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New low Cost! 

E-V SONOCASTER I 
Indoor /Outdoor 

High fidelity Speaker 

lust 525.00! 

Electro -Voice slashes the cost of out- 
door fun with the new Sonocaster I. 

Full -Sized sound, yet so small and 
light it goes anywhere -plays anything: 
AM, FM, TV sound, tape or records! 

Use the Sonocaster I at your next 
outdoor party, or year -round in your 
recreation room. Place it anywhere, 
or hang it from its wall bracket, as 
you wish. 

The Sonocaster I boasts such true 
component -quality features as an 8" 
Radax dual -cone speaker, high com- 
pliance cone suspension, long -throw 
voice coil and acoustically damped 
enclosure. 

The Sonocaster is completely weath- 
erproof -even the finish. No rusting, 
peeling, or cracking -and the attrac- 

tive Steel Gray color is 
molded into the unbreakable 

plastic housing forever! 
Add the new Sonocaster I 

to your outdoor living. 
Or choose the original 

Sonocaster, now improved 
with a heavier 8" speaker 

for extended range. $36.00. 
Pick up a Sonocaster 

(or a pair for stereo) at your 
E -V hi -fi showroom today! 

SPECIFICATIONS Sonocaster: 
70- 15,000 cps Frequency 

Response; 8 Ohms Impedance; 
30 Watts Peak Power Handling; 

120° Dispersion; 16 -3/4" H x 17" W 
x 5 -7/8" D; Net Weight 7 lbs; 

Dune Beige color. 
Sonocaster I: Identical except 

70- 13,000 cps Frequency Response; 
Net Weight 6 -3/4 lbs; 

Steel Gray color. 
Prices include all applicable Federal taxes. 

ELECTRO-VOICE, INC. 
Dept. 654N, 629 Cecil Street 
Buchanan, Michigan 49107 

gkere okz: 
SETTING NEW STANDARDS IN SOUND 
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This defective 
capacitor came from 

a four -month -old TV set. 
And you want 

to put in another 
just like it? 

Why put up with that kind of call-back? Install a long - 
lasting Elmenco dp or VDM (high -voltage) capacitor, and 
the next time your service customer calls you, it's because he 
wants your kind of reliability. 

Elmenco dipped Mylar® -paper (dp) capacitors last longer 
because they're vacuum -dipped for solid impregnation. 
They'll hold their rating, even at continuous 125° C opera- 
tion. Water can't get in to cause leakage or breakdown 
because the casing's non -porous and moisture -proof. 

Elmenco dp capacitors satisfy the requirements of missile 
manufacturers. And exceed the requirements of all radio 
and television manufacturers. That's why you should order 
some from your Arco -Elmenco distributor. They're built to 
be wired into missiles. And priced to be wired into TV sets. 

Arco Electronics ODUPONT TM 

A DIVISION OF LORAL CORPORATION 

COMMUNITY DRIVE, GREAT NECK, NEW YORK 11012 TEL, 516 HU 7 -0500 

July, 1965 CIRCLE NO. 195 ON READER SERVICE CARD 1 
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After we put our new line 
of walkie- talkies together, 
we take them apart. 
Tough on our talkies? You bet we are. 

Maybe 99 out of 100 are ready to leave the Fe non plant in 
perfect condition, but we know there's always the chance 
of a fluke slipping through. That's why we dort believe in 
'quickie" shipments to your electronics dealer. We prefer 

to take an extra loo.: into things first. So we take every 
single Citizen's Band lrans.ceiver apart and give it a rigor- 
ous going -over: instrument testing, air testing, the works. 
Want to do a little investiat.ng of youe own? We'll gladly 
provide the screwdriver. 

Start at the top of our lire. The Fanon "Commander" 
offers 34-watt power from 13 powerful tlansisto-s, with our 
exclusive "Free- call" standby circuit to save battery power 
when the unit isn't in use. Next in line is the 11- transistor 
"Pathfinder ", with 240 milliwatt power, in a rugged, die -cast 
housing. Or you may want to take a look at our budget 11- 
transistor model, the 1C0 -rnw. output 'Outricer ", with its 
own built -in squelch circuit There's also our new "Scout" 
model, ruggedly built to take outdoor abuse, with a 100 -mw., 

Sendtorou, tree full foe cataiogl 

9- transistor circuit; and the popular "Trail- Blazer ", our 9- 
transistor best -seller for the past three years. In the econ- 
omy price range are the "Ranger ", a 5transistor superhet 
with an excellent signal -to -noise ratio, and our 3- transistor 
"Explorer ", the perfect talkie for family fun. 

For outdoor sports, construction work, or general family 
use, there's a Fanon CB walkie- talkie to fit your needs -and 
your budget, too. They're priced from $9.95 to $64.95 

Isn't it comforting to know that whatever your needs in a 

walkie- talkie, you can rely on a manufacturer who takes 
extra pains to insure quality? 

We think so. 
But don't take our word for it. See for yourself. 
The next time you drop by your electronics dealer, bring 

a screwdriver. 

FANON 
Fanon Electronic Industries, Inc. 
439 Frelinghuysen Avenue. Newark, New Jersey 
Canada: 489 King Street. W., Toronto 
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THIS MONTH'S COVER il- 
lustrates some of the fixed 
capacitor styles presently 
available on the market. 
They range from a large elec- 
trolytic to a miniature plas- 
tic- potted unit. Three of 
these capacitors (the two 
red and the blue one) are 
specially designed for use 
with printed- circuit boards. 
The two electrolytics show 
the difference in size due to 
the development of rewer di- 
electrics. The special arti- 
cles on fixed capacitors in 
this issue describe the con- 
struction of the various 
classes of fixed capacitors 
and compares their electri- 
cal characteristics. The 
capacitors shown were sup- 
plied by Cornell -Dubilier and 
Sprague (Photo: 
Bruce Pendleton, New York.) 
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now there are 3 
time & tool-saving 

double duty sets 
New PS88 all- screwdriver set rounds out 
Xcelite's popular, compact convertible tool set 
line. Handy midgets do double duty when slipped 
into remarkable hollow "piggyback" torque am- 
plifier handle which provides the grip, reach and 
power of standard drivers. Each set in a slim, 
trim, see -thru plastic pocket case, also usable 
as bench stand. 

111 

i 

PS88 

S slot tip, 
3 Phillips screwdrivers 

PS120 

10 color 
coded nutdrivers 

PS7 

2 slot tip, 
2 Phillips screwdrivers, 
2 nutdrivers 

WRITE FOR CATALOG SHEET N563 

XCELITE, INC., 12 Bank St., Orchard Park, N.Y., U.S.A. 
Canada: Charles W. Pointon, Ltd., Toronto, Ont. 
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COMING 
NEXT 

X10 \'l'H 

TELEVISION IN SPACE 
Of the 35 TV cameras which have been 
hurled into space, some use slow -scan, 
some use digital techniques, and one uses 
a unique line -by -line scan from proc- 
essed photographs. All of these are cov- 
ered in this article. 

MICROFILM AND ELECTRONICS 
Widely used for record keeping, storage 
of documents and drawings, microfilm 
equipment is now employing electronic 
techniques for both creating and retriev- 
ing the desired information. How this is 
done is explained in this article by Daniel 
M. Costigan. 

RADAR IMAGERY 
New side -looking radars mounted in our 
military reconnaissance planes are pro- 
viding near -photographic mapping cov- 
erage in clouds and darkness. J. L. 
Nelson of Motorola's Military Electron- 
ics Division describes the technique and 
provides some of the details on the equip- 
ment used. 

LASERS 
This is the first of a series of three arti- 
cles designed to provide the reader with 
a clear and accurate understanding of 
laser operation. Warren Groner of 
Sperry Gyroscope's Electro- Optics 

All these and many more interesting 
in the AUGUST issue of ELECTRON 

Group discusses the operation of solid 
and gaseous lasers and the significance 
of such effects as coherence, population 
inversion, photon amplification, and 
stimulated emission. 

RECEIVER NOISE 
The sensitivity of a radio receiver is gov- 
erned by the amount of internally gen- 
erated noise. Joseph Tartas tells how 
this noise originates, how it is measured, 
and hou it can be reduced. 

SELECTING THE PROPER FUSE 
Important factors to consider include 
physical size, amperage, voltage, type, 
ambient temperature, and special char- 
acteristics. Rules for proper fusing are 
included by Arthur J. Steele of Littel- 
f use, Inc. in a comprehensive treatment 
of this important component. 

"LONG- HAND" PRINTED CIRCUITS 
Whether you are designing a single pro- 
totype or a "master" for a production 
run, the simple technique described in 
this article should be a useful addition 
to your store of technical "know- how." 

AMPLIFIER GAIN NOMOGRAM 
An easy way to find power and voltage 
gain for amplifiers with equal input and 
output impedances. 

and informative articles will be yours 
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Your ticket to a good job in electronics. 

These men will tell you how to get it! 

Matt Stuczynski, Senior Transmitter 
Operator, Radio Station WBOE. 

"The Commercial FCC License is a `must' 
for a career in broadcasting. I took Cleveland 
Institute's Home Study Electronics Course 
and, thanks to CIE's 'Auto- Programmed' 
teaching method, passed the First Class FCC 
License Exam on my first try! I now have a 

good job in studio operation, transmitting, 
proof of performance, equipment servicing." 

Chuck Hawkins, Chief Radio Technician, 
Division 12, Ohio Dept. of Highways. 

"My CIE Course enabled me to pass both 

the 2nd and 1st Class License Exams on my 

first attempt ... even though I'd had no 

other electronics training. I'm now in charge 
of Division Communications and we service 
119 mobile units and six base stations. It's 
an interesting, challenging and extremely 
rewarding job." 

How about you? If lack of an FCC License is holding you back, 

it's time you looked into Cleveland Institute of Electronics 

Home Study. All you have to do is send us the coupon ... and 

in a few days, you'll have the complete story. And remember 

... Cleveland Institute backs their programs with this exclusive, 

money -back warranty: "A CIE License Course will quickly 

prepare you for a Commercial FCC License exam. If you com- 

plete the course but fail to pass the exam on your first attempt, 

CIE will refund all tuition." 

Get started now. Send coupon for free booklet "How 
To Get an FCC License." There's no obligation. 

Cleveland Institute 
of Electronics 

r 

Glenn Horning, Local Equipment Supervisor, 
Western Reserve Telephone Company. 

"I owe my 2nd Class FCC License to Cleve- 

land Institute. Their FCC License Program 
really teaches you theory and fundamentals 
... is particularly strong on transistors, mo- 

bile radio, troubleshooting and math. Our 
Company has 10 other men enrolled with 

CIE and it's going to help every one of them 
just like it helped me. 

IE 
Cleveland Institute 
of Electronics 
1776 E. 17th St., Dept. EW -4 
Cleveland, Ohio 44114 

Yes! I want to know how to get a Commercial FCC License. Piease send 

me your FREE booklet ... without obligation. 

HOW TO GET A 
COMMERCIAL 
FCC LICENSE 

My Occupation is 

Name Age 

Address County 

City State Zip 

A leader in Electronics Training ... since 1934 

1776 E. 17th St., Dept. EW -4 Cleveland, Ohio 44114 l_ 

July, 1965 
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send for New FREE 

CRYSTAL 

CATALOG 

...with New 

TRANSISTOR 

OSCILLATOR 

CIRCUITS 

3 
BIG MODERN PLANTS 
TO SERVE YOU BETTER 

2 in Fort Myers 1 in Los Angeles 

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 -i for 
overtone type. Conformity to military specifi- 
cations guranteed. 
1000KC to 1600KC (Fund. Freq) $6.50 ea. 
1601KC to 2000KC (Fund. Freq.) 5.00 ea. 
2001KC to 7000KC (Fund. Freq.) 3.50 ea. 
7001KC to 10,000KC (Fund. Freq.) 3.25 ea. 
10,001KC to 15,000KC (Fund. Freq.) 4.00 ea. 
15MC to 20MC (Fund. Freq.) 5.50 ea. 

OVERTONE CRYSTALS 
15MC to 21MC Third Overtone $4.50 ea. 
22MC to 29MC Third Overtone 3.85 ea. 
30,ó1C to 52MC Third Overtone 4.50 ea. 
52MC to 10OMC 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 HCO /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 i 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 1 /2" Pin diameter .093 
Matched pairs - 15 cycles $2.50 per pair 
200 KC Crystals $2.00 ea. 
455 KC Crystals $1.75 ea. 
500 KC Crystals $1.75 ea. 
100 KC Frequency Standard Crystals in 
HC13 /U holders $5.50 ea. 
Socket for FT -243 Crystal 150 ea. 
Dual Socket for FT -243 Crystals 150 ea. 
Sockets for MC -7 and FT -171 Crystals 25e ea. 
Ceramic Socket for HC6 /U Crystals 20e ea. 

NOW ... 48 HOUR SHIPMENT 

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

Send for our new Citizen Band 
Crystal Interchangeability Chart 
with Texas Crystals Code System. 

If your parts dealer doesn't stock Texas Crystals, 
send his name and address along with your order. 

ORDER FROM CLOSER PLANT 

tTEXAS CRYSTALS 
DEl'T. R -75 
1000 Crystal Drive 
FORT MYERS, FLORDA 
Phone 813 WE 6 -2109 

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

Division of 

f WHITEHALL+ 
ó 0 
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LETTERS 
FROM OUR 

READERS 

RECHARGING DRY CELLS 
To the Editors: 

I have always thought that zinc- 
carbon dry cells were primary cells 
whose chemical reaction could not be 
reversed. In other words, such cells 
should not be rechargeable. Yet I have 
seen advertisements for small, in -home 
battery chargers where a claim is made 
that such chargers will restore dry cells 
many times. Do these chargers really 
work? 

MARC SI`1ITH 
Floral Park, N.Y. 

Although the chemical reaction in a 
dry cell may not be reversible, such a 
cell can be recharged for a limited num- 
ber of cycles under certain conditions. 
Even in a completely discharged cell, 
the active materials are far from being 
completely consumed. By passing a re- 
verse current, during charging, through 
a cell, changes occur in the electrolyte 
and in the depolarizing agent used that 
give the cell additional life. Such cells 
cannot be completely restored, however, 
and every time they are recharged their 
useful life is reduced. We would recom- 
mend a charging current of about 30 ma. 
for an overnight recharge. (See p. 64 of 
our May issue.) 

The National Bureau of Standards 
Letter Circular LC -965 lists the follow- 
ing conditions under which recharging 
may be done: 

1. The operating voltage on discharge 
should not be below 1.0 volt per cell 
when battery is removed from service 
for charging. 

2. The battery should be placed on 
charge very soon after removal from 
service. 

3. The ampere -hours of recharge 
should be 120% to 180% of the discharge. 

4. Charging rate should be low 
enough to distribute recharge over 12 
to 16 hours. 

5. Cells must be put into service soon 
after charging as the recharged cells 
have poor shelf life.- Editors. 

a a a 

SPECIAL RESISTOR ISSUE 
To the Editors: 

I am a military technical electronics 
instructor currently serving with the 
307A Field Training Detachment at 
Shaw AFB, South Carolina. 

I have been a subscriber to your fine 
magazine for over ten years and find it 
invaluable in keeping abreast of the 
many changes in our field. I often in- 
corporate such information into my les- 
son plans. 

The series of articles on fixed resistors 
in your April issue was marvelous and 
will be used as a reference attachment 
with my lesson plans. 

May we look forward to similar arti- 
cles on capacitors, including factors and 
problems relating to ceramics? 

TSGT HAROLD L. STEPHENS 
Shaw AFB, S. C. 

To the Editors: 
I have received the April issue of 

ELECTRONICS WORLD, and I would like 
to give you my handshake and hats off. 
It is one of your best issues. 

I would like to see similar coverage on 
test instruments. 

T. GRABows a, Chicago, Ill. 

We've received quite a few compli- 
ments on our special resistor issue. Every 
one of the articles has been reprinted by 
the manufacturers that prepared the 
stories for us. Also, we have been con- 
tacted by a number of technical insti- 
tutes for permission to use this special 
section in their courses. 

Readers Stephens and Grabowski will 
be interested in the similar coverage on 
capacitors that appears in this issue and 
in the coverage on test equipment that 
will appear shortly.- Editors. 

200 -WATT AMPLIFIER 
To the Editors: 

Many of the readers of our article "A 
200 -Watt Solid -State Stereo Amplifier" 
in the March issue are determined to try 
to construct the amplifier in spite of our 
recommendations to the contrary. 

The driver transformer used has a 
turns ratio of 3:1 and is pentafilar 
wound. The novelty of our circuit lies 
not in this transformer but in the latch- 
ing diodes being used to eliminate cross- 
over distortion in conjunction with a low - 
output impedance driver circuit. 

If a ready -made driver transformer is 
not available, this is how one can be 
wound. On a nylon bobbin with a %" 
square hole, wind simultaneously five 

(Continued on page 12) 

ELECTRONICS WORLD 

-ar 



Why does one 
of these men 
earn so much 
more than 
the other? 
More brains? More ambition? 

No, just more education 

in electronics. 
You know that two men who are the same age 
can work side -by -side on the same project, yet 
one will earn much more than the other. 

Why? In most cases, simply because one man 
has a better knowledge of electronics than the 
other. In electronics, as in any technical field, 
you must learn more to earn more. And, 
because electronics keeps changing, you can 
never stop learning if you want to be successful. 

But your job and family obligations may make 
it almost impossible for you to go back to 
school and get the additional education you 
need. That's why CREI Home Study Programs 
are developed. These programs make it pos- 
sible for you to study advanced electronics at 
home, at your own pace, on your own sched- 
ule. You study with the assurance that what 
you learn can be applied on the job to make 
you worth more money to your employer. 

CREI Programs cover all important areas of 
electronics including communications, servo- 
mechanisms, even spacecraft tracking and 
control. You're sure to find a program that fits 
your career objectives. 

You're eligible for a CREI Program if you have 
a high school education and work in elec- 
tronics. FREE book gives all the facts. Mail 
coupon or write: CREI, Dept. 1107C, 3224 Six- 
teenth Street, N.W., Washington, D.C. 20010 

Send for Free Book 
Accredited Member of the National Home Study Council 

CREI 
Founded 1927 

July, 1965 

The Capitol Radio Engineering Institute 
Dept. 1107C, 3224 Sixteenth Street, N.W., Washington, D.C. 20010 

Please send me FREE book describing CREI Programs in 
Electronics and Nuclear Engineering Technology. I am 
employed in electronics and have a high school education. 

Name Age 

Address 

City State Zip Code 

Employed by 

Tye of Present Work 
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Discover the ease 
and excitement of NRI's 

n 

of ELECTRONICS 
TV -RADIO TRAINING 

10 HOME -STUDY PLANS TO CHOOSE FROM 

Ask men whose judgment you respect about 
NRI's three dimensional method of home - 
study training. Ask about the new, remarkable 
NRI Achievement Kit. Ask about NRI custom - 
designed training equipment, programmed 
for the training of your choice to make Elec- 

tronics come alive in an exciting, absorbing, 
practical way. Ask about NRI "bite- size" texts, 
as direct and easy to read as 50 years of 
teaching experience can make them. Achieve- 
ment Kit ... training equipment ... bite -size 
texts ... the three dimensions of home -study 
training; the essentials you must have to make 

OUR 50TH YEAR OF LEADERSHIP 

learning easier, more interesting, more mean- 
ingful. You get them all from NRI. 

Whatever your interest . . . whatever your 
need ... whatever your education . .. pick the 
field of your choice f.rom NRI's 10 instruction 
plans and mail the postage free card today 
for your free NRI catalog. Discover just how 
easy and exciting the NRI 3- DIMENSIONAL 
METHOD of training at home can be. Do it 
today. NATIONAL RADIO INSTITUTE, Elec- 
tronics Division, Washington, D.C. 20016. 

BEGIN NOW AN ABSORBING 

ADVENTURE -LEARN ELECTRONICS 

THE EASY NRI WAY -MAIL CARD TODAY 

IN ELECTRONICS TRAINING 

8 ELECTRONICS WORLD 
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Start Fast with NRI's New 
Remarkable Achievement Kit 

The day you enroll with NRI this new starter kit 
is on its way to you. Everything you need to make 
a significant start in the Electronics field of your 
choice is delivered to your door. It's an out- 
standing way of introducing you to NRI training 
methods ... an unparalleled "first dimension" 
that opens the way to new discoveries, new knowl- 
edge, new opportunity. The Achievement Kit is 
worth many times the small payment required 
to start your training. No other school has any- 
thing like it. Find out more about the NRI 
Achievement Kit. Mail the postage -free card today. 

NRI "Bite- Size" Lesson Texts 
Program Your Training 

Certainly, lesson texts are a necessary part of 
any training program ... but only a part. NRI's 
"bite- size" texts are simple, direct, well illus- 
trated, and carefully programmed to relate things 
you read about to training equipment you build. 
Here is the "second dimension" in NRI's training 
method. Here are the fundamental laws of elec- 
tronics, the theory, the training of your choice, 
presented in a manner you'll appreciate. And in 
addition to lesson texts, NRI courses include 
valuable Reference Texts related to the subjects 
you study, the field of most interest to you. 

23 
Custom- Designed Training Kits 
Make Learning Come Alive 

Electronics becomes a clear and understandable 
force under your control as you get your hands 
on actual parts and build, experiment, explore, 
discover. Here is the "third dimension "... the 
practical demonstration of things you read about 
in NRI texts. NRI pioneered and perfected the 
use of training kits to aid in learning at home in 
spare time. Nothing is as effective as learning 
by doing. NRI invites comparison with equipment 
offered by any other school, at any price. Prove 
to yourself what three -quarters -of -a- million NRI 
students could tell you ... that you get more for 
your money from NRI than from any other home - 
study Radio -TV, Electronics school. Mail postage 
free card for your NRI catalog. (No salesman 
will call.) 

July, 1965 
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WHYrisk your reputation 
with "just -as- good" capacitors? 
When you pay little or no attention to quality in tubular 
replacement capacitors, 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 take a 
chance on capacitors with unknown or debatable performance 
records when it's so easy to get guaranteed dependable 
tubulars from your Sprague distributor! 

There's no "maybe" 
with these 2 great 

SPRAGUE DIFILM®TUBULARS! 
The ultimate in tubular capacitor construction. Dual 
dielectric ... polyester film and special capacitor tissue . . . 

combines the best features of both. Impregnated with HCX ®, 

an exclusive Sprague synthetic hydrocarbon material which 
fills every void in the paper, every pinhole in the plastic 
film before it solidifies, resulting in a rock -hard capacitor 
section ... there's no oil to leak, no wax to drip. Designed 
for 105 °C (220 °F) operation without voltage derating. 

12 

DIFILM® BLACK BEAUTY Molded Tubular Capacitors 
The world's most humidity -resistant molded capacitors. Tough, protec- 
tive outer case of non -flammable molded phenolic . . . cannot be 

damaged in handling or installation. Black Beauty Capacitors will with- 
stand the hottest temperatures to be found in any TV or radio set, even 

in the most humid climates. 

DIFILM® ORANGE DROP' Dipped Tubular Capacitors 

SPRAGUE 
.050!WÁ 600 DC 

61.5- $50 

I 

A "must" for applications where only radial -lead 
capacitors will fit ... the perfect replacement for 
dipped capacitors now used in many leading TV 
sets. Double -dipped in rugged epoxy resin for posi- 
tive protection against extreme heat and humidity. 
No other dipped tubular capacitor can match 
Sprague Orange Drops! 

For complete listings, get your copy of Cata- 

log C -616 from your Sprague distributor, or 

write to Sprague Products Company, 51 

Marshall Street, North Adams, Massachusetts. 

11111111111111MONSIMMINO 

WORLD'S LARGEST MANUFACTURER OF CAPACITORS 

SPRAGUE® 
THE MARK OF RELIABILITY 
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(Continued from page 6) 
wires, 26 -gauge enamel. About 100 or 
110 turns would do. Join three of the 
windings in series and call it the pri- 
mary. The other two windings will be 
the secondaries. Use 50 -mil grain - 
oriented steel EXI cores for a %" lamina- 
tion stack. 

Since this amplifier is a high -powered 
one and a lot of feedback has been used 
in order to linearize it, ground loops are 
very critical. This is one of the primary 
reasons wIiv we do not recommend hone 
construction. If readers are willing to 
spend time in order to eliminate ground 
loops by trial and error, they may be 
able to build this amplifier. 

Many different modifications are pos- 
sible. This amplifier works without the 
latching diodes, but the output is low 
and a resistor has to be inserted in series 
with the driver transformer. 

MADAN SIIARMA 
Mattes Electronics, Inc. 
4937 W. Fullerton Ave. 
Chicago, Ill. 60639 

ELECTRONICS INDUSTRY REPORT 
To the Editors: 

This is in reference to the article "A 
Special Report on the Electronics In- 
dustry: Products, People, and Prospects" 
which appeared in your April issue. In 
the first paragraph under the subtitle 
"New York Area" (p. 82), you have at- 
tributed certain statements to me and 
have indicated that you were not aware 
of my sources. 

Enclosed you will find a copy of my 
recent article entitled "Engineering Un- 
employment -Whose Responsibility?" If 
you would read through this article and 
the bibliography at the end, I am sure 
that you will obtain complete informa- 
tion as to my sources. 

R. P. LOOMBA 
Assoc. Prof., Elec. Eng. 
San Jose State College 
San Jose, Calif. 

Thanks to Prof. Loomba for sending 
us a copy of his article along with the 
18 -item bibliography. His sources in- 
clude published articles and books, gov- 
ernment reports, speeches, and his own 
survey. -Editors. 

c o o 

PRECISION RESISTANCE BRIDGE 
To the Editors: 

In the April, 1965 issue of your maga- 
zine on page 46 there is an article on 
"Precision Wirewound Resistors." In this 
article you state that one resistance 
bridge, General Radio Model 6003, 
measures in the microvolt region. This 
instrument should be referred to as the 
General Resistance Model 6003 bridge. 

LLOYD SILVERMAN 
Vice Pres., Marketing 
General Resistance Inc. 
430 Southern Blvd. 
Bronx, N.Y. 10455 

ELECTRONICS WORLD 
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A MUST 
FOR 

LOR TV 

NEW 
JERROLD COLORAXIAL 

Antenna System 
The old familiar twin -lead antenna 
line, that worked pretty well for black - 
and -white TV, is hopelessly inade- 
quate for color reception. When your 
pictures smear, ghost, or change 
color, it's usually because the signal 
is being garbled between the antenna 
and your TV set. 

What's the answer? Jerrold, pioneer 
and leader in TV reception systems, 
announces the ColoraxialTM system 
for converting any outdoor antenna 
to shielded coaxial -cable operation. 
The same way signals are protected 
in cable systems feeding thousands 
of sets from one antenna. Installs 
in minutes, can be run through 

or against metal, 
needs no insula- 
tion, and has up 
to ten times the 
life expectancy of 
twin -lead. The 

JERROLD 
ELECTRONICS 

A subsidiary of The Jerrold Corporation 

shielded cable keeps the color signals 
or black- and -white signals clean and 
undistorted under all weather condi- 
tions ... no interference can get in. 

Jerrold Coloraxial Kits give you 
everything you need for a fast, low - 
cost installation: 50 or 75 feet of 
shielded Coloraxial cable complete 
with fittings; matching transformers; 
even a Coloraxial antenna if you don't 
have an antenna or if it needs 
replacing. 

1 Jerrold Electronics, Dept. EW -7 

15th & Lehigh Ave., Philadelphia 32, Pa. 

Send me complete information on the new Jerrold 
Coloraxial'" Antenna System. 

Name 

Address - 

City State 

July, 1965 CIRCLE NO. 87 ON READER SERVICE CARD 13 
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LAB TESTED 

HI-FI PRODUCT 
REPORT 
TESTED BY HIRSCH -HOUCK LABS 

KLH Model 16 Stereo Amplifier 
Garrard Lab 80 Automatic Turntable 

KLH Model 16 Stereo Amplifier 
For copy of manufacturer's brochure, circle No. 32 on Reader Service Card. 

THE KLH Model 16 is a compact, 
solid -state integrated stereo ampli- 

fier, rated at 70 watts r.m.s. total output. 
Although it is one of the most powerful 
integrated amplifiers on the market, it 
measures only 113x' wide, 10;x" deep, 
and 4W' high. It is simply, yet attrac- 
tively, styled, with aluminum knobs on 
a satin -finished aluminum panel. 

The amplifier has inputs for magnetic 
phono cartridge, tuner, and two other 
high -level sources. A three -position slide 
switch on the rear of the amplifier adjusts 
the sensitivity of one "Aux." input in 
order to obtain the most effective use of 
the loudness compensation. The tuner 
level must be adjusted at the tuner. A 
two- position slide switch similarly ad- 
justs the sensitivity of the phono input. 

There is no input for a magnetic tape 
playback head, but inputs and outputs 
are provided for connection to the ampli- 
fiers of a tape recorder. A slide switch 
on the front panel replaces the normal 
program with the output of the tape 
playback amplifier for monitoring while 
recording, or simply for listening to re- 
corded tapes. 

Other front -panel knob -operated con- 
trols include volume, balance, and bass 
and treble tone controls. The latter oper- 
ate simultaneously on both channels. A 
row of slide switches control loudness 
compensation ( "Off," plus two degrees 
of compensation), stereo /mono, high - 
frequency filter, power, and speakers 
14 

on /off. A front -panel stereo headphone 
jack allows private listening with the 
speakers switched off. 

The semiconductor complement in- 
cludes 24 transistors and 8 diodes. Each 
channel has four output transistors of the 
germanium drift -field type. 

KLH rates the Model 16 at 70 watts, 
+ 0, -1 db from 25 to 20,000 cps, with 
both channels driven simultaneously into 
8 -ohm loads. The total music power out- 
put is over 100 watts. Into 16 -ohm loads, 
the output is reduced by about 2 db, or 
37 %. The output circuits are electron- 
ically protected against short -circuit or 
open -circuit damage. The worst result of 
overdriving the amplifier, even into a 
short circuit, is to blow the line fuse. 

A warning notice attached to the am- 
plifier cautions against connecting the 
negative speaker output terminals to 
each other, or to ground. Similarly, nei- 
ther phono jack sleeve may be grounded, 
or connected to a negative speaker lead. 
These precautions are necessary to keep 
the two channels isolated. The unit is 
guaranteed (parts and labor) for two 
years against failure in normal usage. 

The basic frequency response was 

50 

~ 30 

measured at ±0.5 db from 20 to 20,000 
cps. The high -cut filter was unusually 
mild, having an appreciable effect only 
at frequencies above 10,000 cps. It is 
useful in reducing background hiss in 
stereo broadcasts, but will not quiet old 
or noisy records. The RIAA phono equal- 
ization was within -!-1 db from 80 to 
15,000 cps, falling at lower frequencies 
to -5.5 db at 30 cps. The loudness com- 
pensation, which affects only the low 
frequencies, is very pleasing, causing no 
boominess or tubby sound, yet adding 
body to low -level programs. 

The measured IM distortion was about 
0.75% at low levels, and was between 1% 

and 2% for power outputs between 0.7 
watt and 20 watts. It was not possible to 
measure IM distortion at over 35 watts 
because the fuse blew before readings 
could be made. The amplifier would 
readily handle short -term music peaks at 
higher power output levels. The output 
at 2% total harmonic distortion was 35 
watts per channel over a wide range of 
middle frequencies. Power output fell 
slightly to 29.3 watts at 20 cps and to 
30.7 watts at 20,000 cps. At 0.5% distor- 
tion, the mid -range power output was 
about 25 watts per channel. 

The tone controls had an unusually 
wide range, providing about 19 db of 
boost or cut at 50 cps and 21 db at 

z 
o 
F 

ó' 

N 

rl 
z 
W 

U 
CC 

á 

KLH 16 AMPLIFIER 
IM DISTORTION 
60/6000 CPS 

4:1 
- DOM (LOQ OS 117v LINE 

/111 
VIII! 

9.1111111111111111111 
.7 2 5 7 

POWER OUTPUT -WATTS 
(EQUIVALENT SINE -WAVE) 

CONTINUOUS SINE -WAVE POWER PER CHANNEL WITH BOTH CHANNELS DRIVEN 

o 

3 
20 

10 

MEMMEIMM1 
111_____._.. .A. 
MINOMMENN 
1111111.11111 

20 30 50 70 100 

.116. 
KLH 16 

8 OHM LOADS,II7V. LINE 
(EITHER CHANNEL) 

2'6 THD 

200 300 500 700 1KC. 

FREQUENCY -CPS 

MEMMMIMIIIM --.. 
2KC. 3KC. 5KC. 7KC IOKC. 
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Introducing 
the remarkable new 

UNIDYNE A 
... in the 

Quality tradition of the 
Unidyne Family 

Now... Eliminate feed -back problems in 
low budget sound systems with the new 

UNI©YNE 
UNIDIRECTIONAL PROBLEM -SOLVING ABILITY AT AN OMNIDIRECTIONAL PRICE 

only $52.00 list 

Low impedance model 580SB 
Write for complete specifications and technical data : 

High impedance model 580SA only $59.00 Shure Brothers, Inc., 222 Hartrey Avenue, Evanston, Illinois 



for successful 

COLOR TV servicing 

own these SAMS BOOKS 

Color TV Training Manual, New Second Edition. 
by C. P. Oliphant & Verne M. Roy. This newly re- 
vised comprehensive manual is the most up-to-date 
guide available for technicians preparing to service 
color TV receivers. Full information on: Colorimetry; 
Requirements of the Composite Color Signal; Make- 
up of the Color Picture Signal; RF and IF Circuits; 
Video, Sync & Voltage -Supply Circuits; Bandpass 
Amplifier, Color -Sync and Color- Killer Circuits; 
Color Demodulation; Matrix Section; Color Picture 
Tube & Associated Circuits; Setup Procedure; Align - 
ing the Color Receiver; Troubleshooting. Includes 
full -color illustrations invaluable for setup, align- 
ment, and troubleshooting. 224 pages; 834 x 11 ". $595 
Order TVC -2, only 

Color TV Servicing Made Easy 
by Wayne Lemons. Written in "made easy" style. 
Takes the mystery out of color TV servicing. Famil- 
iarizes you with color principles and setup adjust- 
ments; thoroughly covers color circuitry, adjust- 
ments, and servicing of all color TV sets produced 
to date. This book will help to put you into this 
fast- growing, profitable service work.128 pages; $250 5 x 8M ". Order CSL -1, only L 

Know Your Color -TV Test Equipment 
by Robert G. Middleton. Explains clearly and easily 
the function and circuit action of each color 
TV test instrument. Covers: White -Dot and Cross - 
Hatch Generators, Color- Pattern and Color -Bar 
Generators, Rainbow and NTSC Generators, Prin- 
ciples of Video- Frequency Sweep Generators and 
Testing, Lab -type equipment, and valuable setup 
information. Profusely illustrated. 160 pages; 5250 
534 x 83¢ ". Order KOC -1, only. 

Color TV Trouble Clues 
Invaluable field -tested guide to trouble clues and 
procedures for color TV receiver repair. Describes 
types of troubles encountered, troubleshooting tech- 
niques, alignment and sync problems, convergence, 
etc. Includes data on use of test equipment to speed 
color TV servicing. Fully illustrated with photo- 
graphs and schematics. A "must" for color TV 
service technicians. 96 pages; 534 x 834". 
Order COL -1, only $95 

101 Ways to Use Your Color TV Test Equipment 
by Robert G. Middleton. Written in the time- tested 
formula acclaimed by thousands of TV technicians. 
Shows you practical uses for your test equipment 
to diagnose color TV circuit troubles quickly and 
easily. Describes proper equipment hookups, how 
to evaluate test results, how to check instruments; 
includes time -saving techniques. 144 pages; 5250 
5M x 8M ". Order TEM -9, only L 

Color TV Guidebook 
A special Howard W. Sams publication about color 
TV servicing techniques, equipment required, and 
related subjects. General information includes out- 
look for color TV manufacturers, broadcasting net- 
works, and technicians. Specific sections deal with 
starting a color TV service business, troubleshoot- 
ing and repair techniques, antennas, color tube 
stocking, transistorized color TV, small -town color 
TV problems, new circuits and developments. 83 x 11 ". Order PER-11, only $, oe 

HOWARD W. SAMS & CO., INC. 
Order from your Sams Distributor today. or mail 
to Howard W. Sams & Co., Inc., Dept. EW -7 
4300 W. 62nd Street, Indianapolis, Ind. 46206 
Send me the following books: 

TVC -2 KOC -1 TEM -9 

CSL -1 COL -1 PFR -1 

Send FREE Sams Booklisf. S enclosed 

Name 

Address 

City State Zip 

My Distributor is 

L. r IN CANADA: A. C. Simmonds & Sons, Ltd., Toronto 7 
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10,000 cps. Although there is not a dis- 
tinct "flat" position of the controls, 
setting the knobs to the indicated dot 
produced a very flat response. 

The hum and noise were very low, 
measuring about - 70 db on high -level 
inputs and - 58 on phono inputs, re- 
ferred to 10 watts output. This appeared 
to be all hiss ( and very little of that) ; 

no hum whatever could be heard. 
We tried shorting the amplifier out- 

puts with high -level driving signals, with 
no effect on its performance. We were 
careful not to ground the critical points 
mentioned earlier. There were absolutely 
no audible transients when switching in- 
puts. This is an important consideration 
with a powerful amplifier, to avoid dam- 

aging speakers, and most amplifiers have 
such switching transients to some degree. 

The sound of the KLH 16 was all that 
it should have been -very clean, smooth, 
uncolored, and with the solidity which 
bespeaks a tremendous power reserve. 
It is capable of driving almost any 
speaker system, and can do justice to the 
finest music system. The installation in- 
structions caution against installing the 
amplifier in an unventilated location, and 
a noticeable amount of heat can be felt 
on the cover above the power -supply 
section. Of course, it runs much cooler 
than any tube amplifier, even one of 
much lower power rating. 

The KLH 16 sells for $249.95. A wal- 
nut cabinet is available for $19.95. 

Garrard Lab 80 Automatic Turntable 
For copy of manufacturer's brochure, circle No. 33 on Reader Service Card. 

THE name "automatic turntable" was 
coined by Garrard several years ago 

when they introduced the Model "A." 
Although never precisely defined, an au- 
tomatic turntable is generally considered 
to be a high -quality record player, with 
sufficiently low rumble, wow, and flutter 
to qualify for the most exacting home 
high -fidelity applications, yet with the 
facility for automatic record changing. 

The new Garrard Lab 80 is another 
step in the development of the automatic 
turntable. To the eye, it looks like a high - 
quality turntable with a separate, full - 
sized wooden tonearm. Unlike other au- 
tomatic turntables and record changers, 
it is a two -speed machine (33% and 45 
rpm). This is a clear indication that it is 
designed for playing modern records, 
either stereo or mono, 

The unit has a heavy, full -sized, 12- 
inch aluminum platter, driven on its in- 
ner rim by a four -pole induction motor 
through a stepped shaft and rubber idler 
wheel. One of the four control levers 
at the right front of the motor board 
changes the speed. The others control 
manual or automatic operation and rec- 
ord indexing for 7 -, 10 -, or 12 -inch rec- 
ords. A short spindle is inserted in the 
turntable center hole for manual playing. 
Another longer spindle is used for auto- 
matic operation. All changing functions 
are contained within the spindle, which 
supports the records on three fingers. 

The arm of the player is made of an 

attractive wood, resembling teak. This 
material minimizes arm resonances, 
which can occur in tubular or hollow 
metal arms. The plug -in cartridge shell 
is a lightweight plastic type, cut away 
to reveal most of the cartridge. In addi- 
tion to reducing arm mass, this simplifies 
cueing, since the stylus is visible on 
many types of cartridges when mounted 
in the arm. An adjustable counterweight 
balances the arm, after which a spring 
applies the desired tracking force. A 
scale on the side of the arm is calibrated 
from 0 to 5 grams. The adjusting screw 
under the arm has click stops, with each 
click corresponding to a change of fi 
gram in tracking force. 

An unusual, and very effective, fea- 
ture is the bias compensator. Inherent 
in any tonearm with an offset head ( and 
all arms have offset heads to minimize 
tracking error) is a frictional drag which 
tends to move the arm toward the center 
of the turntable. The stylus thus exerts 
less force on the outer groove wall than 
on the inner wall. Since the effective 
tracking force is less for one channel 
than for the other, the channel having 
the lower force will tend to distort at 
high recorded velocities. The Lab 80 
has an adjustable weight which acts 
through a lever arm to press the arm 
outward. When set correctly, it equalizes 
the tracking force for the two channels 
and minimizes distortion on the other 
groove program. 

The arm of the unit may be lifted 
from the record at any point by pressing 
the "Manual" lever. It is raised auto- 
matically and smoothly and remains at 
that point until the dropping lever on 
the arm -rest housing is pressed. It then 
lowers slowly and gently to the point 
from which it was raised, and playing 
continues. The bias compensator may 
tend to move the stylus outward by one 
or two grooves as it is lowered but the 
effect is slight. At the end of a record, 
whether it is played manually or auto- 
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JI MALLORY Tips for Technicians 

About reliability in electrolytic capacitors 
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Reliability has become a big, important word in electronics today. 
Makers of military equipment demand it -and get it- because 
today's intricate weapons and warning systems can't risk failure 
of even the smallest component. But a lot of other electronic 
manufacturers are setting requirements for reliability that often 
come close to the military. 

When it comes to electrolytic capacitors, you can have just about 
any level of reliability you want -and are willing to pay for. 
Highest reliability usually means highest price, because it takes 
a lot of costly testing to verify reliability. We make 'em all, so 
we can be unbiased. 

The highest reliability comes in tantalum capacitors -wet slug, 
foil and solid electrolyte. The best of these have a "mean time 
between failure" in the tens of thousands of hours. Or putting it 
another way, their failure rate level is around 0.01% per 1000 
hours. Although they are used mostly in military gear, tantalum 
capacitors have become increasingly popular for industrial cir- 
cuits where you need maximum assurance against failure. And 
they give you an unbeatably high amount of capacity in small size. 

In recent years, aluminum electrolytics have been catching up on 
tantalum in the reliability race. Take Mallory CG Computer Grade 
capacitors. Tests we've run for 60,000 hours at elevated tempera- 
tures indicate that CG's will last twenty years in a computer. But 
you don't need to own a computer to make good use of them. 
They're a fine solution to getting a lot of capacitance for power 
supply filtering, especially in low voltage supplies for line- operated 
solid -state equipment. Standard ratings go up to 115,000 mfd. 
Pleasant surprise : CG's are often your best buy when you need 
a lot of microfarads ! 

We make a "miniature computer grade" called the TPG that's a 
real winner for high reliability service. In our certification test- 
ing of the TPG, we had only one electrical failure in one million 
piece -hours of test. Tests that extend to 10,000 hours (see chart) 
show that its electrical values are exceptionally stable. 

And don't forget the Mallory standards. The Mallory Type FP 
has been used for years in millions of TV and radio sets and as 
top choice for replacement by service technicians. And it has 
racked up a record for dependability that's unbeatable in its field. 

Your Mallory Distributor is the man to see whenever you need top 
quality capacitors -not only electrolytics, but also the DISCAP® 
ceramics, the all -Mylar* GEM and PVC types, and new Mallory 
polystyrene capacitors he carries in the Mallory line. Ask for a 
copy of the new 1965 Mallory General Catalog to guide your selec- 
tion. Mallory Distributor Products Company, a division of P. R. 
Mallory & Co. Inc., P. O. Box 1558, Indianapolis, Indiana 46206 

*Du Pont trademark 
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IF THE RCA MARK VIII C -B TRANSCEIVER 

IS SO GREAT ÁT'11495... 

iii ;1HI:11;W 
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PP*:*****0**** P ***01100M0* 
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9 crystal -controlled transmit and 
receive channels 

Tunable receiver for reception of 
23 C -B channels; dial marked in both 
channel numbers and frequency 

Exceptionally good voice reproduction 

Highly selective superheterodyne 
receiver with one rf and two if 
amplifier stages 

Electronic switching -no relay noise 
or chatter 

Illuminated "working channel" feature 
Light and compact -only 31/2 inches 

high, weighs only 8 pounds with mike; 
fits easily under the dashboard of even a 
compact car 

Improved Automatic Noise Limiter 
to reduce effects of ignition and similar 
interference 

...HOW COME THE NEW MARK NINE IS 

WORTH $2000 MORE? 

It has all the Mark VIII features - 
PLUS these additional features... 

Combination "S" Meter and Relative 
RF Output Meter. "S" Meter indicates the 
relative strength of incoming signal in 
"S" units. RF Output Meter (EO) 
indicates relative strength of the signal 
being transmitted. 

Spotting Switch. Permits precise manual 
tuning of receiver without use of receiver 
crystals. Receiver can be tuned 
(or "spotted ") quickly to any incoming 
channel for which you have a transmit 
crystal. This means, when you 
buy crystals for extra channels, 

'Optional distributor 
resale price. 

18 

you can (if you wish) omit the RECEIVE 
crystals and buy only TRANSMIT crystals. 
This feature alone pays the price difference 
if you use a number of channels. 

External Speaker Jack. Lets you connect 
an external speaker to the set, so incoming 
calls can be heard in remote locations. 
GET THE FACTS. Write for free 
descriptive folder on either the Mark VIII 
or Mark Nine to: Commercial Engineering. 
Department G41R, RCA Electronic 
Components and Devices, Harrison, N.J. 

AVAILABLE THROUGH YOUR AUTHORIZED RCA 

C -B RADIO DISTRIBUTOR 

The Most Trusted Name in Electronics 
WNW e 

CIRCLE NO. 102 ON READER SERVICE CARD 

matically, the arm returns to its rest and 
the turntable shuts off. The trip mech- 
anism is unique in having no direct me- 
chanical contact between the arm striker 
and the trip. The repulsive force between 
two magnets operates the trip when the 
pickup reaches a radius of 2% inches 
from the record center. This virtually 
eliminates any side thrust on the arm 
near the end of the record, and allows 
automatic operation with cartridges 
tracking at less than 1 gram. 

We measured the rumble of the turn- 
table as -32 db, including the vertical 
and lateral components, and -- 39 db in 
the lateral plane only. These figures are 
in terns of the NAB standards for turn- 
table rumble measurement. This rumble 
is very low indeed, being better than 
most manual turntables. The lowest rum- 
ble was measured with the turntable 
clamped down on its board as for ship- 
ment. With it floating free on its springs, 
the rumble was about 5 db higher, al- 
though still low enough to be completely 
inaudible. 

The wow and flutter were negligible, 
0.8% and 0.05% at 33'a rpm and 0.06% 
and 0.03% at 45 rpm. The operating 
speeds were about 1% fast, and did not 
vary with line voltage variations of 90 to 
135 volts. 

The arm had a tracking error of less 
than 0.5 degree per inch of record ra- 
dius, which is typical of a well -designed 
arm. These figures might vary somewhat 
with different cartridges, due to a lack 
of standardization in the distance from 
the stylus to the mounting holes. There 
is no provision for sliding the cartridge 
in the head to minimize tracking error. 
However, as stated previously, the track- 
ing error is negligible. The stylus force 
indication was very accurate and no ex- 
ternal gage is needed. The bias compen- 
sator worked well, producing a visible 
reduction in high -level signals, as viewed 
on an oscilloscope. 

Although the turntable will handle 
stacks of up to 8 records, the change in 
angle of the arm from bottom to top of 
the stack may cause some cartridges to 
strike the record surface on the seventh 
or eighth record. This should be checked 
before selecting a cartridge if automatic 
operation is contemplated. If a bulky 
cartridge is selected the unit will still 
stack 6 records, which is over 2 hours of 
continuous play. The stylus force remains 
essentially constant over the entire stack 
of records. 

Operation was very smooth and free 
from clicks and other noises which 
plague most automatic record changers. 
In addition to being one of the most 
attractive record players we have seen, 
it meets the highest performance stand- 
ards for home high -fidelity equipment. 
The Lab 80 sells for $99.50, and an 
attractive walnut base is available for 
$6.50. 
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centrism 
rotary, slide 

and leier 

SVIRCheS 

YOU GET ENGINEERING IDEAS 

that assure you et the 

pertorifiance Your esìon deserves 

with thìs new CENTRALAB SWITCH CATALOG 

The new 1965 Centralab switch catalog makes it easy to select a switch which 

will perform according to your specifications; and also suggests more economical 

switching methods which may greatly reduce your product cost ... for instance: 

There's a new engineering section which completely 
defines the reasons for choosing types of insulation 
material. Did you know that there are standard 
Centralab switches that operate at 175 degrees 
Centigrade? 

Do you need the ultra -high surface resistivity of 
ceramic or could you use xxxP phenolic to do the 
job at lower cost? The catalog shows when you can 
make this saving. 

Do you life test your switches before approving a 
design? Find out the special considerations in life 
testing switches which will help make your evaluation 
more precise. 

How many operating cycles are required in your 
specifications? You can relate number of operations 
to contact material requirements and choose the 
contact which provides the desired safety factor. 

Have you ever tried to relate special torque speci- 
fications to cost objectives? Use simple rules to 
determine optimum values and tolerances. 

Did you know that standard Centralab switches have 
a current carrying capacity that is rated at 80% more 
than most competitive switches? These and other 
specifications are all available to simplify good design 
at low cost. 

To obtain your free copy of this useful publication 
write to Centralab, The Electronics Division 

of Globe -Union Inc., P.O. Box 591, 
Milwaukee, Wisconsin 53201. 

For additional information circle number 196 DIVISION OF GLOBE -UNION INC. 



Duality 

in DODIb 
Through Centralab Research and Develop- 
ment the products illustrated on these pages 
have been made available to the electronic 
industry. 

For Immediate Delivery... 
many of these products are stocked in quantity 
by Centralab's nationwide network of industrial 
distributors. 
For additional information on any of these 
product groups, circle the number indicated 
below, on the publication inquiry service card. 

Capacitors -No. 197 Potentiometers -No. 199 

Integrated Circuits -No. 198 Technical Ceramics -No. 200 

i Cen 4> ab ,t 
X -6502 DIVISION OF GLOBE -UNION INC. 

P. 0. Box 591, Milwaukee, Wisconsin 53201 
In Canada: Centralab Canada Ltd.. P.O. Box 400, Ajax, Ont. 
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RADIO 

TV NEWS 

THE prospect of considerably reduc- 
ing servicing problems on major 

electrical appliances has been improved 
as electrical manufacturers turn their at- 
tention to the use of relatively trouble - 
free, solid -state devices to replace or to 
work in conjunction with conventional 
functional controls. 

The growing semiconductor family 
for appliance applications was intro- 
duced at the annual meeting of the Con- 
sumer Products Division of the National 
Electrical Manufacturers Association by 
the Association's Power Semiconductor 
Component section. 

The members of the semiconductor 
family of most interest were the switch- 
ing types, such as power transistors and 
SCR's. Other semiconductor devices ca- 
pable of detecting humidity, tempera- 
ture, variations of light, weight, and 
strain were also under consideration. 

While suited for variable torque loads 
such as furnace blowers, pumps, and air - 
conditioner fans, a system combining 
solid -state and conventional motor -con- 
trol principles can also work successfully 
with more difficult loads such as the 
home laundry. Not only can speeds be 
made infinitely variable, but the system 
can be automatically controlled from a 
very low -level electrical signal. Thus, if 
it were desired that an electrical clothes 
dryer automatically vary speed with a 
combination of inputs such as water con- 
tent, weight of load, temperature or other 
parameters, each could be sensed by an 
appropriate sensor and integrated into 
a decision regarding the proper speed 
for drying. 

Inexpensive remote controls are get- 
ting wide attention after their success in 
the TV market. For house -wide control, 
carrier- current principles are most likely, 
using signals superimposed on the house 
wiring for such functions as remote -con- 
trol thermostats, control of various major 
appliances, or notification of the house- 
wife in any part of the house of the cook- 
ing progress of the roast. 

