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NEW 
ELECTRO -VOICE 

MODEL 

676 
CARDIOID 

MICROPHONE 

Outperforms them all ... or your money back! 
OIn the last 36 years, Electro -Voice 

. engineers have developed many im- 
portant microphone firsts *, but their latest 
achievement, the new E -V Model 676, may 
well be their most significant contribution. 

The goal of 676 design was to overcome 
some of the most basic problems in PA, hi -fi 
recording, and communications. The result of 
this engineering effort is a uniquely versatile 
dynamic cardioid microphone with the best 
field performance of any we have tested. In 
short, the 676 does everything a little better. 

For instance, response is wide, uniform, 
and smooth in the E -V tradition of natural 
sound. But the 676 also allows you to change 
response. Now you can "neutralize" room 
reverberation and rumble (usually encountered 
in larger rooms). A built -in three -position 
switch allows selection of flat response (for 
small rooms or recording), or bass attenua- 
tion "tilted off" from about 800 cps, with 
response down either 5 db or 10 db at 100 cps. 

This means you get higher average sound 
levels, better intelligibility, and less likelihood 
of feedback. Yet there is no "missing bass" 
effect, common with most tone controls or 

filters, because of the flat -slope characteristic 
of the 676 bass tilt -off. 

The cardioid pattern and response super- 
iority of the 676 results from a creative varia- 
tion of the famed E -V Variable-D® principle, 
called Continuously Variable -D (CV -D). It 
reduces size and weight without compromis- 
ing quality, and it's responsible for reducing 
wind noise and shock noise pickup far below 
that of any other small cardioid. Bass- boost- 
ing "proximity effect" is gone, too, to give you 
well -balanced sound, even when performers 
work ultra- close. 

Basis of the CV -DT design is a slotted tube, 
coupled to the back of the 676 diaphragm. 
The CV -D tube appears to vary in length - 
acoustically (and automatically) -so that low 
tones "see" a long tube, while high tones 
"see" a short tube. The apparent length of the 
tube is always just right to phase out sound 
arriving at the back -for maximum front -to- 
back cancellation. 

Modern styling by noted designer Lute 
Wassman adds grace and beauty to 676 prac- 
ticality. The one -inch case fits all present E -V 
slip -on stand mounts, and its balanced weight 

'Some of the E -V microphone firsts include: The Differential, Mechanophase, Variable -D ®, Cardiline and Sound 
Spot ®, p -us slim dynamic and lavalier microphone designs, Acoustalloy® and Acoustifoam. And the E -V Model 642 

has earned the first Atademy Award microphone citation in 22 years, for its contribution to motion picture sound. 

CIRCLE NO. 113 ON READER SERVICE CARD 

distribution is just right for hand -held use. 

But there's more to the 676 than just new 
features -built into it are the many charac- 
teristics that make E -V the choice of more 
professional sound engineers than any other 
brand: high output level, exclusive E -V 
Acoustalloy® diaphragm, dual impedance 
selection, efficient dust and magnetic filters, 
and the most important ingredients of all - 
fine materials and quality workmanship. 

Accept our invitation to try the 676 soon - 
and the more difficult the job, the better. We 
guarantee you'll find the 676 will outperform 
any other PA cardioid microphone you are 
now using ... or your money back! 

Model 676-$100.00 list (less normal trade 
discounts). Complete specifications available 
at your E -V sound specialist's or write to: 
ELECTRO- VOICE, INC., Dept. 542N, 
Buchanan, Michigan. 
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GET A FAST START WITH NRI'S 
ACHIEVEMENT KIT 
Delivered to your door- every- 
thing you need to make a sig- 
nificant start in the Electronics 
field of your choice! This new 
starter kit is an outstanding, 
logical way to introduce you to 
NRI training kits . . an un- 
paralleled example of the value 
of NRI home -study training. 
What's in it? Your first group of 
lesson texts; a rich vinyl desk 
folder to hold your study mate- 
rial; the industry's most com- 
plete Radio -TV Electronics 
dictionary; valuable reference 
texts; lesson answer sheets; 
pre- addressed envelopes; pen- 
cils; pen; engineer's ruler, and 
even postage. No other school 
has anything like it. 

ELECTRONICS COMES ALIVE 
WITH CUSTOM TRAINING KITS 
You get your hands on actual 
parts and use them to build, 
experiment, explore, discover. 
NRI pioneered and perfected 
the "home lab" technique of 
learning at home in spare time. 
Nothing is as effective as learn- 
ing by doing. That's why NRI 
puts emphasis on equipment, 
and why it invites comparison 
with equipment offered by any 
other school. Begin now this 
exciting program of practical 
learning created by NRI's Re- 
search and Development Labo- 
ratories. It's the best way to 
understand the skills of the 
finest technicians -and make 
their techniques your own. 

"BITE SIZE" LESSON TEXTS 
PROGRAM YOUR TRAINING 
Certainly, lesson texts are nec- 
essary. NRI's programmed texts 
are as simple, direct and well 
illustrated as 50 years of teach- 
ing experience can make them. 
They are carefully programmed 
with NRI training kits to make 
the things you read about come 
alive. You'll experience all the 
excitement of original discovery. 

HOBBY? CAREER? PART -TIME 
EARNINGS? MAIL COUPON 
Whatever your reason for want- 
ing to increase your knowledge 
of Electronics ...whatever your 
education . there's an NRI 
instruction plan to fit your 
needs. Choose from three major 
training programs in Radio -TV 
Servicing, Industrial Electronics 
and Communications or select 
one of seven NRI courses in 
specialized subjects. Mail cou- 
pon for NRI catalog. Find out 
how you can train at home this 
exciting, rewarding way. 

DISCOVER THE EXCITEMENT OF LEARNING 
ELECTRONICS THE NRI WAY 

Founded 50 years ago -in the days of wireless - 
NRI pioneered the "learn -by- doing" method of 
home -study. Today, NRI is the oldest, largest home - 
study Electronics school, offering the kind of instruc- 
tion that makes learning exciting, fast. You build, 
test, experiment, explore. Whatever your interest, 
your need, your education, investigate the wide 
variety of NRI training plans ... find out about the 
NRI Achievement Kit. Check and mail the coupon 
now. No salesman will call. 

gyp. 
F 

50 Years of Leadership 
in Electronics Training 

NATIONAL RADIO INSTITUTE, Washington, D.C. 20016. 

NATIONAL RADIO INSTITUTE 
WASHINGTON, D.C. 20016 

4EE 

I have checked the field(s) of most interest to me. Please send me 

your catalog. (No salesman will call. Please PRINT) 

TV -Radio Servicing 
Industrial Electronics 
Complete Communications 
FCC License 
Math for Electronics 

Basic Electronics 
Electronics for Automation 
Aviation Communications 
Marine Communications 
Mobile Communications 

Name Age 

Address 
Zip 

City State Code 

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL J 
May, 1964 1 

www.americanradiohistory.com

www.americanradiohistory.com


fl 
Tips for Technicians 

Mallory Distributor Products Company 
P.O. Box 1558, Indianapolis 6, Indiana 
a division of P. R. Mallory & Co. Inc. 

2 

Replacing selenium with silicon rectifiers 

Ever wonder about replacing those old selenium recti- 
fiers with modern silicon rectifiers ? Stop wondering. It's 
being done every day and you can do it too ! Take a 
typical TV voltage doubler circuit for example. 

1. You know the seleniums are bad or you wouldn't 
have started ... right ? Right. 

2. Forget about the terrific size difference between the 
new silicons and those old seleniums. Silicons are 
smaller because they're much more efficient. 

3. Remove the old seleniums and toss 'em in the trash 
can. Install the new silicon rectifiers FOLLOWING 
POLARITY VERY VERY CAREFULLY. The slick 
way is to use a Mallory VB500 (you'll have one less 
solder connection to make and the circuit is right on the 
rectifier). Or you could use a pair of 1N2095's or A5OO's. 
Either way those Mallory rectifiers will give you the 
best service you'll ever get. 

4. Output voltage (B+) will usually be higher because 
silicon rectifiers are more efficient. So, you'll probably 
need a dropping resistor in series with the one already 
there. Turn the set on and check with a voltmeter. Sup- 
pose B+ reads 20 volts higher than the schematic calls 
for. Divide this increase by load current (perhaps 500 
ma) to get the value of the resistor you'll need. (40 ohms 
in this case.) Now multiply the voltage increase by cur- 
rent to get wattage rating (10 watts in this case). 

5. But suppose B+ voltage isn't higher. This is a clue 
that something's wrong with the filter capacitors. Check 
them out with a capacitance bridge or try this very sim- 
ple deal. Parallel a good TC62 (10 mfd @ 350 WVDC) 
across each filter in turn. If you get a marked B+ 
increase you need some replacement electrolytics. We'd 
suggest a Mallory FP, WP, W, or TC of the proper 
rating. 

6. If you'd like a lot more detail on this replacement 
arrangement, drop us a line and we'll send a folder by 
return mail. Meanwhile see your Franchised Mallory 
Distributor for all Precision Mallory Components . . . 

batteries, capacitors, controls, switches, resistors, semi- 
conductors and vibrators. 

CIRCLE NO. 122 ON READER SERVICE PAGE ELECTRONICS WORLD 
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Elect Rl Il i('ti tlrltl 

THIS MONTH'S COVER il- 
lustrates three devices that 
are commonly used to con- 
trol and vary the intensity 
of incandescent lamps that 
are employed for lighting 
and display purposes. Other 
control devices include re- 
sistive controls, variable 
transformers, and, lately, 
solid -state switches. For a 

complete survey of the var- 
ious techniques that are be- 
ing used, their principles of 
operation, and comparative 
characteristics, refer to 
our lead article "Light Dim- 
mers for Home and Indus- 
try." 
(Illustration: Geo. Samerjan.) 
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At x11475' 

YOUR BEST BUY 

INCB 
THE FAMOUS RCA 

MARK VIII 
27 -Mc Citizens Band Radio -Phone 

Here's the LOW -COST C -B radio -phone for car, boat. 
home, office, or shop. High sensitivity receiver pulls 
In weak signals. 21/2 watt speaker output delivers 
ample volume to overcome engine noise. Automatic 
noise Suppressor minimizes ignition interference. 
Light and compact -only 3V2 inches high, weight only 
9 pounds; fits easily under the dashboard of even 
compact cars. 

PLUS THESE PREMIUM FEATURES - 
RCA MARK VIII RADVO -PHONE 

9 crystal -controlled transmit and receive channels 
Tunable receiver permits reception of all 23 C -B 
channels; dial marked In both channel numbers 
and frequency 
Exceptionally good voice reproduction - high 
Intelligibility 
Excellent modulation characteristics 
Operates from standard 117 -volt AC: separate b- 
and 12 -volt DC power supplies (optional) for mobile 
installations 
Electronic switching -no relay noise or chatter 
Illuminated "working channel" feature plus many 
more features to increase usefulness and efficiency. 

NEW LOW PRICE. I I4 AC Unit 
Optional DC Power Supply $1995* 

(6. or 12 -volt) 
'Optional List Price 

The Most Trusted Name 
e in Electronics 

--'MAIL COUPON FOR MORE INFORMATION - -- 
RCA Electronic Components and Devices 
Commercial Engineering Dept. E -41 -R 

415 South Fifth Street, Harrison, N. J. 

Please send more information on the RCA 
Mark VIII 27 -Mc 2-Way Radio -phone. 

Name 

Address 

City 7one State 
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COMING 
NEXT MONTH 

Special 16 -Page Section: 

ELECTRONICS IN SPACE 

ì Electronics ic 1orlc 

SPECIAL SECTTON. 
eue*ox,er ,x ar.es 
NASAS GODDARD \ l SPACE FLIGHT CENTER 

This bonus 16 -page section is in addition to the articles and features you regu- 
larly receive (some of which are listed below). The section details areas covered 
by NASA's Goddard Space Flight Center and includes: The Space Flight Center -what it is and its role in space research; Satellite Tracking, Telemetry, and 
Communications -how satellites are followed, communicated with, and made to 
supply important scientific data; Advances in Research and Technology -some of 
the new techniques being used and new devices and products being tested which 
will have an important bearing on a wide range of commercial and consumer 
products; The Technical Brains Behind NASA -the role of NASA's electronics per- sonnel- engineers, designers, technicians, and lab men -their duties, responsibil- 
ities, and qualifications; The Lunar Program -Goddard's role in the man- on -the- 
moon program -as a communications center and telemetry data collection site. 

SIMPLE DWELL METER 

The design and construction of an in- 
strument to measure auto breaker -point 
dwell. It can be used with both positive 
and negative ground systems and for 
cars with or without external access to 
breaker point adjustments. 

NEW U.H.F. TUNERS 
Walter H. Buchsbaum takes a look at a 
number of the all- channel tuners being 
installed in 1964 TV sets. He analyzes 
tuners by Standard Kollstnan, GI, 
Sarkes Tarzian, Oak, and Mallory. 

DIODE CURVE -TRACER /ANALYZER 
This simple instrument will check for- 
ward resistance, reverse resistance, and 

peak inverse voltage of semiconductor 
or vacuum -tube diodes, using a scope as 
the readout. An absolute minimum of 
parts is required. 

PLUMBING THE MICROWAVE CIRCUIT 
While conventional electronic circuits 
depend on point -to -point wiring to pass 
signals along, microwave circuits rely 
on interconnection by pipe -like conduit 
called plumbing. Author discusses its use 
in "wiring" and shaping microwave 
signals. 

AMPLIFIER -GAIN NOMOGRAM 
Handy chart for relating triode plate - 
load resistance to following grid resistor 
for various amounts of gain. 

All these and many more interesting and informative articles will be yours 
in the JUNE issue of ELECTRONICS WORLD ... on sale May 21st. 
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Pick the course for your career... 

Electronics Technology 

A comprehensive program 

covering Automation, Com- 

munications. Computers, 

Industrial Controls, Tele- 

vision, Transistors, and 

preparation for a 1st 

Class FCC License. 

First Class FCC License 

44111114.3711W5. 

n:owr.wow,11rSnarioNri 41af1+wn0. 
.MIVgMr}w rHauerNlkliW nearlk If you want a 1st Class 

FCC ticket quickly, this 

streamlinec program will 

do the trick and enable 

you to maintain and serv- 

ice all types of transmit- 

ting equipment. 

Electronic Communications 

Mobile Radio, Microwave 

and 2nd Class FCC Prep- 

aration are just a few of 

the topics covered in this 

"compact" program .. . 

Carrier Telephony too, if 
you so desire. 

Broadcast Engineering 

Here's an excellent stu- 

dio engineering program 

which will get you a 1st 

Class FCC License and 

teach you all about Pro- 

gram Transmission and 

Broadcast Transmitters. 

Get A Commercial FCC License 
...Or Your Money Back! 

A Commercial FCC License is proof of electronics skill 
and knowledge. Many top jobs require it ... every em- 
ployer understands its significance. In your possession, an 
FCC Commercial Ticket stamps you as a man who knows 
and understands electronics theory . a man who's 
ready for the high -paid, more challenging positions. 

Cleveland Institute home study is far and away the 
quickest, most economical way to prepare for the FCC 
License examination. And that's why we can make this 
exclusive statement: 

The training programs described above will pre- 
pare you for the FCC License specified. Should 
you fail to pass the FCC examination after 
completing the course, we will refund all tuition 

! payments. You get an FCC License ... or your 
money back! 

Before you turn this page, select the program that fits 
your career objective. Then, mark your selection on the 

Cleveland Institute 
of Electronics 
1776 E. 17th Street, Dept. EW -89 

Cleveland 14, Ohio 

May, 1964 

b0.NF 5S`J 

Accredited Member 

coupon below and mail it to us today. We'll send you . . . 

without obligation ... complete details on our effective 
Cleveland Institute home study. Act NOW . . . and 
insure your future in electronics. 

Mail Coupon TODAY For FREE Catalog 

Cleveland Institute of Electronics 
1776 E. 17th St., Dept. EW -89 
Cleveland 14, Ohio 

Please send FREE Career Informa- 
tion prepared to help me get ahead in 
Electronics, without further obligation. 

CHECK AREA OF MOST 
INTEREST- 

Electronics Technology 
Industrial Electronics 
Broadcast Engineering 

Your present occupation 

Name 

How to Succeed 
in Electronics 

First Class FCC License 

Electronic Communications 

other 

Age_ 
(please print) 

Address 

City Zone State 
I_ 

tipproved for Veteran's Training uhi ,er Korean GI Bill. EW -89 
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SEW 4-WAY 

POCKET 1001 
a real "working partner" 

for removing backs of TV sets 

and installing antennas 

j It's a 1/4" nut driver ! 

Fits Parker -Kalon screws. 

Genuine Xcelite 
plastic handle - 
shaped and 

balanced for 
working ease. 

Equipped with 
pocket clip. 

2 It's a 7/16" 
nut driver! 
Ideal for 
antenna 
installations. 

3 It's a No. 1 

Phillips 
screwdriver! 

Double -end blade 
inserts in 7/ 16" hex 
opening. Just push 
it in or pull it out! 
Patented spring 
holds it firm. 

4 lt's a 3/16" 
slotted screwdriver! 

Ask to see 

"No. 600" 
next time you 
pick up parts ... 

XCELITE, INC. 
12 BANK ST. ORCHARD PARK, N.Y. 

Canada: Charles W. Pointon, Ltd., Toronto, Ont. 
CIRCLE NO. 139 ON READER SERVICE PAGE 
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lk WM. A. STOCKLIN, EDITOR 

or the t'eC()i( 

DEMAND FOR ENGINEERS 
AT NEW LOW 

THE demand index for engineers and 
registered 65.2 for Decem- 

ber, 1963, as reported by Deutsch dy 
Shea, Inc., a New York manpower con- 
sultant firm. This figure marks the lowest 
point since the index was established in 
July, 1960, and reflects, in part, a con- 
tinuing downturn in demand that per- 
sisted through 1963. The average 
monthly figure for 1963, they point out, 
is 97.7, which compares with 127.1 for 
1962 and 100 for 1961. 

Although the over -all economy was 
good in 1963 and shows strong evidence 
of continuing gains through 1964, engi- 
neers and scientists will find new jobs 
difficult to come by. 

There are several factors operating to 
reduce the demand: 

1. A plateau in the arms race has 
been reached and, as a result, our eco- 
nomically minded administration has 
decreed major cutbacks in defense 
spending. 

2. A change in government procure- 
ment from a cost -plus policy to incen- 
tive -type contracts will eliminate "stock- 
piling" engineering talent. 

Although the demand for engineers 
and scientists is at a new low, there is 
still a continued need for top caliber spe- 
cialists. More with administrative back- 
ground are also in demand. Manpower 
emphasis, according to the firm, will be 
on the applied level and away from the 
theoretical, and the key word in recruit- 
ing will be "quality." 

The long -term outlook seems much 
brighter. There are many factors that 
point to an ever -increasing need for pro- 
fessionally trained, technically oriented 
people. The increasing complexity of 
products that are being created and 
planned will, without a doubt, require 
more technically oriented men. Just the 
maintenance alone on the equipment to 
produce these products will increase this 
need. Also, enormous investment in re- 
search over the past few years should 
lead the way to a vast number of new 
products, as yet unmarketed. 

All of these points indicate that engi- 
neering opportunities will increase in the 
future. In fact, many industry spokes- 
men predict that starting in 1965 the de- 
mand will rise considerably. Yet, the in- 
centive -type contract on which govern- 
ment procurement is now being based 
prevents accurate forecasting. The old 
cost -plus policy encouraged the stock- 
piling of engineers. It produced a psy- 
chological effect, in that companies 
showing the highest level of technical 

abilities had a better opportunity of get- 
ting contracts. This system would not 
affect profits, since contracts were on a 
cost -plus basis. Companies kept the ex- 
tra engineers busy at drafting and mis- 
cellaneous chores that could have been 
handled by electronics technicians who, 
in many cases, would have been better 
qualified to do these jobs. 

A recent study by the National Com- 
mittee on Employment of Youth, a non- 
profit employment research group in 
New York, as quoted recently in The 
Wall Street Journal, estimates that only 
about half of the country's engineers are 
actually employed "in engineering work; 
the rest are acting in many capacities 
from draftsmen to salesmen." 

With the change to the incentive ap- 
proach, which should affect about 90% 
of all defense procurement by 1966, cost 
will be a most important factor. In an in- 
centive -type approach, the manufac- 
turer gets a bonus if the contract is con- 
cluded under the original estimate and; 
similarly, he will be penalized should 
the cost go above the estimate. 

Assuming that there will not be any 
serious change in the cold -war status, 
it seems obvious that many engineers 
now functioning as technicians will be 
replaced. This will create an overabun- 
dance of engineers while, at the same 
time, tend to produce a shortage of 
highly qualified technicians. 

It isn't so much a matter of dollars and 
cents in regard to salary. There is an 
overlap in salaries in that highly quali- 
fied two -year technical institute gradu- 
ates can demand up to $500 per month 
in salary, while the less qualified or re- 
cently graduated engineer may, in many 
cases, only obtain $475 a month. It has 
been pointed out many times that a two - 
year college or technical institute gradu- 
ate is trained to do many specialized 
tasks in an engineering department, 
while a four -year engineering college 
graduate lacks many of these abilities. It 
seems apparent, then, that the better 
qualified individual for a specific job will 
eventually cut costs in any operation. 

It is difficult to predict the extent of 
this problem in the forthcoming years, 
but it would behoove any engineer to- 
day, who realizes that his function is not 
that of an engineer, to improve himself 
as quickly as possible through further 
education. Since the future holds great 
promise in specialized areas, it would 
seem obvious that further training in 
these areas would be the proper ap- 
proach. 
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Do you WISH you 
were EMPLOYED in 

ELECTRONICS? 

F.C.C. License - The Key to Better Jobs 
An F.C.C. commercial (not amateur) license is your 

ticket to higher pay and more interesting employment. 
This license is Federal Government evidence of your 
qualifications in electronics. Employers are eager to 
hire licensed technicians. 

Which License for Which Job? 
The THIRD CLASS radiotelephone license is of value 

primarily in that it qualifies you to take the second class 
examination. The scope of authority covered by a third 
class license is extremely limited. 

The SECOND CLASS radiotelephone license qualifies 
you to install, maintain and operate most all radio -tele- 
phone equipment except commercial broadcast station 
equipment. 

The FIRST CLASS radio telephone license qualifies 
you to install, maintain and operate every type of radio- 
telephone equipment (except amateur) including all 
radio and television stations in the United States, its 
territories and possessions. This is the highest class of 
radiotelephone license available. 

Grantham Training Prepares You 
The Grantham course covers the required subject 

matter completely. Even though it is planned primarily 
to lead directly to a first class FCC license, it does this 
by TEACHING you electronics. Some of the subjects 
covered in detail are: Basic Electricity for Beginners, 
Basic Mathematics, Ohm's and Kirchhoff's Laws, Alter- 
nating Current, Frequency and Wavelength, Inductance, 
Capacitance, Impedance, Resonance, Vacuum Tubes, 
Transistors, Basic Principles of Amplification, Classes 
of Amplifiers, Oscillators, Power Supplies, AM Trans- 
mitters and Receivers, FM Transmitters and Receivers, 
Antennas and Transmission Lines, Measuring Instru- 
ments, FCC Rules and Regulations, and extensive theory 
and mathematical calculations associated with all the 
above subjects explained simply and in detail. 

Our Warranty 
If you should fail the F.C.C. exam after finishing our 

course, we give additional training at NO ADDI- 
TIONAL COST. Read details in our free booklet. 

GET YOUR FIRST CLASS 
COMMERCIAL 

F.C.C. LICENSE 
QUICKLY! 

Learn by Correspondence or in Resident Classes 
Grantham training is offered by correspondence or in 

resident classes. Either way, we train you quickly and 
thoroughly - teach you a great deal of electronics and 
prepare you to pass the F.C.C. examination for a first 
class license. Get details now. Mail coupon below. 

THIS 44 PAGE 

BOOKLET 

FREE! 

This free booklet gives 
details of our training 
and explains what an 
F.C.C. license can do for 
your future. Send for 
your copy today. 

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

License Weeks 

Robert J. Maickel, 520 Market St., Havre De Grace, Md. 1st 20 

James D. Neidermyer, R.D. 1, Leola, Pa 1st 10 

Denis Christopherson, 4402 Waite Lane, Madison, Wisc 1st 12 

Guy C Dempsey, 1326 19th St., Washington, D.C.. 1st 12 

Charles Bartchy, 1222 S. Park Ave., Canton 8, Ohio . 1st 10 

William I. Brink, 12 Meade Ave., Babylon, L.I., N.Y.. 1st 12 

Earl J. Mahoney, Box 296, Newport, Vt. 1st 12 

Hall Blankenship, Route 2, Rockwood, Tenn.. . . 1st 12 

David Kaus, 5218 Canterbury Way S.E., Washington, D.C 1st 30 

John A. Cork, 3535 N. Utah, Arlington 7, Va.. . . 1st 12 

Charles Deitzel, 342 Walnut St., Columbia, Pa.. . 1st 81/2 

Norman Tilley, Jr., 8613 Piney Branch, Silver Sprg, Md 1st 30 

GRANTHAM School of Electronics 

GRANTHAM F.C.C. LICENSE TRAINING OFFERED AT: 

LOS ANGELES, CALIF. 

1505 N. Western Ave., Los Angeles, Calif., 90027 HO 7 -7727 

SOUTH GATE, CALIF. 

9320 Long Beach Blvd., South Gate, Calif., 90280 564 -3421 

GARDEN GROVE, CALIF. 

12732 Garden Grove Blvd., Garden Grove, Calif., 92640 530 -0795 

SEATTLE, WASH. 

408 Marion Street, Seattle, Wash., 98104 MA 2 -7227 

KANSAS CITY, M0. 
3123 Gilham Rd., Kansas City, Mo., 64109 JE 1-6320 

WASHINGTON, D. C. 

821 -19th Street, NW, Washington, D.C., 20006 ST 3 -3614 

May, 1964 

r 

NHS(' 

mail in envelope or paste on postal card 

To: GRANTHAM SCHOOL OF ELECTRONICS 
NATIONAL HEADQUARTERS OFFICE 

1505 N. WESTERN AVE., LOS ANGELES, CALIF., 90027 

Please send me your FREE 44 page booklet telling how I can get my 

commercial F.C.C. license quickly and can continue into advanced 

electronics if I wish. I understand there is no obligation and no 

salesman will call. 

Name Age 
(PLEASE PRINT) 

Address 

City 

State 

I AM INTERESTED IN: HOME STUDY RESIDENT CLASSES 46 -E 
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HOW TO CUT THE COST OF POWER TRANSISTORS -WITHOUT CUTTING CORNERS: 

S1 ply say ]Deleo 
Now you can offer your customers inexpensive 
replacements for their Delco audio output tran- 
sistor needs. The DS 520 and our new DS 525 

can be used in place of the Delco DS 503 and DS 
501 where low cost is a factor. Each of these low - 
priced transistors can produce 4 watts of output 
with top Delco reliability. They're ideal for the 
servicing of older car radios or for the experi- 
menter or ham operator. The DS 520 and the new 
DS 525 will be a profitable addition to your basic 
line of Delco transistors: the DS 501 and DS 503 

-to restore full power audio output in all Delco 

8 

Radios; the DS 25 and DS 26 to cover small 
signal needs in Delco and just about every other 
auto radio or small portable on the market. How's 
that for a complete line of transistors? Oh, you 
need application and cross reference charts too? 
Look in the package. They come with all Delco 
transistors. All are available now through your 
United Delco electronics parts distributor. 

Delco Radio automotive radio service 
parts and electro- mechanical devices are distrib- 
uted nationally through United Delco. 

United V 
Delco 

CIRCLE NO. 140 ON READER SERVICE PAGE 

DELCO RADIO, Division of General Motors, Kokomo, Indiana 
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INTRODUCING THE WORLD'S NEWEST MICROPHONES... 
GUARANTEED FOR FIVE YEARS! 

ALL NEW DESIGN...ALL NEW PERFORMANCE- Today... 
from the laboratories of University...an advanced technol- 
ogy has produced a great new breed of microphones for 
broadcasting, TV, professional and home recording, P.A., 
ham and CB applications. Each one represents a clean and 
dramatic break with tradition...with outmoded notions. 
Each one is far superior to any other microphone in its class. 
Let other microphone manufacturers offer the usual two to 
three -year warranty. Every University microphone -whether 
designed for the professional studio or the home recordist 
-is sold with a five -year warranty. For complete specifica- 
tions, write: Desk S -5M, LTV /University, 9500 West Reno, 
Oklahoma City, Oklahoma. 

LTV 
UNIVERSITY 
A DIVISION OF LING-TEMCO-VOUGHT, INC. 

EXAMPLES OF THIS GREAT NEW LINE! 
MODEL 8000 -A high performance dynamic cardioid 
for only $29.95 net! Response: 70- 13,000 cps. Sensi- 
tivity: -148 db (EIA). Output Level: -55 db/ 1mw/ 10 
dynes /cm2. Includes 18 ft. cable with Cannon plug 
and receptacle, and desk stand adaptor. 
MODEL 2040 -VOICE REALISM AT ITS BEST! New 
omnidirectional dynamic microphone that has as- 
tounded hams in initial trials! Modulation free of the 
harshness and muddy effect common to most micro- 
phones in this class. Ideal for upgrading P.A. and 
home tape recording performance as well. 
MODEL 1000 -CARDIOID DYNAMIC. Unique direction- 
al characteristics provide unexcelled discrimination 
against unwanted sounds -assure superior results 
even in noisy or reverberant locations. Internally 
shock -mounted -sensitive elements float, vibration - 
free, on polystyrene ribs! For any application requir- 
ing a truly discrete sound source. 

V-t7 
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EaNe. MI O 
LABELMAKER 
Make permaners, raised letter plastic 
labels...in seconds. Professional quality 
labels for pennies. Dial letters, numbers. 
symbols, squeeze handle. 1001 uses 
for the hi -fi enthJsiast At fine stores 
everywhere. Suggested price $9.95 

neFREE: Label samples and liter- 
ature. Write: Dymo Industries, 

1964 Inc., D ?pt. EW -5 -4, Box 1030, 
Berkeley , Calif. Friced same in Canada. 

CIRCLE NO. 111 ON READER SERVICE PAGE 
lo 

LETTERS 
FROM OUR 

READERS 

HARRISON CHRONOMETER 

To the Editors: 
Captain T. S. Baskett's letter (ELEC- 

TRONICS WORLD, Jan. 1964) mentions 
that the first Harrison chronometer was 
on exhibit in this country and includes 
a photograph. I believe that the particu- 
lar instrument shown is either Harrison 
chronometer No. 4 or No. 5. The first 
three made by him were of a different 
appearance entirely. Numbers 1 and 2 

resemble a large mantle clock with 
counterweights protruding from the top 
corners. The earlier versions demon- 
strated the practicality of the design; the 
later models proved even better and 
were considerably more portable. 

The accuracy of the Harrison chro- 
nometers and their progeny was not 
surpassed until the advent of quartz os- 
cillators, at least for mobile application. 

ALVIN F. RYMSHA, Engineer 
Displays Design Section 
Raytheon Co. 
Wayland, Mass. 

The photograph shown along with 
Captain Baskett's letter was actually of 
one of the later models, probably No. 5. 

-Editors. 
* a * 

TVI ON CHANNEL 2 

To the Editors: 
From correspondence in a recent issue 

(December) I note that high -pass filters 
are still being recommended as a cure 
for TVI on channel 2 from 6 -meter ham 
transmitters. Although effective against 
transmitters which are not too nearby, I 

have found that even a four -section filter 
fails to suppress really strong transmis- 
sion in the 6 -meter band. 

However, it is possible, using only a 

piece of 300 -ohm ribbon lead -in, to make 
a shorted -stub trap which will com- 
pletely suppress the interfering transmis- 
sion without affecting channel -2 recep- 
tion. The trap consists of a length of 
lead -in ribbon, one end of which is con- 
nected to the receiver input terminals, in 
parallel with the antenna lead -in, and 
the other end of which is shorted by 
skinning the two conductors and twisting 
them together. The exact length is im- 
portant. For my interference, which oc- 

curred at 50.125 -50.24 mc., depending 
upon which crystal my amateur friend 

was using, the optimum length was 
about 93 ". 

The exact length required for com- 
plete suppression of the interference can 
be easily determined. A length of 96 ", or 
more, of 300 -ohm ribbon is attached 
across the receiver terminals and the re- 
ceiver is switched to channel 2. Then, 
when the interfering transmitter is on 
the air, the trap lead is temporarily 
shorted at different points near the end 
by gently squeezing through the insula- 
tion with a pair of diagonal cutters. (Be 
careful not to cut through the conductors 
while doing this.) When the correct 
shorting point has been found, cut the 
ribbon about lz' longer than this, skin 
each conductor, and twist the two ends 
together. The trap may be dropped be- 
hind the receiver. 

L. W. REINKEN 
Rectifier Engineering 
Plainfield, N.J. 

ß O 6 

TO EXPERIMENT OR NOT 

To the Editors: 
It is a sad commentary on your edi- 

torial policy when I read answers to a 
reader's inquiry like that answer to Barry 
Whitmore's letter in the January 1964 
issue of your magazine (requesting con- 
struction details on lasers and electronic 
anesthesia -Eds.) We cry for competent 
people to fill responsible positions in in- 
dustry, particularly in the scientific fields 
and then a magazine of your caliber 
turns around and gives them half infor- 
mation, denying them their inquisitive- 
ness as if they were small boys whose 
hands required slapping for reaching in 
the cookie jar because mom might have 
put a mousetrap there! Now how is a man 
to learn anything except by going out 
and performing dangerous experiments 
with half information? 

Certainly a laser is dangerous, but so 

is a car, a knife, crossing the street or 
any one of a million things we do every 
day as a matter of course. Also, there 
have been more deaths due to electrical 
shock than to laser burns. 

Now, Mr. Whitmore can go out and 
get a good, high powered amplifier, feed 
it 700 cycles with a signal generator, 
put a transformer to give him the re- 
quired voltage on the output and burn 
his brains out in the bargain. But wheth- 

ELECTRONICS WORLD 
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"A Medallion... 
1 

is a Medallion... 

is a Medallion... 
3 is a Medallion... 

4 

its a Medallion" 
5 

1. Swedish Modern 
2. Contemporary 
3. Italian Provincial 
4. Early American 
5. French Provincial 

May, 1964 

They're all Medallions -the only 3 -way speaker system with "Select -A- Style" 
grilles that snap into place to match any decor -may be used vertically or 
horizontally, with or without base. In the Medallion, University achieves the 
ultimate performance possible from a 12" woofer, special 8" mid -range and 
Sphericon Super Tweeter. Undistorted bass (down to 25 cps), highs to beyond 
the limits of audibility (40,000 cps) . If you demand superb cabinetry, freedom 
of decorative choice and reproduction beyond the capability of ordinary book- 
shelf speaker systems -then the University Medallion XII is for you. In 

LTV UNIVERSITY mahogany, walnut, oiled walnut, fruitwood or unfinished. As low as $139.95. 
A DIVISION OF INGTEMCO- VOUGHT, INC. For free catalog and "Guide to Component Stereo High Fidelity ", write 
9500 West Rene. Oklahoma City. Oklahoma Desk S -5. LTV University, 9500 West Reno, Oklahoma City, Oklahoma. 
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CLASSROOM TRAINING COURSES 

IN NEW YORK CITY 

i 

START YOUR CAREER 
IN ELECTRONICS NOW 

AT RCA INSTITUTES... 
rom t 1S ist 

A 

B 

CElectronic 

D 

E 

F 

G 

H 

1 

INDUSTRY DESIGNATED 
10B TITLES RCA PROGRAM 

ENTRANCE 
REQUIREMENTS 

Engineering Aide 
Junior Engineer 
Field Engineer 
Sales Engineer 
Electronics Instructor 

Electronics 
Technology (T -3) 

High School grad, 
with Algebra, 
Geometry, Physics. 
(Review courses 
available) 

Computer Technician 
Broadcast Engineer 
Field Technician 
Medical Electronic 

Technician 

Industrial and 
Communications (V -7) 
Electronics 

'2 -yrs. High School 
with Algebra, Physics 
or Science 

Tester 
Junior Technician 
Service Man 

Electronics and 
Television Receivers 
(V -3) 

2 -yrs. High School 
with Algebra, Physics 
or Science 

Industrial Electronic 
Technician 

Automation 
Electronics (V -14) 

Radio Receiver and 
Transistor Background 

Computer Service 
Technician 

Digital Computer 
Electronics (V15) 

Radio Receiver and 
Transistor Background 

Coder, Junior Pro- 
grammer, Console 
Operator 

Computer Programming 
(C -1) 

College Grad. or 
Industry Sponsored 

Programmer -Analyst Computer Programming 
(C -2) 

Programming 
Experienced 

TV Serviceman Color Television Television Background 

Transistor Circuits 

Specialist 
Transistors Radio Background 

DAY & EVENING CLASSES Coeducational Classes Start 4 Times Each Year. 

*Experience may be substituted. 
Preparatory Courses available. 

RCA Institutes is one of the largest technical insti- 
tutes in the United States devoted exclusively to 
electronics. Free Placement Service. Applications 
now being accepted for next term classes in New 
York City. 

12 

The Most Trusted Name 
in Electronics 
RADIO CORPORATION OF AMERIC, 

RCA Institutes, Inc. Dept. EWR -52 

350 West Fourth Street 
New York 14, New York 
Please send me your FREE catalog. I am interested in the 
circled below. 

A B C D E F G HI 
Name 

Address 

City Zone State 

courses 

(please print) 

For Home Study Courses See Ad On Opposite Page 

er you give him the fine points or not, he'll do the job if he's 
determined enough. So why not supply him with full and 
complete information including the hazards. At least he'll 
stand a chance then of avoiding the possible pitfalls. 

BRICE WARD 
Paramount, Calif. 

We certainly agree with Reader Ward in principle, and of 
course we do not oppose experimentation since some of our 
articles are actually for the experimenter, whether he be 
technician or engineer. However, our reply to Reader Whit- 
more was simply an attempt to discourage the large amount 
of correspondence we get from students and from others who, 
from their letters, are obviously ill equipped to do such ex- 
perimentat ion. 

If an experiment is done with full knowledge of the dangers 
involved or under proper supervision, we are all for it. As a 
matter of fact, we recently went to a press meeting at which 
some high- school students had constructed a working laser. 
These students were aware of the danger involved as were 
their teachers and they acted accordingly.- Editors. 

a c c 

TWIN -T OSCILLATORS 
To the Editors: 

Regarding Fig. 3 in my article on twin -T oscillators in the 
May, 1963 issue, the factor shown as f,,, /f should read f /f,, 
to rectify the relationship as presented. 

I have had inquiries concerning triggering of these circuits, 
and I am in the process of preparing another article on this 
aspect. The best triggering point is directly into the transistor 
base (through a capacitor) and the R3 /R1 ratio should be 
just beyond the free oscillation point, i.e., R3/R140 %. 

To make this a practical system for control and provide 
good selectivity, it is necessary that the input signal be con- 
trolled within rather close limits. 

FRED B. MAYNARD 
Motorola Semiconductor Prod. 
Phoenix, Ariz. 

Author Maynard's article is scheduled for a forthcoming 
issue. -Editors. 

'a #k 

LINEARIZED BASE MODULATION 
To the Editors: 

I read with interest the article by Mr. William A. Rhein - 
felder on linearized base modulation ( "Modulation Circuits 
for Solid -State CB Transmitters ") in the February issue of 
ELECTRONICS WORLD. 

Linearized modulation has been used by myself and others 
connected with amateur radio for a number of years with 
outstanding results. The system has been tried and proven on 
transmitters ranging from flea power to 1000 watts, on all 
amateur bands. The logs of the stations using it verify its 
effectiveness. 

The writer's basic patent on this system is expected to be 
issued in the very near future and it is suggested that anyone 
interested in utilizing it should contact me. 

JAMES W. BRYAN 
828 Marilyn Rd. 
Fairdale, Ky. 

DIGITAL VOLTMETER 
To the Editors: 

An error was made in a schematic used with my article, 
"Inside A Digital Voltmeter" in the November, 1963 issue. 

Fig. 7 of this article shows a square -wave input into a 

three -stage amplifier with phase -inverted outputs. The out- 
put waveforms should be transposed. 

SAM MESSIN 
Non -Linear Systems, Inc. 
Del Mar, Calif. 

ELECTRONICS WORLD 
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SEND NOW!_ 
RCA INSTITUTES, INC. DEPT. EW -54 
350 West 4th St., New York, N. Y. 10014 

Rush me by return mail your FREE illustrated 64 -page book 
on electronics careers through Home Training! No obligation 
to me! No salesman will call! 

NAME AGE 

ADDRESS 

CITY STATE ZIP 

Classroom Training available in New York City. Coeducational classes start 
four times a year. Check here for FREE Resident School Catalog 

CANADIANS - Take advantage of these same RCA Institutes courses at no 
additional cost. No postage, no customs, no delay. Send coupon to: RCA Victor 
Company, Ltd., 5581 Royalmount Ave., Montreal 9, Quebec. 

RCA will show you how to start 
a profitable career in Electronics at home! 

Faster, 
Easier Way to Begin 
If you are considering a future in 
electronics, now is the time to 
start! A great new teaching aid - 
"AUTOTEXT", developed by RCA 
and introduced by RCA Institutes, 
will help you master the funda- 
mentals of electronics almost auto- 
matically. "AUTOTEXT" is a system 
of programmed instruction, a 
method of learning, proved with 
thousands of students. Even people 
who have had trouble with conven- 
tional home training methods in 
the past are finding it easier and 
more fun to begin their training 
this new way. 

r Complete Selection 
of Courses 
RCA Institutes offers you a really 
wide selection of Home Training 
Courses for every phase of elec- 
tronics. You can actually pick the 
field of your choice from a great 

May, 1964 

variety of courses such as: 
Electronics Fundamentals TV 

Servicing Color TV Communica- 
tions Computer Programming 
Drafting Automation Transistors 

Industrial Electronics. 
Liberal Tuition Plan 
RCA Institutes Tuition Plan affords 
you the most economical possible 
method of home study training. You 
pay for lessons only as you order 
them. No monthly payments! No in- 
stallments necessary! No long term 
contracts! If you should wish to in- 
terrupt your training for any reason, 
you can do so and not owe one cent! 

Top Quality Equipment 
All equipment furnished to you in 
RCA Institutes Home Training 
Courses is top quality. All kits and 
the equipment you build are yours 
to keep and use on the job! You 
never have to take apart one piece 
to build another! 

For Resident School courses, see ad on Opposite page. 

Graduates Prove Results 
RCA Institutes Graduates not only 
enjoy the prestige associated with 
the internationally famous name of 
RCA, but some have gone on to 
open their own businesses; have 
important positions in business, 
industry and government. 

START BUILDING A 

BETTER FUTURE TODAY! 

SEND COUPON RIGHT AWAY! 

RCA INSTITUTES, INC. 

DEPT. EW -54 

A Service of Radio Corporation of America 

350 West 4th Street, New York, N. Y. 10014 

The Most Trusted 'r® Name in Electronics 
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Smashed sound in your symphony? 
...then-bargain- .. then " "bargain "" recording tape's no bargain 

How does cheap recording tape get that way? It may be 

made cheap to sell cheap. Or it may become cheap be- 

cause the maker goofed on quality, then sells the tape at 

cut -rate prices under unknown names. Dangers for audio- 

philes: Poor tape -to -head contact that causes losses or 

variations in frequency response. Background 
hiss. Squeal from poor tape lubrication. Or 

worse -abrasive wear to your recorder. In 

short, no bargain at all! 
What to do? Easy. Pick SCOTCH® BRAND 

Recording Tapes and make crystal -clear re- 

cordings a certainty. These tapes must pass a 

battery of quality tests that bargain tapes 
just couldn't -over 100 in all to earn their 

"SCOTCH" BRAND. 

14 

Uniform, high- potency oxides permit thinner, more 

flexible coatings with this result : Intimate tape -to -head 

contact, sharp resolution, identical full -frequency sensi- 

tivity, inch after inch, tape after tape. Exclusive lifetime 

Silicone lubrication protects against head and tape 

wear, assures smooth squeal -free tape travel. 

Complete selection -from standard to triple 

tape lengths (up to 6 hours recording time 

at 33/4 ips). See your dealer. Ask to see the 
new "SCOTCH " Self- Threading Reel. And re- 
member . . . on "SCOTCH" Recording Tape, 

you hear it crystal clear. 

magn ('tie tape 
it II 

_131, 
Magnetic Products Division 3cm 

"SCOTCH" AND THE PLAID DESIGN ARE REG. TUS OF 3M CO.. ST. PAUL 19. MINN. © 1964. DM CO 
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READER SERVICE PAGE 

Please use the coupon at the bottom of this page to obtain more in- 
formation about products advertised in this issue. 
Simply circle the number on the coupon that corresponds to the 
number at the bottom of the advertisement in which you are inter- 
ested. 

Additional information on items mentioned in "New Products," "Hi -Fi 
Product Report," and "Test Equipment Product Report" can also be 
obtained by following this same procedure. 

PRINT your name and address on the coupon and mail it to: 

ELECTRONICS WORLD 
P.O. BOX 7842 

PHILADELPHIA 1, PA. 

Your requests for literature will be forwarded to the 
manufacturers who will be glad to fill them promptly. 

ELECTRONICS WORLD 
P.O. BOX 7842 TOTAL NUMBER OF REQUESTS 
PHILADELPHIA 1, PA. 

Please send me additional information concerning the products of the advertisers 
whose code numbers I have circled. 
100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 

120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 

140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 

160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 

NEW PRODUCTS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 

42 43 44 45 46 

(Key numbers for advertised products also appear in Advertisers Index) 
NAME (PRINT CLEARLY) 

ADDRESS 

CITY -- 
VOID AFTER 

ZONE 

MAY 
- 

31, 

STATE - 
1964 5 
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What happens to transistors in the Van Allen Belt? How are vacuum tubes 

used in space? Why can't regular lubricants be used on moving parts in a 

spacecraft? To what extent has the space effort changed reliability standards? 

These and other questions reflect the changes taking place with space 

applications of electronics. Project Apollo and other missions in the space 

effort are rapidly outdating conventional concepts. 

Protect your future 

through the New 

CREI Program in 

Space Electronics 

16 

For a career in space electronics you must acquire consider- 

able new knowledge -knowledge that just didn't exist when you 

studied electronics. And, because developments in space 

electronics are quickly applied to other areas of electronics, 

knowledge of space electronics is an asset to a man in any field 

of electronics. 

You can protect your future through the new CREI Program 

in Space Electronics which offers you up -to -date knowledge of 

these specialties: 
SPACE DATA SYSTEMS -Includes analog and digital 

coniputers, informationtheory ,dataacquisitionandprocessing. 
SPACE TRACKING SYSTEMS -Includes microelectron- 

ics, space propagation, masers, lasers, infrared techniques. 

SPACE GUIDANCE & CONTROL -Includes inertial navi- 

gation, space radar, star tracker systems, tracking networks. 

The first extension programs developed specifically to help 

men in electronics apply their experience to the space effort. 

ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


PROJECT APOLLO 
LUNAR ORBIT RENDEZVOUS MISSION 
The Lunar Excursion Mod _Ile of NASA's Project Apollo will 
carry two men from lunar o bit to the moon's surface and, after 
brief exploration, back to the mo-her craft for return to earth. 

Content developed to meet employment requirements as 
determined by consulting government and private organiza- 
tions in the space field. Text material prepared in leading 
space -oriented organizations. 

CREI also offers specialized education in these important 
areas of electronics: Communications, Aeronautical and 
Navigational, Television, Automation and Industrial Nuclear, 
Servomechanisms and Computes. You are eligible for these 
programs if you work in electronics and have a high school 
education. 

FREE 1300K GIVES FULL IN- 
FORMATION ON CREI 'PRO- 
GRAMS. For your copy, mail 
coupon or write: CREI, Dept. 1105-B, 
3224 Sixteenth Street, N. W., Wash- 
ington, D.C. 20010 

May, 1964 

Name 

The Capitol Radio Engineering Institute 
Founded 1927, Accredited Member of the National Home Study Council 

Dept. 1105 -B, 3224 Sixteenth St., N. W. 
Washington 10, D. C. 20010 

Please send me FREE book describing CREI Home 
Study Programs including new Program in Space 
Electronics. I am employed in electronics and have a 

high school education. 

Age 

Address 

City 

Employed by 

Zone State 

Type of Present Work 

Check: Home Study Residence School G. I. Bill 

17 
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EW 

LAB TESTED 

rii -ri PRODUCT 
REPORT 
TESTED BY HIRSCH -HOUCK LABS 

Fisher SA -1000 Stereo Amplifier 
Sonotone "Velocitone Mark IV" Cartridge 

Fisher SA -1000 Stereo Amplifier 
For copy of manufacturer's brochure, circle No. 42 on coupon (page 15). 

THE Fisher SA -1000 150 -watt stereo 
power amplifier is a true "heavy- 

weight" of its type. Not only is it one of 
the most powerful single -chassis stereo 
amplifiers we have thus far tested, but 
its weight of 71 pounds places it at the 
top with respect to sheer mass. 

Each input of the SA -1000 has a step 
attenuator, with calibrated settings of 
0 db, 3 db, 6 db, 9 db, 12 db, and "Off." 
The high -impedance, continuous -level 

1.75 

Z 1. 

O 

p 125 

° 1.0 

.50 

.25 

o 

)oo 

70 

N 50 
I- 

-FISHER SA 1000 
.1...1...1.1 I .I..:.: 'N 

NTER T ON DISTORTION 
BOTH CHANNELS DRIVEN 

6017000 CPS 
41 

NE... 
6 -OHM LOADS _I 

2 3 5 7 10 20 50 50 
POWER OUTPUT -WATTS (EQUIV. SINE WAVE) 

70 100 

controls used on most amplifiers intro- 
duce a high -frequency loss as their set- 
tings are reduced from maximum. 
Fisher, reasoning that if a wide fre- 
quency response is desirable in an am- 
plifier it should be maintained at any 
setting of its level controls, has em- 
ployed capacitive compensation in the 
attenuator sections so that the amplifier's 
response is independent of their settings. 
A switchable subsonic filter in the input 
circuit rolls off the response below 16 
cps to reduce subsonic noise or rumble 
which might be annoying or even dam- 
aging to the speakers. 

The attenuators are followed by the 
bootstrapped cathode followers with 
over 20 megohms input impedance. The 
cathode followers drive identical ampli- 
fier sections. Each amplifier begins with 
one -half of a 12AX7 direct -coupled to 
the other half operating as a phase split - 
ter. The a.c. balance of the phase split- 

CONTINUOUS SINE -WAVE POWER PER CHANNEL WITH BOTH CHANNELS DRIVEN 

G 
30 

3 20 

2 

17V. LINE 
8 OHM LOADS 

FISHER SA -1000 
(LEFT CHANNEL) 

2 / THD 
0.5°/. THD 

20 30 

18 

50 70 100 200 300 500 700 IKC. 

FREQUENCY -CPS 
2KC. 3KC. 5KC. 7KC 10KC. 20KC. 

tern is adjustable, but this requires dis- 
tortion measuring instruments and is set 
at the factory. 

A push -pull driver with a triode - 
connected 6HÚ8 has a 500 -volt plate 
supply which allows very large undis- 
torted voltage swings as its output. It 
drives the push -pull 8417 output tubes. 
These are husky tetrodes, operating with 
620 volts on their plates and 420 volts on 
their screens. The massive output trans- 
formers have, in addition to separate 
plate windings, cathode windings which 
introduce 12 db of negative feedback 
within the output stage. There is 17 db 
of over -all negative feedback from the 
voice -coil outputs to the cathode of the 
first amplifier tube. Outputs are provided 
for 4 -, 8 -, and 16 -ohm speakers. 

The power supply has two separate 
voltage -doubling rectifiers, using silicon 
diodes, plus another silicon half -wave 
rectifier supplying fixed negative bias 
to the output tubes. A meter on the front 
of the amplifier may be switched to read 
the cathode current of each of the four 
output tubes. The bias for each tube is 
individually adjustable. 

The published performance specifica- 
tions on the SA -1000 are most impres- 
sive. Its IHF music power rating is 150 
watts ( both channels ) . The continuous 
power output at 1000 cps and 0.25% dis- 
tortion is 130 watts. The intermodula- 
tion distortion, with test frequencies of 
60 and 7000 cps in a 4:1 ratio, is 0.4% at 
130 watts. The frequency response is 
rated at ±0.5 db from 20 to 20,000 cps, 
and the IHF power bandwidth is 11 to 
50,000 cps. The sensitivity for full rated 
output is adjustable from 0.7 volt to 
2.75 volts. Hum and noise are rated at 
90 db below the maximum output of the 
amplifier. 

Our lab measurements confirmed most 
of these figures -in fact, they are gener- 
ally very conservative. With both chan- 
nels driven, the combined output at mid - 
frequencies was over 150 watts with 
0.5% distortion and 160 watts with 2% 

distortion. Even at 20 cps, where most 
amplifiers prove deficient, the SA -1000 
puts out over 130 watts with 0.5% dis- 
tortion and 137 watts with 2% distortion. 

ELECTRONICS WORLD 
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May, 1964 

And beyond compare it is.There'ssimply on sound ccrtrcl, twin speakers, three 
no other way to describe the new m Apr system. center car.stan drive. And 
Caravelle. It's unique in the stereo tape t '-e-e's mo-e_ In fact, vve have a bro- 
recorder field. Only the :aravelle has six cif re crane ned with facts. Send for it. 
heads. (Lets you recorc or play in both You'll be amazed that ncomparable 
directions continuously without flipping :aravelle ; ves you so much for less than 
reels.) Reverse- o- matie® plays any tape $399. For cetails and name of nearest 
automatically to and fro for a; long as dealer w-ite to Concertone, Box 3866, 
you wish. Simple, too. Easy pu;h button south El t.loate, Cal forvia. ¡ 
operation. Built -in echo control, sound C O N C E R T O N E d¢ 

MOM 
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solid 
state 

reliability... 

Cadre 
(CB Transceivers) 

Solid state circuitry means that Cadre 
CB receivers can be bounced over rough 
roads in mobile installations; and can 
take plenty of rough use at base stations 
and in portable field use. 

Solid state circuitry means that Cadre 
transceivers draw about as much power 
as an electric clock. Not only do auto 
or marine batteries last longer, but when 
batteries get low, Cadre solid state trans- 
ceivers operate where others might not. 

Reliability is only one reason why Cadre 
solid state CB transceivers are your best 
buy. Performance is another part of the 
story -plenty of transmission punch on 
5 crystal -controlled channels -long dis- 
tance reception with the dual conversion 
superhet receiver. And unwanted noise 
and adjacent channels are effectively 
suppressed. 
FOUR POWERFUL SOLID STATE 5 -WATT, 
5 CHANNEL MODELS for every possible 
application -base station, mobile, field. 
New Cadre 510- A -AC /DC 23 channel 
manual tuning $199.95. Cadre 515 same 
as 510 -A less manual tuning $185.00. 
Cadre 520 DC only with battery cable 
and mounting kit. For mobile and port- 
able use from 12 volt batteries $169.95. 
Cadre 525, model 520 in portable pack 
carrying case with built -in battery/ 
power supply, recharger, AC cord and 
telescoping antenna for complete field 
portability. $249.95. 
FULL POWER, 1.5 WATT HAND HELD RE- 
CEIVER CADRE C -75 Solid state through- 
out. Two crystal -controlled channels. 
Sensitive receiver, powerful transmitter 
with one watt output to the antenna. 
$99.95. Recharger and set of (2) nickel - 
cadmium batteries. $28.05. Cartridge for 
(9) penlite cells. $2.55. 

le CAD 1t E INDUSTRIES CORP. 
C MERCIAL PRODUCT DIVISION El ENDICOTT, NEW 
YORK AREA CODE 607, 748-3373. Canada: Tri -Tel 
Assoc., Ltd., 81 Sheppard Ave. W., Willowdale, Ont. 
Export: Morhan Export, 458 B'way, N. Y. 13, N. Y. 
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At 2% distortion, a full 133 watts could 
be developed at 20,000 cps. These 
measurements were all made with 8 -ohm 
loads and it is possible that even lower 
distortion would be measured with 16- 
ohm loads. The IM distortion was under 
0.3% at all power levels up to the rated 
65 (r.m.s.) watts per channel. A corn - 
bined output of 180 watts was measured 
at 0.4% IM distortion. 

The hum was 73 db below 10 watts 
or 81 db below rated output with open 
input circuits. This is an inaudible level. 
The square -wave response was excellent, 
with a slight rounding of the leading 
edge of a 10,000 -cps square wave and 
a 20% tilt on the top of a 60 -cps square 
wave. The input attenuators, which 
were accurate within a few tenths of a 
db, had no effect on the shape of the 
10,000 -cps square -wave response, show- 
ing that the capacity compensation was 
doing its intended job well. The ampli- 
fier was stable under a variety of capaci- 
tive loads. 

The frequency response at low levels 
was within ±0.75 db from 20 to 20,000 
cps, which is very close to the rated re- 
sponse. The small difference may \\ ell 

be the result of instrument and measure- 
ment errors. 

In listening to the amplifier, we were 
never able to use more than a fraction of 
its tremendous power reserves. It was, 
at all times, effortless and transparent 
and could undoubtedly drive the least 
efficient speakers under any conceivable 
home listening conditions without strain. 
One of the most noteworthy character- 
istics of the SA -1000 was its cool opera- 
tion. Most amplifiers with over 100 watts 
capability on a single chassis run very 
warm, yet we operated the SA -1000 for 
hours on end, much of the time at full 
power output, without the transformers 
or chassis (except in the immediate vi- 
cinity of the tubes) becoming appreci- 
ably warm. Adequate ventilation is still 
important, of course, but the life of any 
electronic component is prolonged by 
operation in moderate ambient temper- 
atures and we have not seen any other 
vacuum -tube amplifier which could 
match the SA -1000 in this respect. 

The Fisher SA -1000 amplifier, com- 
plete with protective cage over the tubes, 
sells for $329.50. It is also available in 
kit form, for S279.50. 

Sonotone "Velocitone Mark IV" Cartridge 

For copy of nunuifacturcr's brochurc. circle No. 43 on coupon (page 15) 

SONOTONE cartridges have, for 
years, surprised critical listeners who 

had always believed that ceramic car- 
tridges were somehow inferior to mag- 
netic types for high- fidelity applications. 
The 9TA series, introduced several years 
ago, provided sound quality which 
could not be distinguished from that of 
some of the best magnetic cartridges of 
the time, while retaining the inherent 
ruggedness, reliability, low cost, and 
freedom from hum pickup which char- 
acterize ceramic cartridges. 

The 9TA cartridges (called "Veloci- 
tone" by their manufacturer) are sup- 
plied with a pair of plug -in equalizers 
which correct their inherent amplitude 
response to a velocity basis, at the same 
time reducing their output from a few 
tenths of a volt to several millivolts. 
Using the "Velocitone" equalizers, the 
Sonotone cartridges may be plugged 
into the magnetic phono input of any 

amplifier. If a high -impedance (1 
megohm or greater) input is available, 
the cartridge may be connected directly 
to it without the equalizers. Its inherent 
response will provide an RIAA playback 
characteristic. 

