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years of leadership 

for Radio -Television 

j 

BUILD, EXPERIMENT, EXPLORE, DISCOVER 
WITH NRI SPECIAL TRAINING EQUIPMENT 

Begin now an exciting adventure. Learn by doing with 

custom -designed training equipment that gives you on- 

the -job experience as you train at home. "Stock" or 
"standard" equipment has never been good enough 

for NRI. The kits you receive are designed exclusively 

for experience, for bringing to life the things you read 

about in programmed "bite size" texts. It's the neces- 

sary "third dimension" in NRI's training method. 

uhese Men Trained for Success 
with NRI YOU CAN, TOO 

"I want to thank NRI for making it all possible," says Robert 
L. L'Heureux of Needham, Mass., who sought our job con- 
sultant's advice in making job applications and is now an 
Assistant Field Engineer in the DATAmatic Div. of Minneapo- 
lis- Honeywell, working on data processing systems. 

His own full -time Radio -TV Servicing 
Shop has brought steadily rising income to Harlin C. 
Robertson of Oroville, Calif. In addition to employing a 

full -time technician, two NRI men work for him part -time. 
He remarks about NRI training, "I think it's tops." 

711*,-* 

.f 
Even before finishing his NRI training, Thomas F. Favaloro, 
Shelburne, N.Y., obtained a position with Technical Appli- 
ance Corp. Now he is foreman in charge of government 
and communications divisions. He writes, "As for as I am 
concerned, NRI training is responsible 
for my whole future." 

"I can recommend the NRI course to 
anyone who has a desire to get 

ahead," says Gerald L. Roberts, of Champaign, Ill., whose 
Communications training helped him become an Electronic 
Technician at the Coordinated Science Laboratory, U. of 
Illinois, working on Naval research projects. 

NATIONAL RADIO INSTITUTE 
Oldest and largest school of its kind 
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Choose From NRI'S 

Specialized Instruction Plans 
Television -Radio Servicing 
Learn to fix black -and -white and color sets, AM -FM radios, stereo 
hi -fi, etc. A profitable field for part or full -time business of your own. 

Industrial -Military Electronics 
Learn Principles, Practices, Maintenance of Electronics equipment. 
Covers computers, servos, telemetry, multiplexing, other subjects. 

Complete Communications * 
A comprehensive program for careers in broadcasting or mobile, 
marine, aviation communications. Learn to operate, maintain trans- 
mitting equipment. Prepares for FCC License. 

FCC License * 
Prepares you quickly for First Class License exams. Every communica- 
tions station must have licensed operators. Also valuable for Service 
Technicians. 

Math for Electronics 
A short- course of carefully prepared texts going from basic arith- 
metic to graphs and electronic formulas. Quick, complete, low in cost. 

Basic Electronics 
Abbreviated, 26- lesson course covering Automation -Electronics, 
TV Radio language, components, principles. Ideal for salesmen, 
hobbyists, others. 

Electronics for Automation 
For the man with a knowledge of basic electronics who wants to 
prepare for a career in process control, ultrasonics, telemetering 
and remote control, electromechanical measurement, others. 

Aviation Communications* 
For the man who wants a career in and around planes. Covers 
direction finders, ranges, markers, loran, shoran, radar, landing 
system transmitters. Prepares for FCC License. 

Marine Communications * 
Learn to operate, repair transmitters, direction finders, depth indi- 
cators, radar, other Electronic equipment used on commercial and 
pleasure boats. A growing, profitable field. Prepares for your FCC 
License. 

Mobile Communications * 
learn to install, operate, maintain mobile equipment and associated 
base stations as used by police, fire departments, taxi companies, 
etc. Prepares for FCC License. 

'NOTE: You must pass your FCC license exoms (Communications Courses) or NRI 

refunds in full the tuition you have paid. 

SEND FOR 
NEW NRI 
CATALOG 

IOB AND BUSINESS 

OPPORTUNITIES IN 

ELECTRONICS 

COMMUNICATIONS 

RADIO-TELEVISION 

Read the story of NRI's half- century of pioneer- 
ing and leadership in training men at home for 
Electronics. Read about the NRI "3- Dimensional" 
method that speeds your progress. Read about 
NRI's exclusive Achievement Kit, sent to you 
the day you enroll. See the fascinating equip- 
ment that brings to life things you read about in 

"bite size" texts. Mail postage -free form today. 
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NRI offers you over 51 

in home -study training 

Electron ics-Automatior 
Back in 1914, a school teacher named 

James E. Smith started giving extra in- 

struction to four of his students in the 

"mysterious" new field of radio. From 

Al Ill 
that small beginning, National Radio 

J. E. Smith, 
Institute has grown to be America's 

founder-1914. oldest and largest home -study school 

in the field of Electronics. Nearly three -quarters of a 

million students have enrolled with NRI. Half a century 

of experience is behind the NRI instruction plan you 

select. Half a century of simplifying and perfecting 
training to make home -study easier, more interesting, 
more meaningful. Even men who didn't complete high 

school can successfully learn Electronics the NRI way. 

Ask men whose judgment you respect about NRI, and 

send for the new catalog we offer. Read about 
opportunities in Electronics, about new developments, 
about NRI itself and the variety of training plans we 
offer you. Mail postage -free card today. NATIONAL 
RADIO INSTITUTE, Washington, D.C. 

CUT OUT AND MAIL 

NEW CATALOG FREE 
NO STAMP NEEDED -NRI PAYS POSTAGE 

NATIONAL RADIO INSTITUTE 
Washington, D.C. 20016 2 -025 

Please send me your new catalog. I have checked the field(s) of 
most interest to me. (No salesman will call. Please PRINT.) 

TV -Radio Servicing 

Industrial Electronics 

Complete Communications 

FCC License 

Math for Electronics 

Basic Electronics 

Electronics for Automation 

Aviation Communications 

Marine Communications 

Mobile Communications 

Name Age 

Address 

City State Zip Code 

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL 
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NOW 

10 WAYS... 
to train at home 
with the leader 
Discover the ease and 
excitement of learning 
Electronics the NRI way 
MAIL THIS POSTAGE-FREE CARD 
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Tips for Technicians 
Mallory Distributor Products Company 
P.O. Box 1558, Indianapolis, Ind. 46206 

a division of P. R. Mallory & Co. Inc. 

How to choose and use 
replacement controls 

(100 

February, 1965 
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1 -Audio taper. 2- Reverse taper. 3- Linear taper. 

100 

Using ohmmeter to check control taper 

STA -LOC technician kit 

There's more to replacing a volume control, "pot ", or 
trimmer than simply selecting the proper value in ohms 
and watts. Naturally you need the proper value, but you 
also need the correct taper or the circuit won't per- 
form properly. 

What's taper ? Briefly, it's the way resistance changes as 
you rotate the shaft. There are three basic tapers 
normally used which match the needs of different kinds 
of circuits. The chart shows how each of the three works. 

Audio taper (often called left hand logarithmic by people 
who like big words) gives you a small increase in re- 
sistance at the beginning of shaft rotation and a faster 
increase toward the end (clockwise rotation). This 
matches the response of the human ear and is the reason 
audio tapers are generally used in volume controls and 
similar shunt circuits. 

Linear taper is just that. Resistance change is exactly 
proportional to shaft rotation. All standard wire -wound 
controls have linear tapers. Carbon controls with linear 
tapers are commonly used in tone controls, sweep controls 
and other straight voltage -division uses. 

Reverse taper (right hand logarithmic) is the opposite 
of an audio taper. You'll get a big change in resistance in 
the first half of shaft rotation and very little in the last 
half. This taper is used with cathode voltage controls 
such as TV contrast and many bias voltage controls. 

In the Mallory STA -LOC® control system, it's easy to 
remember which taper is which. Linear controls end with 
"L ", and audio with "A ", and reverse with "R ". 

You can check which taper is used in an unknown control 
by connecting an ohmmeter as shown in the drawing. 

First, measure total resistance. Then turn the shaft to 
50% of rotation. If resistance is 50% of total, you have a 
linear taper. If it is 10% to 20% of total you have an 
audio taper. If it is around 80% of total you have a 
reverse taper. 
To be sure you have the exact control when you need it, 
ask your Mallory distributor to show you one of the 
STA -LOC technician kits. With a STA -LOC kit you can 
make exact on- the -spot replacements of any of literally 
thousands of single, dual, push -pull, tandem, or clutch 
controls. Pieces snap together and stay together. STA -LOC 
kits are sensibly priced and are real money- makers and 
time -savers. See your Mallory distributor for everything 
you need in controls, capacitors, batteries, switches, 
resistors, and semiconductors. 

CIRCLE NO. 129 ON READER SERVICE PAGE 
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INTRODUCING 

Jerrold COLORAXIAL" Program 

COAX IS A MUST FOR COLOR TV 

THIS 
NOT 
THIS 

Commercial installations have proved that coaxial 
downlead is essential for predictable, consistently 
good color TV pictures. Coax loss doesn't increase 
in wet weather, while twinlead loss goes up as much 
as six times. Coaxial cable can be run anyplace, 
even next to metal, without mismatch. Coax 
doesn't deteriorate with age. It won't pick up 
ignition noises or other interferences. In a word, 
for satisfactory color reception, even in "ideal" 
reception areas, your customers need coax. 

And now, new Jerrold COLORAXIAL antennas 

and kits give you a perfect home -installation 
package for every color- reception need. With 
COLORAXIAL, you can offer the whole system, 
from coaxial antenna to indoor matching trans- 
former, or adapt an existing 300 -ohm antenna 
for coax operation. Listed below are all the 
COLORAXIAL components packaged individually 
and in kits, for easy, low -cost conversion. Ask your 
Jerrold distributor for COLORAXIAL brochure, 
or write Jerrold Electronics, Distributor Sales 
Division, Philadelphia, Pa. 19132. 

CAX -16 
COLORAXIAL 
COLORGUARD 
COLORAXIAL Antenna for metropoli- 
tan and suburban reception areas. 
Prematched to 75 -ohm coaxial cable; 
complete with fitting. No outdoor match- 
ing transformer required -only an in- 
door Model T378. List $11.95 

K- CAX -16 COLORAXIAL Antenna 
Kit. Everything you need for complete 
installation -a CAX -16 Antenna, anten- 
na tri -mount with 5 -ft mast, 50 feet of 

coax cable with fittings, and T378 indoor 
matching transformer. List $29.95 

COLORAXIAL PARALOGS 
PAX -40 COLORAXIAL Anten- 
na for difficult suburban areas. 
Prematched to 75 -ohm coaxial 
cable; complete with fitting. No 

outdoor matching transformer re- 
quired - only an indoor Model 
T378 needed. List $22.95 

PAX -60 COLORAXIAL Anten- 
na for suburban to semi -fringe 
areas. Prematched to 75 -ohm 
coaxial cable; complete with fitting. 
No outdoor matching transformer 
required -only an indoor Model 
T378 needed. List $32.95 

CAT -2 

COLORAXIAL 
MATCHING 
TRANSFORMER KIT 
One TO -374A mast -mounting match- 
ing transformer for any 300 -ohm 
antenna, and one T378 set - mounting 
matching transformer, complete with 
bracket and mounting strap. 

List $8.20 

COLORAXIAL matching transform- 
ers are also available individually: 
TO- 374A,list $4.95; T378, list $3.25 

imiall1100# 

te 
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COLORAXIAL CABLE 
CAB -50. 50 feet of sweep- tested 
RG -59/U 75 -ohm coaxial cable 
complete with F -59A fittings at- 
tached, plus weatherboot. 

List $9.50 

CAB -75 75 feet of sweep - 
tested RG -59/U 75 -ohm coaxial 
cable complete with F -59A fittings 
attached, plus weatherboot. 

List $11.50 

JE IR O LO 
ELECTRONICS 

A subsidiary of The Jerrold Corporation 
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25 Direct -View Storage Tubes John B. Pe gram 

29 The Decibel Wheel Jim Kyle 

A circular slide rule that can be cut out of this article for use 
in reading decibel values of voltage, current, and power directly. 

30 Recent Developments in Electronics 

32 New Look in Radar John F. Bachmann 

Lsing an electronically steerable antenna array that looks like a tilted billboard 
over five stories high, these new radars are searching for and keeping track of 
all objects, known and unknown, friendly or otherwise, that are circling the earth. 

36 Multiset Couplers: Operation and Problems 

37 A Modern Broadband CATV System John Frye 

One of the most modern and sophisticated community antenna TV systems in the 
country has recently been installed in Logansport, Indiana. The article covers 
the technical design and problems encountered, and pays particular attention 
to the reactions of the customers and the effect on the local TV servicemen. 

41 Computers in Business Ed Bukstein 

44 Basic Principles of Reliability Joseph H. Wujek, Jr. 

46 New Soldering Tools and Techniques Walter H. Buchsbaum 

49 The Laser -A Three -Step Device William H. Murray 

50 A New Semiconductor Phono Transducer John F. Wood 

Description of a hi -fi stereo phono cartridge that operates on an entirely 
new principle. The cartridge will respond down to d.c. and up beyond 30 kc. 
It is a low- impedance unit narking it ideally suited for transistor circuits. 

52 Design of Transistor Multivibrators Louis E. Frenzel, Jr. 

60 Low -Voltage Regulator 

77 Charging Nickel Cadmium Cells 

82 Using Diodes to Protect Circuits Timothy Kaarto 

6 For the Record (Editorial) W. A. Stocklin 

Research & Development 

22 EW Lab Tested 
Futterman H -3 Basic Stereo Amplifier 

56 A New Garage -Door Opener John Frye 

72 Test Equipment Product Report 
Weston Model 80 V.O.M. 
McMartin AM -25 Noise Meter 
Lectrotech Model V -7 Color Generator /Vectorscope 

MONTHLY FEATURES 

FEBRUARY 1965 
VOL. 73, No. 2 

THIS MONTH'S COVER 
shows a cross -section view 
of a DuMont /Fairchild type 
K2216 direct -view storage 
tube, which is currently be- 
ing employed in airborne 
radar systems. The tube per- 
mits the user to watch the 
radar display even under 
conditions of high ambient 
light. Spot size and beam 
thickness have been consid- 
erably exaggerated by the 
artist for purposes of im- 
proved clarity. For details on 
the operating principles of 
this type of display tube and 
for further applications, re- 
fer to the article "Direct - 
View Storage Tubes" on 
page 25. (Il- 
lustration: Otto Markevics.) 
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ELECTROASTUDY! 

Now YOU can get the basic knowledge you 
need to break into the high -pay electronics 
field. You can teach yourself the 16 vital areas 
of electronics knowledge at home, in your 
spare time, with ELECTRO * STUDY, a new 
method that makes learning a snap. Each 
unit comes with simply written textbook AND 
a programed Study Guide with hundreds of 
questions and answers on the text. Study 
the text, answer the questions. Tough points 
seem easy. You really learn your stuff! 

Here are the 16 units, each a detailed study: 
El Electrons at Work 
E2 Electric Circuits and Ohm's Law 
E3 Magnetism, Electromagnetism - 

Wiring, Soldering 
E4 Theory of Alternating Currents 
E5 Direct -Current Networks 
E6 Inductance and Capacitance 
E7 Transformers in Radio and Electronics 
E8 Motors and Generators in Electronics 
E9 Resonant Circuits 
El0 Radio Communications Fundamentals 
Ell Vacuum Tube Fundamentals 
E12 Batteries and Electronic Power Supplies 
E13 Audio Frequency Amplifiers 
E14 R -F Circuits 
E15 Transistors and Their Applications 
E16 Superheterodyne Receivers 

Order one ELECTRO * STUDY unit or 
several. But do it now. Take advantage of 
the special introductory price of $4.95 each. 
And a FREE bonus if you order now; a hand- 
some vinyl case for each Study Guide. 

CLIP COUPON HERE -YOU'RE ON YOUR WAY! 

INTERNATIONAL EDUCATIONAL 

SERVICES 

Box 827, Scranton, Penna. 18515 

O Send me, postpaid, the ELECTRO * 
STUDY units circled below, at $4.95 each. 
I enclose (check or money order) for 

to cover full amount. 

O Please send circled items COD. 
I will pay postage. 

15 -day money -back guarantee if not satisfied 

El E2 E3 E4 E5 E6 E7 E8 

E9 El0 Ell E12 E13 E14 E15 E16 

Name 

Address 

City 

State Zip Code 

L J 
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COMING 
NEXT 

MONTH 

MAGNETIC RECORDING TAPE 

Edward Schmidt, vice- president for re- 
search and engineering at Reeves Sound - 
craf t Div., discusses magnetic tape 
applications in computer, audio, instru- 
mentation, and video work. He covers the 
characteristics of each type of tape and 
outlines criteria for optimum perform- 
ance for each of the four categories. 

CHOOSING A CCTV CAMERA 

Requirements that must be met, rather 
than manufacturer and /or price, should 
be the main consideration in selecting a 
camera. Such features as illumination, 
resolution, movement, mounting, envi- 
ronment, power, and duty cycle are vital. 

THE EVOLVING TRANSISTOR 

What are the differences in grown -junc- 
tion, mesa, epitaxial -planar, and field- 
effect transistors? Is there any advan- 
tage in using one type over another? 
What determines which is the best tran- 
sistor for a given circuit? Arthur H. Seid- 
man of Pratt Institute has the answers 

All these and many more interesting 
in the MARCH issue of ELECTRONIC 

in this comprehensive article with char- 
acteristics table. 