Solid -state sensing and control devices 
such as the thermistor, cadmium -sul- 
phide photocell, humidity sensor, and 
the silicon strain gage, plus the appro- 
priate amplifier, now offer the design en- 
gineer a flexibility not previously attain- 

able within the electromechanical arts. 

RBI Flip -Flop 
Well, it had to happen sooner or later. 

The Columbia Broadcasting System has 
now added a digital computer to its 
baseball broadcasting staff to calculate 
"pressure factor" on a batter. 

As the game gets under way, the com- 
puter is made aware of the situation on 
the field and calculates, from an esti- 
mated 52,800 possible situations based 
on the present score, inning, bases oc- 
cupied, and the number of outs, the pres- 
sure factor facing the next batter. 

There is a different pressure factor for 
each situation. If a batter comes up in 
the seventh inning with the score tied, 
no one on base and two outs, the pres- 
sure factor is 34 %. If he were to single, 
the pressure factor on the next batter 
would rise to 52 %. If this batter were to 
walk putting men on both first and sec- 
ond base, the pressure factor on the 
next batter would be 72 %. With a bases - 
loaded, no -outs situation in the late in- 
nings, a batter would face a 100% pres- 
sure factor. Should that man clear the 
bases with a home run, the next batter 
would face only a 6% pressure factor due 
to the fact that his team is four runs 
ahead. 

Although the computer hasn't had a 
base hit yet, we understand that part of 
the ASCII code it sent back to the ball- 
park read: 1000111 1001111 1000111 
1001111 1001101 1000101 1010100 
1010011. (See July, 1964, page 28.) 

Police Computer 
Speaking of computers, the one used 

by the city of Flint, Michigan to handle 
that city's payroll, income tax, property 
tax, water billing, and voter registra- 
tion is now being adapted so that the 
city's Police Dept. can query the com- 
puter to discover if any particular sus- 
picious person has a previous record or 
is currently wanted for investigation. 
Such information can help the arresting 
officer decide whether or not the person 
should be brought in for further ques- 
tioning or for booking, thus saving the 
Police Dept. time, inconvenience, and 
possible legal entanglements due to un- 
warranted arrests. 

ASSEMBLE YOUR OWN 

ALL -TRANSISTOR 

Ychciet 
ELECTRONIC ORGAN 

3 NEW MODELS 

Recital $1500 
Consolette H $850 
Spinet $550 

This is the all - 
new, all- transis- 
tor Schober 

Recital Model ...the most versatile electronic 
organ available today. Its 32 voices (plus amaz- 
ing "Library of Stops "), 6 couplers and 5 pitch 
registers delight professional musicians...make 
learning easy for beginners. Comparable to 
ready -built organs selling from $5000 to $6000. 

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 391/4 inches wide, fits 
into the smallest living room. The new, all - 
transistor Schober Consolette II is the aristocrat 
of "home- size" organs ... with two full 61 -note 
manuals, 17 pedals, 22 stops and coupler, 3 
pitch registers and authentic theatre voicing. 

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 men and women- teenagers, 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 "sam- 
pler" record so you can hear before you buy. 

THE ar6 G Arm CORPORATION 

43 West 61st Street, New York, N.Y. 10023 

Also available in Canada, Australia, Hong Kong, 
Mexico, Puerto Rico, and the United Kingdom 

r 
THE SCHOBER ORGAN CORP., DEPT. RN -38 

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 
refunded with purchase of first kit.) 

Name 

Address 

City State Zip No._ 
L 
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Are These Fallacies 
Stopping You From 

Building Heathkit Electronics? 
A "YES" ANSWER CAN COST YOU HUNDREDS OF DOLLARS! 

Fallacy: "Too Technical & Complicated To Build ". 
FACT: Every Heathkit is designed to be "beginner -built ". This is proven by the thousands of people from children to 
senior citizens, from all walks of life, who have built them. Over 300 years of accumulated kit -engineering, the most 
experienced staff in the business, insure your success. No special skills or knowledge are needed ... just some spare 
time and a few simple tools ... we supply everything else. Famous Heathkit non- technical, step -by -step instructions and 
clear "exploded" diagrams identify each part, show you exactly what to do and how to do it ... even how to solder. 
Nothing is left to chance. Send for a manual and see for yourself! 

Fallacy: "Takes Too Much Time To Build It ". 

FACT: The average Heathkit can be built in just a few evenings. Kit builders regard this time as well spent, not only in 
terms of dollar savings, but in fun and relaxation. It's like getting two hobbies for the price of one! You'll be surprised 
how fast you finish, working only a few hours each evening. And the pride of craftsmanship and self- satisfaction when 
you're done makes it more than worth the small effort. 

Fallacy: "Doesn't Perform As Well As Factory -Built Models ". 

FACT: The first Heathkit design consideration is performance. Our special staff of kit engineers use the latest, most 
sophisticated techniques in the "state of the art ". And much effort is devoted to developing new design. For example, 
Heath introduced the first successful all- transistor stereo components. Only after rigid performance tests are passed; 
does kit assembly enter the picture. But don't take our word for it. Compare the specifications ... read the Heathkit 
reviews by respected authors and editors . . . . . .a s k any Heathkit owner! 

Fallacy: "Kits Use Inferior Parts ". 
FACT: Heath's reputation for top quality has always been respected by kit builders and non -kitbuliders alike. In fact, 
we're noted for our conservative ratings. Actually our engineers "over- specify" parts to insure that extra margin for best 
performance and long, dependable life. As you build your kit, you'll recognize famous names like GE, Sylvania, RCA, 
Weston, Tung -Sol, etc., on the parts you use. 

Fallacy: "Because Of Its Low Price, It Just Can't Be As Good ". 

FACT: Because you build it yourself, you save the labor cost of factory -built models. Even more significant, buying 
direct from the Heath factory eliminates high dealer markups. With Heath, your money goes where it should ... in 
parts quality, not product distribution. 

Fallacy: "Takes Special Test Gear To Align It ". 

FACT: A prerequisite to every Heathkit design is that they meet specifications after assembly without instrument align- 
ment. All critical circuits are completely wired and prealigned at the Heath factory. All other alignment steps are 
accomplished with the simple "Alignment Without Instruments" instructions in each Heathkit manual. 

Fallacy: "If Something Goes Wrong, I Can't Get It Repaired ". 

FACT: The Heath Company's most vital concern is your satisfaction, and every effort is made towards this end. If you 
do encounter problems, first check the "In Case Of Difficulty" section, and "Trouble- Shooting" chart in each manual. 
Because of the intimate knowledge gained through kit assembly, most kit builders make repairs themselves, thus saving 
service charges. Heath also maintains a staff of consultants to help & advise you ... just drop them a note. And you 
can always take advantage of factory service facilities, as well as local authorized Heathkit service centers. 

Fallacy: "Mail Order Doesn't Offer the Extra Services I Want ". 

FACT: Mail order selling is one of the oldest and most reliable forms of product distribution. Its current growth rate is 
higher than retailing. The Heath Company's success has been built on it. We offer more services than many retailers ... 
liberal credit terms, advice on product selection, and complete servicing facilities. In addition, you enjoy the added 
savings of direct -to -you delivery, and the convenience of shopping right in your home. And who doesn't get excited 
when a package arrives in the mail? 

Join The Thousands Who Put Their Confidence In Heath... Send For Your FREE Catalog Now! 
22 ELECTRONICS WORLD 



It's Like Getting A Training Course Free... 

I i 
When You Build A Heathkit Color TV...$399 
"Do -It- Yourself" Plus Famous Heathkit Manual Make You An Expert! 
What better way to learn about color TV than to build one yourself! 
And that's exactly what you do with the Heathkit 21" All- Channel, High 
Fidelity Color set. You do the complete job ... mount the parts, wire 
the leads (tuners, I.F. and high voltage sections are prebuilt & aligned), 
and even converge, align, and adjust the picture with the degaussing coil 
and built -in dot generator. Takes around 25 hours. 

And with this superb set, you go a step further. The big 1'4 lb., 138 - 

page instruction manual is an education itself on color TV operation & 
theory. Hubert Luckett aptly describes it in an article from Popular 
Science: "The manual provided with the kit is a masterpiece. It is nearly 
a half -inch thick and lavishly illustrated with drawings, photographs, 
X -ray views of circuit boards, and even 32 plates in full color. Only 28 

pages of the I38 -page manual are devoted to the usual step -by -step pro- 
cedures. The rest covers the theory of operation, detailed descriptions 
of each circuit, trouble- shooting, service information, adjustments, and 
operation." 

And The Performance? TV scr\ iceman E. C. Van Dyke of Baltimore 
wrote: "After constructing Kit (,R-53A, I can truthfully say that 1 have 

COMPLETE TEST LINE FOR 

TV Sweep Alignment Genera tor, 
Kit IG -52, 14 lbs..... $67.95 

Color Bar & Dot Generator, 
Kit IG -62, 13 lbs.....$64.95 

HEATHKIT 1966 

9.:...á." 
itiTT 

FREE! 
See these and over 250 

other Heathkits. Save up 

to 50Vo by doing the easy 

assembly yourself. Send for 
your FREE Heathkit catalog 

today. 

never seen a color television look so good!" About all we can add are the 
features for your comparison: 

Built -in Service Center ... includes degaussing coil & dot generator 
to demagnetize, adjust & maintain set 26 tube, 8 diode circuit; 24,000 
volt regulated picture power Deluxe Standard -Kollsman VHF tuner 
with push -to -tune fine tuning for individual channels, plus transistorized 
UHF tuner High definition 70° 21" color tube with bonded safety glass 
Automatic color control & gated automatic gain control Line 

Thermistor for longer tube life Circuit breaker protection; transformer 
operated Two hi -fi outputs plus tone control . Chassis mounts on 
one -piece metal frame for easy set -up & servicing Only color TV 
you can install 3 ways -wall, custom cabinet or either Heath factory - 
assembled cabinets 1 -year warranty on picture tube, 90 days on all 
other parts. Get full details & specifications by sending for your FREE 
Heathkit catalog. Or better yet, use the coupon and order your set now! 

Kit GR -53A, chassis, tubes, mask, UHF & VHF tuners, mounting kit, 
special 6" x 9" speaker, 127 lbs $399.00 

Assembled GRA -53 -7, walnut wood cabinet (illust. above), 85 lbs $115.00 

Assembled GRA -53 -6, walnut - finished hardboard cabinet, 52 lbs...$49.00 

EVERY SERVICING NEED! 

Now Available Kit Or Assembled! 
VTVM ... Kit IM -11, $24.95; Assemb. IMW -11, $39.95 

Service -Bench VTVM ... Kit IM -13, $32.95; Assemb. IMW -13, $49.95 

AC VTVM ... Kit IM -21, $33.95; Assemb. IMW -21, $52.95 
Capacitor Checker ... Kit IT -11, $29.95; Assemb. ITW -11, $49.95 

5° Oscilloscope ... Kit 10 -12, $76.95; Assemb. 10W -12, $126.95 

Audio Generator ... Kit IG -72, $41.95; Assemb. IGW -72, $64.95 

RF Signal Generator ... Kit IG -102, $27.95; Assemb. IGW -102, $54.95 
Variable -Voltage Regulated Power Supply ... Kit IP -32, $56.95; Assemb. IPW -32, $84.95 

Regulated DC Power Supply ... Kit IP -20, $72.95; Assemb. IPW -20, $114.95 

Battery Eliminator ... Kit IP -12, $47.50; Assemb. IPW -12, $59.95 

HEATH COMPANY, Dept. 15 -7 Benton Harbor, Michigan 49023 
In Canada: Daystrom Ltd., Cookeville, Ontario 

Please send FREE 1965 Heathkit Catalog. 

Enclosed is $ 

Please send model(s) 

Name 

, plus shipping. 

(Please Print) 

Address 

City_ State Zip 
Prices & Specifications subject to change without notice. CL 208 

July, 1965 CIRCLE NO. 112 ON READER SERVICE CARD 23 



NEW 
FROM INTERNATIONAL 

MODEL 660 
CITIZENS RADIO TRANSCEIVER 

The International Model 660 . . . new in styling 
. . new in advanced technical features, com- 

bines space -age colors and decor with greater 
operating convenience. 
Designed for base and mobile installations, the 
Model 660 provides instant push -to -talk operation 
on all 23 channels. Silicon transistors and tubes 
are combined in a new hybrid circuit for the 
highest degree of reliability. 
A transistor power supply operates from 6/12 or 
115 vac power sources. 
See the International Model 660 at your dealer 
today. It comes complete with crystals, dynamic 
microphone with coil cord. 

FCC Citizens Radio license required. All use must 
conform with Part 95, FCC Rules and Regulations. 

Distinctive New Panel Design 
New Hybrid Circuits 
New Zener Speech Limiter 
Frequency Synthesized Crystal Controlled 
23 Channel Operation 
Dual Conversion Receiver 
Illuminated Channel Selector Dial 
Ten Tubes 
Five Silicon Transistors 
Two Power Transistors 
Eleven Silicon Diodes 

Write Today For The Name Of Your Nearest 
International Dealer. 
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THE ART 
of 

XEROGRAPHY 

Xerography, the laboratory curiosity reported by Electronics World (then 

Radio News) in 1944, has been instrumental in creating a giant new industry 

with sales in the hundreds of millions of dollars. The primary growth has 

been in office copiers, but xerographic principles and processes are finding 

new and broader electronic applications. This article up -dates the original. 

By CHRISTOPHER M. CELENT / Research & Engineemg, Xerox Corporation 

N October 22. 1938. a young physicist and patent atturnc. :pester F. Carlson, 
wrote "10,- 22, -38 Astoria' on a piece of glass. Then, working in a darkened 
room with another physicist as a laboratory assistant, they rubbed a sulfur -coated 

metal plate with a handkerchief and quickly exposed the plate to light transmitted though 
the glass. Next, they sprinkled the plate ds -ith dyed lvcopodium powder, blew lightly 
over it, and pressed a sheet of waxed paper to the paper surface. 'When the paper was 
pulled free of the plate, the date and location were reproduced, and xerography (Carl - 
son called it "electrophotographv ") was born. 

Carlson patented his invention and then set out to find some company to refine and 
develop it. He knocked on the doors of some 20 to :30 companies without success. But 
he persisted, and in 1944 succeeded in interesting scientists at Battelle Memorial In- 
stitute. Battelle, a research organization located in Columbus, Ohio, agreed to study 
the process. 

In July, 1944, R rno NEWS magazine (now ELECTKoNtcs \Wout.n) heard about the 
invention and published a technical analysis. A year later, Dr. John H. I)essauer, the 
research director of a small company in Rochester, N.Y., read an abstract of the article, 
then obtained and read the original article. lntrigu:d. he arranged for the president of 

his company, Joseph C. Wilson. to visit Battelle. 
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Photomicrograph of xerographic image being formed. The large 
positively charged carrier beads transport negatively charged 
toner particles to the positively charged selenium- coated plate. 
The carrier beads are 100 -200 times larger than toner particles. 
(The dry developer powder is a special formulation of small glass 
or sand carrier beads plus particles of black heat -fusible carbon.) 

Wilson was the president of The Haloid Company, then a 
small, moderately successful sensitizer of photographic and 
photocopy paper and manufacturer of photocopying ma- 
chines. Wilson saw promise in the new idea and sponsored 
further research both at Battelle and within his own company. 
In 1947, Haloid obtained partial rights to the process and 
launched an intensive development program. 

Thus the seeds of invention were sown, germinated, and 
nurtured. They were to bloom in little more than a decade 
into a revolution in business office practices and to catapult 
the little Haloid Company- renamed Haloid -Xerox, later 
Xerox Corporation -into the ranks of the five hundred largest 
corporations in the United States. 

Why Xerography? 
Chester Carlson's invention of xerography was no sudden 

flash of genius nor was it an accidental discovery. When he 
"discovered" it he was seeking the solution to a specific prob- 
lem. Mr. Carlson in 1935 was working in the patent depart- 
ment of P. R. Mallory and Company (and going to law school 
at night) and never seemed to have enough carbon copies 
of patent specifications. 

Laboratory test method to determine charge of 
individual toner particles in xerographic devel- 
oper. Powdered developer is placed in particle 
generator at bottom. A loudspeaker vibrates 
the mix, randomly freeing charged particles. 
Some of the particles are eventually drawn 
in a flow system through a capillary and 
a drift -tube detector. The detector picks up 
a voltage proportional to the particle charge. 
This voltage, indicating charge and velocity, 
is amplified and displayed on oscilloscope. 
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He could have found a copying machine in 1935, of course. 
There were, for example, the Rectigraph machine (made, 
incidentally, by Haloid), blue -printing machines, machines 
using the photographic processes, and others. But there were 
serious deficiencies in the copies made by these machines and 
in the way these copies were produced. 

The time it took to get a copy is a good example of the 
problems he faced. It took about 30 minutes for each copy 
made and the machines of that day were so complicated that 
it took special training to operate them as well as special 
locations for the machines. 

The process most likely involved handling "messy" chemi- 
cals which gave off offensive odors. Other objections were 
that the copy was often faint, hard -to -read, and not very 
permanent, or printed on hard -to- handle or flimsy paper. 
Other machines required specially prepared masters. 

There were other reasons why copy was unsatisfactory. For 
example, some machines would not copy certain colors. When 
the ball -point pen came into general use, it was discovered 
that many of the machines would not copy it. Or, the copy 
came out as white -on- black, white -on -blue, or in some other - 
than -usual color combination. Then, too, only single sheets 
could be copied -often at some risk that the original would 
be destroyed. 

It is interesting to note that some of these faults were not 
really objectionable back in 1935. As a matter of fact, most 
people then would have been satisfied with almost any kinds 
of copies that would last, were legible, and could be made 
quickly and cheaply. But the requirements of the customer 
became refined and he demanded better copiers. 

How Does It Work? 
Xerography is an electrostatic copying process. It makes 

use of the basic principle of static electricity; objects having 
opposite electrical charges (positive and negative) attract 
and objects having the same charge (both positive or nega- 
tive) repel. 

There are two commonly used xerographic copying tech- 
niques employing electrostatic principles. One technique uses 
a re- usable plate or drum coated with a photoconductor, 
usually selenium. The second technique uses paper specially 
coated with a photoconductor such as a zinc oxide mixture. 
Such precoated papers are not re- usable. 

Fig. 1. The five basic steps in the xerographic process are illustrated here. 
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Each of these xerographic techniques has been used suc- 
cessfully in document -copying machines. Systems based on 
re- usable drums employ the "transfer electrostatic process." 
The precoated paper systems use the "direct electrostatic 
process." References to xerography in the remainder of this 
article pertain mainly to the "transfer electrostatic process.' 

The heart of the selenium -based systems is an aluminum 
plate, or substrate, coated with a thin film of amorphous 
selenium. In automatic systems, the plate is in the shape of 
a cylinder, or drum. The extremely thin layer of selenium is 
a photoconductor, that is, its electrical conductivity changes 

ELECTROSTATIC 

SUPPORT 

MOVING 
CHARGING 

DEVICE 

+ + + 

POWDER IMAGE 
(NEGATIVELY CHARGED) 

PHOTOCONDUCTOR 

ROLLER OR 
PRESSURE DEVICE 

ADHESIVE 

POWDER IMAGE 

TACKY 
SUPPORT 

PHOTOCONDUCTOR 

ROLLER OR 
PRESSURE DEVICE 

ABSORPTIVE 

LIQUID IMAGE 

ABSORBENT 
SUPPORT 

PHOTOCONDUCTOR 

Fig. 2. Image- transfer techniques. For electrostatic transfer, 
the paper is given a charge opposite in polarity to that 
of the toner which makes the image on the photoconductor. The 

image is thus attracted or transferred to the copy paper. In 

the adhesive method, the paper to which the image is to be 
transferred is coated with a sticky substance to which the 
toner adheres. In the absorptive technique, the image on the 
photoconductor is liquid and when contacted by the paper, the 
liquid will then be absorbed directly into the copy paper. 

when it is subjected to light. The glass -like selenium layer 
also accepts an electrostatic charge. If kept in darkness, the 
layer retains that charge long enough to be put to use. How- 
ever, if exposed to light, the charge dissipates (leaks through 
the selenium layer to the aluminum substrate) quite rapidly. 
If only a portion of the selenium is exposed to light, the 
charge dissipates only in that area and the unexposed part 
retains the charge, in other words, the amount of lateral dis- 
persion of the charge is entirely insignificant. 

The Five Basic Steps 
There are five basic steps in the xerographic process. The 

plates are charged, exposed, and developed. At the end of the 
developing step there is a powder image on the plate. This 
image is then transferred to paper and fused. As a final mea- 
sure the plate is cleaned. Let us examine each step in turn 
(Fig. 1). 

The selenium is charged by passing a wire held at high 
potential over its surface. If the surface is a drum, as in 
automatic machines, the cylinder is rotated under the wire. 
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Fig. 3. The various techniques that may be employed to 
fix the image onto the copy paper. Refer to the text. 

The electrical potential on the wire is held high enough so 
that a corona ( glow discharge) is produced and maintained. 
The plate is literally sprayed with positive or negative ions 
-the choice of charge depends on the type of document ( a 
negative or a positive) to be copied. In advanced xerographic 
machines, a system of wires and grids is used to insure that 
the surface of the selenium receives a uniform charge. Charg- 
ing must be carried out in darkness. 

In the second step, exposing, the image to be copied is pro- 
jected optically to the sensitized plate. When light from the 
image strikes the sensitized selenium surface, it affects the 
uniformly distributed charge. Suppose, for example, the orig- 
inal is an ordinary business letter. Those areas of the charged 
surface which are struck by light rays reflected from the white 
areas of the document lose most or all of their electrical 
charge. Light is not reflected from the black areas ( the type 
on the letter) so those areas of the selenium retain their 
charge. The result is a pattern of electrical charges on the 
selenium plate which corresponds exactly to the image being 
exposed. This pattern is called the "latent electrostatic im- 
age." A strong electrostatic field is established between the 
charged and uncharged areas of the selenium plate. 

The third step in the process is to develop the electrostatic 
image. This is done by pouring (cascading) a developer over 
the plate surface. The developer is a granular material made 
up of two components: small glass or sand beads called 
"carrier" and a black powder called "toner." It is in the de- 
veloper that the basic principles of static electricity are 
employed. 

The materials for the developer are selected for their 
triboelectric properties, that is, their ability to induce op- 
posite charges of static electricity in eách other when they 
are rubbed together. Having opposite charges, the carrier 

The xerographic process relies upon the deposition of electric 
charges on a selenium surface. These charges are generated by 
a corona discharge in air. The quadrupole mass spectrometer 
shown here is used to analyze ionization in corona discharge. 
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Fig. 4. The operating principles of the 2400. 

beads and toner adhere to each other. The charge on the 
toner is opposite to that which forms the latent electrostatic 
image on the plate. 

As the developer cascades over the selenium plate con- 
taining the latent electrostatic image, some of the toner is 
dislodged from the carrier beads by a combination of me- 
chanical and electrical forces. It is captured by the electro- 
static field between charged and uncharged areas, and col- 
lects on the charged portions of the image area. This black 
toner forms a visible, but reverse- reading, image on the plate. 

The next step in the copying process consists of transfer- 
ring this toner image from the surface of the plate to a piece 
of paper (or to almost any other material). This is done by 
placing the paper over the image area, then charging the 
back of the paper with an electrical charge and bringing it 
in contact with the selenium surface. The toner is thus at- 
tracted and transferred from the plate surface to the paper. 

We now have a right- reading image on paper, but the 
process is not yet complete. The toner is only lightly attracted 
to the paper and can be brushed off easily. It must be fixed. 
This can be done by fusing, that is, heating the paper and 
toner so that the toner particles melt and bond to the paper. 
The image is now permanent. 

Finally, the last procedure, cleaning, is not a part of the 
xerographic copying process but is necessary so that the 
selenium plate can be used again to make more copies. There 
is a faint residue of toner called a residual image left on the 
selenium surface after the transfer step and it must be re- 
moved, usually by wiping with a soft brush, before the 
selenium can be re -used. 

A new transistorized circuit for a data display simulator is 
shown here being checked out in the company's laboratories. 
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We have described a basic xerographic process, but there 
are many variations on each step of the process. For example, 
a corona discharge is not the only way to sensitize a plate. 
It can be charged by a radioactive source or by a conductive 
rubber roller. The plate can be exposed by contact, by re- 
flection, by projection -or even by x -ray. The latent image 
can be developed by aerosols or by powder clouds, by liquid 
sprays or by immersion in a liquid. The image can be trans- 
ferred electrostatically, as described, or by using an adhesive 
or absorptive transferring system ( Fig. 2 ) . Finally, the images 
can be fused chemically, by heat, by high- pressure rollers, 
or a thin plastic coat can be sprayed over the image area 
( Fig. 3 ) . In the zinc oxide and similar systems, the two steps 
of transferring and cleaning up are unnecessary; the image is 
fixed directly on the photosensitive paper. 

The Early Machines 
After Xerox acquired the patent rights to xerography, the 

company set out to develop an office copier. The first com- 
mercial machine was announced in 1950. It was a manually 
operated machine consisting of several pieces. It had a corona 
device for charging a flat selenium- covered plate, a contact 
box with an optical system for exposing the plate to the image 
to be copied, a tray for cascade development, and an oven 
for heat -fixing the image. Each step was carried out sepa- 
rately and a good operator could make a copy in about two 
or three minutes. The company soon saw that it would have 
to speed up the process, automate it, and reduce the size of 
the equipment. 

The process was automated and the speed increased by 
replacing the flat plate with a drum. The several process steps 
( charging, exposing, etc. ) were arranged at locations about 
the periphery of the drum so that each process step could be 
carried out sequentially, but on different parts of the copy 
simultaneously. For example, while one part of the drum is 
being exposed, another part is being developed, the image is 
being transferred from another part, and the drum is being 
cleaned in still another part. 

Reducing the size of the equipment was another matter. 
The first automatic machines were rather large and heavy - 
certainly not desk -top copiers. 

In 1956, the company was firmly convinced that size was 
not the major consideration. What was important was the 
performance of the equipment, the ease and speed of obtain- 
ing copies, and copy quality. Hence, instead of concentrating 
on a small copier that could he built at a cost competitive 
with other desk -top copiers, it built versatility and long -run 
economy into a larger machine and concentrated on selling a 
copy service. This machine, developed and introduced in 
1960, was called the 914 Copier ( because the maximum copy 
size that the machine could handle was 9" x 14 ") . 

A Desk -Top Copier 

Attention was next turned to the design of a true desk -top 
copier. The engineering plan called for a miniaturized version 
of 914. At first, the problems involved in shrinking the mech- 
anisms of the 914 to about 1/7th of the size seemed almost 
insurmountable. 

For example, over 1200 parts (not including nuts and 
bolts) had to be shrunk. The diameter of the drum had to be 
reduced from 8 inches to about 49í inches. The size and design 
of the drum cleaning system presented a problem in shrinking 
it down to size. An entirely new cleaning system using a new, 
soft, non -woven fabric was designed. Internal heat also be- 
came a design problem. The moving parts had to be much 
closer to the heating unit which fuses the toner. This meant 
that a new air- circulating system had to be designed to re- 
move the heat, a system which would allow uniform fusing 
but would not disturb loose paper near the machine or make 
objectionable noise. These particular problems along with a 
good many others were solved ( Continued on page 72) 
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RC TIME - CONSTANT NOMOGRAM 
By MAX H. APPLEBAUM / Warwick Electronics Inc., Pacific Mercury Div. 

Chart permits quick method of finding combinations of resistance 
and capacitance to produce the required time -constant combination. 

`H ' purpose of this nomogram is to simplify the calculi.- 
tions of RC time constants. Although the operation is 

fairly simple it can become cumbersome with powers Of lt). 
\lore useful. however, is the ability -with this nomogram 

to find combinations of 1{ and C which will give the desired 
time constant. Various scales are given so that wide ranges of 

T, R, and C can be found without any calculations. The yari- 

July, 1965 

ons possible scale combinations are shown on the nomogram. 
E_ urnf)lr: Find the tinte constant of an RC network which 

has a 1.5- nlegolun resistor and a 40 -pf. capacitor. 
Solution: Using the AEG scale combination, draw straight 

line from 1.5 on the A scale to 40 ors the C scale. The answer, 

60 microseconds. is found on the E scale where the drawn line 

crosses the time scale. 
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By JOSEPH H. WUJEK. JR. 

New knowledge, new processes and 

techniques, new materials, and new 

designs have all come out of our 

scientific program for the exploration 

of space. Article describes sounding 

rockets, scientific satellites, 

and deep -space probes. 

The Ranger moon probe which recently photographed the moon surface. 

Editor's Note: The following article is the first in a group 
of stories that will cover details on our scientific experiments 
in space. This article covers the subject from a general point 
of view. Subsequent stories will go into far more detail on 
each of the many experiments that are now being conducted. 
Such items as the purpose of the various experiments, how 
each one operates, the special transducers used, and how 
the information is transmitted back to earth will be included. 

WITH the technological advances in rocketry during 
the past twenty years, new regions for exploration 
were opened to Man. No longer would scientists 

and engineers be satisfied to study only the phenomena of 
our earth and its atmosphere, or view that small fraction of 
the universe visible through telescopes. With rockets probing 
several hundred miles above the earth, more information 
could be gathered about our globe and its surroundings than 
was heretofore possible. 

In 1957 the USSR launched the first artificial earth sat- 
ellite. Since that time, payload capabilities of launch vehicles 
have steadily increased, so that now we find a variety of 
instrumented packages in space. We are no longer limited 
to several hundred miles altitude, or to an earth orbit. The 
United States has successfully launched space probes to the 
Moon and Venus (Rangers 7, 8, 9, and Mariner 2, respec- 
tively) and at the time this was written another Mariner 
probe ( Mariner 4 ) is enroute to Mars, some 35 million miles 
away. (Mariner svill, in fact, cover over 100 million miles 
enroute to Mars, but the intercept with the distant planet will 
be made at the 35- million -mile distance.) 

Why Space Experiments? 

In any undertaking as expensive as the U.S. space pro- 
gram, and it is expensive, a citizen night reasonably ask, 
"Why ?" The classic answer of Sir Edmund Hillary, who, 
when asked why he led an expedition in scaling Mount Ev- 
erest, replied, `Because it was there," is probably an unsatis- 
factory answer to mane critics of the program. They argue 
with some justification that these funds might be better 
spent on cancer research, or education, or a host of other 
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worthwhile pursuits. Beyond improving our prestige as a 
nation of technological "doers," the space program has had 
other benefits. Communications and weather- predicting sat- 
ellites benefit most of the earth's inhabitants. In pushing 
the "state of the art" to new levels, a kind of "technological 
fall -out" has taken pkice. 

New knowledge gained in the space program has found 
applications elsewhere. New processes and techniques, new 
materials, and new designs have been spawned by work in 
the aerospace industry. Much of the impetus given to the 
development of integrated circuits has come from the space 
program. These circuits will make possible small, low - 
powered, reliable, and inexpensive electronic equipment. The 
field of medical electronics benefits by the research in medical 
instrumentation. The proposed U. S. Supersonic Transport 
(SST) will rely heavily on knowledge gained in the space 
program. In addition to the important new knowledge gained, 
American industry and commerce stand to gain from these 
efforts, and thus the citizen will ultimately benefit. 

If we limit our discussion to unmanned space vehicles and 
only those vehicles which have been launched to date, three 
categories are suggested: 1. sounding rockets, 2. satellites, 
and 3. deep -space probes. 

Sounding Rockets. Sounding rockets are vehicles designed 

Artist's concept of OGO with its 220 lbs. of scientific instru- 
ments which are used to investigate aurora and rcdiation. 
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The Mariner satellite, which is now on its way to planet Mars. 

to pass through the region of up to several hundred miles 
above the earth. These rockets are usually smaller vehicles, 
up to 50 feet in length. The lifetime of these probes is on 
the order of several minutes. Information is relayed via tel- 
emetry (TM) channels, and /or a recovery of the instrument 
package may be effected by parachute and floatation bag 
if the re -entry is over water. These experiments are relatively 
inexpensive since older, obsolescent rockets may be used, and 
the ground support requirements are minimal. The launch 
vehicle may be one or several stages of rocket, with the ex- 
periment mounted in a detachable nose cone. 

Satellites. Satellites are vehicles which are designed to 
orbit a planet and, in particular, the Earth. Schemes for orbit- 
ing other planets have been described, but we limit our dis- 
cussion to earth satellites. 

The Orbiting Geophysical Observatories (OGO) are an 
example of the new generation of satellites. The eccentric - 
orbitin g version (EGO), will be launched by the two -stage 
Atlas -Agena B to an orbit of 68,000 miles maximum 
(apogee), to 175 miles minimum (perigee). The polar- orbit- 
ing version of the satellite (POGO) will have apogee and 
perigee of about 570 and 150 miles, respectively. POGO will 
be launched by Thor -Agena. At this writing, one EGO sat- 
ellite is in orbit. 

General types of experiments performed by the EGO satellite. 
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Many other earth satellites have been 
launched or are in the development 
stage. Some of these are for scientific 
measurements. Others, such as the Syn- 
corn. Télstar, and Echo are primarily 
communications satellites. So- called ac- 
tive satellites contain receiver /transmit- 
ter equipment to receive, amplify, and 
re- transmit high -frequency r.f. over the 
horizon. Passive satellites such as Echo, 
merely act as reflectors for r.f. trans- 
mission. 

Yet another class of satellites is the 
Tiros ( Television Infrared Observation 
Satellite) type, used to gather data for 
weather prediction. 

Deep -Space Probes. This class of ve- 
hicle ordinarily contains equipment sim- 
ilar to that of sounding rockets and 
earth satellites, but has a mission in 
deep- space. The Mariner 2 vehicle 
which passed Venus in mid- December 
1962 was of this category, as were the 
Ranger Moon probes. 

Experiments in Space 

While a wide variety of approaches 
to instrumentation exists for each par- 
ticular experiment, most experiments 
may be classified as one of six general 
types: 1. micrometeoroid measurements, 

2. magnetic measurements, 3. solar- plasma measurements, 
4. radiation measurements, 5. wave -propagation measure- 
ments, and 6. astronomical observations. 

Micrometeoroid Measurements. The far reaches of space 
abound in cosmic debris. We are familiar with meteors and 
meteorites, which are seen burning in the earth's atmosphere 
or occasionally find their way to a collision with the earth's 
surface. These particles may be seen either by optical means 
or radar. 

But many smaller parts, too small to be seen by radar, exist 
above the earth's atmosphere. Particles of less than 1 milli- 
meter diameter (about 4/ 100th of an inch) are called micro- 
meteoroids. These particles may be traveling at speeds of up 
to 100,000 feet per second (more than 68,000 miles per 
hour ), and hence could prove haz- (Continued on page 82) 

Tiros is designed to photograph meteorological conditions. 



Early Bird Communications Satellite. (Above) The 
world's first commercial commurications satellite 
was launched successfully into a synchronous 
orbit at the beginning of April, The satellite, 
called "Early Bird," is shown here being prepared 
for space -simulation tests at Hughes Aircraft Co, 
which built the spacecraft for COMSAT. The satel- 
lite provides 240 two -way telephone channels be- 
tween Europe and North America, or two -way tele- 
vision between the continents. It can also handle 
teletypewriter and facsimile along with phone 
conversations. Some 6000 solar cells power 
the electronic equipment in the new satellite. 

Battlefield Radar. (Above) A battlefield radar system so sen- 
sitive that it will spot a moving person, 9 miles away and 
a moving vehicle at 22 mules has been developed by a 
French subsidiary of ITT. The radar is a pulse system us- 
ing Doppler effect for canceling stationary targets. Ac- 
curacy is within a quarter degree in azimuth and 65 feet 
in range. Equipment can be transported by a helicopter. 

RECENT DEVELOPMENTS 

in ELECTRONICS 

Laser Altimeter. (Below) The first terrain profiler using a 

laser has been successfully flight tested. The system con- 
sists of a c. w. gas laser altimeter, a high -resolution bar- 
ometer sensor, and a strip or aerial mapping camera. Dis- 
tance to the grounc is measured continuously by comparing 
the difference in phase between the transmitted and received 
laser beams. The barometric sensor provides a reference to 
the aircraft's pressure altitude within one foot. By using 
the sensor, any recorded change it elevation represents changes 
in terrain rather than a change in aircraft altitude. At an 
altitude of 1000 feet, the profiler has an accuracy better 
than 1 foot; at 10,000 feet accuracy its within 2 feet. The 
new system has been designed and built by Litton Industries. 

'WEN WV* s 

Integrated- Circuit Radar Transponder. (Above) The small unit 
being held is the integrated- circuit PRADOR (Prf RAnging DOp- 
ler Radar), a feasibility model of a miniature space rendez- 
vous radar transponder. The larger unit beneath is a trans- 
ponder which is part of the all- solid -state radar system de- 
veloped by Westinghouse in 1963. The integrated- circuit version 
is much smaller and has better ratings and performance. The 
miniature transponder was built to demonstrate the feasibil- 
ity of using integrated electronic circuitry to achieve a huge 
reduction in size, weight, and complexity but with an increase 
in reliability. The unit uses 23 monolithic blocks, 13 multi - 
chip integrated circuits, 12 transistors, and 12 diodes. 
The system range is 500 nautical miles; it operates on X band. 
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Radio Amateur Satellite. (Right) Launched into orbit on March 
9, this home -made radio amateur satellite was put into a 502 - 
mile high, 103 -minute orbit about the earth. The satellite, 
called "Oscar III," was designed to receive amateur 2 -meter 
signals and to rebroadcast them on the same band. Record - 
shattering ham contacts have been made via the satellite across 
the Atlantic Ocean, between California and Argentina, between 
California and Hawaii, and between Alaska and the West 
Coast. Contacts have also been established with European 
hams in Switzerland, Germany, England, Czechoslovakia, and 
Sweden. The satellite was constructed by San Francisco Pen- 
insula radio amateurs, directed by William I. Orr, W6SAI. The 
satellite was carried as a passenger into space aboard a re- 
search and development vehicle of the United States Air Force. 

Infrared Camera. (Right) The top photo 
shows a number of valves, piping, and a 

tank manifold as they would appear to the 
eye. With an infrared camera focused on 

the same scene, the lower photo is ob- 
tained. This photo is a thermal map of the 
system in which the colder objects are 
darker and the hotter objects are lighter. 
Note the cold valve handles and tags, the 
warm pipes and manifold, and the white 
hot spot at the very bottom of the mani- 
fold. The infrared camera employed, de- 
veloped by Barnes Engineering Co., offers 
potential as a non -destructive testing and 
troubleshooting tool. The camera uses a 

scanning infrared detector whose output is 

converted to electrical signals. These are 
amplified and fed into a tiny gas tube 
whose brightness is proportional to the in- 
frared energy being received from a small 
part of the target being viewed. A second 
scanning system converts this light into 
a complete image on a piece of film. 
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High -Power Single- Frequency Laser. (Left) 
Two. new techniques which produce a high - 
power, single- frequency laser beam capa- 
ble of transmitting light signals effi- 
ciently have been developed by Sylvania 
scientists. The techniques, called the 
frequency -modulated laser and the super - 
mode laser, result in concentrating all of 
the energy of a high -power, multi -mode 
laser into a single discrete frequency in- 
stead of multiple frequencies that are 
close together. Briefly, the technique con- 
sists of phase -modulating a conventional 
laser beam by applying an electric field to 
a special crystalline optical modulator. 
The result is a signal that takes on the ap- 
pearance of a frequency -modulated signal. 
This is then passed through a second op. 

tical phase modulator driven 180` out of 
phase with the first one. The result is com- 
plete elimination of all modes except one. 



COAX vs 
TWINLEAJJ 

By LON CANTOR /Jerrold Electronics Corp. 

For monochrome TV reception, conventional twinlead presents no serious 
problems. It is low in cost and can cause less loss than coax. However, for 
color -TV where color adjustments become quite critical, problems do exist 
and many technicians are finding coax transmission lines more suitable. 

TRANSMISSION line is the necessary link between an 
antenna and a TV receiver. Although TV engineers 
have always preferred coaxial cable, twinlead has been 

used almost universally. Recently, however, many technicians 
began to use coax, especially for color -TV and FM- stereo. 

If twinlead was all right for monochrome TV, why should 
coax be required for color? Let's make a close comparison be- 
tween the two transmission lines and find out. 

Fig. 1 shows an antenna picking up a TV signal. Because 
the TV carrier frequencies are high, the wavelength is short. 
At channel 2, the distance between a positive -going wave - 
front and the succeeding one is about 17 feet. At channel 13, 
the wavelength is about 4;_ feet. 

As these signal wavefronts cut the antenna, they induce 
current to flow. At first glance, it would appear that current 
induced in the antenna could go down one conductor of the 
twinlead, into the TV receiver, and back up the other twin- 
lead conductor. 

However, things are not quite that simple. The problem is 
that the signal current simply doesn't have the time to com- 
plete the trip. Notice from Fig. 1 that between each positive - 
going wavefront is a negative -going wavefront. This nega- 
tive wavefront is only half a wavelength (for channel 2, about 
8;í feet) behind the positive one. The negative -going wave - 
front induces a current in the antenna that goes in a direction 
opposite to that of the current induced by the positive wave - 
front. The r.f. signal is traveling toward the antenna with the 
speed of light, about 980 feet per microsecond. 

Nothing can exceed the velocity of light. In fact, the trans- 
mission line slows the signal down a little. Therefore, by the 

time the signal has traveled about eight feet down the twin- 
lead, the negative wavefront is cutting the antenna and the 
signal must reverse itself. 

Obviously, TV signals can't travel through transmission 
line like battery current. Instead, they must get to the TV set 
in the manner illustrated in Fig. 2. 

The alternator symbols in Fig. 2 represent the antenna. 
Fig. 2A shows the flow of current and the magnetic -field dis- 
tribution during the first quarter cycle. Polarity is indicated 
by the arrow enclosed in the sine wave. Fig. 2B shows the 
entire first half cycle, at the end of which the current has 
traveled about eight feet down the twinlead. 

This brings us to the critical part of the process. As the 
alternator current falls to zero, the magnetic fields around 
the twinlead collapse. In so doing, they cut the twinlead 
conductors, inducing current in the original direction of cur- 
rent flow. It is the induced voltage that pushes the current 
beyond the eight feet of twinlead traversed by the original 
current. 

This process is repeated continuously along the length of 
the twinlead. Current builds up a magnetic field and the col- 
lapse of the magnetic field induces another current. The en- 
tire package of energy, comprising the current and the mag- 
netic field, is called an incident wave. The leading edge of 
each incident wave is built up by the collapsing field of the 
trailing edge. 

Note that once the incident wave leaves the antenna, it is 

on its own. It cannot be affected by anything happening be- 
hind it. The incident wave travels down the twinlead at about 
80% of the speed of light. 
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Fig. 2C shows the second half cycle. This produces a sim- 

ilar incident wave, except that current direction and mag- 
netic -field polarity are reversed. In other words, electron 
movement is opposite to that in the portion of the line just 
ahead. 

How is it possible for electrons to move in two different 
directions in the same conductor simultaneously? Actually, 
electrons travel within the conductor on the order of mil- 

lionths of an inch -a mere "twitch" of electrons. In other 
> words, electrons in the section of twinlead under the leading 

wavefront twitch forward, while electrons under the succeed- 
ing wavefront twitch backward, as indicated by the arrows. 

t Standing Waves 

The alternator ( antenna) does not "see" its final load. It 
sees only the half wavelength of wire into which it feeds its 
currents. The load at the other end of the line cannot affect 
the generator directly because there are points of zero po- 
tential between the generator and the load. 

For this reason, the law which says that source impedance 
must equal load impedance for maximum energy transfer 
does not precisely apply here. There is an in- between step. 
For high frequencies such as TV signals, when; the line is 

more than a half wavelength long, the source (antenna) im- 
pedance must match the transmission -line impedance, and 
the transmission -line impedance must match the load (TV re- 
ceiver ) impedance. 

It is because 300 -ohm twinlead is so widely used that al- 

most all TV sets and antennas are matched to 300 ohms 
(nominally). 

What makes twinlead have an impedance of 300 ohms? 
First of all, because every conductor shows inductive and 
capacitive reactances, we can come up with a representation 
such as the basic network ( shown untinted ) in Fig. 3. 

This figure is just a schematic representation of twinlead, 
but an artificial transmission line can actually be built of 
coils and capacitors and it will act exactly like a long 300 -ohm 
line. As a matter of fact, artificial "delay" lines are used to 
time pulses in radar equipment. 

Not every parallel pair of conductors has an impedance of 
300 ohms. (In fact, not all TV twinlead on the market has 
the correct impedance.) Actual impedance depends upon 
three factors: the size of the conductors, the spacing between 
the conductors, and the dielectric material used between the 
conductors. 

We've already watched a signal as it traveled down a trans- 
mission line. But what happens when it gets to the end? 
Suppose the end of the line is an open circuit. The TV signal 
will start down the twinlead. All it "sees" is a half wavelength 
at a time. When it gets to the end of the line a peculiar 
thing happens. The signal energy has no place to go. It can't 
just disappear. Therefore, it just starts back up the wire 
again, reversing its direction. 

While part of the signal has bounced back from the circuit 
end of the twinlead, more signal is coming down the line. 
This is illustrated in Fig. 4A. The solid line represents 
the signal going down the line and the dashed line repre- 
sents the signal bouncing up (reflected wave). 

Once again, it appears that we have current simultaneously 
going in two ways in a conductor. Actually, you can't have 
two opposite currents in the same portion of the same wire at 
the same time, but you can have hvo opposite fields in the 
same space. That's what is happening here. What's more, 
these fields are passing through each other. 

At certain points along the transmission line. the polarity 
of these fields is such that they add, increasing the current 
conduction at these points. At other points, the fields cancel 
and no current flows in the conductor at these points. 

While the signals going up the line are moving, and the 
signals going down the line are moving, they always cross 
each other for a given polarity at the same point. Thus. the 
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Fig. 1. Field pattern of a typical TV or FM antenna pickup. 

points of addition and cancellation are alwa < the same. As 
shown in Fig. 4B, the resultant wave pattern sloes not move. 
Because it remains stationary, we call these waves "stand- 
ing waves." 

So far we've discussed only open -ended twinlead. What 
happens if the end is shorted? Pretty much the same thing. 
The signal still bounces back up the line, but it is reversed 
in phase. While unterminated line will show a voltage max- 
imum and current minimum, a shorted line shows current 
maximum and voltage minimum at the end. 

How can reflected signal and resulting standing waves be 
eliminated? We must either make the transmission line end- 
less, or make it appear endless. Obviously, the second method 
is the more practical. To an alternator, an endless 300 -ohm 

00, 
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Fig. 2. How a wavefront gets down antenna transmission line. 

Fig. 3. Schematic representation of transmission line shows 
it to be a network of inductors and capacitors. Mutual coup- 
lings, thus impedcnce, can be changed by external influences. 

IRON RING SHEET OF WATER STAPLE DRIVEN THROUGH 
CENTER OF DIELECTRIC 
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Fig. 4. When both ends of a transmission line are not termi- 
nated in the correct impedance, standing waves are set up. 

transmission line looks just like a 300 -ohm load. Therefore, 
we can fool the alternator into thinking it sees an endless 
line by terminating the line with a 300 -ohm load. This could 
be a 300 -ohm resistor placed across the end of the line, but 
in most cases the TV -tuner input acts as the 300 -ohm load. 

To recap, we started with a 300 -ohm antenna, went 
through 300 -ohm twinlead, and terminated the line with a 
300 -ohm TV set. Theoretically, the installation works 
just fine. 

The trouble is that twinlead maintains 300 -ohm impedance 
only in free space. Fig. 3 shows what happens to twinlead 
under normal installation conditions. Standoffs and insula- 
tors, represented by the iron ring, couple into the magnetic 
fields around the twinlead. This increases both inductance 
and capacitance, causes an increase in losses, and greatly 
reduces the impedance. In fact, if the ring is crimped closed, 
the transmission line behaves almost as though it were shorted 
at that point. 

Similarly, a sheet of water or ice acts like a large capacitor 
across the line. Staples used to run twinlead along baseboards 
can be the worst offenders. 

Proximity to metal, with the resulting change in imped- 
ance also causes standing waves in twinlead. 

If standing waves are unavoidable, how have TV tech- 
nicians been able to use twinlead all these years? Do standing 
waves actually make any difference in the TV picture? Stand- 
ing waves cause both ghosts and signal attenuation. How- 
ever, these problems have not been particularly severe for 
monochrome TV. Let's consider the "ghosts" first. When the 
signal sees an impedance change -or a "lump" in the line - 
it bounces back up the line. However, a portion of that signal 
eventually does reach the receiver. Because the average in- 
stallation uses a number of standoffs and staples, there are 
multiple reflections, each arriving at the screen at a differ- 
ent time. 

The reason that we are willing to put up with these mul- 
tiple -line ghosts is because they are so closely spaced. The 
horizontal sweep trace moves across the TV screen in 53 mi- 
croseconds. Therefore, the reflected signals would have to 
travel over half a mile extra up and down the twinlead to 
cause a one -inch displacement on a 17 -inch TV screen. Since 
the reflected signal actually doesn't travel very far, the ghosts 
are closely spaced, appearing more as smears. These close- 

Fig. 5. Coaxial cables are not influenced by external fields 
as much as twinlead. Impedance remains relatively constant. 
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spaced ghosts are not too greatly disturbing for black -and- 
white TV, but they can destroy a color picture. 

Remember, the color carrier is demodulated by a phase - 
sensitive detector. Thus, a change in phase causes a change in 
color. The reflected signals not only cause ghosts, but the 
ghosts are the wrong color -a very annoying situation. 

What about signal cancellation? As an experiment, con- 
nect a piece of twinlead about six feet long to the TV -tuner 
input terminals -in parallel with the antenna lead -in. Tune 
to an operating channel and then start snipping the end of 
the twinlead off, about a quarter of an inch at a time. Soon 
you'll arrive at a length of twinlead that severely attenuates 
the signal strength of the channel being watched, and the 
picture will get snowy or lose sync. What has been done is 
to make the-line length such that the null point (see Fig. 4) 
of the standing wave is right at the TV -set input. This illus- 
trates how standing waves can reduce signals. Strategically 
placed standoff insulators can have the same effect. 

Reflected signals can also ruin FM- stereo reception by at- 
tenuating the signals, causing the typical buzzes and squawks 
that are characteristic of weak signal reception. 

Fig. 5 shows a cross- section of coaxial cable compared 
with a cross- section of twinlead. Note that the magnetic and 
electrostatic fields around the twinlead conductors extend 
out into the space around the twinlead. This is why twinlead 
is susceptible to impedance changes caused by surrounding 
objects. 

Look closely at the coaxial cable representation. Like 
twinlead, coax depends upon the build -up and collapse of 
magnetic and electrostatic fields in order to conduct. The 
difference is in the contours of these fields. By definition, 
both inner and outer conductors of coax have the same cen- 
ter. Therefore, the magnetic fields around these conductors 
also have the same center. However, current always travels 
through the outer conductor in a direction opposite to that 
of the inner conductor. In other words, these magnetic 
fields occupy the same place at the same time, but they are 
opposite in polarity. Since they are also equal, they cancel 
each other out. 

The electrostatic lines of force appear only between the 
inner and outer conductors. They do not cancel out but are 
confined within the cable .shield. Since no part of the coaxial 
cable fields appears outside the cable, it is completely un- 
aware of its surroundings. It maintains its impedance regard- 
less of proximity to metal or water. 

A commercial, weatherproof matching transformer can be 
used to match a 300 -ohm antenna to 75 -ohm coax. The trans- 
formers should be mounted as close to the antenna as pos- 
sible. The coax can be taped to the mast or tied with ny- 
lon cord. 