The "Velocitone" cartridges have un- 
dergone a series of refinements, which 
resulted in the "Mark II" and "Mark III" 
versions. The original model had a stylus 

Response curve has been replotted below 500 cps using zero db as the reference. 
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Created by the hand of experience 

NEW RCA VOLTAGE- REFERENCE AND -REGULATOR TUBES 

Small in 

NEW RCA -0A3A, 0C3A, and 
OD3A voltage -regulator tubes 
feature a smaller envelope for 
use in equipment where compact- 
ness is a major consideration. Yet 
these new types offer you the 
same long and dependable per- 
formance, and extreme reliability 
as their industry- proven proto- 
types : the 0A3, 0C3, and OD3. 

Tube voltage drops (for dc- 
cathode- current range of 5 to 40 
ma) are: 75 V (0A3A), 105 V 
(0C3A), 150 V (0D3A), 

size for compact equipment use 

NEW RCA -5651A delivers the highest degree of voltage 
stability yet achieved in a miniature voltage- reference 
tube. Not only is voltage stability excellent initially, but 
remains so throughout tube life. 

Maximum voltage drift throughout life of the new 
RCA -5651A is half that of the industry type 0G3. Varia- 
tion in initial tube drop from tube to tube is only 4 V 
maximum at any specific current value within the oper- 
ating current range. And the RCA -5651A is essentially 
independent of ambient temperature in the range of 
minus 55 °C to plus 90 °C. 

COMPLETE DATA on these new tube types are avail- 
able from your nearest RCA Industrial Tube Distribu- 
tor. Why not call him now? 

RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, N.J. AVAILABLE THROUGH YOUR RCA INDUSTRIAL TUBE DISTRIBUTOR 
FOR NAME AND ADDRESS OF YOUR LOCAL DISTRIBUTOR WRITE OR CALL YOUR 
NEAREST RCA DISTRIBUTOR PRODUCTS SALES OFFICE -NEW YORK, NEW YORK: 
36 W. 49th St., MU 9 -7200; NEEDHAM HEIGHTS 94, MASS.: 80 "A" St., HI 4 -8480; 
WASHINGTON 6, D. C.: 1725 "K" St., N.W., FE 7 -8500; ATLANTA, GA.: 134 Peach - The Most Trusted Name in Electronics tree St., N.W., JA 4 -7703: CLEVELAND, OHIO: 1621 Euclid Ave., CH 1 -3450; 
CHICAGO, ILL.: Merchandise Mart, 467 -5900; DALLAS 7, TEXAS: 7901 Carpenter 
Freeway, MEIrose 1 -3050; KANSAS CITY 14, MO.: 7711 State Lire, EMerson 1.6462; 
LOS ANGELES 22, CALIFORNIA: 6801 East Washington Blvd., RAymond 3- 8361. 
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Wwith makeshift 

twist -prong capacitor replacements ? 

When you substitute capacitor sizes and ratings, 

you leave yourself wide open for criticism 

of your work ... you risk your reputation . . . 

you stand to lose customers. It just doesn't 

pay to use makeshifts when it's so easy to get the 

exact replacement from your Sprague distributor! 

Get the right SIZE, 

right RATING every time 

with improved 

SPRAGUE 

TWIST-LOK® 

CAPACITORS! 

Over 1,690 different capacitors to choose from! 

The industry's most complete selection of twist -prong capacitors, 

bar none. Greater reliability, too. Exclusive Sprague cover design 

provides a leak -proof seal which permits capacitors to withstand 

higher ripple currents. 

GET YOUR COPY of Sprague's com- 

prehensive Electrolytic Capacitor 

Replacement Manual K -106 from 

your Sprague Distributor, or write 

Sprague Products Co., 51 Mar- 

shall Street, North Adams, Mass. 

WORLD'S LARGEST MANUFACTURER OF CAPACITORS 

65.126 63 

22 

SPRAGUE® 
THE MARK OF RELIABILITY 

CIRCLE NO. 131 ON READER SERVICE PAGE 
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25 

RCA 2 -5 -39 RECORD . 400/4000 CPS - 4 I - FORCE -i.5 GRAINS 

5 i0 15 20 25 
PEAK RECORDED VELOCITY- CM/SEC. 

Note how IM falls as tracking pressure in- 
creases, but so does record wear increase 
slightly. Recorded velocities of 5 to 20 
cm. /sec. are common in present records. 
The test disc has residual IM of under 3 %. 

30 

mass of 4.5 milligrams, a compliance of 
3.5 x 10 -6 cm. /dyne, and a 2 to 5 gram 
tracking force requirement. The "Mark 
II" had a compliance of 5.1 x 10-6 cm./ 
dyne, with a marked reduction in inter - 
modulation distortion. Last year's "Mark 
III" unit had a stylus mass of 4 milli- 
grams and a compliance of 6 x 10-6 cm./ 
dyne. Its stylus arm was mounted in a 
flexible support which allowed it to be 
bent through alarming angles without 
damage. This makes it nearly indestruct- 
ible in normal use. 

The latest version, the "Mark IV," 
brings its specifications into line with the 
current state of the art in cartridges. For 
example, its stylus mass of 3 milligrams 
and compliance of 15 x 10 -6 cm. /dyne 
compare favorably with most good mag- 
netic cartridges and permit the unit to 
track at 1.5 grams in good arms or up to 
4 grams in record changers. The car- 
tridge output has been reduced some- 
what, but is still in the millivolt range, 
which is typical of present -day mag- 
netic cartridges. Without the equalizers 
it is 0.2 volt, still sufficient to drive the 
high -impedance inputs of most am- 
plifiers. 

Our frequency response and crosstalk 
measurements on the "Mark IV," using 
the CBS STR -100 test record, were 
nearly identical to those made on its 
predecessors. Over -all it is flat within 
±2 db from 20 to about 10,000 cps, with 
some irregularity at higher frequencies. 
The channel separation is 25 to 30 db 
at middle frequencies, reducing to an 
average of 5 db at 10 kc. 

The effect of the increased compliance 
is immediately apparent in the tracking 
force requirements. Velocities as high as 
30 cm. /sec. at 1000 cps (the Fairchild 
101 test record) , were tracked at only 
0.75 gram with low distortion, a feat 
matched by few, if any, cartridges we 
have tested in the past. The high -am- 
plitude, low- frequency bands of the 
Cook Series 60 record required 3 grams 

(Continued on page 58) 
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New 345 Tuner/Amplifier.. 
the engineering leadership 

you expect from Scott 
at an unexpected low price 

The 345 is an exceptional accomplishment ... even for 
Scott. It combines the features, the performance, the 
specifications of separate tuners and amplifiers and sells 
for less than $350. Achieving this rare combination of 
top performance and top value took many long months 
of painstaking research and around- the -clock work from 

1. Low Impedance Symmetrical Drive-an all new 
amplifier circuit that provides more power (65 
watts of clean music power), lower distortion, 
cooler operation, and complete stability. 

the most imaginative engineering minds in high fidelity ... the Scott Advanced Development Group. 

Their achievement is based on an entirely new 
approach to tuner /amplifier design that has resulted 
in three major new engineering breakthroughs: 

2. Series -Gate Time- Switching Multiplex provides 
probably the greatest stereo separation of any 

combined tuner - amplifier available. The 345 
offers the ultimate in startlingly live stereo sound. 

3. Pulse Suppression - Limiting effectively offers 
four stages of limiting for improved suppression 
of impulses from sources likeautomobile ignitions. 
2.2 uy sensitivity for quiet noise -free FM sound. 

SCOTT" 
111 Powdermill Road, Maynard, Mass. 

Export H.H. Scott Internat onal, 121 Powdermill Road, Maynard, Mass., TWX HI -FI, Canada Atlas Radio Corp., 50 Wingald Ave., Toronto 
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Build your own 
top quality Eico Kits 
and save up to 50% 

New Tape Deck 

New 

Eico Classic 2400 stereo /mono 4 -track 
tape deck, 3 motors. Kit $199.95; wired 
$269.95 (Incl. oil finish walnut base) 

3 "Portable Scope 
Eico 430 General Purpose 3" 
Scope. Flat -face CRT with mu -metal 
shield. Kit $69.95; wired $99.95 

New 
B & /FM Sweep Generator 

Eico 369 TV /FM Sweep generator, 
with built -in post injection marker 
adder. Kit $89.95; wired $139.95, 

r 

New CB Transce ver 
Eico 777 dual conversion 6 crystal -controlled channels, -` 5- watts. 3 -way power supply. Kit $119.95; wired $189.95 

New Stereo Rcvrs. 
Eico Classic 2536 36 -watt FM -MX Stereo Receiver. 
Kit $154.95; wired $209.95 (Incl. F.E.T.) 
New Stereo Tuner Eico Classic 2200 FM -MX Stereo 
Tuner. Kit $92.50; wired $119.95 (Incl. F.E.T.) 

.» ,-- , a. 
,içs 

. .4*.**M,trati 

1 
.e,...... -, e. ....... ...... 

New Stereo Amplifiers Eico Classic 2036 36 -watt. 
Kit $79.95; wired $109.95. Eico Classic 2050-50 - 
watt stereo. Kit $92.50; wired $129.95. Eico Classic 
2080 80 -watt stereo. Kit $112.50; wired $159.95. 

New Tube Testers 
Eico 667 Dynamic 
Conductance Tube & 
Transistor Tester. Kit 

{ $79.95; wired $129.95. 
Eico 628 Tube Tester. 
Kit $44.95; wired $59.95 

24 

Add 5% in West 

EICO Electronic Instrument Co., Inc. 
131-01 39th Avenue, Flushing, N.Y. 11352 
Please send free New 1964 catalog EW -5 

Name of nearest Eico dealer 

Name 

Address 

City 

Zone State 
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LIGHT DIMMERS 
for HOME and INDUSTRY 

Intensity controls for incandescent lamps have now 

advanced from early resistive types to solid -state 

electronic controls using SCR's and solid -state 

switches. Here is an over -all survey of the various 

techniques that are now in use, their principles of 

operation, and their comparative characteristics. 

By FRED M. WOLFF 

Vice -President, Engineering & Production 

Century Lighting, Inc. 

iri-1 OR many decades the control of artificial light, other 
than by switching circuits "on" or "off" or varying the 
size of lamps, was limited almost entirely to applica- 

tions in the theater. If television studios and concert halls 
are included in this general category, this is still true. But 
since World War II, the "theater" has invaded business of- 
fices, stores, and homes. The sale of merchandise is not too 
different from the "selling" of an idea in the theater. And why 
should dramatic effects be limited to the legitimate stage? 

Light possesses four characteristics: intensity or brightness, 
color, form or distribution, and movement. Any or all of 

these characteristics may be altered by changes in intensity 
of one or more light sources. Color may be changed by vary- 
ing the relative intensities of two differently colored lamps. 
Distribution may be varied by increasing "downlighting" as 

compared to indirect or "cove" light. Movement is merely 
the process of changing any of the others. 

When the characteristics of light and its potentials are 
realized, the problem becomes one of control -primarily con- 
trol of intensity -and this means control of voltage and /or 
current. Disregarding, for the moment, direct current which 
is now relatively rare as a source of power, alternating cur- 
rent can be controlled in one of two ways: either (a) the 
amplitude of the impressed a.c. wave may be increased or 
decreased, or (b) the period of the generating cycle's connec- 
tion may be varied. All control circuits of whatever type 
utilize one method or the other. See Fig. 1. 

In the theater, various types of control equipment have 
been refined and extended to achieve maximum sensitivity 
and delicacy of operation. "Mastering," "presetting," "fad- 
ing"; local and remote operation; automatic and manual de- 
vices are all utilized. The efficiency of a system is generally 
measured in the results achieved rather than in the power 
consumption of the equipment. But all these factors, interest- 
ing- though they may be, do not necessarily determine the 
quality of any installation. It is necessary to first know what 
is most important in a specific case. 

Resistance & Transformer Dimmers 

In the category of amplitude control there are two basic 
types of control devices: resistances and transformers. Each 
has taken several forms. Although it may come as a surprise 
to many, the original resistance dimmer was a liquid unit - 
what was known as a "water- barrel dimmer." A vertical in- 
sulating cylinder with a conductive plate at its lower end was 
filled with a liquid electrolyte. A second plate was then 
mounted on an adjustable holder so that it could be raised 

May, 1964 

Fig. 1. Waveforms from various types of dimmers. All inputs are 
sinusoidal; all outputs are shown shaded. (A) At full inten- 
sity, output from dimmer is same as input. (B) With resistance 
or autotransformer dimmer, output amplitude is reduced as shown. 
(C) With electronic dimmer, output occurs over part of cycle. 

AT FULL INTENSITY 
(A) 

AT ONE -QUARTER INTENSITY AT ONE -HALF INTENSITY 

(B) 

AT ONE -QUARTER INTENSITY AT ONE -HALF INTENSITY 

(C) 
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or lowered in the liquid. As the two plates approached one 
another, resistance decreased and the voltage drop between 
them decreased. The intensity of the lamp load in series with 
the dimmer then increased. 

This device had many obvious disadvantages, but it had 
its good points too. By varying the consistency of the elec- 
trolyte, various loads could be accommodated and dimmed 
to "black- out." The "dimming curve" -rate of voltage varia- 
tion across the load with respect to the position of the con- 
troller -could be changed. The total load which could be 
accommodated was easily adjusted, but changes due to 
humidity and time, a vile odor, low efficiency due to heating, 
unreliability -all were to spell the eventual doom of the water - 
barrel dimmer. 

Wirewound and carbon -pile rheostats were definite im- 
provements over the water barrels and are still used where 
resistance -only units are applicable. Although carbon piles 
have never been popular in lighting control, they have been 
used on occasion. Carbon discs are pressed more or less tightly 
together to decrease or increase the resistance in the series 
circuit. The wirewound types include units where wipers ride 
directly on the wire, and tapped coils where wire supplies the 
resistance but mechanical contact is made between a shoe 
or brush and solid metal terminals. Both of these devices 
introduce electrical losses. That portion of the line voltage 
not appearing across the lamps appears across the rheostat. 
Thus, the resultant power loss must be dissipated in the form 
of heat. Such units are extremely "load sensitive." Any change 
in lamp wattage causes a change in the rheostat current and, 
hence, a change in the voltage at the lamps. While various 
dimming characteristics are easily designed into a rheostat, 
they are true for only one load or lamp size. Rheostats for 
heavy loads become exceedingly large and clumsy to handle. 

Variable transformers largely overcome these disadvan- 
tages, but may introduce others. It is obvious that to be really 
useful a dimmer's action must be smooth and continuous. It 
should not generally provide a series of "steps" or gradations 
of intensity unless these steps represent voltages too small 
to be apparent to the eye. These can be produced if a suffi- 
cient number of taps or secondary turns is available. But 
even with the requisite number of steps, the "tap" or "shoe" 
which selects them must make contact with one before leaving 
the last if a continuous dimming curve is to be provided. This 
results in shorted turns, producing high circulating currents 
and commutation difficulties. 

Two methods have been developed to overcome this prob- 
lem. In one, a number of fixed resistances are connected to a 
series of shoes or taps, each of which contacts a different turn 
of the transformer winding. At least two of these resistances 
are in series for each relatively low voltage short -circuit cur- 
rent, while all are in parallel for the load current. A modifica- 
tion of this principle consists of a special carbon brush or 
tap which contacts more than one transformer winding at any 
given time. The carbon takes the place of the individual re- 
sistors and the heat developed by the short -circuiting currents 
is dissipated in a metal "radiator" carrying the brush. The 
second solution consists of a plurality of contacts each con- 
nected to the next by a single turn of wire which surrounds 
the same core as the transformer coil being tapped. Thus, 
the voltage between taps exactly equals the voltage across 
the turns being tapped, and the voltage tending to produce 
short -circuit currents is "bucked" by an equal and opposite 
voltage. 

Transformer dimmers- almost always of the autotrans- 
former type -are far more efficient than resistances. Being 
essentially voltage controllers, they are largely unaffected by 
variations in load. They can be tapered to provide various 
desired dimming characteristics and are stable. However, they 
are also relatively heavy and physically large. They must be 
controlled manually (directly) or by means of motor drives 
if they are to be located at a distance. In addition, they are 
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not capable of proportional control without expensive modi- 
fications. 

Induction regulators of the movable -core type, although 
used for power control, were never popular for lighting in- 
stallations. Their only application in any quantity has been 
in pilot circuits where the change in inductance is used to 
control small currents, in turn controlling larger loads through 
other types of dimmers. Such devices are used as "group 
master' controls in New York's Radio City Music Hall lighting 
control console and other installations. 

Saturable Reactors 
The introduction of true electronic dimmers in the 1930's, 

although the equipment was large and heavy, represented 
a major breakthrough in lighting control. The first device of 
this type was the saturable reactor. Here a figure -8 core is 
wound with power turns through which passes the full load 
current. Core and windings are so designed that with the 
normal load which the device is designed to carry, the 
reactance will effectively limit the load current. By introduc- 
ing a second winding which is connected to a variable source 
of d.c., the core may be partially or completely saturated, 
permitting almost uninterrupted flow of the load current. 
Thus, a relatively small d.c. can be used to control large 
alternating load currents. 

Although such devices are infrequently used in numbers 
throughout a modern system because of certain inherent dis- 
advantages (such as slowness of response, size, weight, etc. ) , 

they still have their place in modern lighting control. \ \'here 
very large loads must be handled and dimming to complete 
"black -out" is not required, the saturable reactor dimmer is 
a relatively inexpensive and foolproof piece of equipment. 
In the control of peripheral lights at the Philharmonic Hall 
in New York City, saturable reactors were chosen. They are 
also used in Detroit's Michigan Consolidated Gas Company 
building. Loads are in the neighborhood of 300 kva. 

Thyratron Dimmers 
But a more precise control and one suitable to smaller in- 

stallations was required. The answer was the thyratron or 
gas- filled, grid -controlled rectifier tube. For many years an 
electronic dimmer almost always was a thyratron tube 
dimmer. Two basic configurations were used in the power 
circuit. Li one, three tubes were installed in the line of a 
three -phase system and the dimmer was, in effect, a variable 
three -phase rectifier. The second and more popular circuit 
utilized two tubes, connected back -to -back, in a single -phase 
line. In this circuit the output was a.c.; the r.m.s. voltage be- 

Thyratron tube dimmer bank with 60 tubes providing 30 control 
circuits. Each dimmer or pair of tubes has a capacity of 5000 
watts. The bank shown is approximately 80" wide and 80" high. 
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ing controlled by the point during each 
half cycle at which that tube fired. This 
firing point or "firing angle" was estab- 
lished and varied by an RC network 
where a vacuum tube took the place of 
the resistance. By controlling the vacuum 
tube, the phase of the thyratron's grid 
control could be shifted and the r.m.s. 
output changed from zero to nearly line 
voltage. However, in practice, a booster 
transformer was always introduced to 
compensate for the drop across the tubes 
and provide additional voltage for feed- 
back operation to improve regulation. 

The thyratron tube dimmer is still be- 
ing chosen for certain applications, but 
is being superseded rapidly by solid - 
state devices. It still has certain advan- 
tages over the more recently introduced 
semiconductors; also disadvantages. Response is very rapid. 
No contactors are required to turn a circuit "off." Voltage 
transients and sudden current surges are generally of no con- 
cern. But in a tube system, in order to operate any one circuit 
all filaments must be energized, representing a considerable 
loss in heating. A filament preheat time of 40 seconds or more 
must be established before plate voltage can be applied. 
Provisions must also be made for disconnecting the entire 
system and going through an entire preheating cycle again 
should temporary loss of power be experienced. The most 
obvious disadvantage often mentioned -cost of tube replace - 
ment-is not as serious as might be expected, for tube life in 
excess of 10,000 hours is common. 

Magnetic Amplifiers 
During World War II the magnetic amplifier or self - 

saturating reactor was developed. Improvements in metal- 
lurgy and production of grain- oriented steels plus solid -state 
power rectifiers overcame many of the disadvantages of the 
old saturable reactors. Magnetic amplifiers, or "Mag- Amps," 
for light control are now available in capacities up to 12 kw. 
per unit, with response times almost equal to those of tube 
systems. The sizes and weights of these dimmers have also 
been drastically reduced; and temporary overloads, relatively 
high ambient temperatures, and the surges due to sudden 
applications of cold tungsten filament lamp loads have little 
or no effect on the operation. 

But the magnetic amplifier dimmer was developed too late, 
or one might say that solid -state semiconductors were de- 
veloped too soon. For already, only a few years after the 
announcement of the silicon controlled rectifier, the majority 
of electronic dimming systems built and installed utilized 
this device in preference to all others. It has its disadvantages 
as have the rest, but the possibilities of precise control, the 
savings in space and weight, and the recent reductions in 
price have made these units serious competitors of manually 
controlled rheostats and autotransformers. 

SCR Dimmers 
A description of silicon controlled rectifiers and their 

characteristics may be found in the article, "SCR: Silicon 
Controlled Rectifiers -New Applications in the Home" in the 
October 1963 issue of this magazine. However, when applied 
to the control of tungsten filament lamps, other factors not 
always considered become important. Certain features of 
these loads must be recognized before a circuit can be 
selected. First of all, tungsten filament lamps have the un- 
fortunate characteristic of low cold resistance versus relatively 
high hot resistance. The initial inrush current through a cold 
lamp load for several cycles is between ten and fifteen times 
normal operating current once the lamp is heated and burn- 
ing at specified brightness. This must be taken into considera- 

A 2500 -watt auto - 
transformer dimmer 
designed for manual 
operation through 
a drum and lever 
and a gear drive. 

"Piano box" resistance dimmer board such as is used in theater 
productions where only d.c. is available. Fourteen 3000 -watt 
dimmer rheostats are operated by lever handles across the front, 
any of which can be interlocked with the master lever. A main 
switch, individual circuit switches and fuses, and load recep- 
tacles are provided. Board is 7' x 5' and weighs 1 350 pounds. 

tion in determining the size rectifier required for any given 
application. It is one reason why solid -state "wall -box" dim- 
mers bear the warning that they are not to be used for the 
control of convenience receptacles where one or more lamps 
may be plugged in while the dimmer is turned on. 

Tungsten filament lamps also have rather peculiar dimming 
curves -their ratio of light output to applied voltage. In many 
applications this is relatively unimportant. Where a single 
reading lamp or fixture is to be adjusted or dimmed to a 
desired level, the point on the control scale or "dimmer read- 
ing" selected is simply wherever the intensity happens to suit. 
However, in large dimming systems such as are used in 
theaters, studios, and the like, each dimmer control must 
control at exactly the same rate and utilize to the fullest the 
entire scale of the controller. Moreover, this should be ir- 
respective of loading, and a set intensity should not vary even 
while loads are being added or removed. See Fig. 2. 

Particularly in television studios and other areas where 
audio and video equipment are located in close proximity to 
lighting, care must be taken to remove both electrical and 
audible noise from the lamp circuits. The filaments of most 

Fig. 2. Curve A is the ideal variation in light output vs con- 
trol settings. This is a square -law curve and takes into account 
the varying sensitivity of the eye at different light levels. Since 
light output does not vary in direct proportion to dimmer out- 
put voltage, a voltage characteristic shown at C is required to 
produce the light output curve A. Note how the output voltage 
differs from a voltage that varies linearly with setting (curve B). 
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lamps will sing or hum when fed by the unfiltered output of 
any electronic dimmer, particularly at half voltage. 

Harmonics are also present unless special precautions have 
been taken. These will cause trouble both in radiated noise 
and electrical noise transmitted through the circuits them- 
selves. The sharp peaks of outputs from controlled rectifier 
dimmers must be modified for satisfactory operation. 

In addition to the difficulties introduced by the lamp loads, 
controlled rectifiers themselves present problems which are 
unique in dimmers. Together with their sensitivity to mo- 
mentary overloading, they are highly sensitive to voltage 
transients. A transient during conduction and in the forward 
direction may not necessarily be serious. A reverse peak will 
cause destruction of the device. The cost of an SCR is largely 
determined by its p.r.v., or peak- reverse voltage, capability. 
But the highest ratings available are hardly capable of sus- 
taining transients which may be imposed by air conditioners, 
elevators, or an electric storm in the neighborhood. Some 

This installation includes 30 6.3 -kw. magnetic amplifier dim- 
mers, at either side of control cubicle which houses a booster 
transformer, motor -driven autotransformers, circuit breakers. 

other means of overcoming these momentary peaks must be 
found. 

Like most semiconductors, an SCR's current -carrying capa- 
bility is largely determined by the temperature of its junction. 
The cooler this is kept, the greater the currents which may 
be accommodated. Hence, heat sinking is an economic neces- 
sity and artificial refrigeration has even been considered. 

Summing up the above points concerning silicon con- 
trolled rectifier dimmers, it appears that while they possess 
many advantages over other devices they are also relatively 
fragile under certain conditions and require numerous pro- 
tective devices. A simple SCR voltage controller is not neces- 
sarily a good or even a satisfactory dimmer. 

Solid -State Switches 
A still more recent development in solid -state technology 

is the solid -state switch. This is a five -layer device as com- 
pared with the four layers of the controlled rectifier, but it 
has only two leads. There is no gate connection. Like the 
controlled rectifier, the solid -state switch normally blocks in 
both directions but, unlike the rectifier, it Cali be made to 
avalanche in either direction. Because it has no gate lead, it 
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is rendered conductive or can be made to avalanche by 
merely exceeding its breakdown voltage in either direc- 
tion. Once conductive, it will remain so until the current drops 
below a specified holding value when the device resumes its 
normal blocking condition.° 

The solid -state switch overcomes two disadvantages of 
controlled rectifiers: (a) transients may cause false conduc- 
tion for a half cycle now and then but will not destroy the 
switch, and (b) one unit in a circuit can be used to control 
the full 360` of each a.c. cycle. But, like all the other devices 
we have mentioned, it is not the ultimate. Solid -state switches 
are presently made in only smaller ratings. Units are some- 
times paralleled to provide greater capacity, but they must 
be carefully matched to prevent one taking more than its 
share of the load current. Also, the introduction of high -volt- 
age spikes or pulses to render the device conductive must be 
limited to the circuit of that device. \Vhere several dimmers 
are used in a system, the control of one must never be allowed 
to influence another. These disadvantages are not unduly re- 
strictive in many applications and can certainly be overcome. 
At present, the few sizes which are in production offer the 
only real competition for SCR's. In the multi -kilowatt control 
range, solid -state switches have yet to be seriously considered. 

Table 1 shows many of the advantages and disadvantages 
that have been mentioned as well as several which are of in- 
terest only in specific applications. However, the advantages 
of solid -state semiconductor devices are sufficiently great to 
warrant a closer examination of the circuits which have been 
developed to operate them. After the first exuberance in 
discovery of a new dimmer with such rosy possibilities gave 
way to serious thought, it was realized that the requisite 
auxiliary equipment was going to be considerably larger in 
space and weight (and possibly eventually in cost) than 
the "dimmer" itself. The number and variety of circuits for 
controlling SCR's in incandescent light dimmers are almost 
endless and far beyond the scope of this article. The examples 
given are illustrative and merely indicate some methods of 
overcoming the difficulties which have been mentioned and 
of utilizing the advantages of the devices. 

Dimmer Circuitry 
Fig. 3 shows a bridge circuit in which a single SCR con- 

trols both halves of the a.c. wave. It will be realized that 
this power circuit may or may not be desirable economically, 
depending upon the relative cost of four diodes as against 

Since writing this article, a new solid -state switch with a gate lead has been 
introduced. It can be controlled either by exceeding the breakdown voltage or 
by gate control voltage alone. It conducts in both directions with signal and 
blocks in both directions with zero control. 

Fig. 3. Simple dimmer circuit designed for 1500 -watt load. 

Fig. 4. Dimmer circuit with one SCR and transfer switch. 
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2N217 6845 

12011 

50 50V. 
Vf 

2.7K 

NO 

Fig, 5. Controlled- rectifier dimmer with back -to -back power con- 

nections and reset triggering circuit. Circuit is controlled by 

20 v. d.c. connected to plus and minus terminals. Voltage comes 

from a 1000 -ohm pot in control console. The two controls shown 
are internal controls set for desired dimmer characteristics. 

2 W. 

15K 15K 
+ Iyf. R2 

- 50V. MAX. 
VOLT. 

IW. 
INI692 

INI692 

LINE 

25A. 

ilBTC-3716 

FILTER 

O LOA D 

FEEDBACK 
TRANSFORMER 

BIC -3629 

a second SCR used in the more common back -to -back con- 
figuration. However, from the control component standpoint, 
nothing could be simpler. When the resistance of the control 
is at maximum, the voltage across the capacitor is sufficient to 
break down the neon lamp and trigger the SCR at about 150`. 
This occurs twice during each cycle. As the control resistance 
decreases, the voltage across the capacitor increases and be- 
comes less lagging in phase. Thus, the SCR is fired earlier in 

each half cycle and lamp intensity increases. A p -n -p -n diode 
may be used in place of the neon lamp and fixed resistor. In 
applications where full variation of intensity is not required, 
the full -wave bridge may be omitted entirely. This greatly 
reduces the cost of the circuit. However, a gate protection 
diode should be added between the gate and cathode of 

the SCR. 
Full- intensity control, still with a single controlled rectifier, 

is shown in Fig. 4. Here, by ganging a single -pole, double - 
throw switch to the potentiometer control, the controlled 
rectifier is made to operate over half of each cycle. The power 
diode is then switched into the circuit and the other half of 

the wave is controlled until full intensity is reached. The re- 
sistor across the p -n -p -n diode (TI -41) and the diode across 
the potentiometer prevent flickering caused by the capacitor 
storing a charge from one cycle to the next. 

Another method of controlling SCR's is by means of mag- 
netic amplifiers or resets. A circuit used in many commercial 
dimmers is shown in Fig. 5. The resets are torroids and the 
transistor stage provides a preamplifier which greatly reduces 
the control current required. In this circuit, a feedback loop 
is also provided in order to give improved regulation under 
a fairly wide variety of output loads. 

Protective Measures 

Several methods have been devised by various dimmer 
manufacturers for providing complete protection of the SCR's 
and other solid -state components regardless of the loads ap- 
plied. These include: 

1. Phase -back circuits which automatically reduce the r.m.s. 
values of current when excessive loads are connected- either 
initially or on operating loads. (Continued on page 68) 

Table 1. Features and comparative characteristics of the 
various types of light dimmers described in the text. 
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NEW FCC RULES 
NOW IN EFFECT 

By LEO G. SANDS 

Changes in the FCC Rules and Regulations went into 
effect December 21, 1963. Here is a breakdown of 
these changes and how they may affect many users. 

The FCC Rules changes provide for: 
changes in Rules part numbers 

use of SSB on some marine channels 

two '/2 -watt Business Radio channels 

new offset channels for Industrial Service 

11 narrow -band channels for Industrial Service 

operation of fixed radio links on low- power, 
general -purpose mobile channels 

use of non type -accepted transmitters oper- 
ated at less than 200 mw. input 

use of 952 -960 mc. for base -station control, 
and 6525 -6875 mc. band for private micro- 
wave systems in the Business Radio Service 

REVISED FCC Rules and Regulations affecting marine, 
aviation, land mobile, amateur and Citizens Radio 
were published in the December 21, 1963 issue of 

the Federal Register. 
The Citizens Radio Service is no longer covered by Part 

19, instead, it is now covered by Part 95. The other service 
part numbers have been changed as follows: Maritime Land 
Stations from Part 7 to Part 81; Maritime Mobile from Part 8 
to Part 83; Aviation from Part 9 to Part 87; Public Safety 
from Part 10 to Part 89; Industrial, which includes Business 
Radio, from Part 11 to Part 91; Amateur from Part 12 to 
Part 97; and Land Transportation from Part 16 to Part 93. 

The new rules are essentially the same as they were 
before except for some tightening of technical tolerances 
and addition of channels. In the Business Radio Service, 
for example, two new channels have been allocated for use 
by transmitters limited in power to one -half watt input. On 
these channels, low- power, short -range devices are protected 
from interference by higher- powered transmitters. 

Because of the great demand for Business Radio Service 
channels and the congestion that is occurring on them in some 
areas, the new rules state that the FCC may allocate addi- 
tional channels above 150 mc. which are offset from those 
presently listed in channel tables for the Industrial Radio 
Service. In addition, ten narrow -band channels have been 
added which are available under a developmental license. 
Instead of specifying the channel center frequency, the 
rules list the limits within which radio emissions must be 
confined, as follows: 30.56- 30.57, 35.00- 35.01, 35.19- 35.20, 
35.68- 35.69, 35.99- 36.00, 37.00- 37.01, 154.4600- 154.4675, 
173.2000- 173.2075, 173.2075 -173.2125, 173.3875- 173.3925, 
and 173.3925 -173.4000, all in megacycles. On the six low - 
band channels, 10 kc. of band occupancy is allowed, with 
7.5 kc. on the five high -band channels. Because of the very 
narrow band limits, the use of AM or SSB is indicated, 
although FM with very small frequency deviation is feasible 
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but not necessarily very effective. However, these channels 
might be of value for new FM -SSB equipment now being 
developed which occupies only half as much band space as 
conventional FM. 

Also affecting the Business Radio Service is the require- 
ment that availability of any channel whose immediately 
adjacent channels are not also available to the Business 
Radio Service depends upon proper frequency coordination. 
This means that the license application must be accompanied 
by an engineering report that shows the degree of probable 
interference to existing stations in the same area plus a 
signed statement that all existing stations operating within 
15 kc. of the desired frequency, located within a 75 -mile 
radius of the location of the proposed station, have been 
notified. In lieu of such a report and statement, the use 
of the frequency must be approved by a frequency coor- 
dinating committee. 

Heretofore, a prospective business radio user could decide 
for himself, or follow the recommendations of a mobile radio 
equipment salesman, as to which band or channel he wished 
to operate in. The new rules state that the applicant shall 
use the highest order of frequencies available, compatible 
with his operational and range requirements, as well as 
actual channel loading conditions in his area of intended 
operation. First cost and maintenance expense will not be 
considered in approving a choice between operation in the 
25- 50 -mc. low band, the 150- 174 -mc. high band, or the 450 - 
470-mc. u.h.f. band. 

If this is enforced, those who require only short -range 
communication might be eligible for a license only in the 
u.h.f. band even if equipment cost is higher. However, the 
industry itself has already given the use of u.h.f. band a 
big push. Practically every manufacturer of low -band and 
high -band equipment who does not now have u.h.f. band 
equipment has expressed (Continued on page 60) 

FCC Rule Part Number Changes 

Class of Service Old Rules 

Part No. 

New Rules 

Part No. 

Maritime Land 7 81 

Maritime Mobile 8 83 

Aviation 9 87 

Public Safety 10 89 

Industrial 11 91 

Amateur 12 97 

Public Fixed (Alaska) 14 85 

Land Transportation 16 93 

Citizens 19 95 

Disaster 20 99 
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THE MICROPHONE 
THERE are two methods in 

general use throughout the mi- 
crophone industry for specify- 

ing sensitivity. For low- impedance 
microphones, the electrical output is 

given in db referenced to 1 milliwatt 
", for 10 dynes !cm.' sound pressure. For 

high -impedance microphones and 
carbon microphones, the electrical 
output is given in db referenced to 
1 volt for 1 dyne /cm.' sound pressure. 
Note that both an acoustic input and 
an electrical output are specified. In 
this respect, a microphone can be con- 
sidered a generator with sound -pres- 
sure input and a voltage or power 
output. 

These ratings can refer to one spe- 
cific frequency or band of frequen- 
cies. Two commonly used frequencies 
are 1000 cps and 250 cps. The 1000 - 
cps measurement is used for com- 
munications -type microphones where 
only speech frequencies are involved. 
The 250 -cps measurement is used for 
wide -range microphones that may be 
used to pick up music. 

Low -Impedance Mikes 

For low -impedance microphones, 
we specify a power output. Since the 
impedance of these microphones is 
quite often transformed to a higher 
value at the input circuit, the output 
is given as a power output which does 
not change when the impedance is 
transformed ( transformer loss is us- 
ually less than 1 db ) . Consider, as an 
example, a low -impedance micro- 
phone with a sensitivity rating of - 60 
db re 1 mw. /10 dynes /cm.- for which 
we wish to determine the voltage out- 
put at the grid of the input stage. 
Visualize the microphone as a gen- 
erator, as shown in the inset diagram 
at the right. 

The sensitivity rating of - 60 db 
means that with 10 dynes/cm.' sound- 
pressure input, the microphone will 
deliver to a resistive load, equal to the 
impedance of the microphone, a 
power of 10 ° watt ( one -millionth of 
a milliwatt or 10 " x 10 -'). Since 
P= E.,' /R,., then E0'= 10- °R... 

E-,= 3.16x10'x\R1 
For an impedance at the grid of the 
first stage of 40,000 ohms, the output 
would be: E., = 3.16 x 10 -" x 200 = 
0.00632 volt or 6.32 mv. (for 10 
dynes /cm.' sound pressure) . If the 
microphone is used open- circuited, 
the voltage output would be twice 
this value. 

Nomogram 
A quick -reference chart showing 

(Continued on page 75) 
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SENSITIVITY RATING 
By ROBERT C. RAMSEY 

Chief Engineer, Microphones, Electro- Voice, Inc. 

Standard methods used by industry to specify sensitivity 
plus nomogram of output voltage for various impedances. 

Editor's Note: The following material from Electro- 
Voice's "Microphone Facts" should be of considerable 
interest to our readers who use microphones in record- 
ing, broadcasting, or communications. It should clear 
up some of the misunderstanding that exists over the 
sensitivity specs that are given by the manufacturers. 
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RECENT 

DEVELOPMENTS 

in ELECTRONICS 

Telemetry Antenna for Topsi. (Above) This new an- 
tenna array at the National Bureau of Standards' 
Gunbarrel Hill, Colo. field station will be used to 
communicate with Topsi, a topside sounder satellite 
to be launched by NASA this year. The array consists 
of eight yagi antennas for receiving telemetered 
data and a single helix for transmitting instruc- 
tions to the satellite. All are mounted on a frame 
which is turned and elevated in use so that it 
is always pointed at the satellite during flight. 
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Medical Computer Charts Eye Motion. 
(Above) Photocells built into a special 
eyeglass mounting arrangement are 
being used to detect eye movements as 
the technician follows a moving tar- 
get. The work is taking place at the 
Massachusetts Eye and Ear Infirmary. 
The signals being generated are fed 
directly by wire to a G -E computer at 
MIT. Here the data is automatically 
processed, analyzed, and then returned 
to the hospital in a form that is 
suitable for use by the physicians. 

Remotely Controlled Mobile Robot. (Above) The 
Mobot, manufactured by Hughes Aircraft, is sent 
through final checkout before delivery to the 
National Reactor Testing Station, Idaho. Here 
it will perform clean -up operations. Control 
commands from operator's console (left) are 
carried through a cable permitting vehicle to 
rove up to 500 feet away. TV monitors allow 
operator to see what robot's closed- circuit TV 

cameras see ... Sonar Picture Taker. (Left) 
Shown entering the water for underwater tests, 
this Westinghouse sonar search vehicle can map 
the ocean floor at depths down to 20,000 feet. 
Information from the vehicle is transmitted by 

coax to a surface ship, which carries the dis- 
play equipment and tows the vehicle at speeds 
up to 4 knots. The "side- looking" sonar has 

a range of 2400 ft. at right angles to the di- 
rection of tow and produces detailed pictures. 
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Portable TV Camera. (Right) A transistorized TV 

broadcast system, which gives cameramen the mo- 
bility of spectators at sports and other news 
events, was demonstrated recently by Sylvania. 
The system, called the "Newschief," was used by 
ABC to televise the 1964 Winter Olympics in Inns- 
bruck, Austria earlier this year. The entire equip- 
ment weighs less than 30 pounds and is powered 
by a rechargeable nickel cadmium battery that op- 
erates for about an hour. A solid -state 2000 -mc. 
transmitter develops 1 watt of power output into 
the omnidirectional antenna mounted atop a 

2 -foot mast. Range of the equipment is up to 1 

mile. The camera itself s a modification of the 
company's 800 -line CCTV camera; it weighs about 
5 lbs. The back pack houses sync generator, am- 
plifiers, and the video and sound transmitter. 

Computer Talks Back. (Right) The engoneer is get- 
ting a telephone reply to an information inquiry 
from the new IBM 7770 audio response unit. The 
unit obtains information from a computer in re- 

sponse to dialed telephone inquiry and provides 
an answer over the telephone in the form of spok- 
en words. The computer assembles proper words 
from a recorded vocabulary of 127 words stored on 
a magnetic recording drum (center), amplifies 
them, and transmits them back over the dialing 
phone. information needed to answer requests may 
be stored on a disc storage unit at left in photo. 

Magnetic -Card Storage.. (Left) As pages in the vol- 
umes shown hold facts, so data is held on magnetic 
cards in RCA's new Random Access Computer 
Equipment (RACE). A single, flexible plastic card 
contains 166,000 characters of data on a flat mag- 
netic surface 16 inches long and 41/2 inches wide. 
The card has 128 recording channels, separated 
into addressable blocks. Each card is distinctively 
edge- notched for purposes of selection. Some 256 
cards go to make up one magazine and there are 
eight such magazines in each RACE unit (back- 
ground). All the characters printed in the volumes, 
over 11/4 billion, could be contained in four such 
units. Data is accessible in a fraction of a second. 

in® .. 

111111111s 

Longest Laser. (Left) The longest laser ever built 
is this 33 -foot gas laser at Bell Telephone Labora- 
tories. The tube can be emptied and refilled with 
various gases. Here an experiment is being con- 
ducted on a helium -neon laser to measure the power 
of the light beam. The extraordinary length makes 
possible a greater amplification of the laser beam 
each time it travels the length of the tube. Mir- 
rors at each end reflect the beam back and forth 
before a portion of it exits at the ends. With the 
increased amplification from the long laser, it 
is possible to observe much weaker oscillations. 
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ELECTRONIC 

TACHOMETERS 
By JIM KYLE 

Operation and calibration of relay and transistor 
tachs that are used to measure car engine rpm's. 

ONE of the most important dashboard instruments for 
the serious driver is the tachometer -although a tach 
is standard equipment on only a few vehicles. For 

all other autos, the tach must be added as an accessory item. 
The standard of the accessory -tach field is the electronic 

tachometer, although you couldn't tell it by a quick trip 
through your auto- supply store. Motorcar people call it an 
"electric" tachometer. 

Accessory tachometers are made by a number of firms. One 
of the recognized leaders in the field is Sun Electric Cor- 
poration of Chicago, which builds most of the tachs used by 
top competition drivers. Active as well in this field are: 
Airguide Instrument Company, also of Chicago, and Sparko- 
matie Corporation, Milford, Pa. Other entries include Dixon 
Products Inc., Vashon, Washington; Allied Radio Corpora- 
tion ("Knight -Kit ") , Chicago; Heath Company, Benton Har- 
bor, Michigan; Lafayette Radio, Syosset, N.Y.; and others. 

Although specific technical details are not available on 
all of these instruments, there is an indication that all except 
Sun use similar basic circuits employing either one or two 
transistors. Sun's competition models do not use transistors; 
instead, a precision relay is employed. However, Sun does 
make one model (FZ) which uses a single- transistor circuit. 

Before going into the details of these circuits, perhaps we 
should look at the tachometer problem. The tach must meas- 
ure revolutions per minute of the engine's crankshaft and 
display it as a dial reading on the dashboard. A number of 
ways of doing this are available. 

Types of Tachometers 
One of the earliest was the "mechanical" tach which used 

no electrical or electronic components. Two models were 
employed. One was similar to a speedometer, in which a 
rotating magnet "drags" the pointer against spring pressure. 
This type suffers from limited accuracy, since as the magnet 
ages it may lose some of its force. The other was similar to a 
flyball governor, in which two weights were hinged to a 
rotating shaft so that the faster the shaft turned, the farther 
the weights would swing from the shaft. The movement of 
the weights was then translated, by linkage, to needle move- 
ment on a dial. 

Both types of mechanical tachometers suffered a severe 
disadvantage, which has limited their application. This dis- 
advantage is the necessity for a mechanical, rotating -shaft 
hookup to the auto engine. 

The next step was the true "electrical" tach, which elim- 
inated the rotating shaft but still required a mechanical 
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connection to the engine. This type of tach consisted of a 
d.c. generator attached to the engine, and a voltmeter on 
the dashboard. Output voltage of the generator is propor- 
tional to engine speed, so the voltmeter could be calibrated 
in rpm. 

The electrical tach is still used in some industrial appli- 
cations, but the requirement for mechanical connection to 
the engine made it unattractive for auto -accessory use. 

The final solution, to date, has been the electronic tach- 
ometer which requires no mechanical hookup at all. It op- 
erates from the ignition pulse produced every time the 
breaker points open and a sparkplug fires. These pulses bear 
a definite relationship to engine speed. The faster the engine 
is turning, the more often the pulses are produced. Thus, if 
electronic circuitry to count the number of pulses produced 
per second is connected to the ignition system, rpm can be 
read directly on a meter. 

Here's how it works, in general: The ignition pulse is 
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Fig. 1. (A) Basic circuit. (B) Relay -type tachometer circuit. 

Fig. 2. Transistorized tachometer with operating waveforms. 
+12V. 01- 2NI308 (SPEC.) 

DI, D3, D4 -1N100 
R4 
1.2K 

DIST 

GND 

RI 
27K 

R2 
4.7K 

0 -200 
}1A. 

01 C2 
39))). 

D2 
RT-6 

R5 
2K 

ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


taken off at the distributor breaker point -to -coil connection in 
the auto electrical system and applied to a "counter" circuit 
( Fig. 1) . The counter produces an output voltage or current 
proportional to the frequency of incoming pulses, and this 
counter output goes to a dash- mounted meter calibrated in 
rpm. 

The differences between tachometers are primarily in the 
counter circuits employed. To see how they work at the 
most basic level, let us first consider the circuit diagram 
shown in Fig. 1B which is similar to that employed by Sun 
in its competition model tachometers. 

Relay Type 
Between ignition pulses, the distributor cam allows the 

breaker points to close, grounding the ignition coil. Once 
each firing cycle, the points open, firing the coil. 

A sensitive, fast -acting relay in the tachometer is con- 
nected in parallel with the coil primary, so that it is held 
energized during most of each firing cycle but drops out 
when the points open. When the relay is energized, the ca- 
pacitor charges from the mercury cell included in the tach 
and, when the relay drops out, the capacitor discharges 
through the meter. 

Since the capacitor is charged by a mercury cell, which 

meter, is called the tachometer head and mounts in any 
convenient place near the driver. 

The meters used in these tachs have conventional d'Arson- 
val movements, just like those used in v.o.m.'s and v.t.v.m's 
except that some have 200- degree scales rather than the 100 - 
degree scales more common in electronic instruments. They 
usually have a front -adjustable "reference pointer" which 
can be set by the driver to remind him of the proper shift 
points and most include dial -light illumination bulbs. 

The manufacturer declares that while the head of any spe- 
cific model may be used with any transmitter of the same 
model, different transmitters in the series cannot be modi- 
fied for use with different types of engines. The reason is 
that the accuracy of calibration can no longer be guaranteed. 
However, if facilities are available to re- calibrate, a 6 -volt 
transmitter can be used with 12 -volt ignition providing a 
dropping resistor of about 200 ohms is placed in series with 
the distributor lead from the tach transmitter. 

Until the advent of the transistor, the relay -type tach 
circuit was the only one practical for accessory use. Vacuum - 
tube frequency meters and counters required too much plate 
and filament power to be of much interest. 

However, the transistor and its low voltage requirements 
changed that, and a number of circuits have been developed 

Knight -Kit Lafayette Dixson Heathkit 

A grouping of typical automotive tachometers, all cal 

Sparkomatic 

brated in engine rpm's. 

Airguide 

has excellent long -term voltage stability, the amount of en- 
ergy stored in the capacitor is constant regardless of how 
often the relay operates ( within limits, of course -but they 
are far outside normal operating range). Thus every time 
the relay drops out, a constant- energy kick is delivered to 
the meter movement. 

The meter needle has a certain amount of inertia and so 
will take a definite time to fall back to zero. If the kicks 
of energy are received more rapidly than the needle can 
fall back, it will be held at some up -scale position. The exact 
position will depend upon the balance between the energy 
delivered by the kicks and the opposing energy of the meter 
springs; you can see that the more frequent the kicks, since 
energy per kick is constant, the farther up -scale the meter 
will read. 

Actually, the meter is mechanically integrating the power 
content of the pulse train produced by the relay, and this 
power content is directly proportional to repetition rate of 
the pulse train. The result is a direct calibration in rpm. 

The heart of this circuit is, of course, the relay. It must 
operate at relatively high frequencies yet have little or no 
contact bounce. Since the relay requirements are so stiff, 
a tachometer of this sort is relatively expensive. Price tags 
are in the $50 to $60 range. 

For convenience in interchanging, the tachometers which 
use this circuit are physically divided into two sections. One, 
called the transmitter, contains all components except the 
meter itself and usually mounts as close as possible to the 
distributor, under the hood. The other, containing only the 
May, 1964 

in the past few years. The general approach is still that 
shown in Fig 1A, the major differences are in the "counter" 
circuits. 

Any type of circuit which produces standardized output 
pulses from the available input will be satisfactory as a 
counter. One of the earliest approaches was a circuit which 
passed the distributor pulses through a low -pass filter to 
remove any incidental noise, then used them to drive a tran- 
sistor into saturation. The square waves resulting at this 
transistor's collector were limited in amplitude by a zener 
diode, differentiated in a capacitor -diode circuit to get sharp 
spike pulses, and amplified in a second transistor. The second 
transistor's collector current was metered to indicate rpm. 

A simpler circuit, eliminating the second transistor, is 
shown in Fig. 2. This is the circuit of the negative -ground 
model of the "Knight -Kit" instrument, which measures up to 
8000 rpm. 

Input pulses from the distributor pass through a voltage 
divider, made up of R1 and R2, which serves the dual func- 
tion of isolating the instrument from the spark portion of the 
ignition circuit and reducing the pulse amplitude (which may 
reach instantaneous values of 500 volts or more) to propor- 
tions suitable for the transistor circuitry. 

Diode D1 removes the negative -going parts of the input 
pulse (which is actually a damped oscillation) and capaci- 
tor Cl smooths the pulse into a reverse saw -tooth waveshape. 
This waveform goes to the base of the transistor, biasing the 
transistor into saturation; resistor R3 limits base current dur- 
ing the high -amplitude (Continued on page 76) 
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UNDERSTANDING 

Frequency -control 

) Crystals 
By R. L. CONHAIM 

There are many misunderstandings about quartz crystals, the main 
one being that they are always on frequency. A detailed analysis 
of crystals and their associated oscillators is covered in article. 

ONE of the most common, yet least understood com- 
ponents of modern communications equipment is the 
frequency -determining quartz crystal. Deceptively 

simple in appearance, this remarkable device is responsible for 
the ability to maintain precise control of radio frequencies of 
transmitters and receivers in the crowded communications 
bands. Without this quality, frequency tolerances could not 
be met, with the result that thousands of users of radio com- 
munications would either be denied use of radio or forced to 
put up with constant interference from other stations. 

That the crystal is grossly misunderstood is amply demon- 
strated by users, designers, and writers. Uninformed users, 
such as many Citizens Band operators, will interchange crys- 
tals among different circuits without realizing that this may 
affect the crystal frequency. Designers often make modifica- 
tions in crystal oscillators, then appear befuddled by resulting 
changes in frequency. And writers often treat the "crystal 
oscillator" as though there were only one such named device, 
when in fact, there are many basic types, and hundreds of 
modifications of these. 

Obviously, one article can't fully explore crystals as used 
in communications equipment, but perhaps such an article 
can clear up some of the misunderstandings and cover some 
of the basic considerations which affect communications users 
and those who service the equipment. 

The Crystal 
In communications equipment, the crystal is used in re- 

ceiver and transmitter oscillators for the purpose of frequency 
control. It is also used in some equipment in the form of 
crystal filters to increase the selectivity of receivers but, for 
the purpose of this article, we'll confine ourselves to crystals 
as used in oscillators. 

The quartz crystal is one of a number of substances that 
exhibit the piezoelectric effect. The word "piezo" is derived 
from Greek and means "pressure." Simply, the piezoelectric 
effect is the interaction between electrical voltage and me- 
chanical stresses. Thus, a crystal can produce a voltage when 
subjected to certain mechanical stresses, or conversely, un- 
dergo mechanical stresses when subjected to a voltage. So, 
if we plug a quartz crystal into an oscillator designed for its 
use, the voltage present causes mechanical vibration at the 
particular frequency for which the crystal was designed. 

In such use, the crystal is behaving like a tuned circuit 
and, in fact, can be represented as a tuned circuit as shown 
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in Fig. 1A. Here we have the elements of capacitance, in- 
ductance, and resistance, represented by the symbols C, L, 
and R. In addition, we have the capacitance Co, which repre- 
sents the electrostatic capacitance between the crystal elec- 
trodes, when the crystal is not vibrating. The series C, L, 
and R, are sometimes referred to as the motional- or series - 
arm elements. Values of L are related to the physical mass of 
the crystal, those of C to the elasticity or flexibility of the 
crystal, and R to the heat -dissipating ability during vibration. 
As a tuned circuit, the crystal possesses an extremely high 
"Q " -as much as 30,000 to 100,000 or more when connected 
in the appropriate circuit. 

Perhaps the most commonly misunderstood fact about a 

_ 

Q 

B+ 

(A) (B) (C) 

Fig. 7. (A) shows the equivalent circuit of a quartz crystal, 
(B) is a Miller oscillator, and IC) is a Pierce oscillator. 

Fig. 2. The simplified impedance curve of a typical quartz 
crystal where f, is resonant frequency at series resonance, f is anti- resonant frequency at parallel resonance, and f is the practical parallel -resonant operating frequency. 

fp fa 
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crystal is its ability to oscillate at different frequencies, de- 
pending upon circuit configuration and constants (See the 
impedance- frequency curve shown in Fig. 2). 

Crystal Resonance 

A crystal will normally operate at its series- resonant fre- 
quency, f, and at higher frequencies up to its anti- resonant 
frequency fn, depending upon the type of circuit in which it 
is an element. The difference between these two frequencies 
may be relatively small in normal terms, but when we con- 
sider the tolerances required in communications work, the 
differences are considerable. For example, a typical 10-mc. 
crystal may have a series- resonant frequency of 10 mc., and 
an anti- resonant frequency 16.9 kc. higher than 10 me. The 
higher the frequency of operation, the greater the frequency 
spread between these two points. 

As a matter of practicality, crystals are not operated at their 
true anti -resonant frequency, because with a tube circuit 
shunted across the crystal, there exists a condition where the 
entire circuit is relatively insensitive to small frequency 
changes resulting in instability at the region of anti- resonance. 
In practice, parallel- resonnt circuits are operated at a fre- 
quency somewhat below anti -resonance, but the difference 
between this operating point and the series- resonant fre- 

quency is still considerable -typically, as much as 5 kc. or 

more for the 10 -mc. crystal just discussed. Thus, rather than 
considering a crystal as a generator of a precise frequency, 
it is more accurate to consider it as a device that determines 

Measured Frequency 

(in kc. at 32 pf.) 

Measured Frequency 

(in kc. at 10 pf.) 

Measured Frequency 

(in kc. at 50 pf.) 

2000 2000.200 1999.950 

3000 3000.600 2999.800 

4000 4001.000 3999.700 

7000 7003.300 6999.200 
14,000 14, 008.1 13, 998.0 

Source: Tnt ern:n rouai Crystal Comp:my 

Table 1. Relationship between operating frequency and 
the capacitance of the oscillator circuit in the equipment. 

the limits within which the frequency may be varied. It is 

primarily the parameters of the external circuit in conjunction. 
with the equivalent inductance, capacitance, and shunt ca- 
pacitance of the crystal and its holder that fix the exact 
frequency of operation of a particular crystal. 

Fundamental and Overtone Crystals 

The fundamental frequency of a crystal may be considered 
as the lowest frequency at which the crystal will oscillate for 
normal modes of operation. Fundamental -type crystals are 
also used in harmonic oscillators in which the circuits are 
specifically designed for such operation. The harmonic fre- 
quencies are exact multiples of the fundamentals. For exam- 
ple, a 10 -mc. fundamental crystal in a correctly designed 
oscillator may be made to produce a 20 -mc. second harmonic, 
a 30 -mc. third harmonic, and other multiples of the funda- 
mental. Some oscillators are designed to produce many har- 
monics, although for communications purposes, the design 
of the oscillator is such that only the particular harmonic 
desired is produced in any strength. 

By special processing, a crystal can be made to operate at 
what is known as an overtone frequency. The term "over- 
tone" as applied to crystals is somewhat confusing, because 
it does not coincide with the definition as used in musical 
terms. In music, the first overtone is equivalent to the second 
harmonic of a fundamental tone. But in crystal parlance, the 
term overtone is used to designate a frequency approximately, 
but not exactly, the same as the equivalent -order harmonic. 

z 

(A) 

(B) 

X-AXIS Y-AXIS 

(C) (D) 

Fig. 3. Typical crystal geometry. (Al shows the axes of an 

uncut crystal, (B) is the thickness -shear mode of vibration, 
(Cl is the orientation of an X -cut crystal, while (DI shows 
orientation of a Y -cut crystal. Other cuts are available. 

Thus, the third overtone of a crystal is approximately, but not 
exactly, the same as the third harmonic., Such a crystal is 

ground for its exact overtone frequency, within specified 
tolerances, for the oscillator in which it is to be used, rather 
than being ground for fundamental frequency. The third, 
fifth, and seventh overtones are the most commonly used in 

communications work, and permit operation at higher fre- 
quencies than would be possible with a fundamental crystal: 
While the fundamental crystal could be multiplied by addi- 
tional circuitry, the overtone crystal operates directly at the 
designated overtone in an oscillator circuit, without additional 
multipliers. It is important to note that an overtone crystal 
does have a fundamental frequency, and can operate at that 
fundamental frequency in a properly designed circuit, but the 
fundamental will not be an exact submultiple of the overtone. 
Some crystal testers, employing untuned oscillators, actually 
test overtone crystals in their fundamental mode but these 
tests are for activity rather than frequency. 

Fundamental -type crystals are the preferred types in FM 
transmitters where both the carrier frequency and deviation 
can be multiplied simultaneously in subsequent multiplier 
circuits. Both fundamental and overtone crystals are used in 

aircraft transmitters, the overtone being preferred where sim- 
plicity of circuitry is desired. In such cases, the overtone is 

also multiplied, but requires less multiplication than would 
a fundamental -mode crystal. The overtone crystal is also 
widely used in Citizens Band transmitters and in receivers 
for most communications bands. 

In most communications work, the parallel -resonant cir- 
cuit is employed. In this circuit, the crystal is operating above 
its series -resonant frequency, f,, and somewhat below its anti - 
resonant frequency, f. For such circuits, crystals must be 

Fig. 4. Forty -eight crystal blanks can be lapped at a time. 
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ground for operation into a given external circuit capacitance. 
In most applications, this capacitance is nominally 32 pf. If 
the external circuit capacitance differs from that for which 
the crystal was ground, the frequency of operation will 
change, as shown in Table 1. 

As can be seen from the table, the higher the frequency 
of operation, the more important becomes the factor of ex- 
ternal circuit capacitance, and the greater the frequency 
error when circuit capacitance is not standard. If circuit ca- 
pacitance is incorrect, there is a definite probability that the 
crystal cannot be brought to correct frequency by circuit 
adjustment, and may even cease to oscillate as the circuit is 

being adjusted. 
The circuit shunt capacitance includes the internal capac- 

itances of the tube, capacitors in the circuit, and wiring ca- 
pacitance. The latter is especially troublesome in Citizens 
Band units which have been altered by the addition of crystal 
banks, not properly designed for the equipment. In such 
cases, crystals which operated within tolerance in the original 
circuit, may operate several kc. from desired center frequency 
when plugged into such "outrigger" crystal banks, due to the 
additional capacitance introduced by the wiring and location 
of most switchable multi -crystal banks. 