" ASTROVISION" 

Closed -circuit TV, video tape recording, 
plus stereo audio tape recording are all 
included in American Airlines' recently 
introduced in- flight entertainment sys- 
tem. Two of AA's engineers explain the 
system's operation. 

200 -W. SOLID-STATE STEREO AMP 

Details on a high -power amplifier, devel- 
oped by Mattes Electronics, Inc., which 
provides rated power continuously at less 
than 0.1% IM distortion. A number of 
unique circuit features have been incor- 
porated. 

SCIENTIFIC COMPUTERS 

Beginning where the slide rule leaves off, 
these computers solve equations, predict 
performance, and help in the design of 
various types of equipment. Ed Bukstein 
explains how these computers operate in 
this application. 

and informative articles will be yours 
S WORLD . . . on sale February 18th. 
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A New Electronics Slide Rule 
with Self- Training Course 

Why didn't someone think of this before? 
Here's a great new way to solve electronic problems accurately 
... easily. The Cleveland Institute Electronics Slide Rule is 
the only rule designed specifically for the exacting requirements 
of electronics computation. It comes complete with an illus- 
trated Self -Training Course consisting of four lessons ... each 
with a short quiz you can send in for grading and consultation 
by CIE's expert instructors. With this personal guidance, you'll 
soon be solving complex electronics problems in seconds while 
others still struggle along with pad and pencil. 

Here's what Mr. Joseph J. DeFrance, Head of the Electrical 
Technology Dept., New York City Community College, has 
to say about it: 

"I was very intrigued by the `quickie' electronics problem tftttt/ 
SATISFACTION Warranty 

The Electronics Slide Rule with Self- Training 
Course is available only from Cleveland Institute 
of Electronics, and is covered by CIE's exclusive 
"Satisfaction Warranty." Order it now ... use it 
for ten full days. Then, if you're not completely 
satisfied, you may return the Slide Rule with Self - 
Training Course and CIE will refund full payment. 

February, 1965 

44 44144444*1 

solutions. It is an ingenious technique. The special scales 
should be of decided value to any technician, engineer, 
or student. The CIE slide rule is a natural." 

See for yourself. You will learn how to use special scales to 
solve problems dealing with reactance, resonance, inductance, 
AC and DC circuitry, etc. And, as an added bonus, you can 
use this high -quality rule for conventional computation, too. 

This all -metal Slide Rule is a full 10" long and is made to 
our rigid specifications by a leading manufacturer of measur- 
ing instruments. Slide Rule, Self -Training Course and hand- 
some top -grain leather carrying case . . . all yours for just 
$14.95. Cleveland Institute of Electronics, 1776 E. 17th St., 
Department EW -106, Cleveland, Ohio 44114. 

SEND COUPON TODAY 
to: Cleveland Institute 

of Electronics 
1776 East 17th St., Dept. EW -106 Cleveland, Ohio 44114 

Please send me your Electronics Slide Rule with Self - 
Training Course and top -grain leather carrying case. (If not 
fully satisfied after 10 -day trial, CIE will refund payment.) 
Please send descriptive brochure only. 

Name 
(Please Print) 

Address County 

City State lip 
A leader in electronics training ... since 1934 J L 
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1. More "look- alike" exact replace- 
ment models than any other brand. 
Over 350 needles, 225 cartridges. 

2. Easy -to -use reference material. 
E -V computer -printed catalogs make 

proper needle/cartridge selection easy, 
fast and accurate. 

3. Highest standards. Rigid quality 
control and inspection cuts call- backs, 
gives full value to every customer. 

Stock and sell E -V needles and cartridges 
for more profits. Pick up your 

FREE replacement guide at your nearby 
Electro -Voice distributor today) 

ELECTRO- VOICE, INC. 
Dept. 257N, Buchanan, Michigan 49107 

SETTING NEW STANDARDS !N SOUND 

CIRCLE NO. 180 ON READER SERVICE PAGE 
6 

For the record 
WM. A. STOCKLIN, EDITOR 

RESEARCH & DEVELOPMENT 
1WE recently had the opportunity of 
being a guest at the dedication of 

Xerox's multimillion -dollar research fa- 
cility in Webster, New York. There were 
many highlights but, most important in 
our opinion, was a talk given by Dr. John 
H. Dessauer, Executive Vice- President, 
Research & Engineering. We feel his re- 
marks on the philosophy that guides the 
company's research effort are so impor- 
tant that we would like to quote part of 
them. 

"It is my firm belief that there is no 
direct relationship between money spent 
on research and the success of a com- 
pany. Increased R & D expenditures are 
not the guarantee of growth that some 
financiers seem to think. Unless money 
is directed very skillfully toward care- 
fully chosen and defined targets which 
can be measured and evaluated, the 
money can be completely wasted. What 
counts is not how much you spend, but 
what you buy with it. 

"Our philosophy as it relates to re- 
search and engineering is based on three 
premises. 

"First, we believe that invention can 
be -and often is -the mother of necessity. 
We don't begin our research by trying to 
find out what the market is demanding; 
that is the job of our Market Research 
people. It has been our experience that, 
whenever something useful is developed 
in our field of interest, there will be a 
market for it. 

"Second, we believe in exploring paths 
that are already somewhat familiar to us 
-or in following those that open up natu- 
rally from the main highway we travel. 
This, fundamentally, is the technology of 
image making, particularly xerography. 
The new phenomena which develop 
along the way -including our work in 
such fields as optics and electronics -all 
result from attending to our own busi- 
ness rather than trying to see profit op- 
portunities in someone else's pasture. 

"Third, there is no budget in any of 
our laboratories for work which doesn't 
clearly relate to a corporate goal. To this 
end, we recognize our responsibility to 
work in careful concurrence with prod- 
uct planning, marketing, and financial 
people. Research, we feel, can be man- 
aged and measured just as effectively as 
any other division of the company. 

"We recognize, of course, that without 
taking risks, there will be no progress. So 
we spell out carefully that we will penal- 
ize no one who -after careful delibera- 
tion and prudent consideration -takes a 
calculated risk that turns out to be 
wrong. The crime is sitting on one's chair 
and failing to act. 

"We have divided Research & Engi- 

neering into four main laboratories, 
though in addition we have various plan- 
ning groups and a new product evalua- 
tion activity. In operation, it works as a 
stepladder. 

"Lab I encompasses the area of fun- 
damental research -the closest we come 
to pure research, which is appropriately 
called supporting fundamental research. 
It resembles exploratory university re- 
search in the way it is conducted, but 
differs in that all of the problems exam- 
ined are related to corporate needs and 
objectives. A very basic approach to 
these problems yields publishable re- 
search results which will have a signifi- 
cant impact on our technology. 

"Lab II is applied research. Here we 
produce the seeds of practical ideas - 
and encourage the seeds to flourish. In 
this area, for instance, we determine 
whether it is possible to create and erase 
high- quality images on various materials. 

"Lab III is exploratory development 
engineering. Here we take a concept and 
carry it through feasibility -or discard it. 
This is where our new products are con- 
ceived. 

"Lab IV, which is development and 
design engineering, is where our prod- 
ucts are born and cared for until they 
reach maturity. Here is where the proto- 
types of new products are assembled and 
tested and the specifications made for 
mass production. 

"Now, this is not as compartmental- 
ized as it may seem in this brief descrip- 
tion. We have built no walls between one 
lab and another. If a man in Lab IV 
needs a specialized skill in Lab I, he is 
perfectly free to go there and get it. The 
man in each lab feels as much responsi- 
bility for the success of the other labs - 
and for the company as a whole -as if it 
were his own assignment." 

An interesting sidelight is that an ar- 
ticle in one of the early issues of this pub- 
lication was largely responsible for the 
birth of the Xerox Corporation. The ar- 
ticle, "Electrophotography" by Nicholas 
Langer, appeared in the engineering sec- 
tion of our July, 1944 issue. At that time 
we were called RADIO NEws. The ar- 
ticle was a technical analysis of an inven- 
tion by Chester F. Carlson in which 
electronic phenomena were substituted 
for chemical reactions in the reproduc- 
tion of drawings. When Dr. Dessauer 
saw the article (reproduced on page 64), 
he was prompted to get together with 
the inventor, Mr. Carlson, and with Jo- 
seph C. Wilson, President of the Haloid 
Co., forerunner of Xerox Corporation. 

We are extremely proud that our ef- 
forts in disseminating such information 
proved to be of such importance. 

ELECTRONICS WORLD 
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WHAT IS THE COMMON DENOMINATOR OF 
AN ANCIENT EGYPTIAN PYRAMID 
AND A MODERN ELECTRONICS CAREER? 

A STRONG FOUNDATION? 
The Egyptian pyramids were built on strong foundations. How firm is the foundation 
under your electronics career? 

Advancement in electronics depends on a solid understanding of basic principles - not 
merely a nodding acquaintance with them. If you are handicapped by a poor understanding 
of these vital "basics," you need the strong foundation training offered by Grantham School 
of Electronics. 

"Grantham," year after year, continues to stand for QUALITY electronics training IN 
A HURRY - quality, in that the Grantham method promotes learning progress through 
understanding - in a hurry, in that the Grantham method leads to greater accomplish- 
ment in much less time than is required by conventional methods. For example, beginners 
prepare for their first class commercial F.C.C. license in 3 months, and then learn logical 
troubleshooting and repair in another 3 months. 

There is nothing fundamentally difficult about learning electronics, when the subject is ap- 
proached by both teacher and student in a logical, learning- through -understanding manner. 
In the Grantham lessons, emphasis is placed on basic, easy -to- understand, descriptive dis- 
cussions which teach through reason rather than through facts to be taken "on faith." 
Grantham avoids the all- too -common practice of teaching by rule without any reason being 
given for the rule. Grantham seeks to have the student understand the reasons so well that 
rules are not memorized by rote but, rather, are understood and therefore remembered. This 
method makes learning more interesting and thus improves learning speed and retention. 
Get complete details in our free 52 -page booklet. Mail coupon, or telephone the school nearest 
you; phone numbers and addresses are listed below. 

Prepare for Employment and /or Advancement in Electronics 

by training with 

GRANTHAM SCHOOL OF ELECTRONICS 
Los Angeles Division 
1505 N. Western Ave., Los Angeles, Calif. 90027 
Seattle Division 
408 Marion Street, Seattle, Wash. 98104 
Kansas City Division 
3123 Gillham Road, Kansas City, Mo. 64109 
Washington Division 
818 -18th Street, N.W., Washington, D.C. 20006 

Phone: 
469 -7878 

Phone: 

MA 2 -7227 
Phone: 

IE 1 -6320 

Phone: 

298 -7460 I_ 

Gentlemen: 

{Mail in envelope or paste on postal cord) 

National Headquarters Office 56-B 
Grantham School of Electronics 
1505 N. Western Ave., Hollywood 27, Calif. 

Please send me your FREE 52-page booklet, 
"CAREERS IN ELECTRONICS." 

Name - Age 
(PLEASE PRINT) 

Address 

City 

State 

I AM INTERESTED IN HOME STUDY [l RESIDENT CLASSES 

February, 1965 7 
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It will take thousands of electronics technicians to put man on the moon 

will you be one of them? 
To put men on the moon requires an 
army of electronics technicians working 
behind the scenes. These technicians 
will be men who, like yourself, started 
their careers with a healthy interest in 
electronics, and the foresight to realize 

8 

what a major role electronics will play in 

the future. Many of them will have taken 
their first step in this exciting field by 
sending for the free book from RCA in- 
stitutes. This book, more than any other, 
shows you how much more you get with 

RCA Institutes Home Training, and how 
thousands of men, like yourself, have 
NAIL and are building the most reward- 
ing careers the field of electronics has to 
offer. Read how right this minute, you 
can do the same! 

ELECTRONICS WORLD 
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Compare 
What RCA Gives You 
With Any Other School. 
Here Are 6 Solid Reasons Why 
Your Choice Should Be RCA: 
1. Wide Choice of Courses. RCA Insti- 
tutes lets you learn at home in your 
spare time the major fields of electronics 
with complete, step -by -step, easy to 
understand courses. Choose from the 
following: 

Communications Electronics 
FCC License Preparation 

Mobile Communications 
Automation Electronics 
Automatic Controls 
Industrial Applications 
Nuclear Instrumentation 
Digital Techniques 
TV Servicing 
Color TV Servicing 
Transistors 

Electronics Fundamentals (in English 
or Spanish) 
Computer Programming 
Drafting 

Each of these home training courses 
gives you the latest, up to the minute 
training you need to start toward a suc- 
cessful career in the electronics field of 
your choice! 

2. New, Easier Way to Learn. Only RCA 
Institutes gives you an exclusive, fast, 
easier way to master the essentials of 
electronics. The RCA " AUTOTEXT" In- 
struction Method, a system of pro- 
grammed instruction developed by RCA, 
and introduced by RCA Institutes will 
help you learn almost automatically. Pro- 
grammed instruction has been proved 
with thousands of students -even those 
who have had trouble with ordinary 
home training methods in the past. For 
those just starting out in electronics, 
there's no better way to begin! 

February, 1965 

3. Top Quality Equipment. RCA Insti- 
tutes assures you of prime quality equip- 
ment in the kits furnished to you with 
the courses you take. The essential in- 
struments you build with these kits are 
yours to keep and use on the job. And 
each one is complete. You never have 
to take apart one piece to build another 
as some home training courses require 
you to do! Compare what RCA gives you 
with any other school. 

4. Personal Guidance. You may receive 
personal guidance every week from one 
of the many top instructors in the field 
at RCA Institutes to help you with your 
home training program. Conveniently lo- 
cated in the heart of New York City. 

5. Liberal Tuition Plan. RCA Institutes 
offers you the most economical possible 
method of home training through its 
Liberal Tuition Plan. You pay for lessons 
only as you order them. If, for any rea- 
son, you should wish to interrupt your 
training, you may do so and you will not 
owe one cent until you resume the 
course. No long -term obligations, ever! 

6. Ideal for Beginners and Advanced 
Students. If you are already in electron- 
ics, RCA Institutes advanced home train- 
ing courses will help you get ahead faster 
and secure your future, by teaching you 
the most recent developments in your 
field. If you are just starting out in elec- 
tronics, RCA electronics fundamentals 
courses will give you the foundation you 
need for building a career! 

IF YOU PREFER CLASSROOM TRAIN- 
ING, RCA OFFERS YOU THE BEST. 

RCA Institutes maintains one of the larg- 
est schools of its kind in New York City - 
a virtual "College of Electronics" where 
classroom and laboratory training is 

available to you in day or evening ses- 
sions. You may be admitted without any 
previous technical training; prep courses 
are available if you haven't completed 
high school. Coeducational day and eve- 
ning classes start four times a year. 

OUTSTANDING PLACEMENT RECORD 

RCA Institutes Resident School has a 

Free Placement Service available to all 
students. In recent years, 9 out of 10 
who used this service have found their 
jobs waiting for them on the day they 
graduated! And many of these jobs are 
with top companies in the field -such as 
IBM, Bell Telephone Labs, General Elec- 
tric, RCA, and radio and TV stations and 
other communications systems through- 
out the country! 

PLAN FOR A SUCCESSFUL FUTURE IN 
ELECTRONICS NOW! SEND FOR FREE 

BOOK! CHECK HOME TRAINING OR 
CLASSROOM TRAINING. 
NO OBLIGATION. 
NO SALESMAN 
WILL CALL. USE AT- 

TACHED POST- 
CARD. 

RCA INSTITUTES, INC. Dept. EW -25 
AService of RadioCorporation of America 
350 West 4th St., New York, N.Y. 10014 

THE MOST TRUSTED NAME IN ELECTRONICS 
e 
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tel ua,iU.KLt... 

The 

do- it- yourselfer's 

newest 
catalog 
Here's your new catalog of quality elec- 

tronic kits and assembled equipment 
... your shopping guide for TV set kits, 
transistor radios, voltmeters, scopes, 

tube testers, ham gear, PA systems, 
and a host of other carefully engineered 
products. Every item in the Conar cata- 
log is backed by a no- loopholes, money - 
back guarantee. It's not the biggest 
catalog, but once you shop its pages 

you'll agree it's among the best. For 

years of pleasurable performance, for 
fun and pride in assembly, mail the 
coupon. Discover why Conar, a division 
of National Radio Institute, is just 
about the fastest growing name in 

the kit and 

equipment C(0)1J business. AR 
MIMI MAIL NOW 111111111111. 

COPiJ BIM sC 

3939 Wisconsin Avenue, Washington, D.C. 20016 

Please send me your new catalog. 

Name 

Address 

City 

Stat Z.Code I 
CIRCLE NO. 245 ON READER SERVICE PAGE 
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LETTERS 
FROM OUR 

READERS 

SCR IGNITION SYSTEM 
To the Editors: 

Your article "SCR Automotive Igni- 
tion System" (November, 1964 issue) is 
just what I have been looking for. How- 
ever, before proceeding with the order- 
ing of the kit, I would like to have you 
clear up some discrepancies that may 
have cropped up in the article. 