At the TV set, another matching transformer is required. 
The coax can be secured in place with round staples, such as 
Arrow #T -25, or ordinary fence staples. Be careful not to 
crush the coax, however. The one thing that can change coax 
impedance is a change in spacing between the center con- 
ductor and the shield. 

There are five good reasons why coaxial cable should be 
used for all color -TV and FM-stereo antenna installations: 

1. Coax is impervious to its surroundings. You can run it 
underground, through pipes, alongside a.c. wires, or under 
water, and it won't change impedance. 

2. Coax won't pick up direct TV signals. This is another 
cause of ghosting in twinlead installations. 

3. Coax is very durable. It will last about ten times as long 
as twinlead. 

4. Coax is easy to install. There is no need to worry about 
avoiding metal or other wires. 

5. Coax won't pick up auto or appliance interference. 
(Editor's Note: It should be understood that all twinlead 

referred to above is the conventional flat type. Many of the 
comparisons made do not apply to such special all -weather 
twinlead as Belden 8285 and Amphenol 214-103.) 
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The Fixed - 
Capacitor Industry 
N. WAYNE ETTER has been President and Gen- 
eral Manager of the Mallory Capacitor Co., Division 
of P. R. Mallory & Co., Inc. since 1963. He is also 
chairman of the EIA Fixed Capacitor Subdivision of 
the Parts Division. From 1960 to 1963 he served as 
President of Mallory Timers Co. and prior to that 
was Works Manager of Mallory Metallurgical Co. 

Guest Sd/tonal 
WITH the exception of resistors, fixed capacitors 

are undoubtedly the most widely produced and 
used component in the electronics industry today. 

The capacitor industry is a prime portion of the electronics 
manufacturing field and its future is inextricably depend - 
ent upon the growth of the over -all industry, which is pres- 
ently expanding at the rate of 5 -8% a year. Expectations 
are that this growth will continue at an ever -increasing 
rate. Disregarding for the moment the possible effect of 
integrated circuits, it is safe to assume that the fixed- capac- 
itor industry will grow at a like rate. 

Since certain aspects of the market, and some capacitors 
themselves, fluctuate from model year to model year, it is 

impossible to predict with any accuracy the number of 
units of any specific type to he made in a given year. There 
are approximately 150 manufacturers of fixed capacitors 
in the United States. Competition is keen, and it is a buyer's 
market. This condition has existed within the electronics 
industry ever since the late 1940's and 1950's, due, of 
course, to the initial television boom -which was a seller's 
market. 

In reviewing 1964, we find that there were 2,305,- 
000,000 fixed capacitors produced, valued at $343,835,- 
000. At first glance, especially to an outsider not familiar 
with our industry, these figures might seem to indicate 
that fixed capacitors are low- priced components and that 
the capacitor industry is a highly standardized product 
market with highly automated volume production facilities. 
This is not the case. 

Of some 20 general lines of capacitors. only a few are 
standardized enough to permit automated production 
methods. Disc ceramics, paper and film dielectric tubulars, 
glass dielectrics, and possibly solid tantalums are the only 
items which at present enjoy some degree of mechanized 
production. 

A look at the aluminum and tantalum electrolytic mar- 
ket offers a good example of one of the major problems 
which besets our industry today. Our company, which is 

ne different from many in our industry, has 14 major alu- 
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minum types and 10 major tantalum types. But when in- 
dividual ratings are examined, it will be found that a file 
of over 14,000 exists. Within any 90 -day period, our com- 
pany involves itself with 4000 distinct and different items, 
and this is in the field of electrolytics alone. One can well 
imagine the total number of distinct units when the entire 
fixed capacitor industry is taken into account. One manu- 
facturer recently reported that his company would produce 
upwards of 40,000 different products in the course of a 
year. This diversity and customized line of products eves - 
tually costs the user a good deal of money. 

The trend -at least on the part of the manufacturer - 
is to encourage a gradual design standardization in the 
years ahead. The industry also hopes that the engineer/ 
technician consumer can be shown the desirability of stand- 
ard components. Savings would accrue to both not only 
in terms of dollars and cents, but in delivery time., inven- 
tories, interchangeability, and replacement stocks as well. 

The use of automated assembly equipment for the in- 
sertion of parts into printed -circuit boards is becoming 
very common now and this forces mechanical standardiza- 
tion of fixed capacitors. Most hi -fi and stereo equipment 
is already transistorized and it now appears that all TV, 
except color, will be transistorized by 1967. This trend to 
transistorized circuits creates a demand for more and 
smaller fixed capacitors and a large -scale change of this 
nature presents an opportunity for manufacturers to re- 
tool. Naturally, most of them are going to reduce cost by 
automating where possible. It is almost an inflexible prin- 
ciple that automation forces standardization of component 
parts and this fact may resolve the biggest problem of the 
fixed- capacitor industry. 

A long -term projection would also have to take into 
account the effect of integrated and thin -film circuits. Here. 
again, an extremely complex technology is involved which 
is best accomplished by highly automated processes and 
manufacturing techniques. It follows that discrete fixed 
capacitors used with these devices will also need to be 

highly standardized 1 
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Ceramic Capacitors 
By ENGINEERING DEPT. / Capacitor Products, Centralab 

The Electronics Div., Globe- Union, Inc. 

Varying composition of the ceramic dielectric can produce a broad 
range of temperature- compensating, high -dielectric- constant capacitors. 

CERAMIC dielectrics are among the most outstand- 
ing and versatile of all capacitor dielectric materi- 
als. They can duplicate, and in many instances far 

surpass, the characteristics of other dielectrics. Their wide 
range of dielectric constants (K) gives them a notable ad- 
vantage in microminiaturization. The K advantage which 
ceramics possess is only one of the inherent superiorities of 
this dielectric. The ability to operate over wide frequency 
ranges, to be functional over large temperature excur- 
sions, and to possess either linear or non -linear character- 
istics gives a heretofore simple capacitor giant capabili- 
ties. The ability to mold ceramic materials into numerous 
shapes, sizes, and thicknesses gives them both mechanical 
and electrical design possibilities beyond those of any 
other dielectric material. 

The development of ceramic capacitors can be traced to 
the German discovery in the 1870's of Rutile (titanium di- 
oxide). Experiments with this material enabled production 
of ceramic capacitors with K's less than 25 in the early 
1920's, but these efforts were scarcely more than a labora- 
tory curiosity until the advent of higher dielectric constant 
materials. 

In 1936, Centralab commercially produced the first ce- 
ramic capacitor in a tubular configuration, having a di- 
electric constant of 100. World War II gave tremendous 
impetus to the development of higher K ceramic dielectric 
materials and implemention of the use of the disc configu- 
ration. Capacitor usage in disc form grew by leaps and 
bounds until the mid -50's when their usage far surpassed 
that of any other dielectric material. 

Virtually all of the ceramic used for the dielectric in ce- 
ramic capacitors can be divided into two broad categories: 
temperature- compensating (or low K) and high dielectric 
constant (high K). This latter category can be expanded 
into a conventional ceramic dielectric type and into a semi- 
conductor type, represented by such trade names as "Ultra - 
Kap," "Hypercon," "Magnacap," and "Transcap." 

Fig. 1. As the proportions of the capacitor material are 
altered, the slope of the temperature curves are changed. 
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Since glass and porcelain capacitors possess electrical 
characteristics similar to temperature- compensating ce- 
ramic, these materials will also be included in the following 
discussion on capacitor types. 

Temperature Compensating 
Ceramics possessing this characteristic have a predict- 

able capacitance change vs temperature. This change is 
called temperature coefficient (TC) of capacitance and is 
expressed in parts per million per degree C (PPM / °C). It 
indicates the number of picofarads of capacitance change 
per degree change in temperature (centigrade). 

These ceramics are available with a TC from P120 (or 
+ 120) to N5250 (or - 5250) and with dielectric constants 
from 5 to 570, generally increasing as TC becomes more 
negative. Standard coefficients and tolerances are available 
as specified in EIA Specification RS -198. and Military 
Specification MIL -C -20D should be consulted when re- 
quired. 

Temperature compensation for commercial applications 
is specified from + 25° to +85 °C. MIL Specs require meas- 
urements from -55° to +85°C, or in some cases to 
+125 °C, or to the maximum operating temperature. 

Magnesium and calcium titanates are two of the com- 
pounds used for the temperature -compensating types. The 
various K levels are achieved by mixing magnesium tita- 
nate (exhibiting positive TC) with calcium titanate (hav- 
ing negative TC). The material proportions alter the slope 
of the temperature curves (see Fig. 1). 

These titanate materials and other compositional addi- 
tive types provide a K range from 5 to 110, with tempera- 
ture coefficients from positive 120 to negative 750 
PPM / °C, while the extended TC series have K ranges 
from 100 to 570 with temperature coefficients from N 1000 
to N5250. 

The temperature -compensating ceramics possess little or 
no voltage -coefficient characteristics, that is, a change of 
capacitance or dissipation factor with applied voltage. The 
effect of frequency on these materials indicates that change 
of capacitance and dissipation factor over the frequency 
range of 60 cps to 1 mc. is minimal. 

Glass and porcelain capacitors exhibit general charac- 
teristics similar to the temperature- compensating ceramic 
and also possess high insulation resistance, excellent sta- 
bility, and high "Q ". They are limited to temperature co- 
efficients in the NPO to P140 range and are not available in 
a large variety of configurations as are TC ceramics. They 
are also widely used in applications involving adverse en- 
vironments and where cost is not a large consideration. 

High Dielectric Constants 
Ceramics in this class are characterized by a dielectric 

constant ranging from 600 to 10,000, a dissipation factor 
less than 2.5 %, and insulation resistance greater than 20,- 
000 megohms. They do not have the stability and high 
"Q" of the TC type. 

The high -K ceramic dielectrics generally are barium 
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titanate modified with alkaline earth titanates, zirconates, 
and stannates. Barium -titanate dielectric material has a 

peak (Curie point) K of approximately 6000 at 120 °C. 

The addition of small amounts of barium stannate shifts the 
peak to a lower temperature, and increasing percentages 
raise the K level. A barium -zirconate modification exhibits 
a similar but less marked effect. Magnesium -titanate addi- 
tions produce a stabilizing effect, and although these addi- 
tions reduce K level, a more linear curve is thereby pro- 
duced. 

Typical capacitor bodies are combinations of these ma- 
terials and exhibit K vs temperature characteristics whose 
peak or Curie point occurs at about room temperature 
(25 °C), with K falling off on either side of this peak. Gen- 
erally, the magnitude of this change will be greater for ma- 
terials with higher dielectric constants. It is obvious that 
this change in dielectric constant vs temperature will cause 
the capacitors to exhibit capacitance changes which di- 
rectly follow these curves. Capacitors are available such 
that their capacitance vs temperature change characteristics 
fall within established limits. 

In addition, these materials will exhibit capacitance 
changes with respect to time (aging), frequency, and volt- 
age. Fig. 2 shows the variation of capacitance and dissipa- 
tion factor vs frequency, indicating a decrease in capaci- 
tance as frequency increases. The effects of applied a.c. 
and d.c. voltage on capacitance are shown in Fig. 3 and 
on dissipation factor in Fig. 4. 

Capacitors using these high -K ceramics will decrease 
logarithmically in capacitance over a period of time. Most 
reputable manufacturers take these small changes in ca- 
pacitance into account, and units are produced to remain 
within tolerance (at room temperature) for one year. It is 

also well to note that whenever the unit is heated it will 
tend to be restored to original capacitance. Therefore, 
aging is generally not a problem. 

Semiconductor Types 

A recent discovery utilizing advanced techniques for 
processing high -K ceramics led to the development of the 
semiconductor -type ceramic capacitor. The "Ultra -Kap," 
first introduced by Centralab in 1955, uses this principle. 
These capacitors provide capacitance values as much as 

100 times greater than those attainable through the use of 
conventional ceramic dielectrics, achieving levels hereto - 
tofore available only with electrolytics and film -type 
capacitors. The economy and compact size of these semi- 
conductor units resulted in their widespread usage in 
transistor circuits for bypass and coupling applications. 
They are most suitable for operation in the audio -fre- 
quency range, and the voltage ratings of these devices are 
from 3 to 25 volts. 
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Fig. 2. Curves show the variation in capacitance and dis- 

sipation factor with frequency, for high -K type dielectric. 

All capacitors of this type will exhibit lower insulation 

resistance than standard ceramic types, with insulation re- 

sistance decreasing with applied voltage. They are there- 
fore best suited for use in low- impedance circuits where 
this low resistance will not cause loading problems. Fig. 5 

illustrates the minimum leakage resistance of this particular 
type of capacitor rated at 25 volts. 

Application Considerations 

The TC type of ceramic dielectric capacitor is essentially 
linear and therefore ideal for use in tuned circuits to com- 

pensate for inherent impedance changes. In a receiver, this 

compensation can be added to the oscillator circuit to effect 

drift compensation throughout that portion of the receiver 
which is dependent on the oscillator frequency. The i.f. 

amplifier drift can be controlled indirectly in this same man- 

ner. 
The linearity and tolerance of the temperature coeffi- 

cient are slightly influenced by the physical configuration 
and may be noticeably influenced by the metallic mass in 

contact with the ceramic. 
For this reason, even though the ceramic can be fabri- 

cated in a variety of shapes, the disc or tubular style is most 

suitable for use in critical temperature- compensating appli- 

cations. Standard compensating disc capacitors are avail- 

able in sizes ranging from 3/16" to 1" in diameter with 

voltage ratings up to 6 kv. d.c. Tubular capacitors are gen- 

erally available in 1 kv. d.c. or less. 
In addition to temperature compensation, the stability, 

high "Q," and high insulation resistance (low leakage) as- 

sociated with this ceramic make it an ideal general -purpose, 
high -quality capacitor for use in tuned circuits, oscillators, 
high- frequency filters, r. f. power applications, or any 
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other electronic circuit requiring high "Q" stability. 
Feedthrough capacitors are a combination of bypass 

and feedthrough that enables the designer to run leads 
through the chassis and simultaneously bypass. Both TC 
and high -K materials are used in the fabrication of these 
units to provide very low or very high capacitance as re- 
quired. They are produced in physical sizes ranging from 
1/8" in length to over 8" in length and voltage ratings 
ranging from 50 volts to 60 kv. d.c. Conductor current - 
carrying capabilities can be as high as those required for 
broadcast transmitters. 

Feedthrough capacitors are available in either tubular or 
discoidal forms. These latter types are considerably more 
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expensive than the tubular configurations. Discoidal types 
tend to exhibit more linear attenuation characteristics in 
the 500- to 1000 -mc. frequency range. 

Standoff capacitors are available in disc or tubular con- 
figurations. Tubular standoffs are used in such low -fre- 
quency applications as tie points and chassis bypass. Disc 
standoffs find use in high- frequency applications where 
lead inductance must be minimized. 

Special high -voltage capacitors for induction heaters, x- 
ray, diathermy, and r.f. applications where high- frequency 
and high r.f. currents are encountered, such as plate, coup- 
ling, tank, and bypass functions, utilize the desirable char- 
acteristics of TC ceramics. 

High -K materials can also be used in those applications 
where no specific temperature coefficient is required and 
where dielectric losses are inconsequential. These devices 
are designed for specific applications but in most cases 
utilize variations of four basic shapes, which are cup, dou- 
ble cup, slug, and cylinder. Voltage, current, frequency, 
and mechanical considerations are some of the factors 
which influence the final capacitor design that is to be em- 
ployed in a given circuit. 

Capacitors of either TC or high -K dielectric (as listed by 
UL) can be used as a.c. line bypass or for antenna isola- 
tion applications in commercial receivers. 

Ceramic -Capacitor Color Code 

Color 

A 
Temperature 
Coefficient 
(PPM / °C) 

B 

Temperature 
Coefficient 

(Sig. Figure) 

C D E F G H 
Temperature Temperature Capacitance 1st 2nd Decimal 
Coefficient Range Change over Significant Multiplier 
Multiplier ( °C) Temp. Range Figure 

I 

Capacitance 
Tolerance 

J 

Tolerance of 
Capacitance 

G10 pf. >10 pf. 

Black 0 0.0 -1 - ±2.2% 0 1 ±20% ±2pf. ±20% 

Brown -33 - -10 +10 to 

+ 85 

±3.3% 1 10 - ±.1 pf. ±1% 

Red -15 1.0 -100 - ±4.7% 2 100 - - +2% 

Orange -150 1.5 -1000 ±7.5% 3 1000 - ± 3% 

Yellow -220 2.2 -10000 - ±10% 4 10,000 +100, - 0% 
- - 

Green --330 3.3 +1 - ±15% 5 - ±5% ±.5 pf. ±5% 
Blue -410 4.7 +10 - ±22% 6 

Violet - 750 7.5 +100 - +22,- 33 % 7 - - 
Gray + 150 to 

-1500 
-- 1000 to - 5200° 

+ 1000 - + 22, - 56% 8 .01 +80, 
-20% 

± .25 pf. 

White +100 to - 750 

- +10,000 - +22, -82% 9 .1 ±10% -!'1 pf. ±10% 

Gold - - -SS to 

+ 85 

±1 % - 
Silver - -- - -30 to 

-H 85 

±1.S% - - - - - 
*Multiplier dot is black. 
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CAPACITOR 

TYPE 

CERAMIC- CAPACITOR SUMMARY CHART 
OUTSTANDING 

USE CHARACTER - 

ISTIC 

DISC 

TEMPERATURE 

COMPENSATING 

EXTENDED 

RANGE TEMP. 

COMPENSATING 

Compensate 
for drift 
in tuned 
circuits 

Circuits 
requiring 
high -Q & 
stability 

H I -K 

CERAMIC 

DIELECTRIC 

Bypass & 
coupling 

A.C. RATED 

LOW VOLTAGE 

(ULTRA -KAP) 

TUBULAR 

TEMPERATURE 

COMPENSATING 

EXTENDED 

RANGE TEMP. 

rCOMPENSATING 
NI -K 

CERAMIC 

DIELECTRIC 

FEEDTHRU 

Line 
bypass & 
antenna 
isolation 

Low 
voltage 
circuits 

High -Q 

High -Q 
& stable 
capacitance 
character- 
istics 

High 
capacitance 
in small 
package 

High 
capacitance 
in small 
package 

Very high 
capacitance 
in small 
package 

D.C. 

WORKING 

VOLTAGE 

SPECIFICATIONS 

TYPE OF 

CERAMIC 

INSULATION 

RESISTANCE 

(MINIMUM) 
COMMER- 

CIAL 
MIL 

RS198 
Class 1 

MIL -C -20 

NPO-N750 50,000 meg. 
RS165 

Class 1 

Up to 500 v. 
RS198 

Class 1 

1 kv. to 6 kv 
RS168 

Class 1 

N1000 
N5250 50,000 meg. 

RS198 
Up to 500 v. Class 2 

MIL-C-11015 
H i-K 20,000 meg. 

1 kv. to 6 kv. RS165 
Class 2 

MIL -C -11015 
Some 

150 v.r.m.s. UL 492 

NPO-N750 50,000 meg. 

N 1000- 
N5250 50,000 meg. 

H i-K 20,000 meg. 

3 v.d.c. 
to 

25 v.d.c. 
Special 

2000 ohm 
to 

10 meg. 

Compensate 
for drift 
in tuned 
circuits 

High -Q & 
stable 
capacitance 
character- 
istics 

Up to 1 kv 
RS198 

Class 2 
MIL -C -20 NPO-N750 

SPECIAL 

Circuits 
requiring 
high -Q & 
stability 

High -Q 
& stable 
capacitance 
character- 
istics 

Up to 1 kv. 
RS198 

Class 1 

N 1000- 
N5250 

Bypass & 
coupling 

Tuner & 
other feed - 
thru appli- 
cations 

High 
capacitance 
in small 
package 

Dual 
function 
low cost 

Up to 1 kv 
RS198 

Class 2 
Hi-K 

Up to 60 kv. 

NPO-N750 

N1000- 
N5250 

H i-K 

TRANSMITTING 

Transmitters 
induction 
heaters, 
electronic 
welding, x -ray, 
diathermy 

High -Q 
& stable 
capacitance 
character- 
istics 

Up to 60 kv. 

MISC. 

GLASS 

DI ELECTRIC 

CAPACITORS 

Circuits 
requiring 
high -Q & 
stability 

High -Q & 
stable 
capacitance 
character- 
istics 

Up to 500 v. 

PORCELAIN 

DIELECTRIC 

CAPACITORS 

Tuned 
circuits, 
high -f req. 
circuits 

MULTI - 

LAYER 

CERAMIC 

These capacitors are 
extensions of the std. 
disc capacitor. Very 
high capacitance is 

obtained thru the use 

of multiple plates. 

500 v. 

NPO-N750 

N 1000- 
N5250 

Hi-K 

MIL -C- 11272 ' P140 

MIL -C -11272 P105 

DISSIPATION 

FACTOR 

(MAXIMUM) 

OPERATING 

TEMPERATURE 

.1 % @ 1 mc.* 
-55°C to 

125 °C 

.6% @ 1 mc.* -55°C to 
85 °C 

1.5% @ 1 kc. 
- 55°C to 

200 °C 

.2% @ 1 mc 

.6% @ 1 mc. 

.15% @ 1 kc. 

- 55°C to 
85 °C 

5% to 
15% @ 1 kc. 
depending on 

voltage 

- 55°C to 
85 °C 

50,000 meg. .1% 

50,000 meg. .6% 

20,000 meg. 1.5% 

10,000 meg. .2% 

10,000 meg. .6% 

10,000 meg. 2.5% 

10,000 meg. .1% 

10,000 meg. .2% 

10,000 meg. 1.5% 

100,000 meg. .1% 

100,000 meg. .1% 

25 v. 
to 

200 v. 
MIL -C -11015 

TC 

Hi-K 

*Limits are fo capacitance values above 30 pf. See RS198 or MIL -C -20 for limits below 30 pf. 

@ 1 me. 
-55°C to 

125 °C 

@ 1 me. 
-55°C to 

85 °C 

@ 1 me. 
-55°C to 

85 °C 

@ 1 mc.* - 55°C to 
125 °C 

@ 1 mc.* -55°C to 
85 °C 

@ 1 kc. 

@ 1 mc.* 

@ 1 mc.* 

@ 1 kc. 

100,000 meg. 

1.5%@1kc. 

-55°C to 
125 °C 

- 55°C to 
85°C 

-55°C to 
85°C 

-55°C to 
125 °C 

-55°C to 
125 °C 

-55°C to 
150 °C 
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Plastic -Film Capacitors 
By WALTER C. LAM PH 1ER / Senior Product Specialist, Sprague Electric Co. 

Advances in plastic chemistry have produced an open -ended 
list of capacitor dielectrics whose electrical characteristics 
can be tailored to suit almost any particular circuit need. 

AMONG the plastic -film dielectrics presently used in 
capacitors are polystyrene, polypropylene, poly - 
tetrafluoroethylene, polyester, polycarbonate, cel- 

lulose tri- acetate, polypyromellitimide, and polyparaxylene. 
The basic construction of capacitors using these materials 
is quite similar. They may be considered as parallel -plate 
capacitors which have been rolled into a coil. For the most 
part, the conducting plates extend from opposite ends of 
the coil and have leads attached. The capacitor roll is 
protected from the external environment by a metal case, 
a plastic housing, or a plastic encapsulation. Fig. 1 shows 
the basic construction of a typical capacitor which might 
use any of the these dielectrics. 

The photograph (next page) shows a number of capaci- 
tors which demonstrate the numerous variety of external 
housings and terminal arrangements in which plastic -film 
dielectric capacitors are furnished. 

The dielectric materials mentioned may be used to pro- 
duce extremely thin sheets which are employed as the sep- 
arators in plastic -film capacitors. Each material is used in 
capacitors because some particular characteristic or com- 
bination of characteristics of the resulting capacitors is 
unique and most advantageous for specific circuit applica- 
tions. Table 1 covers some of the more important physical 
and electrical properties of these materials. 

Polystyrene 
Polystyrene is a polymer of the aromatic styrene mono- 

mer and possesses outstanding electrical characteristics. 
Using this material, capacitors may be made to capacitive 
tolerances as close as 0.1% . They will retain this precise 
value almost indefinitely, even following moderate temper- 
ature changes. The high resistivity and small negative. but 
linear, temperature coefficient of capacitance make them 
very useful in analog computers. The two chief limitations 
to the use of polystyrene capacitors are the 85 °C maxi- 
mum operating temperature and their relatively large size. 
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LEAD 

GLASS -TO -METAL SEAL 

ENTIRE EDGE OF FOIL SOLDERED TOGETHER 

PLASTIC FILM DIELECTRIC 

Fig. 1. Internal details of a 
metal- encased film capacitor. 

Polypropylene 

Polypropylene is an aliphatic polymer of the propylene 
monomer and possesses outstanding electrical characteris- 
tics similar to polystyrene. It is available from high -volume 
production equipment and hence has the lowest price per 
pound of any of the organic materials mentioned. Un- 
fortunately, it has some serious limitations because of its 
physical properties. It has low tensile strength and thus is 
limited to a minimum thickness of 1.0 mil (0.001 ") at the 
present time. Its lack of physical stability prevents it from 
having the outstanding electrical stability that is character- 
istic of properly made polystyrene capacitors. 

Polytetrafluoroethylene 
Polytetrafluoroethylene (PTFE) is an aliphatic polymer 

of the fluorinated carbon atom. Its intrinsic insulating 
properties are the best of all plastic materials presently 
used. The highly symmetrical fluorinated carbon atom, as 
well as a lack of impurities in the material as manufactured, 
result in the highest resistivity and lowest loss factor of 
all organic dielectric materials used in capacitors. It also 
has a small linear negative temperature coefficient of ca- 
pacitance. PTFE does not melt but may be sintered above 
300 °C, indicating high bond strength which may be cap- 
italized upon to produce capacitors rated for reliable oper- 
ation at 200 °C. The two most striking drawbacks of TFE- 
fluorocarbon capacitors are their large size and high cost. 
The size is greater than that of polystyrene capacitors and 
the cost is five times as great. Because of these limitations, 
PTFE capacitors are used as a last resort when the highest 
insulation resistance possible, a linear temperature coeffi- 
cient above 85 °C, or an operating temperature above 
150 °C are key parameters. The material is available from 
several sources here and abroad under such names as 
Teflon -TFE, Fluon, Halon, and other trademarks. It also 
has widespread uses in such applications as coating for 
chemical ware and cooking utensils because it is inert to 
most chemicals and materials do not adhere to it. 

Polyester 
Polyester capacitors are presently the most widely used 

of all plastic -film capacitors. The most common polyester 
which is employed is a product of the reaction of tere- 
phthalic acid and ethylene glycol. The latter may be fa- 
miliar as the standard non -boiling automotive antifreeze 
material. Polyethylene terephthalate was originally de- 
veloped abroad and its electrical characteristics were first 
published in 1949. It is not only used as a capacitor dielec- 
tric but it is also one of the most widely used synthetic ma- 
terials for making fibers for weaving cloth. Imperial Chem- 
ical Industries, which originated PETP (to use the corn- 
mon abbreviation), markets its capacitor film under the 
trademark Melinex and its fiber as Terylene. E. I. DuPont 
de Nemours, which introduced the material into the U. S., 
calls it Mylar or Dacron for the corresponding applica- 
tions. A heavier gauge film for photographic purposes is 
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Polyester Polystyrene Polycarbonate Polypropylene Polytetra - 
fluoroethylene 

Cellulose- 
tri- acetate 

Polypyro- 
mellitimide 

Polypara- 
xylene 

Diel. 
Const. (1 kc.) 

3.1 2.55 3.0 2.2 2.1 4.5 3.1 2.7 

D.F. (1kc.) .004 .0002 .0009 .0006 .0001 .022 .001 .0002 

Volume 
Res. (ohm -cm.) 

1018 >10" >10'7 10" >1018 1012 1018 1018 

Gauge 15 -100 25 -100 8 -100 + 40-100 25 -100 
100* 

50 -100 <10 ** ** 

Temp. 
Range ( °C) 

To+150 To+85 To+ 125 To+105 To+200 To+125 To+200+ (air)+ 70 
(inert)+200 

T.C. (PPM/°C) +333(85° C) -120 - 75(+ 75) * ** - 200 - 200 + 500 + 60 - 50 

Available as 
Metallized 

yes no yes no yes yes development development 

tensile 
Outstanding strength, 
Characteristic dielectric 

strength 

linear T.C. 

low D.F. 

high resis. 
low D.F. 

light 
low D.F. 

inexpensive 

low D.F. 
high resis. 
high temp. 
linear T.C. 

high high temp. T.C. 

dielectric low D.F. low D.F. 

constant good T.C. high I.R. 

* Unsupported film ** Supported film * ** Depends on construction 

Table 1. Characteristics of the various dielectrics which are used in the manufacture of plastic capacitors. 

sold under the trademark Cronar by DuPont. Other ven- 

dors have recently come on the market with PETP as well, 

selling it simply as an XX -brand polyester or under other 

trademarks, such as Celanar, etc. A somewhat similar 

polyester material with slightly different qualities, poly - 

cyclohexylene dimethylene terephthalate (abbreviated as 

PCHMTP or PMPT), is sold by Eastman Kodak under 

the trademark Kodar. 
Polyester, as made by DuPont, was the first dielectric 

film to effectively challenge the use of kraft paper in an im- 

portant segment of the capacitor field. The material is 

physically very tough. Moreover, it may be obtained in 

near -perfect sheets as thin as 0.15 mil (15 gauge) , 1/20 
the thickness of a typical brunette hair. It exhibits a much 
greater tolerance toward atmospheric contamination, such 

as from moisture, than does kraft paper. For this reason, 
non -hermetically sealed polyester -film capacitors have sub- 

stantially replaced the conventional "paper tubular." Poly- 

ester capacitors must be operated below the corona, or 
flash -over voltage of air, since voids are always present. As 

a consequence, alternating voltages above 250 volts r.m.s. 
and direct voltages above 2500 volts are frequently detri- 
mental to dry -wound polyester capacitors. A further limita- 
tion in PETP film is the second -order transistion in the 
material which may occur between 85° and 125 °C. Indi- 
cations are a substantial increase in capacitance. a peak in 

the loss factor, and a pronounced increase in failure rate 
under d.c. operation. 

A combination dual dielectric of polyester film and kraft 
paper with various impregnants, either "solid" or liquid, 
overcomes some of these problems and increases reliability. 
These dual dielectric capacitors are very widely employed. 

Polycarbonate 
Polycarbonate, while also a polyester, is usually referred 

to by this generic name. It is formed by reacting bisphe- 
nol-A and phosgene. The latter may be remembered as a 

poisonous gas used in World War I. 
The KG- polycarbonate material offered by the German 

firm Farbenfabriken Bayer A. G. has proven to be superior 
to polycarbonates from other sources when used as a ca- 
pacitor dielectric. The thickness gauges are approximately 
the same as those of Mylar -brand PETP. Its handling 
properties are quite similar; however, polycarbonate does 
not exhibit the second -order transition characteristic of 
PETP and retains its excellent electrical qualities at tem- 
peratures as high as 140 °C. Both the resistivity and loss 

factor approach the values for polystyrene. The capaci- 
tance of polycarbonate units will change about 1% from 
room temperature over the operating temperature range. 
The curve or capacitance change with temperature is cres- 
cent- shaped with its maximum at about room temperature. 
Capacitance stability with time is very good but not quite 
as excellent as that exhibited by polystyrene capacitors. At 
this time, the two factors that have prevented its use in a 

major section of the capacitor field are the physical condi- 
tion of the sheet and the cost of the film, which is more 
expensive than either paper of PETP -polyester. 

It should be noted that dual -dielectric capacitors, which 
balance the characteristics of PETP and polystyrene to 
achieve an essentially zero temperature coefficient of ca- 
pacitance over a wide temperature range, in many cases 
may be replaced by polycarbonate units. 

Cellulose Tri- Acetate 
Cellulose tri- acetate (CTA), which is a nearly com- 

pletely acetylated cellulose, has been well known for many 
years. Straight cellulose acetate and cellulose acetate 
butyrate have also been used as capacitor dielectrics but 
have been sustantially replaced by polyester. Cellulose tri- 
acetate, however, may be manufactured in film as thin as 4 
gauge or 0.00004 ". The smallest capacitor which can be 
manufactured from CTA film is 1/s the volume of the 
smallest equivalent PETP capacitor. Electrical properties 
of the cellulose tri- acetate capacitors are adequate for 
most requirements at temperatures up to 85 °C but are a 
limitation on their use at higher temperatures. 

Polypyromellitimide 
Polypyromellitimide film is made from a resin resulting 

from the condensation reaction of pyromellitic dianhydride 
and an aromatic diamine. This unique organic polymer, 
sold by DuPont under the trademark Kapton -H polyimide, 

Some of the different methods of packaging plastic -film units. 
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Fig. 2. Capacitance change vs temperature for various plastics. 
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is capable of being used over a very wide temperature 
range and is highly stable. Its electrical characteristics ap- 
proach those of TFE -fluorocarbon except that the temper- 
ature coefficient of capacitance is positive and not precisely 
linear. The material presents a number of exciting possibili- 
ties to the capacitor designer and user; but its ultimate 
value will best be determined after some history in capaci- 
tor production when it has passed the pilot -plant stage, pro- 

Fig. 4. Insulation resistance vs temperature for the plastics. 
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duction problems have been solved, and prices have been 
firmed. This should not be too far in the future. 

Polyparaxylene 
Polyparaxylene polymer may be deposited on electrodes 

in extremely thin films. It is consistent with the other highly 
priced plastics mentioned previously in yielding a dielectric 
strength of several thousand volts per mil. Capacitor data 
to this time is quite limited because the material is still in 
the final stages of development for this application. Avail- 
able information does hold out the prospect of a substantial 
reduction in capacitor sizes for uses above 125 °C. 

Because this film can be vapor deposited directly onto 
the metal electrodes as a pure uniform polymer in thick- 
nesses one -third that of free film dielectrics, stable devices 
having less than one -fifth the size of polystyrene capacitors 
of equivalent electrical rating can be produced. 

Comparisons 
Capacitors produced from these materials are compared 

in a number of ways when selecting the proper type to best 
meet circuit needs. The curves given in Figs. 2, 3, and 4, 
showing variation in capacitance, dissipation factor, and 
insulation resistance to temperature, illustrate the type of 
data used for this purpose. 

In addition to these fundamentals, two other features of 
organic -film capacitors must be taken into consideration. 
Of the eight materials mentioned, polystyrene has not 
been extensively available or used in the metallized form. 
Thin sheets of polystyrene must have very low voltage 
ratings, and the basic size problem which exists with ca- 
pacitors made from this material becomes amplified. Both 
TFE -fluorocarbon and polyparaxylene can be deposited on 
electrodes by vacuum techniques which permit film thick- 
nesses of less than 1000 Angstrom units. These techniques 
are still in the embryonic stages but do present the possi- 
bility of low- voltage film capacitors in the future being 
minified to approach the sizes, in some cases, of aluminum 
electrolytic capacitors. As previously mentioned, two dif- 
ferent films may be used together in a capacitor winding, 
either in series or in parallel within the same roll. The re- 
sultant compromise in electrical characteristics can be fore- 
cast from curves of Figs. 2, 3, and 4. The PS /PETP combi- 
nation, which has substantially zero capacitance change 
from 0 °C to 80 °C, is the best in this respect of any known 
capacitor, including the so- called NPO ceramics. 

MIL Spec 
One measure of the acceptance of a new type of capaci- 

tor in industry is found in the status of its Military Specifi- 
cation. MIL Specs are written only after a capacitor has 
had some usage by suppliers of military electronic equip- 
ment. A rule of thumb might be that a MIL Spec is gener- 
ated after two to three years of significant and successful 
usage. Keeping this in mind, Table 2 may be of interest, 
setting forth as it does the present specification status in 
the Department of Defense of capacitors which are cur- 
rently manufactured from the organic plastic materials 
discussed in this article. 

Table 2. MIL -Specs covering some of the plastic dielectrics. 

Type Capacitor MIL Type No. or MIL Spec. No. 

Dielectric Characteristic 

Polystyrene 

Polytetra - 
fluoroethylene 

Polyester 

Metallized- 
Polyester 

Char. P 

Char. T 

Char. M 

CTM 

Char. R 

MIL -C -19978 

MIL -C -19978 

MIL -C -19978 
MIL -C -27287 (USAF) 

MIL -C -39022 
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Paper Capacitors 
By WILLIAM M. ROBINSON 

Chief Engineer, Cornell -Dubilier Electronics Div. 
y Federal Pacific Electric Co., New Bedford, Mass. 

, 

One of the most widely used types of capacitor, the paper type has 
characteristics mostly dependent on the type of impregnant used. 

PROBABLY the least exotic member of the capacitor 
family is the paper -dielectric capacitor. It is well 
known that mica types have much better over -all 

electrical characteristics, film dielectrics have lower losses 
and better resistance to humidity, and electrolytics and 
ceramics are smaller in size and lower in cost. Yet, after 
seventy years of commercial application, paper capacitors 
are still the most widely used capacitive component. 

Paper capacitors range in physical size from the sub- 
miniature to huge complex banks -in ratings from a few 
volts to hundreds of thousands of volts. Paper capacitors 
are well suited for a.c. or d.c. service, pulse and energy- 
storage applications, and for use in simple electronic de- 
vices or the most complex computers. 

Basic Construction 
Basic materials for all paper- capacitor elements are kraft 

paper, aluminum foil, and a liquid wax or resin impreg- 
nant. The type of paper and impregnant, as well as vital 
design factors, determine the rating and establish the over- 
all performance characteristics of the finished capacitor. 
Packaging in a metal or insulated housing, together with 
the type of terminals used, limits or extends the capacitor's 
capability with respect to environmental performance. 

Dielectric Structure 
A paper capacitor receives its name from its basic dielec- 

tric material, kraft paper. This material is not just a porous 
separator as found in electrolytic capacitors but is a vital 
part of the dielectric structure. 

Kraft capacitor tissue is manufactured from specially 
selected unbleached sulfate pulp made from certain species 
of soft woods. These pulps are chosen for their uniformly 
long fibers and high degree of purity. The pulps are made 
to rigid specifications to insure that the fiber length, chemi- 
cal composition, and purity of each lot will meet exacting 
requirements. 

There are many types and grades of kraft for use as a 
dielectric. Some of these perform better on a.c., others on 
d.c., depending upon the dielectric strength and dissipa- 
tion factor. 

Aluminum foil used for paper capacitors ranges from 
.00017 to .0005 inch in thickness and has a purity of at 
least 99.8 %. The surfaces must be free from all traces of 
rolling lubricants and other sources of contamination. Al- 
though tin -lead alloy foil is occasionally used on very small 
capacitor elements, aluminum is preferred because of its 
resistance to corrosion and electrochemical action, both 
of which are apt to severely degrade the capacitor elec- 
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trical characteristics under certain operating conditions. 
Use of impregnants for kraft paper improves the dielec- 

tric strength greatly and increases the dielectric constant, 
consequently reducing both the size and cost for any given 
capacitor rating. The impregnant also establishes the tem- 
perature- capacitance characteristics as shown in Fig. 1 and 
is an important factor contributing to the insulation re- 
sistance and dissipation factor of the finished capacitor. 
Some impregnants are used exclusively in capacitors for 
d.c. service, others for a.c. capacitors, depending upon the 
dissipation factor and dielectric strength they impart. 

Design Factors 
The voltage rating is established by the selection of the 

type, thickness, and number of layers of kraft paper, to- 
gether with the characteristics of the impregnant used. In- 
sulation spacing between metal parts of the element is 

directly related to the voltage rating. Capacitance is pro- 
portional to the area of the aluminum -foil electrodes and 
inversely proportional to the distance between the elec- 
trodes. Design factors determining capacitance are C = 
(.225 A K)I (T x 103) where A is the active electrode 
area in square inches, K is the dielectric constant of mate- 
rial, T is the dielectric thickness in mils, and C is the capaci- 
tance in microfarads. 

Winding of the capacitor element is accomplished with 
automatic or semi -automatic machines to minimize hand 
contact and to assure uniformity of the product. Fig. 4A 
shows a wound roll of kraft and aluminum foil together 
with inserted tinned -copper contact strips. The extended- 

Fig. 1. Capacitance change with temperature for kraft paper 
dielectric material showing effects of various impregnants. 
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Fig. 2. Insulation resistance characteristics of paper capac- 
itors showing effects of the various types of impregnants. 

foil type of winding, shown in Fig. 4B, has the foil 
protruding so connections may be made externally. In- 
serted -tab construction is generally used for d.c. or low - 
frequency a.c. capacitors, the extended foil being used for 
the smaller sizes, those used at higher frequencies, or 
where high- current pulses or discharges are required in 
operation. 

Paper capacitors are usually made with two aluminum 
foils separated by two or more layers of kraft. Higher 
voltage windings often employ twelve or more papers with 
as many as six foils. 

Many of the smaller, lower -cost paper capacitors for 
the entertainment field are impregnated at this stage. 
Assembly in non -metallic molded, tubular, or dipped en- 
closures follows the operation of attaching lead wires. This 
is the wet -assembly method of manufacture. 

Most military and industrial capacitors, including all 
those for a.c. and higher voltage ratings, are made by the 
dry- assembly process. This consists of assembling the wind- 
ings in metal containers and, after seaming, conducting 
the impregnation process through a small hole in the case. 
The hole is then sealed. 

Dry- assembly processed capacitors are made in almost 
an infinite variety of shapes and sizes using squeezed -seam, 
rolled -seam, and welded -seam containers. 

Terminal connections and insulators range from the sub- 
miniature to extremely large sizes. The capacitor element 
and internal circuit connections are generally heavily in- 
sulated from the case with thick sheets of kraft paper made 
to the same requirements as for the dielectric paper. 

Impregnation 
Capacitors are loaded into the impregnation tanks where 

they are subjected to extended heat and vacuum cycles to 
remove all traces of moisture and air. This process is con- 
ducted at temperatures well below the critical level, which 
would be harmful to the kraft paper, by extending the time 
and monitoring the temperature and vacuum frequently. 
Force -drying the elements at excessively high temperatures 
to reduce process time is generally detrimental to reliable 
operation. 

After the internal parts of the capacitor element have 
been thoroughly evacuated and dried, the tanks are flooded 
with the impregnant. Alternate vacuum and pressure cycles 
are applied so that every fiber of the paper is thoroughly 
impregnated and all voids are removed. 

Finishing and QC 
At the end of the impregnation cycle, the capacitors are 

removed from the tanks, drained, sealed, and cleaned, and 
markings are applied over plain, painted, or plated finishes. 
The QC (quality -control) program includes 100% tests 
of capacitance, dielectric strength, seal, and mechanical 
inspection, as well as statistical checks of insulation re- 
sistance and dissipation factor. 

Test facilities are used to conduct life tests to determine 
quality -level and service -life capabilities to verify design 
standards and to accumulate data for reliability studies. 
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These facilities consist essentially of high- temperature 
ovens with adjustable a.c. or d.c. power supplies and con- 
trols to maintain specified test conditions. Before any new 
design standard or material is used in a paper capacitor, 
it is thoroughly evaluated under accelerated life conditions. 

Special Constructions 
The capacitors previously described are of conven- 

tional foil -paper construction. Other types are made using 
series -wound elements with high -voltage ratings and low - 
inductance conductors for energy- storage and pulse appli- 
cations. Such capacitors often are required to deliver 
discharges of tens of thousands of amperes in intervals as 
short as a few microseconds. 

Plastic films are also used in conjunction with paper for 
a dielectric having special characteristics of capacitance 
change with temperature and an extremely high insulation 
resistance. The mixed dielectric combines the best prop- 
erties of both materials, frequently resulting in a more re- 
liable product, although at a higher cost. 

Metallized paper capacitors with vapor- deposited metal 
electrodes are available where space will not accommodate 
standard capacitors. The smaller size is obtained by use 
of electrodes less than one micron thick and reduced di- 
electric for a given rating. This type of unit has limited self - 
healing properties upon voltage breakdown, as the elec- 
trode material will fuse and clear by electrical discharge. 
Metallized capacitors are used in ratings up to 600 v.d.c. 
They should not be employed in circuits where high insula- 
tion resistance is a necessary critical requirement. 

Power Losses 
Even though paper capacitors normally perform to more 

than 99.5% efficiency, there are internal power losses that 
must be considered for units operating in a.c. or pulse cir- 
cuits. The methods of calculating power loss for a.c. opera- 
tion is Watts Loss = D.F. (E2 /Xe) where D.F. is the dissi- 
pation factor of the capacitor, E is the applied r.m.s. sine - 
wave voltage, and X,, is the capacitive reactance of the de- 
vice involved. 

The method of calculating power loss for pulse opera- 
tion is Watts Loss = D.F. (C E12 N) where C is the capa- 
citance in farads, El is the applied peak voltage, D.F. is 
the dissipation factor of the capacitor, and N is pulses per 
second. 

Approximately .06 watt per square inch of case surface 
area will result in a 10 °C rise above the ambient tempera - 

Fig. 3. How temperature affec s life of a paper capacitor. 
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Y Fig. 4. (A) Paper capacitor element made with inserted contact tabs. (B) Paper capacitor element extended foil construction. 

ture, assuming the capacitor is operating in still air. This 
temperature rise has a marked effect on capacitor life. 

be described. 
When making the calculations for power loss, the dissi- 

pation factor may be assumed to range from .0025 to .005, 
depending upon the type of impregnant used. The actual 
temperature rise may, of course, be measured by testing 
the capacitor under the given conditions. 

Effects of Temperature 
Paper dielectric capacitors are designed to operate at 

ambient temperatures of 55 °C, 70 °C, 85 °C, or 125 °C, 
depending upon the design standards and impregnants 
used. Chlorinated or mineral waxes and oils are generally 
limited to 85 °C. Silicone -fluid, certain resins, and polyiso- 
butylene- impregnated capacitors may be used to 125 °C. 
Higher temperatures result in gradual decomposition of 
the cellulose fibers of the paper, as well as chemical changes 
in the impregnants, causing degradation of electrical 
characteristics of paper capacitors. 

Effects of temperature and capacitance are shown in 
Fig. 1. The large loss in capacitance for some impregnants 
is due to change in the dielectric constant of these mate- 
rials. Such capacitors recover full capacitance when re- 
turned to room temperature. Units operating in a.c. or 
pulse circuits frequently generate sufficient heat through 
internal losses to recover full capacitance after less than 
one hour of operation, even though they are exposed to 
very low ambient temperatures. 

Designers must also consider insulation -resistance 
changes with temperature. Shunt leakages are often 100 
times greater at high ambient temperatures than at 25 °C. 
as shown in Fig. 2. Insulation resistance of capacitors may 
also decrease with life due to the effects of moisture on 
units made in non -metallic cases and chemical changes in 
those made in hermetically sealed construction. Circuits 
should be designed to accommodate ten times the leakage 
current specified for a given capacitor with an additional 
adequate allowance for operation at high temperatures. 

Dissipation- factor changes with temperature are not 
significant except for capacitors operating in a.c. or pulse 
circuits. 

Life performance of paper capacitors is related to am- 
bient temperature. A 10 °C increase may reduce life as 
much as 50 %, as shown in Fig. 3. Use of capacitors at 
temperatures below maximum rating is recommended to 
extend life and lower failure rates. This may also be accom- 
plished by using capacitors at less than rated voltage where 
higher ambient temperatures cannot be avoided. When de- 
signing a mechanical layout for equipment, capacitors 
should be located as far as possible, or thermally insulated 
from, sources of damaging heat such as tubes, transform- 
ers, and power dissipating resistors. 

Voltage Effects 
A well- designed paper capacitor generally is rated for 

July, 1965 

CAPACITOR PRECAUTIONS 
1. Keep all large capacitors, high -voltage or high -ca- 

pacitance types, fully discharged with a low- resistance or 
shorting wire connected across the terminals. Many' per- 
sons have been seriously injured by touching capacitors 
long after they had been removed from a source of 
voltage. 

2. Install capacitors away from sources of heat such 
as tubes, transformers, or power resistors. 

3. Do not exceed the temperature or voltage ratings 
unless such service is approved by the manufacturer. 

4. Do not discharge a capacitor with a direct short 
circuit unless the capacitor is rated for this type of 
service. Direct discharge may result in an exceedingly 
high current flow from the capacitor or set up an oscilla- 
tory discharge which may be harmful to the capacitor. 
Limit the discharge current to one ampere unless the 
capacitor is designed for higher current service. 

5. Keep non -metallic cased capacitors in a dry storage 
area, not exposed to a humid atmosphere. 

6. Solder connections to capacitors in a manner which 
will not damage the seal. On wire -lead types, soldering 
should be done at least Ya" away from capacitor body. 

7. Use a torque wrench when tightening nuts to avoid 
damage to capacitor seal. 

8. Do not subject capacitors to any unusual environ- 
mental conditions of vibration, shock, pressure, or immer- 
sion without first checking with the manufacturer. 

9. Allow a maximum of ventilation for a.c. or pulse 
capacitors operating at high ambient conditions. 

Fig. 5. How voltage affects the life of a paper capacitor. 
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Fig. 6. Attenuation characteristics of conventional and 
feedthrough capacitors as measured in a 50 -ohm circuit. 

a life capability of more than 50,000 hours. However, 
service conditions may shorten or extend this time. In 
addition to the temperature effects, the applied voltage 
also has a considerable bearing on the successful perform- 
ance of a capacitor. 

Both industry and the military have accepted in their 
specifications the use of the fifth -power rule relating to the 
voltage life of paper capacitors for d. c. operation. The 
following equation shows the relationship between the ap- 
plied voltage and operating life: L2 = L1(Vl /V2)5 where 
L1 is the life at rated voltage V1, L2 is the life at voltage V2, 
V1 is the rated voltage, and V2 is the intended operating 
voltage. 

Fig. 5 shows that operation for 20% under rated voltage 
will result in almost a 300% increase in capacitor life. This 
factor applies mainly to hermetically sealed paper capaci- 
tors, but it may also be applied to non -metallic cased types 

r?.)7 ?1,t=:k 

if desired circuit operation is not critical with respect to the 
capacitor insulation resistance. 

Frequency Effects 
Electrical characteristics of capacitance and dissipation 

factor remain fairly stable at increased frequencies. There 
may be a 5% to 10% loss of capacitance at frequencies 
above 1 mc. as compared with 60 -cycle or 100 -cycle val- 
ues. Dissipation factors will also be somewhat higher. 

Since all capacitors contain some degree of series in- 
ductance as well as shunt resistance, the effect of these on 
impedance must be considered in circuit design. Induct- 
ance is caused by circuit connections to the capacitor ele- 
ment. Series resistance is also contributed by these con- 
nections and the foil electrodes. Shunt resistance results 
from normal dielectric leakage. 

At the higher frequencies, conventional paper capacitors 
can be expected to perform as shown in Fig. 6 with exact 
characteristics dependent upon capacitance value and type 
of circuit connections to the element. Feedthrough ca- 
pacitors of coaxial construction have much better fre- 
quency characteristics although they employ paper dielec- 
trics. 

When using d.c. paper capacitors in audio- or radio -fre- 
quency circuits, precautions must be observed to limit volt- 
age to prevent overheating and greatly reduced life. At 60 
cycles, the maximum voltage applied should be less than 
20% of rating; at 1000 cycles, 6 %; and at 10,000 cycles 
and higher, only 1 %. These values may be exceeded only 
if a specific capacitor is evaluated under the intended con- 
ditions of operation and is found to stabilize within its 
maximum ambient temperature rating. 

MICA -CAPACITOR COLOR CODE 
The electrical value of a mica capacitor can be determined from 

an examination of the six -dot color code imprinted on the body of 
the capacitor. 

When the capacitor is being read, the direction indicator (an arrow 
on the body in some form) should point to the right of the reader. The 
dots are read from left to right across the top row and from right to 
left across the bottom row, in that order. 

