high -frequency energy 
which might otherwise result in para- 
sitic oscillations. 

C,, C,, and C. were used in a capaci- 
tance- bridge neutralizing circuit. C, was 
formed by the capacity between the 813 
plate and about 5 inches of stiff wire 
supported beside the tube on a feed - 
through insulator. Since the optimum 
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adjustment of the bridge changes from 
one band to another, C, was made vari- 
able and mounted on the front panel. As 
a result, the amplifier may be conven- 
iently and correctly neutralized for any 
operating frequency. 

All power leads emerging from the 
amplifier were TVI- filtered by r.f. 
chokes and disc ceramic capacitors. 
These were mounted in the small alumi- 
num shield box visible in the lower, lef t- 
hand corner of Fig. 4. Within the ampli- 
fier itself, the bias, screen, and filament 
leads were run in shield braid which was 
grounded to the chassis at frequent in- 
tervals. 

The grid and plate meters were 
mounted on the panel of the modulator 
rather than on the amplifier's panel. 
This arrangement made it unnecessary 
to fabricate special TVI shields for the 
meters, since the currents they indicate 
are thoroughly filtered before leaving 
the case of the amplifier. 

High LC ratios in both the grid and 
plate circuits of the 813 plus a pi- output 
network were utilized to discriminate 
against TVI -producing harmonics. L,: 
and C. form a series trap which may be 
resonated on either channel 2 or chan- 
nel 3 to further reduce TVI. 

The filament transformer, T,, was 
mounted in the amplifier case, rather 
than on the power -supply chassis, be- 
cause it is much easier to filter the 
rather light current going to the pri- 
mary of the transformer than it is to 
filter the heavy current of the second- 
ary. Since the transformer found in the 
junk box was rated at 11.5 volts, R, was 
needed to reduce the output to the 10 
volts required by the 813. If you use a 
10 -volt transformer, R. will be unnec- 
essary. R, and R, may also be omitted 
if you employ a transformer with a cen- 
ter -tap which may be directly grounded. 

The plate choke, RFC, was wound on 
a smooth porcelain antenna insulator. 
A National GS -4 stand -off would make 
a suitable substitute form, or you can 
purchase a Raypar type RL -100 choke 
if you'd rather not wind your own. 

RFC:, was included as a safety pre- 
caution. If Cm should break down, the 
r.f. choke will short the dangerously 
high plate voltage to ground and cause 
the power -supply fuse to blow. Without 
RFC:, in the circuit, a faulty plate- block- 
ing capacitor might allow as much as 
2000 volts to appear on the transmitting 
antenna and its feedline. 

In view of the heavy circulating cur- 
rent which results from the high -C plate 
circuit, L, was wound with two No. 10 
wires twisted together. An even better 
way to keep the r.f. resistance of L, low 
would be to wind the coil with 3/16" 
copper tubing. 

C,:, is the coarse loading capacitor. The 
author used eight 250 -µµf., 1200 -volt 
mica capacitors connected in series -par- 
allel to arrive at a value of 500 ppf. Two 
250 -µµf 2500 -volt mica capacitors wired 
in parallel should prove just as satisfac- 
tory. Don't try a single 500 -µµf., 20,000 - 
volt TV ceramic here. It will heat up 
and change capacity when subjected to 
the heavy ri. current which appears at 
this point. 
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J::, the high -voltage connector visible 
in Fig. 2, is an 83 -1R chassis -type coax 
plug. A safer choice for this item would 
be a Millen 37001 high -voltage terminal. 

Ganged switching is one feature of 
factory -built equipment that is hard to 
duplicate in the home workshop. Unless 
you enjoy playing with all sorts of Rube 
Goldberg arrangements of gears, shafts, 
and shielding, you'll find that it is much 
more practical to utilize separate 
switches for the grid and plate circuits. 
The grid bandswitch and the coarse - 
load switch, S, and S:, may be of the 
phenolic type, but S, and S, should be 
well insulated ceramic types, such as 
are found in the surplus tuning units of 
the BC -375. 

Fig. 5 is a block diagram which shows 
how the amplifier may be connected with 
other components to form a complete 
transmitter. In the author's shack, the 
final, modulator, and power supply are 
each on a separate chassis mounted in 
a relay rack. The exciter sits in a con- 
venient spot on the operating desk. Rack 
and panel construction is recommended 

because it lends itself to easy modifica- 
tion and simplified troubleshooting. 
When you want to revise a circuit or 
find it necessary to replace a component, 
only the affected part of the rig needs 
to be removed and placed on the work- 
bench. 

Drive & Output Power 

In class C AM and c.w. service, only 
about 6 watts are needed to drive the 
grid of the 813. Even less excitation is 
necessary for AB, sideband linear op- 
eration. These low drive requirements 
are what make beam -power finals so in- 
viting to the fellow who wants to use 
a simple, inexpensive exciter. 

The final is capable of 500 watts input 
on c.w. with a 2250 -volt supply. How- 
ever, since the author has only 1850 
volts available, he usually runs on 400 
watts c.w. and 350 watts phone. On side - 
band, it is possible to run 500 watts av- 
erage input (approximately 1000 watts 
p.e.p.) before serious flat -topping oc- 
curs. When the amplifier is worked as 
a linear, 750 volts are applied, regulated 

Fig. 3. Complete schematic diagram and parts listing for the 813 final. 
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MOTOR 

Rs 

1 
R,, R -15 ohm. 5 w. res. (see text) 
R. 35 ohm, 20 w. res. (.see text) 
C, -600 µp1. var. capacitor (two -gant soperhet 

unit with sections in parallel) 
C. -150 turf. mira capacitor 
C, -140 ppf. oar. capacitor 
C.:- Neutralizing capacitor (see text) 
C.-25 up!. mira capacitor 
C., Cr, C. -4700 up/. 1000 v. disc ceramic 

capacitor 
C., C,9-500 Ail!, 20,000 o. ceramic TV filter 

capacitor 
C- 75 µµf., 7500 0. ceramic transmitting 

capacitor (Ceotralab 8505.754V) 
C, :- -100 ppf. var. transmitting capacitor, 

J /16" plate sparing 
C1,-500 124., 2500 o. mira capacitor (see text) C- -500 µp1. var. capacitor, .0215" plate 

spacing 
C4.5-1S µµf. var. capacitor. .0215" plate 

sparing 
Co. Cr- -750 put., 6000 v. disc ceramic capaci- 

tor 

C24 
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c=" C, C=0 CUL-0 Cz 

T T T 
,s0 « 4. - 
RL TE SCREEN G ,D 
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µµf., 1000 v. disc ceramic capacitor 
RFC,. RFC 2.5 mhy. r.f. choke 
RFC- 21/2", #22 en. wire closew000d on 

sj" form (see text) 
RFC,, RFC., RFC, -7 ;thy, 1000 ma. r.f. 

choke ((Amite 7-501 
RFC:. RFC. 55 t. .28 en. wire closewonnd 

on i," die. polystyrene rod 
T, b'il. trans., 10 v, r 5 amps (see text) 
S. S -pos. rotary switch 

6 -pos. high-voltage rotary switch. 
(1)hmite heavy -dory, 6 -pos. ceramic switches 
were obtained from Barry Electronics Corp., 
512 Broadway, New York 12. N.Y. ,Since 
only two positions are required for S: and 
five for .S:. a number of terminals will re- 
main unused.) 

S. -One section of Centrelab PA -1460 rotary 
switch (see text) 

S:- S.p.s.t. toggle switch 
.1...l,-Coax connector (831R1 
J .- Nigh - voltage terminal (see text) 
L -Pei: 6 I. #20 bare wire, P" die. (length 

1/4"). Sec: 41 t. t20 bare wire, I" dia. 
length N',"). tapped at 3rd, Ith. 8th and 
18th tarns. Bt,V .11iniductor 3015) 

L.- -I t. of twisted _10 en. wire, P/t" die., 
1+ ¡" long (see text) 

L, -14= t. _ 10 en. wire, 1" die.. sí" lone 
L5--6 t. rlo en. wire, 1,," die., 1.2" lone 
L3-16 t. _12 bare wire. 2,=" dia.. tapped 8 

t. from C,, end (Bell' inductor 3905 -1) 
L.-10 t. 814 en. wire, 11/16" dia. 
V, -813 tube 

is 
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RFCB, 7, 6, 5, 4 CS VI SOCKET 

Fig. 4. Bottom view shows the shielded compartment housing r.f, chokes and bypasses. 

by a string of five 0A2's, to the screen 
of the 813 and 90 volts, regulated by a 
VR90, to the grid. On AM and c.w. 400 
volts are taken from the speech- ampli- 
fier power supply for application to the 
screen with an additional 60 volts of 
bias obtained from a 4000 -ohm grid leak. 

Adjustment 

Preliminary adjustment and neutrali- 
zation of the amplifier may be made 
either with a regular antenna or with 
a dummy load. Set S, and S. to 80 me- 
ters. Close S., thus paralleling C. with 
the 80 -meter padder, C,,. Close S. Put 
C, and C. at full capacity. Apply the 
proper voltages and drive for class C 

operation. Tune C. and adjust the out- 
put of the exciter until a grid current 
of 15 ma. is obtained. Dip the final with 
C.. Then rock Cr, back and forth, while 
watching the grid meter. If the grid 
current drops as the capacity of C. 
is increased and rises as the capacity of 
C. is decreased, the amplifier is insuf- 
ficiently neutralized. Set C, at two - 
thirds capacity and rock C. again. 

Should the amplifier still show signs 
of inadequate neutralization, increase 
the length of the wire which is a part 
of C,, or move the wire closer to the 
813. Keep in mind, though, that the 
spacing between the tube envelope and 
the wire must be not less than ?.í" to 

Fig. 5. Block diagram of author's over -all system showing the interconnections. 
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SB 

L 

AM 
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+ V 
MODULATED 

+IBOOV 
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(PAIR 13II'51AND 
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0A2 A02 042 OA2 0A2 

4,000 OHMS 
AM 5W. 

40,000 OHMS 

BIAS SUPPLY 

VR-90 

IOO WATTS 

A se 

POWER SUPPLY 

prevent a corona discharge or arcover. 
In addition, be sure that the wire is po- 
sitioned near the edge of the 813 plate, 
where it is closest to the glass. 

Warning: Make certain that power 
is removed from the rig and all high - 
voltage capacitors are discharged be- 
fore reaching into the case to change 
the length or position of C,. 

When the amplifier is correctly neu- 
tralized, the grid current will remain 
constant, or may fall off slightly, as C,, 
is tuned above and below plate- circuit 
resonance. 

If the capacity of C, is set too low 
or if the length of CI is too great, over - 
neutralization will occur. When this 
condition exists, the grid current will 
drop as C. is tuned to the low- capacity 
side of plate resonance and will rise 
when C,, is on the high- capacity side of 
resonance. C, should be adjusted so that 
optimum neutralization takes place on 
80 meters with C, set between two - 
thirds and three -quarters of full capac- 
ity. 

As you switch upward in frequency. 
from one band to another, you will dis- 
cover that you must reduce the capacity 
of C, a bit in order to maintain neutral- 
ization. Once you have found the cor- 
rect setting for this capacitor on a par- 
ticular band, you can mark the spot 
with a decal. Then you will be able to 
locate the correct position in the future 
without having to go through the entire 
neutralizing procedure each time you 
switch bands. 

Since C, is in series with the ground 
end of L,, it will have some effect on 
the resonant frequency of the L, -C:: corn - 
bination. Consequently. when you neu- 
tralize the rig for the first time, you 
may find it necessary to re- adjust C. 
slightly as C, is varied. 

S. should remain open on 10, 15, 20. 
and 40 meters in order to remove the 
80 -meter padding capacitor C. from the 
circuit. Normally. S will be closed on 
80 and 40 while it will be open on 20, 
15, and 10. The correct setting of this 
switch, however. will depend on the im- 
pedance and s.w.r. of the antenna feed - 
line. 

Grid current for either phone or c.w. 
should be set to 15 ma. Plate current 
should not exceed 200 ma. on AM or 225 
ma. on c.w. Do not attempt to operate 
the amplifier as a sideband linear until 
you have carefully tuned it with the aid 
of an oscilloscope. Most of the com- 
plaints that are heard about broad side - 
band signals are the result of overdriven 
and improperly loaded rigs. Information 
regarding linear adjustment will be 
found in various sideband handbooks 
available at most radio distributors. A 
description of the correct method of 
tuning an amplifier for SSB operation 
is beyond the scope of this article. 

Performance of the unit has lived up 
to all of the author's expectations. The 
amplifier holds its own in pile -ups and 
has easily provided the extra contacts 
needed for DXCC phone. Over a period 
of several months, only one case of TVI 
has been reported. This resulted from 
receiver overload, not transmitter har- 
monic radiation. 
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Electronics and Biology 
(Continued from page 30) 

again, another bit of information has 
been extracted from the object seen to 
help classify it. The object of research 
in this area is to find ways of reducing 
computer time by presenting to the com- 
puter more highly organized information 
in much the same way as our sense or- 
gans pre- select information for the brain. 
If this pre -selected information were 
added to the other end -the input pres- 
entation- nothing would be gained but 
if the computer can pre -select with the 
same amount of input information, some 
of which is normally lost in the process, 
then time has been gained. Let its look 
at another somewhat over -simple ex- 
ample. 

Punched cards of the type being used 
for billing by utility companies and other 
firms, contain holes and printed letters. 
The holes are for the benefit of the busi- 
ness machines that receive their input 
this way. The printed letters and nu- 
merals (like the address) are included 
for the post office. Now suppose the ma- 
chines could also "read" this address and 
sort the mail before delivery (we now 
have machines capable of doing this) 
then time would be saved in the total 
process. Suppose the machine could also 
"see" a tear in the card which would 

cause it to reject that card, thus eliminat- 
ing inspection before the card goes into 
the machine and the machine could op- 
erate more rapidly. This is a simple yet 
practical example of "property filters." 

Another early bionics model was the 
"homeostat" constructed by Ashby. He 
noticed that animal systems always came 
to equilibrium so he constructed an elec- 
tronic device which actively sought 
equilibrium no matter what the value 
of its four inputs. 

There are many biological mechan- 
isms which are being studied by means 
of electronic models. One of the charac- 
teristics Of living entities -not shared by 
their electronic counterparts -is "redun- 
dancy of parts." Thus, if part of your 
brain is damaged, it may not be "repair- 
able" but other sections of the tissue will 
eventually (after learning) take over the 
necessary function almost as well as the 
original part. We have far more nerve 
fibers than we need to do the job. If one 
fails, another takes over. This philosophy 
of redundancy is now creeping into the 
design of electronic equipment for space 
exploration where failure simply cannot 
be tolerated. 

This pinpoints the reason for the close 
cooperation between electronics and bi- 
ology. Each discipline needs the other if 
we are to succeed in realizing man's 
dream of leaving this planet and explor- 
ing space. 
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TRANSISTOR 

PRECAUTIONS 
By NORMAN R. McLAUGHLIN 

Some practical suggestions to 
prevent damage to transistors. 
Good shop practices based on 
industrial -plant experience. 

l'URDY as semiconductors are for 
jobs they are designed to do, there 

are many conditions that they just won't 
tolerate. Some of these conditions may 
come as a surprise. For example, the 
static electricity built up in your body 
while walking on a non- conductive sur- 
face would he sufficient to send a dam- 
aging pulse through a semiconductor 
device when you touch it. To be sure you 
don't ruin those solid -state devices you 
plan to wire into your next construction 
project, ground yourself before handling 
them. 

Semiconductors are low -voltage de- 
vices and, as such, cannot stand high 
voltages. There is enough leakage pres- 
ent at the tip of some soldering irons to 
break down the junction of a semicon- 
ductor and permanently destroy its 
characteristics. Check your soldering 
iron for leakage voltage. If it is high 
enough to cause damage, replace it. If 
this is not practical, remove the semi- 
conductors from the circuit while wir- 
ing. If you must wire them into a circuit, 
ground the side of the semiconductor be- 
ing wired. 

Transients can develop in inductively 
driven devices which exceed the voltage 
that can be safely applied to semicon- 
ductors. Some types of soldering guns. 
wire wrappers, and similar inductively 
actuated tools produce transients that 
could he dangerous every time the power 
is turned on or off. When such tools 
must be used, they should be lifted away 
from the semiconductor before being 
turned on or off. For example, start the 
soldering gun warming before you 
touch the semiconductor and do not turn 
it off until after you have lifted the gun 
from the wiring. 

Most of us are aware of the semicon- 
ductor's vulnerability to heat -yet how 
often have we ''sneaked" a solder con- 
nection without benefit of a heat sink? 
A heat sink is a simpler device than its 
name implies. In this instance, it is any 
device that will divert heat from the 
semiconductor. A pair of flat -nose pliers 
makes an excellent heat sink when 
placed between the semiconductor and 
the soldered joint. Hold the pliers in po- 
sition long after you have quit soldering 
and the joint has cooled down. 

Speaking of heat, did you know that in 
order to obtain valid test data the var- 
ious semiconductors must be tested at 
the same ambient temperature? Flee- 
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trical characteristics of semiconductor 
devices change rapidly with variations 
in operating temperature. Thus if you 
want to make comparative tests, both 
units must be tested in the same tem- 
perature environment. The recom- 
mended ambient temperature is 77 de- 
grees F ±*5.4 degrees (or 25 degrees C 
--*3 degrees). 

While diagonal cutting pliers are sat- 
isfactory for snipping leads of ordinary 
components, they should never be used 
to cut leads of semiconductor devices. 
"Dikes" produce a mechanical shock 
that travels into the device with suffi- 
cient impact to weaken or destroy the 
delicate internal electrical connections. 

To prevent such damage always use a 
shearing type tool for cutting semicon- 
ductor leads. Between the point where 
the lead is to be cut and the body of the 
semiconductor, hold the lead with flat - 
nose pliers. The pliers will act as a me- 
chanical shock dampener and further 
reduce shock which results when the 
leads are cut. Surgical scissors make 
satisfactory shearing tools. although 
sharp tin snips are probably more read- 
ily available. 

Damage can also be caused by bend- 
ing leads too close to the body of the de- 
vice. The better semiconductors are 
hermetically sealed in glass to improve 
reliability. Bends too close to the body 
will crack the glass and break the seal. 
This hazard can be minimized by keep- 
ing bends at least 1/16" away from the 
body. 

Many semiconductors have plated 
leads that improve conductivity and 
make soldering simpler. This plating 
can also be damaged if bends are made 
too acute. To protect the plating make 
bends gradual and keep the radius 
greater than 1/32 ". 

Other forms of mechanical shock 
should be avoided. Rough handling, 
dropping, and throwing about can pro- 
duce jolts and jars that could be fatal. 
Avoid these, of course, and as an added 
precaution use a padded work surface 
when working on these devices. 

A common means of "testing" semi- 
conductors is to put them across an 
ohmmeter. Believe it or not, this can be 
fatal. Many commonly available ohm- 
meters deliver considerably more cur- 
rent than the average semiconductor is 
designed to handle. Before making such 
a check you should first know the cur- 
rent- carrying capability of the device to 
be tested. This can be found in the man- 
ufacturer's data sheet or by analyzing 
the circuit in which the device is being 
used. Then, if you must make a resist- 

s ance measurement, be sure that the 
ohmmeter you use is a high- impedance 
type that delivers only a small current. 

A much safer way to make such meas- 
urements is to use a voltmeter or an 
ammeter. With either of these instru- 
ments and Ohm's Law, you can arrive at 
the same conclusions without risking the 
semiconductor. 

These suggestions and recommenda- 
tions are those which the Western Elec- 
tric Company asks its production people 
to take. You'll profit too, by adopting 
them as good shop practices. 

February, 1962 
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LAMP I 

Fig. 1. Accurate light ratios of 1 'o 2 are 
obtained with two matched incandescent lamps. 

Selenium 
Photocell 

Light Meter 
SUN BATTERIES, or more prop- 

erly self -generating selenium or 
silicon photoelectric cells, find 

wide application in the space -satellite 
program because of their property of 
generating useful amounts of electric 
power from the sun's radiant energy. 
The ordinary photographic exposure 
meter, in use for many decades, makes 
use of this property. 

Selenium photoelectric cells are now 
available at moderate cost and many 
technicians and experimenters have 
purchased them for use in various 
photosensitive devices. It is not a diffi- 
cult task to construct and calibrate a 
light meter, using the cell as a source 
of power. Such a light meter was built 
to make comparative measurements of 
light output of cathode -ray tubes used 
in scopes and TV sets. It was also used 
to adjust light levels for microfilming. 

An understanding of some of the gen- 
eral characteristics of the cell will 
enable one to construct, calibrate, and 
successfully operate the light meter. 
The meaning of a few commonly used 
photometric terms has been included 
for the benefit of the reader unfamiliar 
with this field. 

Photometry 

Selenium cells are normally supplied 
with a manufacturer's specification 
stating that the average cell produces 
a given current into a given load 
resistance at a specified number of 
footcandles of illumination. Thus the 
footcandle was chosen as the measure 
of illumination although other suitable 
classifications can be made. 

Light may be regarded as a flow of 
radiant energy or luminous flux. The 
term lumen is a measure of the quantity 
of luminous flux. A point source of light 
of one candlepower will radiate a total 
of 12.56 lumens of flux radially in every 
direction from the light source. The 
candlepower is a measure of the lumi- 
nous intensity of the light source and 
is denoted by the letter P. A 10- candle- 

96 

LAMP 2 

Design of simple light neIor 
und u ralilralion technique 

to allow a wide range of igh1. 

intensities to be measured. 
By A. A. MANGIERI 

CELL 

power light source would radiate a total 
of 125.6 lumens of flux. 

Next, consider a one -candlepower 
light source radiating 12.56 lumens of 
flux and located in the center of a hol- 
low thin -walled sphere of one -foot ra- 
dius. This sphere has a surface area of 
12.56 square feet. Each square foot of 
surface area then receives one lumen 
per square foot. In engineering prac- 
tice. a surface receiving one lumen per 
square foot receives an illumination of 
one footcandle. One footcandle is nu- 
merically equal to one lumen per square 
foot. 

Now, if the sphere is enlarged to a 
radius of ten feet, the inner surface 
still receives the original 12.56 lumens 
cf flux radiating from the one- candle- 
power source. The area of the surface 
is now 1256 square feet or one -hundred 
times greater. Each square foot now 
receives one -hundredth of one lumen 
per square foot or one- hundredth of one 
footcandle of illumination. 

This illustration demonstrates the in- 
verse square law of illumination and is 
given by the relationship I = P /u'. The 
term I is in footcandles, P in candle- 
power, and r is the distance to the light 

source, in feet. The inverse square law 
clearly shows why illumination I falls 
off rapidly as distance is increased. If 
reflectors are used to concentrate the 
light in a given direction or if the light 
does not radiate from a concentrated 
or point -light source, the inverse square 
law is not valid in its present form. 

Selenium Cell Characteristics 

Upon examining an unmounted cell, 
one notes that one surface of the metal 
plate supports a thin layer of active 
selenium. A silvered strip on this layer 
is provided for electrical contact. The 
base itself is the other terminal. The 
output of the cell is fed directly to a sen- 
sitive d.c. microammeter. 

Visible light rays and also ultraviolet 
rays cause the selenium cell to produce 
an output voltage and current. Because 
ultraviolet rays do not aid vision, they 
can be excluded from the cell by means 
of a suitable filter. However, the meter 
will be calibrated by means of light from 
tungsten lamps. The ordinary incandes- 
cent lamp used in the home is quite lack- 
ing in ultraviolet rays. therefore, there 
is no need for a corrective filter except 
in cases where the light source is rich 
in ultraviolet rays. 

Manufacturers' data sheets state that 
the cell output current is linear for 
illumination ranging from 0 to 1000 
footcandles when the load resistance is 
zero ohms. However, because of the 
resistance of the meter, the character- 
istic curve is quite non -linear over such 
a wide range. The internal resistance of 
the cell itself is fairly high at low light 
levels but drops appreciably at high 
light levels. The ratio of load resistance 
to internal cell resistance varies widely 
with light intensity and results in a 
non -linear characteristic curve. 

Each cell is supplied with the manu- 
facturer's rating which states the out- 
put current into a 100 -ohm load at 100 
footcandles. For an International Rect. 
B -5 cell, the output current at these 
conditions is listed as 220 era. This point 
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is plotted on a sheet of graph paper and 
is shown as point "A" in Fig. 2. A 
straight line is drawn through point "A" 
and the origin and is labeled "Curve 1" 
for comparison with actual test data. 

Access to a laboratory light meter 
would solve the problem of calibrating 
this light meter but, unfortunately, such 
a meter was not available, which is the 
situation in most cases. Therefore, the 
manufacturer's data was accepted as 
establishing one known point on the 
curve. 

How do we go about calibrating the 
meter for light levels much above 100 
footcandles? How does the resistance 
of the meter affect the curve? How 
much resistance should be added in 
series or parallel with the meter so that 
full -scale corresponds to a certain num- 
ber of footcandles? The answer to all 
these questions can be found by means 
of the light ratio test to be described. 

Construction & Calibration 
Any suitable arrangement can be 

used to mount the cell. The photos illus- 
trate a B -5 cell mounted between two 
thin pieces of insulation. A hole is cut 
in the upper piece to expose the entire 
active area of the cell. Strips of thin 
copper are arranged to bring out the 
connections to a pair of lugs staked to 
the lower piece. A two- or three -foot 
cord completes the connections to the 
meter. The reader may devise other 
means to suit his taste. Precautions 
must be taken to expose the entire ac- 
tive area and to avoid damaging the 
selenium layer. Contact should be made 
with the silvered strip on the selenium 
and not with the selenium itself. 