The ads that I have seen for this kit 
have indicated a different price than the 
price quoted in the story. Now, which 
price is correct? 

Also, I have a Volkswagen car which, 
as you know, employs a 6 -volt electrical 
system. Can I use the SCR ignition sys- 
tem in my car? 

JAMES A. CARLSON 
Fargo, N. D. 

The price given in our article has just 
recently been reduced by Micro -Kits Co. 
to $29.95 plus any sales taxes that apply 
plus postage (for 3 lbs.). In addition, 
latest catalogues show a price reduction 
for the SCR used in the circuit to about 
$6.50. 

Although some of our readers have 
gotten the idea that this system could be 
used on any automobile, we would like 
to call Reader Carlson's attention to the 
Editor's Note that appears at the very 
end of the story. In summary, the system 
as described is intended for use only with 
cars that have the common 12 -volt nega- 
tive- ground electrical system. 

Incidentally, we have just learned that 
some slight changes have been made 
in a later version of this circuit. These 
changes involve the use of diode switch- 
ing rather than transistor switching (Q3) 
as in the original circuit. Readers who or- 
der the kit will receive the later version 
along with complete construction details. 
We would like to add, however, that the 
original circuit as described is perfectly 
satisfactory. As a matter of fact, one of 
our editors has had this system in his car 
for 6 months and has been extremely 
pleased with its per formance.-Editors. 

e a O 

V.H.F. NOISE FIGURES 
To the Editors: 

Having received a few squawks from 
outraged readers myself through the 
years, I hate to sound one off toward 
another writer. However, a couple of 
points in Will Connelly's "Noise Figures 

of V.H.F. Amateur Converters" in the 
September issue require additional com- 
ment. 

First, let me toss the bouquet. This is 

one of the best articles on noise figure, 
its meaning, and its measurement that 
I have yet seen in print. And noise figure 
has been one of my main specialties for 
nearly a decade. 

Now the small brickbat. I cannot 
agree with precautions numbered 2 and 
8, as they appear on page 35. Nor can 
I agree with the method of measurement 
prescribed by W6QID. My objection to 
precaution number 8 is presented ad 
absurdio reductum: If all stages must be 
operated in a linear mode, then no 
superhet's noise figure may be measured, 
since to obtain mixing action, the stage 
must be non -linear. 

The objection to precaution number 
2 is more detailed. When the measure- 
ment technique shown in Fig. 2 is used, 
the precaution is valid. However, much 
more accurate results are obtained by 
adding a 3 -db pad between converter 
and receiver under test. The initial read- 
ing is taken with the pad out of the line. 
The pad is then put in, and the noise 
generator adjusted for an identical out- 
put reading. 

When this technique is used, any type 
of output indicator can be used, since 
we are now comparing rather than using 
it to measure. Here we have even left 
a.v.c. on and used the receiver "S" meter 
with surprisingly good results. Accuracy 
of the technique is determined by the 
accuracy of the pad and the lack of 
leakage around it; this is much less of a 
problem than that of keeping all stages 
linear and the output meter in the true - 
power mode of operation. 

JI,M KYLE 
Oklahoma City, Okla. 

O O O 

PIANO TUNING THE ELECTRONIC WAY 

To the Editors: 
The approach to electronic methods 

of piano tuning presented in the article 
entitled "Piano Tuning -The Electronic 
Way" by Frederick Van Veen in your 
September, 1964 issue is somewhat dif- 
ferent from a method which I myself 
have developed and used for the same 
purpose. Your readers may be interested 
in the latter scheme. 

My approach utilizes as specialized 

ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


 

T 

INTERNATIONAL 

750 -hIM2 

CITIZENS BAND 

TRANSCEIVER 

February, 1965 

E 

A 

u 

REMOTE 
CONSOLE 

TEST 
SWITCH 
POSITION 

A 

B 

C 

D 

E 

F 

G 

N 

K 

L 

M 

CHECKS 
FUNCTION 

RF Amplifier Cathode 
1st Converter Screen 
2nd Converter Screen 
2nd Rec. Osc. Grid 
1st IF Amp. Cathode 
2nd IF Amp. Cathode 
2nd IF Screen 
Rec. "S" MEter- Trans. 
Audio Out 
1st Audio Pfate 
2nd Audio Cathode 
Audio P.A. Cathode 
Buffer Grid 
Rec. Relay Voltage- 

TEST 
SWITCH 
POSITION 

CHECKS 
FUNCTION 

Trans. P.A. Bias 
N Trans. Osc. Grid 
0 Trans. Adder Grid 
P Channel Osc. Grid 
0 Power Supply B+ 

Voltage 
R Reflected RF Power 
S FF Power Output 
T Bat. +Volts Neg Gnd. 
U Bat. -Volts Pos Gnd. 
V RI. Voltage Level 
W Percentage of Mod. 
X Rec. & Trans. Audio 

Level 

TOTALLY 

NEW! 
International's Executive 750 -HM2 transceiver 

with 24 built -in test circuits, is truly the most 
versatile transceiver manufactured for Citizens 
Radio communication. At the turn of a switch, 
the test circuits provide a fast and positive check 
on the operating performance of receiving and 
transmitting circuits within the set. This "years 
ahead" test feature checks the filament, plate 
and input voltages, transmitter forward and re- 
flected power, modulation, etc. A 24- position 
switch, located on the transmitter /receiver unit, 
is used to select individual test circuits. Tune -up 
and servicing is easy. The transceiver has a 

sensitive and selective dual conversion receiver 
combined with a highly stable and efficient trans- 
mitter. The 23- channel crystal controlled transmit 
and receive frequency selector circuits are 
housed in the remote console. Features include 
a new delayed /expanded AVC, new speech clip- 
per /filter amplifier, new built -in S /meter and 
transmit meter. Operates on 115 vac, 6 or 12 vdc. 
The 750 -HM2 includes remote console, speaker 
S /meter, transmitter /receiver unit, push -to -talk 
microphone, cables, and mounting racks. 

Write today for the name of your nearest Inter- 
national dealer. Trade -in /trade -up to a 750 -HM2. 

CIRCLE NO. 189 ON READER SERVICE PAGE 13 

www.americanradiohistory.com

www.americanradiohistory.com


AR two -speed turntable $ 78.00 
(includes oiled walnut base and transparent dust cover) 

Dyna Stereodyne III cartridge 19.95 
Dynakit SCA -35 integrated amplifier 139.95 

(in kit form $99.95) 
Two AR -4 speakers in oiled walnut 114.00 

(in unfinished pine $102.00) 

Total $299.90 to $351.90 

This is a Dynakit -AR system. 
One year ago it would not have 
been possible to assemble a stereo 
system of this high quality at this 
low cost. 
Each of these components has already 
earned a unique reputation for absolute 
quality independent of price. 

The AR turntable, one of the most hon- 
ored products in hi -fi history, has been 
selected by five magazines as number 
one in the field. (Gentlemen's Quarterly 
chose it editorially for a price -no- object 
system costing $3,824.) It has also 
been cited for outstanding visual design. 

The Dyna Stereodyne III cartridge is 
an improved model at a new low price. 
It is one of the truly musical pickups. 

The Dynakit SCA -35 integrated ampli- 
fier was described simply and accurate- 
ly in the 1964 Hi -Fi Tape Systems as 
"the finest low- powered amplifier on 
the market." We have nothing to add 
except to note that the all -in -one" 
SCA -35 has more than adequate power 
to drive AR -4 speakers. 

Also available at a slightly higher price with 
preamp and power amplifier separate. 

Modern Hi -Fi wrote of the new AR -4 

speaker: "The results were startling... 
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the AR -4 produces extended low -dis- 
tortion bass. The power response and 
dispersion of the AR -4's tweeter are as 
good as those of units that cost many 
times as much. All in all, it is difficult 
to see how AR has achieved this per- 
formance at the price." 

These components comprise a complete 
record -playing system that will play 
both monaural and stereo records at 
333& or 45 rpm. A Dynakit FM -3 stereo 
tuner may be added simply by plug- 
ging in to the SCA -35. 

You can hear this stereo system at the 
AR Music Room, New York City's 
permanent hi -fi show on the west 
balcony of Grand Central Terminal. 

rACOUSTIC RESEARCH, INC. 
24 Thorndike St., Cambridge, Mass. 02141 
I would like more information on the 
stereo system shown here, and on 
Dynakit and AR products. 

NAME 

ADDRESS 

CIRCLE NO. 151 ON READER SERVICE PAGE 

equipment: (1) an octave of thirteen 
tuning forks, C = 261.6 cps to C = 523.3 
cps, and (2) an electronic drive for the 
forks. 

The audio -frequency signal produced 
by the tuning -fork drive is used as the 
horizontal synchronizing frequency for 
an oscilloscope. There, the fork fre- 
quency, or a sub -octave thereof, is com- 
pared with the tone of the piano string 
which is picked up by a microphone and 
passed through a suitable audio ampli- 
fier before being applied to control the 
vertical deflection of the oscilloscope. If 
the wave due to the piano string moves 
to the right, the piano note is below the 
fork frequency or its sub -octave, while 
if the wave moves to the left, the note is 
above the desired frequency. 

GLENN H. PALMER 
Los Gatos, Calif. 

# a O 

USING ZENER DIODES 
To the Editors: 

I would like to comment on Irwin 
\lath's brief article "Using Zener Di- 
odes" ( Nov. '64 issue, page 88) . The 
author gives the impression that maxi- 
mum load current is used to determine 
power dissipation of the zener diode 

' regulator. This is true only if load current 
is constant. If there is load current varia- 
tion, zener current becomes a function of 
the difference between maximum and 
minimum load current at any given time. 
Using the author's figures as an example: 

I. ,no., = 100 ma., Izener = 10% IL max 
10 ma., and Ezener = 10 v. If load cur- 

rent dropped from IL nlo.,. = 100 ma. to 
1L ntin = 50 ma., zener current would 
increase by 50 ma.; i.e., Izene,. = 10 ma. 
+ 50 ma. = 60 ma. Under these condi- 
tions, Pznner = EoUT X Izener = 10 x 
.06 = 0.6 watt. A zener having a one - 
watt power rating would now be neces- 
sary. 

The point is this. One must know 
maximum load current to find the cor- 
rect resistance and wattage values for 
the zener series resistor Rs, but one must 
also know the minimum load current in 
order to specify the correct wattage for 
the zener diode regulator. 

RICHARD F. QUICK 
Rockaway, N. J. 

To the Editors: 
The power dissipated by the diode 

with the 100 -ma. load as shown in Fig. 
1B of my article is 100 mw. This is only 
true if the load is constant. Unfortu- 
nately, I did not make this point very 
clear. It would be well to note that in the 
event that the load is removed alto- 
gether, the zener current now becomes 
approximately 110 ma., and the diode 
is now dissipating 1.1 watts. Under these 
conditions a diode with a greater power 
capability would be required. 

IRWIN MATH 
Beechhurst, N.Y. 

ELECTRONICS WORLD 
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The VHF -FM antenna 

that challenges a ca- 

VL -10 (IIlus rated) 

9 drivel eler>,ents 
1 paras tic e13 rent 
List prie S3' 95 

VHF -FM ANTE 
Finco's Color Ve -Log challenges all competition on color or black and white reception 

and stards 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 monaura and stereo quaiity. 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 

4L -5 
5 element VHF -FM 
5 driven elements 
List price S16.95 

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 price $46.95 

The F I N N EY Company 34 W. Interstate Street 
Write for color brochure #20.307, Dept. 4TO 

O CIRCLE NO. 246 ON READER SEIRVICE PAGE 1 February, 19 6.5 

VL -16 
18 element VHF -FM 
9 driven elements 
9 parasitic elements 
List price $54.50 

Bedford, Ohio 
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HOBSON'S CHOICE? 

NEVER AGAIN! 
If, in 1631, you went to rent a horse from Thomas Hobson at Cambridge, England, you took 
the horse that stood next to the door. And no other. Period. Hence, Hobson's Choice 
means No Choice. 

And, as recently as 1961, if you went to buy a true high fidelity stereo phono cartridge, you 
bought the Shure M3D Stereo Dynetic. Just as the critics and musicians did. It was ac- 
knowledged as the ONLY choice for the critical listener. 

Since then, Shure has developed several models of their Stereo Dynetic cartridges -each 
designed for optimum performance in specific kinds of systems, each designed for a specific 
kind of porte -monnaie. 

We trust this brief recitation of the significant features covering the various members of the 
Shure cartridge family will help guide you to the best choice for you. 

THE CARTRIDGE 

V-1 5 

M55E 

M44 

M99 

M3D 
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ITS FUNCTION, ITS FEATURES ... 
The ultimate! 15° tracking and Bi- Radial Ellip- 
tical stylus reduces Tracing (pinch effect), IM 
and Harmonic Distortion to unprecedented 
lows. Scratch -proof. Extraordinary quality con- 
trol throughout. Literally handmade and in- 
dividually tested. In a class by itself for repro- 
ducing music from mono as well as stereo 
discs. 

IS YOUR BEST SELECTION 

If your tone arm tracks at 11/2 grams or less 
(either with manual or automatic turntable) - 
and if you want the very best, regardless of 
price, this is without question your cartridge. 
It is designed for the purist ... the perfection- 
ist whose entire system must be composed of 
the finest equipment in every category. Shure's 
finest cartridge. $62.50. 

Designed to give professional performance! 
Elliptical diamond stylus and new 15° vertical 
tracking angle provide freedom from distor- 
tion. Low Mass. Scratch -proof. Similar to V -15, 
except that it is made under standard quality 
control conditions. 

If you seek outstanding performance and your 
tonearm will track at forces of /4 to 11/2 grams, 
the M55E will satisfy -beautifully. Will actually 
improve the sound from your high fidelity 
system! (Unless you're using the V -15, Shure's 
finest cartridge.) A special value at $35.50. 

A premium quality cartridge at a modest price. 
15° tracking angle conforms to the 15° RIAA 
and EIA proposed standard cutting angle re- 
cently adopted by most recording companies. 
IM and Harmonic distortion are remarkably 
low . cross -talk between channels is ne- 
gated in critical low and mid- frequency ranges. 

If you track between 3/4 and 11/2 grams, the 
M44 -5 with .0005" stylus represents a best -buy 
investment. If you track between 11/2 and 3 
grams, the M44 -7 is for you . . particularly if 
you have a great number of older records. 
Both have "scratch -proof" retractile stylus. 
Either model under $25.00. 

A top -rated cartridge featuring the highly 
compliant N21D tubular stylus. Noted for its 
sweet, "singing" quality throughout the audi- 
ble spectrum and especially its singular re- 
creation of clean mid -range sounds (where 
most of the music really "happens ".) Budget - 
priced, too. 

For 2 to 21/2 gram tracking. Especially fine if 
your present set -up sounds "muddy." At less 
than $20.00, it is truly an outstanding buy. 
(Also, if you own regular M7D, you can up- 
grade it for higher compliance and lighter 
tracking by installing an N21D stylus.) 

A unique Stereo -Dynetic cartridge head shell 
assembly for Garrard and Miracord automatic 
turntable owners. The cartridge "floats" on 
counterbalancing springs ... makes the stylus 
scratch -proof . . . ends tone arm "bounce." 

If floor vibration is a problem. Saves your 
records. Models for Garrard Laboratory Type 
"A ", AT -6, AT -60 and Model 50 automatic 
turntables and Miracord Model 10 or 10H 
turntables. Under $25.00 including head shell, 
.0007" diamond stylus. 

A best -seller with extremely musical and trans- 
parent sound at rock -bottom price. Tracks at 
pressures as high as 6 grams, as low as 3 grams. 
The original famous Shure Dynetic Cartridge. 

If cost is the dominant factor. Lowest price of 
any Shure Stereo Dynetic cartridge (about 
$16.00) ... with almost universal application. 
Can be used with any changer. Very rugged. 

E ¡ ® 

HIGH FIDELITY PHONO CARTRIDGES ... WORLD STANDARD WHEREVER SOUND QUALITY IS PARAMOUNT 
Shure Brothers, Inc., 222 Hartrey Ave., Evanston, Illinois 
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READER SERVICE PAGE 
As a convenience to our readers, we have included two separate reply coupons 
in this issue which should simplify the process of requesting information on 

products and services appearing in this issue. 

Unfortunately, many companies will not furnish additional information to a 

home address. Therefore, to assure a reply, make certain that the proper coupon 
is used. 

To get more information, promptly, about products and services mentioned in 

this issue, simply circle the number corresponding to the ad or editorial mention 
and send the proper coupon to us. Your request will be sent to the manufacturer 
immediately. 

FOR GENERAL USE: In requesting information on products and services listed 
in the coupon below, you may use your home address. 

FOR PROFESSIONAL USE: In requesting information on products and services 
listed in the coupon on page 88 it is necessary to fill out the coupon COM- 
PLETELY, stating your company, address, and your function or title. If the cou- 
pon is incomplete it cannot be processed. 

You can use both coupons, since each contains specific items, if each coupon 
is filled out completely. 

See Page 88 for "PROFESSIONAL USE" Coupon 

Mail to: ELECTRONICS WORLD P.O. BOX 7842, PHILADELPHIA 1, PA. 