FIRST SIGNIFICANT FIGURE 

FOR MICA: BLACK - MIL -C -S 
WHITE - E IA 

SECOND SIGNIFICANT FIGURE 

CHARACTERISTIC 

Color 
First and second 
significant figure 

TOLERANCE 

Decimal 
Multiplier 

DECIMAL MULTIPLIER 

Tolerance Characteristic 

black o 1 ±20% 
brown 10 ±1% B 
red 2 100 ± 2% C 

orange 3 1000 ±3% D 
yellow 4 E 
green 5 -±5% F 
blue 6 
purple 7 
gray 8 
white 9 - 
gold .1 ±5% 
silver .01 ±10% 

The on y exception which may be made occurs when three signifi- 
cant figures are to be found in the characteristic. In this case the 
upper three dots represent the three significant figures and the iden- 
tification color is eliminated. 

Letter 

B 

C 

D 

E 

F 

Characteristic Code 

Temperature Coefficient (PPM /°C) Capacitance Drift 

MIL -not specified 
EIA -±500 
-200 to +200 

-100 to +100 
-20 to +100 
0 to +70 

MIL -not specified 
EIA - ±(3% + 1 pf.) 
MIL -±(.5% + .1 pf.) 
EIA -±(.5% + .5 pf.) 
± (.3% + .1 pf.) 
± (.1% + .1 pf.) 
± (.05% + .1 pf.) 

If the color code is to be used to identify a MIL molded or dipped 
mica capacitor, a nine -dot sequence is used. The six dots on one face 
of the capacitor remain and have the same identification as the six - 
dot code previously discussed. There are three additional dots on the 
reverse side of the capacitor and these are identified as follows: 

VOLTAGE RATING VIBRATION GRAU.:. 

Color 

TEMPERATURE RANGE 

MIL 9 -Dot Code 

Voltage Rating Temp. Range Vibration Grade 

black 
brown 
red 
orange 
yellow 
green 
blue 

300 v.d.c. 

500 v.d.c. 

-55 to 70°C 10 to 55 cps 

-55 to 8- 5°C 

-55 to 125°C 

-55 to 150°C 

10 to 200- 0 cps 
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Mica Capacitors 
By E. M. ROTHENSTEIN 
Executive Vice President, Arco Electronics 

Mica capacitors are widely used because of their high 
stability and good reliability. This article covers the 
foil, silvered, reconstituted, molded, and dipped types. 

MICA is one of a very few natural materials directly 
adaptable for use as a capacitor dielectric. Its 
physical and electrical properties, plus its rare 

characteristic of perfect cleavage, elevate mica to a posi- 
tion of the very best natural capacitor dielectric known 
today. Its position is further strengthened in comparison 
with organic synthetics, such as plastic films, and multiple - 
composition dielectrics, such as ceramics, by reason of its 
inherent stability. Mica, being a natural mineral and 
adapted to use without physical or chemical alteration, is 

completely inert both dimensionally and electrically. As 
a dielectric, it will not exhibit aging or deterioration nor 
subtle variants in electrical properties. 

The property of perfect cleavage enables mica fabrica- 
tors to split blocks of mica into sheets as thin as .0001 
inch. The surfaces of the split sheets are parallel, and the 
splitting along natural crystalline structure lines can be 
accomplished with relative ease and uniformity. 

The best of several varieties of mica is muscovite, a 
particularly clear form with the best electrical perform- 
ance. It is found primarily in South America and the 
Orient, with the latter being the principal source. In list- 
ing the properties of muscovite mica which pertain to its 
use as a capacitor dielectric, examination of the figures will 
provide an immediate explanation of its popularity: 

Dielectric strength -3000 to 6000 volts per .001 inch. 
Volume resistivity -greater than 2 x 1013 ohm centi- 

meters. 
Dielectric constant -6.5 to 8.7. 
Dissipation factor -about .0001 at radio frequency to 

about .001 at 60 cycles. 
Operating temperature- approaching 500 °C. 
Mica, being a natural product, exhibits a non -uniformity 

of chemical composition and purity. Gross variants are 
screened out, but variability is still present, as evidenced 
by the figures just mentioned. Some synthetics have in- 
herently uniform characteristics which will sometimes 
prove to be a design advantage. 

Structure 
The use of mica sheets in capacitors is accomplished 

by the classic technique of interleaving alternate layers of 
insulating and conducting material, as shown in Fig. 1. 
Each "sandwich" of insulation between two conductors 
creates the capacitor, with capacitance being a function 
of area and spacing of the plates, and dielectric constant 

Fig. 1. Mica capacitors are made in "sandwich" fashion. 
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of the insulation. Each sandwich of capacitance is paral- 
leled by using tin -lead foil conductors extending alter- 
nately from opposite edges of the mica stack. All foils 
from one side are shorted together and connected to one 
capacitor termination. The other foils, also interconnected, 
form the second electrode. Parallel capacitors are additive 
in capacitance. 

The conducting foil does not reach to the limits of area 
of the mica sheet, except on the edge over which the foil 
extends for electroding. This area between the edge of 
conductor and insulator is commonly called the "margin." 
This margin is a safety area to prevent conduction from 
one plate to another around the edge of the mica insula- 
tion. There is danger of a current path through impurities 
on the surface of the mica or of flashover in air or gaseous 
material which may exist within the capacitor structure. 
This is eliminated through provision for adequate areas of 
non -conducting margin. 

The earliest mica capacitors in common usage were of 
a foil structure as described. There were two primary 
classes, identified as receiving and transmitting. Both these 
basic styles are still widely used today. The receiving mica 
is a smaller device for low- power, low -voltage circuits with 
electrodes clamped to pigtail wire leads. Molded -foil mica 
capacitors are limited to the order of .01 µf. a voltage rat- 
ing of 2500 v.d.c., and current -carrying capacity measured 
in milliamperes. The later development of a silvering tech- 
nique for capacitor plates has expanded these limits. 

The transmitting mica capacitor, as its name implies, 
is used in higher power circuits -voltages as high as 
30,000 v.a.c. and currents in excess of 100 amperes at 
radio frequency. To allow mica capacitors to withstand 
such electrical extremes, it is necessary to increase the 
mica thickness to gain sufficient resistance to voltage break- 
down, increase the margin area, pot the capacitor in in- 
sulating material to eliminate gaseous elements, reducing 
the possibility of "flashover" around the edges of the mica 
and corona, and increase the thickness of the conducting 
foil to accommodate heavy current. Ribbons of foil are 
used to connect each plate to the capacitor terminals. 

When electrical stress levels are too great for the sim- 
ple parallel capacitor structure illustrated (as in the case 
of excessive voltage for a single sheet of mica, or an ex- 
cessive current requirement despite the low dissipation 
factor of mica as a dielectric material, whose current - 
carrying capability is limited mainly by the heat generated 
within the capacitor due to PR losses), the capacitor sec- 
tions are connected in series. This provides a voltage - 
dividing effect, easing the dielectric burden on the in- 
dividual mica films. Since series connection of capacitors 
provides a divisive capacitance effect, greater plate area is 
required per unit of capacitance, and the volume of the 
capacitor per unit of capacitance is greatly increased. Heat 
generation within the capacitor is diminished, and the 
larger surface area of the capacitor enclosure affords faster 
dissipation of heat to the surrounding environment. 

For purposes of physical comparison with each other 
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and with other types of capacitors, the molded receiving- 
type capacitors vary in volume from well under 0.1 cubic 
inch to somewhat less than a cubic inch. The potted trans- 
mitting styles vary from 3 to more than 500 cubic inches 
in volume. 

Although some paper and plastic -film dielectric ca- 
pacitors have made inroads into the mica transmitting field, 
the latter style of capacitor is still pre- eminent in its area. 
However, the foil -electrode, molded receiving -type mica 
capacitor has been largely supplanted by silvered mica 
capacitors and ceramic dielectric units. The foil mica struc- 
ture had excellent and unmatched stability by early stand- 
ards, and there was no suitable substitute for low -ca- 
pacitance values until the advent of ceramic capacitors. 
The ceramics eventually replaced foil mica to a large extent 
in general -purpose, broad -tolerance use where capacitance 
change with temperature was not a design factor. For the 
burgeoning market of precise frequency -selective and tim- 
ing circuits, foil mica did not fill the bill and was super- 
seded by silvered mica and temperature- compensated ce- 
ramics. So the original foil mica capacitor today has a 
very small share of the capacitor market. 

The silvered mica differs from the foil in that the con- 
ductive capacitor plate is a thin layer of silver which is 

screened and fired onto the surface of the mica. The fol- 
lowing advantages are obtained: 

1. The exact screening process provides an area on the 
surface of the mica which is predictable in size and posi- 
tion to a degree not possible in a foil construction. 

2. Since the plate is physically bonded to the dielectric, 
no relative motion occurs in the presence of physical, 
electrical, or environmental stresses, making the capacitor 
extremely stable and its variation with temperature closely 
repeatable. 

3. The direct contact of plate and dielectric eliminates 
the potential presence of air or other foreign matter in 
the active dielectric area of the capacitor. This preserves 
the dielectric characteristics of the mica and eliminates 
instability created by expansion and contraction of air 
pockets in foil mica capacitors. 

4. The obvious instability created by warping or wrink- 
ling of foil during fabrication is eliminated. 

Slips of conducting foil are still used to provide an 
electrical path from the silvered plates to the terminals of 

As the frequency of the current passing through the capaci- 
tor increases, a 'self- resonant condition is approached. The 
capacitive reactance, dominant at normal operating frequen- 
cies, decreases, while inherent inductive reactance increases 
with a rise in frequency. The inductance of the mica capaci- 
tor is found in its leads, lead assembly, and the metallic 
internal structure of the active capacitive section. Actual 
tests confirm the inverse relationship between resonant fre- 
quency and square root of the capacitance value. The induct- 
ance of the capacitor remains relatively constant for a given 
lead length. It is also very nearly the same for all case - 
size configurations. Shortening the wire leads will effect a 
modest increase in resonant frequency. As self- resonance is 
approached, dissipation factor rapidly increases as the re- 
sistance of the capacitor becomes a greater percentage of the 
total impedance. At resonance, capacitor is purely resistive. 
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the capacitor. As in the case of pure foil capacitor con- 
struction, the foils are brought out alternately at opposite 
edges of the stack, folded to the top of the stack, and 
clinched together with the clamp -lead assembly. Fig. 2 
shows a silvered mica capacitor before it is encased in its 
protective enclosure. In this case, the capacitor is a dip - 
coated unit. 

Although mica capacitors are enclosed by means of a 
wide variety of methods, there are four principal styles. 
Low -power receiving types are usually molded or dipped; 
high -power transmitting types are potted in molded plastic 
cases or in large ceramic tubes with metal terminations. 

Molded Types 
The molded -style receiving mica capacitors retained 

practical exclusivity in the marketplace for some 30 years. 
The dipped style is a relatively recent innovation. For 
some time, the mold material was a phenolic resin, and it 
remains as the case material in a large percentage of 
molded micas made today. The phenolic resin has excel- 
lent electrical properties, good moisture resistance, is hard, 
and will not flow extensively during molding to contami- 
nate the active capacitance field. However, its high-tern- 
perature performance leaves much to be desired, and it is 
necessary to use an impregnant (usually wax) to obtain a 
good moisture seal. The phenolic will not bond to the pig- 
tail lead when molding takes place, so a possible moisture 
path exists at the interface of wire lead and mold material. 
This must be filled by an impregnant to serve as a moisture 
barrier. 

In recent years, softer plastics with greater ease of flow, 
even at substantially lower molding temperatures and 
pressures, and better high- temperature characteristics have 
been used as mold materials. A bond of sorts is made be- 
tween the material and lead, prompting some manufac- 
turers to eliminate the impregnating process. However, the 
electrical characteristics of the softer resins are not as good 
as those of the phenolic, principally affecting dissipation 
factor, and resin moisture resistance is not as good. Investi- 
gation into newly developed plastics for use as enclosure 
materials continues today, and it is likely that markedly 
improved mold materials for mica capacitors will appear in 
the near future. 

Another facet of molding effects on the capacitor is 
the tendency toward reduction of the life expectancy and 
increase in the failure rate of the mica section. The heat 
and pressure of molding apparently produce a fatigue 
effect which influences the reliability of the capacitor. 
This effect is noticeable in phenolic -molded units and 
manifests itself to a lesser degree in mica capacitors molded 
in the softer resins. Much higher reliability is obtained in 
capacitors which have been dip- coated instead of molded. 

Dipped Types 
The improvement in reliability, change in lead configura- 

tion to increase its adaptability to printed circuitry, reduc- 
tion of fabrication cost, and some saving in size are all 
factors in development and rapid industry acceptance of 
the dipped unit. The reduction in stresses related to en- 
closure also tends to decrease capacitance change during 
the finishing process and makes for a more stable capacitor 
in operation. 

The dip is usually a combination of resins applied in 
a series of coats to build up necessary dielectric insulation 
and a moisture barrier. An excellent bond can be obtained 
between case material and wire lead, completing the mois- 
ture seal. A proper blend of resins will exhibit excellent 
moisture resistance, electrical properties, and satisfactory 
performance at a temperature of 150 °C. 

If the dipping is performed at less than atmospheric 
pressure, a near monolithic structure is obtained, giving 
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the capacitor great strength and physical stability and 
excluding corona -producing air and other impurities. A 
minor disadvantage of this technique is the introduction 
of the case material into the dielectric field of the capacitor. 
Since the electrical properties of the dip material do not 
approach those of mica, higher dissipation factor and tem- 
perature coefficient is the result. However, the increase 
in these characteristics is slight, not enough to change the 
relative merit of the mica capacitor when compared with 
other dielectric materials. The dipped mica capacitor is 

still capable of far exceeding minimum published standards 
in all respects. Incidentally, these published standards are 
MIL -C -5C for military applications and the Electronic 
Industries Association Standard RS- 153 -A. 

Other Types 

The higher power potted transmitting types are en- 
closed in molded plastic cases specifically designed for the 
purpose or in large ceramic tubes. The mica capacitor 
stack is clamped under pressure for retention of physical 
integrity and minimum spacing between plates. The ca- 
pacitor is inserted in the case with proper electrical con- 
nections made to screw terminals, and the structure is 

potted. In the case of the large tubular styles, the large 
metal end caps also serve as terminals, and a compressive 
force during closure adds to the assembly's strength and 
rigidity. 

It might he well to point out that some mica capacitors 
have been made in tubular forms, using the rolling tech- 
nique normally associated with paper and plastic -film ca- 
pacitors. Even the thinnest natural mica sheets are not 
flexible enough to withstand rolling; but in this case, the 
rolls of dielectric are not mica in natural form but recon- 
stituted mica. Reconstituted mica is made by flaking the 
mica into very small pieces and then reorienting the flakes 
into paper -like thin sheets, usually incorporating a small 
percentage of organic binder material. The binder ma- 
terial has an appreciable effect on electrical characteristics. 
However, in one instance, a firing process has enabled re- 
constitution of the mica flakes into sheets without the use 
of binders so that most of the basic properties are retained. 
The use of reconstituted mica capacitors is limited to cer- 
tain applications for which they are particularly adaptable. 

Operating Characteristics 

Whether for receiving or transmitting applications, the 
principal characteristics of mica manifest themselves in 
the ultimate decision as to the type of capacitor to be em- 
ployed. In the case of a high -power application, the de- 
cisive factors are the fundamental security inherent in use 
of this natural material, coupled with electrical excellence 
when the dictates of application clearly demand mica. A 
properly designed high -power mica capacitor will operate 
year after year, withstanding high dielectric stresses and 
passing heavy a.c. current without noticeable deteriora- 
tion. During this period, the capacitor may be expected 
to maintain its original capacitance value within narrow 
limits, and the effect of changing temperatures is minimal. 
When we consider low -power applications, again the in- 
herent stability of the dielectric and its relative insensitivity 
to electrical or environmental variants is decisive. A 
silvered mica capacitor may be manufactured to extremely 
close tolerances; but more important, it can be expected 
to retain the original setting throughout operating life. To 
verify this fact, it is well to call attention to the fact that 
when size limitations eliminate the use of air -dielectric ca- 
pacitors as standards, mica dielectric is used for the fabri- 
cation of primary capacitance measurement standards. 

After establishing the key points of stability and reli- 
ability (there is more actual documentation on verified 
reliability of micas than any other), certain comparisons 

Fig. 2. An assortment of mica capacitors. Silvered mica capa- 
citor (upper right) is shown before application of coating. 

can be made with other dielectrics. These may demonstrate 
a narrow superiority of other materials within limited 
spheres of performance, but for all- around use, mica still 
plays a most important role. 

1. Temperature- compensating ceramic capacitors (spe- 
cifically NPO zero -temperature coefficient) may have 
temperature coefficients closely controlled to a point where 
capacitance variation with temperature may be less than 
that for a silvered mica capacitor, but the mica will have 
better long -term aging characteristics, a much lower dis- 
sipation factor, less sensitivity to frequency variation, less 
sensitivity to voltage variation, and smaller size in high - 
capacitance values. 

2. Polystyrene dielectric capacitors may have lower 
dissipation factor and dielectric absorption, but again, mica 
will have superior long -term stability, will operate reliably 
at much higher temperatures, have a much lower tempera- 
ture coefficient (percentage change in capacitance value 
per unit change in temperature), and physically be a more 
rugged dielectric material. 

3. Polyester dielectric capacitors may rival mica in re- 
liability (with conservative design), and they may be 
physically rugged and provide greater capacitance per 
unit volume. But in all other respects, from a standpoint 
of electrical and environmental performance, mica re- 
mains superior. 

Mica capacitance insulation resistance varies with the 
environmental temperature present during its operation. 
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Fixed - Capacitor Sources 
AVAILABILITY A Parts distributor 

B Industrial distributor 
C Direct 

0 Custom -made only 

E Not sold as discrete item 

Aerovox Corporation (A,B,C) 1,2, 4,6,7,8,9,10,11,12,15,21,22,23, 
740 Belleville Ave., New Bedford, Mass. 24,25,26 ,27,28,29,30,31,32,33,34,35,36 
Airborne Accessories Corp. (B,C,D) 
1414 Chestnut Ave., Hillside, N.J. 

Allen- Bradley Co. (C) 
136 W. Greenfield Ave., Milwaukee, Wis. 

Alpha Microelectronics, Inc. (C,D) 
2414 Reedie Dr., Wheaton, Md. 

Amark Corp. (C) 
92 North Ave., New Rochelle, N.Y. 

American Elite, Inc. (C) 
48 -50 34th St., Long Island City, N.Y. 

American Lava Corp. (C,D) 
Cherokee 8 Mfrs. Rd., Chattanooga 5, Tenn. 

Amp Incorporated (C) 
Harrisburg, Pa. 

Amperex Electronic Corp. (C) 

230 Duffy Ave., Hicksville, N.Y. 

Arco Electronics, Inc. (A,B,C) 
Community Dr., Great Neck, N.Y. 

Astron (A,C,) 
255 Grant Ave., East Newark, N.J. 

Axel Electronics Inc. (C,D) 
134 -20 Jamaica Ave., Jamaica 18, N.Y. 

Balco Capacitors Div. (B,C) 
49 -53 Edison Pl., Newark 2, N.J. 

Barco, Inc. (A,B,C) 
Box 1222, Milwaukee, Wis. 

Bel Fuse, Inc. (C,D) 
204 Van Vorst St., Jersey City 2, N.J. 

Bourns Inc., Trimpot Div. (C) 
1200 Columbia Ave., Riverside, Cal. 

Brand Electronic Components, Inc. (C) 
220 Ferris Ave., White Plains, N.Y. 

Collins Industries (C,D)f 
Greenfield, Tenn. 

Cambridge Thermionic Corp. (B,C) 
445 Concord Ave., Cambridge 38, Mass. 

Capco Capacitors (B,C) 
1410 Pioneer Drive, Irving, Tex. 

Capon, Inc. (C) 
61 Stanton St., New York 2, N.Y. 

Centralab Electronics (A,B,C) 
998 E. Keefe Ave., Milwaukee 1, Wis. 

Chicago Condenser Corp. (C,D) 
3255 W. Armitage, Chicago 47, III. 

Components, Inc. (C) 
Smith St., Biddeford, Me. 

Component Research Co., Inc. (C) 
3019 S. Orange Dr., Los Angeles 16, Cal. 

Components Specialties, Inc. (C) 
101 Buffalo Ave., Freeport, L.I., N.Y. 

Condenser Products Co. (A,B,C) 
Box 1046, Brooksville, Fla. 

Connolly 8, Co., Inc. (C) 
914 Rengstorff Ave., Mountain View, Cal. 

Cornell -Dubilier Electronics (A,B) 
50 Ave. L, Newark, N.J. 07101 

Corning Glass Works (A,C) 
Corning, New York 

Corson Electric Mfg. Corp. (C,D) 
Watrous St., East Hampton, Conn. 

CTS Corp. (C,D) 
2,5,7,9,36 1142 W. Beardsley Ave., Elkhart, Ind. 

Dearborn Electronic Labs, Inc. (C) 
Box 3431, Orlando, Fla. 

Dickson Electronics Corp. (B) 

248 S. Wells Fargo Ave., Scottsdale, Ariz. 

Dietz Design Inc. (C,D) 
29 100 Electronics Parkway, Belton, Mo. 

Dilectron Div. (C,D) 
2669 S. Myrtle Ave., Monrovia, Cal. 

Dolinko 8 Wilkens, Inc. (C) 

21,22,23 1907 Summit Ave., Union City, N.J. 

Eitel- McCullough, Inc. (C) 
301 Industrial Way, San Carlos, Cal. 

Electra Mfg. Co. (E) 

2,4,7,8,12 800 N. 21st St., Independence, Kans. 

Electrical Utilities Co. (C) 
2427 St. Vincent Ave., La Salle, I 

Cube Inc. (A,C) 
805 Fairview Ave., South Pasadena, Cal. 1,2,4,6,7,8,29,30,32 
Electro -Mec (C) 

5,28,30,31 E. Orchard St., Terryville, Conn. 06786 

Electro Motive Mfg. Co. (A,C) 
S. Park 8 Johns Sts., Willimantic, Conn. 

Electro Scientific Industries, Inc. (C) 
12 13900 N.W. Science Park Dr., Portland 29, Ore. 

Electron Products (B,C) 
1960 Walker Ave., Monrovia, Cal. 

Electronic Associates, Inc. (C) 
West Long Branch, N.J. 

Erie Technological Products, Inc. (C) 
644 W. 12th St., Erie, Pa. 

Fansteel Metallurgical Corp. (A,B,C) 
7,12,18 Rectifier -Capacitor Div., No. One Tantalum PI 

Film Capacitors, Inc. (B,C) 
100 8th SI., Passaic, N.J. 

Filmohm Corp. (D) 
2,5,7,8,9 48 W. 25th St., New York 10, N.Y. 

Filtron Co., Inc., (C,D) 
131 -15 Fowler Ave., Flushing 55, N.Y. 

General Electric Co., Capacitor Dept. (B,C) 
P.O. Box 158, Irmo, S.C. 29063 1, 2,3,4,5,6,7,8,11,28,29,30,31,32 
General Instrument Corp., Capacitor Div. (B,C) 1,2,5,7,12,14,15,16,17,18, 
65 Gouverneur St., Newark 4, N.J. 28,29,30,31,32,33,35 
General Laboratory Assoc. Inc. (D) 
17 E. Railroad St., Norwich, N.Y. 37 

General Products Corp. (C) 

Union Springs, N.Y. 1,2,4,7,28 
General Radio Co. (C) 

4,12d,21 22 Baker Ave., West Concord, Mass. 1,35,36 
Genistron, Inc. (C,D) 
6320 W. Arizona Circle, Los Angeles 45, Cal. 1,2,4,5,6,7,8,28,30,32 
Glenco Corp. (A,B,C) 
212 Durham Ave., Metuchen, N.J. 21,22,23,24,25,27 
GLP Electronics (B,C) 
350 Riverside Ave., Bristol, Conn. 14,17,18 

21,22,23,27° 

1,12,18,21,22,23 

2,28,30,31,37` 

1,2,4,5,6,12,22, 23,27,33,35 

1 ,4, 5, 7, 8,12,14,18, 2 2, 2 3, 2 4, 2 5, 2 7, 

28,29,30,31,32 

5,30,31,34,36,37 

e 

1,2,3,4,5,6,7,8,9,1 1,28,29,30,31,32 

14,18 

1 

21,22,23,24,25,26,27 

g 

11 

2,4,7,8,28,29,30,31,32 

1,2,4,5,6,7,8,9 

19,20,21,22,23 

21,22,23,24,25,26,27d 

1,2,7,10,12,28,29 

19,21,22,23,24,27 

1,2,3,4,5,6,7,8,9,10,11 

1,21,22,23,24,25,26,27 

1,2,7,28,29,30,31,32 

15 

1,2,4,5,6,7,8,9,11 

12,18 

2,28,31,33,35,36 

h 

1 ,4,5,6,7,8,24,27,28,29,30,31,32 

1,2,4,5,6,7,8,9,24,25,26,27,31 

2,14,21,22,23,24,25,27,35 

, North Chicago, III. 14,15,16 

1,2,3,4,5,6,7,8,9,28,29,30,32 

34 

1,2,3,5,6,7,9,28,29,30,31,32 

1,2,5,6,28,30,31 

1 

1,2,4 ,6,7,8,11,12,13,14,15,16,18,28, 
29,30,31,32,33,34, 35,36,37 

Good All Capacitors (TRW) (B,C) 

19 112 W. First St., Ogallala, Neb. 1,2,4,6,7,8,14,18,23,30,31 

a. also printed circuit discs; b. also silicon oxide: c. also polymide; d. micromini- 
ature; e. cermet; P. OEM only; g. vacuum type; h. air dielectric standard; i. air 
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LEGEND 

FILM ELECTROLYTIC 

1 polystyrene 12 aluminum 

2 polyester 13 tantalum foil 
3 polypropylene 14 tantalum solid 

4 polycarbonate 15 tantalum slug dry 

5 TFE fluorocarbon 16 tantalum slug wet 

6 polystyrene polyester 17 tantalum wire 

7 metallized polyester 18 non -polarized 
8 metallized polycarbonate 
9 metallized fluorocarbon 

10 lacquered dielectric 

11 deposited dielectric 

GLASS & CERAMIC 
19 glass 

20 porcelain 

21 L.V. ceramic 

22 G.P. ceramic 

23 T.C. ceramic 

24 high capacitance 

25 high voltage 
26 a.c. operation 
27 temperature stable 

PAPER & PAPER FILM 

28 paper 

29 metallized paper 

30 oil impregnated 

31 paper polyester 

32 metallized paper polyester 

MICA 
33 receiving 

34 transmitting 
35 silvered 

36 foil 
37 reconstituted 

Gudeman Co. (B,C) 

340 W. Huron St., Chicago, Ill. 60610 

Gudeman Co. of Calif. Inc. (B,C) 
7473 Ave. 304, Visalia, Cal. 93278 

High Energy, Inc. (C,D) 
9 Cricket Terr., Ardmore, Pa. 

Hopkins Engineering Co. (C) 

12900 Foothill Blvd., San Fernando, Cal. 

Hunter -Stanley Electronics, Inc. (C) 
208 Russell St., Nashville, Tenn. 

Illinois Condenser Co. (C) 

1616 N. Throop St., Chicago 22, III. 

Industrial Condenser Corp. (C) 

3245 N. California Ave., Chicago 18, III. 

International Electronic Industries (B,C) 

Box 9036 Melrose, Nashville, Tenn. 

International Electronics Corp. (C) 
316 S. Service Rd., Melville, L.I., N.Y. 

lonetics Corp. (C,D)t 
86 Leonard St., New York, N.Y. 10013 

ITT Capacitor Dept. (B,C) 

815 San Antonio Rd , Palo Alto, Cal. 

Jennings Radio Mfg. Corp. (C) 
970 McLaughlin Ave., San Jose, Cal. 95108 

JFD Electronics Corp. (B,C) 
15th Ave. at 62nd St. Brooklyn 19, N.Y. 

La Pointe Industries (C) 
155 W. Main St., Rockville, Conn. 

Lapp Insulator Co., Inc. (C) 

31 Gilbert St., Le Roy, N.Y. 

Leeds & Northrup Co. (C) 
4970 Stenton Ave., Philadelphia 44, Pa. 

Line Material Industries (C) 

700 W. Michigan St., Milwaukee 1, Wis. 

Luther Electronic Mfg. Co. (D) 
5728 W. Washington Blvd., Los Angeles 16, Cal. 

Maida Development (C,D) 
214 Academy St., Hampton, Va. 

Mallory, P.R. & Co., Inc. (A,B,C) 
3029 E. Washington St., Indianapolis, Ind. 

Measurements (C,D) 
Box 180, Boonton, N.J. 

M.E.C. Inc. (C) 
796 Berry Rd., Nashville, Tenn. 

Midwest Sales Co. (B.C) 
601 S. Jason St., Denver 23, Cola. 

Mucon Corp. (C) 
9 St. Francis St., Newark, N.J. 07105 

Muter Co. (D) 
1255 S. Michigan Ave., Chicago 5, III. 

Nytronics, Inc. (C) 
550 Springfield Ave., Berkeley Hgts., N.J. 

Ohmite Mfg. Co. (A,B,C) 

3601 Howard St., Skokie, Ill. 
Paktron (C) 
1321 Leslie Ave., Alexandria, Va. 

Plastic Capacitors, Inc. (B,C) 
2620 N. Clybourn Ave., Chicago 14, Ill. 

Presin Co. Inc. (C) 

1,2,4,5,6,7,8,9,28,29,30,31,32 226 Cherry St., Bridgeport 5, Conn. 

Priester Corp. (C) 

1,5,7,2 5,29 Box 267, Scarsdale, N.Y. 

Products Research Co. (B,C) 
2919 Empire Ave., Burbank, Cal. 

Quality Components, Inc. (C) 

2,4,5,7,8,9,28,29,30,31,32 St. Marys, Pa. 

Reid Hill Electronics (C,D) 
13,16 150 Church St., Amsterdam, N.Y. 

RF Interonics, Inc. (C,D) 
1 2,1 8 15 Neil Ct., Oceanside, N.Y. 

STM (Safe -T -Mike) Corp. (C,D) 

1,2,4,7,8,12,18,28,30 2904 Chapman St., Oakland, Col. 

San Fernando Electric Mfg. Co. (B) 

12,13,15,16,18 1509 First St., San Fernando, Cal. 

Sangamo Electric Co. (B,C) 

1,2,4,7,8,12,13,14,21,22,28 1201 N. 11th St., Springfield, Ill. 

Scintilla 
2,4,6,7,8,10,12,21,22,23,25,27 Sidney, N.Y. 

Solar Mfg. Corp. (C) 

14,15,16,18 4553 Seville Ave., Los Angeles 58, Cal. 

Southern Electronics Corp. (B,C) 
n 150 W. Cypress Ave., Burbank, Cal. 1,2, 3,4,5,6,7,8,9,22,23,27,30,31,37 

Sprague Electric Co. (A,B,C) 1,2,3,4,5,6 ,7,8,9,10,12,13,14,15,16,17,18, 

21,22,23,24,25,26,27 North Adams, Mass. 21,22,23,24,25,26 ,27,28,29,30,31,32,34,35,36,371 

Stackpole Carbon Co. (C) 
t 201 Stackpole St., St. Marys, Pa. 

Standard Condenser Corp. (C,D) 
J 3749 Clark St., Chicago 13, III. 

Sun Capacitors (C,D) 

35 2554 W. Lawrence Ave., Chicago 25, Ill. 

Syncro Corp., Electronics Div. (D) 

30 Hicksville, Ohio 

Tansistor Electronics, Inc. (B,C) 

2,5,25,28,30 West Rd., Bennington, Vt. 

Texas Capacitor Co. (A,B,C) 
4310 Langley Rd., Houston 16, Tex. 

Texas Instruments Inc. (B,C) 
Box 5012, Dallas 22, Tex. 

Ti -Tal, Inc. (C) 
33 2001 Main St., Santa Monica, Cal. 

Union Carbide Corp., Kemet Dept. (B,C) 
11901 Madison Ave., Cleveland 1, Ohio 

United Electronic Mfg. Corp. (A,C) 
542 39th St., Union City, N.J. 

United Mineral & Chemical Corp. (A,B,C) 
16 Hudson St., New York 13, N.Y. 

U.S. Semcor (A,B,C) 
3540 W. Osborn Rd., Phoenix, Ariz. 

Vitramon, Inc. (A,C) 
Box 544, Bridgeport 1, Conn. 

Wayne -Kerr Corp. (C,D) 
22 Frink St., Montclair, N.J. 07042 

Wesco Electrical Co., Inc. (C) 
2,4 27 Olive St., Greenfield, Mass. 

West -Cap Arizona (B) 
2201 E. Elvira Rd., Tesson, Ariz. 

1,2 ,5,6,25,26,28,30,31,33,34,36,37 

1,12,29,32 

2,4,7,12,21,25,35,36 

21,22 

k 

30,37 

2,5,7,28,29,30,31,32 

12,18 

1,2,3,4,5,6,7,8,9,21,22,23,28,29,31,32 

12,18,28,29,30,32,33,34,35,36,37 

2E,28E,29E,31 E,3 7° 

21,22,23,24,25,26,27 

21,22,23,25,27 

12 ,13,14,15,16,18,20,21,22,23,24, 
25,26,27,28,29,30,31,32 

12 

1,2,4,5,6,7,8 

21,22,23,24,26,27 

22,23,25 

21,22,23,24,25,26,27 

13,16,17 

1,4,7,10,28,29,30,31,32 

m 

1,2,4,5,6,7,8,28,30,31 

1,2,4,26,27,28,30,31 

12 

13,14,15,16,17,18 

1,2,4,5,7,8 

14 

14,16,18 

11,14,18" 

12,18 

21,22,23, 24,25,26,27 

14,15,16,17,18 

20,21,22,23, 24,25,27 

1 ,2,4, 6,7,8,28, 29,30,31,32,33,34,36,37 

1,2,3,4,5,6,7,8,9,21,22,23,28,29,31,32 

dielectric: j. gas filled; k. composition capacitor; 1. also Bentonite 1 Amplifilm) 
and metallized triacetate; m. low- capacitance "gimmick "; n. also polyparaxlyene. 
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Glass- Dielectric Capacitors 
By ARCHER N. MARTIN / Corning Glass Works 

Known best for its aerospace applications, this capacitor is 
now being used in other high -quality circuitry. Various types 
of glass capacitors, with their characteristics, are described. 

THE history of the glass capacitor began in World 
War II, when the sources of natural mica were 
threatened. Because glass is electrically and physi- 

cally stable and chemically inert, the Signal Corps and 
Bureau of Ships suggested that Corning Glass Works begin 
development of a glass dielectric to replace capacitor 
mica. An optical -grade, lead -potash composition was pro- 
duced with electrical properties equal to and in some cases 
better than those of mica. A process was then developed 
to form the glass in an extremely thin ribbon of practical 
width. With this dielectric, the company introduced a com- 
mercial glass capacitor in 1951 that was a direct substi- 
tute for the mica capacitor. 

The capacitors are made by stacking alternate layers of 
aluminum foil and glass ribbon until the desired capaci- 
tance is obtained, then fusing the assembly into a mono- 
lithic block as shown in Fig. 1. The same glass composi- 
tion is used for both the case and dielectric, insuring that 
the electrical properties of the capacitor are entirely those 
of the dielectric. Leads are welded to the electrodes to form 
a glass -to -metal seal where they enter the case, creating a 
truly hermetic capacitor. 

Military specification MIL -C -11272 was written to 
describe only glass capacitors but has been broadened in 
recent years to include other types. 

A typical glass capacitor such as those discussed in the text. 

2 

Because of interest generated by the exotic aura of aero- 
space missions, the glass capacitor is known mostly for its 
application in missiles and spacecraft. With the glass ca- 
pacitor, Corning was the first company to meet the Minute- 
man component -reliability research and development goals 
of the Autonetics Division of North American Aviation. 
This singular success helped make the glass capacitor fam- 
ous, but it also may have tended to obscure its usefulness 
in fields aside from the specialized one of reliability. A 
creditable market exists for the component in such equip - 

GLASS COVER GLASS DIELECTRIC ALUMINUM FOIL 

GLASS -TO -METAL 
LEAD -FOIL WELD AREA SEAL 

Fig. I. Basic construction of the glass -dielectric unit. 

ment as high -quality test sets, measurement instrumenta- 
tion and process controls, in such functions as high -"Q" 
filtering, reliable bypassing in r.f. circuits, and peripheral 
computer applications, and in other systems where cir- 
cuit parameters cannot be allowed to wander. 

The singular advantage of glass- dielectric capacitors is 
the way they help circuit designers predict the operation of 
their circuits. There are few components possessing as 
sturdy and consistent a history of stability and reliability. 
The manufacturer states, for example, that any two of its 
units, regardless of capacitance value or size, exhibit tern - 
perature coefficients within 10 PPM / °C of each other. 

For a designer, this means that his circuits containing 
many capacitors will track accurately and predictably 
during temperature variations. In addition, retrace of the 
TC of glass capacitors is essentially absolute, assuring neg- 
ligible hysteresis. Capacitance drift with load life is less 
than 0.5 %. Voltage coefficient is stated as zero, so capaci- 
tance can be expected to remain the same despite voltage 
levels or surges. 
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Other specs that characterize the glass capacitor are ex- 

tremely low losses and high "Q ", even at elevated temper- 
atures and high frequencies. With such low losses, designers 
can realize higher "Q" and the resultant narrower band- 
widths in filters and tuned circuitry. 

Characteristics 
Most glass capacitors range in capacitance from .5 to 

10,000 pf. (.01 1 f.) but can come as high as 150,000 pf. 
(.15 pf.) . The capacitance range below 10,000 pf. makes 
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Fig. 2. (A) Quality and dissipation factor and (B) percent 
capacitance change with frequency for glass dielectrics. 

up about 15 to 20% of the total capacitor dollar. Toler- 
ances for glass capacitors range from 1% to 20% , d. c. 
working voltage is generally between 300 and 500 volts but 
can be made as high as 6000 volts, and operating temper- 
ature range is from -55 to +125 °C. 

Fig. 2A shows the range of quality factor ( "Q ") and 
dissipation factor with frequency, while Fig. 2B demon- 
strates the percent capacitance change with frequency. Fig. 
3A shows the insulation resistance with temperature curve 
for glass capacitors, while Fig. 3B illustrates the capaci- 
tance change with temperature. 

Temperature coefficient (TC) of these capacitors is 

+140 ±25 PPM / °C at 100 kc. with essentially absolute 
retrace. At any given temperature, the TC will not deviate 
from the curve by more than 5 PPM. 

Load life is less than .5% capacitance change after 
2000 hours at 125 °C with 150% of rated voltage applied. 
The change in resistance with moisture is negligible with 
the hermetically sealed units, and the plastic -potted types 
show an insulation resistance in excess of 1010 ohms after 
standard military tests. 

Radiation resistance, except for the plastic -potted units, 
shows no significant change in capacitance from exposure 
to levels of 101s NVTth. 

The plastic -potted unit (Type TYO) was developed 
to provide a glass capacitor at prices comparable to those 
of ceramic units. Potted in a plastic shell, this device has 
parallel radial leads spaced symmetrically with the square - 
cornered case on .1 -inch grids. This unit lends itself to fast, 
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Plastic -potted glass capacitors are made for printed boards. 

high- density, upright installation on printed- circuit boards. 
Two other types of glass capacitors are designated CYFR 

and CYFM styles by the company. Both are fusion -sealed, 
thus making them virtually impervious to environment. 

The CYFR capacitors have an established reliability fig- 
ure, proven under Minuteman stress conditions, of 99.- 
9996% per thousand hours at a 60% confidence level and 
at full -rated voltage at 125 °C. Stated another way, this 
figure means that no more than four failures (deviation 
from specified performance) will occur in a billion part - 
hours of operation. 

The CYFM style is electrically and environmentally in- 
terchangeable with the CYFR. However, the former units 
provide cost savings up to 60 %, since they do not undergo 
the expense of extensive reliability testing and documenta- 
tion. 

Another type of glass capacitor is represented by me- 
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Fig. 3. (A) Insulation resistance and (B) capacitance 
change with frequency for glass -dielectric capacitors. 
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dium -power transmitting units, designated CY60 and CY70 
rated at 1 kva. and 7.5 kva., respectively. 

Power ratings significantly higher than listed can be 
easily obtained merely by making sure that the operating 
temperature of the capacitor remains below 125 °C. This 
can be done with terminal and /or body heat sinks. Termi- 
nal heat sinks are very efficient because of the many layers 
of solid aluminum that extend into the capacitor. 

The CY60 and CY70 capacitors are used for r.f. appli- 
cations such as power amplifiers, low -power transmitters, 
and many electronic devices in grid, plate, coupling, tank, 

and bypass functions. Their relatively small size and low 
weight make them suitable for airborne equipment and 
mobile transmitter applications. 

Performance of the glass capacitor is a direct function of 
its dielectric. The composition is closely controlled by the 
manufacturer from day to day, month to month, and year 
to year, and unlike mined dielectrics does not have to be 
graded or culled. During more than a decade of commer- 
cial experience, this control is what has given the glass ca- 
pacitor its reputation for stability, reliability, and per- 
formance predictability. 

Standard Capacitors 
APROPERLY designed air capacitor approaches the 

ideal standard reactance in that it has very low loss 
and very small changes with time, frequency, and environ- 
ment. Capacitance changes with atmospheric pressure and 
relative humidity can be eliminated by hermetic sealing. 
Changes with temperature can be eliminated by the use of 
low temperature coefficient materials in the capacitor. 

For values above 1000 pf., solid dielectrics are used. 
The preferred dielectric is high -quality mica because of 
its dimensional stability, low loss, and high dielectric 
strength. At d.c. or extremely low frequencies, the mica 
dielectric has the disadvantage of relatively large change of 
capacitance with frequency as a result of dielectric absorp- 
tion caused by interfacial polarization in the dielectric. 
Polystyrene, on the other hand, has a dielectric constant 
and dissipation factor very nearly constant with frequency, 
so that capacitance change from d.c. to 1 kc. is a small 
fraction of a percent instead of the 3% drop at 1 kc. typical 
of mica. However, the temperature coefficient of a polysty- 
rene capacitor is on the order of -140 PPM / °C. 

Uncertainties in the calibrated value of a two -terminal 
capacitor can be on the order of tenths of a pf. if the 
geometry, not only of the capacitor plates, but also of the 
environment and of the connections is not defined and 
specified with sufficient precision. For capacitors of 100 pf. 

and more, the capacitance is usually adequately defined 
for an accuracy of a few hundredths percent if the termi- 
nals and method of connection are specified. For smaller 
capacitances, or higher accuracy, a two- terminal is seldom 
practical and a three -terminal unit is preferred. 

A three -terminal capacitor has a shield that completely 
surrounds at least one of its terminals, its connecting wires, 
and its plates, except for the area that produces the desired 
direct capacitance to the other terminals. Changes in the 
environment and connections can vary the terminal ca- 
pacitance but the direct capacitance is determined only by 
the internal geometry. 

The direct capacitance can be made as small as desired 
since the shield between the terminals can be complete ex- 
cept for a suitably small aperture. The losses in the direct 
capacitance can also be made very low because the dielec- 
tric losses in the insulating materials can be made a part of 
the terminal impedances. When a three -terminal capacitor 
is connected as a two -terminal device, the two -terminal 
capacitance will exceed the calibrated three -terminal value 
by at least the terminal capacitance. 

Although the characteristics of the high -quality capaci- 
tors used as standards closely approach those of the ideal 
capacitor, any deviations from ideal performance must be 
evaluated to obtain the necessary high accuracy. 
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Electrolytic Capacitors 
By H. N IEDERS / Mallory Capacitor Co. 

Div. of P.R. Mallory & Co., Inc. 

Widely used where large capacitance and small size are 
required, electrolytics are among our most important 
capacitor types. Aluminum and tantalum units are covered. 

IN 1964 some 2,305,000,000 units of all types of capa- 
citors were produced and sold. Of this total, electro- 
lytic capacitors accounted for 249,000,000 units. In 

terms of dollars, this amounted to about $344,000,000 for 
all capacitors and $127,000,000 for electrolytic types. 
These figures would seem to indicate that electrolytic 
capacitors are expensive -but this is not true. 

Electrolytic capacitors actually save money, space, and 
weight when used properly within their limitations and 
the limitations of the circuitry employed. The "why" of 
electrolytic capacitors is economy; the "when" is a mat- 
ter of application. 

Generally, electrolytic capacitors can be divided into 
two basic types by the nature of the base -oxidizable metal 
used. This is usually either aluminum or tantalum. There 
are other usable metals, but these two yield relatively 
large capacitance per unit of volume at an economical 
price. A tantalum capacitor costs more money but saves 
more space and weight than an aluminum unit. There are 
other technical differences, but the two types are more 
easily understood when reviewed separately. 

Aluminum Electrolytics 
Fig. 1 is a simplified representation of an aluminum 

electrolytic capacitor. Both polarized and non -polarized 
types are shown. Normally a piece of aluminum foil is 
etched to increase its surface area, then it is treated elec- 
tro-chemically to form aluminum oxide on its surface. 
The oxide is the dielectric of the capacitor -the thickness 
of this oxide determines the voltage rating. Since this oxide 
film is so thin and the surface area of the electrodes is so 
great, the capacitance produced is very large. 

Paper spacers are applied next to the aluminum oxide 
surface. These spacers prevent direct shorts between 
anode and cathode foils. Thus, for higher voltages, more 
and thicker spacers are used. The spacers also absorb the 
electrolyte, allowing it to be retained in the correct place 
and providing intimate contact with the surfaces of the 

anode and cathode foils as required for proper operation. 
The cathode foil serves only as an electrical connection 

to the electrolyte. The electrolyte is the true cathode and 
it has the ability to oxidize any imperfections in the alumi- 
num oxide dielectric. 

Non -polarized capacitors use two anodes and have one - 
half the capacitance of an equal -size polarized unit of 
the same voltage rating. 

When electrolytic capacitors are used as energy- storage 
devices where the load resistance is small compared to 
load inductance, current reversals may occur for a short 
time. Accordingly, the voltage will reverse for the same 
time, making the use of a non -polarized unit mandatory. 
Electrolytics for a.c. motor starting and for audio cross- 
over networks should be non -polarized types. It is also 
wise to consider using a non -polarized unit where large 
pulse signals are encountered. For most applications, how- 
ever, electrolytics are used across a d.c. voltage so that 
the ordinary polarized units are employed. The designer 
must avoid voltage reversals on polarized units. 

Leakage Current and ESR 
All electrolytic capacitors allow a small amount of d.c. 

leakage current to pass through when rated polarized d.c. 
voltage is applied. This current will go up with rising 
temperature and voltage. In general, the amount of leak- 
age current is indicative of the immediate quality of an 
electrolytic capacitor -the lower the better. Long shelf 
life or storage will cause the leakage current to go up. 
Leakage can also be detected by the time it takes to charge 
the unit to rated d.c. voltage. 

ESR (equivalent series resistance) is a measure of the 
internal resistance of a capacitor. This resistance is re- 
sponsible for the heating effects associated with a capacitor. 
The ESR of an electrolytic varies inversely with tempera- 
ture. It is also related to capacitance and frequency. 

The dissipation factor ( D.F.) of a capacitor is the ratio 
of the ESR to the capacitive reactance. The power factor 

Fig. 1. Cross -section of (Al polarized and (11) non -polarized aluminum electrolytics. ICI shows the construction details. 
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Fig. 2. A typical life test for one specific type of industrial - 
grade can -type aluminum electrolytic with axial leads. 
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Fig. 3. Typical stability of electrical characteristics vs 
temperature for same type of industrial -grade capacitor. 

(P.F.) is the ratio of the ESR to the total impedance of 
the capacitor. For low losses, power factor is equal to dis- 
sipation factor up to 12 %. Beyond this, dissipation factor 
increases without limit as losses go up. Naturally, as the 
capacitor deteriorates, the ESR increases. If all these fac- 
tors are taken together, it can be concluded that ESR is 
a most important factor when judging a capacitor for its 
use and end -life characteristics. 

ESR also has an effect on the ripple- current rating of an 
electrolytic capacitor. The a.c. ripple current combined 
with the ESR causes internal heating which must be dis- 
sipated. A small additional loss caused by the d.c. leakage 
current is also present, but is usually negligible. 

A rule -of -thumb for determining maximum permissible 
ripple current conditions is that the capacitor case tempera- 
ture shall not exceed + 10 °C above the maximum rated 
temperature for the capacitor. It is also common to allow 
a 5 °C increase in case temperature rise for each 10 °C de- 
crease in ambient operating temperature. 

Variations and Types 
The capacitor designer can vary the cost, life, electrical 

parameters, temperature range, and mechanical factors 
by changes in anode foil, cathode foil, paper spacers, elec- 
trolytes, terminations, and packaging. 

For example, using an anode with a high ratio of forma- 
tion voltage to rated capacitor voltage in combination with 
heavy paper separators and a conservatively activated elec- 
trolyte (close to neutral ph), will result in a capacitor 
having long life, -20 to +65°C temperature range, and 
medium changes in electrical parameters. The choice of 
packaging can affect even this conservatively designed 
unit. Generally the package can be judged by its ability 
to keep the electrolyte from escaping, leaking, or diffusing 
from the container. The better the package is sealed, the 
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better the capacitor will retain its initial characteristics. 
Capacitors are made and sold by intended end use in 

three grades: (1) commercial, (2) industrial /instrument, 
and (3) premium. The commercial generally offers the 
most capacitor for the lowest price. The industrial /instru- 
ment is a conservatively designed capacitance section in 
the lowest priced package. The premium grade is the finest 
capacitance section and best package for optimum elec- 
trical performance in all respects. 

Within each of these three categories, the manufacturer 
offers a very large variety of sub -types that differ from 
each other in certain characteristics and applications. Table 
1 generalizes the importance of the various characteristics 
and ranks them for the three main grades of capacitor. 
In addition, Figs. 2, 3, 4, and 5 show some of the im- 
portant characteristics of two specific types of aluminum 
electrolytics, one in the industrial /instrumentation grade 
and one in the premium grade. 

Tantalum Electrolytics 
Tantalum is the second most popular oxidizable -base 

metal for use in electrolytics. Tantalum oxide has almost 
twice the dielectric constant of aluminum oxide and is ex- 
ceptionally stable with temperature. It is also very inert 
to chemical attack and this property allows the use of 
highly ionized acid electrolytes not possible with alumi- 
num. Tantalum is available in a high -purity form both as 
a foil and a powder, thus more diverse physical arrange- 
ments are possible than with aluminum. 

All these properties of tantalum make it possible to 
produce tantalum capacitors with these advantages: higher 
ftf. /volt per unit volume, wider operating temperature 
range, better temperature stability characteristics, longer 
life, more rugged construction features, better electrical 
parameters, and excellent shelf life. The main drawbacks 
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Fig. 4. Typical life test for one particular type of premium - 
grade can -type aluminum electrolytic unit with axial leads. 
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Characteristic Commercial Industrial/ Premium 
Grade Instrument Grade 

D.C. Leakage Current 3 2 1 (lowest) 
ESR, Diss. Factor 3 2 1 

Impedance 3 2 1 

Parameter Changes vs Temp. 3 1 2 
Parameter Changes vs Life 3 2 1 

A.C. Ripple Current 3 1 2 
D.C. Surge Voltage 3 2 1 (highest) 
Polar or Non -Polar Either type for all grades 
Mode of Failure Gradual degradation for all grades 
Normal Life 3 -5 years 5 -10 yrs. 15 -20 yrs. 
Cost 3 2 1 (highest) 

Table 1. Ranking of some of the more important characteristics 
of the three major types of aluminum electrolytic capacitors. 

are the greater cost and the lower operating voltages of the 
tantalum types. 