A milliammeter rated at 0 -1 ma. is 
satisfactory for use with the B -5 cell 
used. Ordinarily, a meter of this rating 
will have about 55 ohms resistance. This 
resistance, being less than the 100 -ohm 
load specified by the manufacturer, will 
cause the output current at 100 foot- 
candles to increase by about one or two 
per -cent. If the smaller B -2M cell Is 
used, a 200 -,.a. meter is satisfactory. 
Ordinarily, a 200 -µa. meter has about 
350 ohms resistance and will cause 
about a four per -cent reduction in out- 
put current at 100 footcandles. 

If available, use an accurate meter 
with a large scale for more precise read- 
ings. Standard v.o.m. testers are satis- 
factory, but avoid changing the current 
range selected for the tests because each 
current range of the tester presents a 
different load impedance to the cell. 

The meter used in these tests had 
a resistance of 125 ohms on the 0 -1.2 ma. 
current range. If the meter resistance 

Cell is mounted between two pieces of in- 
sulation as shown. Foil contacts are used. 

is unknown, do not attempt to measure 
it with an ohmmeter as the meter may 
be damaged. Instead, proceed as follows. 
Connect a 6 -volt battery, a 100,000 -ohm 
variable resistance set at maximum re- 
sistance, and the meter in series. Reduce 
resistance until meter reads full scale. 
Then, shunt a 400 -ohm rheostat across 
the meter terminals and adjust it to 
obtain a meter reading of one -half scale. 
Next, disconnect the 400 -ohm rheostat 
and measure the adjusted value of the 
rheostat on an ohmmeter. This value 
will be equal to the meter resistance. 

Known ratios of illumination are pro- 
vided by the arrangement shown in Fig. 

Fig. 2. Selenium photocell output vs illumination using International Rectifier's B -5 cell. 
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ILLUMINATION - FOOTCANDLES 

February, 1962 

1. Two incandescent light bulbs of equal 
wattage are mounted side by side by 
means of two sockets screwed to a sup- 
porting base. The base is adjustably 
suspended above a work table, support- 
ing the cell under test. A vertical strip 
of wood nailed to a rafter in the base- 
ment was used along with a C -clamp 
for adjusting the distance between the 
cell and lamps. 

When the lamps are identical in light 
output and the arrangement is sym- 
metrical so that angle a is equal to 
angle J. the meter indication upon en- 
ergizing either lamp alone will be the 
same. Then, upon energizing both lamps, 
the cell receives twice the illumination 
and the meter indication may or may 
not be doubled depending on light levels 
and the cell /meter combination. 

For best results, the test setup should 
be well removed from light- reflecting 
surfaces and the lamp supports painted 
with carbon black. Also, the test should 
be conducted in a darkened room or at 
night. Check the lamps to determine if 
they are matched in light output by 
energizing each in the same light socket 
and noting the meter indication. If you 
happen to have poor voltage regulation 
or low line voltage in your area, add an 
adjustable autotransformer and mon- 
itor the line voltage at the lamp ter- 
minals. 

To obtain point "B" on Curve 2 (Fig. 
2). proceed as follows. First energize 

The cell in its home -made mount. Actual 
cell size is about 1 -7/16" long by about 
%" wide with a photosensitive area of 
just over 3/ sq. in. For c lance a 
manufacturer- mounted cell may be used. 

lamp 1 and adjust the lamp distances 
until the meter indicates the manufac- 
turer's rated output at 100 footcandles. 
Next, de- energize lamp 1 and energize 
lamp 2. If the meter indications are not 
identical, re- position the cell slightly 
until equal readings at the rated output 
at 100 footcandles are obtained for each 
bulb. Then, energize both lamps and the 
resulting meter indication is the cell 
output at 200 footcandles. Point "C" at 
400 footcandles is obtained similarly 
except that the distances are changed 
so that one lamp alone will produce the 
cell output corresponding to point "B." 
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After checking to make sure that 
each lamp, individually, produces an 
output equal to point "B," both are 
again energized simultaneously to pro- 
duce 400 footcandles of illumination at 
the cell, thereby providing data for point 
"C." This procedure can be repeated 
for higher light levels using larger lamps 
if necessary. Use 60- and 100 -watt lamps 
and avoid coming much closer than 10 
or 12 inches from the cell because the 
heat radiated from the lamps may heat 
the cell and introduce error in the meter 
indications. A smooth curve is drawn 
through the points on the graph paper 
and is labeled with the resistance of the 
meter as shown. The curve is used to 
measure light levels and also to set up 
light levels at any point on the curve. 

To determine the effect of added 
series resistance on the shape of the 
curve, set up light levels of known value 
by using Curve 2 and insert the added 
resistance and note the drop in meter 
indication. Curve 3 shows test results 
upon adding a 200 -ohm resistor in series 
with the meter. Obviously, it is possible 
to select a resistance so that the meter 
at full -scale corresponds to a certain 
light level provided that the cell output 
current at the desired light level ex- 
ceeds full -scale in absence of the series 
resistor. Curve 4 shows the effect of 
adding 1000 ohms in series with the 
meter. 

Resistance can be connected in paral- 
lel with the meter to extend the range 
of light measurements. This has the 
effect of lowering the load resistance 
on the cell. Because the parallel path 
of the shunt resistance carries some of 
the cell output current, the graph must 
be labeled as meter indication vereus 
footcandles and not cell output current 
versus footcandles. 

Applications 
Comparison tests of the relative light 

output of cathode -ray tubes used in 
oscilloscopes and TV sets is one useful 
application of this light meter. In mak- 
ing comparative tests. test conditions 
must be identical. The raster size and 
the intensity settings must he the same. 
as should be the electron beam accel- 
erating voltages. 

For TV receivers, set the channel se- 
lector to a blank channel. For oscillo- 
scopes, feed the 60 -cps test signal into 
the vertical axis and set the sweep fre- 
quency to a high value to obtain a 
raster. Adjust the gain controls to ob 
tain a raster just larger than the ex- 
posed area of the cell. This will give a 
higher reading on the meter. Be careful 
to avoid burning the screen of the tube 
by accidentally producing an excessively 
bright dot or raster. If necessary, ex- 
pand the raster or reduce the intensity 
setting. The cell may be taped to the 
face of the tube for convenience during 
tests. For scope tubes, use the position- 
ing controls to shift the small raster 
behind the photocell and maximize the 
meter indication that is obtained. 

Although a reading in footcandles 
taken at the face of the tube is not 
meaningful by itself, it can be compared 
to a reading taken on another tube op- 
erating under similar conditions to de- 

termine relative light outputs. Because 
of the relatively low light levels pro- 
duced by the cathode -ray tube, it is 
necessary to use a 50- or 100 -µa. meter 
and a large cell. Cells may be paralleled 
for higher output at very low light 
levels, but each particular combination 
of meter and cells should be calibrated 
as a unit. 

Measurement of light in photography 
is another application. In microfilming. 
it is essential to provide uniform illumi- 
nation to avoid non- uniform negatives. 
By placing the cell on the copy at each 
corner and at the center, we can adjust 
the lamps to obtain uniform ilumina- 
tion. Then, a test strip of film is exposed 
at various camera settings to determine 
the proper exposure time. The resulting 
data is recorded for future use and as- 
sures positive results when using high - 
contrast copying films. Light levels can 
be measured in any photographic situa- 
tion and the data recorded for future 
use. 

The inverse square law of light previ- 
ously described can be used to calculate 
the candlepower of an incandescent 
lamp. Use a clear glass lamp if avail- 
able and measure the distance to the 
filament of the lamp. From the distance 
r and illumination I, the candlepower 
P can be calculated. Place the photocell 
at least two or three feet from the lamp 
and do not use any reflectors. 

Further applications include the 
measurement of light losses in clear 
and colored glasses and light filters, 
density of negatives, and measurement 
of illumination in living and working 
areas. Thus, the selenium photocell light 
meter is a useful and practical device. 
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IMPROVED 

MICROPHONE CIRCUIT 

By TOM LAMB, KBERV 

Simple modification takes 
the carbon microphone out 
of amplifier bias circuit. 
rpIIE popular carbon microphone cir- 

cuit places the mike directly in the 
cathode of the speech amplifier tube (or 
emitter circuit of a transistor). The re- 
quired mike current is supplied by the 
tube and the circuit is very simple. Un- 
fortunately, the microphone resistance 
is part of the bias circuit. Changes in 
this resistance from different mikes or 
different mike positions can shift the 
stage bias enough to cause considerable 
distortion. 

The microphone may be removed from 
the bias circuit as shown in the sche- 
matic. Returning the grid resistor, R,, 
to the mike, rather than to ground, does 
the trick. The mike is now simply in the 
"B -" lead and does not affect the tube's 
operating point. As long as the grid is 
bypassed to ground by C,, the signal cir- 
cuit is identical to the more common 
circuit. R, prevents the cathode voltage 
from sailing up to the "B +" value 
should the carbon mike circuit be 
opened. The plate and cathode resist- 
ances are taken from the resistance- 
coupled amplifier tables. 

The carbon mike circuit gain may he 
adjusted to match the Hi -Z input. Shunt- 
ing the mike (R.) lowers the gain, while 
increasing the mike current (R.:1 raises 
the gain. 

By employing the circuit shown below for 
the microphone amplifier, the resistance 
of the carbon microphone is removed from 
the bias network of the amplifier tube. 
A high- impedance microphone may still be 
connected to the grid circuit by way of 
the high -Z input mike jack as is shown. 

B+ 

R3 

RI 
I MEG. 

CARBON-MIC 
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For The Independent Serviceman 
Who Wants To Be Truly Independent 

The New Lafayette Associate 
Store Program Offers You 
A Most Unusual Opportunity 
To Own Your Own Business 
If you have a basic knowledge of radio, television or electronics and if you have 
ambitions for true indepe-dence and security, a Lafayette Radio Electronics 
Associate Store can be the beginning of a profitable and respected career. 

Within the past year, Lafayette Radio Electronics began to explore the possi- 
bility of expanding on a nationwide basis. Twenty men such as you (some with 
established stores, some with little or no business experience) were granted 
associate store franchises. They have been given the benefit of Lafayette's many 
years of experience selling stereo kits. citizen band radios, recorders, science 
and electronics kits, tools, components, hobby supplies, television repair equip- 
ment and all the other thngs that make this the fastest -growing industry in the 
country. Today, every one of these men is the owner of a thriving business and 
is well on his way to a b.etter way of life. (A list of these successful associates 
is available on request.) As a result of this success, Lafayette has decided 
to expand the program. We are now looking for a limited number of men who 
are willing to invest at least $10,000 to get the things they've always wanted 
out of life: travel, new home. new car, education for the children, security of their 
own business. For more information on how you can own a profitable busi- 
ness, fill out and mail the coupon below and find out more about Lafayette's. 

Protected Territory Yours will be the only franchised Lafayette Radio Elec- 
tronics Associate Store in your marketing area. This means that when your 
customers want the advertised and branded merchandise supplied by Lafayette, 
they'll come to you. Marketing Direction With the knowledge gained from past 
successes, we will help you set up a complete program, from choosing the right 
location, to designing your store for maximum profits, to setting up your inventory. 
Executive Guidance Our program will help you function effectively in the day to 
day operations of your stcre. We'll show you how to deal with customers, how 
to establish a large, loyal following, how to build public relations. In short, 
Lafayette will show you how to be the kind of responsible executive who is a 
success in business, a leader in the community. Advertising Support Millions 
of dollars have been spent to establish Lafayette Radio Electronics and its fran- 
chised dealers as the primary source for electronics radio and science equip. 
ment. The Lafayette sign in front of your store will indicate to everyone that 
you are associated with a multi -million dollar organization, one of the largest 
of its kind in the world. Furthermore, all -year 'round advertising, public relations 
and promotion campaigns will continue to send customers to your store. Fill 
out and mail this coupon today. This can be the beginning of a new way of life. 

Lafayette Radio Electronics Corporation 

165 -08 Liberty Avenue, Jamaica 33, New York 
Mr. Robert Laub 

Please send me full information on how I can own my own profitable business. 
I understand there is no obligation. 

EW-22 

Ni,G1C_. 

ADDRESS_._ 
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99 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


W90R98083 

"When does my 

subscription 

expire ?" 

This question is often asked 

of us by subscribers to Elec- 

tronics World. You can 

check the expiration date of 

your own subscription by 

reading the code line on the 

mailing label of Electronics 

World as follows : 

W= Electronics World 

!)l) The month and 

year in which your 

subscription 
started -in this 

case, Sept., 1950. 

R980 = (Filing instructions 

for our use only) 

83-The month and 
year in which your 

subscription will 

expire -in this 
case, Aug.. 1963. 

Pulse- Modulation Techniques 
(Continued front Page 53) 

successive cycles) is a synchronization 
or "marker" pulse. As its name implies, 
it marks the beginning of each cycle 
and triggers the receiver for synchron- 
ous operation with the transmitter. 

In practice, in the various pulse - 
modulation systems to be described, the 
marker pulse may be identified by its 
magnitude, its absence (a timed space). 
or its duration. It should be recognized 
that "jitter" of the marker with respect 
to its specifying parameter is critical 
to the operation of the entire system, 
since the coincidence of a burst of noise 
with marker time which distorts that 
parameter has the effect of shifting the 
time -axis for that entire cycle. 

Fig. 3 illustrates one example of sev- 
eral types of pulse -modulation systems 
commonly used. In these systems, a 
periodic sequence of pulses, or pulse - 
train, constitutes the carrier. Its char- 
acteristics are varied, or modulated, by 
the input signal. 

PAM, PDM, and PPM 

In Fig. 3 (and Fig. 6), since the train 
of periodic pulses is modulated by the 
amplitude of the input signal, this sys- 
tem is called pulse-amplitude modula- 
tion (PAM) in the communication field, 
equivalent to the term "sampled -data 
system" in the controls field. In PAM, 
the amplitude of the pulse -train in- 
creases or decreases according to 
whether the input signal is positive or 
negative. 

Another significant technique is the 
use of the input signal to modulate the 
width of successive pulses, called pulse- 
width modulation (PWM), or more 
commonly, pulse -duration modulation 
(PDM), since the "width" of pulses is 
measured on a time scale. In PDM, 
pulse width increases or decreases as 
the signal amplitude varies about its 
zero- reference (i.e., positive or nega- 
tive). See Fig. 6. In a variation of this 
method, the position of the leading edges 
of the pulses is fixed, with all of the 
variation in the widths of the pulses 
taking place by varying the trailing 
edges according to signal variation. The 
earliest recorded patent for a PDM sys- 
tem was apparently issued to R. A. 
Heising in 1924. 

When pulse width and amplitude are 
unaltered, but pulse occurrence is de- 
layed or advanced in time in accordance 
with the input signal, the method is 
called pulse- position modulation 
PPM). PPM was patented by R. D. 

Nell in 1934. 
The individual drawings of Fig. 6 

summarize graphically the three meth- 
ods discussed to this point. Each pre- 
sents an alternate representation for 
a single input channel. 

PAM and PDM are readily repre- 
sented by Fig. 6, but PPM is more diffi- 
cult to visualize. Fig. 7 may be helpful 
due to the "stroboscopic" method of 
presentation. Assume that the sine wave 
appears on Channel 2, Channel 1 being 

idle. Successive traces, termed "frames," 
show 1 cycle each, that is, the time 
axis continues from one frame to the 
next but has been broken off at inter- 
val T to make the dynamic development 
easier. 

It is interesting to examine actual 
practice in the light of the conditions 
stated previously. The Federal Tele- 
phone system uses PPM having the fol- 
lowing specifications. 

a. Twenty -three voice channels are 
transmitted, each described as passing 
frequencies between 100 and 3400 cps. 

b. The sample rate is 8 kc., which is 
greater than 2 x 3.4 kc.: the sample 
interval is thus 1/8 kc. = 125 µsec. 

c. Marker pulses are sent at the start 
of each new time interval, i.e., 23 input 
pulses per marker. 

d. Approximately 5 psec. are available 
per channel (125/24), which includes 
2.7 µsec. guard time and 2 µsec. for 
maximum displacement (maximum 
modulation). 

PPM and PDM systems require 
greater bandwidths than c.w. systems, 
for they depend on accurate location 
of pulse edges. However, the increased 
bandwidth leads to signal -to -noise ratio 
improvement in PPM. As stated earlier, 
the modulated pulses of PPM and PDM, 
being of uniform amplitude, may be 
reshaped periodically during transmis- 
sion to avoid excessive distortion. 

PCM 

Another form of pulse modulation has 
been developed recently, to improve the 
validity of transmission, and this is 
pulse -code modulation (PCM). Sample 
signals are first "quantized," that is, 
determination is made into which one 
of a definite number of discrete ampli- 
tude levels each sample belongs. Each 
quantized sample is then assigned a 
particular code pattern, being uniquely 
related to the magnitude of the sample. 
The coded signal is then transmitted. 
Consisting only of discrete pulses. each 
code pattern is identified when received, 
even though it may have been deformed 
by noise. It is then decoded and caused 
to produce a voltage proportional to the 
original sample signal. By making each 
amplitude -level step sufficiently small, 
the original wave may be approximated 
as closely as desired. 

PCM has two outstanding properties: 
It possesses marked freedom from noise 
and interference and permits relaying 
signals without significant distortion. At 
each regenerative repeater, a new cor- 
rect (and noiseless) code pattern is 
transmitted to the next repeater. 

All the pulse -modulation systems de- 
scribed above are widely used for data 
transmission. It is important that the 
industrial technician be familiar with 
all of these systems and their operating 
characteristics. 
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IDENTIFY YOUR 

COMPONENTS 

By HOWARD S. PYLE 

Insure component duplication 
by labeling the major parts 
in your construction projects. 

You ARE in the process of building 
a piece of hi -fi gear, an item of test 

or measuring equipment, or perhaps a 
harp transmitter or receiver. You mount 
transformers, chokes, and other major 
components in a neat cabinet and come 
up with a .nighty nice looking job which 
performs as well as it looks. You make a 
mental note that the next time you are 
building something requiring similar 
components you'd like to use the same 
brands which worked out so well in the 
present project. Months later von come 
up with an idea involving such compo- 
nents but you can't remember the man- 
ufacturer's name, let alone the part num- 
bers of the items you formerly used and 
want to duplicate. 

There are several ways of avoiding 
this dilemma: you can make a list of all 
such items as you install them -but that 
is almost as bad as "mental notes" for 
when you look for the list, you've prob- 
ably mislaid it. Or, if you make a sche- 
matic of the rig, you can letter this 
information right on the drawing, pro- 
viding you can remember later where 
you put the drawing! It seems odd but 
many of the smaller components like re- 
sistors and capacitors are pretty well 
labeled both with their make and their 
values, while the larger items seldom 
are. 

The author has found that the best 
way to lick this problem is to remove the 
label from the wrapping in which the 
component comes (if you buy it new). 
Cabinets and chassis are generally pack - 
aged in lightweight wrapping paper with 
a prominent label glued on one or both 
ends of the package. Carefully tear out 
the label area from the paper and drop 
it in a pan of water for from 15 to 30 
minutes and it will peel right off. When 
it is dry, glue it right on the part itself; 
the back apron of a chassis, one side or 
the other of a transformer, the bottom of 
the cabinet, etc. Give the whole label a 
coat of clear lacquer after the glue dries 
and you will find that the label will re- 
main intact for a long time. 

With used parts lacking a wrapping. 
print or type such a label with all of the 
information you have on the component 
and attach it in the same manner. 

February, 1962 

IF IT'S ELECTRONIC, GET IT FROM GOODHEART! 
BEST -VALUE ALL -BAND RCVR Hal licrafters /Belmont 8.45 /ARR.7. 

Air Force paid $750.00. Voice. CW 
MCW. SSO KC to 3 MC Cotin. in 
6 bands. National Radio Astronomy 
Lab bought 3. Dartmouths E.E. 
Dept. bought 2. Bob Elmore wrote: 

Truly a sensational receiver. J.P. eroded.: Cant beat it for sensi. 
tivity and electivity. Has 6-se- 
lectivity choice. 3 w - Crystal filter 8 
phase control. Variable CW pitch. 
Voltage'stabiliced $sep +ate 

MVC. 
ose. 

Manual or autom. vernier tuning. 11 

tubes alter we 
c 

eradlat. sup. 
press. Has 2 RF and 2 IF stages at 
455 Me. The 656 Phones output 
drives any spkr when 

a 
tched 

w /51.21 Ir Air Force said Un- 
used, Goodmo. but we have a expert 
radioman go each. realign. by- 
to1 

use. 12Ó 230 
etc. 

. 50íp60 cy pwr 
includes DC for the t. tuning- Max. shop- cost 

179.50 anywhere in U.S. is 
59 50. FOB San Antonio. 
Time Plan: 517.95 down. .03 

NEW LOW PRICE: $14.95 BUYS 

2 -METER RECEIVER & 2/6/10 METER XMTR 

SCR-522 rev, arack rase. exc. cnd. 19 tubes 
include 832Á's. 100 -156 me 
AM. Satisfaction grid. Sold 
at less than the tube cost in 

Bremerton. Wn y or 'ether flloeb 
tuflalo. N.T. Only .$14.0.1 

Add 13.00 for complete 
technleal data group includ. 
di original schematics 8 
arts 

instruct. for 
sti 

AC pwr 
ply. for '` 

r 
continuous 

tumn for 2 -meter 
us.. and for putting /emir on 6 and 10 n,, I. rs. 

NAVY'S MULTIPLE -USE IMPEDANCE BRIDGE 
60007 AC bridge meas- 

ures 
s 

capacity 10 pf to 100 
uf. lytic leakage O to 1. 
2.5. 6 5 ma, insul. resist. 
to 5500 me s. PF to 50.1. 

re ohm 
afrmr turns atio .001 cto 
1000. Built -in 115v. 50160 
cy pwr 'ply. adjust. polar- 
:ring de O to 550 v. Ac. 
curacy grid 5 e or better. 
ach is gone thou by shop: 

resistms replaced a needed 
with 1 e. types. etc.. 8 grid 
100^. OK. W /very educa. 
boreal instruct. book. 5hpg wt 21 11,% so 

$37.50 shipped only by RailEx fob Los Angeles 

NIP 

RADIO RCVR AND /OR SPECTRUM ANALYZER 
AN APR4 revr is the 11 -tube 30 mc IF etc. for its 

n tuning units: has S- meter, 60 Cr pwr sole, 
p col, ' video 8 audio outputs, etc. Pan output Is 

Caeoe 
to feed 30 mc to the R -45 ARR -7. $69.50 ln CMed and aligned. fob Los Angeles 

u -In tuning units for above convert RF to 30 mc: 
TN -I6, 38.94 mc. $25.00. TN -17. 74 -320 me, 
425.00. 71618, 300.1000 $35.00. TN -19. 975- 
2200 mc. $59.50. TN -54. 2175 -4000 mc. $275.00. 
Power Plug for rcvr: $2.00. Tech. Handbook: $7.50. 

MEASUREMENTS CORP. Pulse Generator 
MEAS. CORP. MOD. 79 -B 
PULSE GENERATOR. 60. 
100.000 cy+pulses 12-40 
usecs wet. and + sync 

as Ì et ydlt d oo' Cn pu modulate ex- 
ternal RF s and can 

by a external 
source. sine This is the 

model preceding the cur- 
rent catalog model which 
sells for $495.00. Brand 
new In riginal packinCR with instruction hook. 40 
lbs fob Harris. $69.50 burg. Pa. 

SURPLUS CHOPPER- STABIL. DC AMPLIFIER 
Reeves Instr. self.eontalnea module w/5 tubes and 
Brown Converter. Sophisticated modern eta. Neat. 
compact a nstruetion 8 wiring. Gain is ratio of ex- 
ternal feedback: input resistors. may be over 1000. With cut diagram. instruct. 6 pwr requirement data 
Cost Navy S366.67. cos new $49.50 at less than Converter Cost! fob Los 
AnKeleS. 

WRITE FOR YOUR NEEDS IN Circuit dugs and Hane- 
hooks on rplus electronics: Oscilloscopes; Tuning. 
Fork Oscillators; Geiger Counters 8 Scintillators: 
Radio Transmitters: Standard Signal Generators: 
Brush Inste. Co. 6 Est.Angus Recorders 8 DC Am anllerr; 

SPECIFIC` inquiries. Thanks. rlptive sheets to 

QX -535 IMPROVES RECEIVERS 535% ! 

See Dec. 73' p. 66 Or 
write us for reprint. This 
is long -wave 190.550 be 
rest. BC- 453 -B. a favorite 
for 16 yrs as a O.5'er for 
double -converting any revr 
with I.F. in Its range. 
using 2 stages 85 Mc final 
I.F.. in our own hand- 

s )c 
sfrmr pwr spiv, all controls 8 spkr. 

Rev, is aligned 8 checked. 
Also makes exe. foonda- 
lion for 

c 
Converters using 

I .F. /ob 
noaAe 

o. 
$3.50 

For 
4MeIty0u 

rs 
ESC. tarer. BC453 CHECKED OUT before 
shipping 

fixers. of as -is. Inoperative, í5.9r 
needs troubleshooting. nly . .. 

ch s is included Complete 
tech. dat a regularly 52.00. or 

: 

FREE. 

NAVY LM FREQ. METER, .01% ACCURATE 
CrystalCalibrated every 1000 kc w data to use many 
minor /di checks in between. XII is .005 i or better. 
125.20.000 be 

" 
sable harmonics far beyond. W w 

matching -serial -No. ealib. book, MI. schematic. pwr 
Spry data. Ex& condit. fob Pensacola. Fia....1.49.50 
Same. less the Calif, book. Use as an 
ultra -stable veo. Only $25.00 

TBX RCVR AC PWR SUPPLY, USE FOR LM 
EAO. Navy 20406. Neat. compaCt. portable 115 v 
50 60 cy. Furnishes filtered 135. 90, 0. -3. -6. 6 
-15 V. New. orig. pack w %spares. ckt dwg. line cord. 

32 
output plug. 8 cony. instruct. to get 230.210 v. 