GENERAL USE ONLY Total Number 
of Requests 

NAME (PRINT CLEARLY) 

ADDRESS 

CITY STATE ZONE 

Please send me additional information on advertised products I have circled. 
(Key numbers for advertised products also appear in Advertisers Index.) 

121 123 127 128 129 137 140 141 142 143 151 154 163 

168 172 177 178 180 181 183 185 186 187 189 193 194 

199 200 201 203 206 213 217 219 221 225 228 229 231 

232 233 235 237 238 241 243 245 246 248 253 262 263 

NEW PRODUCTS & LITERATURE 

2 3 4 5 6 8 9 10 11 12 13 14 

15 16 17 18 19 20 21 22 23 24 25 26 27 

28 29 31 32 33 34 35 36 37 38 39 40 41 

42 43 44 51 53 54 55 57 58 60 

ELECTRONICS WORLD 
P.O. BOX 7842, PHILADELPHIA 1, PA. 
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"There's no 
sure way to 
success in 
electronics- 

18 

but I'll put my money 

on the man who 

makes himself 

a specialist 

in one of these 

key areas" 

Take the advice of men who have worked their way 

up to the top in the electronics industry. Make yourself 
a specialist in one of the key areas of electronics. 
Then stop worrying how cutbacks, layoffs and contract 
terminations will affect you and your family. If you have 

up -to -date, specialized knowledge, you can look for- 
ward to security and excellent earnings while men with 
ordinary qualifications are made obsolete -and unem- 
ployed-by advances in technology or by automation. 

But, to become a specialist, you must supplement 
your experience in electronics with more technical 
education. Going back to school isn't easy for a man 

ELECTRONICS WORLD 
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SEND FOR FREE BOOK 
with complete information about CREI Pro- 

grams covering these important specialities: 

ELECTRONIC ENGINEERING TECHNOLOGY 

COMMUNICATIONS U AEROSPACE RADAR 

SERVOMECHANISMS AND COMPUTERS 

SPACE DATA SYSTEMS 

SPACECRAFT TRACKING AND CONTROL 

TELEVISION U RADAR AND SERVO 

NUCLEAR INSTRUMENTATION 

AERONAUTICAL AND 
NAVIGATIONAL 

NUCLEAR ENGINEERING 
TECHNOLOGY 
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who holds a full time job and has family obligations. 
And few residence schools offer educational programs 
directly related to current employment requirements 
in the electronics industry. 

CREI Home Study Programs offer you a practical way 

to get the additional education you need without going 
back to school. You study at home, at your own pace, 

on your own schedule. And, because CREI Programs 
are developed and kept up -to -date with the help of 

engineers and scientists from every part of the elec- 

tronics industry, you study with the assurance that 
what you learn can be applied to the job immediately. 

Because CREI Programs cover all the areas of elec- 
tronics that are important now and will be even more 
important in the future, you're sure to find a program 
thatfits your particular ambitions and career objectives. 

You're eligible for a CREI Program if you work in elec- 
tronics and have a high school education. Our FREE 

book gives complete informa- 
tion, For your copy of this book, 
mail postpaid airmail card today 
or write: CREI, Department 
1102- C,3224 Sixteenth St., N.W,, 
Washington, D.C. 20010. 

Founded 192I 

CREI 
Accredited Member of 

The National Home Study Council 
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EW 

LAB TESTED 

HI -FI PRODUCT 
REPORT 
TESTED BY HIRSCH -HOUCK LABS 
Futterman H -3 Basic Stereo Amplifier 

Futterman H -3 Basic Stereo Amplifier 
For copy of manufacturer's brochure, circle No. 57 on coupon (page 17). 

MANY knowledgeable persons con- 
sider that the elimination of the 

output transformer is a major virtue of 
transistor amplifiers which may contrib- 
ute, in a great measure, to their sound 
quality. Output transformerless (OTL) 
vacuum -tube amplifiers have also been 
made, but few have been commercially 
successful. The new Futterman H -3, 
manufactured by Harvard Electronics 
Co. of New York, N.Y., is a basic vac- 
uum -tube OTL stereo amplifier of un- 
usual design and superior performance. 

Unlike most transistor amplifiers, the 
Futterman H -3 uses no driver transform- 
ers. In fact, its only iron -cored compo- 
nent is the massive power transformer. 
Each of its identical channels has a 6EJ7 
high -gain pentode amplifier, direct -cou- 
pled to a 6SF5 pentode phase splitter. 
The output stage uses four 6HJ5 beam - 
power pentodes in a "single -ended push - 
pull" configuration not unlike that em- 
ployed in many transistor amplifiers. The 
speaker terminals are isolated from the 
output tubes by an 800 -µf. capacitor, 
and heavy over -all negative feedback is 
employed. 

The 6HJ5 is a TV horizontal deflection 
tube, capable of delivering peak currents 
of hundreds of milliamperes at very low 
plate voltage. A group of four tubes pro- 
vides a low- impedance source, able to 
drive loads as low as 8 ohms directly. 
The screens and plates are supplied with 
regulated voltages, from three separate 
electronic regulating circuits. Silicon rec- 
tifiers are used in plate and bias supplies. 

The amplifier has some rather impres- 

22 

sive specifications. It is rated at 50 watts 
steady -state output per channel into 16- 
ohm loads, with less than 0.2% harmonic 
or 0.05% IM distortion. Its damping fac- 
tor is a phenomenal 200. The amplifier is 
claimed to be unconditionally stable 
with any type of load, and to have a 
square -wave rise time of less than 2 
µsec., with absolutely no overshoot or 
ringing. 

The H -3 will drive 8 -ohm loads with a 
50% reduction in power output. The use 
of 4 -ohm loads is not recommended. We 
tested it with 8 -ohm loads, as we do all 
amplifiers, and spot -checked its perform- 
ance with 16 -ohm loads. Into 8 ohms, it 
delivered 22 watts per channel at 0.5% 
distortion, and 24.5 watts at 2% distor- 
tion, from 30 to 20,000 cps. The avail- 
able power fell off less than 20% (1 db) 
at 20 cps. The frequency response was 
±0.2 db from 30 to 20,000 cps, and was 
down 0.7 db at 20 cps. This was due to 
the output coupling capacitor, and 
would be halved if 16 -ohm loads were 
used. The IM distortion was about 
0.12% at a few watts output, rising to 
0.25% at 30 watts per channel. 

With a 16 -ohm load, the amplifier de- 
livered 57 watts per channel at 0.5% dis- 
tortion, and 62 watts at 2% distortion. As 
claimed, its distortion was less than 0.2% 
at 50 watts. The 60 -cps square -wave re- 

50 

Ñ 30 r 
3 

20 

10 

sponse showed some tilt, due to the out- 
put capacitor. A 30 -kc. square -wave test 
confirmed that the rise time was 2 psec. 
There was no overshoot or ringing at any 
time. 

An input signal of 0.6 volt will drive it 
to 10 watts output. About 1.5 volts is 
needed to develop the rated 50 -watt out- 
put. The hum level was about - 82 db 
referred to 10 watts. 

It is obvious that this amplifier meets 
or exceeds its specifications handily. Its 
measurements are as nearly perfect as 
any we have seen. It is perhaps unfortu- 
nate that 16 -ohm speakers must be used 
to realize its full potential, but it does a 
fine job when driving 8 -ohm speakers. 
Like many of the transistorized ampli- 
fiers we have tested, this amplifier does 
not take kindly to sustained full -power 
operation, blowing its fuses readily when 
overloaded for more than an instant. 
However, the output tubes are un- 
harmed by this sort of treatment, which 
it is unlikely to receive in normal service. 
The H -3 runs extremely hot and requires 
thorough ventilation. 

It is difficult, and probably meaning- 
less, to attempt to ascribe any sound 
quality in an amplifier such as this. It is 
effortless, completely uncolored, and 
sounds as good as any amplifier we have 
ever heard. It could hardly be otherwise 
with the impressive measurement results 
described above. 

The Futterman H -3 sells for $288.00, 
complete with metal protective cover. 
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HOW TO UA CHOOSE A RECORDER NAKING BETTER TAPES DLR TIPS ON RIGHT RECORDING 
TAPE 

SELECTING 
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RECORDING 
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now-it-cll. 
It's easy to be an authority on tape when you have 
a copy of HiFi /Stereo Review's 1965 TAPE RE- 
CORDER ANNUAL handy. 
Look at the photo above. The special articles listed 
on the cover of this 132 -page factbook are just a 
few of the 23 complete features! You get expert tips 
by the dozens, on equipment- making better tapes - editing - copying - sound - on everything you 
need to know about tape recording. Pius... 
...a complete directory of stereo tape recorders! 
Over 100 photos - complete cata on 230 models 
from thirty -three different manufacturers! All the 
model numbers, specifications, dimensions and 
prices! All the important information you need to 
compare the latest tape recorders, and select the 
finest one in your price range. 
Published for the first time (by the editors of HiFi/ 
Stereo Review), the 1965 TAPE RECORDER AN- 
NUAL is an indispensable guide for everyone who 

February, 1965 

wants better performance and greater versatility 
from his tape recorder. If you fit this description ... 

SEND JUST $1 NOW FOR YOUR COPY 

of the 1965 TAPE RECORDER ANNUAL 

r- - -- FILL IN AND MAIL THIS COUPON TODAY! - - - 
Ziff -Davis Service Division Dept. TR 
589 Broadway New York, N.Y. 10012 

Please send nie a copy of the 1965 TAPE RECORDER 
ANNUAL. My dollar (plus 15¢ for shipping and han- 
dling; 25¢ outside U.S.A.) is enclosed. 

name please print 
EW -25 

address 

LCty state zip code 
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EICO 342 FM -MPX 
SIGNAL GENERATOR 

FOR PROFITABLE 
SERVICING IN 
THE FAST-GROW- 
ING FM STEREO 
MARKET. PRO- 
VIDES BOTH A 
C O M P O S I T E 
AUDIO SIGNAL 
FOR DIRECT IN- 
JECTION INTO 
MPX SECTION 
AND FM RF PLUS 
SYNC OUTPUT. 

ELM BRAND NEW FOR '65 
NEW EASY -TO -BUILD EICO KITS / OVER 100 LABORATORY PRECISION KITS 

CUILUIt TV LAB 
THREE COMPACT, PORTABLE INSTRUMENTS FOR SHOP OR HOME COLOR TV SERVICING. 
ADD ONE MORE AND YOU'RE SET FOR FM -MPX STEREO. 

EICO 380 COLOR 
GENERATOR 

PORTABLE, SOLID STATE 
N.T.S.C. STANDARD COLOR 
SIGNAL & DOT -BAR GENER- 
ATOR (PAT. PEND.). GENER- 
ATES 11 DIFFERENT 
COLOR SIGNALS, ONE AT A 
TIME. PROVIDES N.T.S.C. 
COLOR SIGNALS EXACTLY AS 
SPECIFIED. TAKES TH E GUESS- 
WORK OUT OF COLOR TV 
SERVICING. 
KIT ONLY $129.95. 
WIRED $169.95. 

EICO 369 SWEEP AND 
POST -INJECTION 

MARKER GENERATOR 

FOR EASIEST, FASTEST 
VISUAL ALIGNMENT OF 
COLOR OR B & W TV AND 
FM RF AND IF CIRCUITS. 
FIVE SWEEP RANGES FROM 
3 -220 MC /S. FOUR MARKER 
RANGES FROM 2 -225 MC /S. 
CRYSTAL MARKER OSCILLA- 
TOR. POST INJECTION OF 
MARKERS. 
KIT ONLY 89.95. 
WIRED $139.95. 

EICO 435 3 -INCH 
OSCILLOSCOPE 

ULTRA COMPACT! TAKE IT 
ALONG ON SERVICE CALLS. 
BRIGHT. SHARP TRACE ON 
FLAT -FACE 3 -INCH CRT EX- 
PANDABLE SEVERAL DIAM- 
ETERS. FLAT DC TO 4.5 MC /S. 
EDGE LIT CALIBRATION GRID. 
ZENER CALIBRATOR. OUT- 
PERFORMS S -INCH SCOPES 
THREE TIMES AS BIG AND 
TWICE AS HEAVY. TRUE LAB 
QUALITY. 
KIT ONLY $99.95. 
WIRED $149.95. 

WIRED $149.95. 

(illill T ; ,° 
I{I)I; ,\ 11-L1) 

ISSI(í\TAL. 
IlilAI.I'I'j' 

THESE FAMOUS BEST SELLERS FROM EICO'S 
SELECTION OF 230 KITS AND WIRED UNITS. 

EICO 232 VTVM 
PEAK -TO -PEAK 

A MUST FOR 
COLOR OR 
B & W TV AND 
INDUSTRIAL 
USE. 7 NON - 
SKIP RANGES 
O N ALL 4 
FUNCTIONS. 

WITH 
UNI -PROBE®. 

KIT $29.95. 
WIRED $49.95. 

EICO 667 TESTER 

1 

....... Ü .... 

TUBES & 
TRANSISTORS 

TESTS RECEIVING. SPECIAL 
PURPOSE, NUVISTOR AND 
COMPACTRON TUBES FOR DY- 
NAMIC CONDUCTANCE. TWO - 

STEP TRANSISTOR TEST. 
KIT $79.95. WIRED $129.95. 

EICO 1064 DC 
POWER SUPPLY 

FOR BENCH 
T E S T I N G 
AUTO RADIOS, 
CB, MOBILE 
AND TONE 
EQUIPMENT. 
VOLTMETER 
A N D AM- 
METER. LOW 
RIPPLE FOR 
TRANSISTOR 
EQUIPMENT. 
0- 8V /0 -16V 
OUTPUTS. 

KIT $45.95. WIRED $54.95. 

NEW 

EICO 324 RF SIGNAL 
GENERATOR 

150 KC /S TO 435 MC /S RANGE. 
FOR IF -RF ALIGNMENT ANE1 

SIGNAL TRACING OF TV, FM, 
AM, CB AND MOBILE. BUILT -IN 
AND EXT. MODULATION. 
KIT $28.95. WIRED $39.95. 

EICO SENTINEL 23 CITIZENS RADIO 

CRYSTAL CONTROLLED TRANSMIT AND RE- 
CEIVE ON ALL 23 CHANNELS. TRANSISTOR 
POWER SUPPLY. "S" METER. EXCEEDS ALL 
FCC STANDARDS. A BEST BUY AT ONLY 
$189.95 WIRED. 

MOST COMPLETE LINE 
OF KITS AND WIRED 
TEST EQUIPMENT, CB 
AND HI -FI COMPONENTS. 

SEND 
FOR 

FREE 
KIT -O -LOG 

24 

EICO 460 5 -INCH 
OSCILLOSCOPE 

DC WIDEBAND 
0 -4.5 MC FOR 
COLOR & B & W 
TV SERVICE & 
LAB USE. PUSH - 
PULL DC VER- 
TICAL AMP. 
BAL. OR UNBAL. 
INPUT. AUTO- 
MATIC SYNC 
LIMITER AND 
AMP. 

KIT $89.95. WIRED $129.50. 

NEW EICO 3566 SOLID STATE FM -MPX 
STEREO TUNER AMPLIFIER 

IN THE HIGHEST 
QUALITY RANK, WITH 
43 TRANSISTORS, 
19 DIODES. 6 RECTI- 
FIERS. 112 WATTS 
INTO 4 OHMS 72 
W A T T S I N T O 

8 OHMS. 38 -40 DB CHANNEL SEPARATION. AUTO- 
MATIC STEREO SWITCHING. INTERSTATION MUT- 
ING. FRONT -END, IF AND MPX SECTIONS PRE -WIRED 
AND PRE -ALIGNED. PLUG -IN TRANSISTORS. 
KIT ONLY $229.95. WIRED WITH CAB. $349.95. 

F EICO Electronic Instrument Co., Inc. 
Flushing, New York 11352 
SEND 1965 KIT -O -LOG LISTING 230 EICO PRODUCTS. 

EW-2 
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LCITY STATE ZIP 

CIRCLE NO. 178 ON READER SERVICE PAGE ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


Design and applications of special types of cathode -ra} 

tubes that permit easy viewing in high ambient light areas. 

WRITE GUN 

WRITE BEAM 

COLLIMATOR ELECTRODES 

ELECTROSTATICALLY CHARGED AREA 

FLOOD ELECTRONS 

VIEW GUN/ 

DIRECT -VIEW 
STORAGE 

TUBES 
By JOHN B. PEGRAM 

Research Engineer, DuMont Laboratories 
Div. of Fairchild Camera & Inst. Corp. 

DIRECT -view storage tubes ( DVST's) are used in mili- 
tary aircraft, oceanographic- research ships, anti -mis- 
sile systems, and medical instruments. Commercial 

passenger airlines now employ weather radar that displays 
conditions for miles ahead on a direct -view storage tube. In 
many applications direct -view storage tubes are replacing 
conventional cathode -ray tubes. In the next few years, de- 
signers and equipment manufacturers will utilize DVST's 
even more extensively. 

In addition to use in military and commercial ships and 
planes, DVST's are now being used in military ground systems 
and will soon appear in consumer and commercial equipment 
and systems. 