Of all the plus features, the stable shelf life at tempera- 
tures of 30 -40 °C for periods of time up to 5 and even 10 
years without harmful parameter changes is the most out- 
standing. This factor alone makes it possible to use elec- 
trolytics widely in military gear. Thus, the expense of this 
rare metal was justified and has led to the almost explosive 
development and use of several types of tantalum elec- 
trolytics in the past ten years. In 1964, for example, 
64,000,000 units, worth $51,000,000, were sold. 

Three major categories of tantalum electrolytics are be- 
ing made and used in quantity. They are the solid electro- 
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Fig. 6. Typical capacitance change with temperature for 
one specific type of solid -electrolyte tantalum electrolytic. 

Fig. 7. Impedance change vs frequency measured at 25 C for 
the same ype of solid -electrolyte tantalum capacitor unit. 
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Grouping of special radiation- resistant tantalum electrolytics. 

lyte types, foil types, and wet anode types with solids 
outselling the other two by a ratio of 5 to 1 or more. 

The tantalum foil types are similar in construction to 
the aluminum electrolytics. The oxide on the anode foil is 
the dielectric, the electrolyte is the cathode, and the cathode 
foil is primarily a connector. They are cased in aluminum 
with various end seals made of rubber or Teflon. Gen- 
erally, the package construction is more critical because 
of the emphasis on long life and stable electrical param- 
eters for high reliability end use. 

Wet -anode styles are made by pressing tantalum pow- 
der and a binder, in a mold or die, to a given shape, usually 
cylindrical. These pellets are then sintered under high 
vacuum and temperature to remove the binder and impuri- 
ties, leaving a rugged, porous metal pellet which is then 
electro- chemically treated to form a layer of tantalum 
oxide. These anodes are then assembled in silver outer 
cases, filled with an electrolyte, and sealed. Again, a rub- 
ber or Teflon end seal or a combination of both are used 
to achieve a nearly hermetically sealed container. 

Solid- electrolyte units are made by using a sintered 
anode which has an oxide formed on it the same as that 
used for wet -anode types. The porous anode is then im- 

Fig. 8. Typical capacitance and dissipation factor changes 
with frequency at 25 °C for some type of tantalum capacitor. 
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Characteristic Solid Wet Foil 
Electrolyte Anode Type 

Max. Working Voltage 100 v.d.c. 125 v.d.c. 300 v.d.c. 

Max. Temperature 125 -200 °C 125 -200 °C 125 °C 

Capacitance Efficiency 
(µf. /volts /volume) 2 3 1 (lowest) 

D.C. Leakage Current 3 1 (lowest) 2 

Reverse Voltage Potential 5% w.v.d.c. 0 3 v. max. 

Param. Changes vs Temp. 1 2 3 (lowest) 

Failure Mode Catastrophic degradation Degradation 

Life, Reliability 1 (highest) 2 3 

MIL -Spec. MIL -C -26655 MIL -C -3965 MIL -C -3965 

Table 2. Ranking of some of the more important characteris- 
tics of the three types of tantalum electrolytic capacitors. 

pregnated with a liquid solution of manganous nitrate 
which is then fired in an oven and converted to man- 
ganese dioxide. This semiconductor material is the solid 

electrolyte and true cathode of the capacitor. A layer of 
carbon followed by a layer of silver paint completes the 
cathode connection. This complete capacitor is then 
soldered in a tinned metal container and a glass -to-metal 
seal affixed to the positive end. Thus we have a rugged, 
hermetically sealed package with no liquids to leak out. 

A brief comparison of these three types of capacitors 
is given in Table 2. The characteristics are ranked numer- 
ically for brevity and ease of interpretation. 

A thorough and detailed description of all three styles, 
along with a quality- control plan and much information on 
test techniques is available in the MIL -C Specs listed in 
the table. These MIL -Specs are widely used as industry 
standards and many suppliers are qualified to furnish prod- 
ucts which meet these specifications. All major manu- 
facturers also have special designs and lines in addition to 
the Military types. 

The graphs shown in Figs. 6, 7, and 8 illustrate typical 
characteristics of a solid -electrolyte tantalum electrolytic 
capacitor. 

Metallized- Dielectric Capacitors 
THE use of metallized paper, film, and dual dielectrics 

normally results in a capacitor much smaller than 
foil -type capacitors of comparable rating. In some cases, a 
volume savings of up to 75% may be realized by the se- 
lection of a metallized dielectric capacitor. The small size 
and self -healing properties of metallized dielectric capaci- 
tors make them an ideal choice in many applications. 

The advantages of metallized capacitors, however, can- 
not be utilized in all situations. Metallized capacitors are 
not recommended for coupling applications, logic circuits, 
or other applications where occasional momentary break- 
downs and periods of low insulation resistance (sparking 
and subsequent self -healing) cannot be tolerated. The maxi- 
mum value of the a.c. component that may be applied to 
the capacitor is limited by both the test voltage rating and 
by the limited heat conductivity of the thin metallized sur- 
faces. Instantaneous surge voltages must not exceed the 
maximum, or sparking, voltage rating of the capacitor. 

Metallized capacitors are widely used in power -supply 
filter circuits, bypass applications, and decoupling and 
smoothing applications where low impedance is required. 

The graph illustrates the capacitance- temperature char- 

acteristics of paper, polyester, polycarbonate, and paper - 
polyester metallized dielectrics and metallized dielectric 
combinations. 
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MICA CAPACITOR CHARACTERISTICS 

200 220 

Mica Receiving Mica Transmitting Mica Reconstituted 
Capacitance Range (pf.) .000001 - .1 .00001 - 1 .01 -4 
Tolerance ( %) to ±.25 to ±1 to ±5 
D. C. Operating Volts 50 to 5000 200 to 50,000 200 to 15,000 

A.C. Operating Volts seldom used 
r.f. voltage varies with 
current and frequency 

100 - 7500v. 
(60 cps) 

Dissipation Factor (% at 60 cps) .001 to .01 seldom used seldom used 
Dissipation Factor (% at 1 kc.) .02 to .5 .04 to .07 .5 

Dissipation Factor (% at 1 mc.) .01 to .1 .03 to .06 .7 to .9 

Insulation Resistance 
(meg. /µf. at 25 °C) 

100,000 meg. or 
1000 meg. /µf. 15,000 10,000 

Insulation Resistance 
(at 85 °C compared with 25 °C) 1:5 1:7 1:8 

Temperature Range ( °C) -55 to +150 55 to +70 -55 to +315 
Temperature Coefficient (PPM / °C) +50 to +200 (depends on cap.) 20 to + 100 - 350 to +500 
Stability (AC with temperature aging) very small very small good 

60 ELECTRONICS WORLD 



YOU GET PRODUCT PLUS FROM YOUR SYLVANIA DISTRIBUTOR 

c 
c N 
Here's how. 

N 

0 
SOMERS' 
ICE 

BRIGHTEST 
COLOR 

PICTURE 

BEST OVERALL 
COLOR 

PERFORMANCE 

CLEAREST 
COLOR 

PICTURE 
TO WATCH 

BRIGHTEST 
BLACK ANO 

WHITE 
PICTURES 

Sylvania 
color bright 85 
picture tube 

76.1% 66.6% 68.0% 77.7% 

Picture Tube A 6.9 9.8 8.9 7.4 

Picture Tube B 9.5 13.7 13.4 7.1 

Picture Tube C 7.5 9.9 9.7 7.8 

Test made under supervision of John J. Henderson and Associates, N. Y. Note: No 
all people answered all questions -votes tabulated for 100% of answers to each 

In six major cities from coast to coast, 9,789 consumers 
compared the new color bright B5TM picture tube to ordi- 
nary non -rare -earth color tubes in three leading brands of 
TV sets. Sylvania's new tube, the first with rare -earth 
phosphors, was the overwhelming choice. 

July, 1965 

Here's why. 
The vivid colors, derived from europium rare -earth corn - 
pounds, are unexcelled for true color fidelity. In mono- 
chrome, the picture is noticeably brighter; there's better 
contrast too. And today this extraordinary tube is still the 
performance leader. Sylvania's new air -spun screening 
process gives color bright 85 picture tubes the competi- 
tive difference in the sharpest images ever displayed. 

The co/or bright 85 tube is available to you now for today's 
growing color TV market. It is a product of Sylvania Elec- 
tronic Tube Division, Electronic Components Group, 
Seneca Falls, N. Y. 

YLVAN IA 
SUBSIDIARY OF GTE GEEN ERAL TELEPHONE & ELECTRONICS 
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OIi\ FRYE 
These special transformers, as opposed to conventional 
transformers, operate on the ferroresonant principle. 

VOLTAGE -REGULATING TRANSFORMERS 
BARNEY carne bustling into the service department 

with a heavy object cradled in his arms. "There's 
something I've wanted a long time," he announced, 

depositing a husky transformer from which dangled a metal - 
encased capacitor on the service bench. 

"What do you need with a voltage -regulating transformer ?" 

Mac, his employer, asked. 
"My single -sideband ham receiver drifts a few cycles on 15 

and 20 meters when the line voltage changes. Plate voltage of 

the receiver v.f.o. is regulated with a VR tube, and since the 
frequency change is a slow affair I'm sure it's the result of 

oscillator filament voltage change. Even a few cycles of drift 
is annoying on sideband; but after I plug my receiver into 
this little gem -which a friend just gave me -the line voltage 
can horse up and down all it wants without making me retune. 
I'm told this transformer, in some mysterious way, will hold 
output voltage within 1% while the line voltage is changing 
as much as 15 %. Just for kicks, I thought I'd check it out on 
our variable -voltage transformer." 

Grinning expectantly, Mac watched Barney connect a 

75 -watt lamp to the output of the transformer and attach 
leads from the v.o.m. to the lamp terminals. Confidently the 
youth plugged the line cord of the voltage-regulating trans- 
former into the output receptacle of the service bench vari- 
able- voltage transformer, but he hastily jerked out the plug 
when he noticed the v.o.m. reading. Gingerly he replaced 
the plug and rotated the voltage- selecting knob of the bench 
transformer. Next he substituted test leads from the v.t.v.m. 
for those of the v.o.m. Finally he connected leads from both 
meters to the a.c. line and compared readings. 

"Man, I don't get that!" he exclaimed. "This transformer is 

supposed to put out 118 volts, but the v.o.m. reads 133 volts, 
no matter if the input voltage is anywhere from 105 to 130 
volts. The v.t.v.m., on the other hand, reads a little under 
100 volts for the same range of input voltage. Yet both meters 
read exactly 118 volts when connected to the line. This July 
heat must be getting to me." 

"Maybe not," Mac said soothingly. "Think a little. The a.c. 
meter of the v.o.m. is a rectifying type that deflects according 
to the average value of a sine -wave voltage but has a scale 
calibrated in r.m.s. units. The v.t.v.m. is deflected in accord- 
ance with peak -to -peak values, but the scale indicates r.m.s. 
voltage of a sine wave -" 

"A non -sinusoidal waveshape!" Barney interrupted, switch- 
ing on the scope. Sure enough, cycles of the voltage -regulating 

transformer output looked like slightly domed square waves. 
"Your transformer is of the type called normal harmonic," 

Mac commented. "Output voltage of such a transformer con- 
tains from around 14% to more than 20% harmonic content, 
depending on the manufacturer, loading, etc. From the looks 
of that wave, I'd guess this one is close to 20 %. Voltage from 
these transformers is set with a dynamometer type of volt- 
meter, and readings from any other type of voltmeter will 
not be the same. Remember, multiplying peak voltage by .707 
to get r.m.s. voltage and by .637 to get average voltage only 
holds true for a sine wave. Actually, in a square wave the 
peak, r.m.s., and average values are all the same. Let's see 
what will happen if you feed your receiver from this trans- 
former." 

Mac connected a full -wave bridge instrument- rectifier 
across the 10 -volt secondary of a bell transformer and placed 
a 40-4. filter capacitor across the rectified output. A 14 -volt 
lamp was connected across the secondary. 

"Voltage across the filter capacitor will represent d.c. volt- 
ages in your receiver," he said. "The lamp bulb will repre- 
sent filaments, and the reading of this lightmeter beside the 
bulb will indicate any change in filament temperature. \Vlren 
the primary is connected straight to the 118 -volt line, I see 
we have 13 volts d.c. across the filter capacitor, and both 
the v.o.m. and the v.t.v.m. read 10.5 volts a.c. across the 
secondary. 

"Now we switch the primary to the output of the voltage - 
regulating transformer. The lamp gets a little brighter -I'd 
guess about 5% according to the lightureter -but our d.c. 
voltage has dropped to 11 volts! Secondary voltage bas gone 
up to 11.6 volts measured with the v.o.m., and down to 8.8 
volts measured with the v.t.v.m. Besides demonstrating the 
futility of trying to measure non -sinusoidal voltages with con- 
ventional meters, this experiment leads us to expect d.c. volt- 
ages will be down by about 15% in your receiver while the 
filaments burn a little brighter. 

"Normal -harmonic -type voltage- regulating transformers 
are not recommended for use where a high harmonic content 
may lead to difficulty or where the output is to be rectified. 
Such is not the case when the output is used for heating or 
to operate relays and solenoids. In your case, why not use a 

separate filament transformer working off this gift horse of 

yours for heating critical filaments in your receiver? You could 
arrange it so these filaments burn all the time and keep heat - 
sensitive circuitry warmed up. That will make your receiver 

Fig. 1. OM Conventional transformer. (B) Magnetization curve. (C) Transformer 
with magnetic shunt and resonating capacitor. (D) Voltage- regulating transformer. 
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Some plain talk from Kodak about tape: 

Slitting accuracy 
and skew angle 
Tape is made in wide rolls which are 
slit to width -1 /a" for most audio tapes. 
There are three main considerations in 
this process: cleanliness, dimensional 
accuracy and trueness of cut. Cleanli- 
ness cannot be given too much con- 
sideration. When the tape is slit, 
particles of the oxide and the base can 
flake off. This condition arises from 
poor oxide adhesion and poor quality - 
control standards on slitters. Slitting 
dirt is virtually nonexistent in Kodak 
tapes because of our "R -type" binder 
and our unique slitting techniques. 

Tape dirt clogs the recording gap and 
prevents the tape from making intimate 
contact with the head, thus causing 
dropouts and high- frequency losses. 
Oxide dirt can also cause a phenome- 
non known as re- deposit. During a 
normal tape transport operation, 
gummy oxide dirt can actually re -de- 
posit on the magnetic layer and fuse 
in position. Just imagine Main Street 
strewn with giant boulders. Well, that's 
the way re- deposits appear to your re- 
corder heads. Pleasant thought, isn't it? 

To get some idea about how Kodak 
tape slitting compares to ordinary slit- 
ting, take a look at these two photo- 
micrographs. The dirt you see between 
the turns on the left is oxide dirt. 
Compare it to the virtually spotless 
edges of KODAK Sound Recording Tape 
on the right. 

It's like splitting hairs, 
only more critical 

From our 42 -incli -wide master web, we 
have to cut 160 quarter -inch ribbons of 

July, 1965 

tape - each almost two miles long. 
That's a lot of total mileage, especially 
when you think how straight and true 
those edges must be to assure optimum 
tracking on your recorder. In terms of 
slitting accuracy, the standard specs 
call for a tolerance on width of -- .0020 
inches. We decided that that was just 
about double what it really should be, 
so we hold ours to mil .0010 inches. 

But the really critical part of slitting 
is a bad guy known as weave. When a 
tape weaves, it passes the head at a 
continuously changing skew angle. 
Look at the graph. 

TRACK W DTH: 75 MILS (1 track) 
RECORDING SPEED: 71/2 IPS IlllllIINIIIIII 

!IIll!III.!IJLi!!I!!flI!! ...n ....=..i..... 
%1i8Ì= i.'1 5,000 CPS 

EPi1111p: "/_s::lliC..lo,000 CPS i%n 11ii1!!1ó;óóó CPS 

..... ::::::==:::::o ....lmmor....... 
OUTPUT LOSSIDB. 

100 

Note how losses pile up as skew angle 
increases. And as you would guess, the 
losses are in proportion to the fre- 
quency. Higher frequencies, higher 
losses. Same principle, really, as an 
azimuth loss. 

The patterns oftension set up within 
the roll when the tape is wound are 
quite interesting. Normally, the tension 
at the outside of the roll will decrease 
until it reaches a point of zero tension 
about 1/2 of the way from the core. Be- 
yond this point the tension increases, 
but the direction of that force is re- 
versed. Near the core the tape is in a 
state of compression. It's just the op- 
posite with the outer layers. They're 
clockspringed. 

Proper tape tension is also important 
if you want to prevent "stepping." 
Stepping usually takes place at the 
point of zero tension. You can visualize 

E0EY',c, 
TBAOEMARK: 

it as a lateral shearing of a roadway 
during an earthquake. Shades ofold San 
Francisco. This sets up stresses which 
cause fluted edges and prevent proper 
head contact. From winding billions 
of feet of motion picture film, Kodak 
has developed some pretty specialized 
tension -control techniques. The end 
result, of course, is that when you get 
Kodak tape on a roll, you know it's 
wound properly: not too loose, not 
too tight. Just right. Our Thread -Easy 
Reel is part of the story, too. Because 
it is dynamically balanced, we get a 
good wind right off the bat, and you 
get a good rewind, too, when you run 
it on your tape deck. 

SOUND RECORDING TAPE 

KODAK Sound Recording Tape in a 
complete variety of lengths and types 
is available at most tape outlets : elec- 
tronic supply stores, specialty shops, 
department stores, camera stores . . . 

everywhere. 
FREE! New comprehensive booklet 

covers the entire field of tape tech- 
nology. Entitled "Some Plain Talk 
from Kodak about Sound Recording 
Tape," it's yours on request when you 
write Department 8, Eastman Kodak 
Company, Rochester, N.Y. 14650. 

CEastman Kodak Company, MCMLXI 

EASTMAN KODAK COMPANY, Rochester, N.Y. 
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FLYING 
ANNUAL 
& pilots' guide 

182 pages brimming with facts, 
prices, performance comparisons, and 
featuring 23 pilot reports - with how - 
to articles that illustrate new tech- 
niques for increasing your flying skills 
-with a full -color state chart included 
as a handsome bonus! Don't miss the 
FLYING ANNUAL - it's the most valu- 
able aviation yearbook ever compiled! 

DELUXE EDITION 
Leatherflex -bound 

... just $2.50! 
A handsome and permanent 

edition that belongs in 
every airman's library! 
Great way to preserve 

this valuable "collector's 
item" for constant use 

all during 1965. (Check 
appropriate box 

on coupon.) 

FILL IN AND MAIL THIS COUPON TODAY! 

Ziff -Davis Service Division / Dept. FA 
589 Broadway / New York, N.Y. 10012 

Roger! Send my copy of the 1965 FLYING ANNUAL 
right away! 

$1.25 (plus 15 for shipping and handling, 
25O outside U.S.A.) is enclosed. Send me 
the regular edition. 
$2.50 enclosed. Send me the Deluxe 
Leatherflex -Bound edition, postpaid. (Al. 
low two extra weeks for delivery.) 

NAME 

ADDRESS 

CITY STATE 

ZIP CODE EW -75 

(Payment must be enclosed with order) 

even more stable than it is right now." 
"You know, you're not so dumb for an 

older man," Barney said. "I'll do it. Now 
can you tell me how voltage -regulating 
transformers work ?" 

"I'll try, but it's not easy," Mac 
warned. "Not much has been published 
on the subject in popular magazines. 
Most of what I know I've learned from 
literature furnished by the Sola Electric 
Company, a pioneer in the field and a 
major manufacturer of these transform- 
ers. 

"Let's start by reviewing conventional 
transformer action," Mac said while he 
drew some sketches on the blackboard 
at the end of the bench. "Fig. IA here 
is such a transformer; Fig. 1B is the 
magnetization curve of the core material. 
A voltage E,,1 across the primary causes 
a current I,,1 to flow through the primary, 
producing magnetization flux (Di. This 
flux links the secondary and, in accord- 
ance with Faraday's Law, produces a 
voltage E. across the secondary propor- 
tional to the primary /secondary turns 
ratio. Secondary current flowing through 
a load produces a secondary flux that 
tends to cancel primary flux so that pri- 
mary current must increase to maintain 
the original flux level. 

"The conventional transformer is a 
linear device operating on the linear por- 
tion of the magnetization curve. Increas- 
ing primary voltage to E,,2 produces cur- 
rent 42i causing a flux increase to (D2 re- 
sulting in an increase in secondary 
voltage directly proportional to the in- 
crease in primary voltage. But if the 
transformer is operated to the right of 
the knee of the magnetization curve, it 
ceases to be a linear device. Now a sim- 
ilar change in primary voltage causing an 
I,,:; to I,,., increase in primary current re- 
sults in a much smaller increase in flux 
and, consequently, in secondary voltage. 
Such a saturated transformer provides a 
degree of voltage regulation, but it is 
not practical for any considerable 
amount of power because primary cur- 
rent approaches short -circuit value as 
the core saturates. What we need is a 
transformer in which secondary flux 
could be saturated without materially 
affecting primary flux. 

"This is accomplished in Fig. 1C by 
what is called a magnetic shunt or by- 
pass built into the core. Here, as you can 
see, only part of the primary flux links 
the secondary, and vice versa. Next, to 
increase secondary flux saturation, we 
connect a large value of capacitance 
across the secondary and establish a con- 
dition called ferroresonance. A ferrores- 
onant circuit cannot be exactly the same 
thing as an ordinary resonant circuit be- 
cause the inductance in the ferroreson- 
ant circuit is non -linear; yet the two cir- 
cuits have many common properties. 

"For example, the resonant tank cir- 
cuit of your amateur transmitter de- 
velops very high voltages across it be- 

cause of heavy circulating tank currents. 
So long as the excitation voltage is main- 
tained above a certain minimum value, 
changes in the level of that exciting volt- 
age have little effect on voltage across 
the tank circuit. 

"High voltage across the ferroresonant 
circuit is also chiefly due to heavy circu- 
lating currents through the capacitor. 
This voltage is much higher than would 
be expected from the primary /secondary 
turns ratio. You will find around 600 volts 
across that capacitor. And voltage across 
the ferroresonant secondary is little af- 
fected by changes in the primary volt- 
age. Isolation of primary and secondary 
magnetic fluxes allows the heavy satur- 
ating secondary current to be produced 
without heavy primary current. 

"But there is always some increase in 
secondary voltage with an increase in 
primary voltage, and this leads to the 
circuitry of Fig. 1D. Here we see a por- 
tion of the voltage developed across the 
resonant circuit fed to the load in series 
with a bucking winding wound over the 
primary. An increase in primary volt- 
age leading to a slight increase in volt- 
age across the tapped portion of the 
resonant winding also produces a slight 
increase in voltage across the bucking 
coil. Since the bucking -coil voltage op- 
poses the voltage of the resonant wind- 
ing, the two voltage increases cancel 
each other. 

"Those are the highlights of the reg- 
ulating transformer story, but there's 
much, much more. For example, if one 
of these transformers is overloaded, the 
magnetic field collapses and output volt- 
age falls to zero without primary current 
increasing enough to do any damage. 
When the overload is removed, normal 
operation is automatically restored. And 
there is another type of regulating trans- 
former, costing slightly more, called the 
sinusoidal that uses additional 'neutra- 
lizer' windings to reduce the harmonic 
content of the output to less than 3 %. It 
can be used for those applications where 
the normal -harmonic type is not recom- 
mended since it has the same excellent 
voltage -regulating characteristics. Other 
voltage -regulating transformers are de- 
signed to furnish various filament volt- 
ages, or combined plate and filament 
voltages, and for 400 -cycle use." 

"Is. Sola the only manufacturer of 
these transformers ?" 

"No. Other companies that manufac- 
ture or have manufactured voltage -reg- 
ulating transformers include Stancor, 
Triad, Acme Transformer, General Elec- 
tric, and Raytheon." 

"Well, thanks for all the information - 
I think," Barney said. "I feel a little like 
the fellow who asked for a slice of bread 
and got a bakery. But you just let me 
mull over what you've told me for an 
hour or so, and I'll bet I can come up 
with some questions." 

"No bet!" Mac answered quickly. A 
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How to make some sound money 

Talk up rear -seat speakers! Here's a good profit item you 
can sell to your car -owning customers. And spring is the 
time when everyone wants one. If he doesn't have a rear - 

seat speaker now he's probably already half sold, just waiting 
for someone to ask him to buy. 

The Delco Radio Universal 8 -10 -OHM 6 "x 9" Rear Speaker 
Package ?6122 contains all material necessary for a quick, 
easy one -man installation. Will take "tip jack", "blade ", or 

solder connection. And you're sure of selling the "right 
kind" because these speakers are acoustically designed for 
use in cars. 

This spring make some sound money on rear -seat speakers. 
For full onformation on the complete Delco Radio line of 

speaker packages and accessories, call your United Delco 
supplier. 
DELCO RADIO, Division of General Motors, Kokomo, Indiana 

Delco 
De1eo Radio Automotive Radio Servüce Parts and Electro- Mechanical Devices are distributed nationally through United. Delco 

July, 1965 

United V 
Delco 
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MARK 10 
it 

Thunc(ettiolt 
MARK 

10 

It's Delta's new Series 112, Mark 
10 SCR Capacitive Discharge Ig- 
nition System, the true electronic 
solution to major problems of 
engine operation. 

You read about it in the October 
5 edition of Electonics, and the 
November issue of Electronics 
World. These earlier models have 
undergone millions of miles of 
field testing from Cape Town to 
Fairbanks. 

Now, from Delta, the original 
designer of the famous Thunder- 
bolt Mark 10, comes a radically 
improved, high performance 
model, offering new levels of per- 
formance and economy. Series 
112, with its higher energy out- 
put and improved circuitry, easily 
outperforms any other ignition 
system, regardless of cost. 
AND, the Mark 10 DeltaKit can 
give you the fun of making this 
system yourself, with it's easy to 
follow instructions. 
BOTH units available for 6 or 12 
volt, positive or negative ground. 
A Delta Exclusive! Specify auto 
year and model with order. 
Assembled 

Unit 
$49.50 
from dealers 
or factory 

Dealer and distributor 

MARK 10 
DELTAKIT 

$34.95 
available ONLY 

from factory 
inquiries invited 

DELTA PRODUCTS 
Box 974 
Grand Junction, Colo. 

Enclosed is $ Ship Prepaid 
Ship C.O.D. 

Please send: 
Mark 10 Assembled at S49.50 
Mark 10 DeltaKit at 834.95 

SPECIFY-El Positive or Negative Ground - 6 or 12 Volt 

Car Year Make 
Name 
Address__ 
City_ .~tare 
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THERMISTOR BRIDGE 
DESIGN MADE EASY 

Once a particular thermistor is chosen, the bridge 

circuit can be designed so that it not only covers 

the range of interest, but also has a linear scale. 

THERMISTORS have a negative 
temperature coefficient of resist- 

ance: i.e., as the temperature goes up, 
the thermistor resistance goes down. 
Many circuits using the thermistor as a 
temperature -sensing device have been 
published, however, most of these cir- 
cuits have been designed for one tem- 
perature span and, quite often, that is 
not the range you are interested in. Also, 
the type of thermistor you have is not 
quite the same one that the author used. 
Following is a method suggested by Fen - 

wal Electronics for designing a thermis- 
tor bridge for a particular application. 

Problem 
A thermistor bridge is needed to 

measure air temperature between 0 and 
50 °C (32 and 122 °F), at a precision of 
.2 °C, using a meter as the readout. The 
meter scale should be linear as possible. 

Thermistor 
For this particular application, a 

Fenwal 4K "Iso- Curve" thermistor was 
chosen. According to the catalogue, this 
device has a resistance of 11,400 ohms 
at 0 °C, 4002 ohms at 25 °C, and 1619 
ohms at 50 °C. 

Bridge 
The bridge shown in Fig 1 will be 

used. For a linear output scale, legs R2 
and R3 must be equal to each other and 
approximately equal to the resistance of 
the thermistor at the mid -range tempera- 
ture. Therefore, R2 =R3 =4000 ohms. 
To get zero current through the meter 
when the thermistor is at 0 °C, leg R1 
must equal the thermistor resistance at 
0 °C (11,400 ohms). 

Fig. 1. Basic bridge used with thermistor. 

Because current flowing through the 
thermistor produces self -heating, and 
thus false temperature indications, such 
self heat must be kept as small as possi- 
ble, and the still air dissipation must not 
be exceeded. From the manufacturer's 
specification, this is 1.9 milliwatt per de- 
gree C. Maximum power will be dis- 
sipated in the thermistor when the 
thermistor is the same resistance as the 
resistor in series with it. (R3=4000 
ohms) . Because the self -heat effect of 
the thermistor must not exceed the .2 °C 
precision originally specified, a reason- 
able amount of dissipation would be 50% 
or .1 °C. The maximum amount of power 
dissipated then becomes .1 x 1.9 or .19 
milliwatt in the thermistor. 

Voltage across the thermistor is de- 
termined by E2= -PR, where P is the 
allowable power (.19 mw. ), and R is the 
thermistor resistance ( 4000 ohms) . In 
this case voltage is .872 v. Because the 
thermistor is in series with R3, up to 1.- 
744 (2 X .872) volts can be used across 
the bridge. (A 1.5 -v. cell can be used.) 

For good results, the meter circuit re- 
sistance should be equal to approxi- 
mately ten times thermistor resistance at 
highest temperature (1619 ohms at 
50 °C). Total meter leg is then 16,000 
ohms. With 1.5 v. across the bridge and 
no meter, voltage across the meter cir- 
cuit (El) at 50 °C will be (1.5 RT)/ 
(RT +R3). This equals .4323 v. Voltage 
(E2) across R1 will be (1.5 RI)/ (R1+ 
R2) equals 1.1104 v. E2 -E1 =.6781 
vow` across the meter circuit. Current 
flow is equal to E/R where E is .6781 v. 
and R is 16,000 ohms. The 43 -µa. result 
indicates the use of a 50 -p.a. full -scale 
meter. The series resistor Rs can be jug- 
gled to make this even out at 50 pa. 

Calibration 
Various points on the meter scale can 

be calibrated by substituting resistance 
values for the thermistor resistance at 
various temperatures determined from 
the thermistor operation curve. The 
bridge may also be calibrated against a 
known thermometer at various tempera- 
tures. 
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The UHF -FM antenna 

that challenges a 

VL -10 (Illustrated) 
9 driven elements 
1 parasitic element 
List price $34.95 

VHF -FM ANTE 
Finco's Collor Ve -Log challenges all competition on color or black and white reception 

and stands behind this challenge with a "Guarantee of Supremacy ". The swept ele- 

ment design assures the finest in brilliant color and sharply defined black and white 

television reception - as well as superb FM monaural and stereo quality. FINCO pre - 

cision -engineered features make these advanced -design antennas indispensable to 

good home sight- and -sound systems. And, of course, they carry the famous uncon- 

ditional guarantee from the leading manufacturer in the field - FINCO. Promote the 

Color Ve -Log Antennas with pride, sell them with confidence, and profit handsomely. 

Featuring Finco's Exclusive Gold Corodizing 

VL -5 
5 element VHF -FM 
5 driven elements 
List price $16.95 

VL -7 
7 element VHF -FM 
7 driven elements 
List price $23.95 

VL -15 
15 element VHF -FM 
9 driven elements 
6 parasitic elements 
List pr ce $46.95 

VL-18 
18 element VHF -FM 
9 driven elements 
9 parasitic elements 
List price $54.50 

The FINNEY Company 34 W. Interstate Street Bedford, Ohio 
Write for color brochure #20 -307, Dept. 410 

CIRCLE NO. 116 ON READER SERVICE CARD July, 1965 67 



a new money- making, 
traffic -building tube tester 

-.. 
4111I + 

THE ALL NEW SENCORE TC131 

SEMI -AUTOMATIC TUBE CHECKER 

After thousands of requests here is the "counter/ bench" 
version of the famous Sencore Mighty Mite Tester; designed 
for the ultimate in tube checking thoroughness and oper- 
ational simplicity! Designed for two -way use - as a pro- 
fessional shop tester and customer self- service unit. Tests 
over 2500 tubes - including Nuvistors, Compactrons, 10- 
pins, Novars, Magnovals and foreign tubes with a big 
6 -inch meter for easy reading. Semi- automatic; simply 
turn function control to any test and watch lighted arrow 
on meter automatically stop on right scale. User can't go 
wrong - no guess work - everything is read right on the 
meter (no tricky neon lights to misread); only 3 set -up 
controls. Easy to read, speed- indexed set -up cards make 
every test fast and sure. Like the famous Mighty Mite, the 
TC131 uses 100 -megohm grid leakage sensitivity to spot 
those "tricky" tubes other testers miss; tests inter -element 
shorts and makes cathode emission tests under full oper- 
ating levels. A real profit maker as ci 

counter checker or self service tube seller 

$ in your shop ... and it's only 

See your distributor about the big TC131 trade -in deal. 

professional quality - that's the difference! 

NC01=1 
426 SOUTH WESTGATE DRIVE ADDISON, ILLINOIS 
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RESISTANCE 
SOLUEßI\ 

By D. A. REID 

Electrical circuit replaces 
soldering iron for fine work 

and elimination of 
cold -solder joints. 

F 
LECTRONICS technicians who service equipment on 

aircraft, ships, or other outdoor installations often have 
J to solder connections in awkward, exposed places, in 

many cases with some degree of wind blowing. They have to 
make a choice between a soldering tool that will physically 
fit the job or one that is big enough to hold the heat required. 
All too often, they have to settle for the awkward -sized iron 
that will hold the heat. 

It was for this reason that resistance soldering was devel- 
oped. Using this technique, enough heat to melt the applied 
solder is created only when both sides of a power source are 
applied across a conducting medium. Anyone who has felt a 
resistor getting hot under excess current flow, or who has had 
a piece of screwdriver chewed away while it was acting as an 
accidental short across a power source, has had a practical 
demonstration of resistance heating. 

Resistance soldering can be used where components are 
closely packed without the danger of burning components 
close to the working point. Heat control for different types of 
work can be obtained by changing the applied voltage. Dou- 
bling the voltage ( or current) will double the amount of heat, 
since the heat generated is proportional to the square of the 
current flow. 

Fig. 1 shows the circuit of a resistance -soldering unit. This 
particular one is called the Conductance Soldering Kit SU -1C 
and is used by the RCAF. A carbon bit is connected to the 
"Common" terminal, and the tool or device used to complete 
the circuit is connected to the "Hot" terminal. With the selec- 
tor switch in the "Lo" position, the no -load voltage across the 
terminals is 2.5 volts; with the switch in the "Hi" position, it is 
5 volts. The " Cont'y" position provides a means of checking 
both the circuit of the soldering tool and the continuity of the 
completed joint. The "Cont'y" lamp in the circuit reduces cur- 
rent flow sufficiently to prevent the circuit from becoming 
unsoldered. 

As shown in the photographs, there are two ways to use the 

Fig. 1. Circuit of the resistance -soldering unit. The fuse 
size is determined by the current required during soldering. 

117 V. A. C. 
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A solder dispenser can be used as one contact when desired. 
The circuit is completed with either a carbon or metal tip. 

resistance- soldering device. One way is to apply both ter- 
minals directly across the point to be heated, and the other is 

to use a spring clip to connect the common terminal of the 
resistance -soldering unit to a common terminal on the work. 
The hot terminal is then touched to the working point by a 
probe -like tool to create the heat. As will be noted in the pho- 
tograph, one terminal can be a carbon rod. This rod, made 
from industrial carbon, can be shaped for a particular need 
by a sanding disc or file. In the probe method, the collet end 
piece of the probe mounts a slender carbon rod that is used as 
the electrical contact. A further heat control for working on 
delicate circuits can be obtained by using a pencil lead in the 
collet. Soft leads ( 3B, 2B, B, and HB) will produce more heat 
than hard leads of the H series, and the smaller diameter of 
the pencil lead restricts the area of the generated heat. 

As with ally new technique, some practice is needed to be- 
come familiar with resistance soldering. The bit does not 
become hot instantly, but the contacted point does. Conse- 
quently, cold -soldered joints are almost impossible since the 
solder cannot melt on the bit and then flow to the work. When 
soldering, an arc may be produced upon contact or upon re- 
lease of the tool from the work. This arc quenches very rap- 
idly and is a minor optical annoyance. 

For unsoldering and disconnecting, a steel hook similar to 
a dental probe can be fitted into the collet. The carbon rod 
is brought to one side of the connection and the steel hook is 
inserted between the component lead and the solder point. 
As the solder softens, the hook can be slightly rocked to facili- 
tate wire removal. 

Repairing a circuit board using a pencil lead in the collet. 
The hot contact is made to the board through a spring clip. 
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Use it... mobile .. . 

base... 
or portable! 

\v Cape Horn to Fairbanks, Alaska 
"Messenger Ill" goes all the way on Mercury 
Comet 16,200 mile durability run! Comet 
drivers report: Over 40 continuous days 
and nights, through rain, fog, sleet and 
snow . . on washboard roads, some 
scarcely more than a trail ... in tropic 
heat and frigid Arctic weather -the 
"Messenger Ill" never let them down! 

For unmatched quality 

and dependability -GO JOHNSON! 
The most popular CB transceiver in the world - 
the "Messenger III" offers everything you ever 

wanted in a CB transceiver ... compact size, a 

husky signal, extreme sensitivity, razor -sharp 
selectivity -and complete flexibility for base 

station, mobile, public address, or battery 
powered portable use! Double conversion re- 

ceiver- set -and -forget "Volume" and "Squelch" 
controls -11 channel coverage -"Tone Alert" 
Selective Calling System available as accessory. 

E. F. JOHNSON CU. 
1127 10th Ave. S.W. Waseca, Minnesota 56093 

WRITE TODAY for lulu color brochure. or see your Dealer /Distributor and ask foi a demonstration! 

PERSONAL 
MESSENGERS 

100 Mill watt and 1i4 
Watt hand -held units. 
Twice tie sensitiv ly 
and 40% more range 
than similar units w th 
conventional circuitry! 

MESSENGER 
To date -one of the 
biggest sellers in the 
Citizens Band field! 5 

channels -long on per- 
formance, short on cost. 

MESSENGER TWO 
Ten channels and tune- 
able receiver. Excellent 
rece ver sensitivity and 
selectivity. Plenty of 
features. Delivers a 

penetrating signal with 
solid punch! 
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THE ELECTRONIC DRAFTSMAN 
By WAYNE R. WISE 

If all alphanumeric and electronic symbols are given 
a digital code, it then becomes possible to program a 
digital computer to create finished schematic diagrams. 

BETWEEN the scrawled circuit diagram of Fig. 1 and 
the final schematic of Fig. 2 lies not the hand of a 
skilled draftsman but the work of a clerk with only 

40 hours of special training and a new device called the Auto- 
matic Drafting Machine (ADMA). 

ADMA is a system of automated design and drafting de- 
veloped by Hughes Aircraft Company that uses a computer 
and a unique digital -to- analog x -y plotter to create finished 
drawings from rough sketches. For the last two years, two 
shifts a day, it has been turning out schematics and PERT 
networks on a production basis. 

The heart of the new system is the plotter, which consists 
of a 30" x 30" table with two symmetrical arms, one moving 
on the x -axis and the other on the y -axis. A carriage at the 
crossing of the two arms holds four drawing pens and a 
lightweight alphanumeric printer developed specifically for 
ADMA. The arms of the plotter are driven by a.c. servos 
with a positioning accuracy of .005% -so accurate that if one 
line is drawn over another with the same coordinates, the eye 
cannot detect any difference. 

The printer operates at a speed of 200 characters per 
minute. The characters, available in three sizes, include Greek 
letters and punctuation symbols as well as the standard alpha- 
bet and digits. 

The characters are individually mounted on spring -loaded 
typebars located around the circumference of a three -inch 
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wheel which rotates in the same plane as the table. The wheel 
is driven by a high -speed stepping motor, one step per char- 
acter. A binary encoder is driven from the same shaft and 
relays the position of the desired character to the computer. 
The printer can print both horizontally and vertically. The 
small size and light weight make it possible to move rapidly 
and print in the corners of the table. 

ADMA needs only one computer command to draw any 
line of any length. This is accomplished through the use of 
six algebraic equations that define the location of the line, 
the shape (straight, curved, elliptical, or arced) , and the 
length of the line. This feature is unusual, since digital and 
incremental plotters require a completely separate command 
for each segment of a line. 

Encoding 
The creation of a drawing starts when the engineer's sketch 

is given to an encoder who prepares the paperwork for the 
computer. First, all of the elements, terminals, and junctions 
are given numbers as shown in Fig. 3. These numbers are 
then connected in rows and columns to define their positions, 
horizontally and vertically. This information, as well as the 
code for each component, is punched into cards and fed into 
the computer. 

The computer determines the total drawing area required, 
striking a balance between compactness and visibility, se- 

Fig. 1. This is the way that the circuit design engineer sub- 
mits his circuit to the automatic drafting machine encoder. 
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The automatic drafting machine couples a magnetic memory 
with o servo -controlled x -y plotter to produce sketches. 

lects the reference point within this area for each element, 
letter and line, and fixes the coordinates of each terminal, 
junction, and lead. It then prepares the tape for ADMA, 
adding the address of each standard symbol and component 
in the permanent library. 

The permanent library consists of about 250 standard 
symbols recorded on magnetic tape. This eliminates redesign- 
ing a symbol each time it is used, since it is only necessary to 
call out the address in the memory and the computer does the 
rest. This idea can be extended so that a whole section of a 

drawing can be reproduced by the use of a single address 
for that particular section. 

Changing a drawing is a relatively simple process. The 
affected punched cards are changed and a new tape is made 
with all of the corrections incorporated within a matter of 
minutes. 

The high degree of accuracy and the ability of the system to 
make drawings in any of six reduced sizes makes it ideal for 
producing printed circuit masters. Usually these masters are 
drawn up many times full size and then photographically 
reduced. The only change required on ADMA is replacing 
the pen with a heated embossing stylus. 
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Fig. 3. The encoder takes the designer's sketch and identifies 
each circuit element as to row IA) and column IB1 position. 

The program that produced AD\IA was started four years 
ago when a study of the costs in developing engineering 
products showed that as much as 70% of the total expense was 
in design and drafting. 

Schematics drawn by the machine cost 75% as much as 

hand -drawn schematics, and PERT networks only 25% as 

much. In terms of time, the savings are even greater: 75% 

less time is required for the schematics and 90% less for 
PERT charts. 

Other applications for ADMA that are presently being 
developed include map -making, drawing logic charts, and 
making highway and weather maps. The company also hopes 
that with the aid of another computer, ADMA will soon be 
able to do routine design work, such as designing gear trains, 
component layout, and other simple mechanical designs. 

Fig. 2. Once the designer's sketch has been encoded, the electronic drafting machine then produces this finished drawing. 
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POTENT NEW 

PRE -AMPS 
FROM WINEGARD 

First Pre -Amps That Have Same Gain on 
Both TV Bands plus FM 
Will Take Highest Signal Input of Any Twin 
Transistor Antenna Amplifiers Made 
Have Lowest Noise Figure Ever Obtained on 
TV Antenna Pre -Amps 

. Can Be Used on Any TV Antenna for Black 
and White, Color or FM 

AP75T SPECIFICATIONS: GAIN: flat 33DB 
per band. SIGNAL OUTPUT: 2,000,000 MV. 
INPUT IMPEDANCE: 300 ohm. DOWNLEAD 
IMPEDANCE: 75 ohm. OUTPUT IMPEDANCE 
75 ohm, 117V 60CPS, 1.8 watts. List price only 
$79.95. 
AP220T (300 ohm) and AP275T (75 ohm). SPE- 
CIFICATIONS: GAIN flat 18DB per band. 
BANDPASS: 54MC- 108MC, 174MC- 216MC. 
INPUT IMPEDANCE: 300 ohm. OUTPUT IM- 
PEDANCE: AP- 220T -75 or 300 ohm, AP275T 
-300 ohm input, 75 ohm output. 117V, 60 CPS, 
1.8 watts. List prices: AP220T only $44.95, 
AP275T only $49.95. Ask your distributor or 
write today for spec. sheets. 

Winegard Co. ANTENNA 
SYSTEMS 

3003 -H Kirkwood, Burlington, lows 
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when it's time to think of college 

you should read this 

FREE CAREER BOOKLET 

.. I.....ï. ................ 

MSOE 
about electronics at 

MSOE 

MILWAUKEE MS -235 

SCHOOL OF ENGINEERING 
Dept. EW -765 1025 N. Milwaukee Street 
Milwaukee, Wisconsin 53201 

Tell me about an engineering career through 
residence study in: 
El Electrical fields 0 Mechanical fields 

Name Age 

Address 

City, State 
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CIRCLE NO. 105 ON READER SERVICE CARD 

72 

Art of Xerography 
(Continued from page 28) 

and the 813 Copier was put on the mar- 
ket near the end of 1963. 

High -Speed Reproductive System 

The distinction between office copy- 
ing and duplicating has always been that 
the duplicating process requires the 
preparation of an intermediate copy or 
master and copiers do not. For long 
runs, the cost per copy with duplicators 
is generally less than with copiers. In 
practice, duplicators are sometimes used 
to produce 5 or 6 copies (a costly opera- 
tion) and office copiers are often used 
to run off copies by the hundreds. 

The gap between copiers and dupli- 
cators was bridged last fall with the in- 
troduction of the Xerox 2400. Copies 
are made with this unit at the rate of 
2,400 per hour directly from the original 
document. 

The original document is put on a 
curved glass platen and illuminated 
from below by a bank of specially de- 
veloped fluorescent lights (Fig. 4). The 
document is then scanned by an optical 
system using a newly developed oscil- 
lating mirror. The image is reflected 
through a lens to a fixed mirror which, 
in turn, reflects each image onto a sele- 
nium- coated drum. The xerographic 
image is developed and transferred to 
the paper. It is then fixed permanently 
on the paper by a new method called 
'heated roll fusing." 

To achieve speed, new developments 
were necessary in the optical, develop- 
ing, and fusing systems. In addition, 
drum speed had to be increased. The 
document image is placed sideways on 
each third of the drum instead of the 
single image lengthwise on the whole 
drum. In the new fast -fusing process. 

A small analog computer is used by engineer 
to simulate a control system for a copying 
machine under development. The mathematical 
model shortens test time and increases con- 
fidence in the design of the control system. 

the paper is squeezed between two rolls, 
one heated. 

Search for New Products 
Xerography can be used with just 

about any electronic system where the 
electrical signal can be converted to 
light. It has, as a matter of fact, been 
used to produce documents from the out- 
puts of radar, digital computers, and seis- 
mic detectors. 

As far back as 1950, there existed the 
capability to apply the principles of 
xerography in a system utilizing a cath- 
ode -ray tube display to produce an 
image. However, existing transmission 
facilities were so limited that further 
development and applications to a long - 
range facsimile system were not prac- 
tical. 

In 1961 development began on a sys- 
tem that would overcome the short- 
comings of earlier facsimile techniques. 
A primary objective was to produce a 

Fig. 5. Operation of LDX (long -distance xerography) 
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LIVE BETTER ELECTRONICALLY with LAFAYETTE RADIO ELECTRONICS 
HI -FI AND CB EQUIPMENT Headquarters 

'r 

IIt/ft)litt/illlijilil.\tt sJiJ{f1JUtItlüNntr... 
IJII {:7ltlfllfiíllllttil'... w.\\\\\\ 

Model HB -5 

13 

NEW! LAFAYETTE 70 -WATT COMPLETE 

AM -FM STEREO RECEIVER 
ModellR -800 

19950 
99-0005WX 

Just Add Speakers and Enjoy FM, FM Stereo 
and High -Quality AM Reception 

A powerful 70 -Watt Amplifier plus Complete Preampli- 
fier Control Facilities plus a Standard AM Tuner plus. a 

sensitive FM Tuner plus an FM Stereo Tuner -all on One 
Compact chassis Amazing FM "Stereo Search" Circuit 
Signals Presence of Stereo Broadcasts Tuned Nuvistor 
"Front End" provides Greater Sensitivity, Lower Noise 

Bar -Type Tuning Indicator for AM and FM Variable 
AFC Control Imported 

TAKES REELS 

UP TO 1". 

Small ... Quiet ... Powerful! 

F A NEW! LAFAYETTE SOLID-STATE 

DUAL CONVERSION 5 -WATT 

CB TRANSCEIVER 
With Authentic Mechanical Filter 

Only 3" high -fits easily in any car 
Special multi -stage noise limiting circuit ends problem 
of mobile noise 
The same output as the most powerful tube unit yet 
uses only 1 /50th of the battery power 

The Perfect Unit For Mobile! 
12 Crystal Transmit and Receive Positions 23 Chan- 

nel Tunable Receiver With Spotting Switch 3 -Stage 
Transmitter Rated For Full Legal Power Dual Conver- 
sion Receiver with 5/10 AV Sensitivity Multi -Stage 
Automatic Noise Limiting Circuit Rugged Silicon Mesa 
Transistors Compact- 3 "Hx11 ;6 "Wx6 K6 "D 12V DC 

Mobile Operation (Negative or Positive ground) 117V 
AC operation when used with Matching Solid -State AC 

Power Supply (Optional at $16.95) 

Model RK -131A 

895° 
99.1511WX 

$ adaptable to 
stereo playback 

DYNAMIC 
MICROPHONE 

THE WIDELY ACCLAIMED LAFAYETTE 

RK -137A TAPE RECORDER 
FEATURING - TRACK STEREO PLAYBACK$ - TRACK MONAURAL RECORD PLAYBACK 

With Electronic Track Selector 
Switch, VU Recording Level 
Meter and Pause Switch For Instant Editing 

Includes Lightweight carrying case, dynamic mic- 
rophone, output cable, 7 inch empty tape reel. 

Two Speeds -33/4 & 71/2 ips Pause Lever Provides 
Instant Stop for Editing Record -Erase Safety Switch 

Fast, Rugged Shift Lever Control Extension Speaker 
Jack High Impedance Monitoring Jack VU Meter 
Recording Level Indicator Electronic Track Selector 
Switch Specially Designed Heavy -Duty 6x4" PM 
Speaker Separate Erase and Record Heads Imported 

FREE: 

Model HB -400 

16950 
99 -3001 WX 

LAFAYETTE 
RADIO ELECTRONICS 

1965 CATALOG NO. 650 516 PAGES! 
See The Largest Selection in Our 44 -Year History 

Stereo Hi -Fi - Famous Brands plus Radio's, TV's and Accessories 
Lafayettes own Top -Rated Components P.A. Equipment; Intercoms 
Citizens Band Equipment Test Equipment Optical Goods 
Tape Recorders Ham Gear Auto Accessories Musical Instruments 

NEW! LAFAYETTE 23- CHANNEL 

5 -WATT CB TRANSCEIVER 

Double Side Band Full Carrier 

17 -Tube Performance with 13 Tubes 
Low Noise Nuvistor "Front End" 
5 Double -Tuned If Transformers 
Meets All FCC Requirements 

Frequency Synthesized Circuit Provides 23 Crystal -Con- 
trolled Transmit & Receive Channels -No Extra Crystals 
to Buy Continuous One -Control Channel Tuning Full 
5 -Watt Input Push -To -Talk Microphone & Electronic 
Switching Dual Conversion Receiver With 3/10 µv 
Sensitivity Delta Tuning Offers "Fine Tuning" of 
±2.5Kc on Receive Illuminated "S "' and RF Output 
Meter Variable Squelch, Variable Noise Limiter, AGC 

Built -in 117V AC & 12V DC Power Supply "Vari- 
Tilt" Mounting Bracket for Easy Mobile Installation 
Plug -in Facilities For Lafayette Selective Call Unit 

With Advanced 
"Range- Boost" 

Circuit 

LAFAYETTE RADIO ELECTRONICS 
Dept. RG -5 F.O. Box 10 
Syosset, L.I., N.Y. 11791 

Send me the FREE 1965 Lafayette Catalog 650 
$ enclosed; send me 
(Prices do not include shipping charges). 