-45 ma, and 6.3 v ac. 1.8 A. 47 lbs $14.95 lob San Diego. only 
For LM pwr: Add $3.00 for LM plug. revised dwg. 
e parts needed for LWs 12 v heater requirement. 

0.1% SORENSEN Line Voltage Regulator 
-50005 recut. against 
load changes O -5 boa 8 
line changes 95 -130 v 
1 ph 50 60 cy; adj. out - 

0.1 e. ` "N rm. lessldthan 
3 e . Recovery .15 
Regularly $695.00 less 
spares. New. parrs 
orig. b. fob`Utic °S. 

CORD 

100025 is same except 
1 kva. 190 -260 vin to 

°s " el e '. $179.50 bLoAng s 
SOLA BARGAINS: All 
standard harm.. 1 ph. le regulation. 2 kva. 
grid 1O e. OK. 95.125 
V. Wash. 60 cy in to 115 v out 0 -17.4 A. lob Wash. DC or 
soon?. Calif. ShPC wt. 250 Ins. 

$79.50 Only 
e 

95-125 
taps or' 190 250 vcy. b Harrisburg try'.. $89.50 

Convert above for 230 v t1 ; output. with new 
2 v 
Westinghouse 

0 ar .. foob Loss Angeles.. Add' Only.` $45.00 

ATTENTION ALL GEOPHYSICISTS! NEW AND 

COMPLETE MAGNETOMETERS AN /ASQ -3! 
Ose. O -3 8 Converter CV -1 In Case CY4; Head with 
rlenters, DT -2: Dynamotor 127 1 DT -6: Control 

C -B: Indicator ID -5. which Is a .5 -O -.S ma de m 
may be parallelled by your own order if desi...t 
and set of intercon. cattle accessmies. For 
info., see June 1961 SCIENTIFIC AMERICAN. Witt, 
180 -page Handbook on adjustments. interton 
deetions. 

etc. In buttes packing, clean 8 fresh 
ay it left the factory. all in 1 wood case. 250 lbs. 

22.5 co ft. suitable for export. Net fob $349.50 
Philadelphia Pa., warehouse 

ag, 
d O 

CQ 
-a 

NAVY'S PRIDE COMMUNICATIONS RECEIVER 
ROS. Stromberg. Carlson's 14 -tube Superhet. 2 to 20 mc Al. A2. A3. Made for est 
possible 24 -hour Communications. Operator's ears prot 

n 
ected by limiter ckt, holds 

3 mw output for inputs s to 100.000 uv. Low -pass filters cut off at 3500 kc. 
Vernier dial has 10 -turn 0.1000 logging Calibrator for each of the 4 bands. Sens. 
tivity 2.5 -4.3 us. Has Noise limit., AVC -MVC. BFO. Pitch, RF 8 AF Gain. I.F. is 
1255 kc so can dounle.convert Into a drug -store radio if you wish. Separate pwr 
Supply contains P -P 6V6 AF amplifier. 600 ohms 20, drives y matched spkr. Com- 
pÌete, ready to plug into 115 v 50/60 cy and use. Esc. Cond., with all cords, AF 
Po plug. 8 reprint of almost the complete Handbook. Checked 8 aligned $99.50 
before shop. FOB Charleston. S.C. or Los Angeles i 

R. E. GOODHEART CO. P. O. BOX 1220 -A BEVERLY 
CALIFORNIA 

S. 

MOVING? 
Make sure you notify our sub- 

scription department about any 
change of address. Be sure to in- 
clude your postal zone number 
as well as both old and new ad- 
dresses. Please allow four weeks' 
time for processing. 

Heel rollics World 
434 South Wabash Avenue 

Chicago 5, Illinois 

/ JUST 

STARTING IN I 

II TV 

\SERVICE'/ 

w Mon you mood us 11 
GET STARTED RIGHT by writing 
for FREE e page catalog illus- 
trating over 30 business forms 
and systems designed- specifi- 
cally for TV -Radio Service. 

ON SALE AT YOUR PARTS JOBBER 

IOelrick PEMicatiss 4311 N. Milwaukee Ckieags 41, III. J 
kneeing "New fen" 

AND VERSATILITY . . . 

sa 
with your HFi, Tape Re- 
corder or Record Ployer. 
Send 10c for Audio Acces- 
sory Catalog A -401 W. 

SWITCHCRAFT, INC. 
5577 N. Elston Ave., Chicago 30, III. 
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r 
11 OLSON STORES 

PLUS MAIL ORDER 

Olson Stores In: J 

r CLEVELAND, OHIO 
6813 Pearl Road 

INGLEWOOD, CALIF. 1 
4642 W. Century Blvd. 

(!tOIson) 

r 

AKRON, OHIO 
69 W. State Street 

r ATLANTA, GA. 
485 Peachtree St. 

7- BUFFALO, N.Y. 
711 Main Street 

CHICAGO, ILL 
4101 N. Milwaukee Ave. 

CCHICAGO, ILL. 
123 N. Western Ave. 

C 

CLEVELAND, OHIO 
2020 Euclid Ave. 

COLUMBUS, OHIO 
142 N. High Street 

MILWAUKEE, WISC.' 
423 W. Michigan 

4 

r PITTSBURGH, PENN.] 
5918 Penn Avenue 

Fill in coupon for a FREE One Year Substrip 
tion to OLSON'S Fantastic Bargain Packed 
Catalog - Unheard . of LOW, LOW WHOLE - 

E PRICES on Brand Name Speakers, 
Changers, Tubes, Tools, HiFi's, Stereo Amps, 
Tuners and other Bargains. 

SAL 

MAIL TO. r 
OLSON ELECTRONICS 

` Olson 629 S. Forge Street 
Akron 8, Ohio 

N1'.'k 

ADORE, 

CITY _ 

102 

-- ZONE_ STATE 

Mac's Electronics Service 
(Continued front page 48) 

his course and then concentrate entirely 
on transistor radio service." 

"Hm- m -m -m, what reasons did you 
give ?" 

"First, this kind of service will require 
a very minimum expenditure of physical 
energy. The heaviest transistor receiver 
won't weigh more than three or four 
pounds. Second, he can start a shop in a 
small, low -rent room. All the receivers 
he will have in his shop can be stored on 
two or three shelves. Miniature replace- 
ment parts could be stored in a very 
small space. The new universal- replace- 
ment -type transistors coming on the 
market will enable him to have a small. 
rapidly moving stock of these instead of 
the shelves and shelves of tubes we have 
to keep on hand to service tube -type 
radios and TV sets. Even his bench need 
not be more than a fourth the size of 
ours." 

"What instruments do you figure he 
will need ?" 

"I suggested he could start with either 
a v.o.m. or v.t.v.m., a signal generator, 
a signal tracer, and a transistor tester. 
That means he won't have to buy a 
scope, sweep generator. tube tester, iso- 
lation transformer. flyback checker. 
color bar generator, and a whole mess 
of other instruments and probes we use 
in our business." 

"Yeah, and he can also get by with a 
lot slimmer service library than we 
can," Mac said thoughtfully. "Our serv- 
ice data includes diagrams of sets going 
back to 1946; but he can start with Re- 
gency's TR -1 that appeared in service 
literature in July 1955, and come up to 
the present. That means a big saving in 
both money invested and room needed 
to store this service literature. In fact. 
if he did not want to subscribe to the 
entire radio and TV service literature 
output -and most of it would be useless 
to him -he probably could manage quite 
well just by buying the Transistor Serv- 
icing Manuals put out annually. He 
would not have quite so up-to- the -min- 
ute service data, but I think he could 
manage quite well until he sort of got 
on his feet." 

"And don't forget he'll not need any 
pick -up and delivery equipment," Bar- 
ney pointed out. "All his business can be 
cash -and -carry. If a customer can't 
bring his radio in or pick it up. he can 
have a taxi do it for him." 

"Even the hand tools needed will be 
few and inexpensive," Mac observed. 
"The soldering iron can be a miniature 
type. No large screwdrivers or heavy - 
duty pliers will be needed. A few small 
wrenches will suffice. He won't need a 
whole quiver full of alignment tools as 
we do." 

"Then you're not mad at me for en- 
couraging competition ?" Barney asked 
hopefully. 

"Of course not! Any time we're in a 
business where we can't afford to scoot 
over a bit and make room for a man who 
needs the work as much as this fellow 

does, we'd better get out of that busi- 
ness. We're human beings first and busi- 
nessmen second. I'm proud of you for 
helping him, and I'll be more than happy 
to give him a hand, too. The more I 
think about it, the more convinced I am 
that transistor radio servicing is a good 
field for people with limited physical 
ability. It's something they should be 
able to do just as well as an able -bodied 
man." 

"Yes, and it is a field that is just 
starting to roll," Barney added as he 
swung a heavy TV chassis from the "in- 
coming bench" over to his work area. "I 
don't think it will be too long until tran- 
sistors will cut the weight of these back- 
breakers to a fraction of what they 
weigh now. When that happens, the fel- 
low who has really learned to work 
with transistors in radios can make a 
smooth transition into TV service -pro- 
viding, of course, he has kept right up 
on his technical reading in the TV field." 

"I'm glad you put in that postscript," 
Mac remarked as he, too, started to 
work. "The technician who neglects his 
technical reading these days is already 
on his way down, whether he knows it 
or not." 

SHORTENING SCREWS 

By GLEN F. STILLWELL 

FREQUENTLY there is need to short- 
en a machine bolt or cupscrew to 

properly fit into a hole. This is ordinarily 
a ted and difficult task because the 
screw ca be clamped securely in the 
vise without marring the threads. Even 
when this is possible, the sawing naay 
leave a jagged end. %1 hen this happens, 
the screw cannot be used until the threads 
are chased" or . lied, 

To overcome this trouble, simply 
thread two s on the screw and use 
then to clamp the screw in the vise. This 
will prevent marring screw head or the 
threads. Cut off the screw at the desired 
point, s h the end with a file and 
the re al of the nuts will "chase" the 
threads for ' diate use. 

"Yes, I'm familiar with your line -I've 
heard it from a dozen different salesmen!" 

ELECTRONICS WORLD 
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Product Test Report 
(Continued froh pave 20) 

indicator lomps for the v.t.v.m. These lamp 
operate in conjunction with the range switch. 
Instead of having to study the scales and decid- 
ing which one to read when you change ranges, 
all you need do is to look for the lighted arrow 
to show you instantly which scale is to be used. 
Still another feature is the pair of convenience 
outlets connected right across the meter's line 
cord so that you can plug in a soldering iron 
or a TV set. Finally, the compact, easy -to -carry 
metal case, with some useful servicing data 
printed inside the cover, makes it extremely con- 
venient to take the combination meter from one 
job to another. 

In order to see just how good the SM112 really 
is, we checked it against a laboratory a.c. 
v.t.v.m. and a couple of lab -type v.o.m.'s. We 
took measurements on all the voltage ranges 
for both v.t.v.m. and v.o.m. opration. We found 
that all d.c. v.t.v.m. readings fell between ex- 
actly the correct values and 1.3% (of full -scale) 
high, with most of the readings being high by 
only a small fraction of 1%. All d.c. v.o.m. 
readings were between .5% and 2.6% (of full - 

scale) high, with most of the readings around 
+1%. All these figures are well within the 

3% accuracy claimed by the manufacturer, 
with most of the v.t.v.m. readings being espe- 
cially close. 

We next checked the a.c. scales. All a.c. 
v.t.v.m. readings were between -1% and +3% 
of full -scale, with most of the readings around 
+1%. All a.c. v.o.m. readings were between 
-.6% and 3 %, with most of the readings a 

little over +1% of full scale. These figures too 
were within the ' 5% accuracy claimed. The 
results obtained on a.c. were all the more re- 
markable when it is considered that no special 
a.c. scales are used on the v.t.v.m. What is more, 
although most of our a.c. measurements were 
taken around 60 cps, we did take some checks 
as high as 100 kc. and all readings that we ob- 
tained were well within the figures indicated 
above. 

To summarize, the Sencore SM112 is not only 
a very versatile, convenient, and useful addition 
to the service bench, but its accuracy of reading 
puts it well in the forefront of multipurpose serv- 
ice -type meters. The instrument sells for 569.95. 

E.W. 

If you are ever stuck for a convenient hous- 
ing for your custom hi -fi amplifier, Glen F. 

Stillwell suggests using a small size card 
index drawer. They are available at nominal 
cost at many variety stores or can often be 
obtained from office salvage suppliers for 
less than a dollar. Such a case will accomo- 
date many amplifiers and thus put the unit 
in an accessible housing which can be moun- 
ted in a wide variety of different ways. 

SEND THE HANDY COU- 
PON INDICATING YOUR 
NEEDS 

ROHN 
Manufacturing 

Company 
BOX 2000 

PEORIA, ILLINOIS 

iLI l 
Tape Recorder /Blank /Precorded Tope Catalog 

SAXITONE TAPE SALES 
(Div. of Cammi.vionrd Electrniirs Co.. Inc.) 

1776 Columbia Road Washington, D.C. 

ROHN 

The most Tamoul Name in 

TOWERS of ALL ONO& 
Here are the advantages you get 
when you insist on ROHN TOWERS 

LARGEST FULL RANGE OF TOWERS -you can get any- 
thing from home TV and amateur radio towers to 
heavy -duty communication and micro -wave towers. 
Included sire 170 foot self- supporting towers, 1,000 
foot guyed towers, and "fold- over" towers. Regard- 
less of our needs, ROHN can supply it. 
UNQUESTIONED LEADERSHIP IN DESIGN AND MANU- 
FACTURE -you get the latest in advanced tower engi- 
neering. All communication towers are engineered 
to EIA specifications, and are proved by thousands 
of installations. No other manufacturer can surpass 
the quality and line reputation of ROHN. 
DUALITY MATERIALS AND WORKMANSHIP -Only high - 
est quality steel is used which full' meets the speci- 
fications for the job. ROHN towers are hot -dipped 
galvanized after fabrication -a feature ROHN pio- 
netred' 

SERVICE WHEREVER YOU WANT IT -HOHN represent- 
atives are world -wide. Complete erection service for 
communication systems, broadcasting. micro -wave, 
and other needs is available; also competent engi- 
neering service to heIp you. 

Settle for the BEST in TOWERS-ROHN-today the 
world's largest, exclusive manufacturer of towers of 
all kinds! 

For saur nerds. contract your !oral ll(1l fN salesman, 
dish', butor or dealer; or write din -c't fur information. 

ROHN Manufacturing Company 
Boo 2000 
Peoria, Illinois 
Send me complete literature on the following ROHN Products: 

Home TV Towers Amateur Towers 
Communication Towers AM FM Broadcasting Towers 
Micro -Ware Towers Government 

Name 

Firm 

Address 

City State 

Save 30 °o on 4 -track GET 
Stereo Music on Tape! INTO 
Empty 3 in. plastic reels 7r ea. 

BARGAIN PRICES! 
SEND FOR OUR FREE 

DOWN TO EARTH 

February, 1962 

Everyone's going for Audion's 
"Down to Earth" Hi -Fi Values. 

Write for free catalog. 

áudivn ROSLYN,ftLO.RTNEWYORK 

J 

ELECTRONICS 
V.T.I. training leads to suer c- 
as technicians. field engineers, 
specialists in communications, 
guided missiles, computers, 
radar and automation. Basic & 
advanced courses in theory & 
laboratory. Electronic Engi- 
neering Technology an ECPD 

ëaccredited 
Technical Institute 

urriculum. Assoc. degree in 
29 mos. B.S. also obtainable. 
G.I. approved. Graduates in all 
branches of electronics with 
major companies. Start Feb., 
Sept. Dorms, campus. High 
school graduate or equivalent. 
Catalog. 

VALPARAISO TECHNICAL INSTITUTE 
Dept. RD, Valparaiso, Indiana 
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LIGHT -BULB 
VOLUME EXPANDER 

By GIL ARROYO / Hughes Aircraft Co. 

Complete analysis and design of a simple bridge circuit 
that will increase the dynamic range of a hi -fi system. 

EDITOR'S NOTE: The idea of using the chancing 
resistance of a light bulb in a volume- expander 
circuit is not new. We have run articles in the 
past showing various circuit arrangements that 
can be used. However. the article below is a 
fairly comprehensive study by our author, and 
we felt that our readers would be interested in 
it. Because of the thermal lag of the bulb 
filaments, there may he objectionably long at- 
tack times and "overhang" with this circuit, 
particularly if it is adjusted to gire max 
expansion. Also, the expansion will change 
at different listening levels. However, the cir- 
cuit is simple to build, uses a handful of tnex- 
pensive ports. and is rail to try. 

urne expander is required. Investigation 
of various expansion circuits, some in- 
volving considerable complexity, re- 
vealed that the use of some of the cir- 
cuits resulted in an increase of the 
intermodulation distortion effects. 

It was decided to build a simple cir- 
cuit (Fig. 1) using the changing resist- 
ance of two ordinary miniature lamp 
bulbs in order to bring about expansion. 

AMP P4 
OUTPUT 

Fig. 1. Basic bridge circuit used. 

SOME TIME ago the writer came 
to the conclusion that record 
and tape recordings did not seem 

to have the same dynamic range that is 
heard in live performances. This is be- 
cause of the volume compression that is 
usually employed when a record is made 
or when a program is broadcast over 
the air. To compensate for this, a vol- 
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L 

PLI, PL2- SELECTED LAMPS 
R3, R4- 0 -IOlL , 5W. (MINI ADJ 

SPKR- 8.1611. 

Fig. 3. Circuit diagram of unit which per- 
mits fixed and variable volume expansion. 

J 
RI,R2-0-IO1L , 2W. (MIN.) 

SI- 4P31 SWITCH 

Fig. 2. Amount of expansion for various resistance values. 
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-9 511 

2 3 4 

VOLTS APPLIED TO LOAD 

5 6 

This circuit is connected between the 
output of the power amplifier and the 
loudspeaker as shown. At low -level pas- 
sages of music, the resistance of the 
lamps is low, the bridge is almost bal- 
anced, and there is very little output to 
the speaker. During high -level passages, 
the lamps light, their resistance in- 
creases, and the bridge becomes unbal- 
anced. This increases the output to the 
speaker much more than it would ordi- 
narily. Expansion of dynamic level has 
occurred. Fig. 5 shows the resistance 
characteristic of a tt44 panel lamp bulb 
(6 -8 volts at .25 amp.) at various values 
of applied voltage. Note the increasing 
slope at the lower voltage end. It is 
this low- voltage characteristic that is 
responsible for the increasing attenua- 
tion of quiet music passages and finally 
residual noise. 

Several circuit configurations were 
tried, but none of them had the over -all 
simplicity, flexibility, and low distortion 
capability of the circuit adopted. See 
Fig. 3. A four -pole, triple -throw switch 
(Allied 34B357 or equivalent) is used in 
the circuit in order to bypass the ex- 
pander or to provide a choice of adjust- 
able tapped resistors for a fixed expan- 
sion ratio or a pair of rheostats for 
varying the expansion for a particular 
type and level of music at the moment. 
The rheostats should be adjusted to 
equal resistance values. 

Fig. 4. Range of values of the circuit's input resistance IRS 

for various amounts of bridge and lamp resistance when a loud 
speaker load with an ave age impedance of 12 ohms is utilized. 

10 

5 

III 
RI R4-5.0f1 

RI, R4=2.71L 

RI,R4 .1.2 

R 

00 

R5-(SPKR)=I2 A IIIIIIIII 
10 IS 20 25 

R2, R3 -OHMS (REPRESENTING LAMPS) 

ELECTRONICS WORLD 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


30 

40 LAMP 

ó 2 4 6 e 
VOLTS 

Fig. 5. Resistance at various voltages 
of the panel lamps used by the author. 

Expansion range for any given ampli- 
fier is determined by the setting of the 
adjustable resistors or rheostats in the 
circuit and the pilot -lamp selection. 
Lamps that might be tried are : #55, 
#44, #1891, #50, #40, and #47, in order 
of decreasing sensitivity. 

A Heathkit W5M (25 -watt amplifier) 
was used in the initial tests. The #44 
pilot lamps were found to be ideal for 
the operating range of the amplifier at 
the listening levels desired. In later 
tests, a Heathkit W7A (55 -watt ampli- 
fier) was used with #1891 lamps and 
equally satisfying results were obtained. 

Expansion ratios obtained are shown 
in Fig. 2 (as measured in the W5M, #44 
lamp set -up). As can be seen, the ex- 
pansion ratio increases with increasing 
rheostat resistance. The curves are 
based on a "nominal" listening level of 
one volt (r.m.s.) applied to the speaker 
terminals. It will be noted that the 
curve of expansion tends to flatten as 
the power to the speaker increases. The 
flattening is due to the decreasing re- 
sistance to voltage slope of the lamps in 
the circuit. On the low- voltage end, it 
will be noted that considerable range of 
listening expansion is achieved by the 
bridge circuit. It will be found that at 
normal listening, expansion will aver- 
age 6 to 8 db and that an additional 10 

INC 

INC 

Fig. 6. Rise and decay times at two values 
of input. An 8-ohm speaker was used as the 
load and the bridge resistors were 5 ohms 
each. Type =44 miniature lamps were used. 

360 mSEC. 

UP STEP 25 05EC. -.6.- 

DO WM STEP 

UP STEP 

I.BV 

-q 14-- 200msEC. --1 - 2oomsEe. 

3.4V.(PEAK TO PEAK) 

February, 1962 

sv 

db or more attenuation occurs at the 
residual noise level. (The negative num- 
bers on the db scale refer to levels be- 
low the "nominal" level.) 

Distortion levels were checked before 
and after the expander installation and 
the distortion increases were small and 
probably all attributable to the unavoid- 
able impedance mismatch generated by 
this type of circuit. 

Fig. 4 shows the input resistance for 
various lamp and bridge -arm resist- 
ances. With an average speaker imped- 
ance of 12 ohms, the input resistance 
(R,) is in the 5 -10 ohm range. It is sug- 
gested that the 4 -ohm amplifier tap be 
used with 8 -ohm speakers. The resist- 
ance relationships are not critical and 
individual choice of damping factor, 
amplifiers, expander lamps, and resistor 
values will determine the best match. 
The reader is urged to experiment. 

Fig. 6 shows the attack and decay 
times for two voltage levels in response 
to step changes (as seen on a scope). It 
will be noted that the attack and decay 
times are longer at the lower listening 
levels. This characteristic tends to pro- 
duce a more even listening level. 

Set -Up Procedure 

Connect the expander circuit with a 
pair of #44 lamps installed between the 
speaker and the amplifier output. Use 
one -half the usual driving impedance 
tap (i.e., 8 -ohm output tap for 16 -ohm 
speaker). Put the selector switch in the 
"Bypass" position. Set the variable re- 
sistors to mid -range (about 4 to 5 ohms 
each). Care should be exercised to 
avoid burning out the lamps while set- 
ting up. 

Establish a normal listening level 
using music containing short passages 
of soft and loud material. It should be 
emphasized that the device should not 
be used for background music. It oper- 
ates best in the normal listening range. 
When the listening level is established. 
switch in the rheostats ( "Var" position 
of switch). Then re- establish normal 
listening level using the amplifier vol- 
ume control. The soft passages should 
be quite noticeably quieter and the loud 
passages louder than before. When the 
music stops, there should be no audible 
noise. If the music seems to undulate os- 
if the soft passages are inaudible, try 
setting the resistance arms to lower 
values. This will reduce the expansion 
range. If a lower setting is satisfactory. 
then the next lower amplifier output 
tap should be tried for optimum power 
transfer. 

If the full range of the rheostats does 
not produce the desired effect, try using 
a pair of #55 lamps for more, and #1891 
lamps for less "sensitivity" before using 
different rheostat values. 

Once the average expansion charac- 
teristics are established, the tapped ad- 
justable resistors ( "Fixed" position of 
switch) may be set to the rheostat val- 
ues; the rheostats are then used for the 
custom setting of particular music lev- 
els or types of music. 

The device as described is for a single 
channel. A companion unit should be 
constructed for use with stereo or dual - 
channel sound systems. 

YOU 
SAVE 
MONEY! 

RUSH US YOUR 

LIST OF HI -FI 
COMPONENTS 
FOR A SPECIAL 
QUOTATION 
WRITE FOR FREE 

AUDIO DISCOUNT 

CATALOG A -15 

New low prices on amplifiers, tun- 

ers, tape recorders, speakers, etc. 

KEY 
ELECTRONICS CO. 
120 LIBERTY STREET 
NEW YORK 6, N.Y. 

If you've recently changed your ad- 
dress, or plan to in the near future, be 
sure to notify us at once. We'll make 
the necessary changes on your mailing 
plate, and see to it that your subscrip- 
tion continues without interruption. 
Right now - print the information re- 
quested in the spaces below and mail 

it to: ELECTRONICS WORLD, 434 So. 

Wabash Ave., Chicago 5, Illinois. 

Name Please PRl \ 
*Account No. 

Old Address 

City State 

New Address 

City Zone State 

Mail copies to new address starting 
with_ issue, 

*(Your Account Number appears 
directly above your name on the 
mailing label.) 
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TEST EQUIPMENT SPECIALS 
13C421 FREQUENCY M : 1t05.20,0u0 

Kr. 
111.178, U 

Excel. 74'50 
FREQUENCY METER: 85.1000 

S 

Mr. Excel. ...... 195.00 

AM 2ARN.S BENCH TEST OMOCK UP:utiranti. 
99.50 
99.50 

BB 8881 BBB - BBB Bep 8881 - 8881 8891 BBB 

EXPORT -IMPORT EXTRAS! 
BC -640 VHF AM RADIO ITTER 

11,11.1 514 Me. SU W. Output. Excellent. 
SIke71:11 .. ..................... $249.50 

TED UHF AM RADIO MITTER: 1.5 M. . 

kí",111 225.11o1 Mt'. Excellent condition. 
5299.00 

TA 182' U TELEPHONE CONVERTER: \en'. 