Although early designers thought more in terms of projec- 
tion television, the DVST found its first major application in 
radar systems, where cathode -ray tube screens had insuffi- 
cient persistence to give a satisfactory display with slow -scan 
rates. It was soon discovered that DVST's provide both long 
controllable periods of display and very high light output, 
often measured in thousands of foot -lamberts. High light out - 
February, 1965 

COLLECTOR GRID 

STORAGE GRID 

ALUMINIZED 

PHOSPHOR SCREEN 

Fig. 1. Operating principles of a DVST are illustrated here. Tubes 
are available for either electrostatic or electromagnetic deflection. 

put made DVST's ideal for use in aircraft, where conventional 
radar cathode -ray tubes required a hood to prevent washout 
by the sunlight streaming into the cockpit. The few seconds 
saved by a bright, hoodless radar display are of vital impor- 
tance in today's sonic and supersonic aircraft. 

Secondary- Emission DVST Operation 
The most important type of DVST is an electrical- input, 

visual- output cathode -ray tube which uses secondary emis- 
sion of electrons to store an image. The major difference be- 
tween a DVST and an ordinary CRT is the addition of a target 
and a viewing -gun system to the write gun and phosphor 
screen of a CRT. The target (storage grid) is a fine mesh 
screen of up to 250,000 holes per square inch, about u -inch 
away from the phosphor screen. The side of the mesh toward 
the electron gun is coated with a dielectric material having a 
high secondary- emission ratio at the voltage of the write -gun 
electrons ( Fig. 2) . When the write beam strikes the dielectric 
storage surface, each electron of the beam removes more than 
one electron from the surface, leaving a net positive charge 

Fig. 2. Typical secondary- emission curve for DVST storage - 
surface dielectric. At a certain critical voltage (V,.) the num- 
ber of secondary- emission electrons equals the number of 
electrons in the primary beam. At higher voltage values 
there are more secondary electrons emitted than primary ones. 

v z 50V. 

PRIMARY (WRITING) BEAM VOLTAGE 
(STORAGE SURFACE WITH RESPECT TO CATHODE) 
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above the cut -off value. A high -transmission mesh (collector 
grid) at a positive voltage is placed nearby to collect the slow - 
moving secondary electrons, preventing them from landing 
again on the storage surface. 

The viewing gun of the DVST is usually mounted on the 
axis, or a ring gun is built concentric with the axis of the tube. 
It provides a conical "flood" of low- velocity electrons which 
fills most of the bulb. Metal parts and carbon coating on the 
glass walls of the tube form large electrostatic lenses which 
collimate the view electrons toward the target by forcing them 
to travel parallel to the tube axis ( Fig. 1) . Pulled forward by 
the positive voltage on the collector mesh and forced inward 
by the collimators, each of the electrons reaches the target on 
a path perpendicular to the mesh. The voltages of the colli- 
mators are adjusted in operation for the uniform flood of view 
electrons over the entire target. 

Most of the view electrons then pass through the high - 
transmission collector mesh and continue toward the storage 
surface. At points where writing has left a positive charge 
next to an aperture, the view electrons pass through and are 
rapidly accelerated to the phosphor by a high voltage. At 
other points where there is no stored positive charge, the 
surface of the dielectric is at a lower potential than the view - 
gun cathode and therefore repels the view electrons. As a 
result of the action just described, an intense visible pattern 
appears on the phosphor screen. Note that the pattern is 
produced by a "flood" of low- velocity electrons rather than 
by a very rapidly moving beam of high- velocity electrons. 

Varying the write -beam current will vary the charge stored 
on the storage surface; thus the tube can display 4 or 5 shades 
of grey plus black and white. This type of tube is called a 
half -tone DVST. 

The tube is erased by applying a positive pulse of a few 
volts to the backing electrode of the storage grid. The storage 
surface is separated from the backing electrode by a few hun- 
dred- thousandths of an inch of dielectric material. Thus the 
storage assembly can be considered to be a series of tiny ca- 
pacitors with a common backing electrode. When the backing 
electrode voltage is changed, the storage- surface voltage 
changes by the same amount, due to capacitive coupling. The 
entire storage surface is capacitively raised to a voltage above 
that of the view -gun cathode. View electrons are then at- 
tracted to the surface and land. Due to their low velocity they 
do not knock off secondary electrons, but instead charge the 
surface negatively. When the pulse ends, the surface poten- 
tial is capacitively carried negative, cutting off the flow of 
view electrons to the phosphor screen. Hence, the image dis- 
appears. 

The negative potential of the erased storage surface pre- 
vents view electrons from landing or passing though adjacent 
apertures. The surface and bulk resistivity of the dielectric 
is extremely high. Without outside influences, the unwritten 
areas would remain cut off for many hours. Residual gas 

A bright display unit of an airborne weather -radar system. A 
DVST permits the pilot to view the screen without using a hood. 
Test pattern shown is used to check radar before taking off. 

TRACE 
s ADJUST 

molecules in the tube limit this storage time, as the flood of 
view electrons strikes them, forming positive ions. These ions 
are attracted to the negatively charged storage surface where 
they land, gradually charging it in a positive direction. This 
ion charging causes a decrease in contrast until eventually 
the maximum brightness of the tube is reached. 

Storage time is often defined as the time required for back- 
ground brightness to increase to a specific percentage 
(between 20% and 50 %) of maximum light output of the par- 
ticular tube. Storage times for typical tubes range from 15 
seconds to 3 minutes. 

Most systems using this type of DVST do not use single - 
pulse erasure, nor do they utilize all of the storage time. These 
systems use DVST's to achieve a very bright display and con- 
trolled persistence. The single erase pulse is divided into a 
continuous series of pulses at a frequency above the flicker 
rate which would annoy the viewer. The duty cycle for 
pulsed erasure is on the order of ',it) to 1 percent. By varying 
the duty cycle, the rate of erasure and persistence is con- 
trolled. To avoid bright flashes and contrast degradation, 
caused by the temporary flow of electrons resulting from 
the positive voltage of the storage surface, the phosphor 
screen voltage must be reduced to approximately 2000 volts 
during each erase pulse that is used. 

Applications 
Half -tone, secondary- emission DVST's have numerous ap- 

plications. In aircraft they may be used strictly for navigation, 
location of bombing targets, or in a combined fire -control sys- 
tem which aims the plane directly at the target. In commercial 
airlines, weather radar is required equipment. The radar unit's 
ability to display weather conditions enroute not only pro- 
vides a higher degree of safety, but also permits tighter sched- 
ules and improved passenger comfort in flight. Bright display 
units, such as the one shown in the photo, allow the pilot to 
check weather up to 180 miles ahead with a single glance at 
the indicator. Sonar and radar systems are being designed for 
shipboard use with DVST's to display the returning signals. 
New anti -missile sites protecting our cities are now using di- 
rect -view storage tubes to display the events of missile inter- 
ceptions in case of enemy attack. 

Weather radar and military navigational aids are not the 
only applications for DVST's. These tubes are being applied 
to a railroad track inspection device, slow -scan television sys- 
tems, and various devices for photo -recording of electronic 
signals. 

The slow -scan television systems developed for banks are 
particularly interesting. Central signature files can be used 
for numerous branch offices in one such system. A clerk at the 
control office places a signature card in front of the camera 
upon request from a branch teller. The camera slowly scans 
the card, sending the signal to the branch, where it is dis- 
played on a DVST. Only 80 to 100 lines are necessary to pro- 
vide an accurate picture which the teller may compare with 
the signature on the check he is about to cash. The low num- 
ber of lines and slow scanning rate make it possible to use 
inexpensive phone lines, instead of coaxial cables, to intercon- 
nect the bank offices. The slow scanning rate would be im- 
practical without the use of a storage tube. 

Bistable DVST's 
Two special types of DVST's are related to the half -tone 

tube already described. They are the bistable DVST and the 
multimode DVST. The bistable tube is used for instantaneous 
oscillographic recording of transients which could otherwise 
be retained only by photography. The design of this tube 
takes advantage of the fact that half -tones are not required in 
an oscilloscope. 

The bistable DVST is similar to the half -tone DVST except 
in three respects. (1) The write gun is designed for oscillo- 
scopes rather than radar -display use; (2) the collector is in 
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contact with the storage surface, and (3) a third mesh elec- 
trode is placed between the guns and the target. The collec- 
tor has an extremely high transmission (80 to 90%) , thus 
leaving most of the apertures and dielectric of the storage 
surface exposed to the electrons from the write and view guns. 
When a write beam of sufficient energy strikes the storage 
surface, the strong field of the adjacent collector causes a 

local runaway of electrons until the storage surface reaches 
collector potential. By maintaining the electrodes at the 
proper potentials, a small amount of energy from a fast -mov- 
ing beam is sufficient to trigger the bistable action and store 
the trace. The stored information may be erased by lowering 
the collector potential. The secondary- emission ratio of the 
target surface is now less than one, so the flood electrons 
land, charging the surface to cut off in about %o second. 

The third mesh between the electron guns and the collector 
is operated at a higher voltage than the rest of the target or 
gun electrodes, thus repelling any positive ions which would 
otherwise strike the storage surface and degrade the image. 

Non -recurring transients may be recorded at speeds up to 
1,000,000 inches per second. The ease of visual recording 
with a bistable DVST makes this type of tube ideal for many 
measurements in a wide range of studies, from the bottom of 
the ocean to outer space. A transient may be observed, stored 
for minutes, and photographed if desired. There is no need 
to take photographs of every event of possible interest, or 
keep chart recorders running continuously, when a bistable 
direct -view storage tube is on duty. 

Multimode DVST's 

The multimode DVST adds two new elements to direct - 
view storage tubes -dark -trace writing and non -stored writ- 
ing. The dielectric used for the storage surface in this tube 
has the usual secondary- emission characteristics with normal 
write -beam potentials (approximately 2.5 kv.) . If the write - 
beam potential is approximately 6 kv. however, the dielectric 
becomes a conductor at the point of electron bombardment. 
This electron- bombardment -induced conductivity (EBIC) 
creates a conductive path by which storage surface potential 
equals that of backing electrode, resulting in a dark trace. 

By choosing the proper intermediate write -gun potential, 

A new 11 -inch diameter flat -face storage tube. Tubes of this 
type are ruggedly built for use in mobile ground -radar systems. 
An integral shield prevents stray fields from affecting operation. 

the secondary- emission and EBIC effects may be balanced to 
accomplish non- stored writing. The EBIC effect is particu- 
larly useful for selective erasure of secondary emission written 
data, and because of increased resolution- approximately 
double that obtainable with the low write -gun voltage used 
for secondary -emission writing. To achieve optimum results 
with the various modes of this tube, two or more write guns 
are commonly used. This requires the necessary circuitry to 
compensate for corresponding trace alignment between guns. 

Storage Phosphors 

Following World War II there was a great deal of interest 
in the development of the "dark- trace" tube. German scien- 
tists working in this field were brought to this country and 
almost every major cathode -ray tube manufacturer in the 
United States had a contract during the 1950's to develop an 
improved storage tube using a potassium chloride (KCI) 
dark -trace screen. Although not properly described as a phos- 
phor, KCI was assigned a phosphor number, P -10, since it was 
used as a CRT screen material. 

When an electron beam or primary x -rays of sufficient en- 
ergy strike a layer of KCI crystals, the crystalline structure is 

modified and the formerly white crystals darken to a purplish- 

Important specifications of various types of direct -view storage tubes discussed in the article. 

TYPE 

T 
HALF -TONE SECONDARY EMISSION MULTIMODE BISTABLE 

MESHLESS 
STORAGE 

PHOSPHOR 

P -10 
DARK 
TRACE 

APPLICATION 
AIRCRAFT HIGH SELECTIVE 

FIRE 
GROUND BRIGHT- SLOW GROUND ERASURE 

CONTROL 
RADAR NESS 

SCAN RADAR SLOW SCAN 
SCOPE SCOPE SCOPE 

NOMINAL DIA- 
METER (INCHES) 

5 25 10.5 5 7.5 21 10 5 4 x 6 4.4 x 5.6 

USEFUL SCREEN 
DIAM. (INCHES) 

4 8 4 5.7 18 8.5 4 8 x 10 cm. 8 x 12 cm. 

VIEWING SCREEN 
POTENTIAL (KV.) 10 10 8.5 8.5 8 8 3 - - 
MINIMUM BRIGHT- 
NESS (FT. LAMBERTS) 

2500 600 4000 600 150 400 40 6 - 
RESOLUTION 
(LINES / IN.) 50 40 25 65 28 55/110* 55 60 60 

WRITING SPEED 
(IN. /SEC.) 36,000 200,000 27,000 200 40,000 20'000/ 

50,000* 1,000,000 
' 

60,000 50,000 

STORAGE TIME 
(SEC.) 15 180 20 120 120 

30/5 to 
300* 1 hr. 1 hr. 

250 

1 h r. 

ERASE TIME (MSEC.) 
50 100 20 50 400 300 50 to 150 30 to 60 sec. 

- 
BRIGHTNESS 
LEVELS 

5 6 4 5 5 - - 

'write gun /erase gun. 

February, 1965 

Note The values given ore not limits, but are representative of many currently available tubes. 
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black. When more energy is applied in the form of heat and 
light, the structure returns to its former appearance. 

The advantage of a P -10 display is that it is seen by the 
difference in reflection of room light from the darkened writ- 
ten areas and the remainder of the screen. Strong incident 
light cannot "wash -out" a P -10 image as it can a dim picture 
on a conventional phosphor screen. 

However, the P -10 screen has never been particularly suc- 
cessful. A large amount of energy is necessary for writing, 
making high writing speeds difficult to obtain. Erasure re- 
quires even greater energies -perhaps the only successful fast - 
erasure technique is the use of photoflash bulbs -an expensive 
and clumsy method. The target mass has been reduced sev- 
eral ways, in attempts to reduce the required erasure energy; 
but these measures have not been markedly successful and 
the problems of short life and poor contrast ratio indicate that, 
until further basic developments are made, P -10 DVST's will 
find only limited application. 

Meshless DVST's 

Can a practical meshless storage tube be made? Tube re- 
search and development scientists believe it can. A number 
of methods are now in development and at least one tube is 
in production. 

One method is to form a mixture of phosphor and insulat- 
ing material for use as the screen. This coating is applied over 
a transparent conductive coating on the inside of the tube 
face. Electrons from the write gun leave a positive pattern 
on the phosphor surface, while the remainder is at a negative 
potential. 

Slow- moving electrons from the view gun are then attracted 
to the positively charged areas, where they continue to excite 
the phosphor, while the view electrons are repelled from other 
areas of the screen. 

Another approach to the meshless DVST utilizes a sand- 
wich of electroluminescent phosphor between a thin alumi- 
num coating and an EBIC material on one side, and a trans- 
parent conductive coating on the other. The write beam 
would be used to create electron- bombardment -induced con- 
ductivity in the EBIC layer. Current could then flow at that 
point from the aluminum coating through the EBIC and phos- 
phor layers, exciting the phosphor, and out of the tube 
through the transparent conductive coating. Conductivity is 
maintained by photoconductivity, activated by light from the 
phosphor. Numerous other combinations of phosphors, insu- 
lators, bombardment- induced conductivity, and photoconduc- 
tive materials can be imagined, which might lead to an ideal 
meshless DVST. 

The advantage of the meshless DVST is great, the disad- 
vantages- sometimes serious. The big advantage is greatly 
reduced cost. The elimination of expensive electroformed 

Tubes like the K52455 (left) may replace the present design 
(right) in airborne radar systems. The newer tube has bet- 
ter resolution and is shorter than the tube that it replaces. 

mesh, and the extensive target assembly operations make the 
meshless DVST far less expensive than mesh types. Of course, 
screen -coating operations will become more involved, but 
when a phosphor screen is damaged, one need merely wash 
the glass and start over ( with materials worth perhaps 50 
cents ) . When a fine mesh receives the slightest dent, tear, or 
hole, $20 or more goes down the drain. 

The meshless DVST does not require the large accelerating 
voltage between target and screen, which all mesh types have. 
Since the operations of the target are incorporated in the 
screen of a meshless tube, the excitation of the phosphor must 
be entirely from the low velocity of the view electrons, with- 
out the additional energy of the screen -to- target potential as 
in a conventional DVST. For this reason, present meshless 
DVST's have a light output of only 2 to 6 foot -lamberts 
rather than 50 to 5000 foot -lamberts. Effects of the room 
lighting conditions must be seriously considered when em- 
ploying a storage tube of this particular type. 

DVST's in the Near Future 
What does the future hold for direct -view storage tubes? 

Events in the past three years may point the way. Quantity 
prices of several types of half -tone storage tubes have been 
cut in half. Manufacturers' lines have increased, so that sev- 
eral now have at least a dozen standard catalogue items, along 
with many special tubes. 

Electrical and environmental performance have improved 
substantially. For example, one tube type must operate after 
15 -G shock and 5 -G vibration tests. In fact, this tube must 
operate satisfactorily in a vibration test with its face down -a 
condition which could shake any tiny loose particles down 
into the target, blocking a hole in the mesh and causing a 
blemish. It was also during the past three years that meshless 
and multimode DVST's were introduced. 

In the next few years we may expect to see DVST's in many 
more commercial applications. Meshless storage tubes will 
open up new areas in which mesh types have proved too ex- 
pensive. Slow -scan television displays with this tube could be 
very useful in all types of business. With increasing hazards 
created by growing traffic, private and company boats and 
aircraft will increasingly use radar systems with DVST bright 
display units. 