Typical Circuits 
Most communications equipment employ parallel- resonant 

types of crystal circuits. The two most popular types are the 
Miller circuit, shown in Fig. 1B and the Pierce circuit shown 
in Fig. 1C. The Miller circuit is basically the tuned -grid, 
tuned -plate type of oscillator, in which the tuned -grid circuit 
is replaced by the crystal. This circuit is usually used with 
overtone crystals, because the correct mode of operation can 
be assured by tuning the plate- resonant circuit. The Pierce 
circuit, which is basically a Colpitts oscillator, does not nor- 
mally rely upon tuned elements in the circuit, other than the 
crystal. This is a distinct advantage in multi -channel equip- 
ment where only the crystal need be changed without the 
necessity of circuit tuning. However, should the crystal tend 
to oscillate in more than one mode, an undesired mode of 
higher activity may control the frequency of operation. 

There are literally hundreds of variations of the basic Miller 
and Pierce circuits -so many, in fact, that it is often difficult 
to determine the basic type of circuit being used. One rule 
of thumb, which is not always accurate, is this: if one end of 
the crystal is at the same r.f. potential as the plate, or in some 
cases the screen, the circuit is probably a Pierce; if one end 
of the crystal is at the same r.f. potential as the cathode, it 
is probably a Miller. 

Series -resonant circuits are sometimes employed, especially 
with fifth- and seventh -overtone crystals and in standards and 
measuring equipment, because of the excellent stability in- 
herent in such circuits. However, these circuits are relatively 
complicated, often employing either multiple tube configura- 
tions or bridge circuitry. Typical series- resonant circuits in- 

Fig. 5. Crystal blanks are etched to prevent aging and drift. 

dude the Butler oscillator, capacitance- bridge oscillator, the 
Meacham bridge, and many others, some of which are quite 
complex. In all these circuits the crystal is designed to operate 
at series -resonance, in which crystal impedance is very low, 
and external circuit constants are of less importance in con- 
trolling the frequency of operation. 

Crystal Cuts 

The exact physical manner in which a crystal vibrates is 
dependent upon the way it is cut from the basic quartz as 
shown in Fig. 3A. Different vibration modes have different 
characteristics. In most communications work, the preferred 
mode of vibration is the "thickness shear" ( Fig. 3B) in which 
the applied voltage tends to "shear" or distort the crystal 
along its thickness. The crystal blank is cut from the basic 
quartz according to the characteristics desired. A "mother" 
stone of quartz has three basic axes, designated X, Y, and Z. 
The X axis intercepts opposite angles of the six- sided -stone, 
as shown in Fig. 3C. The Y axis (Fig. 3D) intercepts oppo- 
site sides of the stone. The Z axis runs longitudinally through 
the stone. An X -cut crystal has its faces perpendicular to the 
X axis, while the Y cut faces are perpendicular to the Y axis. 

In the early days of crystal usage, the X and Y cuts were 
the only ones used. But these types of cuts have certain dis- 
advantages among which is their tendency to change 
frequency with changes in temperature. Modern communi- 
cations equipment requires highly stable operation and to 
meet these requirements, new types of cuts were devised in 
which various angles of rotation of the plate around one, two, 
or even all three axes are employed. The most popular cut 
in communications is the AT cut. It may be oriented to give 
a zero -temperature coefficient (that is, no change in fre- 
quency) at any one of a number of different temperatures. 
Some are designed for room temperature operation and are 
adequate for base -station operation. Others are designed for 
use in crystal ovens maintained at some specific temperature 
such as 85 °C or 75 °C. These are used in mobile equipment 
where widely varying ambient temperatures can be expected. 
Others can be oriented to show a reasonable temperature 
characteristic over a fairly wide range of temperatures, and 
are used in aircraft equipment, Citizens Band transceivers, 
and similar equipment where frequency tolerance does not 
require the use of a constant -temperature oven. 

Crystal Manufacture 
Although the crystal is a relatively simple -appearing de- 

vice, its manufacture requires a high degree of precision. 
Quartz is the basic material, although other substances have 
been used for oscillator applications. The raw quartz is silicon 
dioxide, a hard, glass -like, six -sided prism whose chief source 
of supply is Brazil. Quartz crystals as they exist in natural 
form are subject to many imperfections and structural faults 
and before a stone can be used for radio crystal manufacture, 
it must be examined for suita- (Continued on page 81) 

Fig. 6. Communications -type crystals are usually edge -clamped. 
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RADIO & TV INTERFERENCE: 

Power -line Problems 
By THOMAS R. HASKETT & JACK D. BLOUNT 

Part 1. How to filter and shield electrical devices to eliminate interference, 

whether it occurs in institutions with large number of sets or in private homes. 

RADIO- frequency interference problems in the home 
are not too dissimilar to those encountered in large 
institutions such as hospitals, military barracks, cor- 

rectional institutions, and school and college dormitories. 
The only difference is in degree. Certainly in large institu- 
tions because of the number of sets and electrical appliances 
in use, the problems are more severe. 

There are four reasons for the problem: 1. Too many re- 
ceivers too close together cause much mutual interference. 
2. Many of the users prefer their hometown stations and, in 
many cases, these are usually quite distant and have weaker, 
noise- susceptible signals. 3. Most institutions house a large 
amount of industrial equipment which can produce consid- 
erable electrical noise. 4. Institutional regulations quite often 
prohibit certain electrical noise reduction remedies that can 
be taken in private homes. 

Since interference handbooks are written to cover gener- 
alities, they usually do not deal with certain institutional 
problems. For example, they say little about mutual- receiver 
or TV- horizontal -sweep interference. Also, many of the hand- 
book remedies, such as repositioning the receiver, may be 
prohibited by the institution. 

Because r.f. becomes a noise problem only after it is both 
produced and received, this divides the remedies, and this 
article, into two parts. Part 1 will cover the elimination at the 
source while Part 2 will deal with noise at the receiver. 

Man -Made Noise 

Before looking elsewhere for noise, make certain that the 
receiver is not creating its own interference. Oscillation in an 
r.f. -i.f. circuit can often confuse the issue. In TV sets, Bark - 
hausen radiation from the horizontal sweep section, picked 
up by the tuner, is a well -known example that should not be 

overlooked before trying to debug a noisy location. The types 
of self- generated troubles and their cures are adequately 
covered elsewhere and won't be rehashed here. Natural in- 
terference, such as static, will be handled under receiver 
treatment. 

Many institutions had their electrical machinery and equip- 
ment installed with little thought to possible interference. 
Many such institutions are miniature cities with their own 
power plants, hospitals, and factories and these various serv- 
ices are often grouped close to living quarters. Hence, the 
noise level at the receivers can be very high. Also, the tenants 
can seldom niove away from the noise. 

Because r.f. noise may affect any receiver in the institu- 
tion, once it has left its source, it is logical to begin the treat- 
ment at the source. These include: motors such as used in 
elevators, shavers, air conditioners, food machinery, etc.; 
non -motors such as fluorescents, neon tubing, r.f. generators; 
and thermostatic equipment, such as warmers, sterilizers, etc.; 
and the power distribution system itself -principally as a car- 
rier, but also as a source of noise. 

Grounding: Whatever the appliance, a low- impedance path 
to an ri. ground is the first consideration. Since most power 
lines have one side grounded, some technicians think this 
does the job. It doesn't. In many cases it does not contact 
the motor frame or housing. Some systems use a third -wire 
ground, but this is only a safety ground -fine for the 60 -cycle 
power line, but these lines often have a high- frequency im- 
pedance acting as an antenna for the r.f. 

Both source and receiver should have a separate large 
diameter conductor directly to the earth. For a large motor, 
at least # 10 wire, and preferably a wide copper strap, is best. 

The usual cold -water pipe is not very good if it is any 
distance from the actual earth. It is much better to drive an 
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8 -foot ground spike close by. One spike will do for a single 
appliance, but for a master system it is better to install 
several as the more spikes contact the earth, the lower the 
total resistance and the r.f. impedance. Spikes should be 
bonded together, preferably by brazing a large diameter 
wire -# 10 at least -to the spikes. Several runs of this wire 
can then be made to various appliances. While a bit elaborate, 
this system removes interference by lowering the r.f. voltage 
to nearly zero. 

If every piece, section, part, and wire of an appliance 
could be bonded together and directly connected to ground, 
there would be no r.f. noise generated. But you cannot di- 
rectly connect both sides of the power line together -nor to 
ground, nor to many other leads in a machine, therefore filter- 
ing and shielding must be used to reduce the interference. 

Filtering: A line filter, such as that shown in Fig. 1, when 
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Fig. 1. Two types of r.f. filters that can be connected be- 
tween the suspect noisy device and the local power source. 
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Fig. 2. TV high -pass filter helps reduce external interference. 

properly installed in a shielded, grounded metal can, will 
usually keep noise off a power line. It is cheaper and more 
effective to use a separate filter at each appliance than to 
filter each receiver. 

Whether you use commercial line filters or build your own, 
make sure the r.f. chokes and wiring will pass the current 
required by the appliance. These are low -pass filters having 
little effect on 60 -cycle current but offering a high impedance 
to r.f. currents. 

Filtering and grounding will remove r.f. only from the 
parts to which they are connected. 

Shielding: A well -grounded metal enclosure will reduce 
to earth potential any r.f. radiated within it if it is electrically 
tight for that frequency. This is true for a simple grounded 
cage placed around an r.f. -noisy motor, or the elaborate 
shielding required for such deliberate r.f. generators as dia- 
thermy machines and r.f. heaters. 

The low- power, random -frequency r.f. radiation produced 
by fluorescent lights, noisy motors, and intermittent -contact 
devices such as thermostats and relays is simple to shield. A 
single layer of copper screen, bonded at all seams and well 
grounded, will remove r.f. as a radiation problem. Filter the 
lines to eliminate such random -frequency radiation as a con - 
duction/re- radiation system problem. 
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Where shielding exists, make certain all shields and the 
housings have good electrical contact with the frame and 
ground lead. Remove paint along seams and be sure metal 
bites into metal. Replace all broken or missing lock washers 
which mount parts as these often make the electrical and r.f. 
bond as well as securing the parts mechanically. 

The effectiveness of these three treatments depends on the 
quality of the grounding. Large size wire, short, direct runs, 
and low -contact resistance are the keys to success. 

Motors 
A large institution will have hundreds of devices using 

motors. Here, noise is caused by dirt, misadjustment, spark- 
ing at the commutator brushes, and electrical defects -such as 
one coil open /shorted or a missing ground. 

Clean the motor, adjust or replace the brushes -checking 
for kind as well as fit, and you'll reduce the noise. Rarely 
will shielding be required. 

Many mechanics, unknowingly, have often created an r.f. 
noise source by remounting a motor to cure vibration. If the 
motor is no longer grounded to the frame of the machine, 
bond the motor and frame together with an automotive bat- 
tery or ground cable. Use one long enough to permit the rub- 
ber snubbers to remove the mechanical vibration. 

Non -Motors 
In addition to the power line and deliberate r.f. generators, 

non -motors are largely contact devices such as thermostat - 
controlled units, relays, fluorescent lights, and occasionally 
neon tubing. All shielding, cabinets, and conduit must be 
electrically bonded and well grounded to generate the least 
noise. All wiring must be electrically tight. 

Fluorescent lights should be in grounded metal channels, 
a point often neglected by budget- sensitive institutions. Low - 
power- factor (15%) ballasts can produce 10 times the noise 
of a high- power- factor (90 %) ballast, and the 15% ballast 
always become noisy. To permanently remove noise, only 
the ballast need be changed. 

Check starters by substitution, removing any remaining 
noise by placing a .05 -4 capacitor across the supply as the 
simplest line filter. Any additional filtering, such as Fig. 1, 
must be placed in a metal box bonded to the lamp enclosure. 
Re- radiation can take place if the enclosure is not grounded. 
Screening or special conductive glass may be used in very 
sensitive locations. Such shields must be grounded. 

Power Line 
This very common source of trouble can act as a carrier 

for the noise generated in devices connected to it. Filtering 
each device will remove that noise but, unfortunately, this 
is not a complete answer. In older buildings, wiring with 
corroded and poorly installed fittings is a real noise generator. 
Sometimes these fittings partially rectify the a.c. to produce 
a d.c. bias on the line. Also, they may arc, thus generating 
their own brand of noise. Locate such faults by unplugging 
and sectionalizing, correcting the defects as they are found. 

Don't forget that "power line" includes everything from 
the receiver back to the pole transformer on the street or 
a generator in the institution's internal power plant. 

When telephone or audio lines are placed too close to power 
lines, electrical noise is picked up and widely distributed. 

ELECTRONICS WORLD 
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It is not unusual to find a line with only 85 or 90 volts across 
it, sometimes so overloaded the insulation is cooked. This is 
a fire hazard and a danger to life as well as an interference 
source. A new, heavier line should be installed. 

Deliberate R.F. Generators 
Hospitals and other institutions use equipment such as r.f. 

heaters, mercury -vapor lamps, x -rays, diathermy, and other 
devices. All purposely generate r.f., but for non- communica- 
tions uses. The amplitude is often high ( an x -ray may operate 
at 150 kv. or more), making them perfect jammers should all 
efforts at shielding fail. Many institutions have several such 
potential jammers. 

Commercial equipment is usually well shielded and filtered, 
except that here you are dealing with r.f. power which means 
complete shielding, complete filtering, and the entire system 
well grounded. Beware of painted sheet -metal housings, poor 
metal -to -metal contact, and often no grounds which makes 
them antennas for r.f. rather than shields. Panels of the hous- 
ing shield should be joined by screws not more than three 
inches apart and these should make good electrical contact 
to the frame. 

Line filtering is a waste if poor r.f. shielding lets noise leak 
around the filter into the line on the supply side. Like motors, 
the whole assembly must be r.f.- grounded with the shortest 
and heaviest copper conductor to a good earth contact. 

In these r.f. generators, close all openings larger than 38' 

with copper screen or sheet, bonding all contacts. Make a 
positive bond to chassis of every conductor (or its filter ) at 
the point of entry to the machine. 

A shielded power line may be needed to prevent r.f. cou- 
pling around the line filter, grounding the shield at the en- 
trance. 

Any kind of r.f. transmitted near or within an institution 
can cause interference in three ways: architectural harmonics, 
electronic harmonics, or cross -modulation. It makes no differ- 
ence what kind of r.f.- radio, TV, CB transmitter, or a dia- 
thermy machine -if close, and of high enough power, it will 
create an interference problem. 

Architectural Harmonics 
Acting like a defective power line, poor or corroded joints 

in building parts will create harmonics. Gutters, piping, down- 
spouts, and ducting are examples. Corrosion in metal -to -metal 
joints causes them to act like the crystal -diode mixer in u.h.f. 
TV, producing beat frequencies and re- radiating them. As 
these harmonics are not the fault of the transmitting station, 
it is not their job to get rid of them. With a portable radio and 
much patience, you can track down these trouble spots. Listen 
for a strong broadcast station at twice its normal frequency - 
say 680 kc. heard at 1360 kc. Once located, each joint must 
be completely opened, or bonded together, and, where pos- 
sible, grounded. 

Electronic Harmonics 
When strong r.f. gets into battery chargers, power supplies, 

audio amplifiers, and the like, the r.f. is rectified and can pro- 
duce harmonics. The strength of the re- radiated harmonic 
(and your troubles) decrease as the frequency increases, un- 

Another example of faulty power -line installation where tele- 
phone or audio lines are not shielded from the power lines. 
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less nearby metallic objects act as resonant antennas, strength- 
ening particular harmonics. 

The solution is again to treat them as noise sources -ground, 
filter, or shield each one. Also, some lighting fixtures may need 
to be grounded to prevent this resonant re- radiation. 

Since cross -modulation occurs within receivers, it will be 
treated in Part 2 of this series. 

Self -Generated Interference 
Seldom a problem in private homes because of the fewer 

receivers and greater spacing, self -generated interference is 
a common problem in institutions. It is not unusual to find 
several radios within 10 feet of a TV set whose sweep will 
often tear up AM reception, particularly those desired out -of- 
town stations with their weaker signals. 

The fundamental frequency of the horizontal sweep is 

15.75 kc. But, due to the high voltages, high power level, and 
nearly square waveform, it is extremely rich in harmonics - 
which are located every 15.75 kc. through the AM band. In 
the AM receiver, the local oscillator will beat with these h..r- 
monics as well as the signal of the desired station. If the 
resultant beat is within the i.f. passband, the resulting two i.f. 
signals will beat again in the second detector, producing a 
fixed -frequency squeal. 

It is not surprising that many TV sets are AM jammers, 
since efficient shielding is expensive and would be unneces- 
sary in an average home. New TV receivers are required to 
limit their power -line radiation, but often radiate into free 
space. Here, you have to remove the fundamental and the 
associated harmonics. Treatment consists of filtering and 
shielding, grounding as completely as you can. Ground the 
chassis separate from the a.c. ground if possible. With an 
a.c. -d.c. set, and any set using an autotransformer for power, 
use a series capacitor (.01 µf., 600 volts) since the chassis can 
be at line potential. 

Install an a.c. line filter, similar to that shown in Fig. 1, at 
the chassis apron, using a shielded power cable to prevent 
radiation around the filter. To prevent antenna radiation, a 
high -pass filter in a shielded can must be used -even for a 
rabbit -ears antenna. Commercial types are available, or you 
can construct one as shown in Fig. 2. Do not omit the earth 
ground. This filter suppresses the sweep -circuit radiation and 
also prevents the TV set from picking up many undesired 
signals. 

If, after grounding and filtering, shielding is necessary, it 
must be done with care. Completely shield the inside wall of 
the cabinet using foil or copper screening tied to the chassis 
at the set ground connection. A shielded high -voltage CRT 
anode lead should be used. As yoke spikes are high, put about 
10 kv. of plastic insulation between the yoke and the 
grounded foil you wrap around it. Break the foil continuity 
( insulate) so as not to make a shorted turn around the yoke, 
or it will decrease raster size. 

Sometimes, although very rarely, r.f. radiation through the 
face of the CRT can exist. In this extreme case, install a leaded 
safety glass which is then grounded. 

Still other remedies are possible, but they are applied to 
the disturbed receiver and will be taken up in Part 2. 

(Concluded Next Month) 

Fluorescent fixtures like this can produce electrical noise 
if they have faulty components and are not shielded properly. 
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NEW HIGH -QUALITY 
TRANSISTOR 

AMPLIFIER 
By FRED L. MERGNER 
Director of Engineering, Fisher Radio Corp. 

Design features and circuit operation of Fisher's 
new solid -state integrated stereo amplifier. Also a 
discussion of safety features and service techniques. 

T HE only justification for introducing high -fidelity 
equipment with new and greatly different design con- 
cepts is to improve performance. While styling, oper- 

ating convenience, and other factors play an important part 
in component design and consumer acceptance, a transition as 
great as from tubes to transistors in amplifiers must be accom- 
panied by all realizable performance improvements. 

Differences among amplifiers are not merely subjective 
matters. Although present -day amplifiers have reached an 
unprecedented degree of technical perfection, differences 
among them still exist and can be discovered in the quanti- 
tative results of performance tests. In addition, listening tests, 
in which the same speaker is switched from the output of one 
amplifier to the other, will also help to reveal differences 
among several units. By performing both types of tests and 
using a wide variety of program material for testing, we are 
convinced that, when properly designed, both transistor and 
tube amplifiers are capable of supplying excellent and vir- 
tually equal tone quality. 

There is, however, one important difference: in order to 
achieve the same high over -all performance now available 
from a transistor amplifier, its tube counterpart requires a 
much larger package, a higher power output, and very large, 
complex output transformers. A transistor amplifier, however, 
can be built without these complications and provides, in ad- 
dition, the following desirable performance extras: 1. In- 
creased long -term stability and therefore much greater life 
expectancy. 2. Virtual elimination of changes in performance 
with aging. 3. Reduced size for a new degree of freedom in 
styling. 4. Reduced power -supply requirements, resulting 
from elimination of the need for filament power, and increased 
amplifier efficiency. 

Considering these facts, and using the possibilities inherent 
in transistors to their full extent, we have designed an inte- 
grated control -amplifier, Model TX -300. 

The Output Stage 

The high -current, low -voltage capabilities of power tran- 
sistors suggest the possibility of eliminating the output trans- 
former, which is usually required in tube amplifiers as a cou- 
pling element between output stage and speaker. Assuming 
an otherwise satisfactory design, the only limitation inherent 
in this approach is the absence of multiple -impedance output 
taps. Matching the amplifier output to speakers with imped- 
ances between 4 and 16 ohms can be maintained to ensure 
practically equal power output within this impedance range, 
by providing a certain minimum internal impedance of the 
output stage and power supply. This technique enabled us to 

42 

eliminate the output transformer, with all its inherent design 
limitations. The major advantages of this design approach, 
which were covered in detail in the January 1964 issue of this 
magazine, are extremely wide power bandwidth ( limited, 
basically, only by the characteristics of the output transistors ) 
and high operational stability with large amounts of negative 
feedback. 

After the decision had been made in favor of an output - 
transformerless design, we then considered the amount of 
power required to adequately drive existing speaker systems. 
From our long experience with tube amplifiers, it was appar- 
ent that a minimum of 25 watts per channel, and possibly 
more, was desirable to permit high volume levels with low - 
efficiency speaker systems. 

The next step was to find a transistor which could deliver 
this power throughout the audio spectrum while operating 
well below its maximum rated capabilities. Alloy- junction 
transistors suitable for application in high -power amplifiers 
have been available for several years. They were discarded, 
however, because of limited power bandwidth resulting from 
their poor high -frequency performance. Their cut -off fre- 
quency is normally not higher than 8 kc. (where gain is 3 db 
down) . 

Silicon transistors appeared to be an attractive alternative 
since they can generally be operated at higher junction tern- 
peratures than germanium types and therefore offer a wider 
margin of safety at higher temperatures. However, this type 
of transistor has only fair high- frequency performance and 
very low gain which limits the amount of feedback which can 
be applied. Since superior high- frequency response was our 
prime consideration, the higher operating temperature be- 
came of secondary importance, and a third type was finally 
selected. 

At the present time, this goal can be achieved only with 
high -gain germanium drift -field transistors which have a gain - 
bandwidth product of 4 to 5 mc. With this type, however, 
careful attention must be paid to a phenomenon called "sec- 
ondary breakdown" which is inherent in these devices. As 
explained in the previous article, high- frequency tone bursts 
of sufficient amplitude can cause a funneling effect which 
concentrates current flow through a small portion of the junc- 
tion and ultimately punctures it. To avoid this breakdown 
problem, it was necessary to limit the operating voltages of 
each transistor to 50% or less of the maximum allowable col- 
lector- emitter voltage. By dividing the operating voltages 
required for a given amount of power over four junctions 
instead of the conventional two, an unusually high margin of 
safety was achieved. The output circuit which resulted will 
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be described later since it affects more than one facet of am- 
plifier performance. A further bonus with this design approach 
is the possibility of distributing the heat generated in the out- 
put transistors over a larger number of junctions (hence a 

larger heat sink area), resulting in lower, and therefore safer, 
operating temperatures. 

After the decision had been made in favor of germanium 
drift -field transistors, the choice of their operating conditions 
(between class A and B ) was fairly obvious. Class -B operation 
was selected because it offers distinct advantages with tran- 
sistors. Maximum theoretical efficiency for a given dissipation 
is approximately 70%, as opposed to 50% for class A. In addi- 
tion, continued operation of the transistors at elevated junc- 
tion temperatures, as is the case in class A at medium power - 
output levels, would detract noticeably from device life ex- 

pectancy. 
Output stages biased for class -B operation draw only small 

amounts of current under quiescent conditions. The magni- 
tude of this current (set by potentiometers R1 and R2 in Fig. 
2) is selected with two contradictory design goals in mind. 
First, it should be as low as possible, to reduce the average 
junction dissipation. On the other hand, it must be set high 
enough to permit class -A operation of the output stage at low 
power levels. This is necessary to eliminate crossover distor- 
tion, which would result from complete current cut -off dur- 
ing non -conducting alternations in class -B operation. As power 
output increases, a gradual transition of the operating mode 
from class A to class B takes place, permitting the desired 
high efficiency when large amounts of power are required. 

The four transistors required in each output stage to supply 
the predetermined power output with a greater safety factor 
can best be arranged in a single- ended, series -connected push - 
pull configuration. This circuit is basically a single -ended 
push -pull amplifier where the two transistors in each half are 
connected in series and biased for large -signal operation. In 
the circuit of Fig. 2, transistors Q1 and Q2 are operating in a 
common -emitter mode, driven from the secondaries of trans- 
former T. Transistors Q3 and Q4, operating as common -base 
amplifiers, are driven by the varying voltages appearing 
across the high impedance of the Q1 and Q2 collectors. 

As compared to a regular parallel push -pull or bridge -type 
circuit, this array has several advantages. In a bridge or paral- 
lel configuration, the amount of power available is limited 
to twice the power from a pair of transistors. In the circuit 
shown in Fig. 2, however, transistors Q3 and Q4 can deliver 
more than half the total power, resulting in higher total power 
output. 

The junctions of transistors Q1 and Q3 as well as Q2 and 

Q4 are connected in series, thus permitting higher supply 
voltages than bridge or parallel circuits. In addition, the 
breakdown of Q3 and Q4 is governed by the maximum col - 
lector -to -base voltage with the emitter open (VEE0) . There- 
fore, a higher -voltage, lower- current power supply can be 
used, which has generally better regulation, because reduced 
current requirements reduce the voltage drop due to internal 
resistance. 

The basic operation of a single -ended push -pull circuit, 
often referred to as a "totem -pole" circuit, can best be seen 
by referring to the equivalent circuit illustrated in Fig. 1. 

The circuit shown here is simplified by replacing the two 
transistors used in each half of the output stage with a single 
transistor. 

The graphs in Fig. 3 show one and one -half cycles of the 
audio drive voltages V1 and V2, of collector- emitter voltages 
VcEl and VrE_, and collector currents 1, and I. The out -of- 
phase audio signals V1 and V2 present at each base will alter- 
nately drive the corresponding amplified collector currents 
through load RI ., representing the speaker. 

From the graphs for Ios and IE_, it can be seen that even in 
the non -conducting half -cycle a small amount of current (I, tt ) 

will be flowing, depending upon the bias supplied by R1, R2 
and R3, R4, respectively. As explained, this idling current of 
50 ma. minimizes crossover distortion at low power levels. 
The voltage V.,, is exactly midway between the negative and 
positive outputs of the power supply. When the bias adjust- 
ments are properly made, the voltage at this point is zero with 
respect to ground. 

The maximum continuous power available from the cir- 
cuit shown in Fig. 1 is a function of the supply voltage (Vs), 
the collector- emitter saturation voltage of the transistors used 

(V/s,ot), the emitter resistor (RE), the reactance (X/ ) of the 
coupling capacitor (if used) at the test frequency, and the 
load resistor (R1.) . 

This can be expressed as: 

0.5Vs-V!'Exnf 2 
Pout '=RI, 0.707 

RE +VR,.2 -X 2 

Isolation of the speaker from d.c. potentials of the output 
stage can be approached in two general ways. In case the 
power take -off point "X" ( see Figs. 1 and 2) carries a d.c. 
potential with regard to ground, an electrolytic coupling ca- 
pacitor must be inserted. It should be large enough to present 
a negligible impedance at low audio frequencies, in order to 
prevent a reduction in available output power at these fre- 
quencies. However, even with a large capacitor, the phase 
shift at the junction formed by capacitor and speaker load 

Fig. 1. (Lower left) Each pair of output transistors employed has been replaced by a single unit in the equivalent circuit. 

Fig. 2. (Center) A somewhat simplified schematic diagram of one channel. The preamplifier stages have been omitted. 

Fig. 3. (Right) The various operating waveforms that exist in the equivalent output circuit illustrated in Figure 1. 
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Fig. 5. Distortion for one channel. (A) is IM distortion using 
60 cps and 7 kc. in 4:1 ratio. IB) is THD (total harmonic 
distortion) at 1 kc. (C) is THD at 1 kc. vs IHF music power. 

(i.e., the point at which feedback is obtained) would be 
enough at very low audio frequencies to produce a tendency 
toward instability within the amplifier. 

To avoid these problems, a direct -coupled circuit was de- 
vised which functions through the use of a center- tapped, 
full -wave bridge power supply. In this case, point "X" has 
zero potential with respect to ground. This requires two large, 
separate electrolytic filter capacitors, but the end result is a 
very low ripple content, due to the balanced nature of the 
amplifier's power supply. 

The Driver Stage 

Two basic possibilities exist for driving the output stage: 
by d.c. coupling or by a.c. coupling, using a driver trans- 
former. At first glance the elimination of this transformer in 
a d.c. coupled circuit seems to be very attractive and prom- 
ising. There are, however, several disadvantages to this ap- 
proach. 

The importance of providing a low d.c. resistance between 
base and emitter of transistors in the output stage cannot be 
overemphasized. The two driver -transformer secondaries plus 
the bias potentiometers, represent the required low d.c. resist- 
ance path ( approximately 7 ohms) in the base -emitter cir- 
cuits of the output transistors. 

The stability factor, S, of the circuit shown in Fig. 1 can be 
expressed as follows: 

R1xR2 
R.., 

S- R1+R2 
RE 

where R.., is the d.c. resistance of a secondary winding. The 
extremely good d.c. stability factor of the unit makes it pos- 

Fig. 6. Harmonic distortion of the amplifier at half power. 
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sible for this amplifier to operate continuously under the most 
unfavorable conditions without going into thermal runaway. 
It is quite unlikely that such stability could have been 
achieved economically without the use of a driver trans- 
former. These are already reasons enough to strongly suggest 
its use. There are, however, other compelling reasons. 

The driver transformer interrupts the d.c. path between 
driver and output stages. This makes it impossible for the d.c. 
voltage conditions of the output stage to be affected in the 
event of transistor failure in the driver or pre- driver stages, 
thus preventing base- emitter breakdown and consequent de- 
struction of the four costly output transistors. In direct - 
coupled circuits, the type of chain- reaction destruction de- 
scribed is a distinct possibility. 

When driven from a cascaded emitter -follower ( as is the 
case here), the transformer presents, in addition, an imped- 
ance of less than 15 ohms to the output transistors, assuring 
an excellent transfer characteristic. This is evidenced by the 
low distortion of the amplifier without excessive amounts of 
negative feedback. This low source impedance and the use 
of drift -field transistors is the main reason that the IHF power 
bandwidth extends to the unusually high frequency of 70,000 
cps. 

To take full advantage of these favorable properties 
achieved through the use of a driver transformer, careful at- 
tention must be given to its electrical design. Its bandwidth 
should be wide enough to avoid any effect on the frequency 
and phase response of the over -all output circuit, even when 
large amounts of loop feedback are applied. 

By using tri -filar windings, virtually perfect coupling is 
achieved between the primary and the two secondaries, re- 
sulting in an over -all bandwidth (at -1 db) of 5 to 800,000 
cycles. Since only 3& watt is required to drive each of the out- 
put stages, this transformer can be made quite small, without 
affecting its characteristics. 

Pre -Driver Stages 

The driver transistor Q5, operating in the common- collec- 
tor mode, is driven by a high -gain p -n -p transistor, Q6, con- 
nected in a Darlington configuration. This ensures both high 
input and low output impedances. An identical p -n -p transis- 
tor, Q7, which has a 10 -mc. gain -bandwidth product, pre- 
cedes these two stages and is also d.c.- connected to avoid 
phase shift at low audio frequencies. The over -all feedback 
voltage is derived from point "X" and returned to the emitter 
of the first pre- driver transistor. Because of the very wide 
bandwidth and negligible phase shift of the driver transformer 
and of the output, driver, and pre -driver stages, only minor 
frequency correction was required. 

The low- impedance power supply for the output stage uses 
four high -current silicon diodes in a bridge configuration, 
supplying equal voltages of positive and negative polarity 
with respect to ground. 

It is conservatively designed, as can be inferred from the 
continuous power output capabilities (both channels driven) 
of the amplifier at low frequencies. 

A separate full -wave supply ( not shown ) provides the - 30 
volts for driver and pre -driver stages. This results in high 
stability and provides isolation from the output stage, whose 
supply voltages vary somewhat with changes in power out- 
put. The remaining tone -control and preamplifier stages ob- 
tain their negative voltages from a capacity -multiplier tran- 
sistorized filter section. The effective time -constant of this 
filtering network is more than two seconds, avoiding high - 
powered "plops" due to slow turn -on of the preamplifier and 
tone -control stages of the amplifier. 

Performance 
The Model TX -300 control- amplifier is designed to operate 

into resistive, capacitive, or mixed loads of from 4 to 16 ohms, 
thus enabling it to drive all widely used speaker systems. Fig. 
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4 shows the slight variation of available output music power 
with load impedance. 

In more conventional circuits, the internal impedance of 
the output stage plus that of the power supply is lower than 
the lowest rated load impedance. These stages must, there- 
fore, be designed to restrict the collector current flow and 
consequently the heat dissipation in the transistor junctions, 
to values well below maximum permissible ratings. In this 
amplifier the restricting elements are four series -connected 
transistor junctions per output stage, the relatively large emit- 
ter resistors (1 ohm each ) , and the power supply with spe- 
cial characteristics. When speaker impedances exceed 16 

ohms, the increasing load resistance R. naturally imposes a 

limit on the available output power at a fixed supply voltage. 
Both these factors act to prevent damage due to accidentally 
shorted or open speaker terminals. 

Fig. 5 shows the available power versus total harmonic dis- 
tortion ( THD) at 1 kc. with either one or both channels 
driven, as well as the available music power, measured ac- 
cording to IHF standards. The graph also contains a curve 
indicating IM distortion versus output power, which closely 
follows the curves for the harmonic distortion and remains 
practically level up to full rated power. This is in contrast to 
tube amplifiers where the IM distortion increases with in- 
creasing output power. 

Perhaps the best evaluation of the unit's low over -all dis- 
tortion is given by the IHF power bandwidth curve of Fig. 
6. This curve can be plotted in two different ways. First, 
available power versus frequency may be plotted at a fixed 
distortion level (1% THD, for instance) , or the distortion level 
for a fixed power level at various frequencies may be shown. 
We feel that the latter approach is more meaningful since a 
speaker requires a roughly constant input power level for a 
given sound output, regardless of the resultant ( and perhaps 
increasing) distortion at both extremes of the audible spec- 
trum. For this reason, we prefer to indicate the distortion at 
a constant power output, corresponding to the level estab- 
lished by the IHF standards. This curve is indicative of the 
unusually wide frequency range (10 to over 70,000 cps) 
through which this power is available at less than 1% distor- 
tion. Within the important audible band, the distortion drops 
to less than 0.3 %. 

Since production units were not available at the time of 
writing, the figures and data in this article are based upon 
a number of engineering "evaluation samples." The measure- 
ments given represent the average of several units. 

The damping factor at 20, 1000, and 10,000 cps and for 
the three standard speaker impedances is given in Table 1. 

Due to the inherent d.c. resistance of the speaker voice coil 
(generally 80% of its rated impedance) a damping factor of 
five can be considered sufficient, and higher values do not 
contribute materially to better speaker damping. The ampli- 
fier's square -wave response (Fig. 7) at 20 cps, 1 kc., and 10 

kc. is indicative of its good transient response. The low tilt 
of the 20 -cps square wave is a result of the power am- 

IMPEDANCE 

FREQUENCY 411 811 1611 

20 CPS 6 IO 32 

1000 CPS 6 IO 32 

10,000 CPS 5 7 25 

Table 1. Damping factor at various f equencies, impedances. 

plifier's extended low- frequency response characteristics. 

Safety Features & Servicing 

In spite of its excellent performance, a transistor amplifier 
such as the TX -300 would be of dubious value if it did not 
possess at least the same reliability and service life we have 
come to expect from tube amplifiers. 

Experience with late -type transistors, accumulated over 
several years, provides evidence of the extended life span of 
transistors. In addition, the considerably lower operating 
temperatures of transistor equipment further contribute to 
long operating life. To fully realize this performance, every 
component used in the development of the amplifier under- 
went extensive and comprehensive life- and performance - 
testing. 

The amplifier has been tested for extended periods under 
conditions several times as severe as those encountered in 
actual use. With a power -line voltage of 135, an ambient tern - 
perature of 140 degrees F, and with low- frequency square - 
wave input set to produce 40% of rated power with a 4 -ohm 
load, the amplifier was found to be thermally and electrically 
stable. Furthermore, it does not require an "on -off" duty cycle 
for testing with sine -wave signals. 

One fuse in the power transformer primary and two in each 
channel protect the output transistors if the output terminals 
or the speaker voice coils are shorted accidentally. In addi- 
tion, the fuses protect the speakers from d.c. overload in the 
event of output transistor failure. 

A word of caution about testing transistors is in order here. 
While the service technician may use most of his present test 
equipment, he should be sure that there are no leakage paths 
to the line since line voltage applied across two terminals of 
a transistor could cause transistor breakdown. Ohmmeters 
should not be used to test transistors since their test voltage 
may exceed the transistor's base -emitter breakdown voltage 
and thus destroy the transistor. Instead, we recommend that 
a high -quality transistor tester be used. (If the characteristics 
of the ohmmeter are known accurately, such as the maximum 
voltage and current on the various ranges, and if these do not 
exceed the ratings of the (Continued on page 77) 

Fig. 7. Square -wave performance of the amplifier at 20 cps (left), 1 kc. (center), and at 10,000 cps (right). 
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NEW 

CITIZENS BAND 

CIRCUITS 
By LEN BUCKWALTER 

A description of a new single -sideband transceiver and a 
selective -call unit that does not use resonant -reed relay. 

Tnew CB devices, one of which is in the sideband 
category, are described this month. The first unit is a 
new transceiver by Mark Products. It carries the evolu- 

tion of CB sideband full circle -as the first commercial CB 
rig to feature single- sideband circuitry. The second circuit 
reveals how one manufacturer, Polytronics, has designed a 
seleetMe' tone -call adapter without employing the usual res- 
onant -reed type of relay. 

(a) Mark "Sidewinder" SSB -27 Transceiver 
The development of sideband transmission for CB radio has 

not only been rapid, but remarkably varied. In little more 
than a year, all basic sideband techniques have appeared in 
commercial CB equipment. Most recent is the Markl "Side- 
winder" SSB -27 transceiver. Utilizing single- sideband, it rep- 
resents the most sophisticated sideband system for AM 
communications. Until now, CB sideband could be split into 
two types, both in the double -sideband category. There is 
double- sideband reduced carrier; steady r.f. carrier is par- 
tially reduced in amplitude, with the subtracted energy in- 
jected into two sidebands for more "talk power." Its twin 
attractions are low cost and compatibility (enough carrier is 
transmitted for any receiver to properly detect the signal). 
Second, there is double -sideband suppressed carrier. Reduc- 
tion of the carrier is maximum. The two sidebands receive 
even more of a boost, but a conventional receiver requires a 
beat -frequency oscillator for detection. 

In the single- sideband system of the "Sidewinder," both 
one sideband and the carrier are suppressed. Just one side- 
band is transmitted -and its energy content now consists of 
power normally expended in the carrier and the alternate 
sideband. The circuit not only makes the most efficient uti- 
lization of modulated r.f., but permits a new -to -CB mode of 
operation, termed "split -channel" by the manufacturer. It is 
possible for two different stations to simultaneously operate 
on the same channel; one on upper sideband, the other on 
lower, as detailed later. (The term "split- channel" is also ap- 
plied to FM equipment operating in other two -way services. 
An FCC ruling reduced FM deviation, and thus bandwidth, 
in order to accommodate more stations. Single -sideband in an 
AM system produces a comparable effect.) 
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The block diagram of Fig. 1 shows major sections of the 
"Sidewinder" transceiver. Consider, first, the transmitter. It 
initially creates a double -sideband signal, removes one side- 
band through filtering, then heterodynes an SSB signal up 
to 27 mc. ( Heterodyning is required since raising frequency 
by conventional multipliers would destroy audio in the side- 
band. ) A starting point for transmit is at V13A, a microphone 
amplifier. Audio is fed to phase inverter V3B to provide 
push -pull audio output. Next is balanced modulator V2. This 
is new to CB circuitry. It is a 6JH8 sheet -beam tube de- 
veloped for demodulation in color TV, but widely applied 
in SSB equipment because of its ability to suppress an input 
carrier to extremely low levels. Push -pull audio and steady 
r.f. are combined to produce a double- sideband signal and 
canceled carrier. The r.f. needed for the production of side - 
bands is supplied by the 7.5 -mc. crystal oscillator VI. 

If audio is assumed to be 1 kc., frequencies from the bal- 
anced modulator are: 7.501 mc. for upper sideband and 7.499 
mc. for lower, with 7.5 mc. suppressed. Next step is the re- 
moval of one sideband. Note that balanced modulator V2 
feeds the crystal filter through a cathode- follower (which 
matches the high tube impedance to the low filter imped- 
ance). The narrow 3 -kc. slot of the crystal filter admits only 
the upper sideband, 7.501 mc. in our example. A single-side- 
band signal is now established. Straight r.f. amplification oc- 
curs through V4. 

Following is an elaborate system of heterodyning to pro- 
vide three functions: (1) to raise the nominal 7.5 -mc. signal 
to operating frequency on 27 mc.; (2) provide a method of 
selecting sidebands; and (3) to make sidebands selectable 
with only one crystal per channel. The circuitry bases its 
operation on the fact that when the 7.5 -mc signal is added 
to a mixing frequency to produce 27 mc., the output contains 
the upper sideband. Here is an example with figures given 
earlier: The SSB signal emerging from V4 is 7.501 mc. This 
is applied to V5, the transmit mixer. Note that channel os- 
cillator V6 also feeds the mixer ( through a selector switch) . 

As shown, the frequency of the channel oscillator is 19.5 mc. 
The two signals are heterodyned by V5 -7.501 plus 19.5 - 
producing a 27.001 -mc. result. This action occurs when the 
operator desires to transmit on the upper sideband. Since an 
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operating frequency of 27 mc. is as- 
sumed, we note that 1 -kc. audio appears 
in the correct position, i.e., 1000 cycles 
above operating frequency. 

Now to take the same channel oscil- 
lator frequency and create a lower side- 
band signal on 27 mc. (In effect, one 
channel crystal will be made to yield 
either sideband. ) This is accomplished 
by several additional steps which con- 
vert 19.5 mc. to 34.5 mc. in the following 
fashion: Oscillator V1 is generating 7.5 
mc. for production of sidebands. But 
part of the oscillator signal is also fed 
to doubler V17, where it multiplies to 
15 mc. This is applied to mixer V16A 
which simultaneously receives the orig- 
inal 19.5 -mc. channel oscillator signal. 
Add the two -19.5 and 15 -and 34.5 results. Given 34.5 mc., 
the transmit mixer can heterodyne it with the SSB signal on 
7.501 mc. to produce a difference frequency. It is 26.999 
mc., the lower sideband for 1 -kc. audio on an operating chan- 
nel of 27 mc. Thus, the proper choice of mixing frequencies 
readily positions the sideband above or below the desired 
27 -mc. transmission channel. Linear r.f. amplification by V15 
and V7 preserves the AM waveform and the sideband signal 
is transmitted. 

The frequencies given are convenient for illustrating cir- 
cuit performance only, because there is no authorized CB 
channel precisely on 27 mc. Since channels exist just above 
and below 27 mc., crystal frequencies in channel oscillator 
V6 actually cluster around the 19.5 -mc. value used in the 
example. 

The "Sidewinder" receiver section differs significantly from 
conventional CB circuits in several respects. First is the local 
oscillator. Not only does it heterodyne an incoming signal 
down to i.f. frequency, but it provides a means of selecting 
the upper or lower sideband of a given received channel. 
The process is nearly identical to the one already described 
for the transmitter and, in fact, the same oscillators and crys- 
tals are employed. We'll assume that an upper sideband 
signal on 27.001 mc. is applied to receiver mixer V9. The 
operator, in selecting upper sideband, causes 19.5 mc. to 
couple from V6 to the receiver mixer, V9. The difference - 
19.5 from 27.001 -is the desired i.f. of 7.501 mc. To receive 
the lower sideband of the same 27 -mc. operating channel: 
26.999 mc. (incoming frequency) subtracts from 34.5 and 
the result is again 7.501. It is important to note that whether 
upper or lower sideband is selected, the heterodyne process 
in either case positions the signal above the nominal 7.5 -mc. 
i.f. (This is a requirement of the crystal filter, described 
below.) 

It is advantageous to run the i.f. signal through the 3 -kc. 
crystal used earlier to attenuate one sideband during trans- 
mit. This is crucial for realizing the full gain possible with 
an SSB system. By narrowing i.f. bandpass to 3 kc., the re- 
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Fig. 1. The Mark SSB transceiver shown here in lower -sideband mode. 
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duction in receiver noise is tantamount to increasing the 
transmitter power. The filter also assures that adjacent -chan- 
nel signals and the alternate sideband are rejected. The path 
for filtering is from receiver mixer V9, through V3A, crystal 
filter, i.f. amplifier V4, and down to i.f. amplifier V10. 

The detection process follows. V11 is a product detector, 
commonly found in SSB receivers. Unlike normal diode de- 
tectors it is not subject to signal overload in the mixing proc- 
ess. It will be seen that output of the 7.5 -mc. oscillator at V1 
feeds the product detector along with the 7.501 -mc. incoming 
frequency. Mixing recovers the transmitted audio -a 1 -kc. dif- 
ference between the two r.f. signals. 

These are the major circuits of the "Sidewinder" for creat- 
ing and detecting the sideband signal. An interesting aspect 
of operation is the number of crystal channels available to 
the operator. In the conventional CB rig, a 5- channel trans- 
ceiver usually means that 10 crystals are needed -five for 
transmit and five for receive. The "Sidewinder" is also a 
5- channel transceiver but five crystals provide frequencies for 
10 transmit and 10 receive channels. From the preceding 
discussion, it is apparent that each crystal functions for both 
transmit and receive. This accounts for ten crystal frequen- 
cies. But the total is driven up to 20 if it is recalled that each 
of the five crystals can develop an upper and lower sideband 
for transmission or for reception. 

(b) "Poly- Call" Adapter 
Nearly all of today's dozen or so selective call systems for 

CB are designed around the resonant -reed relay. In opera- 
tion, a thin strip of metal is set into natural vibration by elec- 
tromagnetic forces generated by a received audio tone. 
Resonance of the reed produces mechanical switching ac- 
tion. Polytronics,2 however, has elected a different technique 
in its "Poly -Call" adapter. Switching contacts are eliminated 
in favor of an all- electronic method for tone selection and 
generation. 

The design revolves around the LC circuit marked "tone 
filter" in the schematic of (Continued on page 74) 

Fig. 2. An LC tone filter takes the place of a resonant -reed relay in this Polytronics selective -call adapter unit. 
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"RADICIANS" AT THE DEW LINE 
By WILLIAM A. STOCKLIN 

As an official guest of the U.S. Air Force. we saw radar and communications 

technicians service, maintain, and operate all types of DEW Line equipment. 

The mission of the Distant Early Warning (DEW) 
Line is to detect, identify, and report to NORAD com- 
manders any aircraft penetrating our northern defense 
line. Some .33 individual radar sites, spaced in an arc di- 
rectly above the Arctic Circle, extend 3290 miles across 
Alaska, Canada, and Greenland. It was constructed by 
Western Electric Company and turned over to the U.S. 
Air Force in 1957. Since then it has been operated and 
maintained by the Federal Electric Corp. (Division of 
ITT) under contract with the Air Force. It is basically 
contractor -operated with limited military participation. 

Joseph Doucette shown at the order -wire rack of the iono- 
spheric scatter, rearward communications system at "Cam - 
Main" site. He has worked 4T/2 years in the Arctic on all 
types of DEW Line equipment. Formerly Technical Instructor 
at the Domestic Training Center, Streator, III, and Training 
Supervisor on the DEW Line, he is now Section Installation 
Supervisor on new communications system for the DEW Line. 

FLECTRONICS as a vocation -particularly in the areas 
of service, maintenance, or operation -certainly has 
its share of disadvantages, like any other profession. 

But those professionally trained and willing to accept em- 
ployment in a land of snow, ice, and semi -darkness find 
loneliness the only demoralizing factor. All other disadvan- 
tages seem to disappear. Even the fact that temperatures 
may drop to -65° seems relatively unimportant. 

To be physically removed from family and friends for long 
periods of time is an unbearable loneliness to many. Yet 
the 250 "radicians" (radar technicians) at the DEW Line 
sites find the pay exceptionally good and the work challeng- 
ing. Tom Sullivan, Communications Supervisor at the Barter 
Island site in Alaska, summed it up very neatly: "Most of my 
work as a broadcast engineer in the States became routine - 
nothing new. Now I have all the opportunities to get practical 
experience with new systems including tropospheric and 
ionospheric scatter communications." He did admit, though, 
that money was also a motivating factor. 

Radar & Communications Equipment 
The DEW Line has 33 sites north of the Arctic Circle, all 

of them having similar pulsed radar search equipment. Since 
the DEW Line's main purpose is to detect all aircraft enter- 
ing our northern defense area, the importance of the radar 
equipment becomes apparent. Each site has dual equipment 
just in case of failure in one of the units. A radician is 

always at the control console viewing the radar screen. This 
is the most important job of all. Men work in pairs on four - 
hour shifts. While one is operating the control console the 
other is doing maintenance work on the standby equipment. 
A large number of planes are tracked during a month across 
the entire DEW Line which does, in a way, break up the 
monotony. 

Every plane planning to cross this defense area must file 
a flight plan. Additionally, each plane must cross the DEW 
Identification Zone within prescribed corollation limits 
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(time and distance) which leaves very little room for error. 
Communications, of course, play a vital role and although 

each of the 33 sites is connected in the system, there are 
six main stations referred to as "Data Centers." It is at 
these centers that all information on flight interception is 

analyzed, plotted, coded, and passed on to our North Amer- 
ican Air Defense Command. 

Ionospheric scatter systems, at v.h.f. frequencies, were 
being used for longer transmissions. These were employed 
from the "Fox" site to Bird in Manitoba, Canada; from "Cam" 
site to Fort Nelson in British Columbia; from "Pin" site to 

Waterways in Alberta; and from `Bar" site to Fort Nelson, Ft. 
Yukon and to Anchorage, Alaska. 

In addition to the maintenance, servicing, and operation 
of these systems, radicians are called upon to perform simi- 

lar functions on pulse system navigational aids, aircraft guid- 
ance equipment, weather bases, and emergency maintenance. 
The "friend -or -foe" identification system, although it is serv- 
iced and maintained by contract technicians, is operated 
by the military. In most of these areas, the radicians may 
be called upon to plan, install, operate, and maintain or 
instruct other personnel in taking over operation and upkeep. 
They may even be asked to climb ice -covered masts in order 
to adjust the communications antennas. 

Requirements and Qualifications 

Obviously, the sort of individual who can handle such 
responsibilities is not a carefree person just seeking ex- 

citement. A taste for adventure is an asset, of course, but 
most important is technical knowledge and an ability to 
work alone with a sense of responsibility. To obtain such 
men and to train them for the work to be done is the respon- 
sibility of Federal Electric Corp., a division of International 
Telephone Telegraph Corporation. FEC is basically a serv- 
ice organization and its contract (which runs to about $25 
million this year) with the Air Force is to supply, maintain, 
and operate all facilities on the DEW Line. 

Most FEC technicians have had previous electronic train- 
ing in either the military or some area of industry, or highly 
specialized vocational schooling. Communications specialists 
are in great demand and any technician with a solid back- 
ground in this area is a choice applicant. Formal education 
at a college or technical training institute is most desirable. 
A background confined to only training or experience in 
consumer equipment service would not be generally ade- 
quate. Math seems to be desirable. Courses in algebra, trig- 
onometry, geometry, and even calculus, condition one's mind 
to think along technical lines. 

Although technical ability is most important, all appli- 
cants are carefully screened with regards to temperament 
and outlook. Liking and getting along with people is impor- 
tant. These men not only have to work together as teams, but 
actually live together months at a time. Extremists in any 
form are undesirable. Every technician considered for DE \V 

Larry Davis of Klamath Falls, Oregon, obtained his radio - 
relay and microwave experience at USMC school. He is one of 
eight technicians trained to man the "Bar" terminal of the 

"Bar" -Fort Yukon system. He is shown checking a spare kly- 
stron tube made by Eimac Corp. It is a standby unit placed 
in front of transmitter preparatory to quick inser ion in 

case of any failure o' the klystron in the main rcr,smitter. 

Brian Morshcll (left) and John Sheridan installing new tran- 
sistorize) fteluancy stocking multiplex system built by Len - 

kurt. Br an Marshall is lead electronics technician at the 
"Cam" site with previous communications training with the 

RCAF. John Sheridan is o project installer and has been on 

the DEW Line only five months. He has had previous commu- 
nications training with Marconi Wireless Telegraph, England. 

Line service must be physically and mentally sound and ex- 

tensive tests are given prior to acceptance. 
Age and marital status are relatively unimportant. The 

average age of DE\V Line technicians is near 31, and almost 
70 percent are married. Obviously, the single person is apt 
to have fewer family ties and outside worries, vet the mar- 
ried man has proven somewhat more reliable. Most of the re- 
sponsible positions are handled (Continued on page 80) 

The DEW Line base "Dye 1" located on the east coast of Greenland. The four billboard -like structures are the 

forward- scatter antennas that are employed for communications. Within the dome at the center is radar antenna. 
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Simplicity is the keynote in this portable transistor tester. 

SIMPLE 

TRANSISTOR 

TESTER 
A voltage divider network tests transistor for conductance. 

TO BATTERY REVERSING SWITCH 

BI 
R2 Ry 

2.7 Kll 10 Kfl 

B2 

TO BATTERY REVERSING SWITCH 

METER 

CLIP LEADS 
TO TRANSISTOR 
UNDER TEST 

R3 

5.6 K11 

OFF 

4 -VOLT - MERCURY 
BATTERY 

50 

(P -N -PION 
Bt 

ON(N-P-N) 
B2 

Compact transistor conductance tester needs only 
an external voltmeter to be put into operation. 

By J. E. CONTENT 
Westinghouse Defense and Space Center 

and 
B. K. MORSE 

DESIGNED to be compact, reliable, and inexpensive, 
the portable transistor checker shown in this article 
was designed by Westinghouse for use by their field - 

service personnel. The only other piece of equipment re- 
quired is a conventional v.o.m. or v.t.v.m. 

While not producing any numerical values for the tran- 
sistor being tested, the unit will show if the transistor is 
operating properly as its base potential is varied. This tester 
can also be used to indicate shorts and opens between the 
transistor elements, and is capable of testing diodes, n -p -n 
or p -n -p, n -p -n -p or p- n -p -n, unijunction, and gate transistors. 

In principle, the tester uses the transistor in a voltage - 
divider circuit and because negligible current flow is in- 
volved, the transistor under test cannot be damaged by in- 
correct connections or a short. 

The unit is housed in a small chassis box, 3% by 2l by 1% 

inches in size. A double -pole, double -throw switch changes 
potential for testing n -p -n or p -n -p types. The external v.o.m. 
or v.t.v.m. should be set to measure about 1 to 2 volts d.c. 

Resistor R3 (see schematic) prevents excess emitter cur- 
rent while R2 limits forward bias to the base. Potentiometer 
R1 provides the reverse -to- forward base bias. Resistor R4 
limits the transistor load, stabilizes the readings, and provides 
the voltage that is read out by the external voltmeter. Re- 
sistors R1 and R2 make up a voltage divider. With the circuit 
shown, any change in conductivity between the transistor 
collector and emitter will then show up as a reading on the 
external voltmeter. 

If the transistor under test has an open collector circuit, 
the meter will indicate zero. If the emitter circuit is open, 
the meter reading will remain unchanged when the emitter 
test lead is disconnected. Short circuits between transistor 
elements are indicated by high meter readings. 

A good transistor will produce a reading somewhat less 
than the short -circuit value when only the collector and emit- 
ter leads are hooked up. This value will increase when the 
base lead is connected and potentiometer R1 is rotated to- 
wards the R2 end. 
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rarisistor 
igilitiQil s s tem 

By BOGHOS N. SAATJIAN 
Design Engineer, Triad Transformer Corp. 

Circuit modifications that will improve the performance of the author's earlier design. 

THE introduction of a transistor specifically designed for 
ignition systems has permitted the modification of the 
author's basic circuit as published in the August and 

December 1962 issues of ELECTrRONICS WORLD. 
The new transistors have an emitter -to- collector and collec- 

tor -to -base voltage of 120 volts, as compared to 80 volts for 
the 2N174's used originally. The new units are the 2N1073B's, 
available from several companies. Because they are rated at 
only 10 amps, two of them have to be used in parallel. Any 
moderate imbalance between transistors would not affect op- 
eration of the circuit; therefore, they are connected together, 
base -to -base, emitter -to- emitter, and collector -to- collector 
without the use of small -value resistors in series with the emit- 
ters. The values of the bias resistors were also changed. 

The use of 2N1073B's improves performance of the circuit 
by allowing the use of a zener diode having a higher voltage 
rating. This will permit a higher self- induced voltage at break 
in the primary of the ignition coil which, in turn, will generate 
a higher secondary voltage. By using a 400:1 turns -ratio coil, 
a full -load secondary voltage of between 27,000 and 30,000 
volts was obtained from idle to 4500 rpm. 

The 100 -pf., 500 -volt non- inductive mica capacitor was re- 
tained to protect the transistors from high- frequency spikes. 

A 50 -4, 150 -200 -volt electrolytic capacitor was added at 
the input of the circuit to damp any spikes generated in the 
electrical system of the car by the voltage regulator, generator, 
starter and its relay, and the horn. 

The two transistors are mounted on a common heat sink 
designed for two transistors. Silicone grease is used between 
the transistors and the heat sink. Another heat sink is used for 
the 25 -amp rectifier and once more silicone grease is applied 
between it and its heat sink. 

The voltage value of the zener diode is now raised to 100 
volts at 10 watts. The zener diode in this power rating comes 
with a stud mounting. It should be mounted on the same heat 
sink with the transistors and short leads used to connect it to 
the emitters and collectors of the two transistors in parallel. 

Another addition to the author's original circuit is the power 
relay. After several months of operation with the original 
circuit, it was discovered that the ignition switch on the car 
was getting hot, due to the increased current requirement of 
the transistorized ignition system. With the auto accessories 
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on, the ignition switch was overloaded. It was therefore de- 
cided to separate the ignition system from the others by means 
of a relay. The wire from the ignition switch is used to ener- 
gize the coil of the relay, which draws about 200 ma., while 
the main ignition current of 10 amps is handled by the heavy 
contacts of the relay. If the wire connected to the ignition 
switch is also a ballast resistor, there is no need to bypass this 
as 200 ma. through the wire will not develop any appreciable 
voltage drop and the relay coil will still operate at the lower 
voltage. (There was only a 0.36 -volt drop across the ballast 
resistor at 200 ma.) If a regular ballast resistor is used, this 
need not be shorted out. 