BC.669'IMARINE TRANSCEIVER: 511 W..Ayj$150.00 
output. E t'el, 5 89.50 

BC -375 100 W. TRANSMITTER 
Ideal for domestic use. well as export marine 
and mobile, `'re..: 1110.12.5"" 5e. with propel 
timing í air. 1 v .kr Sibs'. Excellent $14.95 
PE73 DYNgn10TOR FOR ABOVEi Innut _1 11 e 

I.ul Ire, 1k mil.. \ \''littering hase. L.95 

UNITS: 

ok 
-x751. I. $1.95 

TUNING UNITS: cor OC -375 Each $1.95 
NM MD MI MI 

T.170 MIKE, 1, r l and terrific. 17.00 
HS -33 HEADSET: This r. the íI.1 r li.r \, ty 5.50 

PN -12B POWER SUPPLY 
P -O BC640 230 V. 60 cps. Ta 

new 51. 1.tn ;12(50 MN 
' 

\ PC secondary. Co . 

A h,. t 11 I 1 

ID- 6 /APN -4 LORAN INDICATOR 
\1:ík5. Ideal I:kl, .cln with slight - Con- 
tains 28 popular tubes! 10n'j¡t'. ttIu'11 ;9.95 
SInt'h CUT. Excel. I. nenneed to only 

ORDER 10 FOR $75.00 

TUBES! ALL NEW & GUARANTEED! 
2C39WA 512.95 250TH $22.50 
4.GSA 9.95 100TH 9.95 
4x150A 9.95 8000 9.95 
4 -250A 22.50 8298 .95 
4.400A 24.50 832A 3.95 
1000A 75.00 6457G 1.50 

COMMAND RECEIVER SPECIALS 
R28 ARC-5 2 METER & AIRCRAFT RECVR.: 
In1k.151i .11'. Ilt: I n IMO $22.50 

1.5.3 Me: IThln5Re7yr 
Excellent 

1 rand 
,í,nd. . 

Only 19.95 
3.6 Mc.: Excellent r n.1. txceli.nNI 7.95 
6-9 Me.: Excellent .. 7.95 

TDQ 50 W. AM TRANSMITTER 
Fon 2 MFTRIIS: 
IiF 

9, 
and oll « 

, 

r _ 

8211 115 V 
210 `(i \ 

nec5 , 
Good S n at $95.00 

BRAND NEW $175.00 

COLLINS MBF TRANSCEIVER 

O. 

eq.60 8 0Mc. " utAN!. aae,e 
Sc f 

contained speaker : 
ulltl :":' r1r .nnol>. I1 nrr ten to $49.95 lo n1md .. Excel. tí 

All Oder.. F1111 I.n. Angele.. '25,i, denn. it 
t 

- 
r !red m . All Ite. . t irr sale. 
MINIMUM ORDER $3.00 WRITE TO DEPT. p. 

COLUMBIA ELECTRONICS 
4365 WEST PICO BLVD LOS ANGELES 19, CALIF. 

SAY YOU SAW IT IN 

I:Ieclronic$s 11orId 

The Battery That's Used in 
Guided Missiles Now Released 

as Government Surplus 
For Photography, Aircraft, Models, 
Searchlights, Radios, etc. 

95.0. 
Postpaid 

Sintered.Plate Nickel- Cadmium alkaline 
storage batteries designed for NINE 
Missile and now surplus due to design 

no known 
iimitgof service lover 0 e 5000 recharges on 
test without loss of Capacity,. Other lea - 

litVirtually thtas C LevC hok G1 ghwih. itsnd l ay oc and 
vibration. Flat voltage curve during dis- 
charge retains charge year , high 
tlill. fno 

corrosive 
rros 

P fumes fa harsmo 'lothing 
or equipment. spill-proof truCtiOn. 
dscarge In any position. indefinite $tor. 
age without deterioration. operates In 
temperatures 

ll is pprx. ampere F* 0° houcapacity. 
Nominal voltage per cell is 1.2 volts. 
IA 6 V. battery requires 5 cells.) Celi 
Hie 

Uses PotassiumHyaroxide ''x 1 30 ; a I 

electrolyte. Negligible loss during lifes 
time service. Add osr, taye. A faction of Government 
cos. 

Used Test Cells 51.95 ea. Postpaid 
Brand New Cells 2.95 ea. Postpaid 
6 AMPERE HOUR CELLS size 4'7" H. x re" W. x 
Sa,. T. Used test tells $2.95. New cells $3.95 ea. 

Al. cells guaranteed to your satisfaction 
or money refunded (less postage). 

ESSE RADIO COMPANY Dept. EW 

42 W. South Street Indianapolis 25, Indiana 
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"ROD, BAR AND WIRE" by Kaiser Techni- 
cal Publications Dept. Published by Kai- 
ser Aluminu,n & Chemical Sales, Inc.. 
Oakland, California. 364 pages. Price 
$7.50 

This is a revised product information 
book designed to meet the increasing 
need for current data applicable to the 
rapidly expanding metal -working field 
where aluminum rod, bar, and wire are 
used. 

In addition to new alloy descriptions 
and product availabilities, the book pre- 
sents specific characteristics about 
standard alloys. It also discusses in de- 
tail advanced fabrication techniques de- 
veloped for a broad range of develop- 
ment work. 

Technical information covers metal 
working methods, welding, mechanical 
joining and finishing. Engineering 
tables, designed to simplify and speed 
reference work, are listed in a classified 
index for ready accessibility. 

a * * 

"INTRODUCTION TO FEEDBACK SYSTEMS" 
by L. Dale Harris. Published by John 
Wiley & Sons, Inc.. New York. 360 
pages. Price $10.50. 

This volume has been prepared with 
the undergraduate student of science 
and engineering in mind and is designed 
to help correlate the aspects of feedback 
in electronics and control systems into 
a common approach. 

With this thought in mind. the author 
has devoted a chapter to laying a com- 
mon background of feedback ideas. He 
then takes up mathematics and physical 
systems, root- locus, response of feed- 
back systems, feedback and pole -zero 
configuration. feedback in amplifiers, 
feedback control systems, sinusoidal 
methods of analysis, oscillating systems, 
LaPlace transform, roots of higher-or- 
der equations by root -locus, transfer 
functions of physical systems, and real 
axis departures of root -locus branches. 

A facility in handling mathematical 
procedures is requisite for the user of 
this text. 

a * * 

"ABC'S OF ULTRASONICS" by Alan An- 
drews. Published by Howard W. Sams & 
Co., Inc., Indianapolis. 94 pages. Price 
$1.95. Soft cover. 

The science of ultrasonics has cap- 
tured the imagination of the layman and 
engineer alike and questions regarding 
its application come thick and fast. This 
volume is designed to introduce the 
reader to the basic operating principles, 
the terminology, and applications such 
as cleaning, degreasing, thickness and 
distance measurement, testing, machin- 
ing, welding, and soldering. Medical 
uses are touched on briefly. 

Descriptions and photographs of spe- 
cific commercial equipment for the 
various applications have been included 
which helps to make this a "buyer's 
guide" as well as an interesting and in- 
formative text. 

a a a 

"AMPLIFIER CIRCUITS" by Thomas M. 
Adams. Published by Howard W. Sams 
& Co., Inc., Indianapolis. 133 pages. 
Price $2.95. 

This is the second volume in this pub- 
lisher's "Basic Electronics Series" which 
features dynamic circuit diagrams in 
four colors to demonstrate circuit oper- 
ation. 

The text is divided into seven chap- 
ters covering basic vacuum -tube actions, 
RC- coupled and transformer- coupled 
a.f. voltage amplifiers, audio- frequency 
power amplifiers, audio phase- inversion 
circuits. and impedance -coupled and 
transformer- coupled r.f. voltage ampli- 
fiers. 

The author has presented his material 
at a basic level with the requisite ex- 
planatory data provided as required, 
making it a self- contained volume on 
the subject of basic amplifiers. 

r , 

"TEACH -R- MATIC" compiled and published 
by Harry G. Cisin, Publisher, Amagan- 
sett, N.Y. Price $4.90. Soft cover book 
plus chart. 

This is a basic teaching aide rather 
than a specific book in that the tech- 
nique involved is applicable to various 
subjects and courses. Each workbook 
accompanying the multiple- choice chart 
Ilike a large circular slide -rule) in- 
cludes special cards to be inserted into 
either the true or false slots of the 
chart. 

The Study Course No. TV1 covers the 
diagnoses of TV and radio faults. The 
system can he used either for mastering 
original material or reviewing pre- 
viously learned material before exam- 
inations. 

a a 

"UNDERSTANDING DIGITAL COMPUTERS" 
by Paul Siegel. Published by John Wiley 
& Sons, Inc., New York. 393 pages. Price 
$8.50. 

This is a basic text covering the fun- 
damentals of operating digital comput- 
ers and data processors, with special 
emphasis on the practical aspects of the 
subject. From the introductory chapter 
in which the author explores the ques- 
tion as to what is a digital computer to 
the final chapter when he carefully de- 
tails the operation of a specimen com- 
puter, he has stressed usability in his 
material. The text is clearly written, 
well illustrated, and each chapter car- 
ries with it a special summary. 

ELECTRONICS WORLD 
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Even those studying on their own should be able to derive 
much valuable practical material from this exposition. 

"AUTO RADIO MANUAL" by Sams Staff. Published by Howard 
W. Sams d Co.. Inc., Indianapolis. 160 pages. Price $2.95. 
Soft cover. 

This is Volume 13 in the auto -radio service data series and 
covers 50 models used in late model cars including sets by 
Automatic, Blaupunkt, Buick, Chevrolet, GMC, Kur- rrrann- 
Ghia, Mercury, Mopar, Motorola, Oldsmobile. Pontiac, Ri rep- 
side, Studebaker, and Volkswagen. 

Like previous manuals in the series, the volume includes 
standard notation schematics, resistance charts, chassis 
photos, parts lists and replacement data, alignment informa- 
tion, push- button adjustments, plus time -saving service 
hints. 

a c c 

"TRANSIENT CIRCUIT ANALYSIS" by Y. H. Ku. Published by 
D. Van Nostrand Company. Inc., Princeton, N. J. 432 pages. 

7 Price $13.00. 
This text has been prepared for graduate engineering stu- 

dents and covers the subject from the combined Fourier - 
transform and Laplace- transform approach. The material is 
presented progressively and is based on the author's course 
at the University of Pennsylvania's Moore School of Elec- 
trical Engineering. 

There are eleven chapters and four appendices, including 
a table of Laplace and Fourier transforms. Since the treat- 
ment is exclusively mathematical, those without a thorough 
grounding in complex variables, Fourier series, integral, 
transform, functions of complex variables, etc. are put on 
notice that this volume is not for them. 

* o * 

"SYSTEMS: RESEARCH AND DESIGN" edited by Donald P. Eck- 
man. Published by John Wiley d Sons. Inc., New York. 308 
pages. Price $8.50. 

This volume comprises the proceedings of the first Systems 
Symposium held at Case Institute of Technology in Cleve- 
land under the sponsorship of the Systems Research Center 
of the Institute. 

Fourteen papers have been assembled and edited by Dr. 
Eckman, director of the Systems Research Center. This vol- 
ume covers a wide range of problems and approaches to their 
solution by means of "systems engineering." 

Those involved in this burgeoning technology will find this 
compilation a gold mine of basic thought on the subject. 

* 

"SERVICING TV REMOTE CONTROLS" by Samuel L. Marshall. 
Published by Howard W. Sams d Co., Inc., Indianapolis. 151 
pages. Price $2.95. Soft cover. 

Since the "age of the push- button" has hit TV set makers, 
service technicians are called upon to handle a wide variety 
of remote -control devices -most of which are relatively un- 
familiar, if not a complete mystery. 

This volume covers the principles of operation and servic- 
ing techniques for all types of transmitters, receivers, and 
relay- and motor- control systems. Whole chapters are de- 
voted to Sylvania, Zenith. Packard -Bell, and General Electric 
systems. 

* n a 

"GENERAL CLASS AMATEUR LICENSE HANDBOOK" by Howard S. 
Pyle, W7OE. Published by Howard W. Sams d Co., Inc., In- ? dianapolis. 126 pages. Price $2.50. Soft cover. 

This handy manual by a real "Old Timer" provides not only 
basic theory, but complete information and typical questions 
and answers needed by the Novice or those studying for the 
Technician, Conditional, or General class amateur tickets. 

The text is divided into ten chapters which present the 
material progressively for self- instruction and home study. 

a r. o 

"MOST- OFTEN -NEEDED 1940 RADIO DIAGRAMS AND SERVICING 
INFORMATION." Compiled by M. N. Beitman. Published by 
Supreme Publications, Highland Park, Ill. 208 pages. Price 
$2.50. Soft cover. 

It seems incredible in this day of "conspicuous consump- 
tion" that there are still 1940 radios around to be serviced 
but evidently there are enough of them to justify this publi- 
cation. The sets of almost 50 makers are included, along with 
schematics, parts lists and service notes. 

actual size 

New 
Stethotracer 
$2s.sso... ERS ... 
The instrument for every electronic sig- 
nal tracing need in your vest pocket. 
Locates defective circuit fast! 

The pen -size, transistorized STETHOTRACER locates hum, 
oscillations, ground loop, breaks in printed circuit boards 
and other common trouble shooting ailments in seconds! 
This dependable, top quality instrument detects and de- 
modulates any low level microwatt audio or modulated radio 
frequency signal ...the signal is then amplified 1,000 times 
into a high quality earphone, or observed on a scope, using 
a plug -in scope adaptor (available optionally). 

Ideal for test and trouble shooting all types of radio, 
amplifiers, phonographs, magnetic tape recorders, dictating 
machines, hearing aids, and phono pickup cartridges, or used 
as a preamplifier. 

Complete with earphone, cord, 4 interchangeable attenuator 
probes and R. F. detector -demodulator crystal diode probe, 
ground clip lead and battery. 

Accessory probes (available optionally) include Vibration 
Pickup Probe, Miniature Microphone Probe, Magnetic Tape 
Head Probe, Microwave Demodulator Probe and Telephone 
Pickup Induction Probe. 

Ask also about the famous MOSQUITO, the new vest pocket size signal 
injector -a signal source for every application! $9.95 dealers' net. 

See your local distributor or write for details to: 

13on Bosco 
ELECTRONICS INC. 
Littell Road Hanover, N. J. TUcker 7.5575 

A Subsidiary of Howell Electric Motors Company 
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ACCURATE V.O.M. 
RESISTANCE MEASUREMENT 

By TOM JASKI 

Although ohms scales on commercial v.o.m.'s are not always reliable, 
voltage and current functions can be used for precise measurement. 

MUCH HAS been said about the 
inaccuracy of the ohms scales 
on most voltohmmeters (see 

"Is Your Multimeter Accurate ?" page 
32, February 1961), and justifiably so. 
Not only is initial precision open to 
much question, but long -term reliabil- 
ity is also suspect. As the internal bat- 
tery used for resistance measurement 
ages, voltage distribution through the 
divider of which the external resistor 
becomes an effective part changes. Thus 
a calibration made at any given time 
may not be valid at some later date, 
when battery condition or the battery 
itself is different. 

The technician may often have good 
reason for wanting to take a depend- 

current from the source. Unless a well 
regulated supply is used, the additional 
loading will cause voltage to shift from 
what it was in the first measurement. 
Even with excellent regulation, actual 
voltage across the unknown resistor will 
not be the same in both steps, because 
of the drop across the meter's resistance 
during the first step ( current measure- 
ment ). Thus the variations in both I and 
E will combine to throw the calculation 
off. 

We have assumed the absence of 
auxiliary, precision equipment. Can a 
more accurate reading be obtained? 
Again the answer is yes. All that is 
needed in addition to the meter itself 
is a voltage source and a few resistors. 

of known value IFig. 1B) and note the 
new reading. Suppose this is 30 na., 
whereas the full -scale reading was 50 
pa. This means the added shunt is draw- 
ing 20 µa. approximately (since total 
current drawn has changed very slightly 
from 50 µa., which is not important). 
Since the ohmic value of two parallel 
resistors is inversely proportional to the 
currents through each, we now know 
that meter resistance is % the value of 
the known resistor. 

We are now ready for "the method," 
which can be performed in either of two 
ways, depending on the approximate 
value (ordinary ohmmeter check) of the 
resistor we want to know precisely. For 
low values, we use the first variation. 

llllll 
IOV.(APPROx.) 200K -rl ll llll+_ -rl llllll+, 

(A) (B) 

Fig. 1. Approximate internal resistance 
can be determined in two, quick steps. 

(A) (B) 

Fig. 2. Arrangement for the two readings 
needed to calculate low -value resistance. 

RE 

(A) (8) 

Fig. 3. Arrangement for the two readings 
needed to calculate high -value resistance. 

able and accurate resistance reading, al- 
though he does not have access to a 
bridge or other precise instruments. Can 
he do it with a v.o.m.? Yes, he can. The 
most obvious way is to apply power 
across the resistor to be measured, take 
a reading of the voltage across it, take 
another reading of the current through 
it, and then use Ohm's Law (R =E /I). 
If he knows the accuracy of his d.c. volt- 
age and current scales, which are rela- 
tively easy to check (see "Calibration 
Standards for the V.O.M.," page 51, Oc- 
tober 1961), he should certainly be able 
to get a reading that is more accurate 
and dependable than the one the ohm- 
meter function will give him. 

Sometimes, however, he wants true 
precision. For various reasons, the 
simple technique just noted cannot 
provide it. Suppose that the current 
through the unknown resistor is just a 
few microamperes. To take a reading, 
the user will have to place the v.o.m., 
set on its lowest current scale, in series 
with the unknown. But the meter's in- 
ternal resistance on this scale can be a 
few thousand ohms. This may throw off 
the current reading quite a bit. Then he 
connects his v.o.m. across the unknown 
to take a voltage reading. But the shunt 
resistance of the meter draws increased 
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None of these has to be precise, for rea- 
sons we will touch on later. Aside from 
equipment, some information -about 
the v.o.m. itself -is needed. First, the 
circuit resistance of the instrument on 
any d.c. voltage scale must be known. 
This is easily derived from the ohms - 
per -volt rating. Thus a 10,000- ohms -per- 
volt meter would have an internal re- 
sistance of 25,000 ohms on its 2.5 -volt 
scale. 

Second, internal resistance on any 
current scale must be known. The man- 
ufacturer usually also provides this 
data, although indirectly. For instance, 
he might say that the unit is rated at 
100 mv. on the 100 ma. range. From 
Ohm's Law, then, internal resistance on 
this range would be 1 ohm. 

If these resistance values are not 
readily available, you can determine 
them approximately (which is all you 
need) with little difficulty. First apply 
voltage to the meter on the scale in 
question through a high -resistance pot 
set for maximum resistance. Then ad- 
just the pot to produce full -scale de- 
flection. This is shown in Fig. lA, with 
voltage and resistance values that would 
be safe for current scales as low as 50 
microamperes. 

Now shunt the meter with a resistor 

This covers anything from 1 per -cent of 
internal resistance on the voltage scale 
to be used on down. For example, as- 
sume that a 20,000- ohms -per -volt device 
will be used on the 2.5 -volt scale. In- 
ternal resistance being 50,000 ohms, we 
can measure from 500 ohms down ac- 
curately. 

(Where resistor values are 100 times 
that of the current scale to be used, or 
higher, the second variation would be 
more precise. Suppose internal resist- 
ance on the 100 -ma. scale is 2.5 ohms. 
This would cover values from 250 ohms 
on up. With a reasonable voltage source, 
we have full -range coverage of un- 
known values.) 

Low -Resistance Method 

The first variation of the method is 
shown in Fig. 2. Essentially this is an 
elaboration of the first technique pro- 
posed, involving two steps, in which first 
voltage and then current readings are 
taken across the unknown, R,. How- 
ever, another resistor has been added in 
each step to compensate for the shifts 
in current and voltage that would other- 
wise take place. In the first step, we 
take a voltage reading across the un- 
known, but we do so with another re- 
sistor, R,, placed in series with the volt- 
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age source. R, is simply a standard - 
value, standard- tolerance component (5 
or 10 per -cent, with the former pre- 
ferred), chosen to be as close as we can 
possibly get to the resistance of the 
v.o.m. on the current scale we are going 
to use. 

In the second step (Fig. 2B), we take 
our current reading through unknown 
resistor R., -but this time we have 
shunted the latter with R. Re is another 
ordinary resistor whose value is chosen 
to equal internal meter resistance on 
the voltage scale used in the first step. 
The same source voltage is used, of 
course, in both steps. 

What have we accomplished by adding 
extra resistors? We have made the 
circuits in parts A and B of Fig. 2 iden- 
tical. In the first case, we have resistor 
R,. in series with the supply and also in 
series with a parallel combination of R 
and RE (in this case, represented by the 
v.o.m. itself 1. In the second step, we 
again have R,. (represented by the 
v.o.m.) itself in series with the supply 
and also in series with a parallel combi- 
nation of R. and R. Current and volt- 
age distribution will be the same in both 
steps, with no shifts due to differences 
in loading. However, instead of using 
the simple version of Ohm's Law (R= 
E /I) to calculate resistance from our 
two readings, we must make allowance 
for our added resistors. The formula be- 
comes R.T= ERE/ (IRE -E). R. is the un- 
known resistance, E and I the voltage 
and current readings taken, and RE is 
the internal resistance of the v.o.m. on 
the voltage scale used (or the resistor 
substitute). 

We have dealt lightly with the need 
for an accurate supply or precision re- 
sistors. As to the supply, only the volt- 
age across the unknown is important, 
and this will not change with the tech- 
nique described. As to the resistors, as- 
sume, for example, that the RE substi- 
tute resistor is 20 per -cent off the actual 
meter resistance. However, the resist- 
ance being measured is only 1 per -cent 
of either value (or less). Total error 
would then be no more than 20 per -cent 
of 1 per -cent, or .2 per -cent! 

High- Resistance Method 

When measuring higher resistances, 
we would change the set -up in the two 
steps slightly, as shown in Fig. 3, al- 
though the principle of keeping circuit 
conditions identical to stabilize readings 
remains unchanged. Where resistance 
to be measured is higher, current is like- 
ly to be smaller, and therefore a lower 
current scale is used. The lower the cur- 
rent scale, the higher will be the in- 
ternal resistance on that scale. Suppose 
that, in this set -up, the current -range 
substitute resistor, R,., is 20 per -cent off 
the actual value of the v.o.m. At worst, 
this value is 1 per -cent that of series 
resistor R.. Accuracy would then be the 
same as that obtained in the method of 
Fig. 2. In the set -up of Fig. 3, the formu- 
la for obtaining resistance is RA = 
E/I - R, . In each variation of the basic 
method, the set -up is such that substan- 
tial inaccuracy in the values of the 
meter -substitute resistors will have neg- 
ligible effect on the answers. 
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Simply send us your defective tuner 
complete: include tubes, shield cover 
and any damaged parts with model 
number and complaint. 

Castle M Overhaul 
Send for details and FREE Mailing Kit 

CASTLE 
5710 NORTH WESTERN AVENUE. CHICAGO 45. ILLINOIS 
653 PALISADE AVENUE. CLIFFSIDE PARK. NEW JERSEY 
IN CANADA: 136 MAIN STREET. TORONTO 13. ONTARIO 

SILICON dillk 
RECTIFIERS 
Factory Direct 

LOW leakage Newest Type 

750 MA 

TOP HATS 
Mfg. Prices 

PIV/RMS PIV'RMS PIV RMS 
50 35 100/70 200 140 300'210 
.oT ea. .15 ea. .20 ea. .29 ea. 

Ply RAIS PIV!RMS PIV RIAS PIV RMS 400'280 500'350 800'420 700 490 .35 ea. .45 ea. .55 ea. .70 ea. 
Ply RMS PIV'RMS PIV'RMS P1V RMS 800 560 900/830 1000 700 1100 770 
.79 ea. .90 ea I 00 ea i 20 ea 

General 400PIV at 300MA 
Special 2 for .50 25 for 6.00 

100 for 20.00 
100 Different prey es., v2 W. 1 W. 2 W pl I .. 1 . Tolerance 
o 

i n rai 
Electric 1N91 Power Junction 

In t. Rect. Selenium P1V440 RMSl60 
DC Current LOMA 

PIV Current Price 
200 2 Amps .50 
400 2 Amps .85 
100 15 Amps 1.20 
200 15 Amps 1.65 

only 1.25 

10 lOr 1.00 

10 for 1.00 
PIV Current Price 
400 IS Amps 2.10 

50 SO Amps 2.40 
100 50 Amps 3.15 
200 50 Amos .10 

a material eed. 52.00 Orders F.O.B.NYC. Include Eck 
order. 

Shpc. rnerus plus. C.O.D. cutters 25'.'rdown. 

WARREN ELECTRONICS CO. 
NYC 7. NY 87 Cn.inmr,s St. WO 2.5727 

BC -231 FREQUENCY METER. $69.50 Lieu. N . 1 i ,., .1 :11 Its..., Only 

OC-603 FM Receiver 211.17.0 MC. S. 18.095 
RC 604 MF Transmitter 

6.95 w tl, tit ,,... Brand New' .. 
Dm -34 Dynamotor. itr:md New ... 3.95 
OM35 Dynamotor. Ifrpml New ...... .. 9.95 
HC -923 A FM Receiver 

le. bran 95 d New L 29. 
AN APN-9 LORAN ReeelverIndleator with 

24 \'IIt' Inserter. ('hocked nut. 1:5e. 124.95 
AN APN4B LORAN.Rtecel,er- mdl'ator with 

89.SD AN APR -4 Receiver :IN MC 2200 MC. 4 

' 

I Ing ,Il. heked out. Exc..... 259.50 
ART- 13 Transmtitter with 

tube. ., n,l mater.. 00011 Condition.. 
7.22 ARC S Transmitter. Brand New 
HC 191 Transmitter .rllh tulles. Excellent 
ARR 2 Receiver- -I I tubes with '11 

ARC 3 AM Receiver 1011.150 Mc. Excellent 
ARC 3 AM T Itter 1011.156 Mc. Exc.... 
1.1304 Signal Generator. 11111.1 Mt Me. .... 
I.95B Field Strength Meter, 100 -158 Sic. 