Integral packages will receive more attention from equip- 
ment designers. Already, a majority of military storage -tube 
applications use a DVST sealed into its own magnetic shield. 
Soon the deflection yoke, for magnetic tube types, and a di- 
vider network matched to each tube to provide the proper op- 
erating voltage to the various elements, will be supplied as 
a portion of a direct -view storage -tube package. 

Further Improvements 
Smaller tubes with the same display area and improved 

resolution are two areas of current development. An 11 -inch 
diameter tube is now being built, with increased resolution 
and display area over the 10 -inch tube currently used. This 
fact is not startling, but several improvements in practical 
electron optics were necessary to build a larger and better dis- 
play tube to fit into the same length shield and same equip- 
ment as its predecessor. A 5 -inch diameter DVST with a 
4 -inch long body may soon replace a tube with a 6 -inch long 
body in new equipment. Here, again, the tube has been im- 
proved in display area per unit volume and resolution. 

Where current models of 5 -inch diameter DVST's feature 
resolution on the order of 50 lines per inch, 100 lines per 
inch at 1000 foot -lamberts will regularly appear in military 
and commercial specifications within the next two years. 
This improvement, made by optimizing present designs, will 
place DVST's in the same performance range as many corn - 
monly used CRT's. Advanced development of new storage - 
tube techniques may lead to still better performance in the 
future. 
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D ESPITE the simplicity of the rela- 
township between decibels and 

power or voltage /current ratios, many 
persons still seem to have trouble mak- 
ing rapid conversions from ratios to db 
and vice versa. 

As a result, any number of tables, 
charts, and short -cut techniques have 
been published through the years. All, 
however, have at least one of two major 
disadvantages. They are either cumber- 
some or not fully accurate. For accuracy 
to 0.1 db or better, detailed tables are 
required, which in turn are somewhat 
cumbersome in use. The short -cut tech- 
niques yield results which are usually 
only approximately correct. 

The decibel wheel, however, over- 
comes both of these disadvantages. It is 
of convenient size, yet is accurate to 0.05 
db or better when dealing with power ra- 
tios, and to 0.1 db or better with volt- 
age and current ratio conversions. 

To use the wheel, either clip or photo- 
copy this page and affix it to firm card- 
board, lightweight aluminum, or X2" 
phenolic. White casein waterproof glue 
is excellent for the purpose. Allow it to 
dry under pressure, after smoothing out 
all bumps and wrinkles. 

When dry, cut around the heavy lines. 
Drill or punch the center hole indicated 
in each disc. The size hole will depend 
upon the fastener to be used. Cloth eye- 
lets, sold at most sewing counters, are 
ideal fasteners. They require a u/in" hole. 
Machine screws with washers and a lock 
nut can also be used, but will be bulkier. 
The old- fashioned brass paper fastener 
is not recommended. Fasten the two 
discs together and the wheel is complete. 

The outer scale, marked "Ratio," is 
used for both voltage /current and pow- 
er -ratio calculations. The 0 -9 calibration 
of the inner scale indicates db for power - 
ratio calculations, while the 0 -19 cali- 
bration is used for voltage and current - 
ratio conversions. 

To convert db to a ratio or vice versa, 
set 0 of the inner scale opposite 1 of the 
outer scale, and read the ratio opposite 
the desired number of db (being sure to 
use the proper db scale, depending on 
whether the ratio is power or voltage/ 
current). 

To find the voltage relative to a ref- 
erence voltage corresponding to a defi- 
nite number of db, set 0 db opposite the 
reference voltage (on the "Ratio" scale) 
and read the unknown voltage opposite 
the number of db. This procedure can be 
reversed for making db measurements. 

For example, assume the response of 
an amplifier is being tested, and the ref- 
erence output level happens to be 2.4 v. 
Setting 0 db opposite 2.4 volts, we pro- 
ceed with the measurement. The next 
reading may be 3 volts which the wheel 
reveals is +2 db. A reading of 2.2 volts 
is - 0.75 db. (Note that the scales are 
calibrated in db of gain only; to read 
db loss, count calibrations backward 
from 0.) 

To determine effective radiated power 
of a transmitter upon change of an an- 
tenna, the wheel may be used. Set the 
0 -db mark of the inner scale opposite the 
transmitter output power on the outer 
scale, and read e.r.p. (in the most fa- 

THE DECIBEL WHEEL 
By JIM KYLE 

Circular slide -rule technique for reading decibel 
values of voltage, current, and power directly. 

vored direction) on the outer scale oppo- 
site antenna gain in db on the inner scale, 
using the power calibration. 

For instance, a CB transmitter having 
an r.f. output power of 3.5 watts is to 
be connected to a beam antenna with 9.1 
db gain. What is the e.r.p.? Setting 0 db 

opposite 3.5 ( interpolating between the 
3.4 and 3.6 calibrations) on the outer 
scale, a reading of 2.84 is found on the 
outer scale opposite 9.1 db power. Since 
the reading required that the "1" ratio 
be passed, the actual e.r.p. is 10 times 
this, or 28.4 watts. 

o ti 
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RECENT 

DEVELOPMENTS 

in ELECTRONICS 

Laser Calibrator. (Above) Mounted on a precision jig borer, a 

new laser interferometric calibrator is shown performing meas- 
urements with accuracies previously unheard of in machine -shop 
environment. It is particularly suited for calibration and 
checkout of numerically controlled machine tools and measure - 
ing machines. Measurements up to 100 inches with accuracies 
to within 10 millionths of an itch are possible. The calibra- 
tor, produced by Airborne Instruments Laboratory, consists of 
a sensor, light reflector, and electronics cabinet. The sen- 
sor (laser, optics, photoelectric detector) is on the fixed por- 
tion of the machine. The reflector is on the moving portion. The 
cabinet houses a computer and readout and operator controls. 

Telephone Switcher Memory. (Below) This one -inch square fer- 
rite sheet, perforated with 256 tiny holes, is part of the tempo- 
rary memory unit used in a new telephone electronic switching 
system. The ferrite around each hole acts as a "core" and stores 
one bit of information. Three wires threaded through the holes 
and a conductor plated onto the sheet are used to write informa- 
tion into and read out of the memory. Sheets are stacked in a 

module and four modules make up a "call- store" assembly which 
holds almost 200,000 bits of erasable information. The switch- 
ing system, developed by Bell Labs, is made by Western Electric. 

Microwave- Powered Helicopter. (Above) In a dem- 
onstration for the Air Force, Raytheon scientists 
beamed microwave power at an array of diodes be- 
neath the 6 -foot rotor of the small helicopter 
shown. The diodes converted the microwave energy 
into d.c. power which operated the rotor motor. The 
helicopter rose 50 feet above the ground in its 
flight. The company is conducting a development 
program on the feasibility of this method of power 
transmission for hovering aircraft or platforms. 

Semiconductor Plastic Film. (Above) A new plastic 
film, irradiated polyolefïn, with a resistivity of 10,- 

000 ohms /sq. in., is expected to find uses in the 
manufacture of electronic and electrical products. 
This film, developed by G -E, conducts electricity 
as shown by the lighted lamp at the right. It also 
retains its form stability at temperatures up to 

325 degrees C and can be self -sealed when tightly 
wrapped on itself and heated to about 200 degrees 
C. The film has already been employed as a co- 

rona- shielding layer in special, high -voltage ca- 

bles that will carry 125,000 to 150,000 volts. 
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Magnetic Field Controlled Laser. (Below) A new way to control 
the intensity of a ruby laser beam at extremely high frequen- 
cies-by applying a magnetic field -has been developed at the 
Honeywell Research Center. A research technician, partially 
obscured by nitrogen vapor cooling the laboratory apparatus, 
aligns light source before firing a light burst at a resonance 
absorber (silver cylinder) where fhe magnetic field can change 
the beam's intensity. This technique is one of several that are 
being worked on in laboratories throughout the world to de- 
velop an effective modulation system for the laser. Such a sys- 
tem is needed before lasers can be used for communications. 

Air -Operated Computer. (Left) Plastic 
tubing is being attached to one of the 
switching elements in the Univac fluid 
computer shown here. This experimen- 
tal, general -purpose digital computer 
operates entirely by air flowing through 
plastic channels and elements. It has 
no moving mechanical parts. The ex- 
perimental system has four instructions 
and four words of memory, each word 
being four bits long. Fluid systems can- 
not compete with electronic computers 
because of their relatively slow operat- 
ing speeds. However, such computers 
should have a lower failure rate than 
their more complex electronic counter- 
parts. Also, fluid circuits should be able 
to withstand the rigors of environ- 
ments in which electronic equipment 
cannot operate. A fluid computer can 
be constructed to be extremely rugged, 
and it is immune to the effects of radia- 
tion and electromagnetic interference. 

Man -Machine Communication. (Above) Experiments in the com- 
munication of automotive design information between man and 
computer are being conducted at the General Motors Research 
Laboratories. Here at the graphic console of the device being 
used, a research engineer checks out a computer program that 
allows him to modify a design "drawing." A touch of the electric 
"pencil" to the tube face signals the computer to begin an as- 
signed task. In this case, a line deletion is to be made where in- 
dicated. The man may also instruct the computer using the key- 
board at the right, the card reader below the keyboard, or the 
program- control buttons below the screen. Hundreds of special 
computer programs will be needed to carry out these studies. 
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NEW 
LOOK 

Fig. 1. The newest and largest of the phased -array radars. The array is 327 feet long, 145 feet high, and 145 feet wide. 

MOST everyone can recognize a conventional radar L r 
installation. However, a new generation of radars is 
coming of age and from their outward appearance few 

will recognize them as such. These new sets are phased -array 
radars, generally known as electronically steerable array ra- 
dars (ESAR) ), and they are introducing a new look in both a 
physical and electronic sense. 

Although the phased -array radars may eventually take over 
many of the functions performed by existing equipment, this 
is not their present mission. Their immediate and primary 
function will be to search for, track, catalogue, and store in 
computer memories information on satellites, missiles, or other 
space objects. The number of such objects, known and un- 
known, friendly and otherwise, that are circling the earth is 
rapidly increasing and it is important that we keep our files on 
these objects complete and up -to -date. As will be seen, this 
function cannot be easily performed by our existing conven- 
tional radars. 

In a physical sense there is nothing about the appearance 
of an ESAR to tie it to the commonly accepted picture of a 
radar installation. Cone are the radomes, gone are the pedes- 
tals and towers with their reflectors of various sizes and shapes 
whose rotating, nodding, and oscillating motions serve to 
mark an active radar site. Neither does an ESAR resemble 
the huge fence -like structure whose multiple horns mark the 
site of early warning systems of the BMEWS types. 

Instead, at a phased -array site you will find a single win- 
dowless building, five or more stories high and perhaps over 
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300 feet long, an odd building to be sure, with one wall tilted 
at an angle so as to face the sky. The only indications of any 
electronic activity may be a few communications antennas 
mounted atop the building. Yes, physically, the ESAR's have 
brought a new look to radars. 

Examples of this new generation of radars, the electroni- 
cally steerable array radars, are shown in Figs. 1 and 2. Fig. 2 
is the AN /FPS -46 (XW -1) ESAR built by the Bendix Radio 
Division of the Bendix Corporation for the Advanced Re- 
search Projects Agency of the Department of Defense. The 
AN /FPS -46 (XW -1) was one of the first full -scale models of 
a phased -array radar to be built and one that provides the 
capabilities of this new type of set. 

Fig. 1 shows the newest and largest of the phased -array ra- 
dars, the AN /FPS -85 Space Track. This set is being built for 
the Air Force by the Bendix Radio Division of the Bendix 
Corporation at Eglin Air Force Base in Florida. The approxi- 
mate over -all dimensions of the AN /FPS -85 are 327 feet long 
by 145 feet high by 145 feet wide. Both of these particular 
systems were constructed under the direction of the Rome 
Air Development Center, Air Force Systems Command. 

Basic Concepts 
In the electronic sense, the new look is even more impres- 

sive than the physical new look. Basically the concept of 
phased arrays is not new. In fact, the first radio broadcast sta- 
tion that directed its programs in a selected direction by using 
two antennas driven by signals of different phase, made use 
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A new type of radar, with an electronically steerable 

antenna array, is being used to search for, track, 

catalogue, and store in computer memories information 

on satellites, missiles, and other objects in space. 

By JOHN F. BACHMANN 
Senior Engineer, Bendix Radio Div. 

Bendix Corporation 

Fig. 2. One of the first full -scale models of a phased -array radar. 

If a phased array, elemental to be sure, but still a phased 
u ray. 

A linear antenna array using more than two antennas is 
shown in Fig. 3. The elements of a phased array may be di- 
ectly driven as shown or parasitically driven. Multi- element 
arrays are widely used by radio amateurs, for TV transmission 
and reception, by some broadcasting stations, by long -dis- 
_ance commercial communications systems, and many others. 
This type of phased array, in general, uses manual phase ad- 
ustments; however, in some cases a series of manually tuned 
adjustments selected by relay circuits may be used to obtain 
a limited degree of flexibility. 

Figs. 4, 5, and 6 illustrate in a simple manner one way in 
which the modern phased array may be developed. Fig. 4 
shows nine antennas and three phasers connected to make 
three identical columns, each column being a linear array sim- 
lar to Fig. 3. In the same manner, Fig. 5 shows nine antennas 

and three phasers connected to make three identical rows, 
each row being a linear array similar to Fig. 3. 

Fig. 6 is a two -dimensional phased array obtained by su- 
perimposing Figs. 4 and 5. Notice particularly that the row 
and column driving signals are combined by mixing (crossed 
circles) before feeding the antennas. Fig. 6 shows: 

1. The phase relationship between antennas in any given 
column is the same as for the antennas in the columns of Fig. 
4. However, whereas the phase relationship between columns 
in Fig. 4 is zero ( assuming no phase shifts in the connecting 
lines) , the phase relationship between columns in Fig. 6 is 
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ANTENNAS 

VARIABLE 
PHASERS 

7 7, 7,cf' 

TRANSMITTER 

Fig. 3. An elementary linear antenna array with 4 elements. 

ANTENNAS 

COLUMN I COLUMN 
2 

COLUMN COLUMN 
PHASERS 

TRANSMITTER 

Fig. 4. Column excitation of a group of 9 elements is shown. 

ANTENNAS 

ROW I 

ROW 2 

ROW 3 

sb 

TRANSMITTER 

ROW 
PHASERS 

Fig. 5. Excitation of the 9 elements into a row grouping. 
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ROW 

ROW 2 

ROW 3 

1 

ROW PHASERS 

COLUMN 1 

PHASERS 

Fig. 6. Two -dimensional phased array produced by combining the 
techniques shown in previous two figures. Mixers combine signals. 

controlled in a definite manner by the row phasers employed. 
2. In the same way, the phase relationship between anten- 

nas in any given row is the same as for the antennas of Fig. 5. 
However, whereas the phase relationship between rows in 
Fig. 5 is zero ( assuming no phase shifts in connecting lines) , 

the phase relationship between rows in Fig. 6 is controlled by 
the column phasers. 

3. The phase of each antenna is dependent on the setting 
of two phasers, a column phaser and a row phaser, and no two 
antennas are fed by the same two phasers. 

The net result obtained by driving antennas as shown in 
Fig. 6 is a pencil beam whose direction with respect to the 
plane of the antennas can be controlled by controlling the 
phase of the row and column drive signals. 

Comparison with the elemental phased array used by 
broadcasting stations shows that the modern radar phased - 
array frequency is hundreds of megacycles instead of kilocy- 
cles; there are hundreds or even thousands of antennas 
instead of two or three, or nine; there is a programmed com- 
puter- controlled method for changing the relative phase be- 
tween antennas in microseconds instead of manual- semi -fixed 
tuning; the beam is narrow (1.5 degrees or less) instead of 
wide; and it is pencil- shaped and can be steered in both azi- 
muth and elevation. 

The AN /FPS -46 (1W -1) of Fig. 2 has less than 1000 an- 
tennas mounted in the face of the array. The same antennas 
are used for both transmission and reception. 

The AN /FPS -85 Space Track of Fig. 1 uses separate an- 
tennas for transmission and reception. The square face con- 
tains many thousands of transmitter antennas and the circular 
face contains many thousands of receiver antennas. 

Power Capability 
Additionally, phased -array radars have the capabilities for 

peak powers undreamed of and unattainable in conventional 
radars. Conventional radars are power limited in two ways: 
(1) they are limited by the amount of power that can be gen- 
erated in a single output tube and (2) they are limited by the 
breakdown of antennas, waveguides, cables, and other com- 

TRACK BEAM 42 

TRACK BEAM t1 
SEARCH FENCE 

Fig. 7. Typical search pattern consisting of overlapping beams. 

ponents under high power stresses. While the peak power 
generation and handling capabilities of a conventional radar 
varies with frequency, a peak power on the order of 10 mega- 
watts (10,000,000 watts) is pushing the state -of -the -art. Even 
this value is still at the lower limit as far as power require- 
ments for space tracking are concerned. 