If it is decided not to use a relay as suggested, the original 
ballast resistor, in any form, should (Continued on page 80) 

Transistor ignition system for 12 -v. negative -ground systems. 
TO CENTER 

POST ON 
DISTRIBUTOR 

RLI 

P 

< 

D2 
PI 

TI 

R2 01 

2N1073B 

RI -0.5 ohm, 100 w. adj. res. 
R2 -30 ohm, 5 w. wirewound res. 
R3 -300 ohm, 5 w. wirewound res. 
R4 -5 ohm, 25 w. wirewound res. 
C1 -50 µf., 150.200 v. elec. capacitor, 

85-100° F operating temperature 
C2 -100 pf., 500 v. non -inductive mica 

capacitor (Use flat molded type such 
as Aerovox CM -20B -101 or Arco - 
Elmenco CM -15 -E -1011) 

R1.1 -12 -volt headlight relay, (Avail- 
able at auto parts dealers) Use 6 -v. 
relay for 6 -v. systems. 

SI -Car ignition switch 
B1 -12 -volt neg.- ground car battery 
Pl -Male and female Jones plugs 

(Jones P- 303 -CCT e S- 303 -CCT) 
DI- Silicon rectifier, 150 v. p.i.v., 

R4 PI 

25 amp. (International Rectifier 
25HB15 or equiv.) 

D2 -100 v., 10 w. zener diode 
(International Rectifier IN3005A or 
equiv.) 

TI- Molded ignition coil. 400:1 turns 
ratio (Slep Electronics Company, 
P.O. Box 178, Ellenton, Florida. 
Type No. F -400T or equiv.) 

QI, Q2- 2N1073B power trans. (Delco 
Radio or equiv. Price approx. 
51.50.) 

1- Two -transistor heat sink (Asto- 
Dyna,nics, Northwest Industrial 
Park, Burlington, Mass. Type No. 
2513 or equiv. West Coast dist. 
Electro- Space, Inc., 239 S. Robertson 
Blvd., Beverly Hills, Calif.) 

1 -Heat sink for 25 -amp rectifier. 

02 
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DISTRIBUTOR 
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CURRENT 
REGULATING OPERATING 

TUBE VOLTAGE RANGE (ma.) 

MIN. D. C. 

SUPPLY 
VOLTAGE 

0A2 150 5 -30 185 
0A3 75 5 -40 105 
OB2 105 5 -30 133 
OB3 90 5 -40 125 
OC3 105 5 -40 133 
OD3 150 5 -40 185 

Table 1. Characteristics of commonly used regulator tubes. 

VOLTAGE 
REGULATOR 
DESIGN 

By LOUIS E. FRENZEL, JR. / McCollum Laboratories, Inc. 

Operation of VR tubes and zener diodes along with 
examples of basic circuit design using Ohm's Law. 

VOLTAGE regulators are used in almost all types of 
electronic equipment, their purpose being to control 
the d.c. power- supply voltage and to keep it constant. 

Many circuits require a stable supply voltage for proper op- 
eration. A good example is an oscillator whose frequency 
must not vary during operation. Since a change in supply 
voltage generally causes a frequency variation, steps must be 
taken to regulate the supply. Best circuit stability occurs when 
the supply voltage remains constant despite changes in load 
current or variations in the a.c. line. In many cases, too, cir- 
cuit design can be simplified if it can be assumed that a regu- 
lated supply will be used. 

A voltage regulator is a circuit or device connected between 
the power supply and the load. It absorbs any voltage or cur- 
rent variations that occur in normal operation and keeps the 
load voltage constant. There are many different kinds of regu- 
lators, but the ones described here are the simplest and most 
commonly used. These circuits use gas regulator tubes or 
zener diodes and are so common that they will be encoun- 
tered often. Knowledge of their operation and design will be 
helpful to anyone involved in electronics. 

What is Regulation? 
Regulation is a term used to describe the ability of a power 

supply to maintain a constant output voltage under varying 
load conditions. It is usually expressed as a percentage and 
can be calculated from the formula: 

E (no load) -E (full load) 
% regulation= x 100 

E (full load) 
where E (no load) is the power -supply output voltage when 
no load is connected and E (full load) is the output voltage 
when maximum load is applied. To illustrate, assume that a 
power supply has an output voltage of 250 volts with no load. 
When a load is connected, suppose the voltage drops to 200 
volts. Putting these values in the formula gives: 

250 - 200 
% regulation= x 100 

200 

% regulation= 

This percentage gives us a 

POWER 

SUPPLY 

52 

ES ER 

+ RI 

50 x 100 - 25% 
200 

figure of merit for comparing the 

LOAD 

Fig. 1. Simple VR- 
tube voltage -regu- 
lator circuit show- 
ing load current 
(IL), VR tube current 
Il10, and total 
supply current (I,$). 

regulation of power supplies. The lower the percentage the 
better the regulation. 

Poor regulation is caused by the high internal impedance 
of the power supply. When a power supply is operating with- 
out a load, no current is being drawn from it and a certain 
voltage appears at the output. But when a load is connected, 
current is drawn from the supply and the output voltage 
drops. The current flowing in the supply produces voltage 
drops across the power transformer windings, the rectifier, 
and the chokes or resistors in the filter. These voltage drops 
subtract from the voltage normally available under no -load 
conditions. If the load is increased, additional current is 
drawn from the supply, and the voltage drops in the supply 
increase, leaving an even smaller voltage at the output. 

Another condition that causes output voltage changes is 
varying line voltage. Often the a.c. line voltage feeding the 
supply will change and this undesired variation will be trans- 
ferred through the supply to the load. 

Both varying load requirements and changing line voltage 
conditions are undesirable and, in some cases, intolerable. 
Voltage regulators of various designs are available to mini- 
mize or eliminate this voltage variation. 

VR -Tube Regulator 
The most commonly used regulator circuit is shown in Fig. 

1. It is extremely simple and inexpensive and makes a very 
desirable addition to almost every piece of electronic equip- 
ment. The circuit uses a special voltage -regulator (VR) tube 
which is a cold- cathode, gas -filled tube. If a high enough 
voltage is applied across the tube, the gas will ionize and cur- 
rent will flow between cathode and plate. Once the tube is 
ionized, the voltage across it remains practically constant re- 
gardless of current and ionization changes in it. This unique 
characteristic makes it a desirable regulating element. 

The VR tube is essentially a variable resistor that changes 
its resistance in such a manner that the voltage across it re- 
mains constant as the current through it varies. Varying cur- 
rent in the tube causes the degree of ionization of the gas and 
hence the resistance of the tube to change. The current range 
over which the voltage remains constant is limited, of course, 
but the range is a useful one. 

The regulator tube is connected in series with a limiting 
resistor R1. The tube and the resistor form a variable voltage 
divider. The power -supply voltage applied to this series com- 
bination must be high enough to ionize the tube. The initial 
tube firing voltage is usually about 30% higher than the regu- 
lated voltage, ER. The load is connected across, or in shunt 
with, the VR tube. 

To understand the operation of a properly designed shunt 
VR -tube regulator circuit, like that of Fig. 1, assume that the 
power supply is turned on, the VR tube is ionized, and no 
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load is connected. The voltage across the tube is its rated 
value. Under these conditions, maximum current flows in the 
VR tube and the value of R1 should be high enough so that 
the tube will not be damaged. 

If a small load (high resistance) is connected across the 
VR tube, it draws current through R1 from the supply. The 
voltage drop across R1 tends to increase, leaving, for an in- 

stant, less voltage on the VR tube. Immediately, the VR tube 
compensates by de- ionizing somewhat, increasing its resist- 
ance. The current through the VR tube decreases, offsetting 
the current increase caused by the load. The voltage across 
the VR tube and load remains the same since the total current 
drawn from the supply through R1 stays constant. Increasing 
the load further (lowering load resistance) causes it to draw 
more current through R1. Again the VR tube de- ionizes some 
and draws less current, correcting for the increased load cur- 
rent. 

If the load current should decrease, the current through 
R1 would tend to decrease as would the voltage across it. The 
VR tube and load voltage would, for an instant, try to in- 

crease. The VR tube senses this increase and ionizes more, 
lowering its resistance. The lower VR tube resistance causes it 

to draw more current thereby correcting for the decrease in 

load current. Keep in mind that this VR -tube regulating ac- 
tion takes place almost instantaneously so that with even the 
most rapid load voltage changes the supply voltage remains 
constant. 

The regulating action of the VR tube is somewhat different 
under changing line voltage conditions. If the load current is 

constant and line voltage drops suddenly, the VR -tube volt- 
age tends to drop and the tube de- ionizes slightly. The tube 
resistance becomes higher and the tube draws less current. 
Less current through R1 means a smaller voltage drop across 
it. Therefore, the drop in line voltage is compensated. An 

increase in line voltage would result in greater tube ionization 
and current. The larger current in R1 causes a larger drop 
across it and less voltage across the VR tube and the output 
load, thereby correcting for the initial increase. 

VR -Tube Regulator Design 

It is easy to design a VR -tube regulator like the one in Fig. 
1, since all that is involved is selecting the right value for R1 

under specified supply and load conditions. Only simple 
Ohm's Law calculations are involved. 

VR tubes are available to regulate voltages at 75, 90, 105, 
and 150 volts. There are several other special units made, but 
the four voltages mentioned are the most common. These 
tubes require a specified minimum supply voltage and must 
be used over a set current range. Table 1 shows the most 
common VR tubes and their ratings. The 0A2 and OB2 are 
7 -pin miniatures, the others are conventional octal base types. 

R1 is chosen so that the maximum current rating of the 
tube will not be exceeded when there is no load connected 
across it, and so that a specified minimum current will flow 
in the tube under maximum load conditions. 

As indicated in Table 1, the current through the tube must 
not exceed 30 or 40 ma., depending on the tube used. Also, 
each tube must have at least 5 ma. flowing in it to maintain 
ionization and regulation. The maximum current condition 
will occur with no load applied across the tube, while the 
minimum current condition appears under full -load condi- 
tions. In order to meet the minimum current requirement, the 
load current cannot exceed a value equal to 5 ma. less than 
the maximum allowable current. This is 25 ma. for the 0A2 
and OB2, and 35 ma. for the 0A3, OB3, 0C3, and OD3. The 
value of resistance (R1) can be calculated from the formula: 

R1- Es-ER 
I 

E., is the minimum unregulated supply voltage expected un- 
der load, E,; is the regulating voltage or VR -tube rating, and 

(1) 
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I is the maximum allowable tube current as shown in Table 1. 

A design example will best illustrate the use of this for- 
mula. 

Problem: Design a 150 -volt regulator for an oscillator cir- 
cuit that requires 10 ma. of current for operation. An unregu- 
lated 315 -volt (open circuit) supply is available. 

Solution: First, choose a regulator tube. In this case either 
the 0A2 or OD3 can be used since they are both rated at 150 
volts and can handle the current. Let's select the 0A2 since 
it is smaller physically. Next, determine the minimum loaded, 
unregulated supply voltage. The 315 -volt value cannot be 
used in the formula since it is an open -circuit value. The sup- 
ply voltage under load will be less. A maximum of 30 ma. 
could be drawn from the supply. This may be the oscillator 
current plus the tube current under ordinary operating con- 
ditions or the maximum tube current only if the oscillator load 
should be removed from the supply. To determine the supply 
output voltage under a 30 -ma. load, simply connect a variable 
resistor and a milliammeter, in series, to the output of the 
supply. Vary the resistance until the meter reads 30 ma. Then 
measure the supply voltage. Assume that in this case it is 300 
volts. Putting this value into the formula, along with the max - 
imum tube current, gives: 

R 1- 300 150 150 = 5000 
.03 .03 

or an R1 value of 5000 ohms. In order to select the proper 
resistor for the circuit, its power handling capabilities must 
also be considered. Using the well -known power formula 
P =1'R, the needed rating can be found. I is the maximum 
supply current expected -30 ma. (.03 ampere) for this ex- 
ample. 

P= (.03) ' 5000 = ( .0009) ( 5000) =4.5 watts 
A standard 5- or 10 -watt unit would be satisfactory. 

Most VR -tube regulator circuits are designed using this 
procedure, but there are variations for solving a wider range 
of regulation problems. 

For example, you may wish to regulate voltages other than 
those for which VR tubes are available. In this case, VR tubes 
can be connected in series, as in Fig. 2. Two 150 -volt 0A2's 
can be put in series to regulate 300 volts, or three 0B3's in 
series can be used to regulate 270 volts. An 0A2 and OB2 in 
series will regulate 255 volts. 

Any series combination can be used just as long as the 
tubes have the same current range. The design procedure is 

the same except for ER; you substitute the series -voltage rating 
of the VR tubes. Be sure that the supply voltage is approxi- 
mately 30% higher than the series -voltage combination so that 
the tubes will ionize. 

The big disadvantage to the design procedure just de- 
scribed is that the load current must always be smaller than 
5 ma. less than the maximum current rating of the VR tube(s) 
used. The load current must not exceed 25 ma. for 0A2's and 
0B2's or 35 ma. for 0A3's, 0B3's, 0C3's, or 0D3's. While these 
current ranges are quite suitable for many applications, there 
will still be cases where you may need to regulate the voltage 
on a load carrying much greater current. 

The most logical solution to this problem appears to be 
simply a matter of paralleling similar VR tubes. While such 

Fig. 2. VR tubes are shown 
connected in series to obtain 
regulation at higher voltages. 
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a procedure is theoretically sound, it is not suitable in prac- 
tice. The difficulty is finding similar VR tubes with identical 
ratings. VR tubes have wide tolerances and finding two or 
more with exactly the same ionization and regulation voltages 
is difficult. If non -identical tubes are used, the circuit would 
function poorly if at all and there is a chance that one of the 
tubes could be damaged. This problem can be overcome to 
some extent by using small (50 to 100 ohm) resistors in series 
with the VR tubes, as shown in Fig. 3. These resistances, 
whose values must be determined experimentally, help to 
equalize the VR -tube characteristics. But these resistors also 
reduce considerably the regulating efficiency of the tubes. 
Such an arrangement is generally unsatisfactory except per- 
haps where poor regulation is better than none at all. 

The design procedure to be described will overcome the 
disadvantage of being limited to small load currents. With 
this procedure you will be able to design single or series -con- 
nected VR -tube circuits with load currents much greater than 
25 to 35 ma. 

In this design, the problem again is to select the proper 
value of R1. This is easily done by Ohm's Law if the voltage 
across R1 and the current through it is known. From Kirch- 
hoff's Laws we know that the voltage across R1 is equal to 
the supply voltage minus the load voltage, and the current 
through R1 is the sum of the load and VR -tube currents. See 
Fig. 1. Using this relationship, the formula for finding R1 is: 

R1- ER -ER 
I,. +Ii N 

In this formula, as in the previous one, ER is the unregu- 
lated d.c. supply voltage under maximum load and Ell is the 
load and VR -tube voltage. IL is the load current and L is the 
VR -tube current. ER under maximum expected load is found 
using the same procedure described before. Be sure that ER 
is high enough under load to ionize the VR tube(s). EN and 
are known from the problem, while IIR is usually set approxi- 
mately to the middle of the VR -tube operating current range. 
This is 17.5 ma. for 0Á2's and 0B2's and 22.5 ma. for the 0A3, 
OB3, 0C3, OD3 series of voltage -regulator tubes. 

Typical Design Example 
As before, a typical design example will best illustrate the 

use of this procedure. 
Problem: Design a regulator to stabilize the voltage for an 

instrument whose supply requirements are 210 volts at 50 
ma. A 350 -volt unregulated supply is available. 

Solution: Two series -connected 105 -volt 0B2's will regu- 
late at 210 volts. Each tube will carry the same current since 
they are in series. The tube current is chosen as 17.5 ma. 

Determine the unregulated supply voltage under load as 
before. Assume that it is 290 volts when 67.5 ma. is drawn 
from it. ( Remember the total supply current is the sum of the 
tube and load currents 17.5 +50 =67.5 ma.) 

Placing these values in the formula gives us: 

(2) 

R 1= 
290 210 80 -1185 ohms 

.050+ .0175 .0675 
The power rating of this resistor is determined from: 

P = PR= (.0675)- 1185 
P= (.00456) (1185)=5.4 watts 

A 10 -watt unit should be used. 
RI 

UNREGULATED D.C. 
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Fig. 3. Parallel con- 
nection of VR tubes 

ROAD employed to handle 
higher load currents. 

Fig. 4. Basic ze- 
ner diode regula- 
tor circuit design. 

RI LOAD 

POWER 

SUPPLY 
ES Ez 

.1 
The actual resistance value of R1 can be juggled a bit since 

the VR -tube current range can handle any small variation. 
For example, in this case a 1200 -ohm unit would do. 

Caution: The thing to be careful of when using such a de- 
sign is to see that the load is never removed or becomes open. 
If this should happen (or if the load current is reduced or the 
a.c. input line voltage is increased), the VR tubes would be 
damaged since R1 will be too small to limit the current to a 
safe value. 

There are two points to keep in mind when designing and 
using VR -tube regulator circuits. First, the VR tube will reg- 
ulate at its rated voltage only if the current in it stays within 
the operating limits given in Table 1. The load current or line 
voltage (or both) may change over fairly wide limits, but as 
long as the VR -tube current stays within its operating range, 
regulation will take place. Second, the regulation is not per- 
fect. Over the current range the VR -tube voltage may change 
several volts. The percentage of regulation, however, is still 
from 1 to 10% (depending on the tube used) and this is quite 
satisfactory for many applications. Better regulation is ob- 
tainable only with more complex tube or transistor circuits. 

Neon glow lamps, like the common NE -2 or NE -51, can 
also be used as voltage regulators. They are very similar in 
operation to the VR tube, but they do not regulate as well. 
Their advantages are small size and low cost. They are useful 
in applications where only a minimum of regulation is needed. 
These lamps are available in voltage ratings of 50 to approxi- 
mately 80 volts. The actual value of the regulating voltage 
varies quite widely from unit to unit and some care must be 
taken in the selection of these devices. Like VR tubes, they 
may be connected in series to regulate higher voltages. Neon 
lamp regulator design is similar to that for VR tubes. Informa- 
tion on their particular operating characteristic is available 
from manufacturers' literature. 

Zener Regulators 
The silicon zener diode is another regulating voltage de- 

vice. The resistance of this semiconductor diode varies as the 
current through it changes, while the voltage across it remains 
constant. 

The zener diode is a special semiconductor junction diode 
that is designed to operate with a reverse bias applied to it. 
Conventional semiconductor junction diodes are usually op- 
erated so as not to conduct current when a reverse bias is ap- 
plied to them. They act, essentially, as an open circuit or very 
high resistance. The zener diode, however, is made so that 
when a specific amount of reverse voltage is applied it will 
conduct. When it conducts, the voltage across it tends to 
remain constant despite current changes through it. This is 
the characteristic that makes the zener diode a regulator. 

The basic zener shunt regulator circuit is shown in Fig. 4. 
Its configuration and operation is exactly the same as that of 
the VR -tube circuit of Fig. 1. Assuming a constant supply 
voltage, if the load current changes the zener current will 
also change in such a manner to keep constant the total cur- 
rent drawn from the supply. An increase in load current is 
compensated for by an increase in zener resistance and a 
decrease in zener current. A decrease in load current is offset 
by a lower zener resistance and a higher zener current. Since 
the total current drawn from the supply through R1 is the 
sum of the zener and load currents, the action just described 
is regulation- maintaining the constant current through R1 
and a constant voltage across the zener and the load. 

Variations in the supply voltage Es are met with zener re- 
sistance and current changes to (Continued on page 70) 
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Now! Without any help from a rotator... 

Mode! 4407E 

CHA fiNii MASTER FM RONDO 
WORLD'S FIRST TRULY OMNI -DIRECTIONAL ANTENNA! There's 
a real need for an FM antenna that receives stations strongly from 
all diirections- without a rotator. Turnstiles are supposed to do 
the job -but they do not! They have weak sides that drop off up 
to 8 DB. 

The FM Rondo is a spectacular breakthrough in FM antennas. 
It has no weak sides. It picks up strongly from all directions. 
Thanks to its unique "Tri -Di" dipole design, the Rondo has a 

roughly circular reception pattern which remains constant on all 
FM frequencies; provides up to 7.4 db more gain than turnstiles; 
gets more stations. 

TDRRERFOR ANCE 
DEFER,` 

Good Housekeeping 
SIVARANTEES 

44iffn DRREFUNDTDCAas 

C H A N N E L MASTER 
E L L E N V I L L E, N ti. 

The Proof is in the Polar Pattern! 
Rondo has true Omni- directivity 
with up to 7.4 DB more gain. 

Compare Rondo (solid line) 
with turnstile (dotted line). 
Turnstile patterns are "peanut - 
shaped". Drop -offs are high as 
8 DB. A single bay Rondo is as 
good as a single bay turnstile 
on its strongest sides -but up 
to 7.4 DB better than turnstile 
on its weak sides. 

TRY THIS 
for Maximum 
Omni -Directional 
Performance in 
Fringe Areas... 
at Lowest Cost: 

*Ai 
RONDO TELSTAR FMX BOOSTER 

GREATER 

POWER - 
THAN A 

5-ELEMENT 

YAGI ON A 
ROTATOR 
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OH\ FRYE 
Recent crackdowns on a few shady service operators may 
be a real disservice to the conscientious, ethical TV servicer. 

THE FRAUDULENT TECHNICIAN -A MINORITY 
" "EY, Mac, did you ever have an experience with one 

of those investigators who rig up a TV set with 
some simple complaint and then have you fix it 

to see if you're honest in your charges ?" Barney asked his 
boss. 

"Not that I know of," Mac answered. "Of course such a 
set could have gone through the shop without my being 
aware of it. If your repair bill seems honest, I suppose you 
never know. But what brought up this morbid subject ?" 

"Oh I was reading about a case in which a state bureau 
of consumer fraud received several complaints about a par- 
ticular radio and TV repair concern with several branches. 
According to the story, three TV receivers were put in per- 
fect operating condition, and then a defective damper tube 
and fuse were installed in each. The doctored sets were 
placed in the homes of investigators for the bureau, and 
three different branches of the company under suspicion 
were called for service. 

"The bureau people figured a good technician should be 
able to locate and repair the trouble quickly right in the 
home and that $10 would be a reasonable charge. Instead, 
in each case, the technician said the receiver had to go into 
the shop; and in all instances the receivers were returned 
with identical $39.85 bills. What was worse, parts in a couple 
of the sets had been marked with ink visible only under spe- 
cial lighting. Examination with this light revealed that while 
the bills included charges for new parts, the old parts were 
still in the set. 

"The case was taken to court, and I don't know how it 
came out; but doggone it! why is someone always trying to 
make us look bad? The Better Business Bureau in the city 
where this happened admitted 80% of the complaints re- 
ceived were made against only three -fourths of 1% of the 
service shops advertising in that city. In other words, one 
guy suspected of being crooked among a hundred and thirty 
honest ones louses up things for everybody! Investigations 
like this throw the spotlight on that one guy, and the major- 
ity of the people jump to the conclusion he's typical of the 
whole service fraternity. I'd not be surprised if publicity 
like this doesn't breed crookedness. A fellow who has been 
playing it straight and finds his customers regarding him 
vith suspicion after a story such as this appears is likely to 
decide: 'If you've got the name, you may as well have the 
game.' " 

"Whoa, boy; steady now!" Mac interrupted, although he 
was smiling sympathetically. "I appreciate how you feel, but 
let's not get carried away. We're human enough to dislike 
having anyone in our `group' branded as a crook. Maybe 
deep -down we're afraid of suffering a stigma through guilt - 
by- association. We know that can happen. But we mustn't 
let this instinctive fear go far enough that we want the 
guilty protected from exposure." 

"But why is the service fraternity singled out ?" 
"Actually it's not. A few black sheep turn up in every 

flock. Evers' week lawyers are being disbarred, physicians 
lose their licenses to practice, storekeepers and filling station 

operators are warned about scales or pumps that give short 
measure, and even a few hapless clergymen succumb to 
temptation. Don't forget there was a Judas among the twelve 
disciples. You must never allow the discovery of a few crooked 
service technicians to make you feel either guilty or cynical. 
Honesty is an individual matter. You can't hold yourself 
personally accountable for the honesty of every individual 
practicing the same trade or profession you practice. All you 
can do is make sure that one member of that group, yourself, 
is scrupulously honest, and you can place yourself squarely 
on record as being opposed to any shady dealing." 

"Then you're not opposed to these investigations ?" 
"Not when they are properly conducted by responsible 

people and the findings are accurately and adequately re- 
ported. An example of the kind of investigation I do not want 
was one conducted several years ago by a magazine. The 
obvious purpose of this investigation was to come up with 
a sensational article that would sell magazines. The title of 
the article was something like `The Radio Repairman Will 
Gyp You.' Note what a blanket indictment that is. It leaves 
the impression all radio repairmen are crooked. If you read 
the whole article, you found out this was not the case at 
all; but many never read or remembered anything but that 
misleading title. The lingering, bitter memory of that article 
probably accounts for a lot of the resentment and distrust 
many technicians still feel toward any attempt to unmask the 
few chiselers in their ranks." 

"Well, I've got the feeling we're going to be in for a lot 
more of these investigations. Thirteen states already have 
Bureaus of Consumer Fraud, and more states are consider- 
ing setting them up. Inasmuch as the first of these bureaus, 
the one in New York, was established in 1957, you can see 
they're spreading rapidly." 

"You seem pretty well informed about them; so how's about 
filling me in ?" Mac suggested. "How do they differ from Bet- 
ter Business Bureaus ?" 

"For one thing, a Bureau of Consumer Fraud has more 
teeth than a Better Business Bureau," Barney explained. "The 
BBB is a voluntary, self -regulating agency of business itself. 
While it can bring strong public opinion to bear, it cannot, 
by itself, dole out legal punishment. The Bureau of Consumer 
Fraud, on the other hand, is a state government agency di- 
rected by the state attorney general and backed by the legal 
power of the state. The attorney general can get an injunction 
to force a concern to stop its shady dealing, and he can even 
dissolve a corporation that persists in bilking its customers." 

"What kind of investigations does the bureau make ?" 
"It investigates any complaint in which a customer thinks 

he has been cheated or swindled by a seller of goods or 
services. That includes everyone using worthless guarantees, 
bait advertising, high- pressure selling tactics, or padded 
service charges. Not all the complaints are found to be justi- 
fied, of course; and the bureaus say that when this is the case, 
the customer is told his complaint is unreasonable. As the 
New York bureau chief, Barnett Levy, puts it: 'We won't 
knuckle under to a firm, but neither will we browbeat it.' " 

56 ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


New 1964 HeathkifAllCharrnel* Color TV 

GR-53A 

$39900 
(Includes chassis, 

all tubes, VHF & UHF 
tuners, mask, mounting 
kit, & special speaker) 

Optional cabinet $49.00 

Everything you need for the best in color TV viewing- 
Build it in 25 hours -Save hundreds of dollars! 

*FCC Requires UHF As Of April 30! A new 
Federal law requires that all TV sets built 
or imported after April 30, 1964 be equipped 
to receive all VHF & UHF channels, 2 
thru 83. 
Heathkit Has Everything For All -Channel 
Reception In One Complete Unit! As a re- 
sult, Heathkit now offers you a new model 
consisting of chassis, tubes, face mask ... a 
new wall mount . . . a new all- transistor 
UHF tuner ... and a special 6" x 9" speaker ... everything you need for complete high 
fidelity all- channel color and black & white 
TV reception ... for only $399! 
Cabinet Or Custom Installation ! After as- 
sembly, simply slip the complete unit into 
the handsome walnut- finished hardboard 
cabinet! Or if you prefer, mount it in a wall 
or custom cabinet. 
Anyone Can Build It! No special skills or 
knowledge required! Here's what one 
Heathkit Color TV owner, Mr. Thomas R. 
McMahan of Cincinnati, Ohio says about 
the manual: "I would consider the manual 
to be equal to a lifetime of warranties with 
an ordinary television." All critical assem- 
blies are factory -built & tested! Simple step - 
by -step instructions take you from parts to 
picture in just 25 hours! 
Exclusive Built -In Service Center Eliminates 
Maintenance Costs! You align, adjust and 
maintain the set yourself with the degaussing 
coil, service switch, and built -in dot genera- 
tor! No more costly TV service calls! No 
other set has these self- servicing features! 

May, 1964 

No Expensive Service Contract! Since you 
service and maintain the set, there's no need 
for a costly service contract. Heath warrants 
picture tube for I year, all other parts for 
90 days! 
Keep Your Present TV As A "Second" Set! 
Many manufacturers require your present 
set as a trade -in to qualify for their adver- 
tised price. With Heathkit, no trade -in is re- 
quired! Your present set becomes a handy 
"second" set for use in den, children's room, 
bedroom, etc. 
Quality & Performance Comparable To Sets 
Costing $600 & More! In addition to the 
features already mentioned, compare these 
to other, more expensive models: 26 -tube, 
8 -diode circuit Deluxe Standard -Kollsman 
nuvistor tuner with "push -to- tune" fine tun- 
ing for individual channels High definition 
RCA 70° 21" color tube with anti -glare 
bonded safety glass 24,000 volt regulated 
picture power Automatic color control and 
gated AGC for peak performance 3 -stage 
high gain video I.F. Line thermistor for 
longer tube life & thermal circuit breaker 
for component protection. 
Enjoy Complete TV Reception Now! Start 
enjoying complete TV viewing by ordering 
the new 1964 Heathkit 21" High Fidelity 
Color TV now! 
GR -53A, chassis, tubes, mask, VHF & UHF 

tuners, mounting kit, speaker, 
132 lbs. $399.00 
GRA -53A -1, walnut finished cabinet, 

70 lbs. $49.00 

CIRCLE NO. 118 ON READER SERVICE PAGE 

Limited Supply Of "VHF Only" Models 
Left! Our previous "VHF only" model 
and its accessories are still available on a 
limited quantity basis. If you want a color 
set without UHF, hurry and order from the 
price list below, now! 
Kit GR -53, chassis & tubes, 118 lbs.$349.00 
GRA -53 -1, walnut- finished cabinet, 

70 lhs. $49.00 
GRA -53 -3, custom mounting kit (order for 

wall or custom cabinet installation) 
10 lbs $4.00 

r-- 

FREE 1964 
HEATHKIT CATALOG 
See these and over 250 other 
exciting Heathkits available in 
easy -to -build kit form. Save 
50% or more by doing the easy 
assembly yourself! Send for 
your free catalog today! 

HEATH COMPANY, 
Benton Harbor, Michigan 49023 

Enclosed is $ plus freight. 
Please send model(s) - - 

Please send my Free 1964 Heathkit Cata- 
log. 

15 -5 -1 

J 
1 

Name 

Address 

City State Zip 
CL-174 

57 

www.americanradiohistory.com

www.americanradiohistory.com


send for NEW FREE 

CRYSTAL CATALOG 1 
with NEW TRANSISTOR 
OSCILLATOR CIRCUITS 

BIG MODERN PLANTS 
3 TO SERVE YOU BETTE 

2 in Fort Myers 1 in Los Angel s 

HERMETICALLY SEALED 
PRECISION GROUND 

CUSTOM -MADE 
NON -OVEN CRYSTALS 

Top performance assured with quality con- 
trolled throughout manufacture. Gold or silver 
plating acts as electrodes. Crystals are spring 
mounted and sealed under vacuum or filled 
with inert gas. Very high frequency stability. 
Max. current capacity is 10 milliwatts -5 for 
overtone type. Conformity to military specifi- 
cations guranteed. 
1000KC to 1600KC (Fund. Freq.) 

Prices on Request 
1601KC to 2000KC (Fund. Freq.) ____$5.00 ea. 
2001KC to 2500KC (Fund. Freq.) 4.00 ea. 
2501KC to 5000KC (Fund. Freq.) 3.50 ea. 
5001KC to 7000KC (Fund. Freq.) 3.90 ea. 
7001KC to 10.000KC (Fund. Freq.) __._ 3.25 ea. 
10.001KC to 15,000KC (Fund. Freq.) 3.75 ea. 
15MC to 2OMC (Fund. Freq.) 5.00 ea. 

OVERTONE CRYSTALS 
15MC to 30MC Third Overtone $3.85 ea. 
30MC to 40MC Third Overtone 4.10 ea. 
40MC to 65MC Third or Fifth Overtone 4.50 ea. 
65MC to 100MC Fifth Overtone 6.00 ea. 

DRAKE 2 -B Receiver Crystals $4.00 
(All Channels -Order by Freq.) 

OVEN -TYPE CRYSTALS 
For Motorola, GE, Gonset, Bendix, etc. 
Add $2.00 per crystal to above prices 

SUB -MINIATURE PRICES slightly higher 
CITIZEN BAND Class "D" Crystals . $2.95 
Over 50.000 CB crystals in stock for all sets 
and channels. both HCIi /U and miniature types. 
To insure proper correlation and correct freq. 
operation. order by manufacturer model num- 
ber and channel. 

Amateur, Novice, Technician Band Crystals 

.01% Tolerance ... $1.50 ea. - 80 meters (3701- 
3749 KC) 40 meters (7152 -7198 KC), 15 meters 
(7034 -7082 KC), 6 meters (8335 -8650 KC) within 1 KC 
FT -241 Lattice Crystals in all frequencies from 370 KC 
to 540 KC (all except 455 KC and 500 KC) ..$1.25 ea. 
Pin spacing Ys" Pin diameter .093 
Matched pairs - 15 cycles $2.50 per pair 
200 KC Crystals $2.00 ea. 
455 KC Crystals $1.25 ea. 
500 KC Crystals $1.25 ea. 
100 KC Frequency Standard Crystals in 
HC13 /U holders $4.50 ea. 
Socket for FT -243 Crystal . 15c ea. 
Dual Socket for FT -243 Crystals __ 15c ea. 
Sockets for MC -7 and FT -171 Crystals .__. 25c ea. 
Ceramic Socket for HC6 /U Crystals 20c ea. 

NOW ... 48 HOUR SHIPMENT 

ALL TEXAS CRYSTALS are made to exacting 
specifications. quality checked, and uncondi- 
tionally guaranteed! 

NEW TWX SERVICE 
Fort Myers - 813 -334 -2830 

Los Angeles - 213 -737 -1315 

ORDER FROM CLOSER PLANT 

tTEXAS CRYSTALS/ 
DEPT. R -54 Division of 
1000 Crystal Drive 
FORT MYERS, FLORDA 
Phone 813 WE 6 -2109 
TWX 813 -334 -2830 

AND 
4117 W. Jefferson Blvd. 
LOS ANGELES, CALIF. 
Phone 213- 731 -2258 
TWX 213- 737 -1315 

CIRCLE NO. 134 ON READER SERVICE PAGE 
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"Let's hope that will be the policy of 
all the bureaus, but there's just one little 
thing that worries me," Mac admitted. 
"Certainly no one can defend a tech- 
nician's charging for work not performed 
nor for parts not installed; but when you 
come to deciding whether or not the 
technician is justified in attempting to 
improve the reception of any TV set, 
you're not on such firm ground. 

"Take that business of saying a set 
to be used in an investigation is `in per- 
fect operating condition' outside of the 
deliberately induced faults. Quite can- 
didly, I don't recall ever seeing a TV 
receiver I'd be willing to say was in 
`perfect' operating condition, and I don't 
ever expect to see one. The layman 
might call the picture on it perfect, but 
not a trained technician. Invariably the 
latter would be able to point out a little 
non- linearity, a trace of a ghost, a sug- 
gestion of ringing, a little lack of defini- 
tion, a bit of distortion or noise in the 
sound, etc., etc. In some cases these 
slight imperfections would be inherent 
in the set, but in other cases a decided 
improvement could be made if it were 
considered worth while." 

"Yeah, and that would depend on how 
much of a perfectionist the technician 
was and how fussy he believed the cus- 
tomer to be," Barney added. "How often 
does a customer leave a `dead' radio for 
repair, and after we've replaced the 
burned -out tube we find the set has too 
much hum, a slipping dial cord, or a 
noisy volume control? If we only put in 
the new tube that restores the radio to 
a playing condition, the customer comes 
bouncing back indignantly demanding 
if that's the way we fix sets. How about 
the hum? the noisy control? the slipping 
dial cord? It makes no difference that 
he failed to mention these things. He 
expects us to notice and correct them. 
Figuring out how far to go toward try- 
ing to achieve perfection is not an easy 
thing. Sometimes you're damned if you 
do and damned if you don't. And don't 
forget what every doctor knows: some- 
times you arrive at the true cause of 
an infection by a process of eliminating 
possible and likely causes one by one." 

"Truer words were never spoken! Last 
summer on vacation my car began to 
miss, and I took it to a garage. The 
mechanic first put in new points. Then 
he installed a new condenser. Next he 
cleaned and adjusted the carburetor. 
Finally he replaced a resistor -type spark - 
plug wire, and that cured the trouble. 
Actually all I needed to stop the missing 
was that new wire, but I had to pay for 
all the rest. And I must admit the points 
were rather badly pitted, the condenser 
showed a little leaky, and the carburetor 
had some dirt in it. Any one of these 
things could have been causing the dif- 
ficulty and likely would have given me 
trouble later; so I paid the bill without 

bellyaching. I didn't feel the mechanic 
was trying to cheat me, and I hope he 
would give me the same consideration 
if I were working on his TV receiver." 

"Well," Barney summed things up, "I 
guess we agree there are going to be 
more and more fraud investigations of 
all kinds of business. This is okay in the 
radio and TV service industry -with cer- 
tain provisions: 1. An investigation 
should be undertaken only by a respon- 
sible government agency in response to 
complaints, not by witch- hunting ama- 
teurs. 2. Tests used in the investigation 
should be set up by people with a great 
deal of practical experience in service 
work. The technician must not be 
penalized for thoroughness. 3. Investi- 
gators should use a rifle rather than a 
shotgun to pick off the fast -buck boys. 
The guilty should be punished, but the 
innocent must be protected -hey, what 
are you chuckling about ?" 

"I couldn't help thinking we sound a 
little bit like Mark Twain. Remember? 
He said he didn't mind criticism, but it 
had to be his way!" 

EW Lab Tested 
(Continued from page 22) 

of force but any music record we had 
was tracked without difficulty at 1.5 
grams, which was the force we used dur- 
ing our measurements. Intermodulation 
distortion was moderately low at 1.5 
grams and was very low at 3 grams. 

The listening quality of the "Mark IV" 
was essentially similar to that of earlier 
versions. It has a natural, unstrained 
quality, free from audible peaks or color- 
ation, and with satisfactory separation. 
The needle talk is very low. Naturally, 
there is no induced magnetic hum. It is 
unlikely that anything but the most 
critical A -B tests could reveal any audi- 
ble difference between the Sonotone 
"Velocitone Mark IV" and the most ex- 
pensive magnetic cartridges. With its 
low mass and high compliance, this ex- 
cellent cartridge can do justice to the 
finest high -fidelity music system. 

The "Mark IV" is available in two 
versions. The Model 9TAF -SDHCV, 
which we tested, has a 0.7 -mil diamond 
and a 3 -mil sapphire stylus, in a replace- 
able turnover assembly, and sells for 
$20.25. The Model 9TAF- D77HCV has 
dual 0.7 -mil diamonds, for doubled 
stylus life, and is priced at $24.25. Both 
prices include plug -in equalizers. 

"ROUND THE WORLD" TRIP 

THE grand prize in International Rec- 
tifier's "Round the World" contest is 

a 28 -day solo trip around the world or a 
15 -day trip for two to Europe. Electronic 
technicians are invited to get entry blanks 
at their local IR distributor. The contest, 
which opened on March 1st, closes on 
April 30, 1964. Details are available from 
the company's distributors. A 
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Ready for final inspection- 

i 
with Heathkit 

quality test apparatus! 

Line up those faulty, suspected or ques- 
tionable electronic components encount- 
ered in daily service work and give them a 

complete and thorough test with accurate, 
dependable Heathkit test instruments! 
Heathkit test equipment is recognized 
nation -wide for its value and performance 
at low cost. Latest design features and 
quality components team -up to bring you 
complete up -to -date test facilities that are 
unsurpassed in their field. As the world's 
largest kit manufacturer Heath brings you 
extra savings through volume purchasing 
power in addition to sa ings realized by 
buying direct! Equip your lab or service 
shop with Heathkit now and enjoy the 
finest at the lowest cost! 

Heathkit Deluxe Capacitor Checker 
Safely tests all capacitor types- includ- 

ing miniature electrolytics Low bridge 
voltage Direct reading scale -no in- 
volved calculations Measures capacity 
or resistance directly with internal stand- 
ards 16 switch -selected leakage testing 
voltages Calibrated power factor control 

"Eye" tube indicator Measures "L ", 
"C ", or "R" with external standard 

Easy to build and operate with complete 
instructions furnished An instrument no 
test bench should be without! 
SPECIFICATIONS -Test circuit: AC bridge, powered 
through special bridge Aran, :or me: by an internal 60 cycle 
supply nr by an external :din rir n, v01150utoUt. 
UPp,.r .:quency limit. '.0 . Capacitance, 4 ranges: 10 LILA' 

May, 1964 

to .005 Mc]: .001 ufd to .5 utd:.1 uld to 50 eId; 20 old to 1000 
aid. Capacitor leakage: DC test voltages horn 3 to 600 volts 
in 16 steps. Resistance. 3 ranges: 5 ohms to 5000 ohms; 500 
ohms to 500 K ohms: 50 K ohms to 50 megohms. Comparator 
circuit: External standard R, L or C: Max. Ratio 25 -1. Power 
supply: Transformer- operated, halLwave rectifier. Power 
requirements: 105 -125 volts AC, 50/60 cycles, 30 watts. Di- 
mensions:9 %" high x 64' wide x 5" deep. 

Kit IT-II . 7 lbs $29.95 

Heathkit Mutual Conductance Tube Tester 
Finest tube tester value in the industry! 
Provides complete and thorough tests of 

all tube types Indicates Gm to 24,000 
micromhos Ultra -sensitive grid current 
test Direct reading ohmmeter leakage 
test Built -in switch -operated calibration 
circuit Constant current heater supplies 

Life test Built -in adapter for corn - 
pactron, nuvistor, novar & 10 -pin minia- 
ture tube types Tube data subscription 
service available. 
SPECIFICATIONS -Power requirements -Voltage: 105- 
125, 60 cycle AC. Watts: 10.60 (dependent upon tube under 
liet). Plate supply: (SILICON RECTIFIERS). DC volts: 26, 
90, 135, 225 + variable 80 to 200 (Separate DC supply for space 
ehan.ie grids). AC volts: 20, 45, 177. Bias supply: (SILICON 
RECTIFIER). Low range: 0 to negative 5 volts DC. High 
range: 0 to negative 20 volts DC. Signal voltages: 2, 1..5, 
.25 volts AC 5000 cycles. Filament supply voltage: .65, 1.1, 
1.5, 2, 2.5. 3.3, 5, 6.3, 7.5, 10, 13, 20, 27.7, 35, 47, 70 and 115. 

Currents: 300. 450, 600 ma. (Note: Filament voltage is reduced 
10% during life test). Testing circuits Gm: (Mutual con- 
ductance- amplifiers) 0- 24,000 micromhos. Emission: Recti- 
fiers and diodes. Leakage: Direct reading ohmmeter. Grid 
current: X microampere sensitivity. Voltage regulators: 
Firing voltage and regulation tolerance. Low power thyra- 
trons: Grid characteristics. conduction capabilities. Eye 
tubes: Control grid characteristics. Meter AC:1000 ohms /volt 
(1 volt toll scale). DC: 89 ma lull scale. Scales: Gm: 0 -3000 
micromhos. VR test volts: 0 -200 volts. Leakage: 0 -t0 megohms, 
D ie,i, - O.K. Rectifiers O.K. Line check arrow at midscale, 
Tube complement: (1) 3A4 oscillator, (1) 12AV6 meter don - 

CIRCLE NO. 118 ON READER SERVICE PAGE 

... 

trot. Calibration circuit: Built -in switch operated. Socket 
accommodations: 4 -pin, 5 -pin, 6 -pin, 7 -pin combination and 
pilot light, 5 & 7 -pin nuvistor, 7 -pin miniature, 7 -pin sub- 
miniature, 8 -pin sub -miniature, octal, !octal, 9 -pin miniature, 
9 -pin, Novar, ten -pin miniature, 12 -pin Compaction, Line 
voltage adjustment: Continuously variable. Roll chart 
mechanism: Constant tension, free rolling, thumbwheel 
operated, illuminated. Dimensions: Cabinet (outside): 17'/,- 
W o 13%" H a 8y," D. Panel and chassis: 17" W x 12);" H 
x 5;.!:" D. 

Kit TT -IA ... 34 lbs. $149.95 

FREE CATALOG 
Send for your Free copy 
today! Fully describes over 
250 exciting Heathkits at 
savings of 50% or more! 
Choose from the world's 
largest selection of quality 
instruments in easy -to- 
assemble kit form! 

HEATH COMPANY 
Benton Harbor, Mich. 49023 

i 5-5-2 

Please send free 1964 Heathkit Catalog. 

Enclosed is E , plus postage. 

Send model(s). 

Address 

City State Zip 
TE -124 
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Sold only by Radio Parts Distributors 

"Based on cost comparison in current catalogs. 

MULTICORE SALES CORP., PORT WASHINGTON, N Y. 

CIRCLE NO. 124 ON READER SERVICE PAGE 

RADIO HANDBOOK 
- the comprehensive 

reference source 
- a problem solver for 

designers and builders 
of radio equipment 

Gives simplified theory on practically every 

phase of radio. Tells how to design, build, 

and operate the latest standard types of 

radio transmitting and receiving equipment. 
More "How -To- Build" articles than any 
book in the field. 

All information is original, up -to -date, and 
complete. 800 pages of data, clearly indexed, 
between hard covers -the largest RADIO 
HANDBOOK ever published. 

Book -166 

$9.50 (foreign $10.50) 
Order from your favorite electronic parts distributor. 

If he cannot supply, send us his name and your 
remittance, and to trill supply. 

EDITORS and ENGINEERS, Ltd. 
Summerland 2, California 93067 

Dealers: Electronic distributors, order from us. 

Bookstores, libraries, newsdealers order from Baker & 

Taylor, Hillside. N. 1. Export (exc. Canada), order 

from H. 1. Snyder Co.. 440 Park Ave. So.. N.Y. 16. 

CIRCLE NO. 141 ON READER SERVICE PAGE 
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New FCC Rules 
(Continued from page 30) 

a desire to add this equipment to his 
line because of the ever -growing de- 
mand. Some u.h.f. equipment manufac- 
turers are now furnishing equipment to 
other manufacturers for resale under a 

private -brand name. 
The use of shared u.h.f. relay stations 

is also authorized. This means that a 
single relay station may be used by sev- 
eral licensees who share in the cost of 
maintenance and leasing or purchase of 
the equipment. By using tone squelch, 
use of the relay station by unauthorized 
stations is prohibited. 

The 952- 960 -mc. microwave band is 

now available to Business Radio Service 
licensees, but only for control of base 
stations. Heretofore, the operation of 
private microwave systems by Business 
Radio Service licensees had been re- 
stricted to frequencies above 10,000 mc. 

The rules, however, provide for op- 
eration of fixed point -to -point radio sys- 
tems on the five business channels in the 
27 -mc. band just above the Citizens 
Band, on 80 channels in the 72- 76 -mc. 
band, on the low -power general purpose 
channels in the low, high, and u.h.f. 
mobile bands, and on the 49 Citizens 
channels in the u.h.f. band which are 
used primarily for business. 

In the case of most land mobile serv- 
ices, radiotelephony using either AM or 
FM is normally authorized, but the rules 
state that other emissions may be author- 
ized when the applicant makes a factual 
showing of need therefor. This implies 
that transmission of facsimile, data, tele- 
typewriter, control, and telemeter sig- 
nals may be authorized. 

It is required that only type- accepted 
equipment be used in the land and ma- 
rine mobile services, with the exception 
of Citizens class -D equipment. How- 
ever, the rules state that transmitters 
operated at less than 200 milliwatts 
input need not meet FCC technical 
standards for type acceptance if they 

are adjusted so that the sum of the 
bandwidth occupancy plus frequency 
tolerance will not cause emission of 
signals more than 40 kc, removed from 
the assigned carrier frequency that are 
not attenuated at least 30 db. This means 
that some of the Part 15 (under 100 - 
milliwatt) walkie- talkies may be used 
in licensed radio systems when AM is 

employed. 
Operation of land mobile radio sys- 

tems at airports on nine channels be- 
tween 121.60 and 121.95 mc. is author- 
ized. Such aeronautical utility stations 
must use AM and be employed only 
to meet the necessities of ground traffic 
control, and for communication with 
control towers, vehicles, and aircraft on 
the ground. 

Use of SSB (single sideband) with 
reduced carrier on the marine frequen- 
cies between 1600 kc. and 30 mc. is now 
authorized as is the use of DSB with 
reduced carrier and the continued use 
of conventional DSB -AM (double -side- 
band AM) . Private limited coast stations 
may be licensed to operate on 156.45 
mc. using FM for communicating with 
boats. Eligibility is limited to operators 
of public moorage facilities and yacht 
clubs with mooring facilities. 

Frequency tolerances are also tighter 
in some cases. Ship station transmitters 
must maintain 0.02% frequency stability 
in the 1600 -2070 and 2080- 3500 -kc. 
ranges and 0.005% in the 2070- 2080 -kc. 
range. Land mobile frequency remains 
at 0.002% in the low band and 0.0005% 
in the high and u.h.f. bands except for 
transmitters operated at less than 3 
watts input, and class -A Citizens sta- 
tions. In the u.h.f. aviation band, fre- 
quency stability of land mobile units of 
less than 5 -watt rating must be 0.01% 
and 0.002% for higher -powered units. 

The new rules do not include the 
controversial Citizens Radio Service rule 
changes that were proposed. As of the 
December 21 version of the rules, there 
have not been many changes in CB 
rules except to reaffirm the purposes for 
which CB can be lawfully used. 

Frequency Tolerances in Percentages* 

Frequency Range 

in Mc. 

Less than 

3 watts 
3 to 300 

watts 
Over 

300 watts 
Citizens 

Bands 

Below 25 0.02 0.01 0.005 

25 - 50 0.005 0.002 0.002 0.005 

50 - 1000 0.005 0.0005 0.0005 0.001** 

1850 - 1990 0.02 0.02 18 watt limit 

2110 - 2200 0.02 0.02 15 watt limit 

2500 - 2700 0.02 0.02 12 watt limit 

6525 - 6875 0.02 0.02 7 watt limit 

12,200 - 12,700 0.05 0.05 5 watt limit 

* Power is input to final r.f. amplifier. 
** Except for class -B stations operating on 465 mc. 
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You probably thought 
top quality electronic 
test instruments 
were too expensive... didn't you? 

Well, they're not when you 
build them with money -saving RCA kits 
You've known right along that you can save money on electronic 
test instruments by building from kits. 

But you may have shied away from kits because you thought 
they involved complicated calibration or adjustment problems. 
Forget it! 
RCA kits are inexpensive, of course, but they're also easy to 
build. Build them right and they'll give you the best performance 
you can buy in their price range. 

What's better about RCA test instrument kits? 

Ease of assembly is one thing. Parts are clearly identified. Each 
assembly diagram appears on the same page as the step -by -step 
instructions for that section of assembly. There's no need to refer 
back constantly to other pages, which consumes time and in- 
creases the chance of error. 

Ease of alignment is another thing. Each kit contains complete 
instructions for accurate calibration or alignment of the instru- 
ment. Where necessary, precision calibrating resistors are pro- 
vided for this purpose. 

What does it mean? It means that with RCA kits you can get a 
professional V -O -M or VTVM for as little as $29.95°`. Or you can 
get a good oscilloscope (one of the most useful -but normally 
one of the most expensive -test instruments) for only $79.50'` 

Specialized instruments such as an AC VTVM or an RF Signal 
Generator are also available as kits for far less than they would 
cost otherwise. In every case, RCA kits, when completed, are 
identical with RCA factory assembled instruments. 

Each sub -assembly is described in a separate section with illustrations applying 
to that sub -assembly available at a glance. No cross referencing necessary. 

LOOK WHAT'S AVAILABLE TO YOU IN KIT FORM: 

RCA VOLTOHMYST®. The most RCA SENIOR VOLTOHMYST. 
popular VTVM on the market. A professional VTVM. 
WV- 77E(K). Kit price: $29.95" WV.98C(K). Kit price: $57.95* 

RCA RF SIGNAL GENERATOR. For 
audio and TV servicing. 
WR- 50A(K). Kit price: $39.95* 

RCA TV BIAS SUPPLY. For RF, IF 
alignment in TV sets. 
WG- 307B(K). Kit price: $11.95* 

RCA VOLT -OHM -MILLIAMMETER. RCA 3 -INCH OSCILLOSCOPE. Corn - 
One of most useful instruments. pact, lightweight, portable. 
WV- 38A(K). Kit price: $29.95* WO- 33A(K). Kit price: $79.95* 

RCA TRANSISTOR -RADIO DYNAM- 
IC DEMONSTRATOR. For schools. 
WE- 93A(K). Kit price: $39.95* 

RCA V -O -M DYNAMIC DEMON- 
STRATOR. A working V -O -M. 
WE- 95A(K). Kit price: $37.95* 

RCA HIGH -SENSITIVITY AC VTVM. 
Doubles as audio pre -amplifier. 
WV- 76A(K). Kit price: $57.95* 

See them all -and get full techni- 
cal specifications for each -at your 
local Authorized RCA Test Equip- 
ment Distributor. Or write for in- 
formation to: Commercial Engi- 
neering, SectionE -41 -W, RCA ELEC- 
TRONIC COMPONENTS AND DE- 
VICES, HARRISON, N. J. 

*User price (optional) 

RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, N.J. 

The Most Trusted Name in Electronics 
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UNUSUAL D.C. TO D.C. SUPPLY 
By R. L. WINKLEPLECK 

One - transistor power supply delivers 15 watts 
over wide range of regulated output voltages. 

SINGE the advent of power transis- 
tors, a number of circuits are avail- 

able to convert low d.c. voltages to much 
higher levels. 

Most of these circuits involve the use 
of multiple transistors in complex cir- 
cuits. This supply's claim to fame lies in 
its simplicity, efficiency, and effective 
output voltage regulation. It is well 
suited for applications requiring only 
modest regulated power (since it uses 
only one transistor) and especially to 
those applications where the supply 
must be left on for long periods but 
power is drawn intermittently. 

Under these conditions, the over -all 
efficiency increases considerably, making 
this unit ideal for use in a portable elec- 
tronic photoflash, for a Geiger counter 
or megohmmeter, or for a small portable 
transceiver. It will supply almost fifteen 
watts of power at a wide range of regu- 
lated voltages. The complete converter 
is extremely small and can be built into 
a small package. 

The circuit operates on the flyback 
principle similar to that used in a TV 
high- voltage system. As in the TV set, 
the transformer must have a special 
high -permeability core to reduce heating 
and increase efficiency. A small molyb- 
denum Permalloy toroid is ideal for this 
purpose and you may save money by 
winding your own transformer. 

The basic pulsing of the transformer 
primary to produce high secondary 
pulses is well understood. But, let's fol- 
low the schematic to see how the regula- 
tion is achieved. When power is first ap- 
plied to the circuit, the biasing effect of 
R1 and the leakage current through the 
transistor cause a positive voltage to be 
placed across the 35 -turn transformer 
power winding and also across the 25- 
turn feedback winding. The dots on the 
schematic indicate the beginning of each 
winding. This produces a current flow 
through starting capacitor Cl which 
turns the transistor "on." Almost imme- 
diately, the voltage across Cl reaches 
the small starting voltage of diode D2 
through which the bias current continues 
to flow. A silicon diode exhibits a high 
forward resistance until several millivolts 
are dropped across it. Then it conducts 
freely in what is considered a normal 
manner. During this "on" period, zener 
diode D3, the regulating diode, has a 

small reverse voltage across it equal to 
the transistor emitter -to -base voltage 
drop. D4 will also have a back voltage 
developed in the output winding of the 
transformer. 
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With both transistor junctions forward 
biased, the transistor is driven to satura- 
tion with current and voltage in the 
power winding rapidly climbing. The 
saturation limit of the transistor is 
quickly reached and as the transistor 
comes out of saturation, the current 
through the power winding levels off. 
The transistor base current decreases, 
causing the current through the power 
winding to decrease regeneratively, and 
the voltages across all windings drop to 
zero. 

At this point, the energy stored in the 
core is released in a flyback action, the 
voltages across the windings reverse and 
the transistor is completely cut off. The 
reversing voltage makes D4 conductive 
and the energy stored in the transformer 
is, during the flyback period, transferred 
to C4. When the current in the output 
winding falls to zero, there is no longer 
any reverse voltage to hold the transistor 
"off" and the cycle repeats. 

During the first few flyback pulses, the 
voltage across C4 climbs rapidly, but 
thereafter it changes only slightly with 
each pulse. The flyback current through 
the transformer output winding decays 
more slowly as the charge on C4 rises. 
During each flyback interval, regulator 
capacitor C2 is charged through D1 and 
D3 to a voltage bearing approximately 
the same ratio to the voltage on C4 as 

the ratio of the two transformer wind- 
ings. Eventually, C2 becomes charged to 
a level greater than the zener voltage of 

D3. When this happens and the next 
"on" period is ready to start, C2 dis- 

Fig. 1. Circuit diagram and parts list 
for regulated transistor power supply. 

25T 

D3 
+ C2 

2N277 

R1- 47.000 ohm, V/2 w. res. 
C1 -.02 µj., 100 v., tubular capacitor 
C2 -25 sf., 25 v., elec. capacitor 
C3 -100 µj., 25 v., elec. capacitor 
C4- Low -leakage, high -value elec. capacitor (see 

text) 
D1,D2 -200 p.i.v. silicon rectifier (TI 1N2069 or 

equiv.) 
D3 -Zener diode (see text) 
D4 -600 p.i.v. silicon rectifier (TI 1N2071 or 

equiv.) 
UI -2N277 power transistor 
T1 -- Special toroid transformer (see text) 
B1 -4- to 6 -v. battery 

charges through D3 holding the transis- 
tor base positive and keeping it cut off. 
This back bias is less than one -half volt 
and there is virtually no conduction 
through either D1 or D2 but it slowly 
discharges through R1, the battery, and 
the power winding. Soon it is no longer 
great enough to prevent the resumption 
of oscillations and the transistor cycles a 
few more times to bring the voltage on 
C2 ( and also on C4) back up to cut -off 
level. 

Thus regulation of the voltage across 
load capacitor C4 is achieved with a vari- 
ation or swing of five to ten volts. Maxi- 
mum efficiency is realized when C4 has 
high capacitance and low leakage. As a 
matter of fact, C4 must have a capaci- 
tance of several hundred microfarads to 
give really effective regulation. A photo- 
flash capacitor, such as the 525 µf., 450 - 
volt, C -D FWSN10001, is excellent for 
C4 even though the supply is not being 
used in a photoflash unit. 

It is obvious that the level of the reg- 
ulated voltage is determined by the ze- 
ner voltage rating of D3. A 5.6 -volt 
zener in this circuit with a 5- to 6 -volt 
supply will produce a regulated output 
of 290 to 300 volts. A ten -volt zener will 
produce 485 to 495 volts regulated. As 
a rough rule of thumb, select a zener di- 
ode with a voltage rating one -fiftieth of 
the desired output voltage. This is only 
approximate and is also subject to the 
error introduced by the 5 or 10% toler- 
ance of the zener diode. It does, how- 
ever, indicate the approximate value of 
the zener diode required. Since the sec- 
ondary pulses have an extremely high 
peak, it is possible to achieve good regu- 
lation by correct zener diode selection 
over a very wide output range. 