51D-7 Modulator w'Ith tulles 
KYeS ARA26 Automatic Meyer 

RT.157 APN .68 rI1FF Radars Transceiver 
_,i II.,. In :Ill 

10.6 APN 4 Indicator le cul 

49.50 
14.95 
14.95 

4.95 
12.95 
14.95 

7.95 
7.95 
5.95 
2.95 
7.95 
2.95 

Send Money Order or Check with Order 
Write for Lotest Flyer -LOADS OF BARGAINS, 

R W ELECTRONICS 
2430 S. Michigan Avenue Dopt. EW 
Phone: CAlumet S -1281 Chicago 16. Ill. 

Now T0morrow and for years to come! 

CITIZENS BAND 

RADIO 
8 Channels, crystal controlled 
transmitter and receiver 
Tunable receiver for 22 channels 
Transmitter 100% Class B 
modulated 
Adjustable squelch 
Automatic noise limiter 
R. F. Power indicator 
1 Year guarantee 
Easy to install. Ideal for home, 
boat, car or business. Weighs 
only 9lbs...43 /ax91 /2x11% 
FCC Type accepted` 
*in preference to only certification 

with 1 pair of 
crystals, microphone 
and power cables 

t 
1 NAME 

RADIO CORPORATION 
73 Wortman Avenue Brooklyn 7, N.Y. 

Please send me complete information 
on Model "E" CB Radio. 1 

ADDRESS 

$17950 
clTY 

STATE 
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"TAB" SILICON 150MA* DIODES ?e«7 
NEWEST TYPE! LOW LEAKAGE 

D.C. or Batty. Drrafr 20! 
35rplr +row sryyro .ms /yw AC 
/50 10'100 140 200 2101300 (7 

.09 .17 .22 

23.row 0'400 
.38 

s/plV 
350 500 

.50 

roult/piy 
420 600 

.63 

ole 
SSOO!$00 

.83 
pw 

630 900 
.98 

rm tply 
700 1000 

1.08 

" DC 
rms/pir $ 
490"00 L 

rais /plr 
770 /1100 

f1 1.35 

1.,,,' Priced TAM " Silicon Uloden 
Rated 41111 P1v 2 n a II IN 6..11011.0 

.25 each 30 for 57;1100 for $22; 500 for $100 

Diode order $10 shipped Post free 

Iold! Petal Silicon-51.140-Tube Replacement 
1120Rms 1600 Ply S4 h ; 2 for S6; for SSO 

Power Converter Transistorized! 
I2VDC to 500VDC p to 200MA 
300 Watts Tap at 250VDC 06500 
533 
12VDC to 2SOVDC up to ]SOMA 

Type 01225E $30 

I 

"SUPERIOR" Powerstat 710 Variable Xfmr I 
165 Watt 0 to 132V Special 66 each; 2 for $10 

"TAR" FOR TRANSISTORS i DIODES! I I I 

Full Length Leads Factory Tened er Guaranteed! 
PNP NI Power 15 Amp. T03 Ola- 

mend 7036 Round U.S.A. Alfgrdf 
25.141. 2277. $l. 12 for 510. 2.442. 25270 S3 Ô. 1X41:1. 
251 74 $4 SI 6 for 20 for S70. 
:i Amp. 25153. 2\150. 2X253. 
25_30. 2N:11.7, 2X354. TU:It:I'. .49 

. S for 1.2; 100 for $35. 
Round Diamond 

Heat 
Mica 

t8 Sink Fins Sq. In. 51.39 
ea. 

Power 

TWO 866A's and FILAMENT cc 
XFMR 10 My Insltd SPECIAL 

SILICON POWER DIODE STUDS. 
Operation Up to 125 °C Cote Temp. 

D.C. SOP,v IOOPly 1SOPIV 200Ple 
Amps 35RIns 70Rms 10511Ims 1ORms 

J .60 .85 1.00 1.25 
6 .70 1.00 1.25 1.50 

12 S 1.20 1.50 1.70 
35 1.80 2.15 2.50 2.90 
70 3.75 4.50 .95 5.60 

240 4.30 5.70 6.90 .40 
D.C. JUOPiv 400.'IV SOOPir 60OPIv 
Amps 210Rms 280Rms 350Rms 4201m. 

2 .80 1.00 1.50 1.95 
3 1.50 1.80 2.10 2.65 
6 1.75 2.00 3.70 5.20 

12 2.00 2.20 3.90 5.70 
35 .95 6.10 FOR QUANTITY 
70 10.00 13.30 Export & User Prices 

240 19.60 29.75 Write on Company 
Letterhead! 

tlorate .r Battery or Capacitive Load or 
1 C. BL.. Stud mounted on llrat -sink 

nil Glass 
r... I2 ICU Ì0r 156. 41ÓOÓ fOr áSÓ 

1. 611, 

1 6722 5 for SI 
2 \107. 11:722 S for SI 

. 12 for 59. 100 for $65 
I SOC lu . 10 S4. 50 S18. 

.,. ; 750 (D . 10: 56. 50/525. 
4 SOLAR SUN CELL KIT SI 
5 TRANSISTORS PNP Asstd. KIT SI 
3 POWER 703 TRANSISTOR MIT SI 
6 SUBMINIATURE Tube KIT S1 

NEW BATTERY CHARGER 
BC6129 

For 6 or 12 Volt Italterlen 
Trickle .1 Full Charge up lo 
10 3333 //S Clmrnas 0 E 12 volt 
Built ready to use 

BC612X Y, 314.00 

ZENER DIODES 150 to 400 MW Cased TO 24 Peke 
Within 20 VRange $10. 3 for $2. 

KIT 2ENÉR DIODES up to 400 MW 2 for SI 

O.C. POWER SUPPLY 115V 60 to 800 CYS Into 
330 & I6SVDC Up to 150 MA. CASED! 

SPECIAL SS 

"TAB 
77 

TERMS: Money Back Guarantee! 
Our 18th year. 52 min. order 
F.O.B. N.Y.C. Add shpg charges 

shown 
C.O.D. et to Change. 

PH.* 
111 WB Liberty St.. N.Y. 6, N.Y. 

fend _'5r PHONE: RECTOR 2 -6245 for Catalog 

MAIL ORDER MI-FI 
Recorders Components Tapes 

at wholesale prices 
Reliable. Prompt Delivery 

(Free Catalogue) 
We'll Air -Mail 

low quotes on your packaged hi -fi 
CARSTON 

125 -TD E. 88 St. New York 25, N.Y. 

TAPE RECORDERS 
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HI-FI COMPONENTS 
SLEEP LEARN KITS 

UNUSUAL VALUES MERITAPE. Low Cost. 
FREE 1962 1H1411 quality record. 

Calo log .nñ tape. In boxes or 
DRESSNER 

1523RA 40,10,0 TM", New Hyde Park. N.Y. 

Advanced Training 
(Continued from page 44) 

aged by what they consider the high cost 
and long period of study. Both the cost 
of advanced courses and the length of 
time required become insignificant when 
compared to their potential importance. 
The few hundred dollars for correspond- 
ence study enabling a student to ad- 
vance to a job with higher pay and a 
better future are often repaid during the 
first six months of the new career in the 
form of salary increases. It is difficult 
to put down hard and fast prices, since 
these will depend on the length and type 
of course and, to some extent, on the 
method of payment. In general, a course 
consisting of 25 lessons will cost some- 
where around $350. When time pay- 
ments or pay -as- you -learn plans ( per 
lesson) are involved, the cost usually 
increases by about 10 per -cent. 

As far as the time required to learn 
a particular subject is involved, this de- 
pends almost entirely on the student. 
The Cleveland Institute of Electronics 
has found that the average student can 
devote between 7 and 10 hours per week 
to his studies, which should be sufficient 
to digest an average of one lesson each 
week. Actually many students with past 
experience in electronics, already famil- 
iar with some of the material they must 
work with, are therefore able to absorb 
it faster. Regular study habits and a 
sincere desire to learn are most valuable 
assets. Sometimes it is possible to apply 
some of the new material directly and 
actually move into a better -paying job 
before completion of the course. 

To sum up, the matter of cost and 
length of study should not deter a po- 
tential student. It will turn out that the 
things one learns are well worth the in- 
vestment in time and money. 

Who Qualifies? 
As explained earlier, a certain tech- 

nical background in electronics is 
required for many of the courses men- 
tioned here. This background must 
include an understanding of the funda- 
mentals of a.c. and d.c. networks, the 
principles of radio transmission and 
reception, and at least some familiarity 
with electronic equipment. The student 
should be able to read circuit diagrams, 
perform simple repair jobs, know the 
basic meters, and possibly understand 
the oscilloscope. This background is 
often gained by attending a trade school 
or by taking correspondence courses, 
followed by practical work as a radio 
and TV service technician. Those who 
are high -school graduates but do not 
have an adequate electronics back- 
ground could qualify for these advanced 
courses by taking the fundamental ra- 
dio and TV courses first or else they can 
enroll at a technical institute whose cur- 
riculum includes both fundamental and 
advanced technical training. 

Where Does it Lead? 

Anyone following the classified adver- 
tisements in the daily newspapers and 
the "Help Wanted" ads in the journals 

of the electronics industry will find the 
answer to this question right there. At 
the present time, the demand for non- 
degree personnel is greatest in the fields 
of commercial computers, automation, 
control electronics, and military field 
service. It is sometimes confusing that 
many different titles are applied by dif- 
ferent companies to the same job. For 
example, the man who works for a civil- 
ian contractor and installs radar equip- 
ment in the arctic may be called a 
technical representative, a field service 
engineer, a customer service engineer, 
or simply a field engineer. 

In deciding just where a person will 
fit in best, personal preferences, individ- 
ual abilities, and personalities must be 
considered. For example, it probably 
would be a mistake for the head of a 
large family to seek a position as field 
service engineer in the arctic but the 
same position, with its high earnings, 
might be ideal for a bachelor out to earn 
a stake for his future. 

Positions involving contact with com- 
mercial customers will naturally involve 
an outgoing personality with some po- 
tential for salesmanship an important 
asset. Inside positions, primarily con- 
cerned with technical details, call for 
the ability to concentrate on intricate 
technical problems. Jobs in quality con- 
trol and reliability engineering are best 
performed by persons with patience 
and a liking for statistics. While most 
companies consider these factors very 
carefully when interviewing prospective 
employees, it is to the individual's own 
benefit to analyze himself along these 
lines before deciding where to apply. 

Conclusion 

As the electronics industry grows, it 
becomes more specialized. Many new 
jobs are opening up as a result of this 
specialization. These jobs require men 
with advanced technical knowledge. The 
technician already engaged in the indus- 
try is in the best position to fill these 
jobs, but he needs additional training for 
many of them. Such training is available 
from technical institutes and schools, 
both in residence and home -study pro- 
grams. We have described what some of 
these programs offer and what is re- 
quired to complete them successfully. 
Better jobs are available to those who 
have the technical "know -how" and 
ability. 
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COMPONENTS TOOLS TEST EQUIPMENT HI -FI AUDIO CB HAM COMMUNICATIONS 

New Products 
and Literature for 

Electronics Technicians 

Additional information on the items 
covered in this section is available 
from the manufacturers. Each item 
is identified by a code number. To 
obtain further details, simply fill in 
the coupon appearing on page 120. 

TRANSISTORIZED POWER SUPPLY 
1 Delco Radio Division is now offering an all - 

transistor, electronically filtered power supply 
to convert 117 -colt a.c. to 0 -I6 volts d.c. The unit 
is designed to be used as a bench power supply 
for automotive radio repair work. 

Designated the Model P 612, the unit will op- 

d 
a 

DeR.6 o 

te114p1MC4`.. 1Z."-r 
,aonct 

11er 
61Ir1 

crate any auto radio including " \fonder Bar" 
and all-transistor types. Its rated output is 8 amps 
co ' Is at 6 volts and 5 amps continuous at 
12 volts with only .01% ripple at the rated load. 
Other features include smooth rheostat voltage 
control from 0 to 10 volts. electronic filtering, 
20 amps instantaneous output. and lightweight. 
compact, portable design. 

SIGNAL INJECTOR 
2 Don Bosco Electronics Inc. is now marketing 

a small -size, low -cost transistorized signal in- 
jector known as the "Mosquito..' 

Deigned for service technicians. engineers. and 
maintenance personnel, the probe can be coupled 
to magnetic pickups and circuits without leads. 
The unit covers a wide frequency range from 
basic mid-audio frequencies (approximately 1.5 

kc.) to high r.[. with harmonics. 

COAXIAL SWITCH 

3 
Bay Roy Electronics, Inc. is now offering a 

low -cost coaxial switch which features light 
weight and small size, snaking it suitable for lim- 

ited- space applica- 
tions. 

The standard model 
employs type N con- 
nectors and a rapidly 
operating 117 -volt a.c. 
actuator. The unit can 
also be supplied with 
other varieties of r.f. 
connectors such as 
BN( :. TNC, UHF, 
etc.. as well as with 
other actuating volt- 
ages. 

The switch is suitable for receiver as well as 
low- and medium -power transmitter applications 
in the frequency range from 0 to 1200 mc. 

STATIC RELAY 
4 Kidde Electronics Laboratories lias developed 

a compact new static relay which is said to 
eliminate problems of arcing in the switching of 
heavy inductive loads. 

The Model W6 -BAN-6 solenoid- actuating relay 
contact is a hi- stable semiconductor. Its sole 
stable states are a low- impedance or "on" state 
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n,l .t liiçli lol,c,l.ini MO .laic. ,ip4n.11, 
causing a change in state have the same effect 
as opening or closing a mechanical contact. 

The relay measure 2" x 2" x 2" and operates 
in a range of line voltages from 105 to 127 volts 
at 60 cps. over an ambient temperature range 
of 0 to 50 degrees C. 

TRANSISTOR L CIRCUIT TESTER 

5 
Electronic Instrument Co., Inc. is now of- 
fering a new transistor and circuit tester 

which provides significant measurement of actual 
transistor parameters, 
plus all the v.o.m. 
ranges needed to serv- 
ice transistor equip. 
ment. 

-fhe Model 680) cm 
ploys a 50 µa.. 31//t- 
inch meter movement. 
The d.c. current 
ranges are 50 µa., 500 
µa., 5 ma.. 511 ma.. 5110 

ma. while the d.c. 
voltage ranges are 5 

and 50 volts. Resist- 
ance ranges include coverage from 0 to 20 meg- 
ohms in three scales. 

The instrument is housed in a Bakelite case 
measuring ú3h" x 51/4" x 3 ". It is offered in 
both kit and wired versions. 

ULTRASONIC TOOL 

6 
Electromation Component Corp. is now mar- 
keting its "Ultrasonic Toolshop." an ultra- 

sonic unit which utilizes a small. hand -held. 
air -cooled ultrasonic magnetost riot ive transducer. 

Using reciprocating motion. the instr ument de- 
livers accelerations up to 30.000 g's, with a nle. 
chanical amplitude of .0016" at the tool tip. 
The device can be used to make solder joints 
without flux: solder hard -to -join metals: seal 
plastics without heat: and cut, scribe. engras c. 
burnish, and grind metals with minimum ello i. 

The instrument operates from standard 117 - 
volt J.C. lines and comes in a wide variety of 
standard tool tips. Custom -engineered tools are 
also available on special order. 

TORQUE METER 
Power Instruments, Inc. of Skokie, Illinois has 

recently introduced a new low -range, direct -read- 
ing "iorgmeter" for comparing the relative 
torque value of ball bearings. Full -scale ranges 
are 1, 2, and 5 grams /cm. providing 3% accurate 
readings from .1 to 5 grains /cm. at speeds up to 
10.000 rpm. 

The meter is of clear. molded plastic through- 

,nil ivakin_ I,,, ibl nadinç. )unit cühci side 
as well as torques in either direction. The scale 
used is 511 inches long. Degree graduation on the 
housing permits torque and degrees of deflection 
to be read simultaneously. 

MAGNETIC -FIELD DETECTOR 
7 Instrument Systems Corporation has just in- 

troduced a portable magnetic -field detector 
which detects and measures d.c. magnetic fields 
existing around many types of electronic and 
power equipment. 

-1 he unit is sensitive enough to give indications 
at levels as low as the earth's magnetism. The 
instrument employs a Hall -effect generator oper- 
ating on semiconductor principles and having no 
moving parts. It incorporates a zero -center meter. 
allowing comparisons for polarity. l'he use of a 
"magnetic concentrator permits operation with- 
out amplifiers from a single mercury battery, 
which supplies exciter current for the generator. 

EPITAXIAL SWITCHES 

8 
Texas Instruments Incorporated has an- 
'unfixed six new gentian- cpitaxial tran- 

sistors for all ultra- high -speed switching applica- 
tions from 3 ma. through 100 ma. 

Transistor types 2N1160 through 2X962 and 
2N964 through 2N966 combine high dissipation, 
low I,.t... and rugged mesa construction with the 
cpitaxial benefits of low storage time and low Vrr.. 

Packaged in a )EDEC- standard TO-18 case, 
they are available through the firm's sales offices 
and authorized distributors. 

COMPUTER -CONVERTER TEST SET 

n 
United Aircraft Corporation's Nordet Div. 
is now in production on a new test set for 

analogue -digital converters. 
The unit presents a visual display on a series 

of light banks of either a binary (self -selecting 
model) or a binary -coded decimal encoder. The 
light banks present both the digit and the com- 
plement. 

The set has a capacity for checking 22 bits 
for pure binary code and can test up to five 
decimal digits for a binary coded decimal unit. 
Drive circuits are transistorized and several codes 
arc applicable to the set. It can he operated 
by regular 117 -volt. 60 -cycle a.c. power input. 

SUBMINIATURE POT in Daystrom, lat.'s Potentiometer Division has 
announced the availability of a subminiature 

rotary potentiometer which is capable of deliv- 
ering maximum performance in minimum space. 

%Weighing only 7 grams with a total over -all 
case length of only 143", the Model 304 is a 

single -turn unit which emphasizes high linearity. 
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-Count on Shakespeare's ground plane an- 
tenna to reduce precipitation static, dampen 
vibration. This sturdy unit encases conductor 
elements in a white fiberglass sheath, con- 
structed to give superior strength. Non - 
directional, vertically polarized. Low angle 
radials. Cadmium -plated steel support 
bracket mounts on 13/4" pipe thread; 
$0-239 UHF connector. 
STYLE 61.0 - $29.50 

COLUMBIA PRODUCTS co. 
Subsid.ory of Sho rsp'orr Cornoony 

Columbia. South Carolina 

learn more... earn more 
Enjoy higher income ... sure advance- 
ment. Major corporations yearly inter- 
view and employ our seniors. B. S. DE- 
GREE IN 27 MONTHS in Elec., Mech., 
Aero., Chem., Civil Engineering. IN 36 
MONTHS B.S. in Business Administra- 
tion. Small classes. Campus. Dorms. 
Founded 1884. Low Costs. Enter Mar.. 
June, Sept., Jan. Write J. H. McCarthy 
for Catalog and "Your Career" Book. 

TRI -STATE COLLEGE 
1622 College Avenue Angola, Indiana 
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Its standard i..3 to 3'i. with lincaritics as fine 
as .I8ó available on special order. l'he units 
will carry 2 watts at 50 degrees C in still air and 
operate from -55 to 125 degrees C. Resistance 
salues range f IO ohms to 50,000 ohms. 

DIGITAL CLOCK 

11 
Pennwood Numechron Co. is now market. 
ing a "Gradinetic" second -hy- second 5.ffigit 

readout digital clock which provides split sec - 

ond -by- second precision timing. Time is regis- 
tered on 5 polygonal drums: a one -hour, a 10. 

minute. a I- minute. and two "seconds" drums. 
The entire unit is housed in a 411" x 12" x 

41/2" dustproof case that weighs just li pounds. 
It can be panel mounted or used on a desk or 
bench. 

Models to register 120 volts a.c., 50.60 cps; 
240 volts a.c.. 50 -60 cps: and 115 volts a.c., 400 
cps are available. 

12 

PRE- 6 POST -AMPLIFIERS 
Airborne lust rumen is Laboratory Division is 

offering a complete line of i.f. preampli- 
fiers and postaniplificrs. Standard models are at 
30 and 10) mc. with loth narrow -band and wide- 
band versions available. 

The low -noise preamplifiers include single - 
ended, double- ended, balanced, and unbalanced 
input configurations. This new equipment can 
provide a variety of technical information in- 
cluding such characteristics as both typical and 
maximum noise figure. skirt selectivity. Bandpass 
ripple, center frequency shift, and bandwidth 
change with gain. 

13 

POSITION TRANSDUCERS 
Lockheed Electronics Company has an- 
nounced the as ailability of a c plete line 

of precision -built transducers designed to trans- 
late large mechanical deflections into accurate 
linear voltage changes. 

Built aro I an infinite -resolution potentiom- 

el el' which provides measurement accuracies 
within ± 0.1%. these precision transducers are 
available in various sizes for up to 120 feet dis- 
placement on request. The standard line is an 
offt he -shelf item. Case sins vary from 21/2" x 4" 
x IN" to 47/s" x 61" x 6 ". 

14 

BINARY CODED SWITCH 
Ultronic Systems Corporation is now offering 
a new series of ultra-switches which have 

been designated as 2(1(10 binary coded witches. 
These fully mechanical push -button switches are 
designed for the manual conversion of decimal 
to sarious binary code systems. Standard models 
will convert to the 1-2-4-8 standard binary code 
but arc easily adapted to other codes if required. 

Two standard I0 -key models are available: 
vertical mounting in a single row and horizontal 

mounting in two rows of five buttons each. Clear 
bars and an interlock, to permit one key to be 
depressed at a time, arc available. 

REGULATED D.C. SUPPLIES 

1 

L Fisher Research Laboratory, Inc. is nose of- 
J feting a family of regulated d.c. power sup- 

plies of large current capacities. Supplies are 
high-efficiency solid -state using full -wage bridge 
rectification. 

The PS -12.8 unit operates from inputs of 105 

to 125 volts, a.c. and provides regulated 12 volt 
d.c. output ± 11.25 volt from zero to full load. 
Output current is O to 8 mops. The PS32 -15 

operates from 1115.125 or 2(15 -2-10 volts, 50 /60 
cycles and provides regulated 32 volts d.c. at 
0 15 amps. The duty cycle is 100% to 35 degrees C. 

16 

PRINTED -CIRCUIT RECEPTACLES 
Methode Electronics, Inc. has recently in- 
troduced a new series of printed- circuit re- 

ceptacles with 7. 11. 15. 19. or 23 contacts. 
Not only do the new connectors meet all the 

requirements of N.'0.713 specifications. but fea- 

ture additional improvements such as closed en- 

try, removable socket contact for solder or crimp 
tel in the NAS -714 type and removable 
contacts with the N %S -713 circuit board plugs. 

11 

AUDIO /VIDEO TRANSMITTER 
Marsan Industries, Inc. is now offering a 

how -cost audio/video transmitter which is 

designed to feed audio and /or video program- 
ming into air\' closed- 

' circuit TV or master 
'1'V system. 

l'he Model 
feeds audio and /or 
video into the system 
on an unused v.h.f. 
channel. Composite 
output capacity is 0.1 

volt. Three audio in- 
puts are provided to 
accept signals f 
microphone. tape re- 
corder, or 70 -volt au. 

dio line. Receptacles are RCA -type audio jacks. 
l'he video output is a coax receptacle of the 
SO -239 type. 

The unit neighs six pounds and uses four 
tubes. Circuit features include transformer iso 
lation and d.c. restoration. 

INDICATOR TUBE 

18 
A mperex Elie too it Corp. has developed an 

0 indicator tubs Mss Toed specifically for use 
with transistors. I he Type 7550M is a cold - 
cathode, gas -filed tube which requires less than 
5 volts at less than 511 pa. to produce a discharge. 
The indication is a bright red neon glow which 
is viewed through the clear d of the tube 
envelope. 

Its special characteristics make it possible to 
operate the tide directly off coin mun Iv used low- 
voltage transistors without intervening circuitry 
or high-voltage transistors. The tube is designed 
to operate for incl. 311.000 hours. 

19 

CONSTANT -CURRENT SUPPLIES 
Electronic \measurements Company, Inc has 

added a new series of fourteen "Regal rot" 
programmable constant -current power supplies 
to its line. l'he new cover fr I pa. 
through 3 amps. 

The new units are designed to be tuned in a 

variety of constant -current applications includ- 
ing semiconductor diode testing. transistor pro- 
duction testing. amperet tirn control of magnetic 
devices. capacitor forming. and gyro compen- 
sation. among others. 

These devices are remotely programmable. 

ELECTRONICS WORLD 

f 
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A multi -step range selector and continuous ver- 
f 

nier control permit adjustment from zero cur - - 

rent to the range selector maximum. 

20 

HIGH- FILTER POWER SUPPLY 
Dynatech Corporation has developed a high - 
filter power supply which features a ripple 

percentage of less than one -tenth of 1%. 
Designed for transistor and solid -stale circuits. 

the Model DT -30 is rated at 300 ma. and features 

FREE 
BOOKLET 
TELLS YOU 
HOW 

variable imwer from 3 to 23 volts..N pair of tran- 
sistors and liner cliiNles act as a regulator for 
the sump's. 

l he srgopls is housed in a streamlined lucite 
case. A 0k50 sett meter is standard equipment. 

INFINITE -RESOLUTION POT 
21 Computer Instruments Corpurat' is now 

I in production on a 11111111 -turo. prcrisiun 
carbon -file potentiometer whit h offers infinite 
resolution and exceptional linearils. 