In a phased -array radar each antenna element is fed by a 
relatively low -power amplifier using conventional compo- 
nents. These amplifiers would be between the mixers and the 
antennas of Fig. 6 and high peak powers will exist only in 
space at those points where the low power outputs of the in- 
dividual antennas add in the proper phase. With the beam 
peak power equal to N X P, where N equals the number of an- 
tenna elements and P equals the peak power of an individual 
transmitter, it is apparent that peak powers on the order of 
tens of megawatts are easily obtained. It is high peak powers 
of this magnitude plus the ability to steer the radar beam in 
microseconds that enables a single phased -array radar to com- 
bine the search function with ability to track multiple targets. 

Comparison with Conventional Radars 
Aside from the power requirements, consider also the 

equipment that is needed and the procedure that must be fol- 
lowed at a conventional radar site in order to find and track a 
target. First a search set must sweep its vertical fan -shaped 
beam around the horizon to find and determine the azimuth 
angle and range of a target. Second, a height finder, looking 
in the azimuth as determined by the search set, must sweep 
its horizontally fan -shaped beam up and down to determine 
the target elevation angle. Finally, a tracker, using the azi- 
muth, range, and evaluation information supplied by the 
search set and the height finder, rotates and tilts its circular 
dish antenna so that its pencil beam can take over the track- 
ing function. The same procedure must be followed for each 
new target acquisition. 

Although one search set and one height finder may be used 
to supply acquisition information for a number of targets, each 
target requires the exclusive use of a tracker because the iner- 
tia of the mechanical systems prevents their use in tracking 
multiple targets on a time -sharing basis. In those areas of 
great expected activity where multiple installations of search 
sets and height finders may be necessary to handle the load, 
the system rapidly becomes so complex that computer control 
centers must be installed to keep track of operations and to 
prevent duplication of effort. A large part of this complexity 
would be due to the effort required to correlate information 
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Fig. 8. An elementary control system for typical radar site. 

from each radar and its control equipment that has been de- 
signed to operate independently. 

In contrast, a phased -array radar combines the functions 
of search set, height finder, and more than one hundred pre- 
cision trackers. This type of operation is possible because: 

1. A phased -array radar is not hampered by mechanical 
inertia. The radar beam is electronically formed and can be 
steered in microseconds instead of seconds or minutes. 

2. A phased -array radar generates track beams, as needed, 
independently of the search beam. The search function is not 
interrupted by the track function. 

3. A phased -array radar is designed to operate under inte- 
grated, program- directed, computer control. 

4. In the phased -array radar the beam shape is flexible. 
Although nominally a pencil beam, it can, as an instantaneous 
occasion demands, be broad or narrow, round or oval, high - 
powered or low- powered, a single beam or a cluster of beams. 

5. A built -in memory containing information on thousands 
cf targets is constantly being updated and expanded and all 
search and /or track returns are constantly checked against 
t uis store of important information. 

Performing the Search Function 
In its search function, a space -track radar will be pro- 

grammed to sweep a pattern or fence that will intercept all 
targets of current interest. Fig. 7 illustrates such a typical 
search pattern which actually consists of a series of overlap- 
ping pencil beams. This diagram also illustrates how track 
beams are not confined to the space enclosed by the search 
beam. Track 1 shows a track beam that originated in the 
search fence when the search beam detected an unknown ob- 
ject. Track 2 shows a track beam that was originated on com- 
mand by the computer to check an object whose initial loca- 
tion was obtained from the catalogue of known objects. An 
ESAR can be located and its search fence so shaped that very 
few objects in orbit around the earth will not be intercepted at 
least once every 24 hours. Two ESAR's can be sited so that no 
earth- orbiting object can escape detection. 

Whenever a target penetrates this search fence, the search 
equipment notes the azimuth angle, elevation angle, range, 
and time at which penetration occurred, and sends this infor- 
mation to the computer where it is checked against informa- 
titn on file in the computer memory. In the meantime, the 
search function continues without interruption. Information 
on file may indicate that: 

1. This is a target whose mission is known and no further 
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Fig. 9. Block arrangement showing control of several sites. 

information is required. No tracking action is called for. 
2. This may be a known target but one whose ephemerides 

or other characteristics are not exactly known and additional 
information is desired. In this case, a track program tailored 
to obtain the desired information is initiated. 

3. This is a new and unknown target. This answer initiates 
a track program that will obtain the maximum amount of in- 
formation on the object detected. 

4. This is a target already under surveillance, no additional 
action is required. 

As indicated previously, as many as 100 tracking programs 
can be carried on simultaneously without interfering with the 
search function. This ability of the AN /FPS -85 Space Track 
to simultaneously carry on a search program and 100 track 
programs is due to: 

1. The development of phased -array techniques whereby 
beams can be formed and steered electronically in microsec- 
onds. 

2. The use of high -speed computers and large memories 
that can carry out, process, and store complex programs in- 
volving thousands of bits of information. 

3. The development of programming techniques whereby 
all returns, search, and track, are evaluated and weighed 
against information in the memory file before further action 
takes place. 

4. The fact that all equipment and techniques are designed 
from their very inception to operate entirely under integrated 
programmed computer control. 

Control of the System 
On the basis of past experience in tying together individual 

search radars, height finders, and trackers, it would seem that 
the control of the AN /FPS -85 would be inordinately complex. 
This is not necessarily so. 

Fig. 8 shows how an elementary system of one each search 
and height finder plus two trackers might be controlled. In a 
simple installation such as this, the filter would normally be a 
human operator. It would be the operator's job to determine 
which of the many targets located by the search set should be 
tracked. The azimuth angle and range of the selected target 
would then be passed on to the (Continued on page 62) 
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Fig. 1. Circuits of four types of couplers 
pier. (B) Four -set coupler. ICI High -band 
coupler. IC) A coupler used to separate 

(D) 

(Al Two set cou- 
low -band (v.h.f.) 
u.h.f. from v.h.f. 

Besides covering the theory of operation of these devices, this article also points out a problem that 
can occur when two or more TV sets are coupled to a common antenna. One may be severely degraded. 

MULTISET couplers are used when it is desired to 
connect more than one TV set to a common an- 
tenna. There are several types of multiset couplers 

presently being used: those having built -in amplification, 
those using resistive splitting for strong- signal areas, and 
those with a relatively low -loss impedance- matching network. 
This article will cover the most common types, i.e., the pas- 
sive, relatively low -loss multiset units, and will attempt to 
show why certain types of problems exist in installations 
using them. 

The typical two -set coupler shown in Fig. lA consists of 
two impedance- matching, coiled transmission -line transform- 
ers having a characteristic impedance of about 420 ohms. 
When a 300 -ohm TV set is connected to one of the coupler 
output terminals, it will appear as a 600 -ohm reactance at the 
coupler antenna terminals. When the two outputs are con- 
nected to a pair of 300 -ohm input TV sets, the two 600 -ohm 
reactances are connected in parallel at the coupler antenna 
input, thus producing a 300 -ohm load for the 300 -ohm an- 
tenna. Coupling loss for this type of device is about 3 db. 

If both TV sets hooked to the coupler outputs have approx- 
imately 300 -ohm input impedance, and if the antenna has a 
300 -ohm impedance, then the two 270 -ohm resistors will have 
no effect on the circuit as they are connected across circuit 
points having the same potential. 

Mutual interference between the two sets will be reduced 
because there are two paths that an interfering signal can 
take to get from one set to the other. One path is through 
the 270 -ohm resistors, and the other path takes the signal 
through one impedance transformer, where it is then shunted 
by the antenna impedance and passed through the other 
impedance transformer. As each of these transformers is 
approximately 34-wave long, the signal following this path 
will be reversed 180° to cancel out the signal arriving through 
the resistors. 

However, the usual case is that the antenna is not a pure 
300 -ohm source and the impedance transformers are only 
)á -wave long at one frequency. A balance is struck by having 
the transformers ;I -wave long at the center of the low v.h.f. 
band and 94-wave long at the center of the high v.h.f. band. 

Isolation between the two sets is about 12 db at channels 
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2, 6, 7, and 13, reaching about 25 or more db on channels 4 
and 10. 

A typical four -set coupler is shown in Fig. 1B. Here, a 
transmission -line system converts the 300 -ohm antenna im- 
pedance into approximately 173 ohms. Like the two -set cou- 
pler, this impedance transformer is 11-wave long at the center 
of the low v.h.f. band and % -wave long at the center of the 
high v.h.f. band. 

Each TV set has a resistor of 100 ohms connected in series 
with it, making a total of about 400 ohms per set. When the 
four terminals are connected in parallel (a TV set hooked to 
each pair of terminals), the resulting impedance is about 100 
ohms, thus making up the load for the impedance transformer. 
These 100 -ohm resistors produce about 1;I -db loss and also 
provide some resistive isolation among the four sets. The 
net result is a device that produces nearly 8 -db signal loss 
to each set. If the resistors are not used, then this would be 
a true impedance coupler. In this case, there would be only 
6 -db loss if each set had a 300 -ohm input impedance. How- 
ever, the impedance at the antenna of a TV set varies greatly 
depending on which channel it is tuned to and the condition 
of the fine tuning control. Therefore, it is very possible that 
one operating set can have a sufficiently low antenna imped- 
ance to effectively short out the signal at the other three. 
Hence the resistors. 

The coupler shown in Fig. 1C can be used when it is de- 
sired to separate the v.h.f. high band from the v.h.f. low 
band for some particular installation. Operation is similar 
to an audio crossover system ( except for frequency) . The low 
band has an upper frequency cut off of about 125 mc., while 
the high -band network has a low- frequency cut off which is 
also about 125 mc. The filters are connected in parallel at 
the antenna terminals so that the input impedance of one 
filter acts as the terminating reactance for the other. 

In the case where it is desired to connect a u.h.f. set and 
a v.h.f. set to a combined u.h.f. /v.h.f. antenna, the coupler 
shown in Fig. 1D is often used. Here, as in the high -band/ 
low -band coupler, a pair of filters is used to separate the two 
frequencies. The upper cut -off frequency of the v.h.f. filter 
is about 300 mc., while the u.h.f. filter operates between 300 
and 1000 mc. (Continued on page 76) 
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A 
MODERN 

BROADBAND 
CATV 

SYSTEM 
By JOHN FRYE 

A study in depth of a model broadband cable 

TV system, from the time signals are picked 

up until they arrive at customer's TV set. 

AST year an average TV viewer in Logansport, Indiana 
needed a high -gain antenna atop at least a 50 -foot 
tower to get barely tolerable reception from the three 

closest v.h.f. stations at Indianapolis, about 70 miles to the 
south. Distance alone did not account for the poor reception. 
Logansport lies in a deep valley cut into limestone by the Eel 
and Wabash Rivers that flow together in the center of town. 
Much of the city lies 100 feet below the surrounding terrain. 
Moreover, B -58's taking off and landing around the clock at 
Bunker Hill AFB, eight miles south- southeast and squarely in 
the reception path, created terrific airplane flutter. 

If tie viewer's set was equipped for u.h.f., he could put up 
a u.h.f. antenna and rotator and get good signal strength on 
channel 18 from Lafayette, 40 miles southwest, or on chan- 
nels 72 and 76 telecast from the Midwest Program on Air- 
borne Television Instruction ( MPATI) plane flying at 23,000 
feet, 60 miles to the east; but many viewers felt the program- 
ming and limited telecasting schedules of these stations did 
not warrant the expense. Occasionally a thermal inversion per- 
mitted channel 4, Bloomington, or some of the Chicago sta- 
tions to be watched for a few minutes or even hours, but 90% 
of the viewing was on channel 6 (NBC), channel 8 (CBS), 
and channel 13 (ABC) from Indianapolis. 

Deep variations in received signal strength of these stations 
created a major problem. Table 1 lists maximum and mini- 
mum readings measured over a 24 -hour period at the author's 
home with a Jerrold 704B signal- strength meter. Signals were 
received on an all -band yagi 55 feet in the air and a bowtie- 
and- corner reflector u.h.f. antenna 50 feet high. Both antennas 
were on a rotating mast, and separate 75 -foot lengths of foam - 
filled, low -loss lead -in came directly from the antennas to the 
meter. Actually, over a period of days, minimum levels often 
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Fig. 1. The network of pickup points and microwave relay 
stations used to provide Logansport with multichannel TV. 

fell below those logged in this short period. Pictures from even 
the strongest v.h.f. stations on channels 6 and 13 occasionally 
disappeared completely in the snow, and rarely was there 
enough signal strength to overcome strong ignition noise. 

Today a Logansport viewer can receive the ten stations 
shown on the map of Fig. 1 with only his v.h.f. receiver. In ad- 
dition, he can receive six FM stations over the same cable that 
brings him the TV signals. As a bonus, one of the two remain- 
ing blank channels will occasionally light up with a local -in- 
terest program televised by a camera feeding directly into the 
cable. Table 2 gives signal strengths measured across the 
cable input to the author's receiver during the same 24 -hour 
period. A step -by -step analysis of how the Logansport Cable 
TV Company, jointly owned by Jerrold and the Alliance 
Amusement Company, was able to effect this startling change 

Table 1. Microvolts across TV receiver input 
terminals delivered by 50- foot -high antennas. 

Channel 
4 
6 

8 

13 

18* 

Maximum 
80 

500 
100 

400 
2000 

Minimum 
10 

140 

20 

80 

1400 

MPATI not available at time of tests but roughly equal to channel 18. 
*Converted to channel 5. 
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Technician installing pressure tap on distribution line 
for housedrop. Note strain -relief arrangement used here. 

15 to 24 db of attenuation at channel 13. Since mechanical 
considerations often make it necessary to mount amplifiers 
closer together than the optimum spacing, it is necessary to 
have equalizers for shorter lengths of cable. 

Head -end receiver a.g.c. circuits maintain the individual 
levels of signals entering the cable, but how about the corn - 
posite level after that? Weakening tubes, changes in cable 
attenuation, etc., can cause unwanted variations in the signal 
level in the trunk line. Trunk -line a.g.c. is needed to keep this 
level constant. One of the TV signals can be used to produce 
amplifier a.g.c., but this would tie the gain of the whole sys- 
tem to that one signal, and if it were lost, the a.g.c. would be 
lost. Instead, a crystal -controlled carrier on 73.5 mc. (the 18th 
signal) is placed between channels 5 and 6 and is put on the 
cable at a level 15 db below the video signals. At every third 
line amplifier, this signal is picked off, amplified, and rectified 
with a plug -in a.g.c. unit, and the resulting d.c. is used to con- 
trol the gain of that amplifier. Other amplifiers have their 
manual gain controls set to furnish 31 dbj output. All head - 
end equipment and all amplifiers in the system use regulated 
power supplies. The result is that signal level, measured at the 
output of any amplifier in the whole trunk -line system, is 
maintained within 2 db. 

There is another problem. Cable attenuation changes 
roughly .1% for every degree F. You can ignore this when your 
cable is measured in feet but not when it is measured in miles. 
(Logansport Cable TV uses 65 miles of cable, exclusive of 
housedrops.) Jerrold's solution is to employ a temperature 
compensator at the input to every third amplifier. The com- 
pensator, hung on the messenger cable in the sun, uses two 

Connecting the cable to a customer's receiver. The imped- 
ance- matching transformer is just below technician's left hand. 

thermistors to compensate for the tilt in the preceding 21 db 
of cable -it replaces the equalizer unit for that amplifier -and 
it compensates for temperature variations in the preceding 64 
db of cable. (Jerrold measures cable in db of attenuation at 
channel 13 instead of in feet.) When it is necessary to divide 
the trunk line, a passive line splitter is used that gives 3 db 
attenuation in the forward direction and at least 15 db of iso- 
lation so that a failure in one branch will not materially affect 
the other. 

The only way signals are taken off the trunk line is by 
means of one of two different types of bridging amplifiers. 
One is always used with a line amplifier and is housed in the 
same cabinet. With 31 -dbj input, it provides 40 dbj at each of 
four 75 -ohm outputs. It has a frequency response within ±3s 
db between 54 -108 mc. and 174 -216 mc., and features indi- 
vidual gain controls for the high and low bands. 

The other unit is designed to connect in the main trunk 
line and covers the same frequencies. Since signals in the 
cable will have acquired a tilt at the point where this latter 
amplifier is inserted, equalizing pads are used in the input to 
correct for this, and controls in the amplifier furnish some ad- 
ditional tilt correction. With 8 dbj minimum signal input, the 
amplifier will deliver 40 dbj to each of two 75 -ohm outputs. 

Type 408D double- shielded 75 -ohm cable, .460" in diam- 
eter and having 1.6 db attenuation per 100 feet at channel 
13, is used for all distribution lines coming out of these two 
amplifiers. Two types of line- extender amplifiers are used to 
keep the signal level up in long runs of distribution cable. 
These are all -band extenders covering the high and low v.h.f. 
TV and FM bands with minimum gains of 40 db on the high 
band, 39 db on the low band and at 98 mc., but only 25 -db 
gain at 108 mc. Now you see why FM stations are placed on 
the low end of the band. This amplifier can produce 40 -dbj 
output with 1 -dbj input and features amplifier -tilt controls, 
separate high- and low -band gain controls, and plug -in tilt 
equalizers for the low band only. 

The high -band extender is used to prop up drooping high - 
band signals at the end of the line. Low -band signals are by- 
passed around the amplifier while the high band is boosted 
20 db. 