This circuit will provide regulation up 
to or slightly beyond a fifteen -watt out- 
put. Thus, at a regulated 250 -volt out- 
put, as much as 60 ma. can be drawn 
without causing any voltage variation. 
At 500 volts, 30 ma. can be drawn and 
still maintain regulation. 

The supply draws five to six amperes 
from a 5- to 6 -volt supply and operating 
efficiency is slightly over 50 %. Other con- 
verter circuits will exceed this efficiency 
under steady -state conditions but the 
"on -off" feature of the regulation makes 
this circuit very attractive, when used 
intermittently. 

There are a number of modifications 
to the basic circuit that offer opportu- 
nities for other applications. For ex- 

ample, if a 1-4. capacitor is substituted 
for C4 and a .5 pf. for C2, the degree of 

regulation is reduced to virtually noth- 
ing, but more of the voltage of the sharp 
output peaks can be captured. A two - 
volt input at about 800 ma. will charge 
C4 to one thousand volts and this is by 
no means the upper limit. The trans- 
former itself is suitable for use in a high - 
voltage power supple based on the Hart- 
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lev oscillator circuit. By eliminating D1, 
D2, and D3, and C2 and by substituting 
a CK722 for the power transistor and a 
0.1 -,f. capacitor for C4, we have a Hart- 
ley oscillator power supply. It will pro- 
duce 200 volts open circuit with a 9 -volt, 
7 -ma. input. These are not the best 
choices for Cl and R1 to achieve maxi- 
mum efficiency but are indicative of the 
possibilities. 

C3 is needed only when the IR drop 
in the battery is great enough to warrant 
levelling out the current demand. 

The transformer core is a small dough- 
nut- shaped toroid one -inch across and 
with a small hole 0.58 -inch in diameter. 
It is manufactured by Arnold Engineer- 
ing Corp. as A- 930157 -2. The output 
winding is applied first and consists of 
860 turns of #35 Formvar or enamelled 
wire. This is the only hard part of the 
job as the other two windings are much 
smaller. 

The output winding requires about 
107 feet of #35 wire, which is first wound 
on a small bobbin then repeatedly 
threaded through the core hole. The wire 
should be evenly spaced around the 
core ending with the 860th turn back at 
the starting point. Attach color -coded 
insulated leads and apply a thin layer of 
plastic tape. 

The feedback or regulator winding is 
applied next in the same manner. About 
1) feet of #30 wire will be required for 
the 25 turns. The heavy power winding 
goes on last, again with a layer of tape 
between the two windings. The 35 turns 
of #18 wire will require about 8 feet of 
wire. The short power and feedback 
windings are quite easy to apply. Be sure 
that each winding is evenly spaced 
around the core, that they are all wound 
in the same direction, and that they are 
insulated from each other. 

The toroid core is available from the 
Duo Corp., P.O. Box 659, Terre Haute, 
Indiana, for $1.50 postpaid. The com- 
plete transformer may be bought from 
the same source for $12.50 postpaid. 

VERY -LOW R.F. SIGNALS 
By THOMAS R. HASKETT 

MOST r.f. signal generators don't 
go below about 250 kc., and if it 

is necessary to generate signals in the 
region from 20 ke. to 250 ke., "subhar- 
monies" can hardly be used -but har- 
monics can. 

It is only necessary to connect a crys- 
tal diode across the output of an a.f. 
signal generator, as shown. "Mixing" 
action will produce harmonies up to the 
5th and even (weakly) the 10th. The 
range is therefore extended to cover low 
'.f. alignment or supersonic remote -con- 
trol devices. 

AUDIO SIGNAL 
GENERATOR 
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NEW 

agnecord 1000 SERIES 

TWO SOUND INVESTMENTS IN PROFESSIONAL QUALITY 

MODEL 1021 

RECORDER/ REPRODUCER 
For Monaural Operation 

ONLY $659 
(fully transistorized) 

MODEL 1022 
RECORDER /REPRODUCER 
For Two -Track Stereo or 
Half -Track Monaural Operation 

ONLY $739 
(fully transistorized) 

1021 1022 
TAPE SPEEDS: 3.75 and 7.5 inches per 7.5 and 15 inches per second 

second 
5 -, 7 -, and 8 -inch E.I.A. hubs 5 -, 7- and 8 -inch E.I.A. hubs 
Full -track Erase, Record and Selectable 2- channel Erase, 
half -track play 2- channel Record, 2- channel 

play and 1/4 track play 
DIMENSIONS: 19" wide, 153/4" high, 12" deep 19" wide, 153/4" high, 12" deep 

REEL SIZE: 
HEADS: 

For industrial users, professional users, and all others who know 
and appreciate the professional quality of sound . . . two new 
models ... the 1021 and 1022. Both offer unprecedented reliability 
insured by the name Magnecord - at lowest conceivable prices - 
and no accessories required! Obtain all the facts, and then select 
the 1021 or 1022, depending on your needs. 

Write: Magnecord Sales Department 
MIDWESTERN INSTRUMENTS, INC. 

P. 0. BOX 7509 / TULSA, OKLAHOMA 74105 
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e ¿il. 

ARE YOU CASHING -IN 

ON THE PROFITABLE [l 

2 -WAY RADIO SERVICE BUSINESS ? 

* Motorola will train you for this rewarding, elite profession 

* Send for our FREE EVALUATION EXAM. Prove to yourself that 
you are ready to learn FM 2 -way radio servicing. 

Opportunities in 2 -way radio servicing are virtually unlimited. 
Just one of the hundreds of successful Motorola Service 

Stations writes, we would be pleased to interview any graduate 
of your school that has received some training in 2 -way radio 
maintenance. We are an established firm, 10 years old, with 
a promise of expansion governed by our ability to obtain com- 
petent technicians." Get all the facts today. There is no 
obligation and no salesman will call. 

IMMOTOROLA TRAINING INSTITUTE 
4545 West Augusta Blvd. Chicago 51, Illinois Dept. AEF417 

Send me FREE entrance exam. 

Send full details on Home Study Course on FM 2 -way Radio 
Servicing 
Send me details on how you can help me prepare for an FCC 
License. 

Name Occupation 

Address 

City Zone State 

CIRCLE NO. 145 ON READER SERVICE PAGE 

Back Issues Available 
Use this coupon to order 

back issuse of 
ELECTRONICS WORLD 

We have a limited supply of back 
issues that can be ordered on a 
first -come, first -served basis. 
Just fill in the coupon below, en- 
close your remittance in the 
amount of 65 each and mail. 

(Issues prior to 1963 
not available.) 

ZIFF -DAVIS SERVICE DIVISION 
Dept. BCEW, 589 Broadway 
New York 12, New York 
Please send the following back issues of ELEC- 
TRONICS WORLD. I am enclosing to cover 
the cost of the magazine, shipping and handling. 
Month Year 
Month Year - 
Month Year 

Name__ 

Address 

City Zone _ State 
No charge or C.O.D. orders please. 

EW 
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NEW CIRCUITS 

FOR FM PORTABLES 
AT the present time, there are quite a number of transistor 

FM portables on the market. Important differences among 
them are the circuit innovations that distinguish one maker's 
set from another. One example of these new FM portables is 
the model 12TC666, made by Toshiba. 

Most FM portables have been using some form of variable - 
capacitance diode circuit controlled by the detected signal 
voltage to control the local oscillator frequency. Toshiba, on 
the other hand, is using a transistor circuit (A) that is said to 
be more sensitive than the diode circuit. 

With the transistor connected across the oscillator tank cir- 
cuit, when the received frequency shifts, the output from 
the FM detector varies the operating current of the a.f.c. 
transistor thereby changing the capacitance between the col- 
lector and the base. This causes the local oscillator frequency 
to shift to center the i.f. to the detector bandpass frequency. 

Another circuit addition is the use of a sensitive tuning 
meter. This meter (B) is located in the collector circuit of 
the a.g.c.- controlled i.f. amplifier. When the signal comes in 
and the a.g.c. starts to work, the collector current decreases 
and the meter deflection goes to a minimum. Minimum col- 
lector current indicates proper tuning. 

The audio output stage of this receiver also shows some 
design innovations. The basic arrangement is quite ordinary 
with an audio preamplifier feeding a driver stage which, in 
turn, operates a two -transistor, class -B output stage. 

Because class -B output stages have some crossover distor- 
tion, and also because the frequency response of the small 
loudspeakers usually used in portables is poor at both low 
and high frequencies, a double negative- feedback system is 
used. One loop goes from the driver stage back to the pre- 
amplifier while the other goes from the speaker voice coil 
back to the preamplifier. This latter loop is arranged to have 
a 2 to 3 db peak at approximately 100 cps. This has been 
done because it has been found that the small speaker used 
sounds better with this peak. 

LOCAL 
OSC. 

(A) 

(B) 
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Must -Reading since 1930 -Sylvania News 

Sylvania and its distributors have long known that it pays to keep their customers informed. 

That's why 35,000 dealers today receive, read and depend on Sylvania News for useful infor- 

mation. Now in its 35th year of continuous publication, the News is still one of the most 

important dealer publications in the industry. Dealers aren't the only ones who read Sylvania 

News -it also serves some 70,000 distributors, engineers and technical service men. Are you 

getting your copy? It's free. You can request it by asking your Sylvania distributor or dropping 

a line to: Editor, Sylvania News, 1100 Main Street, Buffalo, N. Y. 14209. 

May, 1964 
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... fills more needs 

. more for the money, too 

SWITCHCRAFT 

®OO ODD 
MOLDED PHONE JACKS 

For 1/4" Phone Plugs 
RUGGED 
You can't damage the springs 
COMPACT 
The ONLY jack that can be mounted on 
5 /e" centers in two planes 
ECONOMICAL 
Lower in cost, higher in reliability. 
From 400 list price 
EFFICIENT 
Positive "make" and "break ", low leak- 
age, trouble -free 
VERSATILE 
Ideal for printed circuitry. Available 
in 6 models; 2 conductor, 3 conductor 
and stereo 
WRITE FOR BULLETIN 139 

5577 N. Elston Avenue, Ohicago, Illinois 60630 
Canada : Atlas Radio Corp., Ltd. 
50 Wingold Ave., Toronto, Canada Patent applied for 
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NEED A 
1 10 VOLT 

A.C. OUTLET? 
In CAR, BOAT or TRUCK, 

YOU HAVE IT WITH A 

POWER 
INVERTER 

Actually gives you 110 volt, 60 
cycle A.C. from your 6 to 12 volt 
D.C. battery! Plug inverter into 
cigarette lighter, and operate 
lights, electric shavers, record 
players, electric tools, portable TV, 

radios, testing equipment, etc. 
Frequency stable within one cycle. 

Models from 15 to 600 $ 
watts, priced as low as I 

Z 95 
LIST 

See Your Electronic Parts Dealer or Jobber, or Writ 

&;i2l1r CORPORATION 
1058 Raymond Ave. 

St. Paul 8. Minn. 

In Canada, Atlas Radio Corp. Ltd. - Toronto, Ont. 

RADIO 

TV NEWS 

EVERY month sees another increase 
in the amount of information to be 

transmitted over existing microwave 
communications systems. These systems, 
especially in metropolitan areas, are be- 
coming saturated with traffic and have 
almost hit their operating limits. Many 
people look to the laser with its enor- 
mous bandwidth to carry the large future 
loads. Such laser systems are still in the 
laboratory stage. 

According to Dr. Gerhard Weibel, of 
the General Telephone and Electronics 
Lab., there is no reason why millimeter 
waves couldn't be put to work. A single 
millimeter channel has a greater capacity 
than a microwave channel yet is not af- 
fected by weather conditions to the same 
degree as a laser beam. Theoretically, a 
millimeter -wave system could carry 
about 10,000 or so voice channels, or 
about 10 times more than the present 
operating capacity of a microwave sys- 
tem. Even more important, an extremely 
large number of millimeter -wave systems 
could be operated in the same area and 
in many cases on the same frequency 
without mutual interference. This is 
due to the narrow antenna beamwidths 
possible at the higher frequencies. 

Dr. \Veibel also pointed out that mil- 
limeter- wave units could be placed only 
a few miles apart compared with the 25 
to 40 miles of microwave systems. In 
such short -hop systems, towers could be 
close enough to penetrate the atmos- 
phere in bad weather, and the equip- 
ment could be relatively inexpensive, 
low -power, solid -state types. 

Electronic Bloodhound 
One of the problems with certain 

types of toxic gases is that by the time 
you smell them, it may be too late to do 
anything about it. Honeywell has come 
up with an electronic device capable of 
detecting an odor of one part in a million 
parts of air, and when gas level exceeds 
a preset level, sounds an alarm. 

The unit can detect many varied gases 
such as gasoline, paint, lacquer, am- 
monia, styrene, tear gas, many acids, and 
even ripe apples and bananas. First use 
will be for detection of perchlorethylene, 
a toxic gas used in dry -cleaning estab- 
lishments. 

The device is based on the principle 
that some gases absorb ultraviolet radia- 
tion more than others. A sample of sus- 
pect air is passed between the ultra- 
violet source and a special detector tube. 
If the air contains some of these gases, 
part of the ultraviolet radiation is ab- 
sorbed, cutting down the amount picked 
up by the detector and triggering a relay 
to turn on the alarm or start ventilation 
fans. 

Besides the keen nose, the device also 
resembles a bloodhound because the fan 
which pulls in the air acts like the long 
ears that the bloodhound uses to funnel 
the scent to his nose. However, this de- 
vice can't wag its tail. 

Integrated Hearing Aids 
For quite some time now, we have 

been talking about integrated circuits 
and when they would make their debut 
in consumer products. Well, it has hap- 
pened. 

At the recent IEEE meeting, a new 
integrated six- transistor audio amplifier, 
developed by Zenith and Texas Instru- 
ments, Inc., and proposed for use in the 
latest Zenith hearing aids, was demon- 
strated. 

This circuit is so small that 10 of them 
can be stacked in a space the size of 
the head of a kitchen match. Necessary 
external items consist of a microphone, 
earphone, and battery. An effort is be- 
ing made to reduce the size of these 
components. 

Although the new device is somewhat 
more expensive than the conventional 
hearing aid, it is expected that the inte- 
grated device will become an important 
part of Zenith's hearing aid business. 

Patrick E. Haggerty, president of 
Texas Instruments, Inc., said that this 
is the first time that such circuits have 
been used in consumer products. Similar 
units have been used in earth satellites. 
Haggerty went on to say "... what we 
have here is a semiconductor circuit 
built by transistor techniques as a single 
part, rather than an assembly of 22 parts, 
each linked to each other. Electronic 
systems built this way offer a reliability 
improvement factor of 5 to 1 over com- 
parable systems built with conventional 
components." 
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Now...MORE TV THAN EVER in PHOTOFACT 

4 TV RECEIVERS 
in each new Photof act Set 

beginning April 1964 (Set 687) 

keep up- to- the -minute -at no increase in cost! 
NOW -PHOTOFACT gives you MORE and quicker - 
than -ever TV service data coverage (plus coverage of 
the kind of equipment you most frequently repair - 
AM, FM, Phono, Hi -Fi and Stereo). It's a bigger 
value than ever ! 

You get these famous PHOTOFACT time -saving, 
troubleshooting aids to help you earn more daily: 
Exclusive Standard Notation Schematics, packed 
with the service details you need; full photo coverage 

of all chassis views; complete replacement parts lists; 
tube placement diagrams; actual waveform photos; 
CircuiTrace x for printed boards; alternate tuner data; 
disassembly instructions; field servicing tips- dozens 
of other great time -saving features. 

Take the right step to fast, money -making service 
work -be sure you have PHOTOFACT at your finger- 
tips when you need it. Sign up now for a money- saving 
Standing Order Subscription ! 

SEE YOUR SAMS DISTRIBUTOR AND SUBSCRIBE TODAY-OR SEND ORDER FORM BELOW 

LIMITED 
INTRODUCTORY OFFER 

FOR NEW 
SUBSCRIBERS 

Sign up for a PHOTOFACT 
Subscription for at least six 
months, and get this all - 
steel file cabinet valued at 
$9.95 for only $5.00! Re- 
member, too, with a Stand- 
ing Order Subscription you 
pay only $1.95 per Set in- 
stead of the regular $2.25 
price. You save 30i per Set! 

HALF -PRICE CABINET OFFER EXPIRES JUNE 30, 1964 

HOWARD W. SAMS & CO., INC. 
HOWARD W. SAMS & CO., INC., Dept. EWF -5 
4300 W. 62nd St., Indianapolis 6, Indiana 

0 Enter my subscription to PHOTOFACT effective with 
Set. No Month 

I enclose $5 for the single- drawer cabinet at half price. I agree to 
keep this subscription for at least six months. Place my subscrip- 
tion with my Sams Distributor, who is: 

(Distributor must be specified) 

Name 

Address 

City Zone State 

Signature 
L J 
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If you've recently changed your address or 

plan to in the near future, be sure to notify 

us at once. Place magazine address label 

here and print your new address below. 

NAME 

NEW ADDRESS: 

PLEASE PRINT 

ADDRESS 

CITY ZONE STATE 

MAIL COPIES TO NEW ADDRESS STARTING 

WITH ISSUE. 

If you have any questions about 
your subscription be sure to include 
your magazine address label when 
writing us. 

Mail to: ELECTRONICS WORLD, 434 So. 

Wabash Avenue, Chicago 5, Illinois 

GREENLEE CHASSIS PUNCHES 
Make accurate, finished holes in 11/2 
minutes or less in metal, hard rubber 
and plastics. No tedious sawing or 
filing -a few turns of the wrench 
does the job. All standard sizes . . . 

round, square, key, or "D" shapes for 
sockets, switches, meters, etc. At your 
electronic parts dealer. Literature on 
request. 

GREENLEE TOOL CO. 
2027 Columbia Ave., Rockford, Illinois 
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Light Dimmers 
(Continued front page 29) 

2. Electronic cut -offs or "trips" which 
open the circuits and cause the SCR's 
to block completely on application of 
overloads at any time. 

3. Circuit breakers in conjunction with 
phase -back and /or choke circuits to open 
the load circuits. 

4. Quick acting fuses which have cur- 
rent -time constants less than those of 
the controlled rectifiers. 

5. Derating of the SCR's and other 
components subject to failure on over- 
loading. 

All of these methods are used. Phasing 
back is good, but there is no such thing 
as a sharply breaking curve which will 
permit unlimited passage of currents 
right up to rating and then immediately 

Console and portions of the preset 
panels used for control of electronic 
(thyratron) dimmers at the U.S. Build- 
ing, Brussels World's Fair. This was 
a 72- circuit, 10 -scene preset system. 

limit beyond that point. Alone, they do 
not open the circuit, but permit faults or 
overloads to continue. The electronic trip 
circuit requires a fuse to protect com- 
ponents on direct short circuits. Chokes 
add weight to a dimmer and also cause 
voltage drops which must be considered 
or compensated for in the over -all system 
design. The time constant of a fuse is 
seldom related to its current -carrying 
capacity and matched to a given con- 
trolled rectifier. Hence, we find that a 
fuse which will just protect a rectifier 
often will not carry the normal load of 
which the rectifier is capable. If we fuse 
the rectifier for its load, it may destroy 
itself before the fuse opens on a sudden 
overload. Most systems use combinations 
of two or more of these methods of pro- 
tection. 

The author is more familiar with large 
systems than with small individual con- 
trols. He also realizes that the latter 
will provide demands for equipment a 
thousandfold greater than those of the 
high -powered specialized devices. But it 
is the unusual and specialized applica- 
tions that stimulate development and 
provide the greater interest and prob- 
lems leading to unique solutions. One 
day variable control over the intensities 
of our lighting circuits may be as corn- 

A 15- circuit two -scene preset port- 
able control console for an electron- 
ic dimmer system. Two large controls 
are scene masters, interlocked to 
provide for scene -to -scene fading. 

mon as wall switches are now. The 
theater has already passed this stage. 
Common "on -off" circuits as compared 
to "dimmers" in modern lighting control 
systems in the theater are in the ratio 
of one to twenty or greater. 

A new problem is arising in the de- 
sign of these systems. The number of 
control circuits and their presets are 
becoming just too much for one or even 
a crew of operators to handle properly. 
Pilot controls have reduced the size of 
the control consoles; but what is to be 
done with a hundred control circuits in 
ten or more presets or cues -a thousand 
individual controllers which must be re- 
set many times during the course of a 
single presentation? 

Formerly the size and weight of the 
dimmers themselves were the restricting 
elements in a control system design. 
Now the pilot control center is the 
stumbing block. Should we go to auto- 
mated controls where the various dim- 
mer readings or cues are translated to 
tape or cards? Or should other "memo- 
ries" be considered so that a single con- 
troller can be transferred from circuit to 
circuit? The only sure answer to the 
questions -"what" and "how " -a year 
from now will be- "differently from to- 
day." 

This silicon controlled rectifier dim- 
mer bank contains 45 plug -in units 
with capacities ranging from 2.5 to 
12 kw. Integral fans draw air 
through grilles for cooling SCR's. 
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PRINTED CIRCUIT BOARD 

is 

B C CUT 

1. (Al 

CUT 

B) 

Fig. 1. IA) Isolating a component from 
circuit. 113) How to isolate a transistor. 

PRINTED 
BOARD 
REPAIR 

BY GLEN McKINNEY 

SINCE practically all transistorized 
equipment uses printed circuit 

boards for mounting parts and for lead 
connections, it sometimes becomes a ma- 
jor problem to trace a particular circuit or 
check a suspected part for an open or 
short. A certain conductive lead may 
have several components joined to it at 
different points, making it difficult to iso- 
late a particular part of the circuit with- 
out considering the complete circuit as a 

whole. Consequently, misleading inter- 
pretations can arise when making voltage 
and resistance measurements. Fortu- 
nately, most parts are mounted on one 
side of the board, leaving the other side 
with only the conductive leads exposed 
for testing. 

Fig. 1 illustrates a method which is 

quite practical for troubleshooting to iso- 
late suspected components without hav- 
ing to remove one end of the component 
for a direct check. This procedure is 

quite simple and fast, and the odds are 
much less that the component will not 
be disturbed at all. A razor blade or other 
sharp knife -edged tool is used to cut the 
conducting material at the proper point ' near the suspected part. Be sure the tool 
is sharp enough to cut the material and 
not tear it. A neat slit is all that's neces- 
sary, and it may be bridged easily with 
solder after the repair is made. The lead 
may be cut on both sides of a component 
when necessary, leaving it completely 
free from the rest of the circuit for test - 
ing. 

When the lead is cut, it is good prac- 
tice to check across the gap with an 
ohmmeter to make certain the lead is 

completely open. 

May, 1964 

a big improvement on an old favorite .. . 

NEW WINEGARD 
BOOSTER COUPLER 

Model BC -208 

Runs I to 4 TV or FM sets 

Replaces Model WBC4 -X 

Boosts Signal ... Cuts snow ... 
no picture smear ... no interac- 
tion ... 8 DB gain to each out- 
put. 
Winegard engineers have taken ad- 
vantage of the newest ampliframe 
shielded triode tubes to develop 
an improved booster -coupler. The 
new BC -208 uses two 6HA5 tubes 

ONLY 

S2995 
LIST 

for higher gain and less noise. FM 
gets a boost, too, in this new cir- 
cuit as it covers the entire FM 
band 88- 108MC. It's a great new 
product from Winegard for better 
color, black & white or FM re- 
ception. Ask your distributor or 
write today for spec. sheets. Check 
the comparison chart against the 
old Winegard Booster Coupler. 

Number of tubes 

Gain to each isolated output 

Gain across FM Band 

Noise Figure, Low Band 

Noise Figure, High Band 

Isolation between outputs 

Signal Input 
Maximum Signal Output 

ON -OFF Switch 

Response Flat '/,',c11) per any 
6mc channel 

BC-208 WBC4-X 

2 6HA5 

=8d b 

+7db 
3.7db 

5db 

18db 

20 to 350,000 microvolts 

1,800,000 microvolts 

1 6DJ8 
-; 5.8db 

+1.2db 
3.8db 

5.2db 

8d b 

20 to 300,000 microvolts 

1,500,000 microvolts 

Yes Yes 

No -strip terminals 
Removable mounting bracket 

Module wiring 

Number of isolated outputs 

Yes 

Yes 

Yes 

4 

Flat db per any 
6mc channel 

Yes 

No 

No 

3 

Winec,ard Co. 
ANTENNA SYSTEMS 

3003 -E KIRKWOOD, BURLINGTON, IOWA 
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Tarzian offers 

FAST, DEPENDABLE 

TUNER REPAIR 

SERVICE .1x4Si 

ONLY 

50 
INCLUDING 

ALL PARTS 
(except tubes) 

and LABOR 

24 -HOUR SERVICE 

1 YEAR WARRANTY 

Sarkes Tarzian, Inc. maintains two complete, 
well -equipped Factory Service Centers -assisted 
by Engineering personnel -and staffed by spe- 
cialized technicians who handle ONLY tuner 
repairs on ALL makes and models. Tarzian -made 
tuners received one day will be repaired and 
shipped out the next. Allow a little more time for 
other tuners. 

One year guarantee against defective workman- 
ship and parts failure due to normal usage. Cost 
-$9.50 per unit. $15 for UV combinations. Ab- 
solutely no additional, hidden charge for ANY 
parts, except tubes. You pay shipping costs. Re- 
placements on tuners beyond practical repair are 
available at low cost. 

When inquiring about repair service, always 
give TV make, chassis and Model number. Tuners 
repaired on approved, open accounts. Check with 
your local distributor for Sarkes Tarzian replace- 
ment tuners, replacement parts, or repair service. 
See your distributor, or use the address nearest 
you for fast factory repair service: 

k1SARKES TARZIAN, INC, 
537 South Walnut Street 

Bloomington, Indiana 

Tel: 332 -6055 

10654 Magnolia Blvd., 

North Hollywood, Calif, 

Tel: 769 -2720 

CIRCLE NO. 128 ON READER SERVICE PAGE 

GET 

INTO ELECTRONICS 

111 

V.T.I. training leads to success 
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 
accredited Technical Institute 
curriculum. Assoc. degree in 
29 mos. B.S. also obtainable. 
G.I. approved. Graduates in all 
branches of electronics with 
major companies. Start Sept., 
Feb. Dorms, campus. High 
school graduate or equivalent. 
Write for catalog. 

VALPARAISO TECHNICAL INSTITUTE 
Dept. RD, Valparaiso, Indiana 
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Voltage Regulator Design 
(Continued from page 54) 

keep the load voltage constant. This ac- 
tion is the same as that described for the 
VR -tube regulator. While the regulating 
action of the zener and the VR tube is 
very similar, the manner in which this 
action is accomplished in the zener is 
quite different. 

Zener Regulator Design 

Simple zener regulators like that of 
Fig. 4 are easy to design. The procedure 
is the same as that for VR -tube regulators 
with heavy loads. Special precautions 
must be taken with zeners, however, 
since they are quite temperature sensi- 
tive. 

As in VR -tube regulator design, the 
basic problem is to calculate the value of 
R1 for known values of supply voltage, 
load current, and load voltage. 

We can use the formula given pre- 
viously (2), but the terms are changed 
to represent zener rather than VR -tube 
voltage and current. The formula is: 

Rl- ES-Ez. 

/z 

/z IZ is generally made equal to 10% of the 
desired load current, so the formula can 
be rewritten as: 

R1= E.,-Ez 
h, +.1 

In this formula, Es is the minimum sup- 
ply voltage expected under maximum 
load conditions. Ez is the desired zener 
and load voltage, and I,, is the maximum 
expected load current. 

After the value of R1 is calculated, the 
power handling capabilities of the zener 
must be determined. The formula below 
will enable you to do this. 

(Es- Ez 
PZ= 

R1 lJ 
- I, l Ez 

E., in this formula is the maximum value 
expected while the others are the sanie 
as described previously. 

To demonstrate how to use these for- 
mulas, let's work a problem. 

Problem: Assume that we need to reg- 
ulate the supply voltage to a transistor 
amplifier that requires 10 volts at 20 ma. 
for proper operation. An unregulated 15- 
volt supply is available. 

Solution: The problem is to find R1 
and the power ratings of R1 and the 
zener. R1 is found by inserting the 
known quantities into our formula. As- 
sume that we have found, as before, that 
the unregulated supply voltage drops to 
12 volts under maximum load. 

(4) 

R1= 
12 -10 2 

.02 +.1(.02) .02 +.002 
2 

=91 ohms R1= .022 

The power rating of the resistor is 
found as before: 
P =PR 
P= (.022)291 = .000484(9I)= .044 watt 

A standard 34- or Yz -watt resistor would 
be more than sufficient. 

The zener power rating is now found. 

15 -10 Pz- -.021 10 
91 I 

Pz= t 9i - .02110= (.055 -.02) 10 

Pz= (.035) 10 =.35 watt 
Once the calculations have been 

made, the zener can be selected. Unlike 
VR tubes, zener diodes are available in 
a wide range of voltages. Almost any 
value between 3 volts and 200 volts can 
be obtained with tolerances of 5%, 10%, 
and 20 %. Power ratings of .4, 1, 3.5, 10, 
and 50 watts are common. For this prob- 
lem, a .4 -watt zener would probably 
suffice, but for an extra -wide margin of 
safety, a 1 -watt unit should be used. It 
is always wise to use a higher power 
zener than is necessary to avoid over- 
heating troubles. 

The above procedure will cover most 
cases of zener regulator design. One spe- 
cial case should be considered. If the 
load should become disconnected (load 
current zero), the zener current will rise 
considerably. If the power rating of the 
zener is not sufficiently high, it may be 
destroyed by overheating. This condition 
should be anticipated and compensated 
for. This is done by simply using a zero 
for I,. in calculating the zener power rat- 
ing ( Pz) . The zener selected on the basis 
of this power calculation will have a rat- 
ing high enough to stand the no -load/ 
high -current condition. ( If this is done 
in the previous calculation, the zener di- 
ode power rating comes out to .55 watt. 
The use of a 1 -watt zener would provide 
adequate safety factor.) 

Zener diodes can be connected in se- 
ries just like VR tubes to obtain a higher 
regulating voltage. It is not necessary 
for the individual zener voltages to be 
equal just as long as their power ratings 
are similar. The design procedure is the 
same, except for Ez in the formulas use 
the sum of the individual zener voltages. 

From what has been said previously it 
is evident that zener diodes have numer- 
ous advantages over VR tubes. The most 
apparent is the fact that zeners are avail- 
able in a wider range of voltage ratings 
than VR tubes. In addition, the supply 
voltage for a zener regulator need only 
be several volts more than the zener rat- 
ing while for VR tubes the supply volt- 
age must generally be 20% or 30% higher 
than the VR -tube rating. Other advan- 
tages of the zener over the VR tube are 
its small size, ruggedness, longer life, 
and greater reliability. The VR tube has 
greater initial drift when voltage is first 
applied to the circuit than the zener and 
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its operation may be somewhat erratic. 
The greatest advantage of the VR tube 

is its low cost. Zener diodes are still quite 
expensive and until their cost is lowered, 
VR tubes will continue to be popular in 

many applications. 
Both the VR tube and zener regulator 

provide a certain amount of filtering. 
Since they oppose current and voltage 
variations in the supply, they will also 
oppose and minimize ripple from the 
supply. This is especially true of the ze- 
ner since its internal impedance is very 
low (much lower than that of a VR 
tube). The very low impedance of the 
zener makes it react much the same as a 
large filter capacitor to the a.c. ripple. 

Random noise is produced to some ex- 
tent in both VR tubes and zeners and 
can be troublesome in some cases. It can 
usually be eliminated or minimized con- 
siderably by adding a small capacitor in 
parallel with the VR tube or zener. A 

value between .01 and .1 µf. is generally 
suitable for zener diodes, but the exact 
value for VR tubes should be determined 
experimentally since some values of ca- 
pacitance will cause the VR tube to go 
into undesired oscillation. 

U.H.F. -TV OSCILLATOR 
UH.F. conversion in the new line of 

G -E TV receivers is accomplished 
by an all -solid -state u.h.f. converter. 
A unique feature of this converter is the 
local oscillator whose partial schematic is 
shown. The "n -p -n" diffused silicon 
transistor is used in a modified Colpitts 
oscillator with a common -base configu- 
ration. 

Oscillator inductance Ll is tuned by 
Cl, a section of a three -gang tuning 
capacitor. The collector is tapped down 
on L1 for a proper impedance match. C2 
blocks the d.c. from L1 and also forms 

part of the feedback circuit. Ll is also 
connected to the emitter by C3 which is 
part of the feedback circuit. 

L1 can be considered as an auto - 
transformer as far as feedback is con- 
cerned, with the polarities shown for a 
given half -cycle of the sine wave. Since 
there is no phase inversion between 
emitter and collector, the polarities on 
the autotransformer are correct to pro- 
duce feedback without phase inversion. 

Ll is inductively coupled to the mixer 
for oscillator injection. 

The 10 -v. supply is divided by R1 and 
R2 to provide the proper base bias and 
L2 serves to isolate the collector from 
the power supply so that it will be above 
ground for r.f. A 
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make it easy on yourself 
See the direct answer -on only the 
range -scale you want- automatically 

Sensitivity 20,000 ohms per volt DC; 5000 
ohms per volt AC. Accuracy ±3% DC; ±5% 
AC; (full scale). DC Volts in 6 ranges 
0 -6000. AC Volts in 6 ranges 0-6000. AF 
(Output) in 4 ranges 0 -300 volts. DC Cur- 
rent in 5 ranges 0 -10 amps. Resistance in 
4 ranges 0 -100 megohms. Supplemental 
ranges also provided on external overlay 
meter scales. Meter movement protected 
against extreme overload and burn -out. 
Polarity reversing switch. Automatic ohms- 
adjust control. Fuse -protected shunts. Mir- 
rored scale. Complete with 11 /2 -volt and 
9 -volt batteries, test leads, and easy -view- 
ing stand. Batteries freshly packed 
separately. 

No Reading Errors! 
No Multiplying! 

Just set the range switch, and only 
the scale you want in the exact range 
you want appears automatically. In- 
dividual full -size wide -view scale for 
each range -and only one range -scale 
is visible at any one time. Reading is 
clear, easy -and direct. Net, $5995 

DYNAMATIC 

375 VTVM 

It's automatic! See only the full scale you want 
and read the exact answer -directly. No multi- 
plying. Eliminates errors. Net, $8995 

See Your B &K 
Distributor 

or Write for 
Catalog 
AP21 -N 

B&K MANUFACTURING CO. 
DIVISION OF DYNASCAN CORPORATION 

1801 W. BELLE PLAINE AVE. CHICAGO 13, ILL. 
Canada: Atlas Radio Corp.. 50 Wingold, Toronto 19, Ont. 
Export' Empire Exporters, 253 Broadway, New York 7, U.S.A. 

CIRCLE NO. 143 ON READER SERVICE PAGE 

SEND ELECTRONICS WORLD 

EVERY 

MONTH 

Iaecl Ir ll i irs 11t idIl 

name 

address 

city zone 

state 

Check one: 3 years for $12 

2 years for $9 1 year for $5 

In the U.S., and possessions. 

Payment enclosed Bill me 

Foreign rates: Canada and Pan American Union 
countries, add 50t per year; all other for- 
eign countries, add $1.00 per year. 

New Renewal 

Mai! to: ELECTRONICS WORLD 

Dept. 1 -2440, 434 S. Wabash Ave. 
Chicago 5, III. 
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Idalee Model 100 A.C. Decade Voltage Source 

For copy of manufacturer's brochure, circle No. 44 on coupon (page 15). 

IN many of the testing procedures en- 
countered in the laboratory, factory, 

and service shop there is a need for an 
accurate, variable source of a.c. voltage. 
Meter calibration, bridge nulling, trans- 
former, relay and motor testing, and 
comparison between a standard and un- 
known are a few of the tasks that de- 
mand precisely known voltages. The 
common method for obtaining these 
voltages is by means of a variable trans- 
former, used in conjunction with a meter 
to indicate the various voltage levels. 
However, accurate meters are expensive 
and delicate, and the need for making 
repeated adjustments of voltages against 
meter readings is time -consuming and 
tedious. In addition, even with expensive 
meters it is difficult to detect a one -volt 
difference in several hundred volts. 

The "Dial -A- Volt" a.c. decade voltage 
source, manufactured by Idalee Elec- 
tronics Corp., provides a.c. voltages in 
precise one -volt increments by a simple 
switching procedure, in much the same 
way as the familiar decade resistance 
box provides known values of resistance. 
No external reference meter is required. 
The operator merely turns three knobs 
to set the voltage desired in units, tens, 
and hundreds of volts. Operating di- 
rectly from the 117 -volt a.c. line, the 
unit provides outputs from 0 to 599 
volts, with an accuracy of plus or minus 
0.5% at any output. This output is clearly 

INPUT 
100- 130V.A.C. 
60- IOOOCPS 

VARIABLE 

XFMR Co] 
MULTI- 
TAPPED 

XFMR 

INPUT SETTING METER 
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OUTPUT 
0 599 

V A.C. 

SWITCH 

ASSEMBLY 

--0 

-0 

indicated in windows above the switch 
knobs. To obtain any other voltage re- 
quires only the dialing of the decade 
switches to the new value desired. 

The operating principle can be seen 
from the block diagram. Input voltages 
from the line are fed into a variable 
transformer, which is adjustable by 

means of a front -panel knob. This var- 
iable transformer is used to normalize 
the input to a particular reference volt- 
age (indicated on the expanded -scale 
panel meter ) which is then fed into 
the tapped transformer primary. The in- 
strument can be used with any line volt- 
age from 100 to 130 volts. The precisely 
engineered multi- tapped transformer 
provides the desired output voltages, as 
determined by the positions of the three 
decade switches. 

The Model 100 operates at any fre- 
quency from 60 cps to 1000 cps, making 
it readily applicable to both industrial 
and military testing requirements. For 
safety and to prevent undesired circuit 
interaction, the output of the instrument 
is isolated from both the input and from 
ground. 

The Model 100 is available in a num- 
ber of special types to suit particular 
needs. Price is in the $300 to $400 range, 
depending upon the combination of 
features desired. 

Boonton 8900B Peak -Power Calibrator 
For copy of manufacturer's brochure, circle No. 45 on coupon (page 15) . 

TODAY there are a great many elec- 
tronic systems that use pulsed r.f. 

signals. These include radar, air naviga- 
tion, telemetry, communications, com- 
mand and control, and radiosonde. A 
need exists for a device that is able to 
measure accurately and easily the peak 
power of the r.f. pulses used in such sys- 

RIT OWER DIVIDER 

DIODE 
DETECTOR 

IATTENUATOR TERMINATION 

100E SOn 

CHOPPER 

Riot 

O.C. POWER 

SUPPLY 

VIDEO 
(Scope/ 
OUTPUT 

METER 

terns. The Boonton 8900B is such a unit. 
It is able to measure the peak r.f. power 
of pulses in the range from 150 to 1500 
mc. The power level is read out directly 
on the panel meter and is completely 
independent of repetition rate and pulse 
width. A maximum peak power of 200 
mw. is indicated on the meter, but this 
can be readily increased with external 
attenuators. 

The peak power measured is actually 
the average power that would exist if 
the pulsed source were left on all the 
time. It is not the instantaneous peak 
power or envelope peak power that ex- 
ists at the peak of the r.f. voltage wave- 
form. Assuming a sine -wave c.w. source 
with an average power of 1 watt, the 
peak power rating is also 1 watt. If the 
source is turned off 50 percent of the 
time, the average power will be ;z watt, 
whereas the peak power rating remains 
1 watt. 

Referring to the block diagram, note 

that the signal is sent through two paths 
by virtue of the power divider. In one 
path, the signal passes through an att,n- 
uator and is absorbed in a 50 -ohm load. 
In the other path, the signal is applied 
to a special diode peak detector which 
develops a d.c. level equal to the peak 
voltage of the r.f. waveform. The diode 
is forward- biased to bring it to an oper- 
ating point of maximum stability and 
to get away from the square -law region 
of its curve into the linear portion. 

As the diagram indicates, a variable 
d.c. supply is also included. The output 
of the supply is connected to a d.c. 
meter, which monitors its voltage, and 
to one leg of a mechanical chopper. If 
the chopper is set in operation and its 
selecting arm is connected to an oscillo- 
scope, one can look first at the d.c. level 
produced by the peak detector in re- 
sponse to the pulsed r.f. voltage, and 
then at the d.c. level from the variable 
supply. 

In operation, the supply is adjusted 
until the two voltages are exactly equal. 
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EX1RA: AS A DEMONSTRATION OF NYE HIGHEST POSSIBLE RDELRY. THIS RECORD ITICLUOES A 

PROGRAM OF MUSIC RECORDED DIRECTLY ON TSE MASTEN. WON NO INTENVEHNG TAPE PROCESS 

Why We Make the Model 211 

Available Now 
Although there are many stereo test records on the ma- 
ket today, most critical checks on existing test records 

have to be made with expensive test equipment. 

Realizing this, HiFi STEREO REVIEW decided to produce 

a record that allows you to check your stereo rig, ac- 

curately and completely, just by listening! A record that 
would be precise enough for technicians to use in the 

laboratory-and versatile enough for you to use in your 

home. 

The result: the HiFi STEREO REVIEW Model 211 Stereo 

Test Record! 

Stereo Checks That Can Be 

Made With the Model 211 

5/ 

Frequency response -a direct check of eighteen 

sections of the frequency spectrum, from 20 to 

20,000 cps. 

Pickup tracking - the most sensitive tests ever 

available on disc for checking cartridge, stylus, 
and tone arm. 

Hum and rumble -foolproof tests that help you 

evaluate the actual audible levels of rumble and 

hum in your system. 

Flutter -a test to check whether your turntable's 
flutter is low, moderate, or high. 

Channel balance - two white -noise signals that 
allow you to match your system's stereo channels 
for level and tonal characteristics. 

Separation -an ingenious means of checking the 
stereo separation at seven different parts of the 

musical spectrum -from mid -bass to high treble. 

ALSO: 
Stereo Spread 

Speaker Phasing 

Channel Identification 

PLUS SUPER FIDELITY MUSIC! 
The non -test side of this record consists of music re- 

corded directly on the master disc, without going through 
the usual tape process. It's a superb demonstration of 
flawless recording technique. A demonstration that will 
amaze and entertain you and your friends. 

May, 1964 

NOW...GET THE FINEST 

STEREO TEST 
RECORD ever produced 

for j 
Featuring Tests Never Before Available 

Outside Of The Laboratory 

i 

UNIQUE FEATURES OF HiFi /STEREO REVIEW'S 

MODEL 211 STEREO TEST RECORD 

Warble tones to minimize the distorting effects of room acoustics 

when making frequency- response checks. 

Warble tones used are recorded to the some level within ± 1 db from 40 to 

20,000 cps, and within ± 3 db to 20 cps. For the first time you can measure 

the frequency response of a system without an anechoic chamber. The frequency 

limits of each warble are within 5% accuracy. 

White -noise signals to allow the stereo channels to be matched in 

level and in tonal characteristics. 

Four specially designed tests to check distortion in stereo cartridges. 

Open -air recording of moving snare drums to minimize reverberation 

when checking stereo spread. 

All Tests Can Be Made By Ear 
HiFi/STEREO REVIEW's Model 211 Stereo Test Record will give you immediate answers 

to all of the questions you have about your stereo system. It's the most complete test 
record of its kind -contains the widest range of check -points ever included on one test 

disc! And you need no expensive test equipment. All checks can be made by ear! 

Note to professionals: The Model 211 can be used as a highly efficient design and 

measurement tool. Recorded levels, frequencies, etc. have been controlled to very close 

tolerances -affording accurate numerical evaluation when used with test instruments. 

DON'T MISS OUT- SUPPLY LIMITED 

The Model 211 Stereo Test Record is a disc that has set the new standard for stereo 

test recording. Due to the overwhelming demand for this record, only a limited number 

are still available thru this magazine. They will be sold by ELECTRONICS WORLD on a 

first come, first serve basis. At the low price of $4.98, this is a value you won't want to 

miss. Make sure you fill in and mail the coupon together with your check ($4.98 per 

record) today. 

FILL IN AND MAIL TODAY! 

Stereo Test Record 

Electronics World -Dept. SD 

One Park Ave., New York 16, N.Y. 

Please send me test records at $4.98 each. My check (or money 

order) for $ is enclosed. I understand that you will pay the postage 

and that each record is fully guaranteed. (Orders from outside the U.S.A. add 

50c to partially defray postage and handling costs.) 

Name 
(Please Print) 

Address 

City Zone State 

SORRY -No charges or C.O.D. orders! EW -54 
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Ipm.. 
SELLING THAT 

RECORDER? 

BUYING A I 
RECEIVER? 

uN,/s PP. 

ELECTRONICS WORLD runs a Hot 
Line into the 201,000 electronics' 
professionals who buy the magazine 
each month. And, for only 35¢ a 

word, a personal classified ad will 
help you make your connection. 

ELECTRONICS WORLD has the 
largest audience of its kind in the 
world, and this creates an ideal 
market place for you. Actually, when 
you get together with your co -pro- 
fessionals, you may find that many 
are near neighbors. Yet your mutual 
needs may be met only through the 
medium of our classified columns. 

Take advantage of our special per- 
sonal rate of 35¢ a word (including 
name and address) 

NO MINIMUM REQUIRED 

a saving of 25¢ a word 
from our commercial 
rate of 60¢. 

Immilommummg 
A small investment can bring quick 
results, and a handy order form is , 
printed in the Classified Advertis- 
ing Section. Write your ad in the 
spaces provided and mail it today, 
with your payment, to: 

MARTIN LINCOLN 

IClassified Advertising Manager 
ELECTRONICS WORLD 

One Park Ave., N. Y., N. Y. 10016 I 
JULY ISSUE CLOSES MAY 5th , 
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The d.c. meter monitoring the output 
of the variable supply has been cali- 
brated in terms of r.f. level required 
to produce a given d.c. from the peak 
detector. Hence, peak r.f. power can be 
read from it directly. The c.w. power 
is also correctly indicated since the cali- 
bration is in terms of the peak voltage 
waveform. 

The detector output is also available 

directly through a two -stage emitter - 
follower for pulse monitoring. By re- 
placing the 50 -ohm termination with an 
accurate bolometer or calorimeter and 
applying a c.w. source, the instrument 
can be readily standardized. 

The Model 8900B is housed in a 
modular cabinet which can be rack - 
mounted, if desired. Price of the unit 
is $485. 

For 

Keithley 409 Picoammeter 
copy of manufacturer's brochure, circle No. 46 on coupon (page 15). 

of the circuit is all solid- state, including 
the power supply. This supply furnishes 
a 15 -volt output to the d.c. amplifier (see 
block diagram ) and is super -regulated. 
The output varies less than 0.001% for 
10% line- voltage changes, and it has a 
long -term stability within 0.1 %. 

The high -gain d.c. amplifier utilizes 
a single electrometer -tube input, an 
emitter -follower isolating stage, two 
solid -state voltage -amplifier stages, and 
an emitter -follower output stage. The 
first emitter -follower and the first volt- 
age- amplifier stage are temperature 
compensated by use of two identical sili- 
con transistors. The d.c. amplifier and 
range- selector switch are enclosed in a 
housing which shields them against stray 
magnetic and electrostatic fields. This 
design limits output noise to less than 
1% r.m.s. of full -scale on any range. 

The use of negative feedback across 
the d.c. amplifier gives the instrument a 
fast speed of response. The feedback 
also reduces the input voltage drop to 
less than one millivolt and the input re- 
sistance to 1 /1000 or less of the value 

i of the source resistance. 
The company manufactures a com- 

plete line of picoammeters with various 
ranges and characteristics. The Model 
409 is priced at $525. 

THE new Keithley Model 409 pi- 
coammeter will sense currents at 

the extremely low value of 0.03 pico- 
ampere in circuits with a least a 1 -volt 
source. (One picoampere or 1 micro - 
microampere is 1 millionth of a millionth 
of an ampere.) Typical applications in- 
clude measuring leakage currents in 
solid -state devices, determining capaci- 
tor leakage resistance, amplifying and 
measuring signals from ion gauges, li- 
quid -level gauges, thickness gauges, 
phototubes, and mass spectrometers. 

The instrument has twenty d.c. cur- 
rent ranges with full -scale readings of 1 

milliampere all the way down to 0.3 
picoampere. A single electrometer tube 
is used at the input while the remainder 

SUPER- REGULATED 

POWER SUPPLY 

INPUT HIGH -GAIN DC. 

AMPLIFIER 

FEEDBACK 

NETWORK 

i 
METER 

OUTPUT 

New CB Circuits 
(Continued from page 47) 

Fig. 2. It is a plug -in unit, permit- 
ting a choice of up to 10 different fre- 
quencies spotted throughout the audio 
range. When the circuit is in the receive 
mode, incoming receiver audio is ampli- 
fied by V1 and V2A. If the tone is on the 
correct frequency it resonates in the tone 
filter. Larger voltages appear across the 
inductor. From pin 6 on the filter, signal 
is rectified and serves to operate control 
tube V2B. The CB operator is made 
aware of an incoming call as relay RL 
illuminates a message light and corn- 
pletes the circuit to the loudspeaker in 
the unit. 

Generating the "ring" tone for trans- 
mit is accomplished with several of the 
same components. When S1A at the left 
is depressed by the operator, circuit re- 
connections create a feedback path from 
the tone filter (pin 6) to the input of 

tube Vl. Sustained audio oscillation re- 
sults, determined by the LC constants of 
the tone filter. 

If the "Q" of the tone filter is corn - 
pared to that of a typical reed relay the 
difference is considerable. Reeds are 
capable of "Q" well in excess of 1000; 
the LC circuit here is rated at approxi- 
mately 100. And to attain the relatively 
high "Q" of 100 for a tuned circuit on 
audio frequencies, Polytronics employs 
special components -a ferrox cup -core in- 
ductor and high -"Q" capacitor. The rela- 
tive broadness of the tone filter, however, 
is intentional. The circuit is less suscepti- 
ble to temperature and other variations 
which tend to produce mistuning and 
missed calls. The company also feels that 
the elimination of vibrating contacts 
greatly extends the operating life of the 
device. 

REFERENCES 

1. Mark Products, 1801 W. Belle Plaine Ave., Chi- 
cago 13, Ill. 

2. Polytronics Labs., 88 Clinton Rd., West Cald- 
well, N.J. 
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Mike Sensitivity Rating 
(Continued from. page 31) 

the voltage output for various sensitiv- 
ities and impedances is given here. Note 
that for the example just considered, the 
voltage is 16 db above 1 mv. (about 6.32 
mv.) with load, and 22 db above 1 mv. 
(about 12.6 mv.) open -circuited. 

High- Impedance Mikes 

In rating high -impedance micro- 
phones, we are not interested in chang- 
ing the impedance of the microphone 
and, therefore, the sensitivity is given as 
an open -circuit voltage output for a 
sound -pressure input. For example, a 
high -impedance microphone with a sen- 
sitivity of - 55 db re 1 volt/dyne/cm.' 
will produce an open- circuit voltage of 
.0018 volt (1.8 mv.) with a sound -pres- 
sure input of 1 dyne/cm.' 

The microphone sensitivity rating de- 
termines the voltage output at only one 
sound pressure. However, since nearly 
all microphones are linear over all pres- 
sures to which the microphone is ex- 
posed, the voltage output is a direct 
function of the sound -pressure input. If 
the sound -pressure input is increased by 
a factor of 10, for example, then the 
microphone output voltage is increased 
by a factor of 10. Thus, if the sensitivity 
is known and the sound pressure is 
known, then the microphone output 
voltage is determined. 

Sound Pressures 

Microphone sensitivity ratings are 
used to determine the required amplifier 
input characteristics. From the above 
discussion, it can be seen that with the 
sensitivity known, the range of micro- 
phone output voltages then depends 
directly upon the range of sound - 
pressure inputs. 

Sound pressure values are usually 
given in db referenced to .0002 dyne/ 
cm.2 This value is considered to be 0 db 
sound pressure and is approximately 
equal to the threshold of hearing. Some 
typical values of sound pressure that 
indicate the range of sound pressures 
that may be encountered are as follows: 
the r.m.s. value of speech at ?4 inch is 

approximately 107 db (44 dynes/cm.") 
with peaks exceeding this value by 12 
db; average total pressure of a 15 -piece 
orchestra at 10 feet equals 72 db (0.8 
dyne /cm.2) with peaks exceeding this 
value by 20 db*; threshold of pain, 130 
db (640 dynes /cm.2) ; acoustic noise 
level in a very quiet studio, 10 db° 
(0.0006 dyne /cm.2). Thus, it can be 
seen that the first amplifier stage may 
be required to operate over an extremely 
wide range of input voltages. 

*Olson, H. F.: "Acoustical Engineering," D. Van 
Nostrand Company, Inc., 1957. 
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SpAgiv 
tune -up 

Damaged antenna 
/ß,en or worn twin/eat/ 
J/:uzzy TVpktures 
/Poor colorr0crt/or? 

Put new snap into your 
TV picture by rep /acmq 
damaged antennas and 
adding a Blonder- %ue 
TV signal amplifier. 

9 ways to put new pep in your TV- they're all Blonder- Tongue! 

Mast -Mounted TV /FM 
Signal Amplifiers 

ABLE -2 - Powerful 2- transistor signal 
amplifier. Pulls in weak signals - won't 
overload on strong signals. Delivers excel- 
lent reception to 3 sets. $43.95 

ABLE -1 -One transistor amplifier. Brings 
in weak channels where there are no 
strong nearby channels. $39.95 

AB -3 - World's most powerful home 
TV /FM amplifier brings in signals where 
all others fail. Increases signal voltage 18 
times. Remote power supply. $124.95 
AB -2 -TV signal amplifier with remote 
power supply. Powerful enough to be used 
in Master TV systems. $59.95 

Indoor TV /FM Amplifiers used with 
indoor or outdoor antennas 

B-42 -Best buy in low cost indoor ampli- 
fier improves reception on up to 2 TV sets. 
21/2X more signal voltage. $21.95 

B- 24c- World's largest selling indoor TV 
signal amplifier. Increases signal voltage 
3 times. Excellent reception on up to 4 
TV sets. $26.50 
1T -4 - Transistor signal amplifier in- 
creases signal voltage up to 8 times. Pro- 
vides strong signals for up to 4 TV or FM 
sets. Ideal where there are no strong local 
channels. $32.25 
FMB - Easy -to- install FM signal ampli- 
fier brings in weak stations, improves FM 
stereo reception. $21.00 

And if you live in a UHF area 
NEW! ABLE -U2 - Only mast mounted 2- 
transistor signal amplifier providing peak 
performance on all UHF channels. $44.95 

U- BOOST- Indoor amplifier triples signal 
voltage on all UHF channels. $34.45 

ALL PRICES SUGGESTED LIST. 

See the local Blonder -Tongue TV service 
dealer featuring the "Spring TV Tune -Up" 

BLONDER -TONGUE 
9 Ailing St., Newark, New Jersey 07102 / Canadian Div. Benco TV Assoc., Ltd., Toronto, Ont. 

home tv accessories /closed circuit /community tv/ uhf converters /master tv 
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Because you've got to SEE it to BELIEVE 

it .... we will send you a FREE sample! 

A REVOLUTIONARY NEW 

METHOD FOR MARKING 

ELECTRONIC EQUIPMENT 
Try this sample and you'll agree "Instant Lettering" is 
the easiest, quickest way to get professional lettering 
you've ever seen. Self- adhesive letters printed on a spe- 
cial plastic sheet are just pressed down into position on 
any equipment, drawing, schematic, etc. Transfers to prac- 
tically any surface. Looks like printing. 

AVAILABLE IN THE FOLLOWING SETS AT $4.95 EACH 

TITLES FOR ELECTRONIC EQUIPMENT 
TERMINAL & CHASSIS MARKING KIT 

METER & DIAL MARKING KIT 

With these three kits you can completely mark prototype 
electronic equipment from component parts to finished 
control panel and meters - and make them look like fin- 
ished production equipment. 
In stock at leading electronics distributors or direct. 

SEND FOR FREE SAMPLE AND FOLDER 

THE DATAK CORPORATION 
63 71st STREET DEPT. 614 -3 GUTTENBERG, NEW JERSEY 

CIRCLE NO. 110 ON READER SERVICE PAGE 

LOW -COST BUSINESS AIDS 
FOR RADIO -TV SERVICE 

Order books, invoice forms, job ticket 
books, service call books, cash books and 
statement books for use with your rub- 
ber stamp. Customer file systems, book- 
keeping systems, many others. Write for 
FREE 32 PAGE CATALOG now. 

OELRICH PUBLICATIONS 
6556 Higgins Rd., Chicago, III. 60656 

when it's time to think of college 
you should read this 
FREE CAREER BOOKLET 
about electronics at 

sc 

L 

MILWAUKEE MS-220 

SCHOOL OF ENGINEERING 
Dept. EW -564, 1025 N. Milwaukee Street 
Milwaukee, Wisconsin 53201 
Tell me about an engineering career through 
residence study in: 

Electrical fields n Mechanical fields 

Name Age 

Address 

City, State... 
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Electronic Tachometers 
(Continued from page 35) 

portion of the applied pulse waveform. 
Transistor output, across R4, is a 

negative -going waveform of approxi- 
mately square shape, which is differen- 
tiated by capacitor C2 into a pair of 
spikes. Diode D3 shunts the positive - 
going spikes to ground, while D4 re- 
moves what remains of the positive - 
going waveform and passes the nega- 
tive -going spike to the meter. 

Since the time constant through C2 
and D3's reverse resistance remains the 
same at all times, pulse width to the 
meter is constant. Regulation of transis- 
tor collector voltage by zener diode D2 
holds pulse amplitude constant. Thus 
each spike applied to the meter will be 
of constant energy content and the meter 
will mechanically integrate these pulses, 
as explained before for the relay circuit. 
Calibration control R5 adjusts meter 
sensitivity so that the dial reading may 
be corrected; since the scale is linear, 
one -point calibration suffices. 

The circuits used in the accessory - 
manufacturers' tachometers are appar- 
ently similar to that of Fig. 2, although 
at least one has reduced the semicon- 
ductor requirement to one transistor and 
one diode. This may be done in the cir- 
cuit of Fig. 2 by moving the zener diode, 
D2, to the position occupied by D3 and 
allowing the base- emitter junction of 
the transistor to replace DI_ With the 
zener across the meter, D4 may be 
omitted. 

More elaborate circuits than these 
have been published in the past. One, 
in particular, made use of a monostable 
multivibrator designed around two sili- 
con transistors to deliver a standardized 
output pulse for every ignition pulse 
received, in an effort to improve ac- 
curacy. Also, more elaborate circuits em- 
ploy some type of temperature compen- 
sation to prevent possible calibration 
changes with temperature. 

Note that the circuit in Fig. 2 uses 
an n -p -n transistor for negative- ground 
autos; for positive -ground systems, the 
manufacturer puts out a similar circuit 
with a p -n -p transistor, and reverses 
polarity of all diodes and the meter. 

Some of the accessory tachometers, 
though, are designated "universal" types. 
They achieve this by keeping all cir- 
cuitry above ground, feeding input 
through a capacitor. Then the appro- 
priate power terminal of the tach can 
be grounded and the other connected 
to the hot side of the ignition switch. 

A few of the accessory designs appear 
to have crowded scales near the top of 
their ranges; this is usually due to the 
use of moving -vane meters rather than 
the d'Arsonval type, in the interests of 
economy. Manufacturers who use only 
d'Arsonval movements claim higher ac- 

curacy (2% as opposed to 5` {) and easier 
reading of the indicator at high rpm. 