The Model 210 iucorinit te, a helical carbon 
filin element in its 2" diameter units which can 
be specified with as nlaus as 20 turns. Taps can be 

located on any angular position within .(I25'ß: 
(on a voltage basis) and continuous compensation 
for loads down to 20 -to -I loading ratios can be 
provided. .1 he pot is as ailable with resistances 
between 3000 and 150.000 ohms. 

22 

OHMIC CONTACT SEALER 
Research Instrument Company, Inc. is now 
offering a singlehead scaling ' and am 

nul which is designed for laboratory and pilot - 
production of glass diodes. 

In use. the operator loads the whisker assembly 

into a magnetic holding device and the sleeve 
is inserted into the open chuck. 7 he operator 
merely presses the starting button and the ma- 
chine runs through its cycle. 

Control equipment includes heat timer. cYml- 
oN timer, and heater control. Production from 
the one head is approximately 100 units per hour. 

VARIABLE TRANSFORMER 

23 
The Superior Electric C pang is of- 
fering its "I'owerstat" variable transformer 

in a 40 -volt series to meet the high current re- 
quirements of low- voltage power supplies and a 

wide range of transistor circuit applications. 
Input rating is 40 volts 60 cycles and output is 

0 -40 volts. Three types are available in a t: t-icts 
of ratings. Features of all three models include 
a gold -alloy plated commutator. zero waveform 
distortion. high efficiency, good regulation, linear 

February, 1962 

Lampkin 105 -B 
Frequency Me- 
ter. 0.1 to 175 
MC and up. Price 
1260.00, net. 

Type 205 -A FM 
Modulation Me- 
ter. Range 25 to 
500 MC. Price 
$270.00, net. 

NEW: THE PPM METER -AN ACCESSORY FOR 

THE TYPE 1050. ACCURACY 0.0001%-FOR 
SPLITCHANNEL FREQUENCY CIECKS ABOVE 
50 MC. PRICE. $147.00. 

A proven formula for success is to get in on 
the ground floor of a booming business. Mobile 
radio is a booming business. All around. you 
can see two -way mobile -radio antenna towers 
springing up -each one a possible new client 
for you. Most of this work is done on a con- 
tract basis with payment 12 months a year. 
There's little competition . . . few fussy cus- 
tomers to satisfy . a welcome change 
from AMrFM and TV repair! It's not too late 
to make a start toward bigger money! 

MAIL COUPON TODAY! 

, LAMPKIN LABORATORIES, INC. 
MFM Division, Bradenton, Florida 

LAMPKIN MIM DIVISION 

LABORATORIES, INC. IRADFRTON. FLA 

Al no obligation to me, please 
booklet and information on 
meters. 

Name 

send free 
Lampkin 

Address 

City State 
J 

} ELECTRONICS WORLD HAS 

A BUYER FOR YOUR USED 
EQUIPMENT OR COMPONENTS! 

The 245,000 purchasers of ELECTRONICS 

WORLD are always in the market for good 

used equipment or components. So if you have 

something to sell, let EW readers know about 

it through our classified columns. It costs very 

little: just 60c a word, including name and ad- 

dress. Minimum message: 10 words. 

For 
further 

information 
write: 

Martin Lincoln 
ELECTRONICS WORLD 
One Park Avenue 
New York 16, N. Y. 

ALL 

NW 

High 

Quality 

Performance 

Low in 

Cost 

çj, Tsn m e-L 
STEREO -MONAURAL 

HI- FIDELITY 

TUNERS & 
AMPLIFIERS 

2111 Stereophonic Aeolian _ Con, 
plete 24 watt stereo preamplifier 
and amplifier in one low post unit 
Net. $19 95 (Enclosure $10 00 
Extra) 
IOU Anshan. .. Low priced stereo 
and monaural amplifier Net. 
$59.95 (Enclosure 1:0 00 Extra) 

C pO 

1.11 Anshan 12 watt monaural 
amplifier with built- m preampli 
Fier Net 339 95 (Enclosure $10 00 
Extra) 
s01Á Raman AM-FM Tuner. 
Stereo and Monaural Amplifier. 
Net 314995 less Multiplex (En- 
closure 310 00 Extra) 
Write today for FREE literature on 
the complete Grommet Line. 

GROMMES Div. of Precisicn Electronics. Inc. 
9101 -N King Ave.. Franklin Park. Illinois 
Please rush details on the Gromrnes Line. 

Name 

Address 

City Zone State 
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AMERTRAN PLATE 

TRANSFORMER 
P rimary 105.125 V. AC.. 60 Cy. 
SeC. 6200 V. Ss 2 MVA Or 340 $65.00 

'z Wave or e 2 for FULL 
WAVE U E at 4 MVAea. 2 for 5120.00 

BC 442 ANTENNA BOX (ARC 5) 
Contains RF Meter 1750 Ma.) Relay. 

$1.95 etc. See Coaxial Relay cony. "CO" 
March 1960. Price 

FILAMENT TRANSFORMER 
1 t y10V. 60 Cycle. Secondary .95 6.3V. 0, .6 Amp. Small Size. ES 

63V 1,10".06%2;;.`!."41' 1:4,".^.Ea.$21 5 

DYNAMOTOR SPECIALS 

Cárter SS,nall 
sizeputEa005V K 280Ma. $5.95 

SILICON RECTIFIERS 
PIV Current P.C. 
100 500 Ma $ .25 
200 500 Ma .30 00 50o Ma .50 
750 500 Mé 90 

Iltems a are Hi- 
Efficiency Gold Plated) 
200 750 Ma .30 
400 750 Ma .SO 
100 2 AmpS .50 

PIV Current Price 
200 2 Amps S .75 
400 2 Amps 1.25 
100 15 Amps 2.50 
200 15 Amps 4.50 
400 15 Amps 8.50 

50 50 AmpS 4.95 
100 50 AmpS 7.50 
200 50 Amps 9.50 

CHOKE -FULLY CASED 
S HENRY . 200 Ma 1.95 
5 HENRY r, 250 Ma 2.23 

IO HENRY 300 MII 3.00 
4 HENRY 400 Mil 3.95 
4 HENRY 900 MII 8.95 

HENRY -1 amp. 11.95 

BRAND NEW OIL CONDENSERS 
SO MFD 200 VDC 4.50 MFD 20011 VDI' 3.50 

2 MED 0101 r'III' .50 6 MFD 2000 VIII' 4.95 
3 MFD 01 Alle .60 1 MFD :1 11 VIII' 1.85 
4 MFD 11011 5111' .75 2 MFD :11100 r'II1 3.50 
S MFD 101111 VDI' .80 2 MED 101111 VIII 6.25 
6 MED 0011 r'III' .85 3 mFD .111111) VIII' 8.95 
8 MFD 01111 r'11C .95 4 WO 11100 ' 12.95 

10 IVIED 01111 SDI' 1.19 1 MFD 51)00 VDC .50 
12 MFD 1100 VFW 1.50 2 MEO 51100 SIII 8.50 
15 MFD 01111 Vile 1.70 MFD 5 ' 

, 
14.95 

1 MFD 111111 VFW .50 .5 MFD 751111 VIIC 2.95 
2 MFD 11100 SII' .70 1 MFD 7500 VIII' 6.95 
4 MFD 111110 s'III 1.35 2 MFD 71011 17.95 
8 MED 10011 SAW 1.95 9 MFD 75110 , 39.50 
10 MED 1111111 VIII 2.50 2 MED 10 wen ^ 29- 5 

12 MFD 1111111 VIII' 2.95 5 MFD 10,nnn' 49.95 
15 mFD 111110 VIII 3.50 2 MED 1 2.51111 ' 34.50 

1111 1 MED 12 VFW .45 I MFD - ' 92.50 
1 MED 151111 UDC .75 .5 MFD 25.11110' 34.95 
2 MED 150113110- 1.10 1 MFD 25.000 ' 69.95 
4 MED 151111 VD(' 1.95 10 MED 31111 AC. 1.95 
R MFD I11111 5D' 2.95 30 MFD 330 AC 3.25 
I MFD 20011 r'111' .85 50 MFD 330 AC. 4.95 
2 MFD 2111111 l'il(' 1.50 8 MFD 060 C. 2.95 

RELAYS 
WARD LEONARD Heavy duty relay Coll 
220V t¡ 
3 Pole 5T. 25 Amp contacts Ea. $6.95 

$1.25 
.95 

6 Volt AC. SPOT 

6 Volt DC. N.S. Relay DPDT 

6 Volt DC. N.S. Relay 3 PST N.O vl .65 

III N.O. A 11N.C.I 
Pole Throw $4.59 

POMeer.Rrul 
field SMSLS 10.000 ohm. 

Ea. 
$ 225 

2 
110 Volt AC Relay0PST 60 Cy. 
IO Amp. Con Ea. 5 
Sens. Relay 11.000 Ohm coil. 1 Ma e1 1544 

Adj. Cont. Armature Tension SPOT Ea. 

.95 

12 Volt DPDT DC Relay Ea. $1.35 
SIGMA type 22RJC 5.000 ohm $2.49 
SPOT. small sealed relay 
Sealed Relay. SPOT. 6.000 ohm $1.95 
Cott 

Relay 
sensitivity 2 mils. IO for 0¶9.25 ea $1.10 contains 

12 Volt SPDT HSDC Relay 

PANEL METERS 
STANDARD BRANDS 

2" METERS 
100 -0 -100 Wert.. 2.95 
0.1 Ma 3.50 
0-50 Ma 
0.10 Amps OC 2 95 
0 -40 Volts 2 95 
18.36 Volts DC. 1.99 

0 -8 amps RF 2 95 

3" METERS 
O.1 Mel DC.. .3.95 
0.500 Mils DC 3.95 

0-500 V. DC 3 95 
0-15 Volts AC 3.95 
0-1.5 MV 5 95 

West. Elapsed Time8.93 
Meter 11OV-60 Cy. 
0-99.999.9 HrS. 
Used-Guaranteed 795 

4" METERS 
0-150 Amps AC (with 
02current transf.l . .5.95 500 V. DC ...6.95 
100.0.100 UA ....5.95 

MISCELLANEOUS SPECIALS 
EIMAC -450 TL. Brand New .. Ea. $35.00 
1521 VACUUM SWITCH, replacement 

9 Foot RGI1U with 2 -PL2S9 attached. ea. 1.25 
1 AMP RF GNOMES .. .ea. .95 
ST42D. Cutler -Hammer Switch SPDT. ea. .25 
Small 10 MED. 200 VDC OH Cap. Is -.' 

Ola s 214.1 Suitable far Crossover 
netwOrk ea. .75 

EI 
SOVDC 

(Mallory) 400 MED. 
ea. 1.50 

All merchandise sold 011910 day money back guarantee 
Min. Ortler 93.00 -25 ". with Order- F.O.B. New York 

PEAK 
E L E C T R O N I C S C O M P A N Y 

66 W. Broadway, New York 7, N. Y., WO-2-2370 

output voltage, and rugged mechanical construc- 
tion. 
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HI -FI -AUDIO PRODUCTS 

STEREO /MONO MIXER 
Switchcraft, Int. is marketing a four -chan- 
nel, high -impedance mixer for feeding up to 

four signals into a single output to a recorder 
or amplifier. Individual control is provided for 
gain adjustment in each of the four channels. 
The unit will accept signals up to 1.5 volts. 

The mixer is equipped with a built -in tran- 

sistor amplifier powered by a 9 -volt batten and 
provides 6 -db gain. Response is 20 to 20.000 cps. 
Input and output jacks accept standard two. 
conductor phone plugs. The jacks are located on 
the back of the unit so as not to interfere with 
the vol controls. 

The unit is housed in a modern style cabinet 
in tan finish with brown knobs. Rubber feet 
prevent marring of furniture surfaces. 

25 

SOUND COLUMNS 
University Loudspeakers, Inc. has introduced 
two new "Uniline" sound columns which 

have been specifically designed for the commer- 
cial sound field. According to the company, these 
new units offer high power handling capacity 
and effective control of dispersion for the elimi- 
nation of feedback and reverberation. 

The Model CCS -6 is a 60" column carrying six 
extended -range 8" speakers. Frequency response 
is 35- 17.000 cps and it will handle 150 watts. Im- 
pedance is 16 ohms. The Model CS -4 is a 40" 
unit with four extended -range 8" speakers. It 
covers the range f 45 to 17.000 cps and will 
handle 80 watts. Impedance is 8 ohms. Other 
units at lower power ratings will be offered in 
the near future. 

HEADPHONE SET 
2e Clevite Electronic Components is now offer- 

ing a new headphone set designed for maxi- 
mum comfort and featuring a frequency response 

of 50 to 10,000 cps. 
The Model ED -300 

features a moisture - 
proof piezoelectric bi- 
morph motor- Imped- 
ance is 50,000 ohms at 
1000 cps and sensitiv- 
ity is 8 dynes/cm."/ 
volt at 1000 cps. 

The headphones can 
be worn comfortably 
over glasses and the 
se's single cord allows 

easy "on -off" movements. Two types of remov- 
able car cushions are available. The "blanket ' 

cushion prevents direct contact between ear and 
phone. .A "donut" cushion is recommended for 
especially long listening periods or where elimi- 
nation of external noises is desirable. Both cush- 
ions may be detached or attached in seconds by 
mans of a special nylon zipper. Both arc made 
of comfortable. easy -to -clean polyurethane foam. 

21 

WIRELESS INTERCOM KIT 
Heath Company has recently introduced a 

low -cost wireless intercom in kit form as its 
CD-51. 

The all- master system permits any station to 
call all other stations. Each unit features an all - 
transistor circuit for high operating economy and 
a self- contained 117 -volt a.c. power supply. There 

is a squelch circuit for full quieting on standby, 
overload diode to prevent distortion on high -level 
signals. and two indicator lights. The press -to. 
talk bar switch has a spring- return "listen" posi- 
tion and a transmit "hold" position for dictating 
and baby sitting. 

The unit is housed in a two -tone beige plastic 
cabinet. Complete easy -to- assemble instructions 
are included in the kit. 

FM- STEREO TUNER TUBE 

28 
Sylvania Electric Products Inc. is now mar - 
keting a new receiving tube which has been 

designed to upgrade the front end of FM multi- 
plex tuners. Released as the type 6JK8, the new 
unit is described as a miniature dual triode with 
dissimilar sections that serve as a neutralized r.f. 
amplifier and autodyne mixer. 

The tube is a 6.3 -volt, 400 -ma. type. Other 
heater versions are the 8JK8 (8.4 volts, 300 ma.), 
and 17JK8 (16.8 volts. 150 ma.). 

FM WIRELESS MIKE 
Federal Manufacturing &s ring Corp. 
is now offering a wireless microphone system 

which is based On the patented " Victoreen" 
method of operating 
crystal -controlled os- 

cillators at high fre- 
quencies and directly 
frequency -modulating 
them. 

The transmitter is 
little larger than a 

pack of cigarettes and 
weighs only 10 ounces 
including mercury 
batteries. An omni -di- 
rectional high -quality 

dynamic button mike leaves the user's hands 
completely free. 

The Model 421 has FCC -type acceptance for 
licensed use in specific commercial applications 
and can also be used under l'art 15 of FCC rules 
for operation without a license. 

P.A. MATCHING TRANSFORMERS 

30 
Stancor Electronics, Inc. is now offering two 
ncu tine- matching p.a. transformers as the 

A -81199 and A -8109. 
The A -8099 is for 25-volt line applications and 

has taps for primary impedances of 312.5, 625, 
and I2í0 ohms. The A -8109 is for 70.7 -volt line 
use and has taps for primary impedances of 
2300. 5000, and 10.000 ohms. Both units have 
outputs of 4 and 8 ohms and provide power steps 
of 0.5. I. or 2 watts. 

The transformers are IN" high with a base 

area of 2kb" x 14k" with 144" mounting centers. 

31 

NEW PICKUP SYSTEM 
Audio Dynamics Corporation has introduced 
a new pickup system that tracks at SA gram. 

eliminating distortion, record wear, and preserv- 
ing the linearity of the stylus tip suspension. 

114 ELECTRONICS WORLD 
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The system comhinr the AD(:-1 stereo cartridge with a Bala Iced umc. 

arm. The combination e'iminates the problem of matching a highly ton 
pliant cartridge to a properly designed tonearm. 

Ann length is 1117b" over -all. pivot to stylus tip length is !t- vs üh a 

rear overhang of 13.6" maximum. Fundamental resonance is ti t p.. I In 

tonearm is made of walnut wood and will accommodate other pit Lop, if 
desired. 

32 

CB- HAM -COMMUNICATIONS 

TUBES FOR MOBILE USE 
RCA's Electron Tube Div iiuu Icy. auu t°unred the development of 
three new, economical beam -power tubes especially designed for 

radio -frequency generation in mobile equipment. 
The new ri. power amplifiers not only satisfy mobile power require. 

ments up to 500 rte. but also provide three choices of cooling. Designated 
RCA -8072. RCA -8121, and RCA -8122, the tubes arc rated for continuous 
wave and linear sers ire. 

All three tubes feature sturdy ceramic -metal construction: precision - 
alignment of grids: high power sensitivity and high efficiency; high tem- 
perature operation: and dependable performance with battery operation. 

MARINE RADIOTELEPHONES 

33 
Raytheon Marine Products has added four "fat- pack" marine radio- 
telephones to its line of ship -to -shore communications equipment. 

I'he new units are 
the RAY-1024 (24 
waits); RAYOI' nil 
watts); RAY-I095 (10(1 

watts): and RAY -1130 
(13:7 watts and shown 
in photo). The RAY. 
1024 has five crystal - 

conindled channels as 

well as a tunable 
broadcast band. It op- 
erates (rom 12 -volt 
power sources. 

Each of the larger 
units provides 8 channels plus broadcast -baal and can be °petaled with 
12. 32, or 110 volts d.c. or 117 volts a.c. All of the units are packaged in 
fat -pack, space -miser cases to permit easy mounting either hori,ontally or 
vertically. The units are fully protected against moisant and corrosion. 

34 

6 -METER TRANSCEIVER 
Lafayette Radio Electronics Corporation has added a deluxe 6 -meter 
transceiver to its amateur radio equipment line as the Model HE -45. 

Designed for either 
fixed station or mobile 
use, the Model HE -45 

features a superhetero- 
dyne receiver section 
that emploss an ri. 
stage with front -panel 
peaking control and 
two i.f. stages for 1 

mv. sensitivity with 35 
db image rejection. 

The transmitter sec- 

tion utilizes a 6U8 os- 
cillator and buffer/ - 

untltiplict. driung a 2EX6 final with a plane input of approximately 12 
wants on AM. 

The transceiver is housed in a metal cabinet measuring 12" x 5" x 81/2" 
and comes complete with push -to-talk ceramic microphone. crystal for 
50.12 me., detachable mounting bracket, and all power cables. 

35 

SSS CONVERTER KIT 
Manson Laboratories, Incorporated has announced the availability 
of a new single- sideband modification kit which quickly converts 

conventional r.f. receivers for SSE reception. 
The nuulifica Lion kit upgrades a variety of high. 
frequency receivers, making them SSE systems 
that can be tuned to any desired operating fre- 
quency, well within voice tolerance. without 
fine tuning or pilot carrier lock -in. 

At present. modification kits are available for 
the Hammarlund SP -600, Halli(ra(tcrs \Itxlcl 
SX -116. and Government Model R -3904 receiv 
ers.Kits for other receivers will be marketed in 
the near future, according to word remised f 
the company. 

36 

MANUFACTURERS' LITERATURE 

SILICON RECTIFIER DATA 
Fansteel Metallurgical Corp.'s Rectifier- Capacitor Division is offering 
a -14 -page. two -color catalogue describing its standard line of silicon 

power rectifiers and rectifier stacks. (Continued on pr';/e 1181 

February, 1962 
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COMPANY 

Dept. R -2.62 

WAITER ASHE RADIO 

11255 Pine Street, St. louis, Missouri 

Oh_Wake me up! I am interested in 

" allowance on_ - -- 

What is the Ashe "Surpris 

Name 

Address 

CCatalog 
Send Reconditioned 

Bulletin 
City- 

end Ne ,,, Gl S 
Want to lay awake at 

night? That's what happens to the people 
who write for our trade in quote before they are ready to go. 
Don't let our quotes disturb your sleep! Don't clip the coupon 
unless you can stand the best trade in offer in the business. 

PLEASANT DREAMS! (Quotes 
confined to gear made since 1 94 5) 

Anxious? Call us at CH 1 -1125 

WALTER ASHE RADIO CO. 
11258 Pine St., Dspt.R- 2- 62,St. Louts 1, Missouri 

RADIO PARTS STORES 

& HI -FI SALONS! 
Hundreds of dealers across the nation profit by 
selling ELECTRONICS WORLD each month to their cus- 
tomers. Are you one of them? ELECTRONICS WORLD 

helps build store traffic ... keeps customers coming 
back month after month for the merchandise you 
sell -and, best of all, you earn a neat profit on each 
copy sold-No RISK INVOLVED. 

So get details on selling ELECTRONICS WORLD, the 
world's largest selling technical electronics maga- 
zine. Or, order your copies now. Just use the handy 
coupon. 

rRetail Sales Department 
Electronics World 
One Park Avenue 
New York 16, New York 

Att. Jerry Schneider 

Send me copies of ELECTRONICS WORLD for resale in 
my store each month. No risk involved on my part. 

Send me details on selling ELECTRONICS WORLD in my store. 

STORE NAME 

ADDRESS 

CITY __ 

I SIGNATURE 

ZONE STATE 

E W 262 
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FAMOUS BC -645 TRANSCEIVER 
15 Tubes 035 to 500 MC 

tun 
modified 

band 

1 r 
voice 

fz 1 ^.11 
(fun. ie n l'5 adio 420.450 

n,c. ! 
on 

radio ileo450- 
ñxe. and roue pe 

äüò television experi- 
mmental úT0-5 

alone 
me. 15 

ore 
than sale 

c worth 
more 

4 -7H7, 21 -7E0, 2- BPAND OFe. 2 -955 ami 1 -WE NEW 316Á. Now covers 460 1 

4110 m iIraml n w BC 6äs wtth tubes, le 

hipn `eihty $19.50 Sping wg2 carton. 
SPECIALI.... 

P E -101C Dynamotor, 12/24V input $7.95 
UHF Antenna Assembly 2.45 
Complete Set of 10 Plugs 5.50 
control cox 2.25 

SPECIAL PACKAGE" OFFER: 
BC -645 Transceiver, Dynamotor and all accessories 
above. COMPLETE. BRAND NEW. al sa este0 
While Ntorks I ant $29 Y 

LIMITED QUANTITY SPECIALS! 
BC -312 MOBILE RECEIVER ,i band, 1500 KO to 18 
Mc. \ \l., lobes and 1.1 V Dynamotor. Like New $72.50 
BC -314 RECEIVER 1S0-1500 Re continuous Tuning. 
4nand. for 14 V DC operation. Like New ...559.50 
BC -342 RECEIVER 1.5 to 18 Me. AC only. Excellent 
Used $72.50 
B C -348 SUPERMET RECEIVER 2(0 to 500 KO and 1.5 
0 1a.. Mc. Voice. Tone. CW,t Self- contained 

motor for 24\' D,'. Like New $70.50 
ARW.26 RADIO REMOTE CONTROL RECEIVER Ell to 
7:1 NM carrier freq. Battery operated. Less Batts. 
Includes tutees: mill. 0003. 7.:164s. Brand New $9.95 
AN /APT -S AIRBORNE RADAR SET. with tubes. 

like 

AN/PRC.6 WALKIE -TALKIE Transceiver with 
ternal connected handset. for F51 voice c mmunica. 
Don from 47 to 55.4 Mc. 43 channels 11 preset). 
Operating range 1.5 miles. e Uses dry atter . 

Corn. 
Mote. 1.1ke 

I re134E r sed. kw .. 
feA -Rab 

VoEveR. liNe 
, etch ß1.a5. et 

ne 
of IS. P:t?, !!$21.50 

I 
. 

LORAN APN -4 -III FINE QUALITY `6,..) NAVIGATIONAL EQUIPMENT 
D., _ 't geographic position of your boat t 
plane. 

) 
t.,lu, and receiver complete with all tube 

INDICATOR ID -6B /APN -4. and RECEIVER $49.50 
R 9B /APN -4. complete with tubes. tse. used t 
Receiver -Indicator as nimm e. BRAND NEW $88.50 
INVERTER POWER SUPPLY for I.oran. Made by i -Pioneer Div. INPUT: 24 V DC S 75 A. tit "I: ; 

115 V AC (U 11..5 Atnps, 600 cycle, Complete O., 
viva connecting (tnna cting plugs DRAM/ NEW S49.5O 
12 -Volt Inverter Power Supply. Like New P.0.13 
Shock 

We cry Mount 
comp rteeline of spare . '' 5ve. 

parts 'ear ' above. 

LORAN APN /4 
OSCILLOSCOPE 

Easily converted for use on 
radio -TV service bench. 
LIKE NEW! Supplied with 
5" Scope, type 1$14.50 
SCPI only 

i. 4e_ 
6 p 

LORAN R -65 /APN -9 RECEIVER 

=r 8 INDICATOR 
, Deter- 

signal. 
Complete 

to 

Value i$1200.00. r Price ..... ($79.50 
1 \rd le.. tut., . cal and visor, 'bat' with Sill'! 
C.R. to 29.50 s 
INVERTER POWER SUPPLY. INPUT: 24 V DC. OUT. 
PLT: 115 V A. !MRANI. NEW $49.50 
12 -Volt Inverter Power Supply. Like New , 1'.U.It. 
Circuit diagram and connecting plugs Rahle 
We Carry a Complete line of spare parts for above. 