Name 

Address 

City State Zip - - - - 
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THERE'S BIG MONEY 
IN 

MOBILE -RADIO MAINTENANCE 

with a 2nd Class Ticket and 

LAMPKIN METERS 
Business and Industrial Radio . . CB . Public Safety \1ìrine . and 
Aircraft Radio all arc booming; all need maintenance and frequency checks. Much of 
this can be on a long -term contract basis, so you Can fill in those non-productive hours 
with a steady extra income. Begin with the ideal instrument to build your business 
around - the LAMPKIN 105 -B FREQUENCY METER. Low cost, it will measure 
unlimited numbers of channels and is all you need for CB and all other mobile services 
except the high -band split channels; later you can add the LAMPKIN FM MODULA- 
TION METER and the split -channel PPM METER as your business grows. To learn 
more, use coupon for your free copy of "How to Make Money in Mobile Radio 
Maintenance "! 

LAMPKIN 105 -B FREQUENCY 
METER 100 KC to 175 MC and 
up, continuous coverage. Hetero- 
dyne type. Only 8 lbs. $295.00. 
(0.0001% accuracy with inex- 
pensive accessory PPM Meter.) 

... -.... .....,.,..mi. mu. 

LAMPKIN LABORATORIES, INC. 
MFM Division, Bradenton, Florida 
At no obligation to me, please send free 
booklet and information on Lampkin 
meters. 

Name 
Address 
City State 

LAMPKIN 205 -A FM MODULATION METER 25 to 
500 MC continuous. Dual scales, 0 -12.5 and 25 

Peak KC, $290.00. With Quad scales, 0 -1.25 
and 2.5 KC added, $340.00. 

MAIL COUPON TODAY! 

LAMPKIN MFM DIVISION 

LABORATORIES, INC. BRADENTON, FLA. 
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Get Your First Class Commercial 

F.C.C. LICENSE 
00/Clan 

Career opportunities in communi- 
cations electronics are almost 
unlimited. Prepare now. Let 
Grantham train you - by corre- 
spondence, or by classroom and 
laboratory instruction. Get your 
first class commercial F.C.C. license 
in as little as 3 months, or at a 
slower pace if you prefer. Then, 
continue in more -advanced elec- 
tronics training if you wish. Di- 
ploma awarded. Our catalog gives 
full details. 

Learn how our training can pre- 
pare you for your F.C.C. license ; 

write or telephone the School at any 
one of the teaching divisions listed 
below, and ask for "Catalog 56." 

Grantham School of Electronics 

1505 N. Western Av., Los Angeles, Cal. 90027 
(Phone: HO 9 -7878) 

408 Marion Street, Seattle, Wash. 98104 
(Phone: MA 2 -7227) 

3123 Gillham Road, Kansas City, Mo. 64109 
(Phone: JE 1 -6320) 

818-18th St., NW, Washington, D.C. 20006 
(Phone: 298 -7460) 
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World's 

Fastosi Selling 

FM Cordless 

Microphone 

1 

IMP 11 
Transmits voice or signal with power and 
fidelity to any standard FM tuner or radio. 
Perfect for use where mike cords are in- 
convenient. For broadcasting, remote tape 
recording, communicating or hundreds of 
other applications in schools, churches, 
theatres, plants, stores, homes and sport- 
ing activities, indoors or out. Tunable: 
88 -108 me band. 3995 
IMP 11.221 Transmitter only Uu 
IMP 111M -222 Complete with built -in A(í95 

pin -head microphone "ta 

r See Distributor or write Dept. EW -7 4 kinemafix, inc. 
2040 West Washington Boulevard 

Chicago, Ill. 60612 Area 312 666.0066 
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system that would rapidly provide high - 
quality copies on ordinary paper. 

In 1964 the first commercial long -dis- 
tance xerographic (LDX) facsimile sys- 
tem was installed. This system, using a 
scanner and electronics, converts the 
image to be transmitted into two -level 
video signals for transmission over 
broadband facilities, such as microwave, 
special telephone lines, or cable ( Fig. 
5) . On the receiving end, the signals are 
sent to a cathode -ray tube that projects 
them optically onto a xerographic drum. 
Then, they are reproduced by standard 
xerographic techniques. 

Still in the research laboratory is an 
imaging method which is based on the 
deformation (selective wrinkling) of a 
thin film of plastic. Called "frost," the 
new method is inherently a continuous - 
tone process. A photoconductor is used 
to control the formation of an electro- 
static image and the selective deforma- 
tion of a heat- softened film. A light - 
scattering image is formed which can 
then be displayed by reflection or trans- 
mission optics. 

One final application of the principles 
of xerography should round out our dis- 
cussion. Xerographic toners are inert to 
most inorganic and to some organic 
etching solutions and, therefore, can be 
used as a chemical resist in the prepara- 
tion of printed circuits. The technique 
can also be used to produce microminia- 
ture circuits. 

These are but a few of the directions 
the research program has taken. The 
company intends to continue this em- 
phasis on "directed research and de- 
velopment" and to push forward into 
new areas of graphic communica- 
tions. 

CRYSTAL CALIBRATOR 

THE simple 100 -ke. crystal calibrator 
shown in the diagram, suggested by 

G -E, can be used to place harmonics of 
the 100 -kr. signal along the frequency 
spectrum. 

Receiver coupling can be either direct 
to the receiver antenna terminal, or via 
a small plug -in antenna. 

The transistor is used in a common - 
e Ater configuration with collector -to- 
base feedback. Two capacitors are con- 
nected across Ilse crystal to form a voltage 
divider with the center tap grounded. 
Sufficient voltage is developed across the 
lower capacitor to cause oscillation. A 

I9Iv.-L = 3.3K 

470K 

CRYSTAL: JAMES KNIGHT 

0015 

500pf 

CO. H-93 

IOOKC. 
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Every 40 seconds a burglary takes place in the United States. 

TECHNICAL INFORMATION 

The RADAR SENTRY ALARM is 
a complete U.H.F. Doppler Ra- 
dar System which saturates the 
entire protected area with invis- 
ible r.f. microwaves. It provides 
complete wall to wall -floor to 
ceiling protection for an area of 
up to 5,000 square feet. Without 
human movement in the pro- 
tected area, the microwave sig- 
nal remains stable. Any human 
movement (operation is unaf- 
fected by rodents and small ani- 
mals)in the area causes the dop- 
pler signal to change frequency 
approximately 2 to 4 cps. An 
ultra- stable low frequency de- 
tector senses this small fre- 
quency change, amplifies it and 
triggers the police type siren - 
which is heard up to a half mile 
away. 

In addition, the RADAR SEN- 
TRY ALARM's protection can be 
extended to other areas with the 
use of the following optional ac- 
cessories: 

remote detectors for extending 
coverage to over 10,000 sq. ft. 
rate of rise fire detector U.L. 
approved for 2,500 sq. ft. of 
coverage each (no limit on the 
number of remote detectors 
that can be used) 
hold -up alarm 
central station or police station 
transmitter and receiver (used 
with a leased telephone line) 
relay unit for activating house 
lights 
battery operated horn or bell 
which sounds in the event of: 
powerline failure; equipment 
malfunction or tampering 
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At that rate, it's a multi -million 
dollar a year business. . , for bur- 
glars. 

And an even better business op- 
portunity for you. 

Why? Because burglary can be 
stopped...with an effective alarm 
system. 

In fact, police and insurance 
officials have proved that an alarm 
system reduces, and in many cases, 
eliminates losses -even helps po- 
lice apprehend the criminal. 

Here's where you come in. 
Only a small percentage of the 

more than 100 million buildings - 
stores, offices, factories, schools, 
churches and homes are protected 
by an effective alarm system. 

That means virtually every 
home, every business is a prospect. 

You can sell them! 
And you don't have to be a 

super -salesman to sell the best 
protection available -a Radar Sen- 
try Alarm unit. All you have to do 
is demonstrate it...it sells itself. 

A glance at the technical infor- 
mation shows why. 

RADAR SENTRY ALARM 

It's the most unique and effec- 
tive alarm system ever invented. 

And here's the proof. 
In the past six years, thousands 

of RADAR SENTRY ALARM units 
have been sold in the Detroit, Mich- 
igan area alone -sold by men like 
yourself on a part -time and full - 
time basis. 

Here are just a few customers 
who are protected by RADAR 
SENTRY ALARMS: 

U.S. Government 
U.S. Air Force 
Detroit Board of Education 
Hundreds of Churches, 
Banks, Businesses and 
Homes. 

Everyone is a prospect. 
So take advantage of your pro- 

fession. Put your technical knowl- 
edge and experience to work for 
you in a totally new area -an area 
that will make money for you! 

Don't wait! 
Get in on the ground floor of this 

new money- making business. 
Become a distributor. 
Write now for free details. 

Mail to: RADAR DEVICES MANUFACTURING CORP. 
22003 Harper Ave., St. Clair Shores, Michigan 48080 

Please tell me how I can have a business 
of my own distributing Radar Sentry 
Alarm Systems. I understand there is no 
obligation. 

Name 

Address 

City State & Code 
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CEDED BY 19T0! 

Government Report* Points Out Rapidly Growing Job Opportunities: 
Need for Trained Electronics Technicians An Important Factor 

By Bill Gordon, RCA Institutes, Inc. 

President Johnson Emphasizes 
Need. In his 1964 annual man- 
power report, President Johnson 
indicated that the demands for 
manpower are expanding most in, 
among other fields, service and 
technical (including technician) 
occupations. This expansion is the 
result of a handful of causes under- 
lying today's big changes in the 
occupational picture: (1) increas- 
ing complexity of modern technol- 
ogy, (2) trend toward automation 
of industrial processes, (3) growth 
of new areas of work, such as in 
the field of atomic energy, earth 
satellites and other space pro- 
grams, and (4) data systems analy- 
sis and data processing. Indicative 
also of the growing importance of 
the use of technicians is a recent 
revision of the "List of Critical 
Occupations" published by the U.S. 
Department of Labor in which tech- 
nicians are listed for the first time 
by the U.S. Government. 
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Salary Levels for Trained Techni- 
cians Rising Fast. Beginning sal- 
aries for graduates of top level 
technician education programs 
have continued to go up during the 
past five years, at a faster rate than 
salaries of similar types of jobs. 
In fact, a U.S. Labor Department 
projection based on the figures 
shows that by 1970, technician sal- 
aries will average an all -time high. 

Nuclear Instrumentation 

Technical Education is One of To- 
day's Best Investments. Today, a 

person interested in becoming a 

technician can choose Home Train- 
ing or Classroom Training to begin 
building his career. One of the 
nation's largest schools devoted to 
training electronics technicians, 
RCA Institutes, offers a wide variety 
of courses in both categories. In 

addition, the RCA "AUTOTEXT" 
Programmed Instruction Method is 

helping people learn faster and 
easier so they can get started on 

their careers in the shortest pos- 

sible time. Dramatic proof comes 
from the success stories of count- 
less graduates who find profitable 
positions in government, industry, 
or in their own businesses. 
Of the total 696,000 technicians 
needed by 1970, it can be esti- 
mated that electronics technicians 
at all levels will form a vital core 
in today's major job picture. 

"Scientists, Engineers, and Technicians in the 1960's" U.S. Department of Labor, Bureau of Labor Statistics. 
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Space Electronics 

RCA DEVELOPS AN EASY WAY TO LEARN ELECTRONICS AT HOME 

New "Career Programs" Help Train You For Expanding Job Opportunities. 
RCA "AUTOTEXT" Instruction Method Speeds Learning 

Choose an RCA "Career Program" that will 
train you for the job you want in Electronics! 
No time wasted learning things you'll never 
get to use. "Career Programs" answer the 
need for today's growing job opportunities 
for trained Electronics Technicians. They can 
help you get the job you want faster and 
easier than you ever dreamed possible! 
And each "Career Program" starts with the 
amazing "AUTOTEXT" Programmed Instruc- 
tion Method -the scientific way to learn that's 
almost automatic! "AUTOTEXT" helps even 
those who have had trouble with ordinary 
methods of home training in the past. This 
is the "Space Age" way to learn everything 
you need to know with the least amount of 
time and effort! 
Choose a "Career Program" now. Each one 
is designed to train you for a specific, re- 
warding career in one of the following ex- 
citing fields: 

TELEVISION SERVICING 
FCC LICENSE PREPARATION 
AUTOMATION ELECTRONICS 
AUTOMATIC CONTROLS 
DIGITAL TECHNIQUES 
TELECOMMUNICATIONS 
INDUSTRIAL ELECTRONICS 
NUCLEAR INSTRUMENTATION 
SOLID STATE ELECTRONICS 
ELECTRONICS DRAFTING 

In addition to these "Career Programs" RCA 
Institutes offers a wide variety of separate 

courses on many subjects -from Electronics 
Fundamentals to Computer Programming. 

VALUABLE EQUIPMENT INCLUDED 
And, with your RCA Training, you receive 
top -quality equipment to keep and use on the 
job. When you train with RCA Institutes, 
you never have to take apart one piece to 
build another. You'll get the new Programmed 
Electronics Breadboard which provides limit- 
less experimentation...and, with which you 
construct a working signal generator and 
a superheterodyne AM Receiver. 

SPECIAL BONUS - 
OSCILLOSCOPE and METER KITS 
Valuable Oscilloscope and Multimeter Kits 
are yours at no additional cost when you 
enroll in any one of the RCA Career Pro- 
grams ... "must" equipment for electronics 
technicians in almost all jobs. 

LIBERAL TUITION PLAN 
Only RCA offers you this most economical 
way to learn. You pay for lessons only as 
you order them. No long term contracts. 
You may stop your training at any time with- 
out owing a cent. 

CLASSROOM TRAINING ALSO AVAILABLE 
If you prefer to learn in a classroom, RCA 
Institutes maintains one of the largest schools 
of its kind where the latest classroom and 
laboratory training is available in day or 
evening sessions. You may be admitted with- 
out any previous technical training. 

-Radar Microwave 

July, 1965 

Preparatory courses are available If you 
haven't completed high school. Coeducational 
classes start four times a year. 

FREE PLACEMENT SERVICE 
RCA Institutes records prove that in a recent 
class 9 out of 10 Resident School students 
who used the Free Placement Service had 
their jobs waiting for them when they gradu- 
ated. And, many of these jobs were with top 
companies in the field -IBM, Bell Telephone 
Labs, General Electric, RCA, and radio and 
TV stations, and other communications sys- 
tems throughout the world. 
SEND THE ATTACHED POSTAGE PAID CARD 
FOR COMPLETE INFORMATION WITHOUT 
OBLIGATION NO SALESMAN WILL CALL. 
VALUABLE FREE BOOK INCLUDED. CHECK 
HOME STUDY OR CLASSROOM TRAINING. 

Computer Programming 

RCA INSTITUTES, Inc., Dept. ZEW -75 

A Service of Radio Corporation of America 
350 West 4th St., New York, N. Y. 10014 

THE MOST TRUSTED NAME IN ELECTRONICS 
"AUTOTEXT" -An RCA Trademark 
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WORLD'S 
FINEST 

EASIN 

MULTICOAE 

BUY IT AT RADIO -TV PARTS STORES 

MULTILORE SALES CORP. PORT WASHINGTON.N.Y,' 

CIRCLE NO. 194 ON READER SERVICE CARD 

PERMANENT PROTECTION ! 

Electronics 
World 
Deluxe Magazine Files 

that hold a full 
year's copies! 

Designed to keep your 

periodicals orderly and easy to refer to. These 

durable files guard against soiling, tearing, wear 

or misplacement of issues. They look, feel like 
leather and are washable! 23kt. gold lettering and 

exquisite 2 -color binding make them highly -deco- 

rative additions to your bookshelves. 

Shipped POSTPAID! FULLY GUARANTEED! 

Only $2.95 each -3 for $8, 6 for $1 5 ! 
Order several today -for ELECTRONICS WORLD 

and all your other favorite magazines. 

Jesse Jones Box Corp., Dept. EW 

Box 5120 
Philadelphia 41, Pa. 
Please send me: 

TITLE QTY. 

Electronics World 

BLACK 
BACKING/ 

MAROON 
SIDES 

MAROON 
BACKING/ 

BLACK 
SIDES 

(Other publications 
shipped in colors 
available.) 

Total amount enclosed $ 

name 

address 

city state zip- code --- 
- - - - (Payment Must Accompany Order) - -- - 
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"UNDERSTANDING LASERS AND MASERS" 

by Stanley Leinwoll. Published by John 
F. Rider Publisher, Inc., New York. 87 
pages. Price $1.95. Soft cover. 

This is a basic handbook suitable for 
students, laymen, and technicians. In 
clear, no- nonsense style the author covers 
the various types of masers, the ruby and 
other lasers, applications, laser com- 
munications, and laser products com- 
mercially available in various forms. 

The text material is well illustrated 
with line drawings, block diagrams, and 
photographs of commercial equipment. 
It would be useful if the reader had some 
scientific background since the author 
has omitted any discussion of basic elec- 
trical and electronic theory. 

n a n 

"ELECTRONICS- CIRCUITS AND DEVICES" 

by R. R. Wright & H. R. Skutt. Pub- 
lished by The Ronald Press Company, 
New York. 428 pages. Price $9.50. 

The authors, professor and associate 
professor of electrical engineering at Vir- 
ginia Polytechnic Institute respectively, 
have designed this volume as a textbook 
for a basic course in electronics for stu- 
dents of engineering -whether or not 
they plan to continue an electronic engi- 
neering curriculum. For this reason the 
treatment is fairly broad although theory 
is presented in sufficient depth to be of 
use to those continuing in electronics. 

The text material covers both vac- 
uum -tube and semiconductor circuitry 
and principles, with all electronic de- 
vices discussed before specific circuit ap- 
plications are covered. The first nine 
chapters cover the theory while the re- 
maining seven chapters deal with spe- 
cific circuit applications. 

Problems and reference material for 
additional study are appended to each 
chapter. There has been no attempt to 
avoid mathematical treatment where 
necessary or suitable, so those planning 
to use this volume as a self- instruction 
text should govern themselves accord- 
ingly. Incidentally, answers to the prob- 
lems are not included in the text. 

* a o 

"PHOTOCELL APPLICATIONS" by Rufus 
P. Turner. Published and distributed by 
Lafayette Radio Electronics Corpora- 
tion, Syosset, N.Y. 80 pages. Price $1.50. 

This handy little compilation contains 

over 46 circuits utilizing photocells from 
which the experimenter, ham, or tech- 
nician can build a wide variety of useful 
devices or gadgets. 

Included are test instruments, signal 
generators, photoelectric relays, control 
devices of various types, communications 
devices, and miscellaneous and experi- 
mental units. Complete schematics and 
parts lists are included with all of the 
parts specified readily available and 
standard. 

* 

"THE TRANSISTOR" by Joachim Dosse. 
Published by D. Van Nostrand Com- 
pany, Inc., Princeton, N. J. 279 pages. 
Price $8.75. 

This is a fourth revised and enlarged 
edition of a German text, translated 
from the fourth German edition by 
Michel Pradervand, a member of the 
Technical Staff at RCA. The proven 
popularity of this book is easy to under- 
stand since the presentation is clear, 
precise, and comprehensive. 

Like the earlier editions, the text has 
been revised to include the newest de- 
velopments in transistor technology, both 
from production and application angles. 
MADT, planar, post -alloy- diffused types 
are included along with new applications 
for improved versions of the older and 
more familiar transistor types. 

This self- contained reference manual 
includes tables of symbols, schematic 
diagrams and circuit matrices, plus a 
complete and up -to -date bibliography 
listing some 300 pertinent references. 

The author has provided over 170 
diagrams, some in color, as well as seven 
pages of full -color photographs. College - 
level mathematics and a good back - 
ground in physics are prerequisite. 

ö 

"BASIC THEORY OF SPACE COMMUNI- 
CATIONS" by Frederick J. Tischer. Pub- 
lished by D. Van Nostrand Company, 
Inc., Princeton, N. J. 458 pages. Price 
$11.75. 

Since individual space shots are so 
incredibly expensive, there is no room 
for "cut- and -try" experimentation with 
circuits in the rocket, satellite, or space- 
craft. Equipment must be designed, de- 
bugged, and built in a non -space en- 
vironment yet perform flawlessly in 
space. 

This is a unified presentation of the 
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many subtopics in the field of space com- 
munications. Fundamental theoretical 
topics from four major subject areas - 
electromagnetics and antennas, plasma 
dynamics, wave propagation, and com- 
munications theory -are covered. The 
treatment is rigorous, theoretical, and 
mathematical. Bibliographies are ap- 
pended to each chapter for further in- 
vestigation of other source material. The 
author calls for a baccalaureate in phys- 
ics or electrical engineering with the ap- 
propriate mathematical training as pre- 
requisite. 

"HI -Fl TROUBLES" by Herman Burstein. 
Published by Gernsback Library, Inc., 
New York. 159 pages. Price $3.95. Soft 
cover. 

This book is subtitled "How you can 
avoid them, how you can cure them," 
and sets the tone for the treatment of the 
subject matter. This volume is addresed 
to the layman /owner of various types of 
audio equipment -including tuners, am- 
plifiers, speakers, and even equipment 
constructed from kits. 

In eleven chapters the author covers 
the minimum tools the audiophile will 
require to work on his equipment, pre- 
ventive maintenance, noise and hum 
problems, trouble in bass and treble cir- 
cuits, distortion, stereo problems, and 
problems which might arise in construct- 
ing a kit. 

Cartoon -type illustrations, photo- 
graphs, block diagrams, response curves, 
and line drawings are used extensively to 
amplify the text material which is writ- 
ten in an easy -to -take, informal, conver- 
sational style. 

a n e 

"THE ELECTRONICS OF MATERIALS" by 
Samuel Ruben. Published by The Bobbs- 
\fcrrill Company, Inc. and "THE ELE- 

MENTS" by Samuel Ruben. Published by 
Howard W. Sams & Co., Inc., Indianap- 
olis. $4.25 and $1.95, respectively. 

The first volume is based on the au- 
thor's circular chart in which the peri- 
odic relation of the elements is indicated 
in terms of the valence electron potential 
in electron volts. Using this chart, as in- 
structed, it is possible to select and de- 
termine the components of materials 
which would be preferable and logical 
for electronically or ionically dependent 
applications, such as junctions in solid - 
state conductors. This volume is ad- 
dressed to both students and industrial 
en grin eery. 

The second volume is a convenient 
and expanded version of the Periodic 
Table outlining atomic structure in suffi- 
cient detail to serve as a reference man- 
ual for advanced research projects. The 
103 elements are arranged in alpha- 
betical order with one page devoted to 
each element. There is also a Periodic 
Table of elements arranged according to 
atomic number. 
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Color Bar / Dot / 
Crosshatch Generator 

COLOR BqR /DOTr'CPCSSNOT(u 

GEr1EPnTOP. 

v."P--6ai 
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THE ESSENTIAL COLOR-TV 

TEST INSTRUMENT 

Now in a new model with more features for greater stability and versatility 
Crystal- controlled RF oscillator for 

stable picture carrier. 
Three additional crystal oscillators 

are used to produce the sound carrier, 
color sub -carrier signal and the three 
patterns. 

Convenient front -panel gun killing 
switches to aid individual gun testing as 
well as convergence and purity adjust- 
ments. 

Sound -carrier signal unmodulated for 
accurate adjustment of fine tuning con- 
trol of TV receiver... accurate setting of 
the fine -tuning control is essential for 
checking the performance of the receiver. 

Generates all necessary test patterns: 
COLOR BARS for checking and aligning 
color circuits; CROSSHATCH for adjust- 
ing vertical and horizontal linearity and 
raster size; and DOTS for accurate con- 
vergence. 

Color- phasing adjustments may be 
made with this instrument in the home 
without a scope. 

The standard of the Color-TV servicing 
industry: much of the practical informa- 
tion available for trouble -shooting color 
circuits is based on the RCA Color Bar 
Generator. 
Only ;189.50* 

ASK TO SEE IT AT YOUR AUTHORIZED RCA TEST EQUIPMENT DISTRIBUTOR 

'Optional distributor resale price. All prices subject to change without 
notice. Prices may be slightly higher in Alaska, Hawaii and the West. 

RCA Electronic Components and Devices, Harrison, N. J. 

The Most Trusted Name in Electronics 
e 
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Dclrar Strelehër !- 

If you're in the market for photography equipment, 
and you want to get the most for your money, send 
for the 1965 PHOTOGRAPHY DIRECTORY & BUYING 
GUIDE right now! 

Then, just sit back and be as choosy as you like! 
You'll have access to over a thousand dif- 
ferent items-with complete, point -by -point 
information on manufacturer, model num- 
ber, size, built -in extras, special character- 
istics and price. Flip through the 192 pages 
of this big, valuable factbook -you'll see all 
the latest equipment! Still cameras, elec- 
tronic flash, flash guns. Projectors, movie 
cameras, tape recorders, titlers, editors. 
Enlargers, exposure meters, films, lenses 
galore! Plus- expert tips on how to buy and 
what to look for! 
Arranged for easy reference in three comprehensive 
sections, and 32 pages larger than last year -the 
1965 PHOTOGRAPHY DIRECTORY & BUYING GUIDE 
was compiled by the editors of POPULAR 
PHOTOGRAPHY. That means authoritative, unbiased, 
unerringly precise information. Dollar- stretching 
data that will help you select the best equipment in 
your price range, consistently, all during the next 
twelve months! 
This year, play it smart. Shop before you buy, confi- 
dently, with the up -to- the -minute 1965 
PHOTOGRAPHY DIRECTORY & BUYING GUIDE. All the 
guesswork is out. And the only legwork you do is 
walk to the nearest mailbox with an envelope bear- 
ing the coupon below and just $1. 
Darn good deal for a genuine, one -of -a -kind dollar 
stretcher. 

Ziff -Davis Service Division Dept. PD 

589 Broadway New York, N.Y. 10012 
YES! Send me a copy of the new, up -to -date 
1965 PHOTOGRAPHY DIRECTORY & BUYING 
GUIDE! My dollar (plus 150 for shipping and 
handling; 250 outside U.S.A.) is enclosed. 

name please print 

address 

city state zip code 
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Experiments in Space 
(Continued from page 31) 

ardous to a manned space vehicle. This 
cosmic dust, moving at high velocities, 
has a "sandblasting" effect on materials. 
Solar batteries used for power aboard 
satellites may have their efficiency im- 
paired by the eroding effect of the 
"sandblast." By measuring the size, ve- 
locity, and abundance of these particles, 
scientists and engineers hope to be able 
to determine the level of hazard these 
particles represent. The recently orbited 
Pegasus satellite is being used to take 
such measurements. 

Magnetic Measurements. Of itself, the 
earth's magnetic field is of interest. A 
detailed measurement and mapping of 
the earth's field will aid in understand- 
ing related phenomena. Trapped radia- 
tion, the aurora, radio propagation 
through space, and magnetic storms are 
believed related in some measure to the 
magnetic field of the earth. 

The presence and strength, or ab- 
sence, of magnetic fields in the vicinity 
of a planet or our moon give some in- 
dication of that body's composition. 
Hence we find that magnetic field 
measurements are of interest in virtu- 
ally every satellite or deep -space mission. 

Solar Plasma. Solar plasma, or solar 
winds, are tremendous hydrogen clouds 
which emanate from the Sun. These 
clouds move at several hundred miles 
per second and contain a particles (he- 
lium ions with +2 electron charge), 
protons, and electrons as well as hydro- 
gen. Measurements to date indicate that 
the solar plasma is always present but 
is subject to broad fluctuations in corn- 
position and energy. Moreover, the 
times of increased solar activity, as with 
solar flares, have a marked effect on the 
plasma. Radio communication is greatly 
affected during solar flares, and extra- 
terrestrial radio noise increases. 

The origin and mechanism of solar 
plasma is not well understood at this 
time. It is hoped that further experimen- 
tation will assist in a better understand- 
ing of the nature of this phenomenon. 

Radiation Measurements. With the 
discovery by Van Allen of the radiation 
belts which bear his name, much in- 
terest was aroused in space radiation 
measurements. In addition to these nat- 
ural belts of radiation, U.S. and Soviet 
high -altitude nuclear explosions have 
added charged particles to these regions, 
altering the Van Allen belts' composition 
and shape. While the Van Allen belts 
are believed to be primarily high -speed 
electrons and protons, more measure- 
ments are needed to better chart these 
regions. Clearly, these radiation regions 
could prove hazardous to space travelers. 

In addition to electron /proton radia- 
tion, other radiations are found in space. 

Gamma rays (y rays, similar to high - 
energy x -rays) , cosmic rays, and par- 
ticles emitted from the sun are also of 
interest. Also, since our atmosphere fil- 
ters much of the radiation from the sun, 
measurements of solar radiation made 
above the atmosphere will yield more in- 
formation about the sun. With such an 
abundance and mixture of particles and 
waves, more experimental work is in 
order. 

Wave -Propagation Measurements. 
Since we rely heavily upon the proper- 
ties of the ionosphere for much of our 
radio communication, it behooves us to 
seek a better understanding of this 
region. 

The radio propagation properties of 
the ionosphere are subject to variation 
from day to evening, and with the sea- 
sons. Solar activity, particularly the 
eleven -year sunspot cycle, produces 
severe changes in the ionosphere. 

In addition to radio propagation 
measurements, noise measurements are 
also of interest. 

Astronomical Measurements. Since the 
earth's atmosphere greatly reduces the 
resolving power of terrestrial telescopes, 
we find it desirable to make observations 
from above this region. Hence telescopes 
and /or TV cameras aboard satellites and 
probes can give improved resolution to 
astronomical observations. This fact was 
dramatically illustrated when the TV 
camera aboard Ranger 7 showed the 
Moon's surface with a resolution of 1!í 
feet, some 1000 times better than any 
earth telescope. 

Related to this type of experiment are 
the meteorological satellites, which look 
toward, rather than away from, the 
earth. By relaying photographs of cloud 
formations and earth heat radiation pat- 
terns, meteorologists have added infor- 
mation at their disposal for predicting 
the weather. The Tiros satellite in 1961 
warned of the approach of hurricane 
Esther two days before conventional sys- 
tems detected its buildup. 

In addition to the kinds of measure- 
ments we have discussed, most space 
vehicles carry so- called "housekeeping" 
instruments. These devices monitor and 
transmit information having to do with 
the spacecraft itself. Temperatures, pres- 
sures, power bus voltages, attitude (ori- 
entation of spacecraft), vibration, accel- 
eration, shock, velocity, time from 
launch, etc. are of interest during launch 
and over extended periods of the ve- 
hicle's mission. 

Housekeeping data is usually trans- 
mitted by the telemetry equipment at 
a slower rate than experimental data 
since usually housekeeping data is 
changing at a slower rate. During launch 
it may be that only housekeeping data is 
transmitted, and experiments might not 
be turned on until the region of interest 
is reached. 
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CALL ALERT FOR TWO-WAY RADIO 

By GAILAND CHILDS 
Sr. Development Eng., E. F. Johnson Co. 

Simple and economical neon lamp memory tells 
when unattended two -way radio has been called. 

Nr the development of a device which 
I would permit selective calling of two - 
way radio units, it was determined that a 
system based on a resonant -reed relay 
would permit operation of many re- 
ceivers on the same frequency and also 
eliminate the annoyance of listening to 
irrelevant transmissions. Such a device 
could allow operation of the receiver on 
standby 100% of the time, yet remain 
silent until called individually. 

In a conventional selective calling 
system, there is usually no way to tell 
that a call has been received if the oper- 
ator was not present at the receiver when 
the call came in. 

The call alert device is connected to 
the audio output of the receiver. When 
the particular calling tone is received, 
the resonant -reed relay operates to pro- 
duce a signalling -tone output while at 
the same time it activates the call alert 
circuit to turn on an indicator lamp sig- 
nifying that a call has been received. 

The unit, designed by E. F. Johnson 
Co., uses one of 37 available reed -relay 
frequencies thus permitting 37 different 
systems to operate on the same channel 
without standby annoyance. 

The resonant reeds are of the plug -in 
type and may be changed easily if two 
systems in the same locality find they 
are using the same calling tone and are 
on the same r.f. channel. The tone gen- 
erator in the transmitter consists of a 
resonant -reed controlled transistor os- 
cillator. 

The selective calling tone unit in the 
receiver consists of a vacuum -tube 
driver, operating with a resonant -reed 
relay, neon lamp memory, and a reset 
switch, as shown in Fig. 1. 

In operation, the resonant -reed relay 
is activated when a tone of the correct 
frequency is received, causing the relay 
contacts to make intermittent contact. 
This intermittent contact converts the 
d.c. current into pulsating d.c. at the 
signalling frequency. The tone is passed 
into the audio amplifier and is heard 
in the receiver's speaker, signifying that 
this station is being called. 

In addition to the audible tone, it was 
decided that a memory device should be 
incorporated so that the operator would 
know his station had been called if he 
left the unit unattended. For this, the 
simple and economical "latched- light" 
circuit shown in Fig. 1 was included. 

Two conventional neon glow lamps 
whose characteristics allow reliable op- 
eration over a 15% variation of line 
voltage are used. PL2 has a starting 
potential of 100 to 120 volts and it breaks 
clown and ignites as soon as the unit is 
turned on. The second neon lamp PL1 
(which ignites when the station is being 
called), has a starting potential of 155 
to 210 volts. Because PL2 has the lower 
breakdown potential, it always ignites 
first. Since the sum of its maintaining 
voltage plus the drop across the three 
associated resistors is less than the start- 
ing potential of the second lamp, PLI 
will not ignite. 

When the station is called, the reso- 
nant -reed relay causes a voltage to be 
applied to PL2 which is nearly equal to 
the voltage applied to the other side of 
the lamp. This drops the potential across 
PL2 below its maintaining voltage and 
it goes out. The total circuit voltage 
is then applied to the second glow 
lamp (PLI), the "call" indicator, which 
breaks down and ignites. Since the 
maintaining voltage of PL1 is lower than 
the breakdown voltage of PL2, the cir- 
cuit is locked, or latched, until the 
operator, noting the call signal, resets 
the circuit by switching the unit to 
"operate ". This returns the circuit to its 
original condition, and the call indicator 
light PL1 goes out. 

Neon glow lamps lend themselves well 
to this type of application as they are 
economical, rugged, reliable, and have 
very long operating life. Lamps with 
different starting potentials are readily 
available, and the characteristic differ- 
ence between breakdown and main- 
taining voltage provides a simple 
"latched- light" switch and indicator. 

Fig. 1. When PLI glows, it indicates that 
the station has been called by remote unit. 
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SELECTIVE AUDIO 
AMPLIFIERS 
By JIM KYLE 

Design trends in special amplifiers used to separate signals of 
different audio frequencies. Circuits are used in high- reliability 
communications systems, for telemetry data reduction, in research, 
and for special audio -frequency amplifier design and measurement. 

TELEMETRY data reduction, various types of research, 
audio- frequency amplifier design and measurement, 
and high -reliability communications systems all make 

wide use of selective amplifiers to separate signals of differ- 
ent frequencies. 

The radio- frequency selective amplifier offers little chal- 
lenge; it is more commonly known as a communications re- 
ceiver. However, all the above -mentioned applications are for 
audio- frequency selective amplifiers, which involve many de- 
sign considerations dissimilar to those for r.f. 

The simplest a.f. selective amplifier (on paper, at least) 
is merely a t.r.f. tuner moved down to operate in the audio 
range, that is, it consists of a number of resonant circuits 
tuned to the desired frequency, separated by amplifier stages 
to both isolate the tuned circuits from each other and provide 
amplification. This approach is shown in Fig. 1. 

The Early Approach 
Until recently, this "simple" approach was the one most 

usually employed. Unfortunately, in practice it provides 
rather stiff design problems. A number of new techniques 
sidestep these problems and widen the scope of applications 

IN 

RESONANT AT DESIRED FREQUENCY 

Fig. 1. Audio resonant circuits are used in selective amplifiers. 

for a.f. selective amplifiers by reducing cost, complexity, and 
component count. 

The major problem inherent in the older-approach to selec- 
tive audio amplification lay in the conflict between circuit re- 
quirements and physical possibility. For best selectivity, 
either a number of tuned circuits or inductors of extremely 
high "Q" is necessary in this approach. At audio frequencies, 
high -"Q" inductors become both costly and cumbersome. 

If variable center frequency (tunable operation) were a 
requirement, the older approach's problems increased sharply. 
To resonate at audio frequencies, both capacitance and in- 
ductance of the tuned circuits must be large. High -value vari- 
able capacitors are not readily available -especially when 
multi -gang units become necessary. 

Designers have gone to extremes to overcome these prob- 
lems, including such approaches as electronic variation of 
inductance value ( Increductors) and use of low -"Q" circuits 
with high -impedance tuning. However, all these techniques 
add to the cost and complexity of the instrument; the newer 
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approaches avoid the problems by operating in a completely 
different manner. 

The tuned amplifier of Fig. 1 obtains its selectivity through 
the flywheel effect of resonant circuits. However, resonant 
circuits are not the only arrangements of components which 
offer a flywheel effect and resulting selectivity. 

Consider the feedback amplifier diagrammed in Fig. 2. If 
open -loop gain (a) of the amplifier itself is 99, and the nega- 
tive feedback network, indicated merely as a block, is a purely 
resistive affair with a "gain" of ,4o (ß = -.1), then the 
total gain of the amplifier will be 9.08. Should open -loop gain 
increase to 999, total gain would go up to only 9.9. These 
gain figures would be the same at all frequencies within the 
passband of the amplifier, and for a considerable extent on 
either side of the open -loop passband. 

However, if the feedback network were something other 
than a purely resistive "all- pass" arrangement, the result 
would be somewhat different. Assume that the feedback net- 
work has the property of passing all frequencies with a "gain" 
of 1 (ß = -1) except that of 1 kc., and that a 1 -kc. signal is 
totally rejected. 

Now, with an amplifier open -loop gain of 99, the total gain 
will be 0.99 at all frequencies except 1 kc. At 1 kc., though, 
the gain is 99, since this frequency cannot get through the 
network and thus the total gain is the same as the open -loop 
gain. If open -loop gain rises to 999, then total gain at fre- 
quencies other than 1 kc. will be 0.999, while that at 1 kc. 
will be 999, for an approximately 60 -db voltage difference. 

Unfortunately, the feedback network assumed for this ex- 
ample is not possible. However, several types of RC networks 
do exist which approximate this performance. 

Twin -T Networks 
One of the most commonly used is the parallel -T or twin -T, 

as shown in Fig. 3. The transfer characteristic of this network 
appears in Fig. 4 (values are determined by relationships 
among the various resistors and capacitors; the transfer char- 

Fig. 2. Circuit arrangement employed for basic feedback amplifier. 
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acteristic shown is valid only for the relationships indicated 
in Fig. 3, although many other ratios also perform in the same 
manner) . 

Note that it does have the total- rejection feature of the as- 
sumed ideal network, but falls short of perfection in that fre- 
quencies near the design center are also attenuated as well as 
shifted in phase. 

To achieve the transfer characteristic shown in Fig. 4, the 
network must be driven from a zero- impedance source and 
must not be loaded at its output. In practice, these conditions 
are met by driving from a cathode -follower or emitter -fol- 
lower, and by using another cathode -follower or emitter -fol- 
lower to isolate the network from the amplifier stage providing 
the gain. 

When these conditions are met, the composite unit has an 
over -all response curve as shown in Fig. 5. Note that higher 
amplifier gain has two major effects; it narrows the passband 
and increases the output signal level. At frequencies far from 
the "tuned" spot, gain will be unity. The increased output sig- 
nal level has the same over -all effect as reducing the out -of- 
passband gain, providing better rejection of unwanted signals. 

The parallel -T rejection amplifier here described is shown 
in block diagram form in Fig. 6. It was one of the first of 
the newer types to gain widespread industry acceptance. 

For variable tuning, the values of either the resistors or the 
capacitors in the parallel -T network can be changed. It is us- 

SOURCE 
(0 OHMS) 

100R 

.01C 

99R T 101C 

2 jll 2 

Fig. 3. The circuit constants that are used in parallel -T network. 

e 3 
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159,000 
ffel RC 

R IN OHMS 
C IN yf. 
f IN CPS 

ually more convenient to vary the resistors, since multiple - 
gang potentiometers are readily available. 

However, when this is done the impedance of the network 
will vary with tuning, and, at the extremes, either selectivity 
or gain may suffer. Designers have found it more practical to 
vary the capacitors for decade steps, and vary the resistors 
over a 10 -to -1 range for continuous tuning within each 
decade. 

For laboratory use, switched precision resistors are some- 
times employed instead of potentiometers. This permits trim- 
ming to exact balance for best selectivity; potentiometers 
rarely track with sufficient accuracy to maintain peak per- 
formance over the full range. 

While the parallel -T arrangement offers escape from the 
bulky and costly high -"Q" inductors required by the tuned - 
filter approach, it fails to equal the performance of the older 
techniques throughout its range. An effective "Q" of about 10 
was the most attainable with the arrangement discussed thus 

Fig. 4. The transfer characteristics of 100:1 parallel -T network. 
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Fig. 5. Gain and phase shift of amplifier discussed in the text. 

far. This provides a 10 -cycle passband at 100 cps, but at the 
upper end of the audio range ( 20 kc. ) the passband widens 
out to 2000 cps. For many applications, this is inadequate. 

Remembering that increased amplifier gain resulted in in- 
creased selectivity and better out -of- passband rejection, and 
that one way to increase gain was to add controlled positive 
feedback (regeneration), the designer's next step was to add 
regeneration to the circuit of Fig. 6. 

This required two outputs from the amplifier within the cir- 
cuit. One must be 180 degrees out of phase with the input sig- 
nal, and the other in phase. A convenient way of obtaining 
both outputs as well as providing a low impedance to drive 

2 10 
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120 

0° 

IN 
0 CATHODE 
111 FOLLOWER 

0° 
AM 

PARALLEL 

180° CATHODE 
FOLLOWER 

180° --sue OUT 

Fig. 6. Parallel -T selective audio amplifier circuit arrangement. 

the feedback network is to substitute a phase splitter (Fig. 7) 
for the output cathode -follower of Fig. 6. 

The in -phase output is returned to the input through a vari- 
able -loss resistive network which need be no more compli- 
cated than a simple variable resistor. The out -of -phase output 
returns, as before, through the feedback filtering network, a 
parallel -T. Fig. 8 shows the arrangement. 

Adjustment of the amount of positive feedback will vary 
the gain of the amplifier, but will have no direct effect upon 
events in the negative -feedback portion of the circuit. As gain 
increases, however, the passband narrows and center -fre- 
quency output rises rapidly. 

If positive feedback is increased too far, it will overcome 
the effects of the negative feedback and the circuit will oscil- 
late. Greatest selectivity and best performance is found just 
before oscillation sets in. Since this point will vary both with 
frequency and with strength of the input signal, the regenera- 
tion control is invariably brought out as an operating front - 
panel adjustment. 

The extra gain provided by regeneration allows effective 
"Q" of a single -stage selective amplifier to reach at least 80. 
This is equivalent to a 250 -cycle passband at 20 kc., and to 
a passband just greater than 1 cps at 100 cps. If greater selec- 
tivity is needed, two or more such stages may be cascaded. 

The regenerative RC selective amplifier of Fig. 8 gives per- 
formance equivalent to the circuit of Fig. 1, with far fewer 
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Fig. 7. Tube type and transistorized phase -splitter circuits. 

Fig. 8. Selective audio amplifier with controlled regeneration. 
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Fig. 9. Single -loop regenerative selective audio amplifier. 

components and much less bulk. However, the designers 
didn't stop at this point. 

The selective amplifiers shown in Figs. 6 and 8 both de- 
pend on null networks in the negative- feedback path. To at- 
tain desirable è$ective -"Q" figures, positive feedback must be 
added. And isolating stages before and after the null net- 
work are necessary for proper operation. 

Controlled Phase Shift 
Once regeneration was accepted as a useful tool in these 

circuits, the necessity for blocking the desired frequency from 
the negative -feedback path with a null network disappeared. 
Instead, any arrangement which would provide a controlled 
phase shift through the feedback network could be used. 

With controlled phase shift, the shift in the network could 
be made to vary with frequency. Then the shift would be 180 
degrees at only one frequency. By controlling amplifier gain, 
oscillation could be prevented, and the result would be a 
regenerative amplifier with one feedback loop instead of two. 
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2 
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Fig. 9 is a block diagram of an amplifier using this arrange- 
ment, with a 3- section RC phase -shift network. This circuit 
provides performance comparable to the more complex 
hookup of Fig. 8, with much simpler adaptation to variable 
tuning. The phase -shift network is shown in Fig. 10, together 
with design equations. With vacuum tubes, the only factors 
to watch are to be sure enough gain is available in the ampli- 
fier so that oscillation can be obtained, and that enough con- 
trol of gain is provided so that regeneration can be smoothly 
controlled. Transistors require lower impedances, and may 
require an emitter -follower stage to isolate the phase -shift net- 
work output and prevent loading. 

However, the relatively low input impedance of the tran- 
sistor can be used as the output resistor of the phase -shift net- 
work if desired. Frequencies can no longer be calculated if 
this is done, but in practice this is of little consequence. 

It might appear that this circuit offers the ultimate in sim- 
plicity as compared to the arrangement shown in Fig. 1, but 
the designers didn't stop here either. 

Gain from Passive Network 
It has been noted that any three -terminal network capable 

of producing 180 -degree phase shift is also capable of pro- 
ducing voltage or current gain without any active compo- 
nents. While it seems incredible, a glance at Fig. 11 will show 
how this comes about. 

In Fig. 11A, the network is hooked into the circuit in the 
conventional manner and is being examined at the instan- 
taneous positive peak of the input signal. The output signal 
is both attenuated and reversed in phase and is thus at its 
negative peak. 

At Fig. 11B, these instantaneous peak voltages have been 
replaced by batteries of the same value. In addition, a meter 
has been connected from input to output to measure the volt- 
age. 

This meter will measure the sum of the input and output 
voltages, since the two batteries are connected in series. If 

IOOK 

Fig. 12. Single -stage transistorized regenerative selective amplifier. 

the input voltage is 10 and the attenuation of the network is 
1/10, the output voltage will be -1 and the meter will read 
11 volts. 

Now, in Fig. 11C, the input is moved from terminal 1 to 
terminal 2, and the common leads are moved from terminal 2 
to terminal 1. The 11 -volt potential still exists between termi- 
nals 1 and 3 when a 10 -volt potential appears between 1 and 
2 -which is a voltage gain. 

Note that transposition of input leads (input and common) 
amounts to another 180 -degree phase shift so that phase shift 
from input to output is now 0° at the frequency which shows 
the voltage gain. 

Next, consider what happens in adding a cathode -follower 
to the output and connecting it back to the input. Gain of the 
cathode -follower is slightly less than unity ( about 0.98) and 
that of the network is slightly greater than unity (about 1.03 
maximum in practice) . The total loop gain is then 0.98 X 1.03, 
or 1.0094. Being over 1, the circuit therefore oscillates. 
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If cathode -follower gain is decreased 
to 0.97, the loop gain drops to 0.9991. 
Oscillation is impossible but selectivity 
is high. 

As before, transistors may be em- 
ployed by using their low input imped- 
ance as the final resistor in the phase - 
shift network. A working circuit for a 
single- transistor selective amplifier using 
this arrangement appears in Fig. 12. 

Greater selectivity and more control is 
possible by using compound- connected 
transistors as shown in Fig. 13. This cir- 
cuit has been tested with the parts values 
indicated and resonates at a frequency of 
250 cps. Exact center frequency is af- 
fected somewhat by the regeneration 
control; at maximum selectivity the cen- 
ter frequency is 259 cps and the band - 
pass extends from 257 cps to 260 cps, 
equivalent to a tuned circuit with a "Q" 
of just over 85. 

During the course of extended experi- 
mentation with this circuit, several modi- 
fications were made. More successful was 
the use of 600 -ohm headphones in place 
of the 3300 -ohm emitter resistor and 
omission of the regeneration control. Re- 
generation was controlled by adjusting 
supply voltage. It was this arrangement 
which provided effective "Q" of 85, al- 
though the circuit shown was also capa- 
ble of doing so. Supply voltage was 
approximately -6v. It was adjusted by 
first running the circuit into oscillation, 
then reducing voltage until oscillations 
barely ceased. 

Requiring only seven resistors, five 
capacitors, one transistor, and a poten- 
tiometer, the circuit of Fig. 12 represents 
the latest in selective amplifiers and ac- 
tive filters. It operates over an extended 
frequency range, going as high as 20 kc. 
with ease. No lower limit has been 
found; it has been used as an oscillator at 
0.0125 cycle per second, and produced 
a perfect sine wave as traced with a pen 
recorder. For this frequency, the 1800 - 
ohm resistors were replaced by 47,000 - 
ohm units, and the three 0.1 -uf. capaci- 
tors with 100 -u f. tantalum electrolytics. 
Supply voltage was - 30v. 

Comb Filters 
With so few parts, selective amplifiers 

of this type lend themselves readily to 
construction of "comb filters" for com- 
munications use. The response curve of 
a comb filter for voice communications 
is shown in Fig. 14. It has been found 

Fig. 13. A more selective single - 
stage circuit with 3 -cps bandpass. 

u.w 
ioo. 

i.s 
I MEG. 

IN 

GNU 

July, 1965 

-SUPPLY 

REVOLUTION IN CB BASE ANTENNAS 

ROTA TE THE SIGNAL 

NOT 
The Unique New Model 

Electronic Secto 
Omni -beam 

THE 
..,rte.,, 

ANTENNA 

M -119 
Phased 

antenna iescaNNer 
Electronic focus and beam rotation for 
maximum distance -No mechanical rotator 
needed 

Change signal direction instantly 
Full- circle scan coverage -No blind spots 
Compact -171/2 ft. vertical elements 
arranged on 3 ft. radius circle 
Resists over 100 mph winds 

Easy one -man installation 
7.75 db directional gain 

23 db front to back ratio 
Priced 30% below old fashioned beam 
arrays 

PAT. PENDING 

Cté 

Scan Control Unit, with in- 
dicator lights, instantly 

changes signal direction - 
just flip the switch. 

Export Div.: 

the 
anten a 

Write for complete data, 
including radiation patterns. 

specia ists co. 
12435 Euclid Ave., Cleveland, Ohio 44106 

64 -14 Woodside Ave. Woodside 77, N.Y. 
CIRCLE NO. 125 ON READER SERVICE CARD 

ATTENTION CLASSIFIED 
ADVERTISERS 

175,000 Active, Eager Electronics Hobbyists - 
those who bought and thoroughly enjoyed the 
SPRING 1965 ELECTRONIC EXPERIMENTER'S HAND- 
BOOK -are now anxiously awaiting the FALL 1965 
ELECTRONIC EXPERIMENTER'S HANDBOOK. 

If your Classified Advertising appeared in the 
Spring Edition, you should receive even better 
responses in the Fall Edition, but if your ad is 
not presently scheduled for this great Handbook, 
don't miss out -Act At Once! 

FALL 1965 ELEC. EXP. HANDBOOK -7R WORD 
CLOSING DATE: Aug. 13th 

ON SALE: Sept. 30th 

Send Order and Payment Today to: 
Hal Cymes, Classified Advertising Manager 

Electronic Experimenter's Handbook 
One Park Avenue 

New York, New York 10016 

Stripe, 1.A lly, 

- SUB CARRIER DETECTOR F- 
Adds programs of commercial - 
free music thru your FM tuner 
when plugged into multiplex 
output of tuner or wired into 
discriminator. Detector, self - 
powered, permits reception of 
famous background music pro- 
grams now transmitted as hid- 

den programs on the FM broadcast band from coast 
to coast. 

WIRED UNIT $75.00. KIT, with pretuned coils, no 
alignment necessary $49.50. Crystal -controlled re- 
ceivers available. 

MUSIC ASSOCIATED 
65 Glenwood Road 

Upper Montclair, New Jersey 
phone 744 -3387 area code 201 

87 



NEW PRODUCTS 
Sz LITERATURE 

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, fill in cou- 
pon on the Reader Service Card. 