Calibration 
Commercially built tachometers usu- 

ally provide no calibration control avail- 
able to the user. However, calibration 
can be easily checked with an audio - 
frequency square -wave generator, and 
can be corrected if necessary by adjust- 
ing values of meter shunts. 

To calibrate an electronic tachometer, 
keep in mind that it receives one input 
pulse every time the breaker points open 
and a sparkplug fires. In a four -cycle 
engine, any given plug fires once for 
every two revolutions of the crankshaft. 
In a 6- cylinder engine, this means the 
distributor points will open 6 times in 2 
revolutions, or 3 times per revolution. 
Since electronic measurements are usu- 
ally made in cycles per second while 
engine speeds are measured in revolu- 
tions per minute we must convert the 
33 revolution- per -pulse figure by multi- 
plying by 60 seconds per minute. This 
gives us ;á times 60 or 20 as the ratio 
of rpm to pulses- per -second. Thus an 
input frequency of 60 pulses per second, 
for calibration, should give a reading of 
1200 rpm. 

The exact formula relating frequency 
and rpm for all four -cycle engines is: 
120 times calibration frequency /number 
of cylinders. Thus with an 8- cylinder 
engine the ratio would be 120 times 60 
divided by 8, or 900 rpm for a frequency 
of 60 cps. 

Ordinary line voltage, passed through 
a double -diode clipper to approximate a 
square wave provides an excellent cali- 
bration source of accurate frequency. 
For higher rpm readings, 440 cps is 
easy to obtain with a standard orchestra 
tuning fork or by checking against 
WWV. 

If the tach reads higher rpm than 
the formula indicates, its shunt resistor 
should be reduced in value. If the read- 
ing is low, the resistor value should be 
increased. 

COMMUNICATIONS SYMPOSIUM 
ONE of the most comprehensive pro- 

grams on world -wide communica- 
tions has been planned for the first 
International Symposium on Global 
Communications, which will be held on 
the campus of the University of Penns.l- 
vania and at the Sheraton Hotel, Phila- 
delphia, June 2 to 4. 

Over 120 speakers from here and 
abroad will present 87 papers accenting 
the new close ties of communications 
and data processing. A keynote session 
will cover world -wide communications 
systems here and in the United Kingdom, 
Japan, and France. Military techniques 
will also be covered. 

Sponsors include IEEE Professional 
Groups on Contmnrnications Systems and 
Computers and Univ. of Penna., where 
interested parties may register. 

ELECTRONICS WORLD 
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Transistor Amplifier 
(Continued from page 45) 

transistor being checked, then we feel 
that such meters can be used for quick, 
non -quantitative checking.-Editor.) 

It is also advisable to use a low -watt- 
age soldering iron and a soldering aid 
when repairing transistorized equip- 
ment. Again, no internal leakage path 
should exist between the line and the 
soldering iron. As a further precaution, 
the iron should be grounded to the am- 
plifier chassis. 

When servicing this unit or any other 
transistor amplifier, we suggest that 
these simple rules be followed: 

1. Be careful when working with tran- 
sistors, since they may be destroyed al- 
most instantly. This is in marked con- 
trast to tubes which can usually bear 
moderate overloads for much longer 
periods. 

2. Never work on a transistor ampli- 
fier without first disconnecting it from its 
source of power. 

3. Guard against shorts -one of even 
brief duration between the collector and 
base of any transistor will destroy that 
transistor and often those associated with 
it ( as in the case of Darlington -con- 
nected transistors or those in the output 
stage of the power amplifier) . Such 
shorts may be produced even in the time 
it takes for a dropped screwdriver to 
glance off a pair of socket terminals, or 
to connect one of the terminals and the 
chassis. 

4. Damage will occur to any transistor 
if its base is placed at or near the same 
potential as the collector. Therefore, 
check that the base leg of the biasing cir- 
cuit is not open on the emitter side of 
the circuit. 

5. When replacing power transistors, 
be sure that heat sinks and mica insula- 
tors are free from metal shavings which 
might cause shorts or prevent sufficient 
heat transfer from the transistor to the 
heat sink. 

6. Use silicone grease ( such as Dow - 
Corning No. 3 or No. C20194) between 
heat sink and mica insulators, as well as 
between mica insulators and transistors, 
for better heat conduction. 

7. Always use a pair of long -nose 
pliers or other heat sink when soldering 
transistors (or other low- wattage corn- 

( ponents). Grasp the lead to be soldered 
between the body of the transistor and 
the soldering iron. This will prevent heat 
from reaching the transistor junction and 
damaging the device. 

Despite the relative newness of tran- 
sistors in high- fidelity equipment, there 
are many reasons which recommend 
them to the consumer. The fact that ma- 
jor manufacturers are making such 
equipment part of their new lines indi- 
cates the confidence the industry places 
in transistor components. 
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FREE BOOKLET 
with 

FACTS & FIGURES 
You can be on the threshold of an 
entirely new income! One of the 
biggest booms nowadays is in 2- 
way mobile -radio communication. 
Every installation is practically a 
guaranteed income for some quali- 
fied serviceman. These stations 
must be kept on the air . . . must 
have FCC -required checks . and 
because they make money for their 
owners, they can afford to pay well 
for service. 
Lampkin Laboratories, Inc., has made 
a study of how other servicemen 
are making money in this business. 
Now they offer the results of this 
study to you - in this FREE book- 
let - so that you can increase your 
income thousands of dollars. Use the 
coupon today! 

Lampkin instruments are used by thousands of mobile -radio engineers ! 

LAMPKIN 105 -B FREQUENCY 
METER, RANGE 0.1 TO 175 MC AND 
UP. PRICE $260.00 NET. 

MAIL COUPON TODAY » 
LAMPKIN LABORATORIES, INC. 
MFM Division BRADENTON, FLORIDA 

LAMPKIN 205 -A FM MODULA- 
TION METER. RANGE 25 TO 500 
MC. PRICE 5270.00 NET. 

LAMPKIN LABORATORIES, INC. 1 

MFM Division, Bradenton, Florida 
At no obligation to me, please send 

Free booklet Data on Lampkin 
meters 
Name 
Address 
City State 

CIRCLE NO. 121 ON READER SERVICE PAGE 

Now you can get the 

1964 PHOTOGRAPHY 
DIRECTORY 

& BUYING GUIDE 
For up -to- the -minute news on virtually all the products on the photo market, get 
the 1964 Photography Directory & Buying Guide. 

It covers: still cameras 
flash equipment lighting equipment 
movie cameras exposure meters 
still and movie projectors darkroom equipment 
still and movie films tape recorders 

The 1964 Photography Directory & Buying Guide is only 75e. Available at your 
favorite newsstand and camera store or enclose your payment (plus 15c postage 
and handling) and mail to: Ziff -Davis Service Division, Dept. PD, 589 Broadway, 
New York 12, N.Y. 

ROCKETRY 
SPACE TECHNOLOGY 

MISSILE & SPACE ELECTRONICS 

DIPLOMA and DEGREE courses 
through HOME STUDY 

You can prepare now for your career as a 

MISSILE & SPACE TECHNICIAN OR ENGINEER 

Write for school catalog, enclose 50c to cover postage and handling. 

AERO SPACE UNIVERSITY INC. 
Dept. D A Correspondence Institution 

P.O. BOX 13589, PHOENIX, ARIZONA U.S.A. 
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"TRANSISTOR CIRCUITS FOR MAGNETIC RECORDING" by 
N. M. Haynes. Published by Howard W. Sams & Co., Inc. 
379 pages. Price $9.95. 

The application of transistor circuits to magnetic recording 
equipment has generated a need for a clear -cut and easily 
understood exposition of this field. The author, who is engi- 
neering vice -president of Amplifier Corp. of America, has 
tackled the job in a straightforward manner. 

The text is divided into four main sections plus appendices. 
The first section deals with transistors -fundamentals, as a 
circuit element, and circuit stabilization. He next deals with 
magnetic recording elements -noise considerations, record- 
ing /playback fundamentals, electrical components, and 
circuit requirements. The third section takes up specific cir- 
cuit components -preamplifiers, equalization, drivers and am- 
plifiers, ultrasonic oscillators, output and indicating circuits, 
and motor- control circuits. The last division deals with sys- 
tem circuitry and covers recording and playback circuits, 
switching schemes, composite circuits, frequency -modulated 
recording, and digital recording. 

Much of the material included in this volume is applicable 
to such divergent fields as: hi -fi amplification, instrumenta- 
tion, telemetry, automatic control, and in the general area of 
transistorized communications equipment. 

n e c 

"TRANSISTOR TELEVISION RECEIVERS" by T. D. Towers. Pub- 
lished by John F. Rider Publisher, Inc. 188 pages. Price 
$6.95. 

This volume is subtitled "A Survey of World Circuitry - 
British, American, German, Russian, Japanese" which indi- 
cates the scope of this book. With the advent of the transistor 
in 1948, subtle changes have been occurring in TV receiver 
design with the 1960's registering an impressive acceleration 
in the use of transistors throughout the set. 

The author covers the salient features of transistor TV 
receivers built in the five leading TV set -making countries 
and presents a complete analysis of each phase of transistor 
TV stricture and specifies the different methods used in each 
country. The author compares the various makes of transistor 
receiver to each other and to conventional tube sets. Separate 
chapters cover transistor tuners, video i.f. amplifiers, the 
video amplifier, sound sections, the picture tube and its 
associated circuits, power supplies, and service techniques. 

The text material is illustrated with partial schematics and 
line drawings. 

b (k 

"WORLD RADIO -TV HANDBOOK" by Olaf Lund- Johansen. 
266 pages. Price $3.50 postpaid. Available in the U.S. from 
Gil f er Associates, P.O. Box 239, Park Ridge, New Jersey. 
18th Edition. 

This 18th Edition of the Handbook has been expanded 
to include 20 more pages of information than the 1963 ver- 
sion. It carries a listing of broadcasting schedules, fre- 
quencies, powers, programming, station personnel, mailing 
addresses, etc. of every known short -wave broadcasting sta- 
tion- including those behind the Iron Curtain. 

In addition to the schedule and station information, this 
edition carries articles by well -known personalities in the 
field of broadcasting. Details on TV, number of listeners, 
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frequency bands, sun -spot cycles, interference and jamming, 
clubs, and world times are also included in this volume for 
the dedicated SWL. 

"TRANSISTOR IGNITION SYSTEMS HANDBOOK," by Brice 
Ward. Published by Howard W. Sains & Co., Inc. 126 pages. 
Price $2.50. Soft bound. 

One "optional" automotive accessory which gained almost 
immediate consumer acceptance is the transistor ignition 
system. Since some cars are now equipped with units supplied 
by the auto maker or systems installed by the user, this book 
should find a ready made audience. 

This volume covers all phases of transistor ignition systems 
from coil design and switching circuits to practical and corn - 
mercial systems, installation, and troubleshooting. In three 
appendices the author provides a listing of most of the 
currently available commercial systems along with their 
characteristics, a list of parts used in ignition systems, and 
a directory of manufacturers of such ignition systems along 
with their addresses. 

Tables, graphs, performance curves, photographs, and 
schematics are all used to amplify the text material. 

c e c 

"MATHEMATICS FOR ELECTRONICS AND ELECTRICITY" by NRI 
Staff. Published by John F. Rider Publisher, Inc. 248 pages. 
Price $3.95. Soft bound. 

This volume was prepared by the National Radio Institute 
Staff to meet the need for training in the specialized mathe- 
matical techniques required in electronics. The text covers 
every phase of useful mathematics as related to electronic 
circuitry and begins with a review of arithmetic. The book 
progresses through algebra, trigonometry, Boolean algebra, 
and the binary number system. In each instance the topic is 
related to its electronics application. 

a c c 

"DIODES AND TRANSISTORS- GENERAL PRINCIPLES" by Guy 
Fontaine. Published by Hayden Book Company, Inc. 470 
pages. Price $9.50. 

This is a vade mecum of transistor basics for the engineer 
or advanced student. The author provides a comprehensive 
review of the principles underlying all semiconductor devices 
and then goes on to discuss the various types of transistors 
and semiconductor diodes -including an analysis of the per- 
formance characteristics of each. 

A detailed presentation and analysis of all the parameters 
of transistors of interest to engineers takes up most of the 
balance of the book. Where applicable, there is a comparison 
with similar parameters of vacuum tubes. The final section 
details methods, including all necessary formulas and equa- 
tions, of designing transistor circuits for various electronic 
applications. 

Two- and three -color diagrams are used throughout to 
illustrate and emphasize the text material. The author has 
attempted to cover his subject with minimum reliance on 
the mathematical approach but, where necessary, this treat- 
ment is at the level of high -school algebra. 

One mechanical detail may disturb some users and that is 
paragraphs are not indented. When using the text a soft 
pencil should be at hand to mark the new starting point after 
referring to the related diagrams and graphs accompanying 
the text. 

rt o 

"NORTH AMERICAN RADIO -TV STATION GUIDE" by Vane A. 
Jones. Published by Howard W. Sams & Co., Inc. 128 pages. 
Price $1.95. Soft bound. 

This is the 1964 edition of a popular reference manual 
containing up -to -date and complete information on broadcast 
stations operating on the North American continent. The 
listing covers 7500 stations by city, state, and frequency. Of 
this number 5000 are AM stations, 1500 FM stations, and 
1000 v.h.f. and u.h.f. TV stations. 

ELECTRONICS WORLD 
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MONO USE OF 

STEREO PHONES 

HAVING TWO PLUGS 
By ART TRAUFFER 

SOME stereo and binaural headphones 
come equipped with two phone 

plugs (one for each phone). Because of 
their quality, they offer possibility for 
mono listening to AM and s.w. sets. Here 
are two simple ways to use these twin - 
plug phones monophonically without 
any changes in the plugs. 

In Fig. 1, if you already have a cir- 
cuit- closing phone jack wired into the 
v.c. circuit, all you need do is add an 
open -circuit jack as shown. This will 
connect the phones in parallel for mono. 

In Fig. 2 an adapter can be built in- 
stead of the extra jack of Fig. 1. All you 
need is an Amphenol Type 75 -MC1P 
phone plug, two open -circuit phone 
jacks, and a small tin box to mount them. 
Note that the three parts are soldered 
securely to the tin to insure dependable 
connections. The jack at the left is 
mounted upside down so the two lugs 
can be soldered together at one end of 
the wire lead. The tin can automatically 
connects the frames, or "grounds," of the 
three parts. To use this adapter, simply 
plug it into the jack in the v.c. circuit of 
your radio, then plug the twin plugs of 
your stereo phones into the adapter. 

If one side of the speaker voice -coil 
in your a.c. -d.c. radio is connected to the 
chassis, isolate the v.c. and transformer 
secondary to avoid shock. 

P 

OUTPUT TRANSFORMER IN 
(AM, FM OR SHORT -WAVE RADIO STEREO PHONES 

HAVING A PLUG 
FOR EACH PHONE 

OA CIRCJIT- CLOSING JACK INSTALLED IN RADIO FOR 
MONO LISTENING 

OB EXTRA JACK INSTALLED FOR PHONES HAVING TWO PLUGS 

Fig. 1. Extra jack is connected in par- 
allel with circuit -closing jack for mono. 

Fig. 2. Simple adapter for two phono plugs. 

SOLDER 

AMPHENOL 75 -MCIP 
PHONE -PLUG ADAPTER 

FLEXIBLE WIRE 
LEAD 

INSTALL THIS 
JACK 

UPSIDE -DOWN 
(SEE TEXT) 

May, 1964 

SOLDER 

TIN CAN WITH 
FRICTION LID 

OR 
HOME -MADE 

TIN BOX 

SOLDER (IF DESIRED, LOCKNUTS 
CAN BE USED INSTEAD 
OF SOLDERING) 

Who says a 
professional - grade, 

ribbon- type mike 
has to cost a 

small fortune? 
Most audio engineers agree that 
microphones with ribbon -type gen- 
erating elements give the best 
acoustic performance obtainable... 
the smoothest, most distortion -free 
response over the broadest fre- 
quency range. 

Most ribbon -type mikes are 
therefore quite expensive...up in 
the hundreds of dollars. 

But not the RCA SK -46. It gives 
you a frequency- response of 40 to 
15,000 cps 

...and it costs only $49.5°* 

What's so special about 
ribbon -type mikes? 

There are 7 basic types of micro- 
phone generating elements : rib- 
bon, condenser, magnetic, dynamic, 
ceramic, crystal and carbon. RCA 
sells all 7, so we can be relatively 
impartial about the advantages of 
the ribbon type. 

A typical ribbon element (spe- 
cial aluminum alloy foil 0.0001" 
thick) weighs only about 0.25 mil- 
ligram- hundreds of times lighter 
than generating elements in, say, 
dynamic and condenser mikes. The 
ribbon, in fact, is as light as the 
air mass that moves it, which ac- 
counts for its exceptional sensi- 
tivity. 

In fact, of all 7 types of generat- 
ing elements, the ribbon -type ele- 
ment is superior in: 
* Smoothness of response 
* Breadth of frequency range 
* Immunity to shock and vibration 
* Adaptability to various imped- 

ances 

RCA SK -46 
ribbon -type 
microphone 

* Low hum pickup 
* Immunity to temperature and 

humidity variations 
That's why most of them cost so 
much. 

But now you can get the re- 
markable RCA SK -46 bi- direc- 
tional ribbon -type mike at Your 
Local Authorized RCA Micro- 
phone Distributor-For Only 
$49.50 

For full technical information - 
or the name and address of your 
nearest distributor -write: RCA 
Electronic Components and De- 
vices, Dept. 451, 415 So. 5th St., 
Harrison, New Jersey. 
'Optional Distributor Resale Price 

RCA Electronic Components and Devices, Harrison, N. J. 

The Most Trusted Name in Electronics 
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COMPLETE FACTORY WIRED SYSTEMS! 
(Regularly $49.95) 

AEC 77 with (400:1) Ignition Coil ... 
6/12 volt systems $39.95 

AEC 77 for Positive Ground British Cars ... 
6/12 volt $39.95 

NEED COILS & BALLAST RESISTORS ONLY? 
Transistor 77 (400:1) Ignition Coil 6/12 Volt $11.95 
Ballast Resistor variable .3 to .9-250 watt $ 1.95 

COMPLETE DO IT YOURSELF KIT! 
AEC K4 Negative Ground only $32.95 

OUTPERFORMS 

all other 

IGNITION 
systems 

Every AEC -71 system is tested under actual 
operational load with 4 fouled and 4 operat- 
ing spark plugs at -20 °C and at 105 °C to 
insure reliability in usage under the most 
adverse operating conditions of any engine. 
Every AEC -77 delivers 18,000 volts to the plugs 
at engine cranking as against 8,000 volts of 
other ignitions . . guarantees instant starting 
in any type weather. 
Every AEC -77 delivers 30,000 volts at 2,000 rpm, 
as against 18,000 volts of other ignitions. AEC -77 
continues to deliver 30,000 volts beyond 7,500 
rpm, while other ignitions fail to deliver any 
voltage. 
AEC -77's constant high voltage output guarantees 
more complete combustion . releases full 
engine power, increases gas mileage by 15%, 
keeps plugs and points clean beyond 50,000 
miles, fires fouled plugs, makes engine run 
smoother, increases top speeds, eliminates 4 out 
of 5 tune -ups, and gives you that "tuned -up" 
performance for thousands upon thousands of 
miles usage. 
Completely waterproof and shockproof ... AEC -77 
will pay for itself in 12,000 miles usage through 
gas and maintenance savings! . , and it's guar- 
anteed for 3 full years. 
World Champion Racing Driver Phil Hill recom- 
mends and uses AEC -77. 
Installs in only 20 minutes by 
anyone, as detailed easy to 
follow instructions make in- 
stallation quick and simple 

no special tools or 
knowledge required. 
Quality components used in 
every AEC -77 are supplied by 
General Motors, Delco, Motor- 
ola, and Mallory corporations. 
Sold and serviced throughout the world, AEC -77 
has been proven in over 2,000,000 miles of test- 
ing, to be the best buy and value anywhere. 

Regardless of price, AEC -77, feature for feature 
at $49.95 postpaid, cannot be duplicated or 
matched by any other system. Send for your 
AEC -77 now and save $10.00 by using the at- 
tached coupon or see your local dealer. 

AEC 387 PARK AVE., SO. NEW YORK 16, N.Y. 

r AUTOMOTIVE ELECTRONICS CO. I 

I 387 PARK AVE., SO. NEW YORK , N.Y. 10016 I 
1 NAME 

ADDRESS 

CITY ZONE STATE 
I AEC -77 For Negative ground 6/12 v $39.951 
I AEC -77P For Positive ground 6/12 v $39.951 

El Kit $32.95 ID 400:1 Coil $11.95 [71 Ballast $1.9511 
I FREE BROCHURE ON AEC 77 SYSTEMS. EW -54 

CIRCLE NO. 104 ON READER SERVICE PAGE 
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Transistor Ignition System 
(Contillned from page 51) 

be shorted out of the circuit entirely. 
A problem introduced by the use of 

the relay is that it will be impossible to 
switch off the engine if "idiot lights" are 
used to indicate battery charge because 
there will be a return path through the 
light bulb of the charge -indicator circuit. 
The ignition switch is bypassed and the 
coil of the relay will be energized at all 
times. 

The bulb lead is generally connected 
to the voltage regulator. It should be dis- 
connected and a 0.5 -amp., 400 p.i.v. sili- 
con rectifier diode inserted in series be- 
tween the bulb lead and the voltage 
regulator. The cathode of the diode goes 
to the regulator terminal. This rectifier 
is not required on alternator- equipped 
cars. 

There are several 400:1 turns -ratio 
coils available now and one of them is 
specified in the parts list. Ballast resistors 
can also be purchased from the same sup- 
plier. 

Although a definite value is specified 
for ballast resistor R1, optimum results 
are obtained with the primary of the ig- 
nition circuit drawing 10 amps, with the 
engine stalled and the ignition key turned 
on. With the engine operating, this cur- 
rent should be between 5 and 8 amps at 
idle. 

Adjust the value of ballast resistor R1 
to obtain the specified current. A stalled - 
engine current of between 9 and 10 amps 
will be satisfactory. 

Reliability of this circuit was demon- 
strated by the more than 100,000 miles 
of operation in several cars under con- 
tinuing observation without any failures 
to date. 

Careful workmanship and proper 
choice of location for the transistors and 
diodes is of prime importance. Do not 
mount the semiconductors on the engine 
or near the exhaust manifold. The best 
location would be inside the passenger 
compartment, under the dashboard. 

Readers are referred to their August 
and December 1962 issues of ELEC- 
TRONICS WORLD for the 6 -volt negative - 
and positive- ground and 12 -volt positive - 
ground circuits, for detailed explanation 
of the circuit and for construction details. 
The two circuits are basically the same 
and this one can be modified without any 
trouble and used with positive -ground 
and 6 -volt systems. 

It must also be emphasized that, as 
with any ignition system -standard or 
transistorized, the ignition switch should 
be turned off at the end of a drive to keep 
transistors, diodes, and ignition coils 
from overheating. 

The heat sinks should be insulated 
from the auto chassis. 

Feedthrough capacitors of 30 -40 amps 

should be used at the ignition coil, volt- 
age regulator, and generator to keep 
radio interference to a minimum, if this 
becomes bothersome. It is also a good 
idea to keep the standard ignition in the 
car for emergency use and to simply add 
the transistorized ignition. 

Point setting and sparkplug gap should 
be that specified by the car manufac- 
turer. Installation of new points is rec- 
ommended once the circuit is tested and 
works properly. Correct point gap and 
dwell, as well as correct timing, are very 
important and should be set by means of 
proper instruments. 

With the changes and additions speci- 
fied, this circuit should operate for the 
life of the car without any trouble, except 
perhaps for the replacement of points at 
50,000 -mile intervals due to wear of the 
rubbing block. Application of a thin film 
of high -temperature grease to the dis- 
tributor cam at 5000 -mile intervals 
would lengthen rubbing -block life. Point 
dwell should also be checked at this time 
and corrected if necessary. Any dwell 
angle change will be due to rubbing - 
block wear. 

DEW Line "Radicians" 
(Continued from page 49) 

by married men. Surprisingly, most 
single men drop out after one or two 
terms, while some of the married men 
have been on the Line since its inception. 

When one considers the importance 
of the DEW Line, it is not difficult to 
understand why extensive precautions 
are taken in selecting the right men. 

After passing all tests and prior to 
being sent to the DEW Line, each pro- 
spective technician must attend a train- 
ing course at the FEC Training Base in 
Streator, Illinois. Identical equipment is 

used and all prospective employees must 
learn maintenance, servicing, theory, 
and operation of the various types of 
equipment. 

All technicians must sign a contract 
for eighteen months and additional 
terms are based on twelve -month con- 
tracts. Salaries vary -from $10,000 to 
$21,000 annually, depending on the 
length of service and responsibilities. All 
transportation from the point of recruit- 
ment, food, and housing are supplied 
free. 

Working conditions are beyond ex- 
pectations. Each base is well heated 
and such facilities as automatic washers 
and dryers are supplied. Each technician 
has a room of his own. Technicians must 
work nine hours a day, six days a week, 
which leaves sufficient time for hobby 
activities. In addition to each base show- 
ing three movies a week, technicians 
find time to indulge in such hobbies as 
photography, painting, hi -fi listening, 
and ham radio. 
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Understanding Crystals 
(Continued from page 38 ) 

bility, by using normal or polarized light. 
In addition, the optic or Z axis is de- 
termined by visual inspection or by the 
use of optical methods. The crystal is 
then marked for cutting into crystal 
blanks. 

Processing of the crystal blank usually 
begins with a lapping operation, as 
shown in Fig. 4 in which a number of 
blanks are lapped at the same time. 
Crystals are lapped and polished to a 
frequency slightly higher than the de- 
sired frequency. Crystals designed for 
overtone operation may be polished to 
a finer finish than that required for fun- 
damental operation. 

After lapping and polishing, the 
blanks are chemically etched as shown 
in Fig. 5. The etching process helps to 
prevent the crystal from aging and drift- 
ing in frequency after the crystal is 
processed. 

In many communications applications, 
electrodes are plated directly on the 
crystal blank. Plating may be done by 
chemical deposition, evaporation under 
vacuum, sputtering or furnace -firing us- 
ing silver or gold paints. The plating 
serves to bring the crystal to final fre- 
quency, and the frequency can be con- 
trolled to very fine limits by the thickness 
of the plating. 

After plating, the crystal is mounted 
on a base. Although a variety of mount- 
ing techniques are employed in crystal 
manufacture, communications types are 
usually edge -clamped as shown in Fig. 6, 
using wire spring loops which serve both 
to hold the crystal and make electrical 
contact. The blank, mounted on its base, 
is then calibrated to its final frequency 
after which the covering can and base 
are soldered together. In some cases, the 
entire unit is evacuated and either sealed 
off under vacuum, or filled with dry ni- 
trogen which serves to prevent aging due 
to the presence of moisture. 

Crystals are then subjected to a num- 
ber of checks which may include testing 
under a variety of temperature condi- 
tions and in oscillators which are exact 
electrical duplicates of those in which 
the crystal is to be used. Final frequency 
determination is done with an electronic 
counter to be sure the crystal will op- 
erate within the specified tolerance. 

The crystal manufacturer will usually 
have on hand a vast amount of correla- 
tion data for all types of commercial 
communications equipment. For reasons 
given elsewhere in this article, it is 
important that the crystal manufacturer 
has specific and detailed information on 
the circuit in which the crystal is to be 
used. Otherwise, frequency tolerances 
cannot be met. Where crystals are re- 
quired for home -made equipment such 
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as frequency standards, recommended 
circuits of the crystal manufacturer 
should be closely followed. 

Care of Crystals 
While the modern communications 

crystal is a rugged device, care should 
be used in handling and operating it to 
assure consistent and uniform perform- 
ance. The typical AT -cut overtone crys- 
tal is only a few thousandths of an inch 
thick and is subject to damage. You 
might drop a crystal 15 times without 
hurting it, but conversely, it might break 
on the first drop. If you hear things rat- 
tling around inside the can after the 
crystal has been dropped, it should be 
relegated to the wastebasket. 

Circuit alterations which result in ex- 
cessive drive current through the crystal, 
may also cause the crystal to fracture. 
Although this is a rare occurrence, ex- 
cessive drive can also cause erratic op- 
eration. 

Occasionally, you may find a faulty 
crystal which has a tendency to operate 
in more than one mode. It may oscillate 
at two different frequencies simultane- 
ously. In the case of overtone crystals, 
these two frequencies may be reasonably 
close together. Other faults include the 
tendency to change frequency during 
operation -such crystals should be re- 
placed. Crystals, like any other commod- 
ity, come in different qualities. Because 
of the vital function of the crystal in 
both communications transmitters and 
receivers, the safest practice is to buy 
the best crystal you can afford. Either 
buy directly from the equipment manu- 
facturer or from a reliable crystal manu- 
facturer, in either case giving all the 
pertinent data that is required. In so 
doing, you will avoid the problems en- 
countered with poorly made crystals and 
you can be sure that your equipment 
will operate at peak efficiency for long 
periods of time. 

CITIZENS BAND JAMBOREE 

THE Fresno Citizens Band Radio Club 
has scheduled its Second Annual 

Jamboree for June 6th and 7th. The af- 
fair will be held at the Wildwood Beach 
Country Club, on Highway 41 at the San 
Joaquin River, Fresno, California. 

The committee has planned an inter- 
esting and varied program of entertain- 
ment including swimming, tennis, golf, 
fishing, games for the children, and a 
dinner dance on Saturday night. 

Tours will be conducted for those who 
are interested and free parking will be 
provided for trailers and campers. Dealer 
demonstrations of the newest in CB 
equipment will be continuous. 

Additional details on the affair plus 
reservations for the Jamboree can be ob- 
tained by writing The Fresno Citizens 
Band Radio Club, Jamboree, 231 Dennet, 
Fresno, California 93728. 

ASSEMBLE YOUR OWN 

ALL -TRANSISTOR 

Ydrtek4 
ELECTRONIC ORGAN 

3 NEW MODELS 

Recital $1500 
Consolette II 850 
Spinet 550 

This is the new, all - 
transistor Schober 
Consolette II ... the 
most luxurious 

"home- size" organ available today. 
Full 61 -note manuals, 17 pedals, 22 stops and 
coupler, 3 pitch registers, and authentic theatre 
voicing leave little to be desired. Comparable 
to ready -built organs selling from $1800 to $2500. 

The pride and satisfaction of building one of 
these most pipe -like of electronic organs can 
now be yours ... starting for as low as $550. 
The Schober Spinet, only 38 inches wide, fits 
into the smallest living room. The all -new, all - 
transistor Schober Recital Model actually 
sounds like the finest pipe organ; its 32 voices, 
6 couplers, 5 pitch registers delight professional 
musicians... making learning easy for beginners. 

AND YOU SAVE 50% OR MORE BECAUSE YOU'RE BUYING 

DIRECTLY FROM THE MANUFACTURER 

AND PAYING ONLY FOR THE PARTS, NOT COSTLY LABOR. 

It's easy to assemble a Schober Organ. No spe- 
cial skills or experience needed. No technical 
or musical knowledge either. Everything you 
need is furnished, including the know -how. You 
supply only simple hand tools and the time. 
You can buy the organ section by section ... so 
you needn't spend the whole amount at once. 

You can begin playing in an hour, even if you've 
never played before -with the ingenious Pointer 
System, available from Schober. 
Thousands of omen and women- teen -agers, too 
-have already assembled Schober Organs. 
We're proud to say that many who could afford 
to buy any organ have chosen Schober because 
they preferred it musically. 

Send for our free Schober Booklet, describing 
in detail the exciting Schober Organs and op- 
tional accessories; it includes a free 7 -inch 
"sampler" record so you can hear before you buy. 

IN OUR 10TH YEAR 

THE e9 h 2éC1 114 an CORPORATION 

43 West 61st Street, New York, N. Y. 10023 
Also available in Canada, Australia, Hong Kong, 

Mexico, Puerto Rico, and the United Kingdom 
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THE SCHOBER ORGAN CORP., DEPT. RN -31 

43 West 61st Street, New York, N. Y. 10023 

Please send me FREE Schober Booklet and 
FREE 7 -inch "sampler" record. 
Enclosed find $2.00 for 10 -inch quality LP 
record of Schober Organ music. ($2.00 re- 
funded with purchase of first kit.) 

Name 

Address 

City State lip No 
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XEIV Pß,ODtICTS 
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 15. 

COMPONENTS TOOLS TEST EQUIPMENT HI -FI AUDIO CB HAM COMMUNICATIONS 

1 

SILICON PHOTOTRANSISTOR 
General Sensors, Inc. is now in production 
an a new silicon "n -p -n" phototransistor, the 

GS -600. Because of its 
high sensitivity, this 
two -terminal device is 

especially suited for 
character recognition, 
card reading, and 
other pulse genera- 
tion applications. 

The phototransis- 
tor features a large 

base arca providing optimum sensitivity from 
extremely low -level to high -level light detection. 
To provide superior optical characteristics, a 
glass window. rather than a lens, is hermetically 
sealed into the standard TO -18 header. 

ALL -CHANNEL TV ANTENNA 
ZChannel Master Corp. is now offering the 

"VU -82," an all- channel antenna which is de- 
signed to provide reception of v.h.f., u.h.f., 
color -TV, and FM- stereo. 

On u.h.f. the built -in diplexer circuit provides 
a uni- directional pattern that can be reversed 180 
degrees by switching. On v.h.f. and FM, an im- 
pedance compensating switch eliminates dipole 
handling when changing channels within bands 
since it electronically adjusts the dipole to the 
wavelength of the channel. Impedance is 300 
ohms. 

This indoor antenna is housed in a compact 
enclosure with the elements attached to the case 
containing the switching elements. 

DIFFERENTIAL VOLTMETER 

3 
Keithley Instruments, Inc. has developed a 
new differential voltmeter that features a low 

0.01% limit of error with 0.005% stability indef- 
initely and measures d.c. voltages between 100 
mv. and 500 volts. 

The Model 662, a self- contained guarded po- 
tentiometer, operates from a 117- or 234 -volt, 
50/60 -cps power source. It has infinite input im- 

pedance at null over its entire range and offers 
maximum null sensitivity of 100 µv. full -scale 
with 3 -µv. resolution. Six -dial readout gives at 
least five -dial resolution for every voltage setting. 
Repeatability is ±0.0025 %. 

The instrument measures 171/2" wide x 13" 
deep x 51/2" high and is offered as a bench model. 
It can be rack mounted by means of a special 
accessory kit. 

FREQUENCY CONVERTER 
4 Dymec, a division of Hewlett -Packard Co. 

has announced the availability of a new fre- 
quency converter which permits precise frequency 
measurements in the range 1 to 12.4 gc. The 
Model 5290A is designed for full compatibility 
with the company's electronic counters to extend 
their measuring capability to the microwave 
range. 

The unit provides positive phase locking of an 
internal transfer oscillator to the signal fre- 
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quency, resulting in frequency measurements 
with accuracy equal to that of the counter time 
base. Positive locking allows measurement of 
drift and jitter over long time periods. Addi- 
tional features permit frequency measurements 
of pulsed signals, FM measurements at deviation 
rates to 1 mc., and measurements of AM and FM 
on rapidly drifting signals. 

The circuitry is all solid -state and all r.f. cir- 
cuits are totally enclosed in a solid casting to 
virtually eliminate RFI. 

INTEGRATED CIRCUITS 
SMotorola Semiconductor Products Inc. is 

using three flat package configurations of 
high- impact, high- thermal conductivity ceramic 
for its standard integrated circuits. 

The company lists the advantages of these new 
packages over glass flat packages as: I. The high- 

temperature ceramic material is matched for 
thermal expansion with kovar, a lead material 
proven in use with standard hermetically sealed 
transistor packages. 2. Thermal conductivity 3 

to 4 times greater than that of glass to provide 
better heat dissipation. 3. The new hermetic seal- 
ing approach not only achieves higher yields but 
results in package reliability previously unobtain- 
able in flat packages. 4. Dog -leg lead structure, 
difficult to achieve with glass packages, is avail- 
able in the ceramic flat package. 

Various integrated circuits and lead configura- 
tions are available. 

COMPACT INVERTER 
6 Terado Corporation is now marketing a new 

inverter which operates from a standard car 
battery and is designed especially for powering 
small portable TV sets and similar electrical 
equipment. 

Known as the "Satellite" Model 50- 138 -3, the 
unit is lightweight, easy to install, and provides 
a 110 -volt, 60 -cycle output. Connection can he 
made either to the cigarette lighter in the car or 
direct to the car battery. 

1 

IN- CIRCUIT TESTER 
Test Equipment Corporation has a new in- 
circuit transistor tester on the market as the 

Model 5. The instrument measures true pulsed 
beta of transistors installed in circuits. Simplicity 
of operation has been achieved through auto- 
matic control circuits which adjust the test condi- 
tions to provide a direct reading of beta from 5 
to 500 on a single meter scale. The pulsed cur- 
rent is 5 ma. with a duty cycle of 25 %. 

Protective circuits have been incorporated to 
prevent damage to the transistor under test. The 
instrument has been designed for production 

line, laboratory, and maintenance operations. An 
adjustable accessory fixture holds printed- circuit 
cards under a template to permit rapid and ac- 
curate testing by non -technical operators. 

The unit measures 51 "x l2 "x 11" and weighs 
10 pounds. It operates on 117 volts a.c. 

TV -FM DISTRIBUTION AMPS 

8 
Winegard Company is currently marketing 
three easy -to- install TV -I V distribution am- 

plifiers. Each has flat frequency response, no 
phase distortion, and full gain to the top of the 
FM band. They use all high -transconductance 
low -noise triodes exclusively. An extended band - 
pass allows cascading without clipping the ends 
of channels 2, 7, and 13. There is low -noise neu- 
trodyne input circuitry and the noise figure re- 
mains optimum no matter where the gain con- 
trols are set, according to the company. 

All jacks, controls, switches, and connections 
are accessible from the top of the chassis. There 
is a special preamp switch which provides 30 
volts a.c. at the input jack to operate the com- 
pany's antenna preamps. This feature eliminates 
the need and cost of a separate preamp power 
supply. 

A.C. VOLTAGE CALIBRATION 

9 
Horex Electronics, Inc. is now offering a new 
high -accuracy a.c. voltage source to permit 

the fast calibration and checkout of all r.m.s. in- 
dicating voltmeters of the digital, moving vane, 
and d'Arsonval /rectifier type. 

With the instrument. the usual method of first 
generating a voltage and then measuring it with 
a' calibrated meter or even transferring it to a 
known d.c. voltage has been reduced to a simple 
dialing of the desired r.m.s. voltage. The com- 
pany estimates that the usual 6 -range voltmeter 

can be checked out in seconds at an accuracy of 
0.1 %n of reading or better. 

The unit measures 19 "x 7 "x 8" and is available 
in bench or tack versions. 

CAPACITANCE BRIDGE 
i 
n 

Electro Scientific Industries has released its 
I U Model 976 "Portametric" portable capaci- 
tance bridge which features an accuracy of 
±0.1% plus one dial division and measuring 
capability from O to 1.2 µf. in four ranges and 1 

pf. resolution in the lower range. 
Use of a transformer circuit permits two- or 

three -terminal grounded or ungrounded meas- 
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urements, making the unit ideal for production 
line or field service use. The bridge is specially 
designed for optimum loading measurements, 
mutual capacitance matching, and quality con- 

trol measurement as required by REA. Dissipa- 
tion factor readout and provision for audible 
nulling is included. 

A solid -state low -drain tuned generator and 
1 -kc. generator provide a 1000 hour battery life 
from a six "C" -cell power supply. 

BULK AVALANCHE SCR'S 

11 
International Rectifier Corp. has added 32 

expitaxial 70- ampere bulk avalanche silicon 
controlled rectifiers to its line. These new units 
exhibit true bulk avalanche characteristics in 
both forward and reverse directions and carry 
voltage ratings ranging from 600 to 1300 volts. 
Minimum reverse avalanche breakdown voltage 
(at -40 degrees C) ranges from 700 to 1400 volts. 

These new SCR's have been assigned two series 

of JEDEC numbers covering 2N3091 through 
2N3106. Each series is composed of 8 rectifiers 
graduated in increments of 100 volts. The 
2N3099 through 2N3106 offers a specific maxi- 
mum reverse avalanche breakdown voltage of 
900 through 1600 volts. 

12 

SERVICE VOLTOHMMETER 
Lafayette Radio Electronics Corporation has 

announced a new service v.o.m. rated at 20,- 

000 ohms /volt and with a 6" meter face. 
The Model TE -900 has six a.c. voltage ranges 

from 0 to 5000 volts; d.c. current from 1 to 10 

amps in six ranges; and three ohmmeter ranges 
from 0 to 20 megohms. Decibel readings are 
covered from -20 to +50 db. The d.c. accuracy 
is ±3% full scale, a.c. is ±4% full scale, and re- 
sistance ±3% full scale. 

The instrument is housed in a heavy gauge 
steel case which measures 61/2"x 71/2"x 31/2". 

EVALUATION MICROCIRCUITS 

13 
Corning Glass Works is marketing two evalu- 
ation microcircuits, each containing a dozen 

thin -film tin oxide resistors, in kit form. Each 

I2- resistor microcircuit is on a wafer ÿqr, "xrua ". 
Substrate material is alumina, glazed with a spe- 
cial aluminosilicate glass. The resistors have 
values of .5, 5, and 50,000 ohms. 

Beside the two microcircuits, the kits include 
a schematic diagram of the test circuit, a photo 
of the circuit before coating and lead attachment, 
and technical information listing typical micro- 
circuit performance and specifications. 

14 

CABLING TOOL 
Panduit Corporation is now offering a new 
"gun type" manual cabling tool, the GS -2B. 

The new tool is of the direct (in -line) feed type 
with strap cut off at a preset and controlled strap 
tension. The tension level is readily controlled 
and adjusted without the need for separate and 
auxiliary tools. 

The tension setting can be easily calibrated for 
complete operator convenience and control. The 
saine tool is used to install both the standard 
and miniature line of cable ties. clamps, and 
identification markers offered by the firm. 

15 

DETENTED U.H.F. TV TUNER 
Oak Manufacturing Co. has announced a de- 
tented u.h.f. television tuner which provides 

15- degree automatic "lock -in" selection of each 
of the 70 u.h.f. channels. 
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The tuner measures 21/2"x Is/a "x 11/2" and is 

designed for the OEM market. The basic tuner 
uses 270 degrees to tune all 70 channels and 
utilizes about four degrees per channel. The 
tuner is designed for continuous two -way rotating 
action, in either direction. from channel 14 to 83 

in a manner similar to that of the conventional 
v.h.f. tuner which operates between channels 2 

and 13. 

HEAT -SHRINKABLE RUBBER 
1 

e 
Dow Corning has developed a new heat - 
shrinkable, heat -stable, high- strength silicone 

rubber which can be shrink -fitted to the contours 
of connectors, cables, and wire bundles. 

Marketed originally in the form of tubing and 
molded parts, the new material shrinks to one - 
half its as- supplied diameter when heated briefly 
at temperatures above 300 degrees F. Standard 
tubing sizes in nine diameters front t/s" to It /", 
measured after shrinking, are available from 
stock. Other sizes and custom -molded shapes are 

available on special order. 

U.H.F. TV ANTENNA 

11 
Blonder -Tongue Laboratories, Inc. has re- 

cently introduced a new u.h.f. television an- 
tenna which is based on the periodic principle. 
Called the "Golden Dart," the new antenna fea- 

tures the use of unbreakable polypropylene in- 
sulators to maintain the proper distance between 
the lead -in wire and the antenna. This minimizes 
standing -wave ghosts resulting from faulty im- 
pedance match, according to the manufacturer. 

The unit is preassemblecl and has all- welded 
joints. It is completely weatherproof and thumb - 
tightened stripless screws for twin -lead connec- 
tion and the D -bolt mast mounting make installa- 
tion easy. 

18 

HI -FI - AUDIO PRODUCTS 

MINIATURE PICKUP 
Pickering and Company, Inc. has recently 
developed the V -15 "Micro- Magnetic" stereo 

cartridge, a miniature 5 -grant unit for use with 
low -mass toncarm systems. 

Because of its high compliance. high output, 
and rugged construction, the company is offering 
it for use in either manual turntables or record 
changers. Response is flat from 20 to 20.1)00 cps 

with output 7.5 mv. per channel at standard re- 

cording levels. Vertical tracking angle is 15 de- 

grees. 
The V -15 features the company's replaceable 

stylus assembly. 

19 

MATCHED CARDIOID MIKES 
Turner Microphone Co. is now marketing 
the "Stereo Twins" -two perfectly matched 

cardioid dynamic microphones specifically de- 

signed for sale to owners of high -quality tape re. 
corders. 

The microphones come complete with plugs to 
match most stereo recorder inputs. 

20 

50 -WATT STEREO AMPLIFIER 
Eico Electronic Instrument Co. Inc. is now 
offering a 50 -watt (IHF) stereo amplifier as 

the Model 2050 in its "Classic Series." 
IM distortion each channel is 2% at 22 watts, 

1% at 17 watts, 0.2% at 5 watts, and 0.1% at 2 

watts. Harmonic distortion is 0.5% at 17 watts, 
40- 20,000 cps; and .3% at 5 watts, 30- 20,000 cps. 
Frequency response is 10- 40.000 cps ±1 db. 
Speaker outputs are 8 and 16 ,huis with four in- 

puts (magnetic phono or adapted ceramic phono, 
tuner, tape, auxiliary). Sensitivity is 1.7 mv. on 
phono and 180 mv. on other inputs. The circuit 
requires 11 tubes. 

The amplifier measures 51/2"x 151/2"x II1/2" 
and weighs 25 pounds. It is being offered in both 
kit and wired versions. 

21 

TRANSISTOR TAPE RECORDER 
North American Philips Co., Inc. is now on 
the market with its new "Norelco Continen- 

tal 101," a self- contained, portable, battery -oper- 
ated transistor tape recorder which is designed 
to be used with a broad range of optional acces- 

sories. 
The recorder operates by means of two push- 

buttons for record and one for playback. It 
weighs only 7 pounds for easy portability and 

uses standard "D" flashlight cells. The special 
transistor circuitry draws less current, making 
possible as much as 40 hours of recording with 
one set of batteries. 

Frequency response is 80 -8000 cps. A treble -bass 

tone control permits the user to dial the exact 
tone desired. The recorder comes with an ultra - 
sensitive dynamic mike. The instrument can also 
record from a radio, phonograph, or TV set by 
means of a special input jack. A second input 
jack is designed to accommodate some of the 
accessories -headphones, remote mike switch, 
a.c. adapter, among others. 

The unit operates at Ws ips and will provide 
Up to two hours playing time on a single 4 -inch 
reel. It has an erase head and a narrow -gap two- 
track record /playback head. 

22 

DIVERGENT -LENS SPEAKER SYSTEM 
Empire Scientific Corp. has developed a di- 
vergent -lens speaker system which provides 

a sound radius of 960 degree dispersion which 
eliminates the need 
for painstaking loca- 
tion and balancing of 
speakers. 

The "Grenadier" 
features an exclusive 
symmetrical sortie col- 
umn design which is 

acoustically engi- 
neered to fit any room 
layout. It can be used 
in corners or against 
walls and is totally 

rigid without resonance. 
The three -driver magnetic structure is capable 

of handling up to 100 watts of music power with- 
out overload or burnout. 

The Model 8000 has a frequency response of 
30- 20,000 cps and a nominal impedance of 8 

ohms. The system is housed in a mar- and stain - 
proof enclosure which measures 151/2" in diam- 
eter, 29" high, and weighs 65 pounds. 

23 

ANTENNA FOR FM STEREO 
Channel Master Corp. has put the "FM 
Rondo" antenna on the market to meet the 

need for a.unit capable of providing good sensi- 
tivity and omnidirectional performance across the 
entire FM band. ' 
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NOW -YOU CAN PLAY A 

VITAL ROLE IN SPACE 

AGE COMMUNICATIONS 

COMMUNICATIONS 

THE 1964 
COMMUNICATIONS HANDBOOK 

is the only publication that covers 
the entire specialized field of to- 
day's rapidly expanding radio 
communications. It gives you 148 
fact -filled pages -complete with 
charts, graphs and tables- cover- 
ing : 

Citizens Band 
Short -Wave 
Listening 
Ham Radio 
Business Radio 
Services 

PLUS THESE SPECIAL FEATURES: 

Up -to- the -minute Space Data 
Latest US and Canada License Re- 
quirements 
A Build -it- yourself World Time 
Calculator 
Look for the 1964 COMMUNICA- 
TIONS HANDBOOK -it's now on 
sale at your newsstands or elec- 
tronics parts store. Or, if you pre- 
fer, use this handy coupon for 
ordering your copy of the 1964 
COMMUNICATIONS HAND- 
BOOK. 

EW54 
Ziff -Davis Service Division, Dept. CH 
589 Broadway, New York 12, New York 

Please send me copies of COMMUNI- 
CATIONS HANDBOOK, at $1.00 each -plus 
15¢ mailing and handling charge on each. 
(Canada and Overseas: $1.25 plus 25¢ post- 
age.) 

I enclose 

NAME 

ADDRESS 

CITY ZONE STATE 

The antenna features three individual dipoles 
in parallel which provide a roughly circular re- 
ception pattern on all FM- stereo frequencies. Ac- 
cording to the company, the single -bay antenna 
is up to 2.5 db better than a single -bay turnstile 
on its strongest sides and up to 7.4 db better than 
a turnstile on its weak sides. The gain of a 
stacked "Rondo" is up to 7.1 db better than a 
stacked turnstile in the same service. 
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STEREO TAPE RECORDER 
Concertone has entered the medium -price 
field with its Model 801 stereo tape recorder. 

The new unit incorporates the firm's "Reverse - 
O- Matie" feature which is now engineered to re- 
cord in both directions as well as playback. A 

three -motor tape transport system provides auto- 
matic two -direction record and play through the 
use of six heads, three for each direction, and 
utilizes a symmetric center capstan drive. 

The Model 801 also features solid -state record 
and playback preamplifiers and, in addition. has 
all- push- button operation with optional remote 
control. It is housed in a portable carrying case 
with built -in stereo speaker /amplifier and in- 
cludes two microphones and reels. 

25 

OMNIDIRECTIONAL SPEAKER 
Interacoustics Corporation has recently intro- 
duced its "Model One," an omnidirectional 

loudspeaker system which utilizes a unique de- 
sign principle. Taking 
advantage of the di- 
rectional qualities of 
a speaker by project- 
ing sound upwards 
against a 90- degree 
conical acoustic reflec- 
tor, the sound is re- 
flected and directed 
into a 360 -degree 
spherical polar pat- 
tern. The acoustic 

properties of the walls and ceiling of the room 
are brought into the system as secondary radi- 
ators. 

According to the company, for stereo opera- 
tion, the "Model One" eliminates the need for 
critical speaker placement as there can be no 
"dead stereo" locations. 

The unit is a four -speaker system, with two 
woofers operating below 500 cps, a mid -range 
unit, and a tweeter. Impedance is 8 ohms and the 
speaker is designed to be used with amplifiers 
rated at 20 watts or better. The system is housed 
in a solid wood cabinet measuring 15" wide x 13" 
deep x 22" high. 

26 

MOBILE AMP /SIREN 
Bogen Communications Division has devel- 
oped a deluxe 35- watt mobile transistorized 

public -address amplifier which can be used as an 
electronic siren or fog horn as well. 

The Model BT35 is designed for police, Civil 
Defense, fire, marine, and p.a. applications. It 
operates on 12 -15 volts d.c. and can accommodate 
a low -impedance microphone, a high -level tuner, 
(or phonograph or tape recorder), and another 
high -level input. Two -way radio may be ampli- 
fied so it will be clearly audible outside the ve- 
hicle. 

V'hen used with the SF -1 siren /fog horn gen- 
erator, the B7 35 can be used as a 55 -watt elec- 
tronic siren or fog horn. The SF -1 can he at- 
tached to the amplifier and may be operated au- 
tomatically or manually. 

BOOKSHELF SPEAKER SYSTEM 

21 
Lafayette Radio Electronics Corporation has 
added the "Decor -cute III" to its line of 

speaker systems. 
Designated SK -275, this three -way system uses 

three British -made speakers to provide an over- 
all response of 30 to 30,000 cps. The speakers in- 
clude a 12 -inch woofer with special foam- treated 
cone and free -air resonance of 35 cps, a 6 -inch 
odd -range unit with closed hack to prevent inter- 
action with the woofer. and a sealed cone -type 
"super" tweeter. The enclosure is of the sealed 
type and has a tuned tube -type duct. Crossover 

points are 2000 and 5000 cps. Maximum power 
rating is 25 watts continuous or 50 watts inter- 
mittent peak, but the system may be used with 
amplifiers rated as low as IO watts. Impedance is 
a nominal 8 ohms. 

The system measures 14 "x 24 "x 12" in its oiled 
walnut cabinet. It is finished on all four sides. 

CONTINUOUS -LOOP PROJECTOR 
20 The Kalart Company, Inc. has developed a 

ID "Soundstrip" projector for use in audio- 
visual programs where still pictures with sound 
or talking still pictures can be presented automat- 
ically and continuously. 

The system involves 35 -min. filmstrips on which 
color transparencies and an optical sound track 
are photographically printed side -by -side. Film- 
strips of any length from 5 pictures with 2 min- 
utes of sound up to 100 pictures with 30 minutes 
of sound can he projected automatically or, on 
electrical signal. from a continuous loop. Because 
pictures and sound track are on the saine film, 
they cannot get out of synchronization or se- 
quence. 

COLOR -CODED RECORDING TAPES mpporation has designed a - 29 A 
ries of 

ex 
color- coCor ded, heavy -duty audio 

ne 
recorw dse- 

ing tape for long -wear use in education, industry, 
government. and research applications. 

Designated the "Color -Coded Series," the new 
tape has a 1.5 -mil Mylar hase with a heavy -duty 
oxide formulation which prevents the oxide from 
Flaking or rubbing off and insures clean recorder 
operation. 

A pressure -sensitive box binding, on which 
subject description may be written, is included 
with each reel of tape. 

30 

SLIDE -SYNC RECORDER 
Superscope Inc. is currently introducing the 
new Sony Model 211-TS "Tapecorder" which 

features an inaudible electronic synchronization 
of slides. Designed to meet the needs of photog- 
raphers, students, and educators. the new unit has 
an exclusive built -in sync /pulse generator for au- 
tomatic. inaudible programming of slitte shows 
synchronized with tape recorded narration. mu- 
sic. or sound effects. The 211 -FS also features spe- 
cial student /teacher comparison facilities for lan- 
guage study purposes and for molt ipie recording. 

CB- HAM -COMMUNICATIONS 

TRANSISTORIZED CB UNIT 

31 
Cadre Industries Corporation has added the 
Model 510 -A to its line of completely tran- 

sistorized two -wav radios. 
This five -watt CB transceiver features rede- 

signed audio. power supply. and variable tuner 
circuitry for improved performance and rcliahil- 

'ullm 
mil; 
1111(Ili 

o 
( . 
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ity. All -channel tuning is locked directly to the 
five -channel crystal receiver; noise limiting and 
noise suppression aine more effective; and current 
drain is further reduced. A new type of lose-im- 
pedance ceramic microphone also eliminates 
background noise and increases desired audio 
response. 

The Model 510 -A comes complete with built -in 
a.c. and d.c. power supplies, push -to -talk micro- 
phone, accessory terminal board, mobile mount- 
ing kit, and channel -11 crystals. 

32 

COMPACT CB RADIOPHONE 
Pace Communications Corp. has announced 
the availability of a new CB radiophone 

designed to meet the business and industry needs 
for short -range communications. Designed to 
provide dependable communications in ambient 
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temperatures from -20 to +200 degrees F, the 
Model 5000 features all- silicon transistor cir- 
cuitry. New squelch control circuits are unaf- 
fected by random noise and can be set just once 
for operation in varying noise levels. 

The trait can be rapidly changed from base 
station or mobile to a personal portable by 
means of plug -in power packs that adapt the 
unit to a battery carrying case for operation on 
6. 12, 28, and 32 volts d.c. or 117 volts a.c. 
Snap -in modules allow easy replacement of trans- 
mitter, receiver, audio, control, and power-sup- 
ply circuits. 

33 

C -BAND TRAVELING -WAVE TUBES 
General Electric Company has available four 
new low- noise, C -band, single reversal (SR) 

traveling -wave tubes which offer a unique com- 
bination of light weight and !my-noise char- 
acteristics not presently available in PM or PI'M 
tubes. They provide size and weight advantages 
of about 50 percent over typical shielded P\I- 
focused tubes of comparable performance. Low - 

noise advantages are from 2 to 5 db better than 
those available from a comparable PPM- focused 

traveling -wave tube. according to the company. 
Two broadband units covering the frequency 

range Iront 4 to ti gc. are available and nun 
narrow -hand versions are also offered. All four 
tubes are of metal and ceramic construction and 

are supplied as completely packaged assemblies, 
including focusing structure, connectors, and 
housing. 

34 

23- CHANNEL CB TRANSCEIVER 
Electronics Communications, Inc. is now in 
production on the "Courier 23." a new 23- 

channel CB transceiver with all channels crystal - 
controlled and all crystals supplied. 

Using a technique of crystal synthesis, the new 

unit achieves the same frequency stability with 
12 crystals as the conventional unit using 46 crys- 
tals. In addition to this feature, the new unit also 
incorporates a built -in transistor power supply, 
built -in p.a. system, double conversion. 0.25 mv. 
sensit is it y, headset /auxiliary speaker jack. single - 
knob tuning, illuminated channel indicator. an 
illuminated "S " -r.f. meter, 3 -kc. bandspread con- 
trol, and standby switch. 

35 

5- ELEMENT BEAM FOR CB 
Hy -Gain Antenna Products Corporation is 

now marketing a 5- element beam which has 
been specifically designed for CB applications. 

Known as the "Long John" Model II5 -B. 
when vertically installed it develops 12.7 -db for- 
ward gain over that of a tuned dipole. Front -to- 
back ratio measures 25 db while front -to -side 
ratio is 40 db. The antenna is equipped with 
the firm's "Beta Matching" system which results 
in ,.tv.r. at resonance ux'asuring 1.05:1. Nominal 
iml ,dunce is 50 ohms. 

The antenna is constructed of heavy gauge, 
taper -swaged aluminum tubing. Boom -to -mast 
bracket and element -to -boom brackets are of 
machine -formed heavy gauge aluminum. The 
insulators are constructed of molded high -impact 
plastic that is impervious to weather. Boom 
length is 24 feet and the longest element is 16 
feet, 6 inches. It comes factory pre- tuned. 

LINEAR AMP FOR SSB 
Sideband Engineers n marketing a new lin- 
ear amplifier that can boost the output of 

most single- sideband transceivers to a full kilo- 
watt. The SBl -LA covers four bands: 81), 40. 20. 
and 15 meters. It was developed primarily for 
use with the company's SB -33 transceiver but can 
be used with any SSB unit. 

The trait measures 113/4" square by 51/2" high 
which makes it appropriate for mobile use. With- 
out requiring any input tuning. the SBI -LA is a 

highly stable, passive -grid -input amplifier offer- 
ing a 52-ohm resistive match to any SSB excite'. 
Output is conventional pi -net with all switching 
from the panel. 