200 to 1750 Re in 3 bands, 28 V DC 
power Supply required. Complete with $21.50 15 tubes. BRAND NEW `P 

ASB -5 'SCOPE INDICATOR 
BRAND NEW. includ- 

R all tubes. together 
1 

with SBP1 Scope 
Tube. Originally used 

O, in Navy Aircraft 
RADAR equipment. 
Easily converted for 
AC per5 

¿e n c VALUE 5250.001 
4 OUR LOW 

PR CE... 1 5x95 

APN -1 FM 
420 to 460 Mc 
Tubes, 4 -955. 3- 
I.VRI50: Complete 
APN -1 exc. Used 

TRANSMITTERRECEIVER 
aircraft Radio altimeter equipment. 
12SJ7, 4.125147. 2 -12146. 

5 .9 with tubes, brand new .l9 
$6.95 

$9 

ARN S -C AIRBORNE Equipment, to else vertical god. 
..during landings. 11 tube superbet circuit. Tubes, 

28117. 12507, -12SN7, 7.0AJ5. Crystal Controlled tn channels. Like new. $12.95 

À 

BC 

+ BRAND 

4.- 
NVV 

-906 FREQ. METER -SPECIAL 
Cavity type, 195 to 235 Mc. 

NEW. complete with 
antenna. Manual and original 
calibration charts included. 

PRICEOW $10.88 

BC -221 FREQUENCY METER 
- 

is U quipped 
excellent tigina! cal- 

charts, and has ranges m Kt to 20.000sMc with crystal check l na Calibrations Book. Crystal, and tables -LIKE NEW! 
Modulated .999.50 

made for Govt. 
?_(C 

w 
and 1, wireä 0 $18.95 

art 
i s1 SPECIAL 

: Ìbration 
125 

original 
all 

l' , i lulatcd ...$72.50 
RA'1i3o 

with nC- For 
,.stet 

BC -63SÁ FREQUENCY METER 100 -156 Mc. Xtal con- 
trolled. Rack mounting- For 110V AC operation. Less 
Crystals. BRAND NCW 529.50 

,r\ lJ 

o p' G' 

TS -16 /APN TEST SET 
For aligning and calibration of 
radio altimeters. May be used to 
check calibration f town( o cir- 
cuits and modulator sweep 

or 

:hit h:mdwiÁth of Hter 
\2,,11 cycle aloe Re: li0 I. 

r14 7.50 cycles. ¡3/ 
able.. 

W I 
1.95 wpbs, , connecting 

NEW nstructMnv summary, BRAND NEW 

AN /ARN -6 RADIO COMPASS EQUIPMENT 
my efficient airborne direction finding y: lost to 175. EL 

YAW!: $19.50 í`lUC V Power Input. LIKE 

1' 
- ` `RR 

TS -100AP 'SCOPE 
(WORTH $7501 $29" OUR LOW PRICE 2 9 

J.,7-.. be used with tien,. . 

r gene purpose s .. o 

O R V, ':,mea included. Also WWI! SI. 
circular sweep as precision ran-, 

Self -contained II. 

1 se e^ x 121.^ x 1. 
t7.t ÿl, y For 110 V S. to 1210 

,e`lea AC. Excellent usM. IIF 15 ! wlan all tuTus .ntliol 
talc and C.R. Tube 

BRAND NEW 569.50 

SCR -625 MINE DETECTOR 
ri:,l,l, , t In original $21.50 kin,. with all accessories. Brand New' 

116 

BC -603 FM RECEIVER 
20 TO 27.9 MC. $'$95 Like new 
BRAND NEW . ..... . $22.50 

I. 6 
K Complete with speaker, usluelch. 

ten tubes: 3.81.'7, 1 -BJS. 2 I25G7, 
',HR. 1- ti \'0. 2 -851.7 

L-- ^ ! t 1 

/ ; ¡j 

-I l A SET OF lo TUBES FOR ABOVE 
,1l,I new In original boxes $3.95 

r i.237 M INC BASE for BC603 Revr 
'I IiC -6(li \miller. Brand New $5.95 

d 55.50 
$33.33 

Corn. 
$4.95 

for BC603 
$6.95 

$4.95 
for above. 

MC. 

$325° 
ribs 

-' 

510.25 
C.603. 

53.15 

rUsed 24.25motor 
for AbOve. 

Brand New 
HC.683 FM Receiver, 27 to 38.1. MC. ''replete with all tubes. Like New 
i- Section Antenna for BC- 603. 683 ReCelveet. with mounting lase. BRAN!) NEW 
ac-604 TRANSMITTER- Companion unit licor above. With all tube -. tillAND NEW 
4- Section Antenna for BC -604, 684 Transmitters. 

Illele with mounting base. BRAND NEW. 
e' Carry a Complete line of spare parts 

SPECIAL! BC -603 FM RCVR CONVERTED 
FOR ANY FRED. -30 TO 50 

RAND NEW! 
Mg ND loon, r 
w<^leneV nom's 
'h ordering. 

AC POWER SOPII v I OR IiChO -l. 
Interclmogeable. - 

VD.itch. NO l0'f1'Ìt`' .'1' .1 1 

C t4 80 Ma. 24VÁ 2 Anu,s 
Complete 240.page Technical Manual for 
604 

BC -605 INTERPHONE AMPLIFIER for above. 
BRAND NEW Each 54.95 

SCR -522 2 -METER RIG! 
Terrific buy! VHF Transmitter- receive, 100 -156 Mc. 

channels. Xtal- Controlled. Amplitude modulated 
voice. They're going fast! Excellent condition. 

SCR -522 Transmitter-Receiver. Complete with all 16 
tubes, top rack and metal case. 

S29r50 

EUNIVERSALkePOWER SUPPLY KIT 
For All Command Xmltters and 

hers requiring: 
INPUT: 1Ì7V , cycle' AC. _ 
OUTPUT: 4S.V ni ps 150 Ma. 

24V DC 6) 2 Amps. 
Carefully designed, sing lop 
quality 
substantial. 

components. Ball, 

BARGAIN $29.50 PRICED AT 

ATTENTION: IMPORTERS -EXPORTERS 

of ELECTRONIC EQUIPMENT 
We specialize in the export of electronic equipment. 
Parts. and Electronic Tube at LOWEST prevailing 
prices. All 

own 
and shipping Is made directly 

from our warehouses In NYC, to give you sub. 
stantial savings in handling costs! Your inquiries in. 
vited. 

MOBILE -MARINE DYNAMOTOR 
Model DM35 

Input 13V DC. ttlpul: 628 V 
Dc 0 225 Ma. for .ie. 
talk intermittent Ion. 
ShpR we. 14 IDs 
OUR LOW PRICE. $9.95 
BRAND NEW 

OTHER DYNAMOTOR VALUES: Excellent BRAND 
Type Input Output Used NEW 
DM -32A 28V 1.IA 250V .05A 2.45 4.45 
DM -33A 28V SA 575V .18A 

28V 7A 540V .25A 1.95 3.75 
DM -34D 12V 2A 220V .080A 4.15 3.50 
DM.53A 28V 1.4A 220V .080A 3.75 5.45 
DM -8411 12V 5.1A 275V .15OA 7.95 
PE -73C 28V 20A 1000V .350A 8.95 14.95 

3.85 PE -88 28V 1.25A 250V .050A 2.75 

MICROPHONES EXC. ' 
Model Description USED NEW 
T -17 ..Carbon Hand Mike.... $4.45 ....$6.95 

u R5.38.'... Navy Type Carbon Hand Mike 4.75 I 
HEADPHONES Excellent BRANDS 

Model Description Used NEW 
g 115 -23.. High impedance $2.19.. $4.49 
NS -33.. Low Impedance 2,69.. 4.59 IR530. ...Low Imp. ifeathe,wt.) .90... 1.65 
I, 16 U. . High Imp. 2 nu 3.7$... 7.95 I 

E EPHONICS -61.0 ohm Low Impedance HEAD. 
I c0.3Ó7ARC rds,Nw'llh 1'L plug and JK26 Jaek$3.089 II 

I &t't:imne Cuahlone for above-pair .50 Ia -sM s-motz.tz.em- - -. -.r 
2 VOLT BATTERY "PACKAGE" 

1 -2V. 20 Amp. Hr. Willard Storage 
Battery. Model c- .2. 3' 4' 

D" high ...............$2.79 
1 -2V. 7 rang Synchronous-Plug-In Vibrator 1.49 I-Quart Bottle Electrolyte (toe 2 

1 45 
ALL BRAND NEW! 55.45 Combination Price ell 

glt 

WILLARD 6 -VOLT MIDGET 
STORAGE BATTERY 

e. 3 Amp. (lour. BRAND NEW. :1Sk X la ,,o. x Zak ". I , s Standard Elect... 
1)'te .niy $2.95 

Please clud aseo Deposit th order- alance C.O.D.. 
or Remittance Full. 50e Handling Cbarged on all orders 
under 55.00. All shipments F.O.8. Our Warehouse, N.Y.C. All Merchandise subiect to Prior Sale and Price Change. 

G & G RADIO SUPPLY CO. 
Telephone: CO 7 -4605 

Mail Order Retad Sales 
51 Vesey St. 75 -77 Leonard St. 

New York 7, N. Y. New York 13, N. Y. 

ARC -3 
RECEIVER! 

All 
th All with 

Eat. 
Used 

$16" 
- - - - - - 

LIke NEW 521.50 
Crystal controlled 1751 be 

5 
supaerhet. tunes from 

100 t0 156 MC.. AM.. o any 8 pre selected 
channels. 28 -volt DC power Input. Tubes: 1.9002. 
6.6AKS. 1.125X7, 3- 12807. 1.9001, 1.12H6. 
2.125147. 1- 12SL7. 1.1216. 

ARC -3 TRANSMITTER 
Companion unit for bave. tunes 100 tu 156 MC on 
any le V 

provides and svoicet modulio crystal 
28,' 

DC Power input. Complete with all 
$1696 Tunes: 3 -OVO. 2.832A. 1.123H7. l -BJS. V 

3.6L6. Exc. Used Only 
Like new COnditlon .....................$22.50 
NIP t l'1 -.Iiltl 111(5 (1,1Il,tl. Mix $5.95 i 

R77 /ARC -3 RECEIVER 
POWER SUPPLY 

. i!.T: 110V 60 C ,. c. UUTIL'T: 2`111\'. i1 .i 
-.Ma & 2IV a amps. Includes i. 

capacitor. 5\': e(:T tube. Punch, I wiring diagram. Size 8t 2xíll..I 
Complete kit ... $15.00 
Wired sl ".1 

AN /ART -I3 100 -WATT XMTR 
11 CHANNELS 
200.1500 Kc 
2to18.1 Mc ea:<c :.- $6., 

Complete w.n Tuh . ' . _ 
Collins Autstune Aircraft Transi AM, .mous 

MCW. Quick change tu any of ten preset chaff. 
I1 a manual tuning. Speech anipl icier /cilpper u r man 

tic mike. Highly stable. highly Sc. 
c. 

ait' `'Fil. 
Built in Xlal c tln,lif l calibrator. -I I ,,IInt, 111:1 in final al' tu .la'r. ria.. D" 

Ito-al "HOT'' Ham buy at our low price! Orig. emit 
AN:ART13 XMTR as above. Like New .. $69.50 
0 -16 Low Freq. Osc. Call for ART -13 7.95 
24V Dynamotor for ART -13 11.95 

Same 
Carrabove mplete line' f- spare' parts for above, r SCR -274 COMMAND EQUIPMENT 

ALL COMPLETE WITH TUBES Like 
Type Joliet. Used NEW 

D(' -4 5:i Receiver 1hÚ-550 KC 512.95 514.95 I('454 Receiver 3.6 Mc 10.45 12.45 
BC. Ina Receiver 6 -11 Mc 11.50 13.95 
Marine Receiver 1500 -3000 KC Brand New..$16.95 

110 Volt AC Power Supply Nit, for all 274.5 al 
AItW -5 Receiver.. Complete with metal 

$7.55 Factinstructions r8 
ory ire,. tested. ready to operate...911.50 

SPLINED TUNING KNOB for 274 -N and ARC -5 
RECEIVERS. Fits BC -453, BC -454 and 49G hirers. Only r$i l 

BC 57 OTTER 4-5.3 MC. complete 
to all tunes and crystal. BRAND NEW.. $9.75 

Bé -ass TRANSMITTER -5.3 to 7 Me. Complete W011 
all tubes 

I crystal. $9.15 
7119( TRANStMIT crystal. R Exe.c, 

complete with $9.95 
111' -45,, Modulator .... USED 3.45 NEW 5 95 
MD7 Modulator. Like New ................. 59.95 

ALL ACCESSORIES AVAILABLE FOR ABOVE 

SCHEMATIC DIAGRAMS ói°'< rl.;ttl:; nit. 650 

ELECTRONICS WORLD 
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ELECTRONICS MARKET PLACE 
RATE 60C per word. Minimum 10 words. April issue 

ELECTRONICS 
ENGINEERING 

AND INSTRUCTION 
USED Correspondence Courses and Books sold and 
rented. Money back guarantee. Catalog Free. (Courses 
Bought.) Lee Mountain, Pisgah, Alabama. 
"EARN $150 weekly Mechanical Electronic Drafting. 
Send $2 first lesson, $25 complete home study course. 
PRIOR, INC., 23 -09 169 Street, Whitestone 57, New 
York." 
ELECTRONICS! Associate degree -29 months. Techni- 
cians, field engineers, specialists in communications, 
missiles, computers, radar, automation. Start February, 
September. Valparaiso Technical Institute, Dept. N, 
Valparaiso. Indiana. 

FOR SALE 
TV Tuners -Rebuilt or Exchanged $9.95 complete - 
all types -fast, guaranteed service. Send tuner with 
all parts to L. A. Tuner Exchange, 4611 West letter. 
son Blvd.. Los Angeles 16. California. 
TUBES -TV, Radio Transmitting And Industrial Types 
At Sensibly Low Prices. New, Guaranteed, 1st Qual. Ity, Top Name Brands Only. Write For Free Catalog 
or Call WAlker 5 -7000, Barry Electronics Corp., 512 
Broadway, New York 12N, N. Y. 
DIAGRAMS for repairing radios $1.00. Television $2.00. 
Give make, model. Diagram Service, Box 672 -E, Hart. 
ford 1, Conn. 

GOVERNMENT Surplus Receivers, Transmitters, Snoop. 
erscopes, Parabolic Reflectors, Picture Catalog 10C. 
Meshna, Malden 48, Mass. 
GOVERNMENT Sells Surplus: - Electronics; Oscillo- 
scopes; Transceivers; Test Equipment; Radar; Sonar; 
WalkieTalkie; Boats; Jeeps; Aircrafts: Misc. -Send 
for "U.S. Depot Directory & Procedures"-$1.00- 
Brody, Box 425(RT), Nanuet, New York. 
PROFESSIONAL Electronic Projects -Organs, Timers, 
Computers, Industrial, etc. -$1 up. List Free. Parks, 
Box 1665, lake City, Seattle 55, Wash. 
BEFORE You Buy Receiving Tubes or Hi -Fi Components 
send now for your giant Free Zalytron current catalog - 
Featuring nationally known Zalytron First Quality TV. 
Radio Tubes, Iii-Fi Stereo Systems, Kits. Parts. etc. 
All priced to Save You Plenty -Why Pay More? Zalytron 
Tube Corp., 220 W. 42nd St., NYC. 
CITIZENS Band High Gain -Low Noise preamplifier, 
Cascode Nuvistor circuit boosts receivers in Heath 
GW10, Knight C -27, Globe 100 & 200, Browning R2700. 
etc. Extends range up to 50% further. Full details 
sent for dime. Raydar, Box 363 -E, Farmington, Conn. 
PRECISION Resistors, carbon- depos;t. Guaranteed 1% 
accuracy. Millions in stock. 1/2 -watt, 8C. 1.watt, 12C. 
2 -watt, 15C. Leading manufacturer. Rock Distributing 
Co., 902 Corwin Rd.. Rochester 10, N.Y. 
SAVE dollars on radio, TV.tubes, parts at less than 
manufacturer's cost. 100% guaranteed! No rebrands. 
pulls. Request Bargain Bulletin. United Radio, 1000 -W, 
Newark, N.J. 

PkINTED CIRCUITS, free catalog lists hundreds of cir- cuits. Cloud "9" Engineering, Brookdale, California. 
TUBES, 60.10 off. 1st quality. Brand new and guaran- 
teed. Top name brands. Edison Tubes Co., Menlo Park, 
N.J. 

SCHEMATIC Diagrams, Exact Replacement Parts Orders: 
Japanese transistor or tube radios, recorders, trans- 
ceivers, electronics equipment. Give model and manu- 
facturer, $1. Techservices, CPO 849, Tokyo, Japan. 
SCHEMATICS for repairing TV $1.50, radio, 75C. Give make, model. Schematics Unlimited, P.O. Box 65-E, Flushing 64, New York. 
SEND dime for illustrated catalog. Steller, 624 Drum - wood, McMinnville, Oregon. 
JUST Out! New 324 -page, illustrated Catalog offering 
savings up to 50% on over 100,000 auto parts and accessories, everything to renew, rebuild, renovate 
'28 -'31 Model "A" Fords. All Makes (1920 to 1962 
models), trucks. foreign and sports cars. Hollywood 
accessories, custom styling, Hi -Speed Equipment. Send 
25C for postage, packing -refundable on first order. Whitney, 1919 TT -2, Archer, Chicago 16, III. 
TELEVISION Sweep Generator UHF Philco Model G8002 
$89.50. New Beacon Electronics, 1226 S. 26th St., 
Phoenix, Arizona. 
TV Shop Billboards. Key circuit symbols, resistor, wir- 
ing codes, helpful time -saving hints. 10 2/3/4x61/4 
wall- mounting billboards, assorted colors. $1.00. Mil - 
lett, 5208 Longton, Cleveland 24, Ohio. 
WALKIE- Talkie radiophones from $24.98. Free litera- 
ture. Vanguard Labs. 190-48 99 Ave., Hollis 23, N.Y. 
ELECTRIC meters. Picture catalog 10C. Steller, 624 
Drumwood, McMinnville, Oregon. 

February, 1962 

closes February 1st. Send order and remittance to ELECTRONICS WORLD, One Park Ave.. N. Y. C. 16. N. Y 

SUPERSEN;ITIVE Directional microphone picks up a 
whisper a' great distances. Used by investigators to 
record faint sounds without being detected. Easily 
constructe1 for about $7. Step by step plans, $1.95. 
Dee Company, Box 72634D, Houston 18, Texas. 
CONVERT my television to sensitive big- screen oscil 
loscope. Oily minor changes necessary. Plans $1.95. 
Relco, Box 10563 -A, Houston 18, Texas. 

WANTED 
QUICKSILV iR, Platinum, Silver, Gold. Ores Analyzed. 
Free Circular. Mercury Terminal, Norwood, Massa. 
chu ce tts. 
CASH Paid Sell your surplus electronic tubes. Want 
unused, Clean radio and TV receiving, transmitting 
special purpose, Magnetrons, Klystrons, broadcast 
types. Want military and commercial lab 'test equip- 
ment such as G.R.H.P., AN UPM prefix. Also want 
commercial Ham Receivers and Transmitters. For a 
Fair Deal write: Barry Electronics Corp., 512 Broad- 
way, New York 12, N. Y. (Walker 5. 7000). 
INVENTION! Wanted for immediate promotion! Pat. 
ented, unprtented. Outright cash; royalties! Casco, 
Dept. BB Mills Building, Washington 6, D.C. 
TRIGGER- V191VJ We Buy Shortwave Equipment For 
Cash. 7361 W. North, River Forest, Ill. Phone PR 
1 -8616. Chicago TU- 9.6429. 
WANTED: Ti bes, Diodes, Transistors, any quantity, all 
types, also, Military, Commercial Lab -Grade Test Equip- 
ment. Components, PRC, GRD Equipment, Aircraft 
Equipment ry Collins. Top Prices. Write details, Bob 
Sanett, W6REX, V & H Radio & Electronics, 2053 Venice 
Blvd., Los Fngeies 6, Calilfornia. 

TAPE AND RECORDERS 
TAPE Recorders, HI -FI Components. Sleep Learning 
Equipment, apes. Unusual Values. Free Catalog. Dress - 
ner, 1523 Ely Jericho Turnpike, New Hyde Park, N.Y. 
RENT Sterec Tapes -over 2,000 Different -all major 
labels -free catalog. Stereo.Parti, 811G, Centinela 
Ave.. Inglewood 3, California. 
DON'T Buy Ili -F! components, kits, tape, tape record. 
ers until you get our low, low return mail quotes. "We 
Guarantee Not To Be Undersold." Wholesale catalog 
free. Easy t me ayment plan, 10% down -up to 24 
mos. to pay. Hi-Fidelity Center, 220NC E. 23 St., New 
York 10, N. f. 
SELF -Hypnos s. New concept teaches you quickly by 
tape or LP- record. Free literature. McKinley Publishers, 
Dept. T6, Box 3038. San Bernardino, California. 
4 -TR Stereo rapes -we buy, sell, rent and trade! Free 
Catalog list ng bargain closeouts. Columbia, 9651 
Foxbury Was, Rivera, California. 
SAVE 30% Sl ereo music on tape. Free bargain catalog 
blank tape /r. corders /norelco speakers. Saxitone. 1776 
Columbia Raid, Washington, D.C. 

HIGH- FIDELITY 
PROMPT Deli iery, We Will Not Be Undersold. Ampli- 
fiers, Tape Fecorders, Tuners, Etc. No Catalogs, Air 
Mail Quotes. Compare. L. M. Brown Sales Corp., Dept. 
W. 239 E. 24 St., N. Y. 10, N. Y. 

DISGUSTED 'vith "HI" HI -Fi Prices? Unusual Dis- 
counts On Your High Fidelity Requirements. Write. 
Key Electronics, 120 Liberty St., New York 6, N. Y. 
Cloverdale 8 -4288. 
RECORDERS, Components! Free wholesale catalogue! 
Carston, 125.1, East 88, N.Y.C. 28. 
PRICES? The Best! Factory -sealed Hi -Fi Components' 
Yes! Send for free catalog. Audio'', Roslyn, N.Y. 

C'- OVERNMENT 
SURPLUS 

JEEPS $278, , urplanes $159, Boats $7.88, generators 
$2.68, typewr ters $8.79, are typical government sur- 
plus sale prices. Buy 10,001 items wholesale, direct. 
Full details. 627 locations. procedure, only $1.00. Sur. 
plus. Box 789C9Z, York, Penna. 

PATENTS 

PATENT Searc les, $6.00. For free Invention Record, 
and "Information Inventor's Need," Write: Miss Hey. 
ward. 1029 Vermont Avenue, N.W.. Washington 5, D.C. 
WRITE Martin Lincoln, Electronics World, 1 Park Ave- 
nue, New York 16, N.Y. for information on how to place 
a classified ad in this section. 

SHOPPING GUIDE 
CLASSIFIED 

A HANDY GUIDE TO PRODUCTS, NOT NECESSARILY 
ELECTRONIC. BUT OF WIDE GENERAL INTEREST. 

PHOTOGRAPHY -FILM, 
EQUIPMENT, SERVICES 

SCIENCE Bargains -Request Free Giant Catalog "Cl 
-144 pages- Astronomical Telescopes, Microscopes, 
Lenses, Binoculars, Kits, Parts. War surplus bargains. 
Edmund Scientific Co., Barrington, New Jersey. 

Catalog listing bargain closeouts. Columbia, 9651 
Foxbury Way, Rivera, California. 

STAMPS AND COINS 
GIGANTIC Collection Free! Includes triangles, early 
United States animals, commemoratives, British Colo- 
nies, high value pictorials, etc. Complete collection 
plus big illustrated magazine all free. Send 50 for 
postage. Gray Stamp Company, Dept. Z2, Toronto, 
Canada. 

HELP WANTED 
HIGH Paying lobs in Foreign Lands! Send $2.00 for 
complete scoop! Foreign Opportunities, Box 172, Co- 
lumbus 16, Ohio. 

EARN Extra money selling advertising book matches. 
Free Samples furnished. Matchcorp, Dept. MD -12, 
Chicago 32, III. 

INSTRUCTORS in Electronics. Well versed in all phases. 
Minimum of 2 Years Technical Training. Previous 
Teaching Experience desirable. Detroit, Michigan Area. 
Write to Box 576 Electronics World, One Park Avenue, 
New York 16, New York. 

EDUCATIONAL 
OPPORTUNITIES 

LEARN While Asleep, hypnotize with your recorder, 
phonograph. Astonishing details, sensational catalog 
free! Sleep -Learning Association, Box 24ZD, Olympia, 
Washington. 

BUSINESS 
OPPORTUNITIES 

SECOND Income From Oil Can End Your Toil! Free 
Book and Oilfield Maps! National Petroleum, Pan - 

American Bank Building -PP, Miami 32, Florida. 

FREE Book "990 Successful, Little -Known Businesses," 
Work home! Plymouth -455R, Brooklyn 4, New York. 

MAKE $25 -$50 Week, clipping newspaper items for 
publishers. Some clippings worth $5.00 each. Par- 
ticulars free. National, 81 -DG, Knickerbocker Station, 
New York. 

I Made $40,000.00 Year by Mail Order! Helped others 
make money! Start with $10.00 -Free Proof. Torrey, 
Box 3566 -N, Oklahoma City 6, Oklahoma. 

MAILMAN Brings Us $150 Daily. Operate Home Mail 
Order Business. Write Publicity, Box 727ZE, Kalamazoo, 
Michigan. 

MISCELLANEOUS 
PRINTING Presses, Type, Supplies. Lists 4C. Turn - 
bough Service, Mechanicsburg, Pa. 

WRITERS! -Free list of top-notch USA markets for 
short stories, articles, books and plays. Write for your 
free copy today! Literary Agent Mead, 915 Broadway, 
N.Y. 10. 