COMPONENTS TOOLS TEST EQUIPMENT HI -FI AUDIO CB HAM COMMUNICATIONS 

H.F. GERMANIUM ANNULAR TRANSISTOR 
Motorola Semiconductor Products Inc. has in- 

troduced a transistor where the high- frequency 
performance capability of germanium is com- 
bined with a passivated, annular structure in a 
new germanium annular transistor. Outstanding 
features of the new device, the M \I2503, include 
a guaranteed minimum fr of 1000 mc., a maxi- 

mum noise figure of 3 db at 200 mc., and a 
breakdown voltage of 30 volts. 

All junctions as well as the transistor surface 
are passivated with silicon dioxide. Advanced 
tnicroconnection techniques are used to make 
connection to the extremely small bonding areas 
of the high -frequency structure. The "p -n -p" 
epitaxial device is housed in a 4 -lead TO -18 case. 

Circle No. 126 on Reader Service Card 

ENGINE TUNE -UP INSTRUMENTS 
Rite Autotronics Corp. has added three new 

hand -held engine test instruments to its line of 
equipment designed primarily for the do -it -your- 
selfer. The units, an idle tachometer, a cam dwell 
tester, and a dual -range voltmeter, are smaller 
than conventional size testers and have a new 
easy -to -read black on yellow dial. A metal clip is 
incorporated for convenient hanging to user's 
pocket or belt. 

The tach provides accurate low rpm readings 
on all 4 -, 6 -, and 8- cylinder engines while the 
dual -range voltmeter is designed for either 6- or 
12 -volt automotive electrical systems. 

Circle No. 1 on Reader Service Card 

BATTERY -OPERATED IRON 
Parker Trading Company is handling the dis- 

tribution of the "Miniscope" instant -soldering 
iron which is designed specifically for both mini - 
ature and medium -sized soldering jobs. Current is 
switched on or off by means of a feather -touch 
control lever. The tip can remain cold until it 
touches the soldering point. This eliminates 
burning of adjacent wires, terminals, or insula- 
tion in camped or crowded chassis. 

Although normally used with a transformer for 
production -line applications, the iron can be 
battery -operated for electrical repairs on cars, 
boats, or airplanes. The unit weighs 144 ounces 
and operates at 2 volts. 

A comprehensive spec sheet on this iron is 
available from the distributor. 

Circle No. 2 on Reader Service Card 

MODULAR INDICATOR LIGHTS 
Dialight Corporation has recently introduced 

a new system which makes possible the construc- 
tion of light indicators from basic components to 
meet individual requirements for indication and 
readout. 

By standardizing the various components 
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which go into an indicator light unit the com- 
pany offers designers new flexibility in specifying. 
The various cartridges are designed to fit various 
holders with an assortment of lenses available to 
fit the assembly. Both neon and incandescent type 
lamps are included in this new interchangeable 
line. 

The company has complete details on the vari- 
ous lamps plus samples for design engineers. 

Circle No. 127 on Reader Service Card 

CONTROLLED RECTIFIER KIT 
International Rectifier Corporation is market- 

ing a controlled rectifier kit which has been 
especially designed for R &D laboratories, experi- 
mental work, and instructional purposes. 

The kit contains five silicon controlled recti- 
fiers providing voltage ranges from 50 to 200 v. at 
current ratings from 1.5 to 9 amperes r.m.s. In 
addition, the kit includes an 18 -page booklet con- 
taining instructions for a dozen projects and 
experiments. It is available locally through the 
company's more than 900 distributors. 

Circle No. 3 on Reader Service Card 

SCR TESTER 
Sensory Systems, Inc. is now marketing the 

Model MP -122 SCR tester which is designed for 
use in engineering, production, quality control, 
and reliability organizations. The unit will evalu- 
ate all significant parameters of silicon controlled 
rectifiers and switches, gate turn -off SCR's, photo 
switching devices, unijunction transistors, and 
conventional rectifiers and diodes. 

Parameter which can be tested on the unit 
include: fortcaid and reverse blocking voltages to 

1000 volts; leakage current with sensitivity to 
1 µa., gate firing current and voltage to 100 ma. 
and 5 volts; forward saturation voltages to I amp 
d.c. and 100 amps pulse; holding current to 1 

amp; gate turn -off current to 300 ma.; d.v. /d.t. 
to 500 volts /µsec.; d.i. /d.t. to 50 amps /µsec.; and 
unijunction stand -off ratio and valley storage. 

Circle No. 128 on Reader Service Card 

TV /FM ANTENNAS 
JFD Electronics Corporation is in production 

on a new series of "Log Periodic" TV /FM an- 
tennas which will be marketed as the LPV -TV 
line. The seven models in the line feature ex- 
tremely narrow beamwidth across channels 2 to 
13 and capacitor- coupled dipoles and directors 
which enhance third- harmonic mode performance 
for improved gain and directivity. 

The seven models include antennas with 19, 
16, 11, 10, 7, 4 and 3 active cells all with director 
cap -electronic element systems. All antennas fea- 
ture the use of twin -boom feeder with improved 

impedance match between low- impedance line 
and linear dipoles. A unique open -wire trans- 
former brings the impedance up to 300 ohms. 
Gold alodized aluminum construction is em- 
ployed. 

Circle No. 4 on Reader Service Card 

MULTI -CONDUCTOR FLEXIBLE WIRING 
Methode Electronics, Inc. has combined its 

flat, multi- conductor flexible wiring "Plyo- Duct" 
with cylindrical connector end terminations to 
provide a "Plycon" harness. The specially de- 
signed pin and socket contacts permit intercon- 
nection with existing military (MIL -C -26500 and 
MIL -C- 26482) and industrial connectors in the 

field for easy circuit modification and weight 
savings. 

All cylindrical connector shell sizes up to 11/2 

inches in diameter and 61 size 20 contacts can be 
utilized in the flexible design. The "Plyo- Duct" 
can also be made in shielded form for the ex- 
clusion of stray signal interference in electronic 
circuitry. 

The new harness can be provided in various 
designs to meet the customer's requirements as 
to number of insulation layers. conductors and 
contacts, shell sizes, etc. 

Circle No. 129 on Reader Service Card 

LOW- LEAKAGE RECTIFIERS 
Semicon, Inc. has available a new line of min- 

iature fiangeless rectifiers for applications re- 
quiring low inverse leakage currents. According 
to the company, these premium quality rectifiers 
provide extremely high reliability for such appli- 
cations as medical, space, military, and special 
industrial uses. The maximum d.c. reverse cur- 
rent at p.i.v. @ 25 °C is 10 nanoamps. Where cir- 
cuit conditions warrant, selections to one nano- 
amp are available. The units weigh one gram 
and can be used in any mounting position. 

A bulletin on this new line is available on 
request. 

Circle No. 130 on Reader Service Card 

ELAPSED -TIME INDICATOR 
Sela Electronics Company has introduced an 

electrolytic elapsed -time indicator which is being 
marketed as the "Minichron." This subminiature 
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time totalizer is offered in either pigtail or 3AG 
fuse configuration. Time increments of 100, 500, 
1000, 5000, and 10,000 hours can be measured. 
The indicator will operate from 6, 12, or 115 
volts a.c. or d.c. 

The cartridge measures 1.250" x 0.250" in di- 
ameter and weighs 5.6 grams. The entire circuit 
is encapsulated in a protective seal. The com- 
pany's data sheet on this indicator includes spe- 
cifications and application data. 

Circle No. 5 on Reader Service Card 

TRANSISTORIZED INVERTER 
Electro Products Laboratories, Inc. is in pro- 

duction on the Model TI -100, a compact tran- 
sistorized inverter which provides enough power 
to operate portable TV sets, radios, lights, and 
other small household appliances. 

The inverter, which plugs into an auto lighter 
socket, has an output of 117 volts, 60 cycles and 
a capacity of 125 watts. A unique charge- indicator 
light glows while the unit is operating and shows 
condition of the car battery. The cords total 12 
feet in length and include the cigarette lighter 
attachment for simple plug -in operation. 

Over -all size of the unit is 31/2" high x 6V4" 
wide x 61/4" deep. It weighs 63/4 pounds. Bulletin 
TI -265 covering the inverter is available without 
charge on request. 

Circle No. 6 on Reader Service Card 

BUTTON ILLUMINATION 
Switchcraft, Inc. has introduced a new type 

of button which looks and functions like an il- 
luminated button but which requires no bulb 
or electrical power. 

The button has a translucent front screen upon 
which a desired legend is marked in an opaque 
color. The opaque color provides the background 
for the legend, while the legend itself remains 
clear. An internal fluorescent illuminator is car- 
ried on a pusher which has two legs extending 
out from the rear. 

When the station is actuated the rear legs of 
the pusher bring the orange -red fluorescent il- 

luminator flush with the screen and the legend 
lights up due to the reflected ambient light. 

A limited variety of the new "Glo- Buttons" is 
currently available in various sizes and configura- 
tions. The company will supply complete specifi- 
cations on request. 

Circle No. 131 on Reader Service Card 

ULTRAVIOLET EXPERIMENTAL KIT 
Raytech Equipment Co. has developed a 

"broad spectrum science set" designed especially 
for demonstrations and experiments with fluor- 
escence and ultraviolet rays. The kit is designed 
around a newly developed lamp that emits both 
longwave and shortwave ultraviolet. A clearly 
written booklet is included in the kit and sug- 
gests a number of projects that may be used to 
study atomic structure, quanta, and energy levels. 

The set includes the lamp, instruction booklet, 
four different mineral specimens, fluorescent 
tracing powder, invisible ink, visible and invisible 
crayons, and a fluorescent tagged stamp as used 
for automatic mail sorting. 

Circle No. 7 on Reader Service Card 

DIFFUSED EPITAXIAL TRANSISTORS 
National Semiconductor Corporation has re- 

placed its entire line of silicon alloy junction 
transistors with a new family of diffused epitaxial 
transistors which has been designated DET. 

The new line is available in all standard pack- 
aging including ceramic micro, TO-46, TO-18, 
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and TO -5. Because of a power dissipation in- 
crease of 50 %, the new passivated devices reduce 
leakage current by at least one order of magni- 
tude. According to the company, the DET line 
has demonstrated extremely low and stable 
leakage currents and flat forward current trans- 
fer ratios over a range from 10 µa. to 500 ma., 
indicating its suitability for small -signal and 
medium -power amplifier applications. 

Data sheets on this new line are available from 
the company on request. 

Circle No. 1 32 on Reader Service Card 

MINIATURE CRIMPING TOOL 
Buchanan Electrical Products Corporation has 

developed a cycle -controlled miniature crimping 
tool which has been especially designed for hand- 
ling miniature pin and socket contacts in a multi- 
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tude of sizes and designs. The tool is approxi- 
mately 64/4" long and weighs only 10 ounces. 

Because of its light weight and the low crimp- 
ing pressure required, operator fatigue is re- 
duced. According to the company, one of these 
tools and inexpensive positioners can crimp al- 
most any proprietary or MIL -Spec contact #20 
and smaller, accommodating wire sizes #20 
through #30. The specially designed positioners 
facilitate the handling of miniature contacts 
when required. 

Information on the various types of units in 
the line and features of each type is available 
from the manufacturer. 

Circle No. 133 on Reader Service Card 

HEAVY -DUTY ENGRAVING TOOL 
Meredith Separator Co. is marketing a heavy - 

duty, compact engraving tool which provides a 
fast, permanent method of engraving names or 
identification numbers on steel, copper, brass, 
silver, aluminum, glass, plastic, ceramic, wood, 
stone -virtually any solid material. 

A high -speed reciprocating motor with high - 
impact nylon housing powers a solid carbide 
point that is practically wearproof. It delivers 
7200 strokes per minute. Another feature of this 
"Porcupine" engraver is a calibrated stroke ad- 
justment which regulates the depth of engraving. 
It is adjustable to five positions. 

A data sheet giving full details on this tool 
plus a direct -mail order form is available on re- 
quest. 

Circle No. 8 on Reader Service Card 

SOLID -STATE ULTRASONIC CLEANER 
Artronics Company, Inc. is distributing a low - 

cost ultrasonic cleaner, the Model LP -I. The unit 
operates on 50 -60 cycles, 115 volts. Operating fre- 
quency is 90 kc. nominal with power input of 
30 watts. It includes an automatic time switch 
which turns the unit off when the cleaning cycle 
is completed, stainless steel work top and tank 

which cannot be marred or harmed by any nor- 
mal cleaning agent or solvent, and automatic 
self- tuning operation. 

The one -pint -capacity tank can be used for all 

small parts to remove grease, tar, dirt, grime, 
stains, wax, chemical residue, organic deposits, 
etc. Over -all size is 91/2" x 5" x 4543 ". The tank 
measures 31/2" x 31/2" x 211 ". 

Circle No. 9 on Reader Service Card 

LARGE -SIZED NUMERICAL READOUT 
National Electronics, Inc. is now offering a 

new, larger size numerical readout tube designed 
specifically for the instrumentation field. 

The NL -7037 is a long -life, cold-cathode, neon - 
glow tube displaying 2" high numbers from 0 to 
9. It has an ionization voltage of 250 volts d.c., 
requiring a minimum supply voltage of 250 volts 
d.c. It can be used at higher anode voltages with 
the proper anode resistor. Anode current ranges 
from 6 to 10 ma. d.c. with a typical value of 8 
ma. d.c. 

A data sheet with complete electrical and me- 
chanical specifications is available on request. 

Circle No. 134 on Reader Service Card 

HI -FI AUDIO PRODUCTS 

COMPACT SPEAKER SYSTEM 
Altec Lansing Corporation is now marketing 

the 845A Verde which combines compactness 
with quality sound reproduction in an enclosure 
measuring 111/4" high x 23" wide x 111/4" deep. 

The speaker system employs a new design in- 
volving the use of an extremely low -resonance 
bass reproducer mounted in a heavily damped 
"air- spring" ported reflex cabinet. According to 
the company, frequencies down to 45 cps are re- 
produced with maximum efficiency. The enclo- 

sure has an annular port distributed around the 
high- frequency speaker cone. The high -frequency 
section of the speaker system employs the com- 
pany's 2000B speaker using a gap- suspended radi- 
ator that reproduces with maximum efficiency up 
to 18,000 cps. A built -in network crosses over at 
2000 cps. Frequency range is 45- 18,000 cps. The 
impedance is 8 ohms and the system will handle 
20 watts. 

Circle No. 10 on Reader Service Card 

TWO -SPEED TAPE DECK 
Martel Electronics has announced the addition 

of the "Uher 9000" tape deck to its line of re- 
cording equipment. 

The circuit features computer -designed modules 
with separate plug -in panels for record, play- 
back, equalizer, power pack, and push -pull r.f. 
bias oscillator circuits. Each module is tested 
separately and then combined. Other features of 
the new deck include a playback equalization 
curve that provides either CCIR or NAB stand- 
ard playback, hysteresis synchronous motor, four - 
tracks, separate erase, record, and playback heads 
as well as separate level controls for each channel, 
sound -on -sound switch, vu meter, and a vernier 
adjustment of playback for exact azimuth align- 
ment for every type of tape. 

Frequency range is 20- 20,000 cps at 71/2 ips and 
20- 15,000 cps at 344 ips. The unit, which weighs 
approximately 24 pounds, measures 15.3" x 6.8" 
x 13 ". 

Circle No. 11 on Reader Service Card 

4 -TRACK STEREO RECORDER 
Roberts Electronics has added the Model 721 

4 -track stereo tape recorder to its line. It features 
full stereo and mono record and play, has sep- 
arate channel vu meters, sound- with -sound, chan- 
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nel transfer of recorded sound, and 17,000 -cps 
response. 

The unit also features a rotary track selector, 
33/4 and 711 ips with 15 ips available with an op- 
tional accessory, vertical or horizontal operation, 
and two extended -range speakers. 

The instrument will handle 7 ", 5 ", and 3" reels. 
It has standard NAB playback equalization. The 
unit measures 2011" high x 133/4" wide x 11" deep 
and weighs 49 pounds. 

Circle No. 12 on Reader Service Card 

BATTERY -OPERATED RECORDER 
Craig Panorama, Inc. has developed a new 5" 

two -speed, all- transistor tape recorder which will 
provide up to 4 hours of recording time. The 
'FR -520 capstan -drive tape recorder operates at 1%s 

Big 
Wheel 

small tag... 
The 1965 CAR AND DRIVER YEAR- 
BOOK is here ... and there ... and 
everywhere you find men who really 
love cars! This new edition is a true 
gem, sparkling with 144 photo -packed 
pages -a veritable International Auto 
Show in print! Check all these exclu- 
sive highlights ... 

Road Tests on 58 imported and 
domestic cars! 

A comprehensive tech section on 
racing cars, complete with cut- 
aways and specifications! 

Big Accessories Section! 

New portfolio of exciting racing 
photographs! 

plus . complete specifications 
on all the 1965 automobiles . . . a 
consumer's comparison of Ford, 
Dodge, Pontiac . - . your own per- 
sonal showroom to the dazzling auto 
world of 1965! 

Big wheel? You bet. Small tag? $1.25 
is all. So don't miss it -fill in and 
mail the handy coupon below today, 
and we'll have your copy on the way 
before you can shout "Where's my 
copy ? "! 

Ziff -Davis Service Division / Dept. CDY 
589 Broadway / New York, N. Y. 10012 
What are you waiting for? My $1.25 (plus 15¢ 
shipping and handling: 25f outside U.S.A.) 
is enclosed for the 1965 CAR AND DRIVER 
YEARBOOK. Send my copy at once, to- 
day, Now! 

name PLEASE PRINT 

address EW -75 

city state zip code 
(Payment must be enclosed with order) 9 ®©®OSs 

and ,t! -'I ips on standard flashlight batteries or 
I.C. power lines when an external a.c. adapter is 

used. There is a single lever control for play, 
record, rewind, and stop; inputs for remote mi- 
crophone or telephone pickup and for radio re- 
cording; plus outputs for earphones or speaker. 

The TR -520 comes equipped with a vu meter, 
safety recording lock, and fast- forward control. 
The unit measures 111/2" wide x 911" deep x 
411" high. It weighs 10 pounds with tape and 
batteries. The unit is delivered with remote -con- 
trol microphone, earphone, batteries, a reel of 
tape, and an empty reel. 

Circle No, 13 on Reader Service Card 

ANTI -FEEDBACK SYSTEM 
Boom Sound Engineering, Inc. has been li- 

censed as agents for a new equalization system 
which may be incorporated in any properly en- 
gineered public- address installation. 

The new system successfully filters out certain 
sound frequencies that produce acoustical feed- 
back. Narrow -band filters are employed, after 
feedback frequencies are indentified by means 
of precision test equipment. As a result, addi- 
tional amplification can be employed for im- 
proved intelligibility. 

Circle No. 135 on Reader Service Card 

RADIO /INTERCOM SYSTEM 
Emerson Electric Co.'s Builder Products Divi- 

sion is now marketing a new solid -state radio/ 
intercom home sound system which is being of- 
fered in two Versions: the RM -20 (AM) and RM- 
22 (A NI -FM). 

Special "do not disturb" switching permits 
regular intercom calls between the master station 

and remote stations throughout the house, with- 
out disturbing any remote station switched to 
"standby." Complete privacy can be obtained by 
merely switching any of the remote stations to 
"listen." In this mode intercom calls can be re- 
cicecl and the radio or recorded music continued 

c ithut the danger of conversations being over- 
With the remote station switched to 

"standby," calls can be answered from the master 

-ay- 

station without touching a switch. Coverage of 
the front door from any room in the house is 
also provided. 

A colorful brochure listing all features of these 
intercom systems will be supplied by the manu- 
facturer on request. 

Circle No. 14 on Reader Service Card 

TAPE -CARTRIDGE DICTATING MACHINE 
StenOtape Division, American Geloso Electron- 

ics, Inc. claims to have eliminated the problem 
of threading magnetic tape dictating and tran- 
scribing machines with the introduction of its 
"Cartromatic 915." An enclosed magnetic tape 
cartridge is just dropped into position. Fingers 
do not touch the tape at all. 

In addition to the instant, automatic loading 
feature, the machine provides adjustments for 
tone (more or less treble or bass) as well as volume 
for transcribing. The unit starts without warm - 
up time because of its solid -state circuitry. It in- 
cludes two speakers -one in the microphone for 
quick playback and one in the machine for 
greater volume and conference use. 

For dictating convenience, controls for record- 
ing as well as review are on the microphone. 
Sensitivity of the microphone is adjustable. There 
is provision for "fast erase" but accidental erasure 
is virtually impossible. 

The machine comes complete with accessories 
for either dictating or transcribing -all of which 
are covered in the company's descriptive litera- 
ture. 

Circle No. 15 on Reader Service Cord 

MICROPHONE PREAMPLIFIER 
Marlboro Engineering Company has announced 

the availability of a microphone preamplifier, 
the "MikeAmp," which is designed to permit the 
use of long cable runs between microphone and 
tape recorder. 

This transistorized, battery -operated circuit is 
capable of driving as much at 2000 feet of typical 
single- conductor shielded cable with no measur- 

able losses or hum pickup, according to the com- 
pany. The low- noise, high- input -impedance cir- 
cuit provides either 0 db or 20 db voltage gain, 
each at an impedance level of less than 200 ohms. 

The amplifier is located near the microphone, 
which may be either a crystal (ceramic) or dy- 
namic type. The low- impedance output connects 
via the long cable directly to the normal high - 
impedance input of the recorder or p.a. amplifier. 
The unit is housed in a case of extruded alumi- 
num trimmed in anodized black. 

Circle No. 16 on Reader Service Card 

ELECTRONIC "MESSAGE CENTER" 
Westinghouse Electric Corporation is market- 

ing a new electronic "Message Center ", a con- 
tinuous tape recording unit designed for house- 
hold use. The unit, which weighs less than 5 
pounds, is designed so that it can be operated by 
children. A signal light, which automatically goes 
on when a message is recorded, indicates to the 
person seeing it that he should push the play 
button to receive the recorded instructions or 
information. 

Three minutes of messages may be recorded on 
the continuous tape. At the conclusion of a 
message, the tape automatically advances to the 
beginning so that no rewinding is necessary 
when the play button is pushed. Messages are 
recorded by pushing the record button and can 
be stored, played over and over, or cleared off 
by recording a new message. 

The "Message Center" operates on standard 
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RFOR "DOCTORS 

OF SERVICING" 

Where there's 
a contact... 

or a re /ay.., 

power line current, measures 21/4" high by 10" 
wide, and 51/4" deep. 

Circle No. 17 on Reader Service Card 

ECONOMY TAPE DECK 
Rheem Califone Division is now marketing a 

low -cost playback tape deck, the " Corsaire I," 
Model 3549. 

Among the features offered in this new deck 
are four-track stereo plus mono playback, three 
tape speeds (11/4, 33/4, and 71/4 ips), digital tape 
index counter, fast- forward and rewind controls, 
and jack connections for plugging into stereo 
equipment. The deck will accept 3 ", 5 ", and 7" 
reels. 

Dimensions are 121/4" wide x 81/4" long x 51" 
deep. It is in a fawn and gold housing with a 

walnut- colored base. 
Circle No. 18 on Reader Service Card 

SOLID -STATE AM -FM STEREO TUNER 
Harman -Kardon, Inc. has added the Model ST- 

2000 AM -FM stereo tuner to its line of all -tran- 
sistor audio equipment. Sensitivity of the new 
tuner is rated at 2.9 µv. IHF for FM and 50 
µv. /meter for AM. The i.f. rejection is 55 db, 
with image rejection better than 45 db and spu- 
rious response rejection exceeding 60 db, accord- 
ing to the company. 

The tuner features flywheel tuning with a 
d'Arsonval tuning indicator and tuning meter. 

Three front -panel switches provide the AM /FM 
stereo /mono, and on /off functions. There is also 
a stereo indicator light and a convenience outlet. 

The instrument measures 131/4" wide x 41/4" 
high x 101/4" deep. Shipping weight is 9 pounds. 

Circle No. 19 on Reader Service Card 

CB- HAM -COMMUNICATIONS 

ROTATABLE DUO -BEAM ANTENNAS 
Hy-Gain Electronics Corporation is in produc- 

tion on two new rotatable duo -beam base- station 
antennas for CB. Both models employ horizon- 
tally stacked twin -driven beams, each with its 
own director. One model, the 114DB uses 2- 

V element beams and multiplies the e.r.p. of an 
efficient 5 -watt CB transceiver to 42 watts. 

The second model, the I16DB, uses 3- element 
beams which raises the e.r.p. of a 5 -watt CB trans- 
ceiver to 93 watts. Both units are designed for 
mechanical rotation: the 114DB with a standard 
TV rotator and the 116DB with a heavy -duty TV 
rotator. 

Technical data /comparison reports on the new 
antennas will be supplied by the manufacturer 
on request. 

Circle No. 20 on Reader Service Card 

FM TWO -WAY RADIO 
Singer Products Company, Inc. is handling the 

overseas distribution of the Aerotron "Tracer," 
a new personal portable radio that operates in 
the 134 -174 mc. range and has a power output of 
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C`EaNs. L.tJt 
and PRO, 

For handy guidebook to better servicing, 

write Channel Master Corp., Ellenville, N.Y. 

Service with Contact Shield! Pro- 
tective! Corrective! It not only 
cleans and safeguards contacts bet- 
ter on TV, radio, and hi -fi sets; on 
all relay- operated electrical equip- 
ment, regular protective mainte- 
nance with this versatile cleaner 
prevents sticky relays -while cor- 
rective servicing unsticks them... 
in seconds. Promotes greater con- 
ductivity, keeps relays working 
smoother, longer. Contact Shield - 
the professional service man's 
cleaner. 

APPLICATIONS 

INCLUDE: Spotters 
Bowling Alley Automatic Pin Sp 

Vending Machines 
Pinball Machines 

Slot Machines 
Telephone Switchboards 

IBM Computers and other data 

processing equipment 

Industrial Equipment using relays, such as 

welding machines, etc. 

LOOK! A NEW 

ELECTRONICS 

SLIDE RULE 
with complete 

instruction program 

Here's a great new way to solve electronic 
problems accurately, easily ... a useful tool 
for technicians, engineers, students, radio -TV 
servicemen and hobbyists. The Cleveland 
Institute Electronics Slide Rule is the only 
rule designed specifically for the exacting 
requirements of electronics computation. It 
comes complete with an illustrated Instruc- 
tion Course. You get four AUTO -PRO- 
GRAMMED lessons ... each with a short 
quiz you can send in for grading and con- 
sultation by CIE's expert instructors. 

See for yourself. Learn how to whip through 

GET BOTH FREE! 

Send 
coupon 
today -+ 

all kinds of reactance, resonance, inductance, 
AC and DC circuitry problems in seconds ... 
become a whiz at conventional computations 
too! 

This all -metal 10" rule is made to our rigid 
specs by Pickett, Inc.... comes complete with 
top grain leather carrying case and Instruction 
Course. A $50 value for less than $20. Send 
coupon for FREE illustrated booklet and 
FREE heavy vinyl Pocket Electronics Data 
Guide. Cleveland Institute of Electronics, 
1776 E. 17th St., Dept. EW -111, Cleveland, 
Ohio 44114. 

Cleveland Institute 
of Electronics 

1776 E. 17th St., Dept. EW -111, Cleveland, Ohio 44114 

Send FREE Electronics Slide Rule Booklet. Special Bonus: Mail 

promptly and get FREE Pocket Electronics Data Guide too; 

NAME (Pie.,. Print) 

ADDRESS cou}kTY 

CITY - STATF ZIP 

A leader in Electronics Training...since 1934 
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ELECTRONICS WORLD runs a Hot 
Line into the 192,000 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¢. 

A small investment can bring quick 
results, and complete data is 

printed in the Classified Advertis- 
ing Section. Write your ad and mail 
it today, with your payment to: 

HAL CYMES 

Classified Advertising Manager 
ELECTRONICS WORLD 

One Park Ave., N. Y., N. Y. 10016 
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one watt. It features a completely transistorized 
solid -state circuit with epoxy- -sealed solid plug -in 
nodules for easy servicing. 

The unit is locked firmly into optimum oper- 
ating condition by back -up circuits provided with 
the transmitter and receiver. Two -frequency op- 
eration, leather carrying case, rechargeable nickel - 
cadmium batteries, and external earpiece which 
mutes the speaker for silent operation are op- 
tional features of the "Tracer." 

Circle No. 21 on Reader Service Card 

500 -WATT P.E.P. HAM MOBILE 
The Hallicrafters Co. has announced the SR- 

-as) "Tornado" transceiver which has been spe- 
cifically designed to provide hams with high - 
performance SSB and c.w. operation on 8(1, 40, 
and 20 meters. Lower sideband is used on 80 and 
10 meters and upper sideband on 20 meters. The 

500 -watt p.e.p. unit weighs only 131/4 pounds and 
measures 13" w. x 6W' h. x 11" d. 

The transceiver incorporates the firm's ampli- 
fied automatic level control which prevents splat- 
ter often caused by final amplifier flat -topping. 
The receiver section contains the company's re- 
ceiver incremental tuning control which allows 
the operator to tune the receiver up to 3 kc. on 
either side of the transmitter frequency. All jacks 
and switching for linear amplifier operation are 

included a, hell as a combinat ion "S" ,utter, IA. 
ou tput indicator. 

Full specifications and information on operat- 
ing accessories are available from the manu- 
facturer. 

Circle No. 22 on Reader Service Card 

PORTABLE CB TRANSCEIVER 
Pace Communications Corporation has de- 

veloped a new portable 5 -watt CB transceiver 
which weighs less than seven pounds. It incor- 

porates the firm's 
Model 5000 transceiv- 
er which is equipped 
with a 48 -inch flexible 
steel whip antenna 
and powered by re- 
chargeable nickel - 
cadmium batteries. 
The unit uses all sili- 
con transistors and 
features modular 
PC construction. 

-1 he plug -in battery pack provides 48 hours of 
continuous operation in normal field use. Bat- 
teries can be brought up to full capacity with an 
overnight charge. Range of the instrument is up 
to 20 miles under normal conditions, according 
to the company. The set is designed to function 
in temperatures from -20 °F to +300 °F. Pro- 
vision is made for up to six crystal -controlled 
channels. 

The transceiver can be carried in a fitted 
leather case which measures 7" wide x 9" high 
x 2" deep. Straps are provided for hand or 
shoulder carry. 

Circle No. 23 on Reader Service Card 

NOISE -CANCELING MIKE 
Roanwell Corporation has put a new light- 

weight, noise -canceling carbon microphone on 
the market as the RM -515. Designed for all mo- 
bile operations, frequency range of the instru- 
ment is 300 to 3500 cps and sensitivity is -17 db 
ref. 10 dynes /cm2. Noise cancellation averages 18 
db and impedance is 50 ohms. Recommended 
operating current is 50 to 100 ma. with a maxi- 

mum intermittent current of 250 milliamperes. 
The unit is switched by means of a soft- action, 

press -to -talk d.p.s.t., 125- v.a.c., 5 -amp switch. 7'1te 
microphone is equipped with a four -conductor 
retractile cord. The microphone measures 27/m" 
w. x 37/8" h. x 111,32" d. It weighs 5 ounces with- 
out the cord set. A brochure giving complete 
specs and features on the RM -515 is available on 
request. 

Circle No. 24 on Reader Service Card 

INDUSTRIAL /BUSINESS RADIO 
Pearce -Simpson, Inc. has added a 30 -watt AM 

(25 -54 mc.) industrial /business -band two-way 
radio to its line as the IBC 301. 

The new single -frequency radio can be in- 
stalled as a complete unit or the self -contained 

remote- conhol head ma) be slipped out of the 
main unit and installed independently with its 
own mounting cradle. The remote -control head 
weighs less than 21/2 pounds and is only it w. 
x 21/2" h. x 71/2" d. Frequencies are individually 
allocated by the FCC for business /industrial use. 

The unit also features an all- transistor receiver 
for low power drain (0.6 amp), a solid -state purer 
supply, illuminated function indicators, adjust- 
able squelch and pre -set noise limiter, muting 
switch, and a corrosion -resistance housing. 

Over -all dimensions are 11" wide x 31/2" high 
x 81/2" deep. Weight is 71/2 pounds. It comes 
complete with noise -canceling push -to -talk micro- 
phone, crystals, and a universal, all -angle mount- 
ing bracket on a slide rail. Full details are avail- 
able from the company. 
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TWO -WAY MOBILE FOR "HELP" 
United Scientific Laboratories has introduced 

a popularly priced, two -way radio with a fixed 
channel for monitoring by emergency aid offices 
as suggested by the Automobile Manufacturers 
Association as "HELP." 

The new unit, called "Contact Help," has been 
designed for easy car installation and simple op- 

eration. The radio i- I(] oide x 31/4" high x 
8" deep and weigh, le,. than 5 pounds. Acccs,ur- 
ies include a feathcriccight hand microphone 
with push -to -talk button, 12 -volt cord for cigar - 
lighter plug -in, and a special theft -proof mount- 
ing bracket. 
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MANUFACTURERS' LITERATURE 

STANDARDS CATALOGUE 
American Standards Association has published 

a comprehensive, updated checklist of more than 
2500 documents which cover existing standards in 
such fields as acoustics, chemicals, construction, 
symbols and abbreviations, electronics, and pho- 
tography-. In addition to ASA definitions, the new 
80 -page catalogue lists recommendations of the 
International Organization for Standardization 
(ISO) and the International Electrotechnical 
Commission (IEC). 

An organizational cross -index covers those 

ELECTRONICS WORLD 

t 



American Standards which have been accepted 
hl some 10 national trade, technical, and pro- 
fessional societies, including the American So- 

ciety of Mechanical Engineers, the MA, and the 
IEEE. 
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ZENER DIODES 
Transitron Electronic Corporation has made 

available a convenient wall chart which provides 
detailed information on military and commercial 
zener diodes, voltage references, multi- current 
reference diodes, ultra -stable certified references, 
and industrial zeners. 

Over 300 different devices are covered by this 
compact chart, which contains ranges and repre- 
sentative specifications for each unit listed. 

Circle No. 136 on Reader Service Card 

LASER DATA 
Maser Optics, Inc. has released a comprehensive 

chart containing helpful laser formulas, data, 
constants, and conversion factors. Information is 

included on laser radar range formulas, optical 
formulas, standard spectral line data, wavelength 
and energy interconversion tables, and a simple 
system for the alignment of optical components 
or lasers. 

Circle No. 137 on Reader Service Card 

SOLDERING IRONS 
General Electric Company's Industrial Heating 

Department has recently issued a I2 -page, full) 
illustrated catalogue describing the firm's com- 
plete line of industrial soldering irons, soldering 
tips, and renewal parts. 

Catalogue GEC -1545B lists nine basic soldering - 
iron models, including the new "Mighty Midget," 
a 12 -volt, 100 -watt unit for medium -duty, repeti- 
tive- production soldering where up to 200 watts 
are normally required. 
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MICROWAVE HEATING 
Atherton Division of Litton Industries has re- 

cently published a 14 -page booklet describing the 
use of microwave energy for cooking, industrial 
processing, agriculture, and medicine. 

Briefly outlined are six advantages of micro- 
wave heating, a wide range of typical applica- 
tions, and a technical discussion of the micro- 
wave- heating process. In addition, the application 
of microwave heating to the problem of solvent 
removal in magnetic -tape production is covered 
in some detail. 
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LONG -LIFE LAMPS 
Hudson Lamp Company is currently offering a 

new catalogue sheet (Form #I03) describing its 
line of microminiature and subminiature lamps. 
Ideal for instrument illumination on all types of 
aircraft and for pilot lights and readout units 
of various kinds, the microminiature lamps come 
in lengths as short as 32" and have approximate 
lives of 100,000 hours. Featured are the com- 
pany's axial -lead microminiature lamps, origin- 
ally developed for imbedding in thin wall panels 
where the use of conventional lamps is difficult 
or impossible. 

The subminiature lamps are approximately 
Vá" long and include the exclusive "Tu -Pin" 
units which have bases that are color -coded to 
electrical characteristics. Both types of lamps are 
available in a wide choice of voltages, and com- 
plete specifications and diagrams are provided for 
all devices listed. 
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BATTERY ACCESSORIES 
Orni Plastics Mfg. Co., Ltd., a Japan -based 

concern, is now making available an 8 -page cata- 
logue covering its line of plastic products for 
portable radio batteries. The fully illustrated 
brochure contains information on battery cases 
(available with lead wire), battery snaps, and 
battery terminal boards. 

In addition to these plastic products, the com- 
pany also markets battery chargers for transistor 
radios and magnetic earphones. All items are 
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YOU'VE NEVER HEARD IT SO GOOD! 
Announcing another Scott engineering breakthrough . . . 

The sensational -sounding new Scott 344 solid -state tuner /amplifier 

"It's great! ", "The sound was fabulous ", "I ne 
were the comments of Scott's demanding prod 
the new Scott 344 solid -state tuner /amplifier. 

The tuner section of the 344 is the same 
312 FM stereo tuner, of which Audio Magazine 
tuners Scott makes. And that means it is 
one of the finest tuners anywhere." 

The revolutionary amplifier section of this 
new 344 uses entirely new Scott -developed 
circuits. Peak power capabilities approach 
one hundred watts ... enough to handle the 
extreme dynamics of any music. 

Scott confidently invites your own per- 
sonal evaluation of the 344. See it . . . 

hear it ... compare it and decide for your- 
self if you have ever before experienced 
sound so clear, so sparkling, so lifelike ... 
or if you have ever seen a more handsome, 
compact unit.$429.95 Slightly higher West of Rockies. 
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ver heard anything like it!" . These 
uct evaluation panel upon first hearing 

as that of Scott's pioneering solid -state 
(July 1964) said: "lt is one of the finest 
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Please send FREE 1965 Scott 20 -page 
full -color Guide to Custom Stereo. 

Name 

Address 

City Zone .... State 

H.H. Scott, Inc., 111 Powdermill Rd., Maynard, Mass. se OTTr 

"Which 
microphone 
should f 

I use?" 
for tape recording 
for broadcasting 
for CB and ham 
for public address 
for any application... 

Free Booklet - 
Everything You 
Want To Know 
About Micro - 
phones! Send 
Coupon Today! 

UNIVERSITY, 
Dept. F P.O. Box 1056, Oklahoma City, Okla. 

Name 

Address 

City State Zip Code 
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SERVICE CARD 

Your Postmaster Suggests: 

Always Include 

Your (ZIP CODE) Number 

in your 

Return Address 

361C AUDIO EQUALIZER 
Variable Equalizer necessary for professional quality 
recording or playback. Ideal for use between mixer 
and tape recorder or tape to tape, etc. Write for 
details or send $2.00 for LP demonstration record. 
Covers tape and disc recording techniques. Refunded 
with purchase. 

3610 

$4495 
Order Direct or Write for information. 

KUHN ELECTRONICS 
CINCINNATI 17, OHIO 

EARN Engineering DEGREE 
You can earn an A.S.E.E. degree at home. College 
level HOME STUDY courses taught so 

y D 
u can under- 

stand them. Continue your education.arn more in 
the highly paid electronics industry. Missiles. corn 
linters, transistors. automation. complete electronics. 
Over 27.000 graduates now employed. Resident 
school available at our Chicago campus- Founded 
1934. Send for free catalog. 
American Institute of Engineering & Technology 

1141 West Fullerton Parkway, Chicago 14, III. 
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1 ELECTRONIC 
<<:ö: RIMENYER-S 

EXPE o0 T aNDS 

reasons why you will want this 
exciting book of electronics 
projects: 

Car Battery Saver Electronic Stop 
Watch Build a Telephone Beeper 

Plug -In Transmitter Crystal Switch 
40 -Meter Antenna for Small Roof 

and 61 other great projects... 
One Tube Screen Modulator X -Line Tachom- 
eter Build a Stereo Indicator Nonsense Box 
Better Model Control X -Line Charger Cheater 
Cord Deluxe 60 -Cycle Repulsion Coil Reso- 
nance Engine Automatic Safety Flasher Handy 
EP Pack 2 -Meter Simple Superhet The Signal 
Stethoscope VHF Listener 2 -Tube Superhet 
for 80 Meters Transistorized 6 -Meter Converter 

SCR Tester Multiple Meter Test Set The 
Squealer Build The Reflectoflex The Cloud 
Sentinel Sports Car Mike Stand Boost Box 
Loud Hailer For The Telephone Extra "Lamp 
Handee" Footpads for Headphones The Idento- 
Minder AND MANY MORE... 

HERE IS THE LATEST, MOST EXCITING 
COLLECTION OF ELECTRONICS PROJECTS 

AVAILABLE ANYWHERE. 

Each project is complete with detailed charts, cir- 
cuit diagrams, cutaways, photographs, step -by- 
step instructions -and each one means hours of 
fun and excitement. 
If you enjoy the challenge of building useful elec- 
tronic devices...this is the book for you! 25 

only$ 
FILL IN, DETACH AND MAIL THIS COUPON TODAY! 

ZIFF -DAVIS SERVICE DIVISION, Dept. EEH 

589 Broadway, New York, N.Y. 10012 

Please rush my copy of the all -new 1965 
ELECTRONIC EXPERIMENTER'S HANDBOOK. 
My $1.25 (plus 150 for shipping and han- 
dling; 250 outside U.S.A.) is enclosed. 

name please print 

address EW-75 

city 
L 
96 

state zip code J 

moderately priced and are available in bulk to 
manufacturers in the United States. 
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COMPONENT CATALOGUE 
' J. W. Miller Company has recently released a 
60 -page general catalogue (No. 65) covering the 
firm's line of adjustable r.f. coils, FM coils, i.f. 
transformers, loop antennas, and r.f. chokes. Over 
100 new items have been added to the company's 
stock since the last catalogue was issued. 

A 6 -page index and price list is conveniently 
placed at the front of the illustrated booklet, and 
a special industrial cross- reference guide to the 
part numbers of ten major coil manufacturers is 
provided. 
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SCHOOL SOUND SYSTEMS 
Rauland -Borg Corporation is now offering a 

4 -page illustrated brochure describing its new 
"Deluxe" line of solid- state, all- transistorized 
school intercom systems. A wide selection of basic 
systems is offered in console, desk -top, and rack - 
mounted styles, with hundreds of flexible varia- 
tions to meet every conceivable need for intercom 
and program distribution. 

Folder No. 1265 also notes that the company 
provides a complete line of matching system ac- 
cessories, including speakers, speaker housings, 
microphones, and call -in switches. 
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POWER RECTIFIERS 
International Rectifier Corporation has re- 

cently published a compilation of technical arti- 
cles and application data studies on controlled 
and power rectifiers. Entitled "Specific Data File 
-Rectifiers" and containing more than 70 pages, 
the compilation discusses such topics as series 
and parallel operation of SCR's, turn -on time of 
controlled rectifiers, and recommended customer 
test methods for power rectifiers. 
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TEST ACCESSORIES 
Pomona Electronics Co., Inc. has issued a 27- 

page illustrated catalogue (No. 10 -65) listing the 
company's complete stock of molded electronic 
test accessories. 

Intended primarily for those engaged in testing 
or designing electronic equipment, the brochure 
includes patch cords, cable assemblies, connecting 
leads, test socket adapters, and molded test plugs. 
Over 40 of the more than 200 items covered are 
new, and complete specifications are supplied for 
all products described. 
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LINE -VOLTAGE REGULATORS 
Sola Electric Company is now offering a new 

2- color, 8 -page buyers' guide to its "Solatron" 
line -voltage regulators. These units combine the 
advantages of fast response, tight voltage regu- 
lation, no moving parts, adjustable output, and 
high kva. capacity. 

Included in the illustrated catalogue (VR -200) 
are tables giving the specifications and physical 
dimensions of the more than 100 regulators in 
the series, a chart listing the effects of voltage 
fluctuations, and operating data on the "Sol - 
a trots." 
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PHOTOMULTIPLIER TUBES 
Cencom Division of Whittaker Corporation is 

now distributing copies of a new condensed cata- 
logue which covers the complete line of photo - 
multiplier tubes manufactured by EMI Electron- 
ics Ltd. Included in the booklet (PM -2) are tables 
and curves providing detailed information on 
construction, dimensions, types, operating con- 
ditions, and characteristics. 
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ETV RECEIVERS 
Sylvania Electric Products Inc., Commercial 

Electronics Division, is now making available a 
brochure which discusses in detail two of its new 
TV sets designed especially for educational TV. 

Each unit provides sensitive reception of both 
v.h.f and u.h.f. broadcast channels, as well as 
closed- circuit channels, and each receiver comes 
with a 23 -inch "Bonded Shield" picture tube 
which gives a viewing area of 282 square inches. 
Use of this particular tube results in a distinct 
improvement in picture quality, an advantage in 
group viewing. 
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ELECTRON TUBES 
Amperex Electronic Corporation has published 

a revised edition of its condensed electron -tube 
catalogue, which is intended to be a quick refer- 
ence guide to the company's line of power tubes, 
thyratrons, and entertainment and audio tubes, 
as well as a variety of other types. 

All material is arranged in tabular form with 
complete device descriptions and electrical char- 
acteristics, and a 2 -page index is conveniently 
provided. Included in the 26 -page catalogue for 
the first time are new cathode -ray and vidicon- 
tube lines. 
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ELECTRONICS COURSE 
Association Instructional Materials is offering 

information on how to obtain a multi -media 
introductory course in basic electronics. The core 
of the course is a series of 90, half -hour, I6 -mm. 
films designed primarily for use in industrial 
training, adult education, and technical or vo- 
cational high -school classes. In addition, supple- 
mentary study guides, exercise manuals, and 
teaching guides are available. All materials of 
the course, entitled "Electronics at Work," are 
offered for sale and rental. 

The course is organized into six units of 15 
lessons each and employs as a unifying theme the 
development of increasingly advanced communi- 
cation systems. Topics treated include oscillators, 
amplifiers, resonant circuits, meters, and power 
supplies. 
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SEMICONDUCTOR PHONO CARTRIDGE 
Euphonies Corp. has just issued an 8 -page 

king -size 4 -color brochure covering a technical 
analysis of all major characteristics involved in 
phonograph recording and playback. Some 36 
different topics covering such things as constant 
velocity, constant amplitude, RIAA equaliza- 
tion, causes of ringing, square -wave response, the 
stereo groove, etc. are analyzed technically. 

The brochure also includes complete details 
on the company's line of high -fidelity semicon- 
ductor phono cartridges and accessories. 
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PHOTO CREDITS 
Page Credit 
14 ...KLH Research and Development Corp. 
16 Garrard 
26, 27, 28, 72 Xerox Corporation 
30 (top), 31 (top)..Jet Propulsion Laboratory, 

California Institute of Technology 
30 (bottom), 31 (bottom).... National Aero- 

nautics and Space Administration 

32 (top left), 71 Hughes Aircraft Co. 
32 (top right) ITT 

32 (center) Westinghouse Electric Co. 

32 (bottom left) Litton Industries 
33 (center) General Telephone & 

Electronics Corporation 
33 (bottom) Barnes Engineering Co. 

43 Sprague Electric Co. 

47 Cornell -Dubilier, Electronics Div. 
Globe -Union 

51 Arco Electronics 
54, 55 Corning Glass Works 
59 P.R. Mallory & Co., Inc. 

88 Diamond Electronics 
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ELECTRONICS 
MARKET PLACE 

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 600 per word (including name and address). Minimum order $6.00. Payment 

must accompany copy except when ads are placed by accredited advertising agenc ies. 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. 350 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 100 extra per word. All copy subject 

to publisher's approval. Closing Date: 1st of the 2nd preceding month (for example, March issue closes January 1st.) Send order and remittance to: Hal Cymes 

ELECTRONICS WORLD, One Park Avenue, New York, New York 10016 

ELECTRONIC Bargains -Free Catalog, Tubes, Diodes, ARC -27, ARC -34, ARC -38, ARC -44; ARC -52, ARC -55, 

CRT's, Tuner Leaner, etc. Cornell, 4213 -W University, ARC -73, ARC -84, RT -220c /ARN -21, APN -22, R- 540 /ARN. 

San Diego, Calif. 92105. 14c, ARN -18, ARN -59, 51X- 2/17L -7, 17L -4, RT -68 /GRC, 

Test Sets With ARM, UPM, URM, SG, Prefixes. Top 

Dollar Paid. Slep Electronics, Drawer 178 -ZDEW, Ellen - 
ton, Fla. 33532. 

McINTOSH MA6 Multiplex Adapter. New or Used R. 

Johnson, 2234 Lindenwood, Oak Creek, Wisc. 

FOR SALE 

FREE! Giant bargain catalog on transistors, diodes, 
rectifiers, components, valuable parts, equipment. 
Poly Paks, P. O. Box 942V, Lynnfield, Mass. 

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, 
III. 60656. 

GOVERNMENT Surplus Receivers, Transmitters, Snoop - 

erscopes, Radios, Parts, Picture Catalog 200. Meshna, 

Nahant, Mass. 

DIAGRAMS for repairing Radios $1.00. Television $2.50. 
Give make model. Diagram Service, Box 1151 E, Man- 
chester, Connecticut 06042. 

INVESTIGATORS, free brochure, latest subminiature 
electronic surveillance equipment. Ace Electronics, 
11500 -J NW 7th Ave., Miami 50, Fla. 

CANADIANS -Giant Surplus Bargain Packed Catalogs. 
Electronics. Hi -Fi, Shortwave, Amateur, Citizens Radio. 
Rush $1.00 (Refunded). ETCO. Dept. Z, 464 McGill, 
Montreal. Canada. 

INVESTIGATORS -Electronic surveillance devices. Price 
breakthrough on ultra miniature professional devices. 
Free details. Trol Electronics -EW, 342 Madison Avenue, 
New York, N.Y. 

RESISTORS precision carbon- deposit. Guaranteed 1% 
accuracy, 1/2 watt 80. 1 watt 120. 2 watt 150. Rock 

Distributing Co., 902 Corwin Road, Rochester 10, N.Y. 

NEW supersensitive transistor locators detect buried 
gold, silver. coins. Kits, assembled models. $19.95 up. 

Free catalog. Relco -A22, Box 10563, Houston 18, Texas. 

JAPAN & Hong Kong Electronics Directory. Products, 
components, supplies. 50 firms -just $1.00. Ippano 
Kaisha Ltd., Box 6266, Spokane. Washington 99207. 

TV CAMERAS, transmitters, converters, etc. Lowest 
factory prices. Catalog 100. Vanguard, 190 -48 99th 
Ave., Hollis. N.Y. 11423. 

WEBBER Labs. Transistorized converter kit $5.00. Two 
models using car radio 30.50Mc or 100- 200Mc. one 
Mc spread. Easily constructed. Webber, 40 Morris, 
Lynn, Mass. 

ELECTRONIC Ignition Kits, Components. Free Diagrams. 
Anderson Engineering, Epsom, New Hampshire 03239. 

BUILD TV Camera Cheaper Than Ever! Send 100 for de- 
tails. ATV Research, Box 396, South Sioux City, Nebr. 
68776. 

ACHTUNG! Das machine is nicht fur Gerfingerpoken 
und mittengraben. Is easy schnappen der Springen - 
werk, blowenfusen und poppencorken mit spitzen - 
sparken. Ist nicht fur gewerken by das Dummkopfen. 
Das rubbernecken sightseeren keepen hands in das 
pockets. Relaxen und watch das Blinkenlights. This 
attractive, brass metal plaque only $2.00 ea. ppd. 
Southwest Agents, Dept. E, 8331 Hwy. 80 West, Fort 
Worth, Texas 76116. 

F -M For Car, Pocket, Home, Battery operated Tuner 
Chassis 88 -145 Meg. $9.95, Earpiece $5.00. Ekeradio, 
Box 131, Temple City, Calif. 

EXPANDED THEORY GRAVITATION because pushing ra- 

diation from stars. $1.00 refundable. Carnahan, 4407 
Avenue H, Austin, Texas. 