36 

31 

CB MARINE ANTENNA 
G.A.M. Electronics, Inc. is now offering the 
Model CB \I antenna which is designed spe- 

cifically for use on boats equipped with Citizens 
Band radiotelephones. Its telescoping, I7 -foot 
long. half -wave vertical radiator can he lucked in 
a vertical position for use and in a horizontal 
position when not being used. 

A matching transformer at the base of the an- 
tenna permits adjustment of v.s.w.r. to less than 
1.1:1 on all 23 CB channels. 

38 

CB TRANSCEIVER 
GC Electronics Cunip.mv is now marketing 
the "Globe President VIII," a CB transceiver 

which may be operated on any of eight crsstal- 
controlled. channels plus a ninth channel which 
is available through an external crystal socket. 

even 
direct 
dialing 
doesn't 
help 

if there's no answer 
Insure an answer everytime with 
a Telephone Answering Service. 

Look for the Telephone Answering 
Service displaying this emblem 

or write to Associated Telephone Answering 
Exchanges, Inc., 

777 14th Street, Washington, D. C. 

May, 1964 

N Ew INTERNATIONAL 

AOC VMK -1 

VOLTMETER KIT 

Measures DC voltages from 0 to 
500 volts, AC voltages from 0 to 
250 volts, DC milliamperes from 
0 to 100 milliamperes. Accuracy 
within ± 10 percent. Dimensions: 
3 "x3 "x2" 

The VMK -1 Voltmeter will be a 

welcome addition to your home, 
workshop, office, car, or boat. High 
quality components . Eco- 
nomically priced ... Designed by 
International . . . 

Order your AOC VMK -1 Voltmeter today! 

ONLY $7.95 
complete with test probes 

INTERNATIONAL CRYSTAL MANUFACTURING CO., INC. 
1a NORTH LEE OKLAHOMA CITY, OKLAHOMA 73102 

Enclosed $ Please shipAOC VMK -1 Voltmeter kits a $7.95 each. 

Name 

Address 

City State lip 
Oklahoma Residents Add 2% Sales Tax 

CIRCLE NO. 103 ON READER SERVICE PAGE CIRCLE NO 119 ON READER SERVICE PAGE 
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"One new high -performance 

mobile CB antenna on the 

roof -Very Dry!" 
World's most popular mobile CB antenna -now with a 

beautifully -styled new base mount. It's heavier ... 
more rugged ... offers greater moisture resistance. 

Excellent signal -very low noise level. Whip adapter 

permits 11/4" adjustment for ultra fine tuning. 

base -loaded mobile CB antenna 

For civil field 
radio, 

or emergency power . 

portable the antenna 
AC electric 

GENERATOR specialists co. 
Alternator 

de- I 

sign - elimi- 
nates radio in- 12435 Euclid Ave., Cleveland, Ohio 44106 
terierence. lof 

Export Div., 64-14 Woodside Ave., Woodside 77, N.Y. 
models, gas 

i / Stripes of Quality 

CIRCLE NO. 102 ON READER SERVICE PAGE 

SAY YOU SAW IT IN 

Eleclroiìics WOrl(I 
B.S. Degree in 36 months 

Small professionally- oriented college. Four -quarter 
year permits completion of B.S. Degree in three 
years. Summer attendance optional. Engineering: 
Electrical (electronics or power option), Mechan- 
ical, Civil, Chemical, Aeronautical. Business Ad- 
ministration: General Business, Accounting, Motor 
Transport Administration. One -year Drafting - 
Design Certificate program. Graduate placement 
outstanding. Founded 1884. Rich heritage. Ex- 
cellent faculty. Small classes. 200 -acre campus. 
Well equipped labs. New library. Residence halls. 
Modest costs. Enter June, Sept., Jan., March. For 
Catalog and View Book, write J. H. McCarthy, 
Director of Admissions. 
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1654 College Avenue Angola, Indiana 

Tuner covers 26 -54 and 88 -174 MC 
in eight overlapping bands with 
good sensitivity. Ideal for use with 
amplifier or Hi -Fi to listen to Air- 
craft, CB, Fire, Police and other 
signals in the VHF bonds. 

355A AM /FM TUNER $4995 

Order today or sena for free catalog on full line 
of converters ana receivers for every application. 

KUHN ELECTRONICS 
CINCINNATI 17, OHIO 

EARN Engineering DEGREE 
You can e. 

' 
n an A.S.E.E. degree at home. College 

level HDMME STUDY courses taught so you can under- 
stand them. Continue your education, earn more In 
the highly paid electronics industry. Missiles. com- 
putee, transistors, automation. complete electronics. 
Over 27.000 graduates now employed. Resident 
..drool mailable at our Chicago campus- Founded 
1934. end for free catalog. 

American Institute of Engineering & Technology 
1141 West Fullerton Parkway, Chicago 14, III. 

The transmitter features a full 5 -watt input and 
5 tube performance. The receiver is tunable over 
all 23 CB channels. The microphone is push -to- 
talk relay operated from transmit to receive po- 
sitions. 

An illuminated "S" meter instantly reads in- 
coming signal plus relative output indications. 
Additional features include a built -in p.a. system, 
a triple -purpose power supply, adjustable squelch 
control, and 18 tube performance through twelve - 
tube /two -diode circuitry. 

MARINE DIRECTION FINDER 

39 
Pearce -Simpson, Inc. is offering a fully tran- 
sistorized, three -band radio direction finder, 

Model 364, which will operate on self- contained 
flashlight -type batteries. 

The new unit will cover the beacon (including 
Consolan), marine, and broadcast bands. The 

angled slide -rule tuning dial makes for easy read 
ability. The null meter does double duty as a 
battery condition indicator. 

The instrument is housed in a compact enclo- 
sure which measures 111í'Y' deep x 107/s" wide x 
4 %a" high. A heavy chrome carrying handle 
Makes the unit readily portable. 

40 

SEMICONDUCTOR SQUELCH 
Reach Electronics, Inc. is now offering a 
compact, all- silicon -transistor squelch unit 

which prevents off -frequency signals from ap- 
pearing in the output. 

The "Hush-Gate" measures 3/4" x 3A" x 3/4" 
and can be installed by merely connecting four 
leads. No rewiring of the receiver is required. 
The encapsulated circuit will function without 
modification in virtually any communications 
receiver employing a discriminator and a squelch 
circuit. 

41 

PUSH- BUTTON ENCODER 
G -E Communication Products Department 
has developed a new push- button selective - 

calling console which permits up to 900 pocket 
radio voice -pagers, vehicular radios, or fixed base 
stations to be reached individually. 

7 he "Encoder 900" is used with regular two - 
way radio dispatch equipment on an office desk 
or similar operating location. Compatible re- 

ceivers mac be called individually or collectively 
in sub -divided work groups or in total. 

Specially designed tone governors assure fre- 
quency stability and elimination of interference 
between sub -systems. Audible coded tones are 
sent by radio to activate and alert desired re- 
ceivers. Then a voice message is transmitted. 

The unit is fully transistorized and power con 

gumption is less than 10 watts. 
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MANUFACTURERS' 
LITERATURE 

41 

NEW! LAFAYETTE 
1 -WATT 2- CHANNEL 

SUPER CB "WALKIE TALKIE" 

MAGNETIC CONTROL OF SCR'S 
Firing Circuits, Inc. has issued a 16 -page 
technical booklet which discusses the theory 

of magnetic amplifiers designed to provide linear, 
proportional control of the output of silicon con- 
trolled rectifiers and thyratron tubes. 

The treatise contains a technical introduction 
to magnetic power controls and a section explain- 
ing the theory of these units. Input signals from 
magnetic amplifiers are described, together with 
basic control curves to illustrate. Other sections 
include bias techniques, on -to -off ratios, output 
circuit considerations, snap -on (triggering), bal- 
ance, response time, and a section on typical 
full -wave applications. 

48 

CAPACITOR CATALOGUE 
Texas Capacitor Company has issued a 28- 
page catalogue covering an extensive line 

of Mylar and foil capacitors, metalized Mylar 
capacitors, and Teflon and foil capacitors. Each 
of these categories offers a number of capacitors 
with different electrical and physical charac- 
teristics. Details on each type are presented in 
tabular form for easy selection. 

In addition to these standard items, the 
company also presents information on its facilities 
for designing and manufacturing capacitors for 
specific applications. 

49 

MICROMINIATURE POTS 
Miniature Electronic Components Corp. is 

offering copies of a single -page data sheet 
which describes a new line of microminiature 
trimmer pots. These O -ring sealed, single -turn 
pots are available in several mounting and ad- 
justment styles. The bulletin contains details on 
all new features, a list of applicable MIL speci- 
fications, as well as electrical, mechanical, and 
environmental specifications. 

50 

SILICON PLANAR TRANSISTORS 
Sperry Semiconductor pis ision has issued a 
32 -page engineering handbook entitled "The 

Silicon Planar Transistor" in which the charac- 
teristics and applications of such devices are 
covered in considerable detail. 

The transistors involved are listed in tabular 
form inside the front cover and then the text 
material deals with device characteristics and 
distributions, differential amplifiers, high-fre- 

quency characteristics -video amplifiers, noise 
characteristics, four -terminal regenerative switch, 
and low -level switching. Each section is lavishly 
illustrated with line drawings, graphs, bar dia- 
grams, and schematics. 

51 

CONDENSED TUBE DATA 
General Electric Company has issued a 
handy reference sheet which contains con- 

densed data on 75 compactron types as well as 
prototype information. Since all major TV 
manufacturers are now using these tubes, this 
condensed specification sheet, plus the related 
basing diagrams, should prove helpful to man- 
ufacturers and others involved in TV set design 
and maintenance. 

52 

RECTIFIER STACKS 
Tung -Sol Electric Inc. has issued an 16.page 
catalogue covering its line of high- current 

silicon rectifier stacks. Included are selection 
charts for single -phase center tap, single -phase 
bridge, three -phase bridge, and six -phase star 
stacks; dimensional diagrams of each type; cur- 
rent ratings vs ambient temperature graphs; and 
electrical characteristics curves for the various 
types of stacks. 

OPTOELECTRONIC CONTROLS 
Raytheon Company now has available a con- 
densed data folder describing 19 models of 

"Raysistor" optoelectronic control devices. These 
four -terminal units perform a variety of control 
functions which are described in considerable de- 
tail in the publication. 

Available models are listed in tabular form 
with control lamp voltage and current, signal - 

photocell characteristics, general specifications. 
terminal connections, and mechanical specifica- 
tions. 

53 

54 

BASS- REFLEX ENCLOSURES 
Electro- Voire, Inc., believing that there are 
many audiophiles who prefer to build their 

own enclosures for their speaker systems, has 
published Technical Bulletin #10 entitled "De- 
sign and Construction of Bass -Reflex Enclosures" 
suitable for use with the firm's "Wolverine" and 
"Michigan" loudspeakers. 

The publication includes basic considerations, 
such as enclosure types; proportions; volume, 

ELECTRONICS WORLD 
P.O. BOX 7842, Philadelphia 1, Pa. 

Please send me copies of the literature whose code numbers I have circled. 
(Your requests will be forwarded fo the manufacturers who will be glad to fill them promptly.) 

47 48 49 50 51 52 53 54 55 56 51 58 59 60 61 62 63 64 65 66 67 

TOTAL NO. OF REQUESTS 

NAME (PRINT CLEARLY) 

ADDRESS 

CITY ZONE STATE 

COMPANY TIRE 
VOID AFTER MAY 31, 1964 5 

May, 1964 

79.95 154.95 
Lightweight, compact ... Self -contained 
with Leather Case and Shoulder Strap 
External Push -to -Talk Dynamic 
Microphone 
Powerful 13- Transistor 5 -Diode Circuit 
Modulation /Battery Strength Meter 
Push -Button Operation 
Powered by Flashlight Batteries or 
External 12 VDC Supply 
Complete with 2 -Pair Transmit /Receiver 
Crystals Imported 

The perfect answer, for those who require 
greater range and high sensitivity in a handy 
portable unit. 

Ig!- - . ix= - ..... 
LAFAYETTE Radio ELECTRONICS 

Dept. RE -4, P.O. Box 10, 
Syosset, L.I., N.Y. 11791 

Rush the FREE Giant 422 Page 1964 
Cat. 640 
HA -1501 Walkie- Talkie $ Enclosed 1 

Shipping Charges Collect 

Name 

1 Address 

I 

L City --- -State -Zip_ S= - -J 
CIRCLE NO. 120 ON READER SERVICE PAGE 

rSTROMBERG 
SALE 

AT 
CARLSON McGEE 

PUBLIC ADDRESS AMPLIFIERS IN ORIGINAL 

CARTONS AT TERRIFIC SAVINGS. 
SIGNET 

SAU -33 
REG. 

$113.30 
LIST 

McGEE'S 

PRICE 

$49.95 
Stromberg Carlson Signet SAU -33 watt amplifier. 
Most popular model for church and school sound 
systems. Inputs for 2 high impedance dynamic or 
crystal mikes plus crystal phono input. Output 
matches 4 -8 -16 ohm speakers plus 70 volt line for 
long distance speaker wiring. Full 110 volt AC 

transformer operated with 5U4 rectifier, has a 

total of 6 tubes featuring push -pull 6L6G8 output 
tubes. Response 30 to 20,000 c.p.s. with dual base 
and treble tone controls, 2 separate mike volume 
controls and phono control. Shipped express or 
truck only. Shipping wt. 24 lbs. 161/2" long, 8" 
high and 10" deep. Factory Fresh in original car- 
tons. Regular $113.30 list, McGee's sale price 
$49.95. 
SPC -12 portable case and two 12" PM speakers 
with 25 feet of wire will hold either the 22 or 33 
watt models. List price $86.50, McGee's price 
$39.95 or $29.95 if ordered with an amplifier. 
Shipping wt. 30 lbs. 

OTHER STROMBERG CARLSON AMPS ON SALE 
SAU -10 10 watt -this is the only model that does 
not have a cover. Shipping wt. 11 lbs. List price 
$63.50, McGee's price $24.95. 
SAU -22 22 watt -is similar to but smaller than the 
SAU -33, has push pull 61305 output tubes. List 
price $95.70, McGee's price $39.95. 
SAU -70 70 watt extra powerful P.A. amplifier ship- 
ping wt. 31 lbs. A regular $175.00 list amp, 
McGee's price is only $79.95. 
Signet 88 Transistor amplifier. 8 watts for 12 volt 
DC operation only. Wt. 3 lbs. List $115.35, McGee's 
price $39.95. 
To order from this ad send 25% deposit. We will 
ship cod for balance plus shipping costs. Send for 
McGee's special amplifier flyer showing complete 
systems and other amplifiers on sale. 

McGEE RADIO CO. 
1901 McGee St. Kansas City 8, Missouri 
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//onsisto /ized e %t /omit 
ignition sys /e/n 

Up -date your old fashioned system with our new 
and completely different ignition ... the biggest 
engine improvement in over 50 years. 

ADVANCE STYLING AND DESIGN 

Universal installation on all makes of cars, 
trucks and boat distributors. 
Advanced styling, two heavy -duty transistors 
assure dependability. 
Die cast finned heatsink facilitates rapid 
cooling. 
Waterproof and shockproof for all 
environments. 
30 Amp Heavy -Duty circuit for maintenance - 
free service. 
High -temperature resistant racing -type coils 
are of latest design for faster saturation. 
High voltage and primary terminals at 
opposite ends of coil to prevent high voltage 
leakage from primary to secondary and assure 
highest efficiency and safety. 
Open plugs 5 to 10 thousandths which eliminates 
plug fouling. 
Coil output 30 to 55KV ... Point current 1/4 

Amp ... rids pitting and burning. 
Faster and Smoother acceleration with no 
misfiring. 
Increase in speed 10% to 30 %. 
No ignition overheat problems in slow city 
driving. 
Complete engine combustion from hotter 
spark. 
Increases gas mileage to 10 %. 
Reduces battery drain with no hard starting. 
Eliminates distributor -condenser breakdown. 
Tune -ups stay adjusted for peak performance. 

Complete Banshee Systems are available In the 
following models: 

30 KV Output with F.2501 Coil, 
250:1 turns ratio, neg. ground $39,95 
45 KV Output with F -4007 Coil, 
400:1 turns ratio, neg. ground 44.95 

55 KV Output with F -500T Coil, 
500:1 turns ratio, neg. ground 49.95 
Banshee TS -30 with F -500T, pos. ground 59.95 
Free Color Brochure 

PARTS FOR EXPERIMENTERS 

Special F -250T Coil 250:1 turns ratio $ 9.95 
New F -4007 Coil, 400:1 turns ratio 14.95 
New F -5007 Coil, 500:1 turns ratio 19.95 
Die -cast aluminum heatsink ballast resistor. 
.517 OHM designed for all above coils 3.25 

TESTED APPROVED 

FULLY GUARANTEED ONE YEAR 

SLEP ELECTRONIC COMPANY, Automotive Division 

P.O. BOX 178 -EW -2 Ellenton, Florida 33532 
Ph. (813) 722 -1843 

Name 

Address 

City State 

YEAR MAKF MODEL 
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port, and duct dimensions; construction notes; 
and a large fold -out chart which permits the 
builder to select the appropriate dimensions for 
an enclosure to meet his specific requirements. 
Basic design data is tabulated in a separate chart 
for ready reference. 

TERMINALS & CONNECTORS 

55 
The Thomas & littts Co. has published a 

tJ 56 -page illusuatcd catalogue of terminals, 
splices. and installation tools. 

The new catalogue contains illustrations of all 
of the firm's solderless connectors together with 
complete dimensional information. Installing 
tools, both hand and production types, are keyed 
to the types of fittings for which they are ap- 
plicable. Military standards and specifications 
are referenced where pertinent. 

56 

STEEL STORAGE EQUIPMENT 
Penco Products Inc. has issued a 48 -page, 
two -color catalogue describing a complete 

line of industrial and commercial steel storage 
equipment. Catalogue 64 lists a broad range of 
steel shelving and related equipment, storage 
bins. storage cabinets, shop equipment including 
work benches and tables, clothing lockers, and 
book shelving. Specifications are listed for each 
type of equipment. 

CB EQUIPMENT BROCHURE 

51 
Raytheon Company is offering copies of a 
new 8 -page communications brochure which 

describes the firm's line of "Ray-Tel" CB two - 
way radios and accessories. Transceivers illus- 
trated and described in the publication include 
the company's 10- channel T \\'R -3 in 12 or 117 
volts and the 6- channel TWR -4, a 12- or 117 -volt 
model with an "S" meter. Other communications 
accessories detailed in the brochure are mobile 
antenna systems, cable assemblies, crystals, and 
a series of noise -suppression kits for automotive 
use. 

STATIC POWER CONVERSION 
5o General Electric Company has published 

U Bulletin (:EA -7655, a six -page publication 
describing the firm's new line of static inverters 
and frequency changers. 

The publication includes a discussion of the 
equipment, specification charts. pictures of typi- 
cal models and applications, and design and 
features of the new line. 

TELEMETRY FILTERS 

59 
JKenyon Transformer Co. has announced 
publication of an engineering monograph, 

"Optimizing Subminiature Subcarrier Telemetry 
Filters" by Walter Bein. director of engineering. 

Four pages long. and illustrated with per- 
formance curves, tables, and block diagrams, the 
publication presents a straightforward "pre -de- 
sign" specification technique intended to permit 
the telemetry engineer to get exactly what he 
wants electrically, mechanically, and economi- 
cally, through use of a series of standard speci- 
fications derived from fundamental system re- 

quirements. 

60 

ELECTRONIC KIT CATALOGUE 
Heath Company has issued a new special 
catalogue supplement which lists over 250 

easy -to -build kits for the audiophile, radio ama- 
teur. professional technician, CB -er, boating en- 
thusiast, as well as the home experimenter and 
the hobbyist. 

Each item is pictured and described in con- 
siderable detail to allow the intelligent selection 
of an appropriate kit. 

AUDIO ACCESSORIES 

61 
Rye Sound has issued two new catalogues 
listing an extensive line of audio equipment. 

Catalogue No. 1064 covers microphones for a 

wide range of applications from professional to 
industrial and special uses; headphones, micro- 
phone transformers, windscreens, stands, tripods, 
adapters; while the second publication lists an 
extensive line of earphones, headsets, private 

listening attachments, plus sound accessories of 
all types. 

MILITARY CONNECTORS 

62 
Amphenol has available a new 96 -page cata- 

logue supplement which lists over 250 elecui- 
cal connectors. The publication contains basic 
information about MS military connectors in- 
cluding nomenclature, construction available, 
shell types, inserts, and contacts. Special chap- 
ters cover "How to Select" and "How to Order" 
MS connectors. 

SILICON LOGIC MODULES 

63 
Digital Products has issued Dour Handbook 
DH-iOl which describes the Series S silicon 

logic nodules. The modules are plug -in solid - 
state digital nodules for high -quality industrial, 
commercial, and ground- support applications. 

The handbook describes the physical and elec- 
trical characteristics of the series as well as giv- 
ing specifications for the individual modules. 
A loading chart is included to simplify design 
solutions by providing such parameters as input 
loading, output loading, and propagation and 
delay times for each logic module. 

U.H.F. COMMUNICATIONS CAPACITORS 

6 
A Erie Technological Products, Inc. describes l a new line of u.h.f. communications capaci- 

tors designed for screen -grid, bypassing, and 
coupling of vacuum -tubes in an 8 -page bulletin, 
No. 525. 

The new capacitors have been designed for 
high -frequency operation and offer high volu- 
metric efficiency -high capacitance vs chassis area 
occupied. This miniaturization offers a volu- 
metric improvement 50 to 300% over other de- 
signs. Available capacitances are up to 10,000 pf. 

POTENTIOMETER DATA 

65 
Fairchild Controls is offering copies of four 
data sheets covering its new "Faircon" line 

of potentiometers. A unique selection chart is 

featured to permit industrial engineers to pick 
the correct linearity and resistance for a specific 
job. 

Available sheets include data on single -turn 
pots in 7 /e ", 11/2", ", 13/4", and 2" diameters. 

LOUDSPEAKER CATAL- OGUE 

66 Jensen 
Manufacturing Company is now of- 

fering a two- color, 16 -page catalogue, No. 
1090, fully illustrating and describing the many 
items in its "Concert," "Viking," and "Weather 
Master" series of general- purpose and replace- 
ment speakers. 

Complete information regarding price, size of 
magnet, voice -coil size. impedance, and dimen- 
sions is included in the description of each 
speaker. In addition, the catalogue provides a dis- 
cussion on permanent magnets and current ad- 
vances in magnetic materials. 

61 

RESISTOR RELIABILITY 
Ultronix, Inc. has available a four -page bro- 
chure which discusses reliability concepts 

and procedures in the manufacture of precision 
wirewound resistors. 

The publication includes failure rate data and 
high reliability specifications met by the com- 
pany's resistors and resistive networks. 
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Fisher Radio Corp. 
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Polytronics Labs 
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ELECTRONICS 
MARKET PLACE 

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 60e per word (including name and address). Minimum order $6.00. Payment 

must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months; 10% for 12 months paid in advance. 

READER RATE: For individuals with a personal item to buy or sell. 35e per word (including name and address). No Minimum! Payment must accompany copy. 

GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. Additional words may be set in bold caps at 10e extra per word. All copy subject 

to publisher's approval. Closing Date: 5th of the 2nd preceding month (for example, March issue closes January 5th). Send order and remittance to: Martin Lincoln, 

ELECTRONICS WORLD, One Park Avenue, New York, New York 10016 

TUBES 

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, 512 Broad- 
way, New York N.Y. 10012. 

BEFORE you buy receiving tubes, test equipment, Hi -fi 
components, kits, parts, etc.... send for your giant 
free Zalytron current catalog, featuring Standard brand 
tubes; RCA, GE, etc. -all brand new premium quality 
individually boxed. One year guarantee -all at biggest 
discounts in America! We serve professional service- 
men, hobbyists, experimenters, engineers, technicians. 
Why pay more? Zalytron Tube Corp., 461 Jericho Turn- 
pike, Mineola, N. Y. 

BRAND New Tubes, World's lowest prices on Radio, 
TV- industrial -special purpose tubes. Write for free 
parts catalog. United Radio, Newark, N.J. 

7" TV test tube -$6.99. Tubes -6146 -$2.95; 6211 
(12AU7 equiv.) 39e, 3 for $1.00. Germanium diodes, 
tested, equiv. 1N34, 1N60 etc., 30 for $1.00. Tophat 
silicon rectifiers, 750 MA -1000 piv 75e. Transistors, 
tubes, resistors, condensers etc., bargain priced. Free 
catalog. Arcturus Electronics, Dept. ZD, 502 -22nd St., 
Union City, N.J. 07087. 

33e TUBES. Radio & TV! Free list. Cornell. 4215 -W 

University. San Diego, Calif. 92105 

EQUIPMENT 

RECORDS 

RARE 78's. State Category. Write Record -Lists, P.O. 

Box 2122, Riverside, Calif. 

FREE electronics catalog. Tremendous bargains. Elec- SAVE 60% Like new LPs. Top Labels. $1.00 for lists. 
trolabs, Dept. C -99E, Hewlett, N.Y. 11557. Refunded first order. Music, Hillburn P.O., Hillburn, 

N.Y. 

WANTED 

QUICKSILVER. Platinum, Silver, Gold. Ores Analyzed. 
Free Circular. Mercury Terminal, Norwood, Mass. 

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. Want commercial Ham Receivers and Trans- 
mitters. For a Fair Deal write: Barry Electronics, 512 

Broadway, New York, New York 10012 (Walker 5-7000). 

MUSIC 

POEMS Wanted for songs and records. Send poems. 
Crown Music. 49 -RB West 32, New York I. 

BOOKS 

AUTHORS! Learn how to have your book published, 
promoted, distributed. FREE booklet "ZD," Vantage, 
120 West 31 St., New York 1. 

PUBLISH your book! Join our successful authors: pub- 
licity advertising promotion, beautiful books. All sub- 
jects invited. Send for the appraisal and detailed 
booklet. Carlton Press, Dept. WE, 84 Fifth Avenue, 
N.Y.C. 11. 

GERMAN Electronic Publications. Free information. 
German Book Center, 1401 E. Hyde Park, Chicago 15, 

II . 

SCATTERING beyond horizon. Amazing facts revealed. 
Booklet $1.00. J. Ronnevig, Box 6, Brooklyn 28, N.Y. 

TRANSISTORS 
AND HI -FI 

Problems and Prospects 
I n May 

HI /FI STEREO 
REVIEW 

Major component manufacturers 
give their opinions on the prob- 
lems and future of transistorized 
equipment. 

PLUS: A directory of all current 
and soon- to -be- released transis- 
torized hi -f! equipment. 

PICK UP YOUR COPY OF 

VAY 

HI /FI STEREO 
REVIEW 

NOW ON SALE 
May, 1964 
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for S2 
D.C. Power Supper Uu u0 ::3) &lti3'In' (. 1311 
\!.l. II,:. I '.. .. :.I :, ,iIlflry . Cased! Special $5 

TERMS: Money Back Guarantee! 

F.O.B. N.Y.C. Add Shpg charges 
TAB _ 

Our 8th year. 52 Min. order 

Shown 
C.O.D. 
subject to change. 

Prices 

Ill -WM, Liberty St., N.Y. 6, N.Y. 
Send 25¢ Phone: REctor 2 -6245 for Catalog 

FREE Catalog 
OF THE WORLD'S FINEST 

GOV'T. SURPLUS 
ELECTRONIC BARGAINS 

RECEIVERS: 
RAX -1 200 to 1500 KC Re -New: $29.95 
BC -348 200 to 500 KC -1.5 to 18 MC....Used: 89.50 
R- 48 /TRC -8 230 to 250 MC FM Used 22.95 
R -23 /ARC -5 190 to 550 KC Used: 12.95 
R -25 /ARC -5 1.5 to 3 MC New: 19.95 
BC -454 3 to 6 MC New: 19.95 
BC -455 6 to 9 MC Used: 11.95 
R -77 /ARC -3 100 to 156 MC Used: 22.50 
BC -1206 200 to 400 KC Used: 9.95 
BC -733 108 to 110 MC Used: 5.95 
BC -229 200 to 400 KC- 2500 -7700 KO Used: 8.95 
R -5 /ARN -7 100 to 1750 KC Used: 18.95 
BC -433G 100 to 1750 KC Used: 12.95 
MN-26C 150 to 1500 KC Used: 9.95 
MN -26 LB 200 -410, 500 -1200 KC-2.9-6 MC..U: 9.95 
R- 156 /ARR -16 62.8 to 72.1 MC FM Used: 16.95 
R -89 /ARN -5 . Used: $5.95 R- 443/ARN -5 Used: 7.95 

TRANSMITTERS: 
ART -13 2 to 18 MC Used: $59.50 
BC -604 21 to 27 MC FM New: 7.95 
BC -684 27 to 38 MC FM Used: 6.95 
BC -924 27 to 38 MC FM New: 12.95 
T- 14/TRC -1 70 to 100 MC FM Used: 24.95 
BC -1158 53.3 to 95 MC AM New: 29.95 
BC- 191 /BC -375 1.5 to 12.5 MC New: 34.95 
BC -230 3000 to 7000 KC Used: 8.95 
T -17 /ARC -5 1.3 to 2.1 MC New: 14.95 
T -18 ARC -5 2.1 to 3.0 MC Unused: 8.95 
T -21 'ARC -5 5.3 to 7 MC New 8.95 
T -20 ARC -5 4.0 to 5.3 MC New: 9.95 
BC -459 7.0 to 9 MC New 14.95 
T -23 ARC -5 100 to 156 MC Used: 18.95 
T -67 /ARC -3 100 to 156 MC Used: 22.95 
GP -7 350 to 9050 KC New: 34.95 

RECEIVER -TRANSMITTERS: 
LINK 1905 -1906 152 to 172 MC FM Used: $59.50 
AN /VRC -4 1.7 to 8.7 MC Unused: 59.95 
RT -19 /ARC -4 140 to 144 MC AM Used: 22.95 
BC -1335 27 to 38.9 MC FM As is Used: .6.95 
SCR -522 100 to 156 MC AM Used: 29.95 
BC -645 (Converts to: 435 to 500 MC) New: 14.95 
RU -18 Complete Set, 12 Volts New: 19.95 

RU -19 Complete Set, 24 Volts New: 19.95 

Address Dept. EW Prices F.O.B., Lima. O. 
25°.', Deposit on C.O.D.'s Minimum Order $5.00 

SEND FOR BIG FREE CATALOG! 

FAIR RADIO SALES 
2133 ELIDA RD. Box 1105 LIMA, OHIO 

CIRCLE NO. 133 ON READER SERVICE PAGE CIRCLE NO. 114 ON 
89 

www.americanradiohistory.com

www.americanradiohistory.com


F? OT H 

AUTOMATIC VOLTAGE REGULATOR 
General Radio Type 1570 -AS8 

(Militarized version of standard Type 1570 -A) 
Features no waveform distortion; output voltage 
independent of load; high accuracy; high re- 
sponse speed; large power handling capacity; 
adjustable output voltage. Control and regulator 
units mounted separately for ease in mainte- 
nance. Highest quality components used, operat- 
ing at less than half their voltage ratings. All 
vacuum tubes operated at less than 20% of 
their maximum plate current ratings. 

Typical conditions unit connected +9% in- 
put voltage range: output 115 volts nominal; out- 
put current 50 amps; approx. KVA -6; accuracy 
in % of output volts 0.25 %; speed of response, 
10 volts per second. 

Dimensions: Control unit -19" W, 31/2" H, 81/2" 
deep, wgt. 133/4 lbs. Power unit -19" W, 7" H. 
9%" deep, wgt. 50 lbs. Shipping wgt: approx. 70 
lbs. These units are pull -outs from new equip- 
ment. Price, FOB Syracuse, New York: $124.95. 

VARIACS 
General Radio 

(no dials) 

V20 -20 amp -115V, 60 C 22.95 
W20 -20 amp -115V, 60 C 22.95 
W5 -6 amp -115V, 60 C 11.95 
W2 -2.4 amp -115V, 60 C 6.95 
V2 -2 amp -115V, 60 C 6.45 
M -5-5 amp -115V, 350 C 3.95 
M -2 -2 amp -115V, 350 C 2.95 
(Latter two will operate on 60 Cy. with 60 V Max 

input) 

Superior Powerstats 
(with dials) 

Type 20-3 amp -115V, 60 C 7.95 
Type 10B -1.75 amp -115V, 60 C 5.95 
Type 10 -1.25 amp -115V, 60 C 4.95 
Type 10, mounted in 5 "x 4 "x 3" aluminum box 

with 2 DPOT switches, pilot lamp, fuse holder 
6.50 

All items removed from computor equipment. 
Orders 20 lbs. or more shipped freight collect. 
Less than 20 lbs. include sufficient postage. Ex- 
cess payments will be refunded. 

ROTH STEEL CORP. 
127 Oakwood Ave. Syracuse, N.Y. GR5 -8431 

CIRCLE NO. 126 ON READER SERVICE PAGE 

R -237 B VR MOBILE FM RECEIVER :fii -.10 
sic. 00u1,1e , 

n 
uperhel. OV íib. 

Power Supply- easilyconverted to 12V 
input. Xlnt for Fire & Police Calla or 6M 
Ham band. Complete with xtals, 15 tubes $26.95 
& schematic. Used. Good 

T -193 B /VRC -2 MOBILE FM -30 W XMTR 
30 -40 MC. Easily converts to 6M. Complete 
with 

.7 tubes, 
6V dynamotor & schematic. 16.95 

VHF SIGNAL GENERATOR 100 -156 MC. With 
Xtal oso. For spot checking. With ache- 10.95 matte. Good 

LAZY MAN'S "Q -Ser" -Navy audio filter. 
single signal selectivity- -the easy way. 2.49 IOU AY ha N New 

BC COMMAND TRANSMITTER 4.5.3 
MC. Xint for 80 M novice or VFO. Brand 8.95 
new 

AUTOMATIC 'CQnt' 
Good 

For 3.50 nand warmer, contests. etc. Used. Cood . . 

Send M.O. or Check Ith Order 
Min. C.O.D. $10.00 with 25% Deposit 

Write for Bulletin !-39 -Loads of Bargains 

R.W. ELECTRONICS INC. 
2430 5o. Michigan Ave. Dept. 575 
Chicago- III, 60616 Phone CAlumet 5 -1281 

90 

ELECTRONICS ENGINEERING 
AND INSTRUCTION 

FCC LICENSE In six weeks. First class radio telephone. 
Results guaranteed. Elkins Radio School, 2603C, In- 
wood, Dallas, Texas. 

HIGHLY -effective home study review for FCC commer- 
cial phone exams. Free literature! Wallace Cook, P.O. 
Box 10682, Pittsburgh, Pa. 15235 

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. 

USED Correspondence Courses and Books sold and 
rented. Money back guarantee. Catalog free. (Courses 
Bought). Lee Mountain, Pisgah, Alabama, 

ENGINEERING and Art Degrees earned through home 
study. Electronics, mechanical, liberal arts, major ac- 
counting. When writing specify course desired. Pacific 
International College of Arts & Sciences, primarily a 

correspondence school. Resident classes also available. 
5719 -C Santa Monica Blvd., Hollywood 38, California. 

C.I.S.T. -The World Wide Institute of Home Study - 
over 250 Technical, Electronic and Commercial courses 
-send for your Free 100 page copy of "Career Op- 
portunities" now. Canadian Institute of Science & 
Technology, 608 Garden City Building, 263 Adelaide St., 
W., Toronto, Canada. 

FOR SALE 

TRANSISTOR Ignition coils, components, kits. Advice 
Free. Anderson Engineering. Wrentham 5, Mass. 

CANADIANS -Giant Surplus Bargain Packed Catalogs. 
Electronics. Hi -Fi, Shortwave, Amateur, Citizens Radio. 
Rush $1.00 (Refunded). ETCO. Dept. Z, 464 McGill, 
Montreal, Canada. 

JUST starting in TV service? Write for free 32 page 
catalog of service order books, invoices, job tickets, 
phone message books, statements and file systems. 
Oelrich Publications, 6556 W. Higgins Rd. Chicago, 
Ill. 60656. 

GOVERNMENT Surplus Receivers, Transmitters, Snoop - 
erscopes, Parabolic Reflectors, Picture Catalog 100. 
Meshna, Nahant, Mass. 

TRANSISTORIZED Products importers catalog. $1.00. 
Intercontinental. CPO 1717, Tokyo, Japan. 

DIAGRAMS for repairing Radios $1.00. Television $2.50. 
Give make model. Diagram Service, Box 1151 E, Man- 
chester, Connecticut 06042. 

TRANSISTOR Television Translators. Rebroadcast 25 
miles. Meets F.C.C. specifications, battery powered. 
Keith Anderson Company, Piedmont, So. Dak. 

RESISTORS precision carbon -deposit. Guaranteed 1% 
accuracy. 1/2 watt 8Ç. 1 watt 121; 2 watt 15e. Rock 
Distributing Co., 902 Corwin Road, Rochester 10, New 
York. 

INVESTIGATORS, free brochure, latest subminiature 
electronic surveillance equipment. Ace Electronics, 
11500 -A NW 7th Ave., Miami 50, Fla. 

ONLY $49.95 for regulated, zero to 24vdc, one am- 
pere, fully metered power supply? Yes! Send check 
or write: Chesapeake Bay Enterprises, P.O. Box 351, 
Hyattsville, Maryland 20781. 

IGNITION! Transistor. Coil, ballast $7.95. Free Parts 
Lists. Transfire, Carlisle 2, Mass. 

DIAGRAMS for repairing radios $1.00. Television $2.50 
and $1.00. Give make, model. Diagrams, Box 55, Wil- 
liamsport, Pa. 

METER Protector, will give positive and permanent 
protection to the meter of your volt ohm meter. No 
more bent pointers, or burnt out movements from ac- 
cidental overloads. Will protect meter from severe 
overloads, will not affect the accuracy of your volt 
ohm meter, will protect any meter up to 20,000 ohms 
per volt. 100,000 ohms per volt model available if you 
specify. You can install yourself in 5 minutes, $2.98 
post paid. James Electronics, 8 W. Main Street, Du- 
Quoin, HI. 

CB transmitters $6.00. Other bargains, catalog 10e. 
Vanguard, 190-48-99th Ave., Hollis, N.Y. 

"SIGNAL Generators, Frequency Meters, Miscellaneous 
Electronic Test Equipment. Eight -Day Chronographs 
and Clocks: Panel or Desk Mount." Echols Electronics, 
P.O. Box 5522, Arlington, Virginia 22205. 

GET IT from GOODHEART! 
NEW ITEMS & NEW LOW PRICES 

ALL -BAND SSB RCVR BARGAIN: Halllcrafters I1-4:1/ 
:\IlR 7, 55i, kc to 4:1 me continuous; Voice. CW. 
MCW, aligned and modified now also modified to 
include PRODUCT DETECTOR. 2 RF. 2 IF .stages. 
S- Meter, Xtl, w /120/230 v 50/60 cy p;vr -ply. 
Hot and SHARP & works Ilke a 199.50 charm! FOB Los Ang. 
Same less SSB, fob San Antonio 179.50 

TIME PAY PLAN: Any purchase totalling 10% 
5160.00 or more. down payment only... 

NEW LOW PRICES ON TELETYPE!! Mod. 14 'I...t.- 
nitter- Distr, w /eover, 49.50 sync motor, only 
:Mod. 15 w /keyboard plus Mod. 14 Typing It, :a 
forator plus Mod. 14 Trans.- Distrlb., all 195.00 in handsome operating -console cabinet 
Mod. 19 plus same additions 220.00 
In .sole 

ton TM11,352t Mod. 15 or TM11 -2222 on 5.00 
Mod. 14 Trans.- Distr.. each book 
TM11 -2216 on Mod. 19 or TMii -2223 

Mod. 
0.00 

od. 14 Typing Reperf, e . book U 
NEW LOW PRICE ON MINE DETECTOR!! Late type 

. \N /PBS -3 has waterproof search head, coils em- 
bedded in plastic, drag under water or use ahoy, 
ground, find PIRATE'S GOLD or I'LU:UHF :11's 
PIPES. Exc. c nd., with all parts & Handb 0o l: 
-0n fiberglass suitcase. shpg wt 19.95 0 lbs. fob Tacoma, Wash 

\EW LOW PRICE ON ungraded SILICON DIODES. 
top hats & stud mtg., various PIV's & Current ratings; some good. some bad, you grade them 
with instructions Included, and how 2.95 can you lone at 100 for only 

TEST OSCILLOSCOPES from $49.50 and up, each 
checked out and grtd ready to use! AN- types, Du- 
Mont, RCA, TEKTRONIX . . . ask for list of scopes. don't circle number. 

NEW ARRIVALS: Tektronix .531 W .53B $850. Du. 
Mont í321A 51395 Scope Camera w.'f1.5 lens. $395. BorgWarner $18,000 .30A Signal Gen. $995. Gen. 
Radio 51975 .805C Sig. Gen. $795. Polarad MSG -3 "C "Band Sig. Gen. $895. Meas. Corp. .80, $375. 
Gen. Radio $1275 .736A Wave Analyser, $325. Panoramic Radio SA -8a T- 10.000 Panadapter $250. 
AN /UPM -33 (TS148) X -Band Spectrum Analyzer 
$295. And MUCH MORE! We can SAVE YOU MONEY 
on your ELECTRONIC LAB NEEDS and give you 
FAST ANSWERS if you ASK US ABOUT YOUR 
SPECIFIC REQUIREMENTS! (Instead of Circling No.) 
REGULATED DC power supplies and KLYSTRON pwr 

supplies, write for list, don't circle number. 
STABILINE IE- 20060: 3kva Line Volt. Regul. Adjust 

Vo 110 -1211 V I ph 50/60 cy. holds ±(1.15% for 
line changes 95 -1:30 v and /or load changes 02r. 
A. Electronic, almost instant correct., no 1111g 
parts, max. . harm. 5%. On 19" rack panel 21 "11. 
141/a" dp, no cabinet. Mil Spec HS xfrmrs & 
chokes. Regular $960, but from us, brand 279.50 new, 330: fob Utica, N.Y. only (It cabinet needed, add $30.00.) 

STABILINE 5429 Is Mil EM4106 6 kva electromecb. 
line regul. 95 -1:10 v 1 ph 45 -65 cy. ZERO harulon. 
0 -52 A. Metered. in cabinet, exc. 279.50 used, OK gIl,). fob Utica 

STABILINE 0 -2 KVA, 95 -135v, 45 -65 cy 1 ph. Type 
S -345 is Mil EM -4102 2 kva electromechanical. 
regularly $325.00, but as made for Litton to 
shelf drawer as CN- 203 /MRN. Vo adjustable 1111, 
120 v. holds 1. 
BRAND NEW, 

to 
fob Utica, N.Y 149.50 

SORENSEN 3000SH is Mil -Spec HS Xfrmr /choke 
electronic regulator, 95.125 v in to 110 -120 Vn 
X0.1%. Max harm. 3 %. In cabinet, 249.50 exc. used. OK grtd. fob Utica 

SORENSEN 1500 SPECIAL: Electronic. 105- I2. -. Si. ' 

60 cy. t ph. 110 -120 Vo i-0.3% for load, I:. 
1500 VA. Max. harmon. 5 %. 179.50 FOB Los Ang. or Norwalk, Conn. 

SOLA 190.250 Vi to 230 Vo ±1% fob Los Ang. 89.50 
G.E. Isolating STEP -DOWN /STEP -UP xfrmr 120 2 11 

fah fp)lak50 /60 
cY- 71/2 kva 49.50 

I WHAT DO YOU NEED? We have lots more than we 
1i -.11,.w 11, i, & we keep ac,ul ring! 

R. E. GOODHEART CO. INC. 
Box 1220 -A, Beverly Hills, Calif. 90213 

Phones: Area 213. office 272 -5707, messages 275.5342 

CIRCLE NO. 116 ON READER SERVICE PAGE 

June 
POPULAR PHOTOGRAPHY 

says 

"The meter's the thing!" 
Don't miss EXPOSURE 
METER ROUND -UP. Learn 

which type of meter you 
should use in varying photo- 
graphic situations. 

JUNE 
POPULAR 

PHOTOGRAPHY 
On sale April 28th 

ELECTRONICS WORLD 
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SCR -625 MINE DETECTOR 
Complete portable outfit in origi- $2950 
cal packing, with all accessories L 
Brand New 

- LM FREQUENCY METER - 

Crystal calibrated modulated. 
Heterodyne. 

ith Calibr 
RC 

-Iboo: 
t'om mete. $69.58 `. like w 

.. wY{+ 

ty,i^ °af Frequency dr above, 

_ U tubes and Crystal. less $3Ilbra. 
npletely checked ou t, with 

t book. Exc, 4.50 Used, lean 

BC -221 FREQUENCY METER 
SPECIAL BUY! This excellent frequency standard is 
equipped with original calibration charts, and has 
ranges from 125 Kc to 20.000 KC with crystal check 
points in all ranges. Excel. Used with original Cali- 
bration Book. Crystal. and all tables. CHECKED OUT! 
Unmodulated $79.50 Modulated ....$129.50 
BC -221 1000 Kc Crystal Brand New $8.95 

BC -221 FREQ. METER CASE 
Altunlnum case with volt. reg 
supply using VR105, 2 ballast 
tubes, relay, cable. Inside front: 
23/a" 71/2" x 73/8". Inside . .: 

Il 9" tlx 7. Shock-mounted. re Reg. 
512.00. BRAND NEW, $2.95 Special 

BC -906 FREQ. METER -SPECIAL 
type 145 to 235 Ste. Complete with antenna 

`,1, 111c .11 and original calibration Charts in- $12.66 015,1,-, BRAND NEW. OUR LOW PRICE.. 

Determine 
or plane. 
tubes and 

INDICATOR 
APN -4, complete 

LORAN APN -4 
,1 FINE QUALITY 

NAVIGATIONAL EQUIPMENT 
exact geographic position of your boat 

Indicator and receiver complete with all 
crystal. 

1D -6B /APN -4, and RECEIVER R -9B/ 
with tubes, Exc. Used. $69.50 

NEW! APN -4A Receiver- Indicator as above, changed 
to operate same as APN4 -B for improved perform- 
ance NEW $88.50 
Shock Mount for above $2.95 

INVERTER POWER SUPPLY for above APN -4. INPUT: 
24 V DC. OUTPUT: 115 V AC, 800 cycles. Like 
New $22.50 

12 -Volt Inverter Power Supply for above APN -4. 
Like New. l'.I'. 1:. 
We carry a complete line of replacement parts and 
accessories for above. 

LORAN R -65 /APN -9 RECEIVER 

& INDICATOR 
Used in ships and aircraft. Deter- 
mines position by radio signals from .., 
known xmitters. Accurate to within i 

1% of distance. Complete with 
tubes and crystal. IN LIKE NEW Con- 
dition $79.50 

Used, with all parts, less tubes, crystal $29.50 
and visor Special 

INVERTER POWER SUPPLY for above APN -9. INPUT: 
24 V DC. OUTPUT: 115 V AC. 800 cy. Like New $22.50 

12 -V. Power Supply for APN -9, like New P.D.R. 
Shock Mount for above $2.95 
Circuit diagram and connecting plugs available. 
We carry a complete line Of replacement parts and 
accessories for above. 

APN -12 3 -INCH SCOPE 
Has vertical and horizontal sweep 
with focus and intensity controls. 
coaxial antenna changeover motor. 
Complete With 11 tubes and 3JP1 
CR Tube. For 115 V. 400 cycle AC 
and 24 v DC. Circuit aid. $14.95 gram included, LIKE NEW. 

.t ". 
a e'" 
Q oel:1 

:ÌI 

`\ 

Il TS -IOOAP 'SCOPE 
V, EXC. USED (worth $750) 

OUR LOW PRICE $3950 f 
Brand New $69.50 s., C be us 2d eth linear sweep or 

Cl 
\ 1, "op general purpose test scope. Cables 

included. Also used with circular 
sweet/ precision range 

metal case Self -contained in foetal ase 
8" x 12t.," x 16" deep. For 110 

-O, Q V50 to 12131 cycles AC. Excellent 
ek -ed. like new, with all tubes In- 

c\luding crystals and C.12. rune. 

BC -929 3 -Inch Scope, with all tubes, 
BRAND NEW $14.95 

EE8 FIELD PHONES. Checked out. perfect working 
order. Complete with all parts. Excellent $12 95 Cond. Each 

May, 1964 

IMPORTERS - EXPORTERS 

of ELECTRONIC EQUIPMENT 

We specialize in the export 
of military surplus electronic 
equipment: 

All at LOWEST PREVAILING PRICES. 

In addition to items shown on this page, 
we have in stock or can obtain for export 
and domestic customers, military electronic 
equipment made for World War II, Korean 
War, and later. We maintain one of the 
largest stocks of Government Electronic 
Surplus Equipment in America! 

IF YOU DON'T SEE WHAT YOU WANT 
HERE. WRITE US YOUR NEEDS. WE'LL 
QUOTE ON ANY GOV'T SURPLUS EQUIP- 
MENT YOU SEE ADVERTISED ANYWHERE. 
Write or call today for our low LOW 
PRICE, and SPEEDY DELIVERY FROM 
STOCK! 

All packing and shipping is made directly 
from our own warehouse in NYC to give 
you substantial savings in handling costs! 

AN /APR -4 RADIO RECEIVER 
High precision lab instrument, suitable for 
monitoring and measuring frequency and relative 
signal strength of signals from 38 to 4000 Mc., 
in 5 tuning unit ranges. 
LIKE NEW, SPECIAL $79.50 
TN -16, TN -17. TN -IS, TN -19 and TN -54 
Tuning Units for above to stock ..P.U.N. 

SCR -522 2 -METER TRANSMITTER -RECEIVER 
Terrific buy: VI1F Transmitter Receiver, (let -1.-,Ii Mc. 
4 channels. Xtal- controlled. Amplitude modulated 
voice. Complete 93th all 18 tubes. top rack ., ' 

Wl rase. LIEN NEW! P.0 'R. SPECIALLY PRICED 

SCR522 as above, exc. used $32.50 

BC -624 Receiver only, with all tubes (of SCR-522 
abt,vt.l. t'I,.ai. $24.50 LIKE NVW rnd l Lion ... 
BC -625 Transmitter only, with all tubes (of. SCR- 5'_''2 
La brave l . ill..III $24.50 IKE NEW comlitioll 
RA62 AC POWER SUPPLY FOR SCR522 $42.50 

Now 

AN/ART-I3 100 -WATT XMTR 
11 CHANNELS 
200 -1500 Kc 

-.. 
2 to 18.1 Mc l'* 
79 EXC. 

USED 

complete with Tubes 4,.._ 

Famous Collins Autotune Aircraft Transmitter. A\I 
t' \V. \ICS. Quick change to any of ten preset chin 
nets or manual tuning. Speech amplifier /clipper uses 
carbon or magnetic pike. Highly stable, highly ar 

' to CFI). Bul It in Xtal controlled calibrator. 
lips( is modulate 813 in final up to 90% class "B." 
A (teal "HOT" Ham hug at o 

( 

I low mire! 
AN /ART -13 XMTR. as above. In LIKE NEW $89.50 
condition. with all tubes and crystal 

0 -16 Low Freq. 05e. Coil for ART -13 7.95 
24V Dynamotor for ART -13 11.95 

We carry a complete line of spare parts for above. 

SCR -274 COMMAND EQUIPMENT 
ALL -:OMPLETL WITH TUBES Like 
Type Description Used NEW 

BC -453 Receiver 190 -550 KC $12.95 $14.95 
13C -454 Receiver 3 -6 MC 12,45 17.95 
BC 455 Receiver 6 -9 MC 11.50 13.95 
1.5 to 3 MC. Receiver Brand New $17.95 

110 Volt AC Power Supply Kit for all 274 -N and 
ARC -5 Receivers. Complete .vin, metal '1.895 Instructions 
Factory wired, tested. ready to operate .512.50 
SPLINED TUNING KNOB for 274 -N and ARC -5 
RECEIVERS. Fits BC -453. BC -454 and 490 
8 l ter,. Only 

..I to 3 Mc Transmitter, Brand New...... .$12.95 
BC -457 TRANSMITTER -4 -5.3 Me. plete $9.75 

.Ili all tubes and crystal, BRAND NEW 
:`Ike New ... ..... .. ... ..$7.95 
Iii' - I.58 TRANSMITTER -5.3 to 7 MC. Complete 1. 

all tubes and crystal. $10.95 ltli \ND NEW 57.95 ILI:.. New 
B5 -696 TRANSMITTER 3.4 Ile Complete with $11.95 
.\ I l'in'es A Crystal. Like New 
RC -456 Jl (id ulator ...USED 3.45 NEW 5.95 

ALL At CI -:Sst alms :\V: \I1.. 4111 E FOR AIt1\VF 

For most equipment 
SCHEMATIC DIAGRAMS on this page. each 

Please include 25% Deposit with order -Balance 
C.O.D., or Remittance in Full. 50e Handling Charges 
on all orders under $5.00. All shipments F.O.B. Our 
Warehouse, N.Y.C. All Merchandise subject to Prior 
Sale and Price Change. 

G & G RADIO SUPPLY CO. 
Telephone: CO 7 -4605 

77 Leonard St. New York 13, N. Y. 

CIRCLE NO. 115 ON READER SERVICE PAGE 

APX -6 TRANSCEIVER. Excellent for 
conversion to 1220 MC. Brand New. $39.50 
Complete with tubes, SPECIAL BUY! 

BC -344 RECEIVER. 150 -1500 50e., 
continuous tuning, 4 -band. for 115 V 
60 Cycle AC. Excellent used. perfect $79.50 
working order. complete with tubes. 

BC -342 RECEIVER. 1.5 to 18 Mc. AC 
Only. Like New. complete with all $79.50 
tubes 

BC -348 SUPERHET RECEIVER 200 to 500 do 
and 1.5 to 1800 Mc. Voice Tone, CW. Self -con- 
tained dynamotor for 24 V DC. Exec. Used. 
Checked out $89.50 
AC Power Supply $14.50 

FAMOUS BC -645 TRANSCEIVER 

I Vitt! 

Val,rt 1111. 

BRAND NEW! 15 Tubes 435 to 500 MC 
Can be modified for 2 -way communication. vois,: 
or code, on ham band 420 -450 mc. citizens rat]., 
460-470 mc. fixed and mobile 450 -460 mc. tols 
vision experimental 470 -500 mc. 15 tulle, 
(tubes alone worth more than sale price! I: 4- 
7F7. 4 -7H7, 2 -7E6, 2 -6F6, 2 -955 and 1- WE -316A, Now covers 460 to 490 me. Brand 
new BC -645 with tubes, less power supply in 

Shipping weight 25 lbs. SPECIAL!... $19.50 
PE -001C Dynamotor, 12/24V input $7.95 
UHF Antenna Assembly 2.45 
Complete Set of 10 Plugs 5.50 
Control Box 2.25 

SPECIAL "PACKAGE" OFFER 
BC -645 Transceiver. Dynamotor and all acce 
sories above. COMPLETE. BRAND NEW 

$29.50 While Stocks Last 

ARB /CRV 46151 NAVY AIRCRAFT RADIO RECEIVER 
190 to 9050 Kc in four bands. 6 -tube super commu- 
nications receiver with local and remote tuning. 
band change. Complete with tubes and 
dynamotor. LIKE NEW $ 39.50 
Pwr Supply, 110 V AC wired $8.95 

ARC -3 
RECEIVER! 

with 
All [h All 

Used 
Exe. 

used 
Like NEW ........$33.50 
Crystal-controlled 
to 156 MC., AM., 
28 -volt DC power 
1- 12SH7, 3.12507. 
1.12SL7, 1 -12A6. 
110 V A.C. Power 
Factory Wired 

1 J $2159 
:jj ufföëëdl 

17 -tube superhet. tunes from 100 
on any 8 preselected channels. 
input. Tubes: 1 -9002. 6 -6AKS, 

1.9001, 1.12H6. 2.12SN7. 

Supply Kit for above 15.00 
and Tested 19.95 

ARC -3 TRANSMITTER 
Companion unit for above tunes 100 to 156 MC on 
any 8 pre -selected channels. 9 tubes. crystal con- 
trolled. provides tone and voice modulation. 28V 
DC Power input. Complete with all $1895 Tubes: 3 -6V6. 2 -832A. 1- 125H7. 1.6J5. o 
2 -6L6. Exc. Used Only 
Like ne w condition ..... ....$28.50 
ARC -3 PUSHBUTTON CONTROL BOX $5 95 

AN /ARN -7 RECEIVER 
Frequency range 100 tic to 1750 Kc in 4 bands. Alr- 
cratf 

a 
igational instrument comprising sunerhet 

receiver and additional circuits. Complete $29 50 
with tubes. exc. cond. L J 

Accessories for above, vailable. 

MOBILE - 
Model 

Input 12V DC. 
DC N 225 Ma, 
tal k intermittent 

Shpg. wt. 14 lbs. 
BRAND NEW 

DYNAMOTOR 
Type Input 
DM -32A 28V 1.1A 

MARINE DYNAMOTOR 
DM35 
Output: 625 V If for press-to- ., 

operation. 

$19.50 ^'-- ELq.2 

VALUES: Excellent BRAND 
Output Used NEW 

250V .OSA 2.45 4.45 
OM -33A 28V SA 575V .16A 

28V 7A 540V .25A 2.95 4.45 
DM -34D 12V 2A 220V .080A 4.15 5.50 
DM -36 28V 1.4A 220V .080A 1.95 2.95 
DM -43 28V 23A 925V .220A 

460V .18SA - 7.95 
DM.53A 28V 1.4A 220V .080A 3.75 5.45 
PE -73C 28V 20A 1000V .350A 8.95 14.9S 
PE -86 28V 1.25A 250V .050A 2.75 3.85 
DM -37 DYNAMOTOR. Input 25.5 V DC (á 0.2 A. 0ul- 
ntn 1125 V DC CB 225 Ma. BRAND NEW. Farb $3.25 

I 

MICROPHONES Checked Out, Perfect 
EXC. BRAND 

Model Description USED NEW 
T- 17D..Carbon Hand Mike.......$4.45 $7.95 
R5 -38. . Navy Type Carbon Hand Mike..3.95 5.75 
HEADPHONES Checked Out, Perfect 
Model Description EXC. BRAND 

USED NEW 
HS- 23..High Impedance $2.79.. $4.95 
HS -33 -Low Impedance ..... 3.15.. 5.45 
HS.30.... Low Imp. ( leatherwt.) .90.. 1.65 
H -16 /U. ..High Imp. 12 units) 3.75.. 7.95 
TELEPHONICS -600 ohm Low Impedance HEAD- 
SETS. BRAND NEW. PER PAIR $3.95 
CD -307A Cords, with PL55 plug and JK26 Jack .99 
Earphone Cushions for above -pair .50 
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[aLu W@IA GENO 
COMMAND SET SUPER SPECIALS! 