FREE "Do- It- Yourself" Leathercraft Catalog. Tandy 
Leather Company, Box 791 -A43, Fort Worth, Texas. 

2700 Novelties, Tricks, Jokes, science, hobbies. 
World's biggest gadget catalog 10C. Johnson -Smith, 
0-528, Detroit 7. 

OVER 245,000 buyers and sellers will read your ad 
when placed in this space. It costs only 60C per word; 
minimum of 10 words including your name and address. 
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The catalogue is a c Ixtsite of 12 individual 
data bulletins describing eight basic silicon power 
rectifiers and their corresponding rectifier stack 
assemblies. Complete electrical data. character- 
istic curves, and dimensional diagrams arc in- 
cluded. 

SHORT -FORM CATALOGUE 

3 1 
Borg Equipment Division has available a 

short -form catalogue which provides perti- 
nent information on its line of "Micropot" pre- 
cision and trimming pots. "Micro dial" precision 
potentiometer controls, and sub -fractional horse - 
power motors. Each unit is pictured and the specs 
are presented in tabular form for fast and accu- 
rate use. 

INDUSTRIAL ELECTRONICS COMPONENTS 

38 
Amphctml Distributer Division is now of- 
fering copies of a 22 -page catalogue covering 

its line of electronic c ponents for industrial 
applications. 

Included in this new publica ' are details 
on connectors. miniature AN -type connector, 
"Minni -E" connectors, MS /AN units. r.f. con- 
nectors. ribbon connectors. as well as rack and 
panel units, coaxial cable. and miscellaneous elec- 
tronic components. The publication has been 
designated 'EC-4. 

ENERGY DISCHARGE CAPACITORS 

39 
Sanganm Electric Company has issued a 12- 

page bulletin which discusses the electrical 
and mechanical design criteria on energv dis- 
charge capacitors. which it is offering as a serv- 
ice to the industry. 

Typical applications of these capacitors include 
impulse generators. hypersonic wind tunnels. 
laser experiments, and in propulsion and plasma 
research. The bulletin is designated TSC -208. 

40 

COMPONENT END -SEALING 
Epoxy Products Division, Joseph Waldman 
and Sons is now offering an informative bul- 

letin telling how to end -seal electronic compo- 
nents for environmental protection. 

A step -by -step description of end- sealing is 

given. including pellet composition. selection of 
a sleeve material. and important design consider- 
ations. 

41 

WELDING CHECK CHART 
Raytheon's Commercial Apparatus & Sys- 

tems Division has issued a handy chart cov- 
ering the "do's and don't's" for precision weld- 
ing. 

Printed on heavy card stock for posting at 
work stations, the two -color chart describes and 
illustrates 14 major tips for better welding. espe- 
cially where precise, highly reliable welds are 
required. On the reverse side is a check list for 
correcting unsatisfactory welds, instructions for 
solving specific welding problems, and a de- 
scription of the firm's complete line of resistance 
welding equipment. 

42 

"COMPACTRON" DEVICES 
General Electric Company has published a 

new bulletin (ETD -2734) which carries in- 
formation on 35 types of "Compactron" devices 
which are now available as engineering samples 
for designers of radio, television, and other equip- 
ment- in lieu of conventional tubes or transistors. 

Manufacturing sayings. reliability, life expect- 
ancy. power, sensitivity- and typical circuitry 
employing these 12 -pin multi -function devices 
are discussed. 

PROCUREMENT GUIDE 

43 
Lafayette Industrial Electronics Division has 
issued a 32 -page electronic procurement 

guide and directory which is designed to assist 
purchasing agents in the government. research. 
industrial, military, educational, and broadcast- 
ing categories. 

In addition to providing an alphabetized listing 
of off -the -shelf items, the publication carries 
selected listings for commercial and military ap- 
plications. an interpretation of MIL -spec num. 
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bers, and a section on tables, charts, formulas, 
and terminology most often needed by procure- 
ment men. 

METER RELAYS 
AA Weston lust rutnellts Division has published 
%if a 4 -page bulletin (No. I12 -I06) covering its 
"MagTrak" meter relay Model 1073. 

Installation data, dimensions. and details of 
components are provided. Applications listed in- 
clude use in switching for automatic control 
equipment. independent "on -oIl" controllers, and 
alarms for am preselected value. 

45 

CONCISE BATTERY CATALOGUE 
P. R. Mallon Se Co. Inc. has issued a four - 
page folder which offers in concise form 

complete details on its entire line of batteries. 
Presented in tabular form. the publication in- 
cludes mercury cells. manganese alkaline bat- 
teries, zinc- carlxns units, as well as a handy 
battery replacetnent cross reference chart. Outline 
drawings of the various battery types are in- 
cluded to further aid identification. 

46 

RADIO- INTERFERENCE FILTERS 
Genistron, Incorporated has prepared an 
elaborate 52 -page publication describing in 

detail its complete line of standard radio- inter- 
ference filters. 

All of the more than 300 filters in the line 
are listel with important technical data. useful 
applications information. and an outline of the 
company's facilities for providing custom applica- 
tion engineering and systems engineering services. 

41 

TAPE -MACHINE BUYING GUIDE 
North American Philips Co., Inc. has issued 
a four -color. R -page catalogue which contains 

photographs and detailed specs on four "Norelco" 
tape recorders. Also included is a unique buyer's 
guide and condensed applications chart for all 
four of the recorders. The catalogue also shows 
and describes in detail the full line of high - 
fidelity loudspeakers offered by the manufacturer. 

RELAY CATALOGUE 

46 
Potter & Br field Dis-' ' has just issued 

o an S -page catalogue which describes a new 
series of mercury -wetted contact relays, desig- 
nated the IM series. 

Design details. electrical and physical perform- 
ance characteristics are featural in the catalogue 
along with formulas from which to calculate 
contact operating characteristics. 

SHIELDED -ROOM DESIGN 
AOAce Engineering and Machine Co. is offering 

copies of a four -page reprint of an article. 
"Shielded Rooms for Electronic Equipment" 
which describes the techniques and materials 
used to protect sensitive electronic equipment 
from radio -frequency interference. 

50 

MICROWAVE COMPONENTS 
A irtron Division of Litton Industries has 
published a I6.page condensed catalogue of 

microwave components and a description of de- 
velopment and production facilities available 
at the firm. 

Included are photos and specifications of rep- 
resentative ferrite devices. rigid waceguitle com- 
ponents. rigid and flexible wasegu ides. and 
solid -state materials and des ices. 

CORE WINDER SPECS 

5 
1 Telex /Lunen has issued a fourpage bro- 

chure pros ¡ding complete details on its Model 
4402 core winder for manufacturing microntinta- 
titre and subminiature toroids. 

The brochure is illustrated and a chart pro- 
vides information on core dimensions and wire 
gauge sizes that can be handled by the machine. 

WHITE -NOISE DIODES 
S litron Des ices, Inc. has issued a 16 -page 
nl :uucd a hic It cour:' specifications. oper- 

ating charm r Lei it i,.. and performance curses of 
the "Sonny isn't' h iteuoise diode. 

52 

Include) is a discussion of the theory and ef- 
fects of white noise. graph traces characteristics 
of the four basic noise diode types, and two 
classifying circuits. Specifications for nine differ- 
ent types are also given. 

POWER SUPPLIES 
El Gates Electronic Co. is offering copies of a jj new catalogue which covers the firm's basic 
line of over 22 power supplies plus a line of 
selenium and silicon rectifiers. rectifier trans- 
formers, chokes. and diralytic capacitors. 

Full specifications and prices are shown for 
each item. 

VOLTMETER DATA 
[A Trio Laboratories, Int. announces publica- 
mn tion of a six -page. two -color illustrated bul- 
letin introducing three new voltmeters in its line. 

Information presented covers the design, per- 
formance specifications. and applications of each 
device. Photographs of each instrument and cir- 
cuit diagrams of typical applications are in- 
cluded. The units are especially designed for in- 
strumentation- systems applications. 

V.H.F. PREAMPS 

55 
Community Engineering Corporation has 
just hatted a four-page. two -color bulletin 

which describes its line of v.h.f. ultra -low -noise 
preamplifiers. The units are available for any 
v.h.f. channel from 2 through 13. The bulletin 
gives general technical specifications and descrip- 
tions of three models. along with feed -box speci- 
fications, etc. 

ELECTRICAL TAPES 

56 
Johns- Manville has assembled a unique dec., 

insulation selection chart which it is 

offering to the industry. "l'he chart. DB -70A. con- 
tains actual samples of 15 different "Dutch 
Brand" insulating tapes. including paper. poly- 
ester film. glass cloth. acetate cloth. acetate film, 
and vinyl filin insulations. backed with thermoset- 
ting. thermoplastic. and pressure -sensitive adhe- 
sives. 

RECORD /TAPE CATALOGUE 

51 
Allied Radio Corporation is now offering 
copies of its new 149 -page "Discount Stereo 

Record and Tape Catalogue" to audiophiles. 
The catalogue lists more than 1600 of the 

latest stereo record releases, 300 mono recordings. 
and some 800 four -track stereo tapes. The publi- 
cation is sutxlividel into musical categories and 
lists classical records and tapes alphabetically by 

composers. 

PHOTO CREDITS 
Page Credit 

14 Pilot Radio Corporation 
20 (top), 33 (left center) 

Radio Corporation of America 
20 (bottom) Sencore 

29 Varian Associates 

32 (top) Bell Telephone Laboratories 
32 (center left) Texas Instruments Corp. 

32 (center right) ITT 

32 (bottom) Doge Division 

33 (top) Minneapolis-Honeywell 
33 (center right) 

..Bulova Research and Development Labs 

33 (bottom) ...... ....Raytheon Company 
43 (top) RCA Institutes 
43 (center) 

Capitol Radio Engineering Institute 
43 (bottom) Milwaukee School of Engineering 
46, 47 Zenith Radio Corporation 
49 Eastman Kodak Company 
50, 51 Philips Electronic Instruments 
84 Fisher Radio Corporation 
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Qty. Type Price Qty. Type Price Qty. Type 
__ON .79 -5C0.B .84 -613N6 
_-1AX2 .62 -5CZ5' .72 -6866 
__183 .79 -5E48 .80 -6U67 
-1DN5 .55 -5EU8 .80 -6BS8 
-163' .79 __516 .68 _6B1.18 
_113' .79 _518 .81 _68X7 
_1K3' .79 _5U4 .60 -68Y5 
_1R5 .62 ___.5U8 .81 __611Y6 
_1S4 .59 -5V3 .90 -6BY8 
-1S5 .51 -5V6 .56 -6826 
-1T4 .58 _5X8 .78 -6BZ7 
_1U4 .57 __5Y3 .46 -6628 
_1U5 .50 -6A84 1.20 -6C4 
-1X28 .82 __6ÁB4 .46 _ 6C66 
__2ÁF4 .96 6ÁC7 .96 -_6CD6 
_ _ 2BN4 .64 6AF3 .13 -6CE5' 

Price 
.74 

1.05 
1.00 

.90 

.70 
1.02 
1.15 

.54 

.66 

.55 
1.01 
1.09 

Qty. Type Price Qty. Type Price Qty. Type Price 

6H6 .58 _12Á05 60 - .1218 84 

615GT .51 __12AT6 .43 -12K5 .65 

616 .67 _12ÁT7 .76 12L6 58 

FROM RAD -TEL 
6K6 .63 -12AÚ6 .51 __12SÁ1 .92 

616 1.06 _12AÚ7 .60 - 12SF7 .69 

6N7 .98 12ÁV6 .41 _ 125 H 7 .49 

_ 6S4 .51 _12AV7 .75 - 12517 .67 

6SA7GT .76 _12AX4 .67 ___12SK7 .74 

HOW/ 
_ 6SG7GT .41 124X7 .63 125L7 .80 

_ 6SH7GT .49 124Y7 1.44 _12SN7 .67 

_ 6517 .8 124Z7 .86 _1257 .78 

_ _6SK7GT .74 -12B4 .63 12Úp 62 

_ 6SL7GT .80 -128A7 .84 - 12V6 .53 
_6SN7GT .65 -12806 .50 _- 12W6 .69 

_ 6507 .73 __ 128E6 .53 _ _12X4 .38 

6T4 .99 _128F6 .44 17AX4 .67 

.43 Over 450 T .55 ÿ¡¡{1C 
1.42 j+ 
.51 

to OFF NOT AFFILIATED WITH ANY OTHER MAIL ORDER TUBE COMPANY EACH TUBE INDIVIDUALLY L ATTRACTIVELY BOXED L BRANDED RAO TEL 

_ _2EN5' .45 64F4 .97 _..6CF6 
.__3A15 .42 ___64G5 .68 -6CG7 
_MI6 .51 -6ÁH4 .81 __6CG8 
_ .3AV6 .41 _6AH6 .99 -6CK4' 
__3BÁ6 .54 _6ÁK5 .95 _6CM 

_3BC5 .54 -6ÁL5 .47 _6CM6 
-3BE6 .52 _6A .78 -6CM 
__38N6 .76 6ÁQ5 .53 -6CM8 ' 
-38U8 .78 _6AR5 .55 -6CN7 
-3BY6 .55 -64S5 .60 -6CQ8 
_3826 .55 -6A56 .80 _6CR6 
__ 3036 .54 -64T6 .43 _6CS6 
_ _3CS6 .52 _64T8 .79 _6CS7 
-311G4' .85 - 611U4 .82 _6CÚ5 
_311K6* .60 -6AÚ6 .52 -6CU6 

3076 .50 -6ÁU7 .61 -6CY5' 
-304 .63 _6AU8 .87 -C6Y7 
___3Q5 .80 -6AV6 .41 _6DA4' 
_ 3S4 .61 -64W8 .90 _61385 

3V4 .58 -6AX4 .66 -6086 
4BQ7 1.01 _6AX5 .74 __6DE6 

_ _4BZ7 .96 _6AX7 .64 __6DG6 
__4828 1.10 -6AX8' .92 _6DK6 
_ ..4CS6 .61 _6B46 .50 _6DN6 
__4DT6 .55 -6BÁ8 .88 _6006 

-5ÁN8 .86 _613C7 .94 -6DT8* 
-5ÁQ5 .52 -6BC8 .91 -6EA8 
_5AS8* .86 -6805 1.25 _6EB5' 
-511T8 .80 _68E6 .55 -6EB8 
-54V8 1.01 _68F5 .90 -6EM5' 

_513E8 .83 _61306 1.66 
_513K7 .82 -68H6 .65 -6EW6 
-5B117 .97 _6BH8 .87 _6EY6' 
-5BR8 .79 -6816 .62 -6F5GT 
-5878' .83 _6811 .79 -6FE8 
-5CG8 .16 _6BK7 .85 __6GH8 
-5CL8 .76 _6817 1.00 _.661(6' 
-5CM8' .90 -68N4 .57 __66N8' 

.64 
` 

_ _6T8 

.61 6U8 

.71 ! on RQd 
_ 6V6GT .70-76ÌS Quality 6W4 

.74 BRAND NEW TUBES _ 6X4 .64 

.66 
1 -Year Guarantee 

6X5GT 

.90 

.65 1-Day Service - 1A8 

.84 _ _7AU7 

.51 Serrkemen: _ _786 

.57 New Tabe Types offered by Rad -Tel _7EY8* 

.69 are marked with an asterisk. _ _7F8 

.58 7N7 
1.08 Send For Free Trouble Shoofing - -757 

70 7Y4 
.71 Guide and New Tube 8, Ports Catalog - .8AU8 
.68 8ÁW8 
.69 8805 
.51 _ .8C07 
.58 8CM7 
.59 _ _8CN7 
.59 GUARANTEED _ 8CS7 

1.55 _8CX8 
1.10 s, '" _ 8E88 

___85117 7 

L .79 -_9CL8 
.79 -11CY7 
.72 ___12A4 
.94 12AB5 
.76 .124C6 

57 i RAD -TEL'S HI -FI IMPORTS 1_12ÁE7 
.75 Designed especially for Hi -Fi and Stereo 11_12AF3 
39 Foreign Replaces Rad -Tal uric. -12ÁF6 

.15 12416 

.80 ECC -81 12AT7 1.18 I_12AL5 
79 ECC -82 12ÁU7 96 12418 

.94I 
ECC -83 12AX7 .96 1- 

I EL -84 
Popular New Tube Types Offered by Rini-Tel' I EZ-81 

6805 1.15 1 

.85 

.83 

.54 

.60 

.39 

.80 

.68 

.61 

.69 

.73 

.90 

.90 

__126H7 
-12BK5 
_12816 
-12606 

_12BV7 

_128Z7 
-12C5 
_12CN5 
_12CR6 
_12CU5 
_12CU6 
_12CX6 

.77 
1.00 
.56 

1.06 

.78 

.75 

.56 

.56 

.54 

.58 
1.06 

.54 

_ _17B06 
-170Q6 
_11W6 - 18FW6' 

18FY6' 

-19866 
_19C8 
-19T8 
_21EX6 
_25AV5 
_25AX4 
_25BK5 

1.09 
1.06 

.70 

.49 

.50 

1.39 
1.14 

.80 
1.49 

.83 

.70 

.91 
1.01 _1204' 69 251366 1.11 

.69 -12085 .69 -__25C5 .53 

.83 -12DE8 .75 -25C115 .59 

.93 _12DL8 .85 _25CD6 1.44 

.60 -12006 1.04 25CU6 1.11 
.62 _120S7 .79 .-251)N6 1.42 
.68 - 120T5' .76 _25EH5 .55 
.97 _12077* .79 -2516 .57 
.74 _12DT8 .79 - __25W4 .68 
.93 -120137 1.01 -32ET5 .55 
.94 - 12DW8' .89 -3217 .90 
.66 -12DZ6 .56 - 3585 .60 
.79 _12ED5 69 -3505 .51 
.75 -12EG6 .54 -35L6 .57 
.60 _12EK6 .56 _35W4 .42 
.55 -12EL6 .50 _35Z5 .60 
.49 _12EM6 .79 - 364M3* .36 

.94 -12F86 .66 -50EH5 .55 

.73 _12FA6 .79 -5016 .61 

.49 _12FN6 .43 -7017 .97 

.46 _12FR8 .91 _7025 .69 

.45 -12FX8 .85 -807 .70 

.95 _12GC6 1.06 11723 .61 

6CA4 .80 , Popular New Tube Types Offered by Rad -Tel' 

RAD-TEL TUBE CO. 
SS CHAMBERS ST.. NEWARK 5 NEW JERSEY 

TERMS: 259E deposit must accompany all orders, balance COD. Orders under $5: add 51 

handling charge plus postage. Orders over 15: plus postage. Approx. 8 tubes per 1 Ib. Subject 

to prior sale. No COD's outside continental USA. 
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160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 

180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 

200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 
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ADVERTISERS' INDEX FEBRUARY, 1962 

Advertisers listed below with code numbers have additional information available on their products in the form of catalogues 
and bulletins. To obtain more detailed data, simply circle the proper code number in the coupon below and mail 

it to the address indicated. We will direct your inquiry to the manufacturer for processing. 

CODE NO. ADVERTISER PAGE (ODE NO. ADVERTISER PAGE CODE NO. ADVERTISER PAGE 

100 
101 
102 
103 

104 

105 
106 
107 

108 
109 
110 

111 
112 
113 
114 
115 
116 
117 
118 

119 
120 

121 

122 
123 
124 
125 
126 
127 
128 

129 

130 
131 

Advance Electronics 72 
Allied Radio 90, 91, 92, 93 
Ashe Radio Co, Walter 115 
Audion 103 

B & K Manufacturing Co 11 
Bell Telephone 67 
Benjamin Electronic Sound Corp 4 
Bosco Electronics Inc., Don 107 
Burstein -Applebee Co 95 

C & H Sales Co 70 
Cabinart Acoustical Dev. Corp 19 
Capitol Radio Engineering 

Institute, The 58, 59, 60, 61 
Carston 110 
Castle TV Tuner Service, Inc 109 
Channel Master 24, 25 
Cleveland Institute of Electronics... 5 

Columbia Electronics 106 
Columbia Products Co 112 
Commissioned Electronics Co., Inc 103 
Communication Products Company, 

Inc. 89 
Coyne Electrical School 68 
Cushcraft 95 

Dressner 110 

EICO (Electronic Instr. Co. Inc) 26 
Editors and Engineers, Ltd 94 
Electro- Voice, Inc 8, 9 
Electronic Chemical Corp 83 
Electronic Market 20 
Elpha Marketing Industries, Inc 75 
Esse Radio Company 106 

Fair Radio Sales 84 

G & G Radio Supply Co 116 
Goodheart Co., R. E. 101 

132 
133 
134 

135 
136 
137 

138 
139 

140 

141 
142 

143 

144 
145 

146 

147 
148 

149 

150 
151 

152 
153 
154 

Grantham School of Electronics .... 
Greenlee Tool Co 

Grommes Div. of Precision 
Electronics, Inc 

Heath Company 
Henshaw Radio Supply 
Holt, Rinehart & Winston, Inc. 

Indiana Technical College 
International Radio & 

Electronics Corp 

Jackson Electrical Instrument 
Company 

Jensen Manufacturing Company .... 
Jerrold Electronics Corporation .... 

Key Electronics Co 

Lafayette Radio 
Lafayette Radio Electronic 

Corporation 
Lampkin Laboratories, Inc 

McGee Radio Co 
Milwaukee School of Engineering 

National Radio Institute 
National Radio Institute 
National Technical Schools 

Oelrich Publications 
Olson Electronics 

Paco Electronics Co., Inc 
Peak Electronics Company 
Picture Tube Outlet 

7 

84 

113 

64, 65 
95 

22, 23 

68 

81 

12 
10 
16 

105 

13 

99 
113 

94 
... 82 

17, 18 
89 
21 

101 
102 

83 
114 

95 

155 

156 

157 
158 

159 
160 

161 
162 

163 
117 
164 
165 
166 
167 
168 
169 

170 
171 

172 
173 
174 
175 
176 
177 

178 

179 

180 
181 

Quietrole Company 81 

R.A.E. Society 69 
RCA Institutes, Inc 73, 74 
R W Electronics 109 
Rad -Tel Tube Co 119 
Radio Corporation 

of America FOURTH COVER 
Radio -Electronic Master, The 6 

Reeves Soundcraft Corp 2 
Remington Rand Univac 66 
Rex Radio 68 
Rohn Manufacturing Company 103 

Sams & Co., Inc., Howard W 1 

Saxitone Tape Sales 103 
Scott Inc., H. H. 15 
Sencore 57 
Smith. Electronic Designs, Wardell 95 
Sonar Radio Corporation 109 
Sprague Product Co ...SECOND COVER 
Standard Kollsman 

Industries Inc THIRD COVER 

Supreme Publications 85 
Switchcraft, Inc 101 

TAB 110 
Texas Crystals 68 
Transvision Electronics, Inc 80 
Transvision Electronics, Inc 98 
Tri -State College 112 
Tru -Vac 71 

U. S. Crystals, Inc 85 

Valparaiso Technical Institute 103 

Warren Electronic Co 109 
Winegard Antenna Systems .... 78, 79 

The coupon below can also be used to obtain additional information on the new 
product items shown on pages 111 through 118 as well as on the ads as listed above. 

VOID 2 
AFTER 

FEB. 28, 1962 

NAME 

STREET NO 

CITY ZONE STATE 

ADVERTISED 

PRODUCTS 

(SEE INDEX ABOVE) 

NEW PRODUCTS 

& LITERATURE 

MAIL To ELECTRONICS WORLD P.O. BOX 212 
VILLAGE STATION NEW YORK 14, N.Y. 

INDICATE NUMBER 

OF ITEMS REQUESTED 

Make sure 
that your 

name and address 
are printed clearly. 

ELECTRONICS 

WORLD 

READER 

SERVICE 

COUPON 

120 Printed in U.S.A. ELECTRONICS WORLD 
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Higher Gain 

' In TV It's Standard 
. 

,t11 
41, , 

See your local authorized Standard Coil Distributor 

85% of all TV servicemen 
prefer Standard turret type 

replacement TV tuners. 

1 year guarantee backed by 

the world's largest TV 
tuner manufacturer. 

Trade-in allowance for the 
defective tuner being 
replaced. 

OF 

INDUSTRIES INC. 
FORMERLY STANDARD COIL PRODUCTS CO.. INC., MELROSE PARK, ILLINOIS 
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ro,wsstar.mu,nr,.+ . idU,Ma El, ..,rmrs .. ,.,_...,a ._K 

SELL THE POPULAR RCA SILUERAMA PICTURE TUBE 

To Increase Your Business and Build Customer Confidence 
Before any RCA Silverama Picture Tube goes into its carton for 
shipment to your distributor, it has been through one of the most 
exhaustive series of quality tests in the picture -tube industry. 

Every Silverama undergoes the same electrical tests as RCA's 
original equipment picture tubes. Even the Silverama envelope has 
been thoroughly cleaned, tested and inspected before re -use. Only 
then is the famous RCA high -quality phosphor screen added. 

Such tests -plus uncompromising quality control at every step of 

Automatic testing. 26 dif- 
ferent tests for major char- 
acteristics are performed 
on this automatic test unit. 
A tube failing a "single test 
is automatically rejected. i 

manufacture, assure you that RCA Silverama is the finest replace- 
ment TV- picture tube modern science and technology can produce. 

But most important to your business: this superior tube is priced 
to compete with other name brand picture tubes. Thus for no extra 
cost you can provide the business -building extras of assured qual- 
ity performance, fewer complaints, callbacks and in- warranty fail- 
ures -plus the brand -name your customers want and trust, RCA 
Silverama. See your authorized RCA Tube distributor today! 

RCA ELECTRON TUBE DIVISION, HARRISON, N. J. 

Vair. 

Final checkout. At the end 
of the production line, just 
prior to packaging, sample 
batches of Silverama pic- 
ture tubes receive a focus 
check for additional assur. 
ance of quality. 

The Most Trusted Name in Television 
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