TINT -Windshields, Windows, Mirrors -Blue, Green, 

Yellow -$2.98 Postpaid. Guaranteed. Nationally Adver- 
tised. RUSSO COMPANY, 209 Carlisle, Spartanburg 
5, S.C. 

LAMPKIN 105 -B and 205 -A. $300.00 takes the pair. 
James Ney, 228 North Poplar Street, Elizabethtown, 
Pa. 17022. 

DETECTIVES! Free Brochures; Electronic intelligence 
devices for your needs and budget. SILMAR ELEC- 

TRONICS, 3476 N. W. 7th Street, Miami, Fla. 33125. 

(2) GENERAL ELECTRIC Mobiles MT -33N Complete with 
Accessories. Excellent Condition, $250. Each, Money 
Back Guarantee. Terms: 20% With Order. Balance 
C.O.D. Radio Sales Co., P.O. Box 102, Brockton, Mass. 

RESISTORS. Newest type Metal -Film, Copper Circuit 
Board, Capacitors, Terminal Blocks, Free Catalog. 
Farnsworth Electronic Components, 88 Berkeley, Roch- 
ester, New York 14607. 

FREE catalog: Wholesale Electronics. Hundreds of 
items. ROYAL, Box 2591, El Cajon, Calif. 

USED MAGNECORD tape recorders, in excellent shape. 
For information, write: Phillips, 203 North Parks, 
Breckenridge, Texas. 

ELECTRONICS ENGINEERING 
AND INSTRUCTION 

FCC LICENSE in six weeks. First class radio telephone. 
Results guaranteed. Elkins Radio School, 2603C, In- 
wood, Dallas, Texas. 

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. 

ELECTRONICS- F.C.C. License Training- correspond - 

ence. or resident classes. Free details, Write: Dept. 6, 

Grantham, 1505 N. Western, Hollywood, Calif. 90027. 

REI First Class Radio Telephone License in (5) weeks 
Guaranteed. Tuition $295.00. Job placement free. 
Radio Engineering Institute, 1336 Main Street, Sara- 
sota, Fla. 

HIGHLY -effective home study review for FCC com- 
mercial phone exams. Free literature! COOK'S SCHOOL 

OF ELECTRONICS, Craigmont, Idaho 83523. 

LEARN ELECTRONIC ORGAN SERVICING at home. All 
Makes including transistors. Experimental kit - 
trouble- shooting. Accredited NHSC. Free Booklet. 
NILES BRYANT SCHOOL, 3631 Stockton, Dept. A, 

Sacramento 20, Calif. 

CANADIANS, transistors, all semiconductors and com- 
ponents. Free catalogue contains reference data on WANTED 
300 transistor types. 1. &J. Electronics, P.O. Box 1437, 
Winnipeg, Manitoba, Canada. 

CONVERT any television to sensitive, big- screen oscil- 
loscope. Only minor changes required. No electronic 
experience necessary. Illustrated plans, $2.00. Relco, 
Box 10563, Houston 18, Texas. 

NEED RESISTORS? Factory fresh, NAME BRAND, 1/2 

watt, 10% standard carbon resistors. Any regular 
value from 10 ohms to 2.2 megohms, $.05 each! Post- 
paid. Any quantity assorted. Minimum order $1.00. 
TEPCO, Box 508, Tullahoma, Tenn. 

TRANSISTORS- Miniature Electronic Parts. Send for 
Free Catalog. Electronic Control Design Company, 
P. G'. Box 1432M, Plainfield, N.J. 
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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). 

CASH, SONY TRANSISTOR TV's etc. swapped for G -R, 

H -P, L &N etc. equipment, special tubes. manuals, mili- 
tary electronics. ENGINEERING ASSOCIATES, 430 Patter- 
son Road, Dayton, Ohio 45419. 

HELP WANTED 

EARN extra money selling advertising book matches. 
Free sample kit furnished. Matchcorp, Dept. MO-75, 
Chicago 32, III. 

GOVERNMENT SURPLUS 

JEEPS $64.50 ... Boats $6.18 ... Typewriters $4.15 
... Airplanes, Electronics Equipment, 100,000 Bar- 
gains Typically like These Direct From Government in 
Your Area. For Complete Directory and Surplus Cata- 
log Send Only $1.00. Surplus Service, Box 820 -K, 

Holland, Michigan. 

JEEPS -$62.50, Transmitters- $6.18, Typewriters - 
$4.15, Walkie- Talkies, Oscilloscopes, Multimeters. 
Typical Surplus Prices. Exciting Details Free. Enter- 
prises. Box 402 -B10, Jamaica 30, N.Y. 

OSCILLOSCOPE 
05 -26 05M -24, 3 inch CR 
Tube 3JP1; recurrent 
sweep. 8 cyc. per sec. to 
600 KC. Triggered sweep 
1.25 -125 M Mierosec. 
vert. deflec. sensitivity .031, 
horz. deflec. 4.0 V. horz. 
response .5 cyc. per sec. to 
700 KC., Vert. response 
cyc. per sec. to 10 MC 
Beam mod. response 50 
cyc. per sec. to 50 MC. 
Herz. input impedance 
300,000 ohms. Vert. Input 
resistance 300.000 ohms. 
Beam mod. input resist. 
56.000 ohms. Operate, 
from 115 Volt 50 to 1000 
cycle radio freq. & mod. Circuits use BCN series coaxial 
Connectors. Size: 17x15x15 "; Wt.: 60 lbs. USED. serv- 
iceable. Prices given below are less blowers, probes. Ca. 
bies. coaxial fittings and as offered: 

With Back and Front Cover $68.50 

Less Back and Front Cover 59.50 

Less Both Covers 8, Delay Lines 39.95 

4110 40 
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BC-221* FREQUENCY 
METER 

This is mple. accurate and re- 
liable crystal calibrated frequency 
indicating instrument for use in 
the 125 to 20,000 KC range. with 
a normal operating accuracy of less 
than .02 %. Can be used also as 
a signal generator or variable freq. 
oscillator. Compete with Tubes, 
Crystal and original Calibration 
Book. (No Modulation.) Operating 
voltage required for dry cell op- 

: eration: 6 VDC .9 Amp. & 135 
VDC 20 MA. Size: 10%131 /4x10 ": 
Wt.: 25 lbs. Units may be in 

Wood or Metal Cases; various letters "l 
NEW UNITS- complete as described above, $125.00 plus Headset and Manual 

New Units are in original Gov't. packing. If You want 
them this Way we will not be responsible for their oper- 
ation. Specify if wanted checked -or in original boxes: 

USED UNITS -complete as described above, $79.50 checked for operation 

TEST EQUIPMENT: 
TS -147B Signal Generator -8500 -9600 MC. U: 
TS -117 Wavemeter-2400-3400 MC . Used: 
UPM -19 Pulse Generator- 2650 -2950 MC.USed: 
URM -23 Attenuators -1000 to 4000 MC ..New: 
TS -102B Range Calibrator ............New: 
UPM -1 Scope- Oscil.Wavemeter- 155.580 MC. U: 
BC -1277 Signal Generator -2400 -3400 MC. .U: 
1.193 Polar Relay Tester Used: 

SEND FOR BIG CATALOG 

a 59.50 
18.95 
39.50 
14.95 
18.95 
99.50 
22.95 
16.95 

Address Dept. EW Prices F.O.B. Lima, O. 
25% Deposit on C.O.D.'s Minimum Order 55.00 

FAIR RADIO SALES 
2133 ELIDA RD. Box 1105 LIMA, OHIO 
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GET IT from GOODHEART! 
TELETYPE BARGAINS 

U. Unchecked, as is, fair condition, some minor parts 
may be missing. C: Checked & repaired as needed. 
ready to use. grtd OK. 

#14 Trans -Dist, sync., C $49.50, U 35.00 
Handbook TM 11 -2222 for above 8.50 
#14 Typ. Reperf, no keybd, C $74.50, U 49.50 
Same with keyboard, C $89.50, U 69.50 
Handbook TM 11-2223 for above two 9.00 
TG -26B, like #19 but tape, C $139.50, U 99.50 
40 rolls oiled tape I%6" wide 11.95 
#15 w /keybd, sync. C $149.50, U 95.00 
Handbook TM 11-352 for Mod. 15 7.50 
#19 w /keybd, sync. C 249.50, U 149.50 

R -23 /ARC -5 Command rcvr 190 -550 kc.... 14.95 

A.R.C. 12 '22 Command rcvr 540 -1600 kc. 17.95 
RBS receiver w /pwr sply, 2 -20 mc. 69.50 
ARR -7 SSB rcvr w /60 cy pwr .55 -43 mc.... 199.50 
Panadapter 455 kc for above, 60 cy 89.50 
ARR -5 rcvr, 60 cy, am /fm, 38.140 mc 179.50 
Panadapter 5.25 mc for above, 60 cy 69.50 
APR -4 rcvr, plug, book, 38 -1000 mc 179.50 
Add $65.00 for 975 -2200 mc. Add $125.00 for 2175- 
4000 mc. Add $30.00 for AM /FM w /60 cy pwr. 
R -54 /APR -4 only, no T.U., fair used 27.50 
RA -62 -B is AC pwr sply for SCR -522, only 17.95 
FRC -6A 30 -40 mc FM 2 -way, 50 watts Po 69.50 
TDZ 60 cy xmtr 225 -400 mc 30 w Po, new 495.00 
LM -14 freq. meter, .01% 125 kc -20 mc 57.50 
TS- 323/UR freq. meter 20 -480 mc., .001%.199.50 
FR -6 /U freq. meter 100 -500 mc, .0001 % 350.00 
Gertsch AM -1 interpolator 20 -1000 mc 495.00 
H.P. 100 -D second. freq. standard 295.00 
Berk. 5571 counter system 0 -515 mc 1295.00 
Berkeley 5424 preset counter 0.9999 250.00 
Cenco- Hypervac 100 vacuum pumo 495.00 
NJE S400C regul. pwr 0.300 v 0-300 madc 79.50 
Tektronix 514AD scope dc to 10 mc 395.00 
LP Signal Generator 91/2 kc -50 mc 195.00 
H.P. 6086 signal generator 10-400 mc 475.00 
H.P. 6088 modified to 10 -500 mc 525.00 
TS- 418A /U sig. gen. to 0 dbm 0.4 -1.0 gc 395.00 

AND MUCH MORE! We have 33 other types of Signal 
Generators, Digital Counters & regul. pwr. splles, 
DVM's, other scopes. Pulse Generators. Precision 
Bridges & Voltage Dlgiders. AC & DC. Galeo,,. Line 
Voltage Regulators. Phase -Angle Meters. 1- 1'\'br's. 
Spectrum Analyzers, Etc. WRITE . . WIRE . . . 

PHONE . . . .. DUR SPECIFIC NF:EIIS! 

R. E. GOODHEART CO. INC. 
Box 1220 -A, Beverly Hills, Calif. 90213 

Phones: Area 213, *Mee 272.0707, messages 273.3342 
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PLANS AND KITS 

SENSATIONAL LISTENING; SENSITIVE POCKET VHF 

POLICE AIRCRAFT RECEIVER. Easily assembled. Plans 
$2.00. Ottawa Sales, Box 627, Holland, Michigan 49424. 

AIR CONDITION YOUR AUTOMOBILE, electrically, 
simply and less than $60.00 to assemble, with com- 
plete copyrighted details. Also receive AUTOMOBILE 
BURGLAR ALARM plans, 20 minutes installation PARTS 

INCLUDED. $3.00 to PAR Industries, Box 882, Jamaica, 
N.Y. 11431. 

HIGH FIDELITY 

LOW, LOW quotes: all components and recorders. Hi -Fi, 
Roslyn 9, Penna. 

HI -FI 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. 

HI -FI components, tape recorders, sleep learn equip- 
ment, tapes. Unusual Values. Free Catalog. Dressner, 
1523 Jericho Turnpike, New Hyde Park 10, N.Y. 

FREE! Send for money saving stereo catalog :E7W 
and lowest quotations on your individual component, 
tape recorder or system requirements. Electronic 
Values Inc 200 West 20th Street, N.Y., N.Y. 10011. 

FREE -$1.00 Value "Miracle" Record cleaning cloth 
with every quotation on HIFI EQUIPMENT. Our "ROCK 
BOTTOM" prices on NAME BRAND amplifiers- tuners- 
taperecorders -speakers -FRANCHISED -59 YEARS IN 

BUSINESS. Write for this month's specials -NOW! 
Rabsons 57th St., Inc., Dept. 569, 119 W. 57th St., 
New York, New York 10019. 

EQUIPMENT 

MC GEE Radio Company. Big 1965 176 page catalog 
sent free. America's Best Values. HiFi- Amplifiers- 
Speakers- Electronic Parts. 1901 McGee Street (Dept. 
EW), Kansas City, Mo. 

SHORTWAVE LISTENING 

SW LISTENERS GUIDE, easy to use. English program- 
ming. DOUBLES LISTENING PLEASURE. $2.00 SWL 
Guide, 218 Gifford, Syracuse, N. Y. 

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, Transistors, Diodes, 
Electronic Components and Accessories ... send for 
Giant Free Zalytron Current Catalog, featuring Stand- 
ard Brand Tubes; RCA, GE, etc. -all Brand new pre- 
mium quality individually boxed. One year guarantee 
-all at biggest discounts in America! We serve pro- 
fessional servicemen, hobbyists, experimenters, engi- 
neers, technicians. Why pay more? Zalytron Tube Corp., 
469 -W Jericho Turnpike, Mineola, N.Y. 11502. 

TUBES -330 each. One year guaranteed. Complete 
stock. Free list. Cornell, 4215 -W University, San 
Diego, Calif. 92105. 

TUBES, Jobber Boxed. 65% Off. Free List. AllState 
Electronics, Box 1882, Beverly Hills, Calif. 90213 

DO -IT- YOURSELF 

PROFESSIONAL ELECTRONIC PROJECTS -$1.00 up. 
Catalog 250, refundable. PARKS, Box 25565, Seattle, 
Wash. 98125. 

PHOTOGRAPHY -FILM, 
EQUIPMENT, SERVICES 

MEDICAL FILM -Adults only -"Childbirth" 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. 

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 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 

@ .35 Reader Rate 
Words 1 @ .60 Commercial Rate 

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 35 -mm, COD, PO, AC, etc., count as one word. Hyphenated words count as two words. EW -765 
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Rectifiers & 
750 ma. Silicon Diodes 
"Epoxy" or "Top Hat" 
Ply PIV 

50 50 600 210 
100 70 *700 250 
200 100 *800 320 
400 140 *900 400 
500 180 *Top hat only 

Full Leads, Tested. Gua 
10 watt Sil. Zener stud 6-150v 
1 Watt Zener Diode Axial 
Sil. diode stud 1500piv 300 
18 amp. Stud Sil. rectifier 
Sil diode 1500 piv, 50 ma, 
Hi- Voltage- Silicon epoxy 
HOFFMAN -3000 piv -200 
HOFFMAN -6000 pie -200 
Thermistor, glass bead, 1200 
Silicon Power Transistors 

20 Watt Germanium 
2n1038 ....6 for $1.00 
2n1039 ....4 for $1.00 
2n1040 ....3 for $1.00 
2n1041 ....2 for $1.00 

Transistors 
Silicon Power Diode 

Stud 3 amps. 
PIV PIV 
25 60 300 250 
50 80 400 280 

100 140 500 35C 
150 160 600 400 
200 220 All tests 

anteed, American made. 
950 ea. 

leads 6v- 200v 500 ea. 
ma. 500 ea. 
100 piv 750 ea. 

axial 350 ea. 
diode, 21/2 "x3/6 "xt /2 ", 
ma. $1.49 ea. 
ma. $3.49 ea. 

ohms, 600 °F.2 /$1.00 
-85 w. 2N1724 $1.50 
(internal heat sink) 
2n1042 ....4 for $1.00 
2n1043 ....3 for $1.00 
2n1044 2 for $1.00 
2n1045 700 

Light sensitive Power transistor T0 -3 case, 
with circuit instructions $1.95 ea. 

150 Watt Germanium Power 
2n456A 70Cl2n458A 900 
2n457A 800 2n1021 $1.00 
HF Silicon- 2N702 -100mc 400; 2N703 -150mc 600 

Light Sensitive Resistor 
75 ohms -10 meg, 100 volts, 150MW, $1.75 ea. 

Philco Sil. NPN, 2N2479, new 3 for $1.00 
2n117, Silicon 5 for $1.00 
2n243, Silicon Power 4 for $1.00 
HF Silicon tetrode, 3N35 750 ea. 
Sil, diodes 1N200 series, asst'd new 15 for $1.00 
Ger. diodes, glass, new 15 for $1.00 
Nickel- Cadmium Battery 91/2 oz, 8 amp - 

hrs, 23/4 "x3/4 "x41/2" $1.95 ea. 
Magnetic reed switch with mounting ....750 ea. 
12 different volume controls $1.00 

Varicap -voltage variable capacitor - 
47 pf at 4 v.. 4:1. new $1.25 ea. 

SILICON CONTROLLED 
PRV 7 16 

amp amp 
25 .28 .48 
50 .48 .70 

100 .80 1.20 
150 .80 1.50 
ALL TESTS STUD TYPE 

Money hack ;u.,ranlee. 52.00 
postate. Catalogue 25e. 

Electronic Components 
Box 2902 Baton 

RECTIFIERS 
PRV 7 16 

amp amp 
200 1.05 1.70 
300 1.60 2.20 
400 2.10 2.70 
500 2.80 3.30 
600 3.00 3.90 

min. order. Include 

Co. 
Rouge. La. 70821 
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HOME 
CAR 

SHOP 
HOBBY 
OFFICE 

etc. r. 

;- 

Handsomely 
packaged ín 

a specially 

designed 
storage box. 

Mail 
Today! 

CONSUMER SERVICE COMPANY 
160 Mercer St., New York, N. Y. 10012 

Enclosed is $ for Socket w. 

Tool Kits at $4.95 ea. plus 350 ea. for postage 
and handling (N. Y. C. residents please add 4% 
sales tax.) Foreign orders 500 additional. 

Name lw 
(PLEASE PRINT) 

EW -75 
w. 

Io 

Address 
on 

City State Zip Code 
iw 
w. 

w Sony -No charges or C.O.D. orders. se 

1IIII18uIlrlI (IllU111118111111111111u1l! 

4/ 
WITH 

REVERSIBLE RACHET, 

UNIVERSAL HANDLE 

Wide range of sockets 

and screwdriver bits 
for screws, bolts, nuts 

with square, hex, slotted 
or recessed heads. 

Complete with offset and 

double offset adapters, 
awl point, etc. 

$ 95 
Only Complete 

July, 1965 

TAPE AND RECORDERS 

RENT Stereo Tapes -over 2,500 Different -all major 
labels -free brochure. StereoParti, 1616 -E. W. Ter- 
race Way, Santa Rosa, California. 
TAPE -MATES MAKES AVAILABLE TO YOU -ALL 4 TRACK 

STEREO TAPES -ALL LABELS -POSTPAID TO YOUR DOOR 

-AT TREMENDOUS SAVINGS. FOR FREE BROCHURE 

WRITE TAPE -MATES CLUB, 5280 -E W. PICO BLVD., LOS 

ANGELES, CALIF. 90019. 

BEFORE renting Stereo Tapes, try us. Postpaid both 
ways -no deposit -immediate delivery. Quality -De- 
pendability- Service -Satisfaction -prevail here. If 
you've been dissatisfied in the past, your initial order 
will prove this is no idle boast. Free Catalog. Gold 
Coast Tape Library, Box 2262, Palm Village Station, 
Hialeah, Fla. 33012. 

TAPE RECORDER SALES. Brand new, latest models, 
$10.00 above cost. Arkay Sales, 22 -02 Riverside Ave., 
Medford, Mass. 02155. 

STEREO TAPE. Save up to 60% (no membership fees). 
We discount recorders, batteries, accessories. We 

mail prerecorded tape, prepaid, anywhere that United 
States rates prevail. Free 60 page catalog. Saxitone, 
1776 Columbia Road, Washington, D.C. 20009. 

CRAIG 403 Tape Recorder, Service History Enclosed. 
R. W. Campbell, 316 Mariemont Drive, Lexington Ky. 

$65.00. 

REPAIRS AND SERVICES 

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. 
1W Electronics. Box 51B. Bloomington, Indiana. 

METERS -Multimeters Repaired and Calibrated. Free 
estimates -Catalog. Bigelow Electronics, Box 71 -F, 

Bluffton, Ohio. 

ELECTRONIC Kits wired and tested. Electronics Fabri- 
cation, 1717 N. Ft. Harrison, Clearwater, Fla. 

PATENTS 

INVENTIONS: Ideas developed for Cash Royalty sales. 
Raymond Lee, 1606G Bush Building, New York City 36. 

RECORDS 

DISCOUNT Records, All Labels -Free Lists. Write Cliff 
House, Box 42 -E, Utica, N.Y. 

MUSIC 

POEMS Wanted for songs and records. Send poems. 

Crown Music. 49 -RB West 32, New York 1. 

SONG ideas wanted. Write with Professional Song- 
writers. Share royalties. Songwriters' Associates, 236 
W. 55th St., New York 10019 -V. 

PRINTING 

QUALITY Business Printing. Reasonable. Free Samples. 
Prestige, Box 146 -E, Newton, Iowa 50208. 

BOOKS 

ELECTRICAL ACCESSORIES, Controllers -12,500 List- 
ings in German Export- Import Directory. $5.95. Burke 
Associates, Manchester, Mass. 01944. 

AUTHORS' SERVICES 

AUTHORS! Learn how to have your book published, 
promoted, distributed. FREE booklet "ZD," Vantage, 
120 West 31 St., New York 1. 

PHOTOGRAPHS 

PHOTOGRAPHS and transparencies wanted, to $500.00 
each. Valuable information free -Write Intraphoto-EW, 
Box 74607, Hollywood 90004. 

LORAN R -65 /APN -9 RECEIVER 
& INDICATOR 

Used in Deter- ships and aircraft. 
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 

Shock Mount for above $2.95 
Circuit diagram and connecting plugs available. 

LORAN APN -4 
:Or FINE QUALITY s0 NAVIGATIONAL EQUIPMENT 

Determine exact geographic position of your boat 
or plane. Indicator and receiver complete with all 
tubes and crystal. 
INDICATOR ID -6B /APN -4, and RECEIVER R -9B- 
APN -4, complete with tubes. Exc. Used....$88.50 
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 
We carry .1 complete line of replacement parts and 
accessories for above. 

SCR -625 MINE DETECTOR 
Complete portable outfit in erigi /ß/e50 
sal packing, with all accessories 3300 
Brand New 
Exc., Used $28.50 

AN /APR -4Y FM & AM 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. For 110 V 60 cycle AC 
operation, built -in power supply. 
LIKE NEW. SPECIAL $79.50 
TN -16, TN -17, TN -18, TN -10 and TN -54 
Tuning Units for al,ove in stock, P.U.R. 

SCR -274 COMMAND EQUIPMENT 
ALL COMPLETE WITH TUBES Like BRAND 
Type Description Used New NEW 

BC453 Receiver 
190 -550 Kc. 514.95 $18.95 P.U.R. 

BC -454 Receiver 3 -6 Me. $15.95 P.U.R. 
BC -455 Receiver 6.9 Me. $13.95 $19.50 P.U.R. 
BC946 Receiver, 550 -1500 Kv. Complete with all 
tubes. Brand New, In original packing ..... P.U.R. 
1.5 to 3 MC. Receiver Brand New $21.50 

110 Volt AC Power Supply for all 274 N and 
ARC -5 Receivers. Complete with metal case. In- 
structions. Factory wirer!, tested, ready to ope, 
ate $12.50 
SPLINED TUNING KNOB for 274-N and ARC -5 
RECEIVERS. Faits Ii t'.10.1, 11(1-454 and 490 
thew. Only 

!.i t :t Mi,. Tr.m..teliter. Iirend N,. ........ $12.95 
BC -457 TRANSMITTER -- 4.5.:1 Si.-. complete $11.95 
with it tubes and crystal. BI(ANII NEW 
like New .. .,, ..$7.95 
BC -458 TRANSMITTER -5.3 to 7 Mc, Complete pith 
:dl tube. and crystal $13.95 BRAND NEW like New $8`95 
BC -459 TRANSMITTER -7 to 9 Me. Complete 
tubes & Crvvtai Si 9.50 Like New 

6 TRANSMITTER 3 -4 Mc Complete with $14.95 
All Tubes & Crystal. Brand New 
Es, Used 58.95 
11C -450 Modulator 

' 
.. USED 3.45 NEW $5.95 

ALL ACCESSORi E9 
Modulator ........ 

Fort ATOMS 

BC -929 3 -Inch Scope, with all tubes, 
LIKE NEW $16.50 
Conversion instructions. for 110 V AC $ .65 

EE -8 FIELD PHONES 
Checked out, perfect working order. Complete 
with all parts. Excellent condition. LIKE 

14.50 NEW! Each $ 

234-258 MC RECEIVER ANI ARR-2 
BRAND NEW I1 -tube UHF Tunable Receiver with 
schematic. onip a few at titi.s low price! 

Exc. $9.99 l'emploie with tubes. sc. n=od $6.95 

BC -906 FREQ. METER -SPECIAL 
Cavity type 145 to 235Mc. Complete with antenna. 
:B aivat and original Bbrati on harts in- $14,50 clue led. BRAND NEW. OUR LOW PRICE ... 

2 VOLT BATTERY "PACKAGE" 
1 -2V. 20 Amp. llr. Willard Storage Battery. 

Model _20.2. 3" x 4" x 51/2" high , ....$2.79 
I -2V, 7 prong Synchronous Plug -in Vibrator-. 1.49 
! -Quart Bottle Electrolyte (for 2 cells) .... 1.45 
ALL BRAND NEW! Combination PrIce $5.45 
Willard 8-V. Midget Stnrage Battery, 3 Amp Hr. 
Rrnnd NeW, 35gs1- 13 /lova_'tít ". NEW $2,95 

?lease 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. 
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GREGORY 
RE- 

2 -WAY 
Partial 

}. 

Same 
desired 

ELECTRONICS 
CONDITIONED FM 

RADIO SAVINGS 
list -Send for New '65 catalog 

SPECIAL PURCHASE 
RCA 25 -54 MC 

as &; CMV2F5 6/12 volt 30 
watt vibrator power sup - 
ply FULLY NARROW 
BANDED (TX & RX) com- 
plete with all acces- 

unit tuned to soties. 
frequency in- 
new antenna 

5128.00 

MOTOROLA 
30 -50mc 
wide band 

F -4 Complete with all 
... accessories, less 

crystals & antenna. 

FMTRBOD, 30 watts. 6 volt. $78 
(Less accessories, $48.) 

$118 FMTR8OD, 30 watts. 12 volt. 
(Less accessories, $88.) 

FMTR140D, 60 watts, 6 volt. $98 
(Less accessories, $68.) 

FMTR140D, 60 watts. 12 volt. $128 
(Less accessories, $98.) 
Add $55.00 to narrow band transmitter, tuning of 
transmitter and receiver to desired frequency and 
new antenna. 

RCA CMC 60B 10 148-1 72mc 

6/12v dual dyna- 
motor 60 watt. Fully 

narrow banded complete 
with- all accessories, less crystals & $178 antenna. 

Less Accessories $148.00. Same unit 
tuned to desired frequency including $213 new antenna P 

RCA 148 -172mc CMC25 
12v 25 watt transistor power supply 
(a) Fully narrow banded complete with 

all accessories, less crystals & an -$198 tenna 
Less accessories $158.00 

(b) Same unit tuned to desired frequency$233 
including new antenna 

G -E 4E15 6v 30 watt 40.50mc $15 Transmitter 
G -E 4ET5 12v 30 watt 40 -50mc $20 
Transmitter 

Extra Special Purchase 
Reconditioned General Electric 

Voice Commander 
Personal FM Transmitter -Receiver 

132 to 172 MC, 1 W 9.5 "x5.3 "x1.7" 

PRICE, including Brand 
New rechargeable Nickel- 
Cadmium Battery Pack 

$178 
If crystals and tuning is ç. ". - desired, add $40.00. 

We also have the proper 
charges for these units, 
GE Model #4EP27A10, 
Price: $18. 

If addt'l. nickel cadmium 
batteries are required, 
$25. each. Lapel micro- 
phones at $5. or bat- 
tery pack, power supply 
bottom housing at $40. 

We Buy Late Model Equipment for Cash -Write, Wire Phone! 

-- ° /7e-a- GREGORY CE ELECTRONICS 
--rA--=._, CORPORATION 

249 Rt. 46 Phone 773 -7550 
Saddle Brook, N.J. Area Code 201 
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PERSONALS 

YOUR IQ and ability summary. $3.00 F. T. Bell, 1545 
Scott Street, San Jose, Calif. 95126. 

HYPNOTISM 

FREE Hypnotism, Self -Hypnosis, Sleep Learning Cat- 
alog! Drawer H400, Ruidoso, New Mexico 88345. 

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. 

USED Correspondence Courses and Books sold and 
rented. Money back guarantee. Catalog free. (Courses 
Bought). Lee Mountain, Pisgah, Alabama. 

FREE Education! Greater Success! Information Free! 
Cameo Enterprises, Carrolltown, Pa. 15722. 

INVENTIONS WANTED 

INVENTORS. We will develop, help sell your idea or 
invention, patented or unpatented. Our national manu- 
facturer clients are urgently seeking new items for out- 
right cash sale or royalties. Financial assistance avail- 
able. 10 years proven performance. For free informa- 
tion, write Dept. 42, Wall Street Invention Brokerage, 
79 Wall Street, New York 5, N.Y. 

INVENTORS. Outright cash sale or royalties for your 
inventions. Patented. Unpatented. Active demand from 
our client manufacturers. Financial assistance avail- 
able. Write Dept. 48, United States Invention Broker- 
age, 78 Wall Street, New York 5, N.Y. 

INVENTORS, why be broke? We either Sell your 
Invention or Pay cash bonus. Write for details. 
Universal Inventions, Marion 2, Ohio. 

NIMS 
NATIONWIDE IMPROVED 

MAIL SERVICE- 

A PROGRAM 

FOR REDUCING POSTAL COSTS 

AND IMPROVING SERVICE 

MAIL EARLY IN THE DAY 

IT'S THE BETTER WAY! 

LETTERS READY? - MAIL THEM EARLY! 

SURPLUS 
ELECTRONIC BARGAINS 

Transmitters, Receivers, Radar, Loran, Test Instru- 
ments, Mikes, Headphones, Var. & Oil Capacitors, 
Plate & Fil. Xfmrs, Dynamotors, Blowers & many 
other items. For Industry, Schools, Labs, & Ama- 
teurs. 

WRITE FOR BUL #42 -Loads of Bargains 
R.W. ELECTRONICS, INC. 

2244 So. Michigan Ave. Dent. 773 
Chicago, Illinois 60616 Phone 225 -1281 

NEW PORTABLE 

Cu WSW 
WITH FREE GIFT 

TO HOLD: 
Lightly hold Vacu -Vise 
in place. Turn down 
Vacu -Lever with finger-tip. 

TO RELEASE: 
Release Vacu. 
Lever with 
finger-tip. Vacu 
Vise lifts off. 

ONLY 
69. 5 

NO CLAMPS! NO SCREWS! 

ATTACHES INSTANTLY-HOLDS SECURELY 

Will not mar furniture 
or table tops! 

For The "DO IT YOURSELFER" 

For The REPAIRMAN 

For The MAN WHO NEEDS 
A THIRD HAND 

You'll wonder how you ever got 

along before you had the new 

VACU -VISE with "Super Vacu- 

um" Power that HOLDS . . . 

it's like having a third hand 

. . . anywhere . . . on the 

job . . . right where you need 

it. No Clamps -No Screws -the 
Super Vacuum base does it 
all for you! Just one turn of a 

Vacu -Lever (use your finger- 
tip . . . no strength need- 

ed) and VACU -VISE holds 
firm and fast to any smooth 
non -porous surface such as 

Formica, Linoleum, metal, glass, 

etc. Large 21/2" jaws - with 
"V" grooves hold your work 
firmly to table top -bench. Com- 

pletely portable - weighs only 
3 lbs. 

Holds firmly In 

any position. 

FREE 
GIFT 

Order imme- 
diately and 
receive FREE 

a set of 
Vacu Vise 

slide on Rubber 
Jaws 

-wharge eo 
th 

feom 
orma\ use 

f when working 

feet 
arlslr,g on fragile or 

delicate 
. ' materials. 

CONSUMER SERVICE COMPANY EW 75 

160 Mercer St., New York, N. Y. 10012 

Enclosed is $ for Vacu Vise 

at $6.95 ea. plus 55¢ ea. for postage and handling. 
(N.Y.C. residents please add 4% sales tax.) 

. Foreign orders $1.15 additional. 

Name 
(please print) 

Address 
s 

City State-Zip Code_ 
Sorry-No Charges or C.O.D. orders. * 

ELECTRONICS WORLD 



The NEW `POP' 
RiveTool with 

Interchangeable Heads 

NO ANVIL OR HAMMERING 

NO SPECIAL SKILL REQUIRED 

A STRONG, NEAT FASTENING 
EVERY TIME 

Cadmium 
Plated Steel 

Rivets replace 
screws, bolts, sol- 

dering, etc. in re- 
pairs or workshop 

projects. Use on ap- 
pliances, TV antennas, 

gutters and downspouts, 
toys, bicycles, ductwork, 
chassis -virtually anything 

from hardwoods to plastic, 
leather, metals, etc. 

ONLY 

COMPLETE KIT WITH "POP" RIVETS 

U K in me a ox wit I 
extra large supply of "POP" rivets 

1. Insert rivet in tool. 

2. Place rivet in hole of 

NOW materials to be fastened. 

for the first time! 3. Squeeze handles to 
set rivet. 

New interchangeable 
heads allow use of 
light and heavy 
duty rivets. Order form for 
additional rivets (available 
in six sizes) enclosed with kit. 

IT'S THAT 

SIMPLE. 

IIIIIIUIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 
CONSUMER SERVICE COMPANY 
160 Mercer St., New York, N. Y. 10012 , 

a Enclosed is $ Please ship me 

1 the following: I RiveTool kits at $5.95 ea. plus 35¢ ea. 

I for postage and handling. 
Deluxe Gift Kits at $9.95 ea. plus 35¢ ea. 

I for postage and handling. 

7 (N. Y. C. residents please add 4% sales tax). I 
Foreign orders $1.00 additional. 

I, Name 
111 (PLeann PRINT) 

EW -75 
I Address I 

City State Zip Code , 
E Sorry-No charges or C.O.D. orders. 

IIIIIII !IIIIIIIIIIIIIIII181211111IIII 
July, 1965 

REAL ESTATE 

FLORIDA WATER WONDERLAND -Home, cottage, Mobil - 

sites. Established area. $590 fall price, $9.00 a month. 
Swimming, fishing, boating. Write: Lake Weir, Box 
KE38, Slyer Springs, Fla. AD 6-1070 (F -1) 

FREE!- SUMMER CATALOG. Thousands of new prop- 
erties described, new photos too -Land, farms, homes, 
businesses,- Recreation, Retirement. 481 offices, 34 
states coast to coast, "World's Largest." Mailed FREE! 
STROUT REALTY, 50 -ZD East 42nd St., New York, N. Y. 

10017. 

BUSINESS OPPORTUNITIES 

INVESTIGATE Accidents-Earn $750 to $1,400 
monthly. Men urgently needed. Car furnished. Busi- 
ness expenses paid. No selling. No college educa- 
tion necessary. Pick awn job location. Investigate 
full time. Or earn $6.44 hour spare time. Write for 
Free Literature. No obligation. Universal, CZ -7, 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. 

SELL CB Equipment -Dealerships available to aggres- 
sive people who can sell Citizens Band Radio full or 
part time. Knox Electronic, Dept. 194, Galesburg, 
Ill. 61401. 

FREE Book "990 Successful, Little -Known Businesses." 
Work home! Plymouth -845G, Brooklyn 4, New York. 

BUY! Sell! Bargain footwear, etc.! Empire, 1916 -SC 

Fifth, Sacramento, Calif. 95814. 

AMAZING New Product. 100% profit. Details 100. 
RUSSO COMPANY, 209 Carlisle, Spartanburg, S.C. 

$100.00 WEEKLY Possible Addressing envelopes . . . 

Home -Spare time. (Longhand- typewriter) Informa- 
tion free. Addressing, Box 1322, Englewood, Colo. 
80110. 

PHOTOGRAPH accidents for Insurance Companies. 
$10.00 hour, spare time. Not a school. Free Informa- 
tion. Underwriters ZDG, 7400 Pershing, St. Louis, 
Mo. 63130. 

EMPLOYMENT INFORMATION 

FOREIGN Employment. Construction, other work proj- 
ects. Good paying overseas jobs with extras. 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. 

CALIFORNIA employment. Names and addresses of 500 
Southern California electronics firms $3.00. Air Mail 
$4.00. Spindler, P.O. Box 103, Canoga Park, Calif. 
91305. 

OVERSEAS Foreign U.S.A. All Trades, Crafts, Helpers, 
Occupations. Guaranteed openings. Immediate Place- 
ment. Permanent. High Wages. Modern Family Ac- 
commodations. Transportation expenses. Free Infor- 
mation. Fast Reply. Global Employers, Box 286 -W, 

Oroville, Calif. 

MISCELLANEOUS 

FREE Wine Recipes and Home Brewing Supplies Cata- 
log. Country Winemaker, Box 243E, Lexington, Mass. 
02173. 

SWEEPSTAKES contests. Let us help you win. Write for 
free information. General Contests, 1609 -17 East 5th, 
Duluth, Minn. 55812. 

ATTENTION CLASSIFIED ADVERTISERS. 175,000 Active, 
Eager Electronics Hobbyists -those who bought and 
thoroughly enjoyed the SPRING 1965 ELECTRONIC 
EXPERIMENTER'S HANDBOOK -are now anxiously 
awaiting the FALL 1965 ELECTRONIC EXPERIMENT- 
ER'S HANDBOOK. If your Classified Advertising ap- 
peared in the Spring Edition, you should receive even 
better responses in the Fall Edition; but if your ad is 
not presently scheduled for this great Handbook, don't 
miss out -Act At Once! FALL 1965 ELEC. EXP. HAND- 
BOOK -750 WORD- CLOSING DATE: Aug. 13th. ON 

SALE Sept. 30th. Send Order and Payment Today to: 
Hal Cymes, Classified Advertising Mgr., ELECTRONIC 
EXPERIMENTER'S HANDBOOK, 1 Park Avenue, N.Y., 
N.Y. 10016. 

1.000.000 PARTS SALE 

ic SALE! 
DIODES ,.,.25 for $1 50 for 1.01 

HAT RECTIFIERS ....26 for $1 50 for 1.01 
30 for $1 60 for 1.01 

TRANSISTORS. 6 for $1 12 for 1.01 
TRANSISTORS , 3 for $1 6 for 1.01 

SCR 100 PRV 1 for $1 2 for 1.01 
ZENER 30V 1 for $1 2 for 1.01 

100MC TRANS. 1 for $1 2 for 1.01 
PLANARS 2N497 -98 2 for $1. 4 for 1.01 

TETRODE TRANS. 1 for $1 2 for 1.01 
SCRS 2 for $1 4 for 1.01 

GERMANIUM 
TOP 
TRANSISTORS 
20 -WATT 
40 -WATT 
25 -AMP 
10 -WATT 
2N1613 
4W 
3N35 
25 -AMP 

py' 

D 

n FREE 
Transistors 
Diodes 
Rectifiers 

b 
Condensers 
Coils, etc. 

250 for handling 

DOUBLE 
B 

P 

U 

S 

O N U v 
$ FREE 

POLY PAK 
OF YOUR 
CHOICE Include 

BOTH FREE WITH EVERY $10 ORDER 

L 

L: 
i.. 
L 

L 
LI 

PI 

n 
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Li 
I] 
H 
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L] 
El 
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ID 

FAMOUS DOLLAR POLY PAKS 
I 3 TRANSISTOR AUDIO AMP, tiny, wired $1 

MAGNETIC REED SWITCH, glass sealed $1 
40 WORLD'S SMALLEST COND., to ,05mf $1 
4 TRANSISTOR TRANSFORMERS, asst. worth $25 $1 
1 FILAMENT TRANSFORMER, 117 to 6.3vct, 3A $1 
$25 RELAY SURPRISE, - 

,ealed, tiny types $1 
3 INFRA -RED DETECTORS, with leads $1 
$25 SURPRISE PAK: transistors, rect, diodes, etc.$1 
40 PRECISION RESISTORS,'.',, 1, 2W; 1 % values $1 
30 CORNING "LOW NOISE" resistors, asst. .$1 
60 TUBULAR CONDENSERS, to .5mf, to 1Kv, asst $1 
40 DISC CONDENSERS, 27mrnf to .05mí to 1KV $1 
60 TUBE SOCKETS, receptacles, plugs, audio, etc. $1 
30 POWER RESISTORS, 5 to 50W. to 24 Kohms.$1 
50 MICA CONDENSERS, to .1mf, silvers too! . .$1 
10 VOLUME CONTROLS, to 1 mee, switch too! .$1 
10 ELECTROLYTICS, to 500mf, asst FP & tubulars$1 
50 RADIO 8 TV KNOBS, asstd. colors & styles .$1 
10 TRANSISTOR ELECTROLYTICS: lOmf to 500mf$1 
50 COILS A CHOKES, if, rf, ant, osc, & more $1 

35 TWO WATTERS, cost inch A.B., 5 % too! $1 

75 HALF WAITERS, asst inch A.B., 5 9n too! . $1 
60 HI -Q RESISTORS,' [. 1, 2W, 1 ri A5 % values $1 

10 PHONO PLUG 8 JACK SETS, tuners, amps $1 
50 TERMINALSTRIPS, l to 8 solder lug types $1 
30 "YELLOW" MYLAR CONDENSERS, asstd val $1 
60 CERAMIC CONDENSERS. discs. noo's. to .05 $1 

3 GEIGER COUNTER DETECTOR, tubes, assorted $1 
3 TRANSITRON TRANS'TRS. 2N341, 42, 1W, npn $1 

85 WATT 2N424 PLANAR, silicon, TO -53 npn,.$1 
85 WATT 2N1212 PLANAR, drift, 10mc, npn ,.$1 
I CONTROLLED SCR SWITCH, Transltron, T018..$1 
10 SILICON TOP HAT RECTIFIERS, 50 to 400P1V $1 

2 2N721 PNP PLANAR, 2W. 75MC, TO -18 . . $1 
2 2N735 NPN MESA, 500MW, 135MC, TO -18 .51 
2- CLAIREX PHOTO ELECTRIC CELL, CL607 $1 

1, 2 500MC TRANS'TRS, 2N964, mesas, pnp, T018 $1 
4 PIN HEAD 2N790 NPN SILICON tranatrs,TO18$1 
4 2N43 OUTPUT TRANSISTORS, by GE, pnp, T05 $1 
4 2N333 NPN SILICON transistors, by GE, TO5 $1 
8, 2 -6Amp RECT's, stud.., silicon, 50 to 400V .51 
10 1000 MC -1N251 GERMANIUM DIODES $1 
5 3OMC TRANSISTORS, like 2N247, Sylvania . .$1 
5- -2N155 TRANSISTORS, or equals, T03,cases $1 

1 2 -ROO MC, 2N709 NPN Silicon planar T046 $1 

3 2N711 300MW. 300 MC, PNP MESA, T0111 $1 
15 1 AMP 200V epoxy rectifiers, made by Sylvania$1 
2 25 -AMP SILICON RECTIFIERS, 1 -50V, 1 -100V $1 

4 ZENER REFERENCES, 1NI29. 6-volt, silicon .$1 
10 ZENERS GLASS SILICON DIODES, axial, leads $1 
6 2N408 TRANSISTORS, TO1, pnp, driver $1 
2 2N718 NPN SILICON PLANARS, by Fairchild $1 
4 2N219 TRANSISTORS, n r -con ", T022 $1 
10 MICRODIODE STABISTORS, epoxy, silicon . $1 
2 2N706 500MW, 300MC NPN PLANAR, T046 $1 

j 10 1000 -MIL "CERAMIC" RECT.silicon,50- 400V$1 
10 POPULAR CK772 TRANSISTORS, pnp, no test $1 
5 2N107 TRANS'TRS, by t ;l:, pnp, pop. audio pak $1 

i 10 PNP SWITCHING TRANSISTORS, 2N1305,T05 $1 
] 0 NPN SWITCHING TRANSISTORS, 2N338, 440 $1 
15 PNP TRANSISTORS, t'K722,2N35,107 $1 
15 NPN TRANSISTORS, 2N35, 170, 440 $1 

2N998 TYPE, 1000 GAIN, npn silicon, planar $1 
"MICRO -T" TRANSISTOR, like TMT -1613. S1 
4 2N35 TRANSISTORS, npn, by Sylvania, T022 . $1 
4 "MICRO" TRANSISTORS, 2N131's, 1 /16 ", rf $1 
4 CK721 TRANSISTORS, pnp, aluminum case $1 

FOR OUR "SUMMER" BARGAIN CATALOG O ' 

1 O N: Semiconductors Poly Paks Parts 

I nclutl e postage -avg. wt. per pak 
O 

TERMS: send check, money order. 

1 Ib. Rpost net 30 tlnvs. CODs 
257.. 

PA K 
P.O. 

s 
BOX 942W 

SO. LYNNFIELD, MASS. 
"PAKKING" of the World 

CIRCLE NO. 103 ON READER SERVICE CARD 
101 
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UNICAfiNS 

148 
PAGES 

The most up -to -date guide 

available today to the world 

of Radio Communications! 

4 BIG SECTIONS Here is an 

information- packed "encyclopedia" covering 
the four major branches of specialized radio 
communications - 
CITIZENS RADIO SERVICE SHORT WAVE LISTENING 
AMATEUR RADIO BUSINESS RADIO SERVICE 

Complete with charts, tables and illustrations 
this all -new work brings you exclusive infor- 
mation on such vital subjects as obtaining 
your license, establishing your CB station, 
CB ethics -practice and procedure, SWL and 
station reporting, CB clubs, Ham license ap- 
plication procedures, learning the code, typi- 
cal business radio installations, and much 
more -every major area of the field is covered 
by a leading authority and presents a wide 
range of material -from basic fundamentals 
for the beginner through exclusive up- to -the- 
minute data and techniques essential for 
those in advanced communications. 

EXTRA! 
FOR THE FIRST TIME 

TWO EXCLUSIVE DIRECTORIES 

* Complete directory of all new citizens 
band equipment 

* Complete specifications on every new 
1965 SWL Receiver and every new 
1965 CB Transceiver Only $100 

FILL IN, DETACH AND MAIL THIS COUPON TODAY! 

ZIFF -DAVIS SERVICE DIVISION, Dept. CH 

589 Broadway, New York, N.Y. 10012 

Please send my copy of the 1965 COMMU- 
NICATIONS HANDBOOK. My dollar (plus 15 

for shipping and handling; 25 outside U.S.A.) 
is enclosed. 

name please print 

address 

Lcity 
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PROTECTS AGAINST Bent Pointers Burned -Out Resistors 

Damaged Pivots Overheated Springs Burned -Out Meter 

Changes in Accuracy Due to Overheating 

V467 
Model 630 -PLK 

b 

$19.50 
Suggested 

U.S.A. User Net 

FACTS MAKE FEATURES: 

2 
3 

Comprehensive overload protection. 

One selector switch minimizes chance of incorrect settings 

Polarity reversing switch 

USES UNLIMITED 
School Classrooms Field Engineers Application Engineers 

Electrical, Radio, TV, and Appliance Servicemen Electrical 
Contractors Factory Maintenance Men Industrial Elec- 
tronic Maintenance Technicians Home Owners, Hobbyists 

Additional protection is provided by Model 630 -PLK's new transistorized relay circuit. 
Transistorized overload sensing device does not load circuit under test, eliminating 
the possibility of damaging circuit components. A special meter shorting feature on 

"off" position offers high damping when moving tester. The exclusive patented Bar 
Ring Movement provides self -shielding and is not affected by stray magnetic fields. 
Wider spread scales, and unbreakable clear plastic window assure maximum read- 

ability. Diode network across meter protects against instantaneous transient voltage. 

TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO 

CIRCI. E NO. '9 ON READER SERVICE CARD 

RANGES 
DC Volts: 0-2.5-10-5G-250-1,000-5,000 at 20,000 

ohms /volt.0.0.25 at 100 microamperes. 

AC Volts: 0- 3 -10 -50 -250 -1,000 -5,000 at 
5,000 ohms /volt. 

Decibels: -20 to +11, +21, +35, +49, +61, 
+75; "0" iDB at 1 MW on 600 ohm line. 

DC Microamperes: 0-100 at 250 Mv. 

DC Milliamperes: 0 -10- 100 -1,000 at 250 Mv. 

DC Amperes: 0 -10 at 250 Mv. 

Ohms: 0- 1,000 -10.000 (4.4 -44 at center scale). 

Megohms: 0 -1 -100 (4,400 -440,000 at center scale). 

Output Volts (AC): 0 -3- 10.50.250 -1,000 at 5,000 ohms /volt; 
jack u nth condenser in series with AC ranges. 

CARRYING CASE 
Model 639 -0S black leather carrying case, 
built -in stand, Flaps open to permit use of 
tester in the case. Suggested U.S.A. User 
Net :112.10 

411-0? 

630.8 630 -APL 630 -L 630-NA 630-NS 630 -PLN 63041 631 
310 -C 

600 666-R 

I E 'WÙr(Liì 6 MOST COMPLETE LINE OF V-0-M'S. AVAILABLE FROM YOUR TRIPLETT DISTRIBU I Jrr'S STOCK. 



If you design or work with battery -operated equipment ... 

THIS IS THE BOON YOU NEED 
RCA's comprehensive new 64 -page battery manual is 

an invaluable reference source for anyone designing 
or working with battery- operated circuits, whether 
for industrial, consumer or hobby applications. 

WHAT IT GIVES YOU: 

Dey -GB and Battery ty, -ad. elks 

Battery principles and 
characteristics ...Page 12 

lsoMmos how ITT 

Battery construction ...Page 10 

Recommended current ranges 
... Page 5 

HOURS OF SERVICE 
at 70.2 

19 

cn Volts 

M Tr191c nvw, _._.. 
lo ato 100 too .tao 

0a 
OR TV) Í 15 

>o i 
B 9 47 

Ó 90 02 

500 `20 
{ 

130 27 
06 n0 310 F 2Y 

t2ÓÓ .p 6n 
19 

12 

Average service hours 
(in tabular form)... Page 25 

olgot 

Now to Use the RCA 
Battery Manual 

tal0at-vatia6t Tna 

awa 

Comprehensive classification 
chart... Page 4 

Testing Batterht 

911. 

TITA 

=wTT. Ta u`.+..w. r: 
Test procedures for 

different types ... Page 15 

RCA BATTERY 
M For Industrial 

and Co MANUAL 
L oduu Applications 

+ 
l' 4 

° TNeogy/oe9 
1®N 

/CttAnACTt;A,BT,C9 
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OF .... ^+aww. 
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cwr ..... 
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Battery selection guide 
...Page 16 

SOCKET PATTERNS 

.SOO "j 
4 HOLES 

I 

I4 5" 4.005 
DIA. 

.312" 

SA 

-4 HOLES 
FOR 

PINS 

-B 
-PIN 
CIRCLE 

A 
:535" DIA 

.312"1-w- 

VS022 VS064 

Terminal and 
socket connections ...Page 56 

YOURS FREE, IF REQUESTED BEFORE SEPTEMBER 1, 1965 
WRITE: RCA ELECTRONIC COMPONENTS AND DEVICES, DEPT. 451, HARRISON, N.J. 

The Most Trusted Name in Electronics 