Receivers: 
190 -550 Kc. (The Famous Q 5.er) Good $14.95 
1.5-3 MC. FB for marine use. Brand neW. 19.95 
3.6 M. Excel. condition. Excellent buys 12.95 
6 -9 Me. Excel. condition 12.95 

Transmitters: 
2.1 -3 MC. Brand news. Only 6.95 
3 -4 MC. Excel. condition. This month 8.95 
4 -5.3 MC. Brand new. Only 6.95 
5.3 -7 Me. Excel. condition. Lei;.. crystals 4.95 
7 -9 Mc. Limlte,l d luant.! For fast action 15.95 

MD -7 PLATE MODULATOR: Excel. cond 5.95 
BC -456 Screen MODULATOR: Excel. cond 4.95 
RE -2 BC -442 ANTENNA RELAY: Good rond 2.95 

LINK FM RECEIVER 
Mode) 39(15. Less tube.. 150-170 Mc. 
With (1 V. dynamotor. Excellent condition $12.95 

LINK FM TRANSMITTER 
Model 1906. With final 829 tube only. 25 
W. With 6 V. dynamotor. Good condition $14.95 
VRC -2FM 36-40 Mc. 6 V. 25 W. Trans- 

mitter $ 14.95 
6 Volt Receiver 30-40 Me. .... 19.95 
I Both above with ALL tubes, good cond.) 

BC -659 TRANSCEIVER: 27 -:35.9 Mc. FM 2 
W. Emily 

' 

onvertible to C. B. Good 
, 0ndit ion $14.95 

TA -182 TELEPHONE SIGNAL CONVERTER 
Late modid. 21, cycle, ringing c,111,erter. $95.00 In e. cellera condition. Only 
BC -191 TRANSMITTER. 000,1 condition 

With one Tuning Unit from below list $29.95 
(Advise which) $ 

TUNING UNITS: 6. 7, 8, 9, or 22. Each 1.95 
BD -77 12 V. DYNAMOTOR: for above. Excel 14.95 
RA -34i AC POWER SUPPLY: for above 149.50 

MORE THAN YOU'LL BELIEVE! 
Yup! Your OWN surplus surplus is worth more 
than you realize! Tell us what you have! We 
urgently need test equip., receivers, communi- 
cation equip. and components, tubes, etc. We 
trade or PAY TOP CASH! 
LATE MODEL RT -175 PRC -9 WALKIE. $179.50 TALKIE: _ 7. 9 MC. F:xcellenl. 
MODEL 

' 

RT -176 PRC -9 WALKIE- TALKIE: 179.50 .1.. :.,,.11,.11 

NEW CATALOG! Send for free copy! 

LORAN NAVIGATION EQUIPMENT! 
APN -4: Complete inotall:10011. Excellent $99.550 

condition. checked out: Special 

APN -9: Complete loot. Checked out .. 99.50 
i Both ' hove comp. w/24 V. Inverter. I 

DAS: 110 VAC. 60 CyC. Navy Model. 149.50 ('hoe ked out :0:i rcaily to install 
TELETYPE MODEL FRX -D TAPE PERFORATOR 

& DISTRIBUTOR COMBO 
For full description see Feb /04 ('Q. With 
1111 V. svnehronous motor. Complete, good $75.00 edition. Typing Model (not 

c 
hocked out) 

SAME -but n -typing model. Not checked $65.00 
:Fort EITHER 15í00E1. checked out. :, d,1 525.511,1 

APR -4 TUNING UNITS! All Excel., checked out 
TN -18: 3110 -1000 M(' $49.95 

SAME as above but brand new 69.95 
TN -19: 1000-2_141 Mc 59.95 
TN -54: 2150- .Ií,101 O. 125.00 

COLUMBIA ELECTRONICS 
4365 WEST PICO BLVD. LOS ANGELES 19, CALIF. 

CIRCLE NO. 107 ON READER SERVICE PAGE 

TV cameras and parts at lowest prices. Catalog 10C. 
Vanguard, 190 -48 -99th Ave., Hollis, N.Y. 

EDISON Cylinder Phonographs . . . Released from 
Storage. Complete, working. Write ... Whitlock Stor- 
age, 114 State, Brewer, Maine. 

FREE Surplus flyer. Unusual bargains. Omnitek. 3206 
Greenmead, Baltimore 7, Maryland. 

FREE Transistor Ignition information. Save gas, money. 
Cut maintenance. Ignitioneering Co., Box 38 -D, Wilton, 
Conn. 

WILKINSON, famous stainless steel razor blades, direct 
from Europe. Send $2.00 (for 10) to P.O. Box 2134, 
Hammond, Ind. 

RADIO and Electronic Supplies: Transistors, 2n250- 
35C, 2n456, 457 & 458 -35C, 2n511 -75C, 2n1046- 
95e, 2n1038, 1039, 1040 -50C, 750 ma epoxy diodes: 
200 piv -10C, 400 piv -25C, 600 piv -30C, 100 
assorted precision resistors -$4.95, Nickle Cadmium 
batteries: 6 oz cell -95C, 10 oz cel1- $1.50, 21/2 Lb. 
cell $2.95 Fully Guaranteed. Meters, crystals, trans- 
formers. Write for our catalog -10C. Interstate Elec- 
tronics, P.O. Box 8848A, University Park, Denver, 
Colorado. 

ELECTRONIC Surplus, list 10C. Commercial type power 
transformers 2900VCT at 800ma W /CHOKE $60., 5600V 
at 6KVA W /CHOKE $110. Fertiks, 9th Tioga, Phila. 
40, Pa. 

SURPLUS Equipment, Tubes, Parts -Send 10C for bar- 
gain sheets -D & L Electronics, Box 2715, Harris- 
burg, Pa. 

LET our more than 200,000 monthly readers learn of 
the advantages of doing their mail order business 
with YOU! Your ad in the ELECTRONICS MARKET PLACE 
will cost little -only 60C per word, but results will be 
most rewarding. An easy order form is found in this 
section. Fill it in and send with your payment today 
to: Martin Lincoln, ELECTRONICS WORLD, One Park 
Avenue, New York, N. Y. 10016. 

PHOTOGRAPHY -FILM, 
EQUIPMENT, SERVICES 

MEDICAL FILM -Adults only- 11Childbirth" one reel, 
8mm $7.50; 16mm $14.95. International W, Greenvale, 
Long Island, New York. 

SCIENCE Bargains- Request Free Giant Catalog "CJ" 
148 pages -Astronomical Telescopes, Microscopes, 

Lenses, Binoculars, Kits, Parts, War surplus bargains. 
Edmund Scientific Co., Barrington, New Jersey. 

PATENTS 

INVENTIONS: Ideas developed for Cash Royalty sales 
Raymond Lee, 2104G Bush Building, New York City 36. 

CLASSIFIED ADVERTISING ORDER FORM 
Please refer to heading on first page of this section for complete data concerning 
terms, frequency discounts, closing dates, etc. 

1 2 3 4 

6 8 9 10 

11 12 13 14 15 

16 17 18 19 20 

21 22 23 24 25 

26 27 28 29 30 

31 32 33 34 35 

@ .35 Reader Rate 
Words @ .60 Commercial Rate Í - 

Insert time(s) Total Enclosed $ 

NAME 

ADDRESS 

CITY ZONE STATE 

SIGNATURE 
WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one 
word each. Zone or Zip Code numbers not counted. (Publisher reserves right to omit Zip Code if space does 
not permit.) Count each abbreviation, initial, single figure or group of figures or letters as a word. Symbols 
such as 35mm, COD, PO, AC, etc., count as one word. Hyphenated words count as two words. EW -564 
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SILICON RECTIFIER SALE 

AMERICAN MADE NEWEST TYPE 

FULLY TESTED 

FULLY GUAR'NT'D 

750 MA- SILICON "TOP -HAT" DIODES 
LOW LEAKAGE FULL LENGTH LEAD 

PIV /RMS 
50/35 
.05 ea 

PIV /RMS 
100/70 
.09 ea 

PIV- RMS 
200/140 
.12 ea 

PIV RMS 
300'210 

.16 ea 
PIV,RM5 
400/280 

.22 ea 

PIV RMS 
500'350 
.26 ea 

PIV RMS 
600/420 
.35 ea 

PIV:' RMS 
700:'490 

.45 ea 
PIV /RMS 
800/560 

.53 ea 

PIV /RMS 
900/630 

.63 ea 

PIV /RMS 
1000/700 

.75 ea 

PIV, RMS 
1100/770 
.84 ea 

ALL TESTS AC & DC & FWD & LOAD 
SILICON POWER DIODE STUDS 

D.C. 50 PIV 100 PIV 150 PIV 200 PIV 
AMPS 35 RMS 70 RMS 105 RMS 140 RMS 

hit .15 ea .20 ea .25 ea .35 ea 
311 .55 .75 .85 .95 

:i 1.25 1.50 1.70 1.90 
I2 1.80 2.25 2.50 3.25 
:t. 2.10 2.75 3.25 3.75 
D.C. 300 PIV 400 PIV 500 PIV 600 PIV 

AMPS 210 RMS 280 RMS 350 RMS 450 RMS 
:3 .45 ea .60 ea .67 ea .72 ea 

1 2 1.20 1.45 1.65 1.85 
2.60 2.85 3.50 4.00 
3.75 4.50 5.25 Query 

1101 4.00 4.75 5.75 Query 
"SCR" SILICON CONTROLLED RECTIFIERS "SCR" 

7 16 25 7 16 25 
PRV AMP AMP AMP PRV AMP AMP AMP 

2.-i .65 1.20 1.50 
.50 1.15 1.50 1.85 

1011 1.80 2.30 2.85 
150 2.10 2.60 3.25 
21111 2.35 2.90 3.50 

2a0 2.80 3.25 3.80 
3(10 3.20 3.60 4.00 
400 4.00 4.25 4.75 
5110 5.00 5.20 5.50 
61111 5.75 6.00 6.20 

Money Back guarantee. $2.00 min. order. Orders 
F.O.B. NYC. Include check or money order. Shpg. 
charges plus. C.O.D. orders 25% down. 

Warren Electronic Components 
89 Chambers St. NYC 7, NY Wo 2 -5727 

HERE IN ONE PUBLICATION 

1964 CAR and DRIVER 

YEARBOOK 
ARE ROAD TESTS ON TWENTY 

'64 CARS -COMPARATIVE 

DATA ON FIFTY -TWO OTHER 

MODELS -A BEAUTIFUL 

SALON OF GREAT MOTOR 

RACING PHOTOGRAPHS - 
A RUNDOWN ON AVAILABLE 

ACCESSORIES --A 
COMPARISON -IN -DEPTH OF 

FORD AND CHEVROLET - 
NEWS OF TECHNICAL 

ADVANCES - 
AT YOUR FAVORITE 

NEWSSTAND FOR ONLY 

ONE DOLLAR. 

Or write to: 

Ziff -Davis Service Division 

Dept. CDY 

589 Broadway 

New York, New York 10012 
ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


REPAIRS AND SERVICES 

TV Tuners Rebuilt and Aligned to Specifications. 
Guaranteed All Makes. One Price. $9.50 Complete. 
Plus Shipping. Valley Tuners, 5641 -B Cahuenga, North 
Hollywood, Calif. 

TV Tuners Rebuilt and Aligned per manufacturers spe- 
cification. Only $9.50. Any Make UHF or VHF. We ship 
COD Ninety day written guarantee. Ship complete with 
tubes or write for free mailing kit and dealer brochure. 
JW Electronics. Box 51B. Bloomington, Indiana. 

ALL types of meters repaired. Instrument Repair Serv- 
ice, 186 Front St., Secaucus, N.J. 

TELEFIXIT Alltime Bestseller Nontechnical TV Repair 
Book with Famous Troubleshooting Charts. 60e Post- 
paid 2 for $1.00. Telefixit, Box 714, Manhasset 4, N.Y. 

T.V. TUNERS -Rebuilt, aligned, air tested. Fast, guar- 
anteed Service. VHF only $9.00 plus shipping. Texas 
Tuners, Box 222, Robert Lee, Texas 76945. 

METERS -Multimeters Repaired and Calibrated. Free 
estimates -Catalog. Bigelow Electronics, Box 71 -F, 

Bluffton, Ohio. 

FOR only 6ßÇ a word you can inform our audience of 
over 200,000 electronics professionals of the services 
you have to offer. Your classified ad in these columns 
will cost little and produce much for you. Try us and 
see for yourself. Write: Martin Lincoln, Electronics 
World, 1 Park Ave., New York, N.Y. 10016. 

HIGH FIDELITY 

LOW, LOW quotes: all components and recorders. Hi -Fi, 
Roslyn 9, Penna. 

HI -Fl components, tape recorders, sleep learn equip- 
ment, tapes. Unusual Values. Free Catalog. Dressner, 
1523 Jericho Turnpike, New Hyde Park 10, N.Y. 

LPs Like new Top labels $1.00 for lists. Refunded 
first order. Records, HilIburn P.O., Hil!burn, N.Y. 

HI -Fl Components, Tape Recorders, at guaranteed 
We Will Not Be Undersold" prices. 15 -day money -back 

guarantee. Two -year warranty. No Catalog. Quotations 
Free. Hi- Fidelity Center, 1797 (L) 1st Avenue, N.Y., 
N.Y. 10028 

STEREOSPHERE Decoder. New Concept in Sound. Using 
present two track signals with conventional stereo 
equipment Decoder attaches to power output connec- 
tions, drives speaker cabinets with individual signals 
(which are determined by original two stereo signal 
source), reestablishing original recorded locations. 
This information is present in conventional two signal 
playback equipment But Not Available Without De- 
coder. Decoder approximately 2" x 2" x 3" encapsu- 
lated in epoxy. $39.95 post paid. Stereosphere, Dept. 
EW, Post Office Box 3009, Huntsville, Alabama 35811. 

STEREO Library -Rent stereo tapes -Buy at discounts 
new tape and record albums- Stereo or Monaural - 
Free Brochure. Stereo Library, Dept. -E, Box 62, Bay - 
side, New York. 

TAPE AND RECORDERS 

RENT Stereo Tapes -over 2,500 Different -all major 
labels -free brochure. Stereo -Parti, 1616 -E. W. Ter- 
race Way, Santa Rosa, California. 

SELF -Hypnosis. New concept teaches you quickly by 
tape or LP- record. Free literature. McKinley Pub- 
lishers, Dept. T6 Box 3038. San Bernardino, California. 

SAVE 30-60% Stereo music on tape. Free bargain cat- 
alog /blank tape /recorders /Norelco speakers. Saxitone, 
1776 Columbia Road, Washington, D.C. 

TAPE Recorder Sale. Latest models $10.00 above cost. 
Arkay Sales, 22 -21 Riverside Avenue, Medford 55, 
Massachusetts. 

CONCORD 500 -D professional 4 -track stereo recorder. 
Built -in stereo power amplifiers. Two VU meters. In- 
credibly priced: $149.50 brand new. Caravelle, 916 
McLean Ave., Yonkers, N.Y. 

TAPEMATES MAKES AVAILABLE TO YOU -ALL 4 -TRACK 
STEREO TAPES -ALL LABELS -POSTPAID TO YOUR DOOR 
-AT 40% COMBINED SAVINGS. FOR FREE BROCHURE 
WRITE TAPEMATES CLUB, 5280 -E W. PICO BLVD., LOS 
ANGELES, CALIF. 90019. 

EMPLOYMENT INFORMATION 

"FLORIDA Finder" lists jobs, business opportunities. 
Three issues $1.00. Kohr, Box 111 -AD, Clearwater, 
Florida 33517. 

BRAND NEW 
UNITED'S FIRST QUALITY 
TUBES DISCOUNTS up to 

011%. 

OFF 
GUARANTEED ONE FULL YEAR! NOT USED! NO PULLS! WHY PAY MORE ? 

Tube Price 
0A2 . ..80 
0A3 .90 
044G 1.35 
0B2 .80 
O82WJ1 1.95 
083 1.20 
0C3 ..63 
003 .45 
003 2.75 
0Y4 1.20 
024 
143 .70 
1A5 ..75 
146 .70 
147 .,1.05 
14132 1.15 
14E4 1.30 
1404 1.75 
14X2 ..60 
183 ..77 
105 ..70 
1085 ..53 
103 ..77 
104 ,69 
106 .80 
IH4 69 
1 H 5 1.00 
1H6 ..70 
1.13 ..77 
IJ5 ..95 
IJ6 ..95 
183 ..77 
1L4 .64 
ILA4 1.30 
ILAS 2.50 
ILAB 1.45 
1LB4 1.80 
iLCS 1.05 
1LC6 1.80 
11.135 1.95 
ILE3 1.20 
1LGS 1.95 
ILH4 1.15 
ILN5 1.25 
INS 1.20 
105 ..95 
1R4 ..80 
IRS 75 
154 1.15 
155 ..73 
1T4 ..70 
175 .80 
IU4 ..57 
1115 63 
IV . 1.05 
172 ..70 
1X213 .80 
2A3 1.05 
2A3W 5.00 
245 1.10 
241. 1.10 
2A7 1.50 
2AF4A .93 
24142 1.23 
2B3 .. ..98 

7 28 -.70 
28N4 .95 
2CY5 . ..95 
2021 ..70 
2X2 .40 
2X2J1 1.30 
3A2 ,. 1.55 
3A3 . ..74 
3A4 .. .74 
3A5 .. 1.30 
3AF4 1.50 
3FL5 . ..44 
34116 ..52 
3478 .40 
382 .. 3.45 
3137 .. 1.35 
313413 ..88 
38C5 . ..61 
38E6 . ..90 
38N4 ..99 
38813 ..73 
38U8 ..76 
3876 . ..56 
38Z6 . ..54 
3CB8 . ..54 
3C ES .89 
3CF6 . 1.00 
3C58 . .56 
3CY5 . 1.15 
308 . 1.45 
3084 ..83 
3086 ..58 
3078 ..52 

Tube Price Tube Price Tube Price 
3024 ..79 6ÁQ7 . 1.55 
3086 ..97 6A08 1.20 
31458 1.29 GARS ..84 
3Q4 .. ..61 64R6 .95 
354 .. ..73 GARB 2.19 
3V4 ..61 64R11 1.64 
4A116 ..94 6455 . ..59 
44V6 ..70 6456 . 1.00 
48A6 _85 6457 2.45 
45C5 .95 6458 . 1.20 
4BC8 1.69 64511 1.87 
4BL8 . ..90 64T6 . ..47 
48N6 1.35 64T8 . ..84 
48Q7 .99 6AÚ4 .83 
4658 . 1.35 GA U5 1.75 
48U8 1.29 6406 ..50 
46Z6 . ..95 64U7 ..54 
4BZ7 . _99 6A118 .85 
4CB6 ..95 64V5 1.75 
4C56 . .59 64V6 .39 
4CY5 . 1.25 64V11 1.49 
40E6 . 1.19 64W8 ..88 
41366 _57 64X3 ..92 
4076 _55 64X4 ..84 
4E87 ..60 64X5 ..73 
4EM6 .94 6AX7 .95 
4EW6 1.19 64X8 1.30 
401(5 1.59 64Y3 .99 
40516 ..59 64Z8 1.75 
4058 . 1.29 684 . . 3.80 
40Z5 . 1.49 6610 . 1.34 
4HM6 .92 6843 1.15 
41458 1.10 6846 ..48 
4876 ..99 6847 .92 
SAM8 ..77 GRAB 1.50 
54 NB ..88 6BC4 2.00 
5405 .52 6BC5 . .59 
5458 . 1.90 68C7 . 1.25 
54T8 . .81 6BC8 . 1.00 
58E8 1.10 66136 ..95 
5657 ..84 613E6 . ..53 
5807 ..99 66E5 . ..88 
58R8 ..81 68F6 . .42 
SCGB ..79 6818 . 1.66 
5CL8 . ..74 6606 1.60 
5CQ8 ..82 6BH6 1.00 
5DJ4 . ..84 68H8 ..94 
5E48 . ..79 6616 . . .e3 
SEU8 .79 6BJ7 . .77 
SEW6 1.12 613.18 . 1.45 
50M6 .99 6854 3.39 
50X6 1.95 6865 1.50 
516 . ..70 6BK7 .84 
5T8 . ..84 6BL7 . 1.05 
5U4 ..59 681.8 . 1.49 
5U8 .82 6854 1.00 
5V3 . 1.59 6656 .73 
5V4 . 1.45 6658 1.03 
5V6 . ..55 6Bn5 ..95 
5W4 ,.95 6Bß6/ 
5X4 ..90 6CU6 1.05 
5X8 ..80 6BQ7 .98 
5Y3 .45 6BR8 1.40 
574 1.10 6658 . 1.25 
5Z3 1.00 6BU8 ..68 
5Z4 1.40 6878 1.20 
643 
6A3 2.50 

6BW8 1.25 .50 
66X7 1.07 

848 1.00 6BY5 2.19 
647 2.25 6876 1.05 
648M 1.45 68Y8 1.07 6ÁB4 .45 6BZ6 ..54 
GABS 1.95 6827 ..99 6487 1.00 61328 1.25 
6ACS 1.95 
64C7 ..91 6C4W 1.25 
6AC7W 2.50 6C5 . 1.40 
6407 2.00 6C6 . 2.00 
64F3 1.00 6C8 . 3.25 
6A F4 . ..99 6C10 1.45 
64F4Á .99 6C44 .79 
64F31 1.92 6C45 1.25 
GAGS ..68 6065 3.,9 
6417 ..95 6CB6 .53 
64 H4 ..79 6C654 3.29 
64H6 1.05 60136 1.45 
64J5 . 1.95 6CF6 _95 
BAKS ..90 6CG7 ..59 
BAKE ..79 6C08 .78 
64L5 ..45 6CL6 1.44 
64 L7 . 1.85 6CL8 .77 
64718 .76 6CM6 1.24 
8454 3.18 6CM7 ..87 
BANS 1.95 6CM8 1.60 
6456 2.45 6C57 . .68 
BANS 1.50 6144 . 1.03 
64135 ..52 6C07 . 1.80 
64116 ..69 6C08 . ..90 

6CR6 58 
ecce . ..55 
60U5 
6CU6 
6CÚ8 
6CW4 
6CW5 
6CX8 
6CY5 
6CY7 
6CZ5 
6CZ7 
604 , 

606 . 

6010 
6044 
6DA5 
61385 
6DC6 
6008 
613E4 
6DE6 
60E7 
6006 
6018 
6 DE4 
6088 
60N6 
61387 
8005 
6006 
6Dß7 
61355 
6075 
61376 
6078 
6E5 . 

6EA7 
8E48 
6EB5 
6E138 
6E145 
6E147 
68 .17 
GEMS 
6EM7 
6E07 
6ER5 
6E55 
6E75 
6EU7 
6EÚ8 
6EW6 
6EW7 
6EY6 
6EX8 
6E76 
6E25 
6EZ8 
6EA7 
6 F137 
61.17 . 

6F5 .. 
6F6 
6F6M 
617 . . 

6F8 , 

6FG5 , 

6FG7 , 

6FG8 
6FM7 
6Fß7 
6F55 . 

6F5G . 

8FV6 . 

6E78 . 

6FW8 
6FY5 , 

605 
6G6G 
6G 85 
8G F5 
6GH8 
6G 55 
6G 86 
6GL7 
6GM5 
6GM8 
6G NB 
6GT5 
6GV5 
6GW6 
6GW8 
60X6 
60X8 
GOYS 

..56 
1.05 
1.75 
1.75 
1.10 
1.52 
..68 

69 
1,40 
1.75 
1.75 
2.50 
1.56 

.66 
1.19 
1.20 
2.25 
1.25 
1.10 
..59 
1.29 
..60 
1.17 
1.18 

57 
1.48 
1.35 
2.95 
1.05 
1.25 
1.25 
..79 
..51 

92 
1.75 
1.45 
77 

..71 

..90 
1.10 
1.55 
1.47 

.75 
80 

1.05 
1.47 
1.25 

73 
1.00 
..77 
..55 
..78 

73 
3.65 
3.29 
1.40 
3.75 
1.05 
1.95 
1.89 

8 
1.05 

0 

1.25 
2.50 
1.00 
2.15 
..67 
..65 ..]7 
94 

i.20 
1.15 
1.31 

77 
3.55 
1.10 
2.50 
1.00 
..91 
1.39 
..59 
77 

1.95 
1.27 
..95 

92 
1.70 
.98 

1.65 
1.40 
..92 
..92 
..92 

Tube Price 
68E8 .1.51 
6HJ8 ,.1.25 
6858 . ..93 
6GZ5 . ..94 
6H6 .56 
6H08 .1.85 
614 .2.95 
6J4WA 3.65 
6.188 .98 
6JE6 ..3.25 
6.1E8 ..1.50 
6J 5M ..92 
6J50T . ..50 
8.113 .69 
617 . .1.65 
818 . .1.40 
8111 .1.83 
61148 .1.85 
658 ...61 
687 .95 
688 .1.45 
6811 .1.46 
6808 . ..99 
8LÁ .....90 
6L60 .1.45 
6L6 -M .1.95 
6L7 ..1.05 
6M11 1.85 
6N6 ..1.45 
6N7 .. ..98 
6P5 . ..95 
607 -GT ..98 
607 -M .1.45 
6R7 ....90 
654 .....49 
657 .. .90 
658 ...1.15 
654707 .97 
6547 -M 1.25 
651377 1.15 
65C7 ..1.35 
6507 . . _70 
6515 .75 
6517 ..1.00 
65G7 ....85 
65117 ..80 
65J7GT ..80 
6517 -M ..90 
65K7GT .90 
6557 -M 1.25 
65L7GT .85 
65147 ..63 
6507 .92 
6587 1.00 
6557 ..95 
65V7 _95 
6527 ..95 
6T4 . ..95 
6T8 . .84 
GUS 2.25 
6u8 .81 
6V3 1.75 
67607 .52 
6V6M 2.50 
6W4 ..60 
6X4 ..39 
6X5 ..75 
6X8 .78 
616 . 1.25 
7A4 1.15 
7A5 .95 
746 1.15 
747 1.15 
748 1.50 
7417 1.15 
7417 1.15 
7807 1.15 
74147 . .95 
7AÚ7 .63 
7B4 1.05 
765 1.45 
786 1.25 
787 1.85 
768 .95 
7C5 1.35 
7C6 2.49 
7C7 1.45 
7E7 ..95 
7EY6 .73 
7F7 1.75 
7F8 . 1.35 
707 .95 
7H7 1.37 
7H08 1.67 
7.17 . 1.35 
757 1.45 
7L7 1.45 

Tube Price Tube Price Tube Price 
7N7 1.25 
707 1.50 
7R7 , 1.15 
7S7 . 1.80 
7V7 . 1.45 
7W7 1.45 
7X6 95 
7X7 1.25 
7Y4 1.29 
7Z4 ..95 
8AU8 ..93 
8AW8 ..96 
8805 ..63 
8CG7 ..66 
8CM7 .73 
8C N7 1.00 
8C57 
8E88 ..97 
BEMS ..59 
8FQ7 54 
8088 1.58 
8JV8 . 1.10 
948 . 1.60 
9AU7 1.19 
98R7 1.32 
9CL8 77 
9U8 . 1.30 
1008 1.64 
100E7 1.35 
10E07 1.75 
10EM7 1.75 
1OGN8 1.45 
101 Aft 1.30 
1IC77 ..73 
1244 ..59 
12A5 ..95 
1246 55 
1247 1.45 
1248 3.00 
124135 .58 
12AC6 ..53 
124138 ..55 
124E6 ..48 
124E7 ..92 
124E3 ..71 
124E6 65 
12406 1.50 
121116 ..60 
124L5 ..45 
12AL8 ..93 
12405 ..58 
12476 ..48 
12477 ..74 
12AU6 ..49 
12AU7 S9 
12475 1.30 
12478 ..39 
12477 ..80 
12AW6 98 
124X3 1.04 
124X4 ..65 
128X7 61 
12477 1.42 
12427 ..84 
1284 
12 BAG 65 
12647 1.30 
121308 ..48 
126E6 ..51 
1213E8 ..58 
1213147 ..75 
12685 ..98 
12BL6 54 
12886 1.45 
12808/ 

CU6 .1.09 
12877 ..72 
12877 .74 
12BW4 1.09 
12677 ..75 
12626 . ..84 
12627 . ..84 
1205/ 
CUS ..56 
12CN5 ..54 
12Cß6 .65 
12CT8 1.60 
12CÚ5 /CS 

.56 
12006/ 

BOG 1.10 
120X6 ..52 
1204 .67 
121385 1.05 
12088 . ..81 
120L8 .85 
12006 1.02 

121307 
121357 . 

12075 ...74 
12077 
12078 
12DW7 
120Y8 
12DW8 
121326 . 

12E48 
12EC8 .1.38 
12E05 
12E06 
12E86 
12E L6 
12EL8 
12E28 
12F5 .. 
12F8 
12E48 
12E88 
12FM6 
12Fß8 
12FX5 
12FX8 
12006 
120 ES 
12.18 . 

1285 
1288 
121.6 

12Q7 . 

l2ß5 . 

12547 
12507 
12515 
125F7 
12507 
125147 
12517 
125870T 
12587 -M 

1251.7 
125N1 
1250707 
125127 
I2U7 
1278 ... 
12W6 
12X4 
130E7 
13EM7 
14A4 
1445 
14A7 
144E7 
1486 
1488 
I4C5 
14C7 
14E8 
14E7 
14F7 
1418 
1487 
1417 . 

14N7 
14Q7 
14R7 
1457 . 

14W7 
14X7 
154E11 
15CW5 
151466 
16403 
1474 
15E77 
174314 
17 BQG 
17C5 
170E4 
17DM4 
17006 
17007 
170E5 
17GW6 
17H3 
17J L8 
17 L6 
18A5 
18FW6 
18FX6 
I8FY6 
19ÁU4 

1.33 
..52 
..77 
.76 

1.20 
1.75 
..87 
..60 
.99 

..60 

..60 

..60 

..48 

..86 
.55 

1.50 

..77 

..78 

..48 

..95 

..94 
.88 

1.04 
1.44 
..82 
.73 

3.00 
..71 
..75 
1.18 
1.2S 
..78 
..63 
..67 
..79 
..79 
.75 
.93 

1.25 ...78 
.65 
.89 

. ..98 
..60 62 

. ..69 
.45 

1.24 
1.95 
..98 
.89 

1.10 
1.10 
1.20 
..98 
..98 
..98 
..98 
.98 

1.20 
1.20 
.89 
1.30 
..98 
1.25 
.98 

1.45 
..98 
.73 

1.95 
1.15 
1.28 
1.42 
.73 

1.29 
.65 

1.04 
.2.35 
1.29 
1.22 
1.04 
1.85 
1.70 
1.64 
.95 

.1.45 
.98 

.1.54 
..47 
..51 
..85 

19606 
19E48 
19878 
19J N8 
1978 
23EX6 
210Y5 
25484 
254X4 
25685 
25C5 
25C45 
25CD6 
251354 
25056 
25EH5 
25L6 
25W4 
2525 
25Z6 
27085 
32E75 
32L7 
34005 
3585 
35C5 
35EHS 
35L6 
35W4 
3525 
364183. 
4082 
5043 
5085 
SOCS 
500C4 
50E145 
SONC6 
50HK8 
SOLO 
50Y6 
70L7 
117N7 
317 P7 
117Z3 
117Z6 
22 
24A 
26 
2648 
27 . 

2807 
30 
31 . 
32 . 

33 
34 
35 -51 
36 
37 

39/44 
42 
43 . 

47 
48 . 

50 . 

53 . 

55 
56 
57 . 

58 . 

59 . 

71A 
75 
76 
77 
78 
80 
81 . 

83V 
83 . 

84/624 
85 
84!62Z4 
5881 
5881MP5.75 
6146 
6338 
6550 
W E417-A 

813 

1.35 
.77 

1.44 
.1.20 

.83 
1.47 
1.04 
.. 66 
.68 

1.35 
..51 ...57 
1.50 
1.05 
1.40 
..53 

.. ..55 ...66 

. . ..79 
.79 

1.59 
.53 ..1.50 

..79 ...95 
..49 
..84 ....58 

. ..40 

. ..58 
..78 

. -1.50 
.1.70 

. . ..67 
..51 
..71 
..53 
..86 
..86 

. . ..59 
. ..95 
. ..95 
3.95 

.3.95 

. .83 

.1.20 
. . ..95 
. . ..75 

89 
.1.95 ..1.50 
.1.50 

..1.15 

..1.75 

..1.00 
.85 
.69 .. .75 
.95 
70 

..85 
.90 
. 

.95 
..1.95 ..3.50 ..1.45 
..2.95 ..1.90 

.95 
..1.35 ..1.05 ..1.33 

. ..95 

..1.90 ..1.40 ..1.05 
.1.15 

..1.25 
..1.25 
..2.50 
..1.45 

.95 

.98 

.98 
. . 2.95 

.3.95 

.5.95 
.3.75 
8.25 

..8.49 
SEND FOR COMPLETE PARTS CATALOG WITHOUT COST 

TERMS: Minimum order $5.00 exclusive of postage. Remit full price plus postage NO 

C.O.D. The above list does not reflect our entire stock as we hove one of the largest 
selections of SPECIAL PURPOSE, BROADCAST 8 TV TUBES in the U.S. Write for quotation. 

UNITED RADIO CO 

ABOVE PRICES 
SUBJECT TO CHANGE 

WITHOUT NOTICE 

ESTABLISHED 1920 

BOX 1000R, NEWARK, N.J. 

CIRCLE NO. 136 ON READER SERVICE PAGE 

MG? 
IF YOU'RE A REGULAR SUBSCRIBER TO THIS 

MAGAZINE, BE SURE TO LET US KNOW YOUR 

NEW ADDRESS AS SOON AS POSSIBLE. 

May, 1964 93 
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ADVANCE ELECTRONICS 
SILICON 

CONT. RECT. 
TESTED 

1 PRV 7 Amp 25 Amp 
1, 70 1.35 2.60 

140 1.85 3.10 
(1J 200 2.10 3.25 

COMPANION 
RECTIFIERS 

2 Amp 6 Amp 12 Amp 
.45 - - - 

.40 .45 .70 - - - 

.50 .60 - 

.60 .75 - - :80 1 :Ó0 - 
Issmo25O 2.60 3.60 

e300 2.85 3.85 
350 3.35 4.25 
400 3.85 - 
450 4.25 - 

SCRs 600 5.35 - 
VARIACS 

2 AMP 7.50 20 AMP ... ..24.95 
3 AMP 8.95 120 AMP (Cased) ..29.95 
10 AMP 18.95 

TRANSFORMERS 
Pri 115 V or 230 V Sec -3 x 6.3V8A. 230 V 

450 Ma Epoxy Encapsulated $6.49 ea. 
Pri 115 V Sec 12.6 VCT A 4 A& 15 VA IA 

2 49 ea. 
Stancor ; PM8418 460 VCT @ 50 Ma & 6.3 V C 

2.5 A 2 49 ea. 
Plate tsfmr. 1100 VCT 250 Ma 5 95 ea. 

VARIAN FOCUS MAGNETS 
1504 -A New $975.00 Pair 

METERS 
SQUARE 

11/2' 
0.1MA $3.25 ea. 
0 -2MA $3.25 ea. 
0.100 MV $3.25 ea. 
0 -500 MMA $3.25 ea. 4 , 

AC Volts 0 -2: 3; 5: 10: 
15; 25; or 50 53.95 ea 

AC Amps. 0.1; 2; 
or 3 $5.95 ea. 

DC -MA 0.50 or 
100 .. . 55.95 ea. 

DC Volts 300; 500; 
or 600 $5.95 ea. 

0 -50 VDC $4.95 ea. 
0.5 MA DC $3.95 ea. 

ROUND 2.. 
0 -S.. VAC $4.49 ea. 5" meter 0- 9 53.95 ea. 

0.200 MA OC..$4.25 ea. 
0.200 MMA ...$4.95 ea. 
0 -100 MMA ...S5.25 ea. 
0 -1 MA (Arbitrary 
Scale) 53.95 ea. 

0 -4 A -RF 93.50 ea. 

0.150 VDC Weston 
(dual scale) $5.25 ea. 

0 -150 VDC $4.75 ea. 
0 -20 MA DC $3.95 ea. 
0.5A AC (marked 

0 -150) $3.75 ea. 
0 -75 VDC $3.95 ea. 

AC Volts 0- 50 53.50 ea. 
C MA 0- 150 $3.50 ea. A 

DC Dolts 0 -25: 30 or 
500 53.50 ea. 

00.1 VDC stales basic 
O -1 MADC) 54.50 ea. 

SoleneidMONTHLY6SPECIALS lb. pull 
1.79 ea. 12 for 20.00 

Relays. Sigma 500 SIL 6-24 VDC 10 MA @ 6V 896 
each. 10 for 7.50 

Alnico V Magnets Horseshoe type facing 21 /6'X5 /s "X 
lay" high. .........................3.95 Pr. 

NPN- Germanium MESA Transistors F ax -250 MC. 
BV -10V 10/4.00 100/35.00 

Germanium Diodes Computer type -$8. /100 

All Shipments FOB NYC 

ADVANCE ELECTRONICS 
79 Cortlandt St., New York 7, N.V. RE 2 -0270 

IRCLE NO. 101 ON READER SERVICE PAGE 

FOREIGN Employment. Construction, other work proj- 
ects. Good paying overseas jobs with extra, travel 
expenses. Write only: Foreign Service Bureau, Dept. D, 
Bradenton Beach, Florida. 

EMPLOYMENT REsumes. Get a better job & earn 
more! Send only $2.00 for expert, complete Resume 
Writing Instructions. J. Ross, 80 -34 Kent St., Jamaica 
32, N.Y., Dept. EW. 

GOVERNMENT SURPLUS 

JEEPS $64.50, boats $6.18, typewriters $4.15, air- 
planes, electronics equipment, thousands more, in 
your area, typically at up to 98% savings. Complete 
directory plus sample Surplus Market- letter $1.00. 
Surplus Service, Box 820 -K, Holland, Michigan. 

FREE War Surplus Catalog when you order our Direc- 
tory! Jeeps $188, Airplanes $159, Boats $7.88, Gener- 
ators $2.68; typical government sale prices when buy- 
ing 10,001 surplus items wholesale direct. Full details, 
587 locations, procedure $1.00. Surplus, Box 177 C2, 
York, Penna. 

EDUCATIONAL 
OPPORTUNITIES 

LEARN While Asleep, hypnotize with your recorder, 
phonograph. Astonishing details, sensational catalog 
free! Sleep- Learning Association, Box 24 -ZD, Olympia, 
Washington. 

LEARN while asleep. Remarkable, scientific. 92% ef- 
fective. Details free. ASR Foundation, Box 721, Dept. 
e.g., Lexington, Kentucky. 

1st CLASS FCC ticket. Completely new method. Results 
guaranteed. Total cost $37.50. Free information. Fed- 
eral Electronics, Box 278, Oklahoma City, Okla. 

LEARN Electronics at home only $14.95 complete 
course. Includes all tubes, parts, tools, instructions. 
Write for particulars. Edu -Kits, Dept. 98E, Hewlett, 
N.Y. 11557. 

ANNOUNCING. Home training. Tape, Monographs. Free 
details. Fisher, 678 Medford, EG, Patchogue, New 
York 11772. 

CORNELL TUBES 
1111.UUAR NNITEI) 

Tubes are new or used and so marked 
utu,Boeed 

y0 ceded one Code 0. 

100 TUBES OR MORE. 

30c 
PER TUBE 

III 

ti (No Limit) from this list. 

7 6AQ5 616 6V6 

6AU6 61(6 6W4 

0Z4 6AG5 6B06 6CM7 6H6 6SC7 6SR7 12AD6 12SQ7 

1B3 6AK5 6BG6 6CZ5 6J5 6SH7 6U7 12AE6 25L6 
1H5 6AL5 6BH6 6D6 6J6 6SJ7 6U8 12AF6 25Z6 
1.13 6AN8 6BJ6 6DA4 6K6 6V6 12AT7 35W4 
1L4 6AQ5 6BL7 If Not Shipped 

6W4 12AU7 35Z3 
1T4 6AS5 6BN4 in24 hrs. 6W6 12AX7 35Z5 

1X2 6AT8 6BQ6 YOUR 6X5 12E106 

24L6 

5U46 6AU5 6C46 ORDER 7A8 12BF6 41 

5V4 6AU6 6C6 FREE! 7B6 12BH7 45 

5Y3 6AV6 6C86 7B7 12BL6 47 

6A6 6AW8 6CD6 6DE6 6K7 6SK7 7B8 12BY7 75 

6A8 6AX4 6CFG 6DQ6 6Q7 6SL7 7C5 12C5 77 

6ÁB4 6BA6 6CG7 6EM5 6S4 6SN7 7N7 12CA5 78 
6ÁC7 6BC5 6CG8 6F6 6SA7 65Q7 7y4 12SN7 84 

NO SUBSTITUTIONS WITHOUT YOUR PERMISSION 

21 "PICTURE 

13 
t1 TUBES 

I Yr. Guar. 
Aluminized 

Pay Dud Deposit 
COD or Send Dud 

with Order 

Console 
Self- Service 

Tube Tester 

CORNELL ELECTRONICS CO 

Other tubes and CRT's 
at low prices -send for 

free list 
TERMS: FREE POSTAGE 
ON PREPAID USA ORDERS. 
Under $5.00 add 50c for hand 
ling. Send 25% deposit on 
COD orders. No Canadian or 
foreign COD's - include postage. 
No 24 Hr. Free Offer on person. 
al check orders. 

Dept. EW 5 4217 University Ave., San Diego , Calif. 9 2 1 0 5 5 -DAY MONEY BACK OFFER! 

94 CIRCLE NO. 109 ON READER SERVICE PAGE 

TOOLS IN ONE! 
FOR HOME CAR SHOP 

HOBBIES SPORTS 

RATCHET ACTION 

SOCKETOOL 
BY SHELTON 

Offers Unlimited versatility - 
handles popular sizes of nuts, bolts 
and screws with slotted, recessed, 
square or hex heads! 

Features fast action speedy 3 -way 
ratchet handle that operates in 
either direction or locks; regular 
and recessed -head screwdrivers; 
straight and offset adapters; eight 
hex and square sockets from 3. rr 

to ". Does the work of 18 tools 
-8 straight and 8 offset wrenches, 
plus 2 screwdrivers, yet fits in a 
5%rrx4% "case. 

ONLY 295 
complete with case -attractively 
packed in gift sleeve upon request. 

FULLY GUARANTEED! 
MAIL COUPON TODAY! 

Ziff -Davis Publishing Company EW -54 
Consumer Service Division 
One Park Avenue, New York 16, New York 

Please send me SOCKETOOL sets at 
$2.95 each. (N.Y.C. residents please add 4% 
Sales Tax). My check (or money order) 
for is enclosed. 
I understand that you will pay the postage 
and that each SOCKETOOL is fully guar- 
anteed. 

Check here for gift sleeve packing. 

Name 

Address 

City lone -State 
(SORRY -No Charges or C.O.D. Orders) 

ELECTRONICS WORLD 
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Now you can get the 

1964 PHOTOGRAPHY 

DIRECTORY 

& BUYING GUIDE 

For up -to- the -minute news on virtu- 

ally all the products on the photo 

market, get the 1964 Photography 

Directory & Buying Guide. 

It covers: still cameras 

flash equipment 

movie cameras 

still and movie projectors 

still and movie films 
lighting equipment 

exposure meters 

darkroom equipment 
tape recorders 

The 1964 Photography Directory & 
Buying Guide is only 75e. Available at 
your favorite newsstand and camera 
store or enclose your payment (plus 
15 postage and handling) and mail 
to: Ziff -Davis Service Division, Dept. 
PD, 589 Broadway, New York 12, N.Y. 

SELLING YOUR ELECTRONICS EQUIPMENT? Get the 
message across to more than 200,000 avid electronics 
professionals each month through these classified 
columns. Take advantage of our new personal rate 
and place your ad at the special low price of only 35t 
a word (including name and address) -NO MINIMUM 
REQUIRED. Fill in the order form found in this section 
and mail today to: Martin Lincoln, Classified Ad Man- 
ager, Electronics World, One Park Avenue, New York, 
New York 10016. 

BUSINESS OPPORTUNITIES 

INVESTIGATE Accidents -Earn $750 to $1,000 monthly 
Men urgently needed. Car furnished. Business ex- 

penses paid. No selling. No college education nec- 
essary. Pick own job location. Investigate full time. 
Or earn $6.44 hour spare time. Write for Free Litera- 
ture. No obligation. Universal, CZ -5, 6801 Hillcrest, 
Dallas 5, Texas. 

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. 

AVIATION Radio business $27500.00. Sandy's Aviation 
Radio, Route 2, Box 25, Sarasota, Fla. 

FREE Book "990 Successful, Little -Known Businesses." 
Work Home! Plymouth -717Y, Brooklyn 4, New York. 

SECURE your future in your spare time! Write today! 
E & R Rubber Stamp, 50D Gerald Road, Rantoul, III. 
61866. 

IMPROVE YOUR BUSINESS OPPORTUNITIES by adver- 
tising in the Electronics Market Place. Our readership 
of more than 200,000 electronics professionals monthly 
assures you of success. Use the handy order form 
found in this section and mail it today! If you are 
interested in additional information, write: Martin 
Lincoln, Electronics World, One Park Ave., New York, 
N.Y. 10016. 

PHOTOGRAPHS 

PHOTOGRAPHS and Color Slides Wanted. To $500.00 
each. Information write Intraphoto, Box 74607, Holly- 
wood 90004. 

COMING EleeliMi 
IN JUNE 

EXCLUSIVE 

16 -PAGE 
BONUS 
SECTION 

SPECIAL SE 
ICS ELECTRONICS 

IN SPACE NASA'S GODDARD 
SPACE FLIGHT CENTER 

"ELECTRON 
AT NASA'S 
GODDARD 
SPACE FLIGHT CENTER" 

All about Goddard and its special role in space 
research Satellite Tracking Advances in Re- 

search and Technology The Technical Brains Be- 

hind NASA Status Report on the Lunar Program 

JUNE ELECTRONICS WORLD On sale May 21st 
May, 1964 

DOUBLE BONUS 

SALE 
FREE 

WORTH OF 
Transistors 
Diodes 
Rectifiers 
Knobs 
Condensers 
Coils, etc. 

Include 25( for handling 

P 

U 
s 

$ FREE 

POLY PAK 
OF YOUR 
CHOICE 

BOTH FREE WITH EVERY $10 ORDER 
TEXAS INSTRUMENT 150 WATT 

TRANSISTORS 
IGNITION SWITCHING 

2N19070 $141 2N1t046 
EA. 

15amp.15mc 

1 
WORTH $42 

SILICON NPN 
MESA -85 WATTS 

FATECTORY 
STED SEMI-KON-DUCTORS 

1- SYLVANIA 2N7O5 300MC, 300MW, pnp, mesa, T018 $1 
1 -2N718 NPN SILICON PLANAR, lw, TO18 case $1 
1 -TEXAS 3N35 TETRODE 150MC SILICON transtr, TOS $1 
3 -2N255 POWER TRANSISTORS or equal, T03 case 51 
6 -TEXAS 750 MIL 400V RECTIFIERS, epoxy, axial 51 
1 -20W NPN SILICON MESA, 2N1648, TO10 Si 
1 -85W "DRIFT" 2N1212 npn transistor, TOlo $1 
2- TRANSITRON 1N429 ZENER REFERENCES, 6V 51 
3 -2 -WATT SIZE oener references, axial leads, le $1 
4 -TEXAS 2N117 TRANSISTORS, npn, silicon, T022 S1 
10 -TEXAS PNP SWITCHING TRANSISTORS, 2N1303 51 
6 UPRITE ZENER DIODES, silicon, asst voltages $1 

2 TRANSITRON 2N341, 1 watt, npn, silicon, TO8 S1 
6 2N4Oe TRANSISTORS, TO1, pnp, output $1 

4 CK721 TRANSTRS in new aluminum case, pnp Si 
25 "EPDXY" SILICON DIODES, untested $1 
10 NPN SWITCHING TRANSTRS, 2N440 equals $1 
2 CBS 35W PWR TRANSTRS, 2N1434, pnp, stud Si 
10 FAMOUS CK722 TRANSISTORS, pnp $1 

TRANSITRON SCRs 
TESTED SILICON CONTROLLED RECTIFIERS 

PRV Amp 1 

50 1.00 
BRAND 150 1,79 
NEW 2u0 2.25 

300 2.69 
350 2.95 
400 - 

Amp 
1.25 
1.95 
2.25 
2.75 
2.95 
3.19 
3.50 
3.95 

2 Amp 
1.75 
2.95 
3.15 
3.45 
3.62 
3.75 
4.25 
4.60 

15 PNP TRANSISTORS, asst. types and coses S 

15 NPN TRANSISTORS, asst. types and cases $ 
20 TOP HAT RECTIFIERS, 750 mil, untested S 

2- 500 -MC 'MESA' T018 CASE TRANSTRS, pnp $ 
15 CBS GERMANIUM DIODES, 1N34, 1N48 equals 5 
3 CBS 20 -WATT TRANSTRS, pnp, stud, 2N1320 51 

25 AMP SWITCHING TRANSISTOR, T03 case $ 

5 GENERAL ELECTRIC 2N107 PNP TRANSISTORS 5 
4 GENERAL ELECTRIC 2N170 NPN RF TRANSISTORS $ 
15 UPRIGHT SILICON DIODES, worth $40 $1 
2 'MESA' 4 -WATT TRANSTRS, npn, silicon, T05 S1 

4 2N35 SYLVANIA NPN TRANSISTORS, 1022 Si 
2 25 -AMP SILICON STUD RECTIFIERS Si 
3 ONE WATT ZENER DIODES, 6V, axial leads Si 

I 

3- TRANSISTOR AUDIO AMPLIFIER 
Printed Cireult Subminiature 
With Transistors Wired 

$195 I 

WORLD'S MOST $1 PARTS PAKS POPULAR 
50 1 -WATT RESISTORS, popular values, asstd, 5% too $1 

60 CERAMIC CONDENSERS, discs, npo's, to .05 mf $1 

4 TRANSISTOR TRANSFORMERS, worth $25 Si 
40 WORLD'S SMALLEST RESISTORS, S/ too, 1 /10W S1 

$25 PARTS SURPRISE, wide asst of parts 
[1 100 ASST HALF WATT RESISTORS, S% too 

60 HI -0 RESISTORS, I/2,1,2W to lmeg, 5% too 
10 RCA PHONO PLUG -n -JACK SETS, tuners -amps 
50 TERMINAL STRIPS, asst 1 -to -10 lug types 
50 COILS 8 CHOKES, rf -if, osc- peaking, etc 
10 TRANSISTOR ELECTROLYTICS, 5mf to 100mf 
30 TEXAS PRECISION RESISTORS, 1 /2,1,2W, 1 

60 TUBULAR CONDENSERS, to .5mf to 1KV 
40 DISC CONDENSERS, 27mmf to .05mí to 1KV 
60 TUBE SOCKETS, receptacles, audio, plugs 
30 POWER RESISTORS to 50W, to 24K ohms 
5o MICA CAPACITORS to .Olmf, silvers too 

Si 
$1 

$1 

$1 

$1 

$1 

$1 

$1 
Si 
$1 

35 2 -WATT RESISTORS, popular asstd. values, 5% too 51 

TEXAS 
20 WATTS 

In TO5 case. 
Like 2N1039. 
2N1040, etc. 
with built -in 
heat sink. 

2 for $ 1 

POLY AKS 

10 WATT ZENERS 
SV $149 
6V 
12V ea. 
14V 70V 
20V 80V 
24V 90V 
42V 100V 
45V 110V 
6OV 124V 

TERMS: send check. money Order. 
include postage -avg. wt. Per pak 

1 Ib. Rated net 30 days. CODs 257. Free CATALOG! 
P.O. BOX 942W 

SO. LYNNFIELD, MASS. 
"PAK -KING" of the World 

CIRCLE NO. 125 ON READER SERVICE PAGE 
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DO YOU SAVE YOUR COPIES OF 

ElecIroii ics World 

Make sure they're kept neat and always 

handy for instant reference -with a hand- 

some file that's designed to hold a full 
year's copies! 

washable Kivar cover has a leather- 

like appearance 

available in maroon backing with black 
sides or black with maroon 

24 -carat solid gold leaf embossed letter- 
ing for magazine's name 

attractively priced at only $2.95 each, 3 

for $8.00, 6 for $15.00 

files are shipped to you prepaid and are 

fully guaranteed 

NOTE: these special -quantity prices apply for 
any combination of titles, so you can have them 
for all your favorite magazines. 

Order several today -for all the Ziff -Davis mag- 

azines: Popular Photography, Modern Bride, HiFi/ 
Stereo Review, Electronics World, Popular Elec- 

tronics, Flying, Car and Driver. Popular Boating, 
Amazing, and Fantastic, and for your other favor- 
ite publications, as well. (Ziff -Davis magazine files 
available in colors of your choice as noted in cou- 
pon. Those for other publications will be shipped 
in standard colors available.) 

r 

Jesse Jones Box Corp., Dept. EW Box 5120 
Philadelphia 41, Pa. 

Please send me: (Fill in title, quantity and 

check appropriate column for color desired) 

MAGAZINE 
TITLE 

Electronics 
World 

BLACK 
BACKING/ 

MAROON 
QUANTITY SIDES 

MAROON 
BACKING/ 

BLACK 
SIDES 

$2.95 each, 3 for $8.00 or 6 for $15.00 - 
shipped prepaid - fully guaranteed 

Total amount enclosed 

Name 

Address 

City Zone State 

L - - -- 
96 

ELECTRONICS WORLD MAY 1964 

ADVERTISERS INDEX 

READER 

SERVICE NO. ADVERTISER PAGE NO. 

READER 

SERVICE NO. ADVERTISER PAGE NO. 

101 Advance Electronics 94 144 McGee Radio Co. 87 

147 Aero Space University 77 142 Magnecord Sales Department 
Midwestern Instruments, Inc. .... 63 

American Institute of 
122 Mallory & Co. Inc., P. R. 2 

Engineering & Technology 86 
Milwaukee School of Engineering .. 76 

102 Antenna Specialists Co., The 86 
123 Minnesota Mining & Manufacturing ... 

103 Associated Telephone Co. 14 

Answering Exchange, Inc. 85 
145 Motorola Training Institute 64 

104 Automotive Electronics Co. 80 124 Multicore Sales Corp. 60 

143 B & K Manufacturing Co. 71 National Radio Institute 1 

105 Blonder- Tongue 75 

Oelrich Publications 76 

106 Cadre Industries Corp. 20 

Capitol Radio Engineering 125 Poly Paks 95 

Institute, The 16, 17 

Channel Master 55 RCA Electronic Components & De- 

Cleveland Institute of Electronics 5 
vices ..4, 21, 61, 79, FOURTH COVER 

RCA Institutes, Inc. 12, 13 
107 Columbia Electronics 92 

RW Electronics Inc. 90 
108 Concertone 19 

126 Roth Steel Corp. 90 
109 Cornell Electronics Co. 94 

127 Sams & Co., Inc., Howard W. .... 67 
110 Datak Corporation, The 76 

128 Sarkes, Tarzian, Inc. 70 
140 Delco Radio 8 

129 Schober Organ Corporation, The .. 81 

111 Dymo Industries, Inc. 10 100 Scott Inc., H. H. 23 

130 Slep Electronic Company 88 

112 EICO Electronic Instrument Co., 131 Sprague Products Co. 22 
Inc. 24 

132 Switchcraft Inc. 66 
141 Editors and Engineers, Ltd. 60 Sylvania 65 

113 Electro- Voice, Inc..... SECOND COVER 

133 "TAB" 89 

114 Fair Radio Sales 89 146 Terado Corporation 66 

134 Texas Crystals 58 

115 G & G Radio Supply Co. 91 
Tri -State College 86 

135 Triplett Electrical Instrument 
116 Goodheart Co. Inc., R. E. 90 

Company, The THIRD COVER 
Grantham School of Electronics ... 7 

117 Greenlee Tool Co. 68 
136 United Radio Co. 93 

148 University Loudspeakers, Inc. 9 

118 Heath Company 57, 59 137 University Loudspeakers, Inc. 11 

119 International Crystal Mfg. Co., Inc. . 85 Valparaiso Technical Institute 70 

Kuhn Electronics 86 Warren Electronic Components .... 92 

138 Winegard Antenna Systems 69 

120 Lafayette Radio Electronics 87 

121 Lampkin Laboratories, Inc. 77 139 Xcelite, Inc. 6 

Classified Advertising 89, 90, 92, 93, 94, 95 

Printed in U.S.A. 
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WORLD'S LARGEST SELLING 
AND WORLD'S NEWEST Hand Size v0M's 

MODEL 310- 
World's Newea 

Volt-Ohm-Milliarr me 

impr- 
MODEL 310 

World's Largest Selling 
Volt- Ohm- Milliammeter 

BOTH TESTERS 

SHOWN 

ACTUAL SIZE III 

t 

2 
3 

HAND SIZE AND LIGHTWEIGHT, but with the featires of full - 
size V- O -M's. 

20,000 OHMS PER VOLT DC; 5,000 AC (310)- 15,000 AC (310 -C). 

EXCLUSIVE SINGLE SELECTOR SWITCH speeds circuit and 
range settings. The first miniature V -O -M's with this exclusive 
feature for quick, fool -proof selection of all ranges. 

SELF -SHIELDED Bar -Ring instrument; permits checking in strong magnetic fields. 
FITTING INTERCHANGEABLE test prod tip into top of tester makes it the common 
probe, thereby freeing one hand. UNBREAKABLE plastic meter window. BANANA - 
TYPE JACKS -positive connection and long life. 

Model 310 -$37.50 Model 310 -C- $44.50 Model 369 Leather Case -$3.20 

ALL PRICES ARE SUGGESTED U.S.A. USER NET, SUBJECT TO CHANGE 

THE TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO 

310 -C PLUS FEATURES 
1. Fully enclosed lever range switch 
2. 15,00) Ohms per volt AC 

(20,000 0/V DC same as 310) 

3. Reversing switch for DC measure- 
ments 

MODELS 100 AND 100 -C 
Comprehensive test sets. Model 100 

includes: Model 310 V-0-M, Model 10 

Clamp -on Ammeter Adapter; Model 
101 Line Separator; Model 379 Leather 
Case; Model 311 leads. ($67.10 Value 
Separate Unit Purchase Price.), 
MODEL 100 -U.S.A. User Net. $64.50 

MODEL 100 -C- 
Same as above, but 
with Model 310 -C. 
Net $71.50 

'1 ; '1. l' I it i' ): FIELD ENGINEERS ELECTRICAL, RADIO., TV, AND APPLIANCE SERVICEMEN ELECTRICAL 
CONTRACTORS FACTORY MAINTENANCE MEN ELECTRONIC TECHNICIANS HOME OWNERS, HOBBYISTS 

r:l :1I / -1 i'; I /'1' / i',,., r ISTR /BUT';. r': .. , .. 
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7 of the top 10 replacement receiving tube types* 
were developed by RCA! 

This is RCA product leadership at work, creating tubes 
with great versatility to be used in a wide variety of 
applications. 
As part of its constant search for new heights of tube 
performance, RCA continues to introduce improvements 
with new materials and processes. Developments in 
recent years include N -132 Cathode Base Material which 
offers exceptional uniformity of characteristics and 
therefore greater reliability; S -311 Plate Material which 
results in very effective twat dissipation; and the revo- 
lutionalry Dark Heater which drastically réduces the 
chanceaof heater -associated tube failures. RCA's latest 
development, the Bonded Cathode, virtually eliminates 
cathode -peeling problems. 

s 

4.' 4 

When you recommend and use RCA receiving tubes, . 
you identify your business with the industry's product 
leader, RCA, the brand known for high quality stand- 
ards and wide acceptance by industry and consumers. 
Your authorized RCA distributor is ready to supply you 
with top -quality receiving tubes, produced by RCA, the 
Most Trusted Name in Electronics. 

°EIA report of industry replacement safes for first 9 months, 1963 

RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, N.J. 

The Most Trusted Name in Electronics 
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