Housedrop cables can be connected anywhere along a dis- 
tribution line. RG -59 /U, JEL -105, or JT -205 cable is used for 
housedrops. All are 75 -ohm cables, .242" in diameter: RG- 
59/U has 6 -db loss per 100 feet at channel 13; JEL -105, 5 -db; 
and JT -205, 3.75 -db. Connection to the distribution cable is 
made by means of a pressure tap containing an isolation in- 
sert. If the connection is made near an amplifier where there 
is little tilt, a resistive insert is used. These come in 40 -, 35 -, 
and 30 -db ranges. If the tap is some distance from an ampli- 
fier, a capacitive insert is used to correct the tilt. Various types 
are available, covering 34 -db attenuation at channel 2 and 
22 -db at channel 13; and 16 -db attenuation at channel 2 and 
6 -db at channel 13. The aim is to come as close as possible to 
providing 0 dbj on all channels to the house. This is true for 
both monochrome and color sets. With a good flat -response 
system, there is no necessity to brute -force the color signal 
through with excessive signal strength. 

The housedrop terminates in a baseboard -mounted junc- 
tion with an FM tap. This tuned tap provides 8- to 17 -db iso- 
lation of the FM band. Coax leads for both the TV set and the 
FM receiver come from the junction box and terminate in 
impedance- matching transformers, each of which employs a 
bifilar transformer, capacitors, and a tuning coil to transform 
the 75 -ohm single -ended cable to 300 -ohm balanced twin - 
lead. About six inches of twin -lead goes to the TV- or FM -set 
terminals. Voltage is doubled in the transformation, so that 
1000 microvolts across the coax becomes 2000 microvolts 
across the TV -set terminals. Cable splitters can be provided 
to furnish signals to more than one television receiver within a 
single household. (Continued on page 66) 
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COMPUTERS IN BUSINESS 
By ED BUKSTEIN 

Northwestern TV and Electronics Institute 

. * .. 

.. 

Applications for electronic data processing include 
payroll calculations, inventory recording and control, 
accounts payable and receivable. Here are techniques 
used in the computer to handle these basic operations. 

ATHOUGH the digital computer has been much publi- 
cized for its ability to solve complex mathematical 
formulas, it is more often used for simple arithmetic 

operations. In a payroll application, for example, the com- 
puter multiplies the number of hours each employee worked 
by his hourly pay rate. It then performs the necessary sub- 
tractions for withholding tax, Social Security, insurance pre- 
miums, etc. It also keeps track of each employee's year -to- 
date withholding tax and Social Security payments. 

Why use a computer for this simple fifth -grade arithmetic? 
Because it is fast and accurate. In a few hours the computer 
can complete the payroll calculations for a large firm with 
thousands of employees -a task that might otherwise require 
the full -time efforts of a staff of payroll clerks. Furthermore, 
the computer is much less likely to make an error because 
it does not try to anticipate a forthcoming coffee break, it 
does not pause to admire a passing secretary, and it is not 
interested in the progress of a baseball game. 

A further advantage of the computer is its ability to pre- 
pare management reports that might not be economically 
feasible to prepare if the work had to be done by humans. 
As a by- product of its regular calculations relating to payroll, 
inventory, and sales statistics, the computer accumulates 
much information of value to managers and executives in 
making decisions, formulating policy, and establishing pro- 
cedures. 

Certain basic data -processing procedures occur in practi- 
cally all businesses: payroll calculations, inventory recording 
and control, accounts payable for services and goods received 
from suppliers, and accounts receivable for services and goods 
furnished to customers. In addition, special data -processing 
problems arise in certain businesses. Airlines and railroads, 
for example, must keep track of seat reservations on a minute - 
by- minute basis to avoid the embarrassment of two offices 
selling the same seat to two different passengers. In the pub- 
lishing field, magazines having subscription lists of several 
million accounts employ computers to control the printing 
of address labels and to process subscription data so that 
renewal literature will go out to about -to- expire accounts. The 
computer also compiles subscription data in terms of geo- 
graphical area, expiration dates, and other factors required 
for management decisions. In banking, checks are read 
quickly and accurately by means of magnetic ink and corn - 
puters up -date accounts according to the deposits, the inter- 
est, and the withdrawals that are made. 

File Processing 
The file concept is basic to business data processing. A 

file is a collection of information about employees or cus- 
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tomers' accounts or whatever other type of data is to be proc- 
essed. In a payroll application, for example, the file contains 
the name of each employee, his Social Security number, hourly 
pay rate, and deductions. In an inventory control application, 
the file contains the stock number of each item, the quantity 
of that item remaining in stock, and the re -order level ( at 
which the stock must be replenished) . In physical form, the 
file may be a deck of punched cards, a reel of magnetic tape, 
a magnetic drum, or a stack of magnetic discs. 

The examples just given refer to master files. These contain 
permanent or semi -permanent information which is up -dated 
periodically. By contrast, a detail file, also known as a trans- 
action file, contains relatively transient information. An ex- 
ample is a file containing information about items sold during 
a particular day or week. This detail file is then used to 
modify the master file of customers' accounts, increasing the 
balance due according to the purchases of each customer. 
The detail file may also be used to up -date a master inventory 
file. 

Data -processing procedures are determined, to some ex- 
tent, by the characteristics of the file, that is, whether the file 
provides sequential or random access to the records. A se- 
quential access file is one in which a given record can be 
reached only by passing through all of the intervening rec- 
ords. A reel of magnetic tape is representative of this type 
of file. In an inventory- control application, for example, the 
magnetic tape may contain the part numbers and other 
pertinent data about items stored in a warehouse. This master 
file is processed in accordance with a transaction file con- 
taining details of orders received for various items. For each 
such item the tape file must be read to determine if the 
quantity remaining in stock is sufficient to fill the order, to 
prepare shipping instructions, to subtract the quantity ord- 
dered from the remaining quantity, and to issue re -order 
instructions if the remaining stock has dropped below a pre- 
determined level. 

Typically, the records on the master file are in ascending 
order according to part number. If the records are to be 
processed for part number 150, for example, and then for 
part number 600, the tape must be searched through 450 
records before it arrives at the record for part number 600. 
This is a characteristic disadvantage of the sequential access 
file. To avoid numerous back -and -forth searches through the 
tape file, the transaction file should also be in ascending order 
according to part number. 

Typically, the transaction file is a deck of punched cards 
prepared from sales slips and order books. These cards are 
then read one at a time, and for each card the tape is searched 
to find the record for the corresponding part number. Since 
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SOURCE 
DOCUMENTS 

C 

f 
MASTER FILE 

CARD PUNCH 

TRANSACTION FILE 

SORTER 

Fig. 1. Flow chart shows operations sequence for data processing. 

the cards and the tape are both arranged and recorded in 
ascending order according to part number, the master file can 
be up -dated in one "pass" through the tape. 

Random -Access Files 
In contrast to the sequential -access file, the random- access 

file permits reading of the records in any order. Since it is 
not necessary to pass through all intervening records in going 
from one to another, it is not necessary to sort the transaction 
file into the same order as the master file. Magnetic discs and 
magnetic core devices are examples of random -access files. 
These generally are more costly than sequential- access de- 
vices, but they simplify the data processing by eliminating 
the need to sort the transaction file. 

In general, batch processing is employed with sequential - 
access files. The details of the individual transactions are 
accumulated over a period of time, and the whole group 
(batch) is then processed. In processing sales data, for ex- 
ample, it is usually sufficient to accumulate the sales slips 
and then process the data once a day or even once a week. In 
other applications, however, it is necessary to process each 
transaction as it occurs. In an airlines reservation system, for 
example, each transaction must be immediately processed. To 
wait until the end of the day to up -date the file may result 
in multiple sales of the same seat on the same flight. In such 
applications, random -access files are preferable because the 
desired record can be reached directly and quickly without 
passing through all intervening records. 

Flow Charts 
People responsible for planning data -processing jobs use 

flow charts extensively. An example of a flow chart is shown 
in Fig. 1. The source documents (sales slips, for example) 

PUNCHED CARD 

CARD FILE 

SORTER 

PRINTER 

CLERICAL OPERATION 

MAGNETIC -TAPE 
UNIT 

MAGNETIC DRUM 

CENTRAL - PROCESSING 
UNIT 

Fig. 2. Some symbols that are commonly employed on flow charts. 

are converted, by an operator, to punched cards. This col- 
lection of cards is the transaction file and is then sorted into 
the same order as the cards in the master file. The master 
file and the transaction file are then merged so that each 
master card is followed by the transaction card or cards re- 
lating to the same item, part number, product, etc. With the 
files merged in this manner, the processing can then continue 
through additional steps that remain. 

Flow chart symbols have not yet reached the status of in- 
dustry -wide standardization. Some frequently used symbols 
are shown in Fig. 2. The terms "flow chart" and "block dia- 
gram" are sometimes used interchangeably, but the distinc- 
tion is often made that the block diagram is a more detailed 
representation than a flow chart. Some equipment manufac- 
turers and programmers use different sets of symbols for flow 
charts and for block diagrams. 

Fig. 3 shows a portion of a block diagram for processing 
payroll data. Each card contains the name of an employee, 
his payroll number, and the number of hours he worked. The 
hourly payrate, deductions, and other pertinent data regard- 
ing the employee are contained in his record in the master file. 
It is therefore necessary to locate the master record corre- 
sponding to each card. As indicated in Fig. 3, each card is 
read and the next master record is then read. If the card 
and the master record are not for the same employee, the 
next master record is read. In this manner, the master file is 
searched until the correct record is found. The payroll com- 
putation for that employee then proceeds. Normally, the cards 
and the master records are in the same order and the next 
card in the deck will match the next record in the master 
file. However, variations in this one -to -one correspondence 
of cards and records sometime occur and must be planned for 
in advance. It may happen, for example, that there is no card 
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( WRITE 
OUT -OF -STOCK 

NOTICE 

C 

READ A CARD 

( READ 
MASTER -FILE 

RECORD 

COMPUTE 

NO 

fig. 3. Some of the steps that are required in payroll processing. 

for one of the employees, because the employee did not 
work that week. This is handled, as indicated in Fig. 3, by 
advancing to the next master record until the correct one 
is found. 

Fig. 4 shows a block diagram of some of the steps in proc- 
essing inventory data. Each card corresponds to an order 
received for a particular product. After each card is read, 
the master file is searched to find the record for the same 
product. The master file record contains, among other in- 
formation, the number of units remaining in stock. If the 
remaining stock is insufficient to fill the order, an out -of- 
stock notice is printed and processing continues by reading 
the next card. If the remaining stock is sufficient to fill the 
order, the number of units ordered is subtracted from the 
inventory. The new remainder is then tested to determine 
if it has dropped to the re -order level. If so, a re -order in- 
struction is printed. The new remainder is then written into 
the master record to replace the old remainder, and process- 
ing continues by reading the next card. 

When a card file is involved in processing, it is necessary 
to include a "last -card test." Otherwise, the equipment will 
"hang up" as it attempts unsuccessfully to process the next 
card after there are no cards left. A block diagram of a last - 
card check is given in Fig. 5. After each card is read and the 
necessary processing steps are performed, the last -card test 
takes place. If the card just processed is not the last one, the 
next card is read and processing continues. If it was the 
last card, printing or other output operations are performed 
and the machine then halts. 

Ultimately, each step represented in the block diagram 
must be converted to a series of machine- language instruc- 
tions. These instructions are then stored in the memory of the 
computer so that processing can proceed automatically. 

( 
READ A CARD 

( LOCATE MASTER 
RECORD FOR SAME 

( PART NUMBER 

IS 
REMAINING 

STOCK SUFFICIENT 
TO FILL 
ORDER? 

SUBTRACT 
ORDER FROM 
INVENTORY 

IS 
REMAINDER 

AT OR BELOW THE 
RE -ORDER 
LEVEL? 

NO 

YES 

/ WRITE UPDATED 
RECORD BACK INTO j 

MASTER FILE 

WRITE 
RE -ORDER 

NOTICE 

Fig. 4. Steps required in an inventory -control application. 

PRINT TOTALS 

Fig. 5. "Last -card check" halts computer after processing. 

February, 1965 43 

www.americanradiohistory.com

www.americanradiohistory.com


Electronic systems must operate properly for extended 
periods of time. Here is a summary of the basic concepts 
of how component and system reliability are determined. 

A 
Selectronic systems grow in size and complexity, reliabil- 

ity becomes increasingly important. Reliable systems 
safeguard lives and property and reduce operating 

costs. Our nation's security depends upon many electronic 
systems functioning properly for extended time periods. 

Reliability 
"Reliability is the probability that an element performs its 

mission for a given period of time." Other definitions exist, 
but they all boil down to the same thing. Now let us examine 
our definition in detail. 

Probability is nothing more than the "chance" that some 
event will happen. Intuition tells us that if we flip a coin, the 
chance of a "heads" is one out of two. If we draw a card from 
an ordinary pack of playing cards, the chances of drawing the 
ace of spades (or any other particular card) are one in 52, 
assuming the jokers are removed from the pack. If we ask 
what the chances are of drawing a particular suit, say dia- 
monds, the answer is one in four. But talking about "chance" 
in this manner would prove to be cumbersome, so let us intro- 
duce some simple mathematics to give us a shorthand method 
of discussing chance. 

If we agree to call probability ( "p ") the number of ways 
the desired event can happen divided by the total number of 
possible events, we have a more compact way of talking about 
chance. Since we see that a "heads" can occur only one way, 
and since two events are possible (heads or tails), the prob- 
ability of a heads showing up is just ? _ or 0.5. The probability 
of drawing a diamond from the pack of cards is 13 diamonds 
divided by 52 cards= % or 0.25. As for drawing the ace of 
spades, one ace of spades divided by 52 cards =1i:,2 = 0.019 
(to three decimal places).. Calculating probabilities is done 
the same way for any situation but is not always so straight- 
forward. Notice that probability is always a positive number 
between zero and one, or else zero or one. A probability of 

lIA SIC 
PRINCIPLES 

of 
RELIABILITY 

By JOSEPH H. WUJEK, JR. 

zero just means that the event is impossible, such as the prob- 
ability that out of a bag of pennies you will draw a dime. The 
probability of one is just the certainty of an event. The prob- 
ability of drawing a penny from a bag of pennies is of course 
one. 

Now that we have an idea of what we mean by probability, 
let us go back and look at our definition of reliability once 
again. An element can be almost anything, but for our pur- 
poses let us confine ourselves to electronics. Then an element 
is a resistor, a vacuum tube or transistor, a TV set, a radio, or 
an electronic computer, or anything we wish to discuss. 

"Mission" means that an element performs the function for 
which it was designed. The mission of a soldering iron is to 
melt solder. The mission of a broadcast receiver is to convert 
electrical signals to the signal as originally transmitted. Now 
we might revise our definition to read: "Reliability is the 
chance that something performs properly over the time period 
that we want it to work." 

Time -Dependence 
There is another important idea in reliability that we need 

to understand. This idea is the time -dependence of reliability. 
Suppose we had just constructed a TV set from a do -it -your- 
self kit. Even though we had some experience in assembling 
electronic equipment, we would still be surprised if the set 
worked perfectly the first time we plugged it in. We might 
have miswired a circuit, reversed a semiconductor diode, or 
the like. So we plug it in. Suppose after a few cycles of "off 
and on" operation it fails to work properly. Then, we go to 
work with our equipment and tools to diagnose the trouble. 
The process we are describing is the familiar "debugging" 
process that is required in all electronic equipment. We can 
appreciate that for the TV set we have discussed, "debug- 
ging" will probably last only a few hours. For a radar system 
"debugging" may take several weeks. For an electronic corn- 
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puter of 100,000 transistors the process 
may take several months. We find a 
problem, correct it, and perhaps another 
problem arises. This kind of process is 
characterized by many failures, spaced 
at short time intervals. 

Instead of an electronic system, we 
might be placing vacuum tubes under o 
power and leaving them on test, or burn- o 
in. Soon after the test starts we expect to o 
see some failures. Even with good qual- á ity- control practices, a few defective - O.' 

units will pass inspection. Because these 
units tend to fail early in the test, this is 
called "infant mortality." (See Fig. 1.) W 

After a short time, say 100 to 200 hours, 
failures become less and less frequent. 
Similarly with our TV set. It is bound to 3 
fail every now and then, but not as often u. 

as during the "debug" stage. 
Let us suppose that we have operated 

our TV set or test group of vacuum tubes 
for four or five years. Now we notice that 
failures occur more and more often. This 
is not surprising, for "time has caught 
up" with us. We are now in the "wear -out" region of Fig. 1. 
In the case of our TV set, we can extend the time it takes to 
get to "wear -out" by routine maintenance, but sooner or later 
we will get to a point where the set is on the bench most of the 
time. We say it is "worn out" and buy another, as it is not 
worth repairing any more. 

There are a few things we can do to extend tube life, but 
the point is that, unlike our coin -flipping or card- drawing, the 
probability of the TV set or tubes working properly depends 
upon when we expect to look at the results. If we average the 
time between failures, we get a quantity known as the Mean 
(average) Time Between Failures, or MTBF. The MTBF is 
low during "debugging" and "wear- out "; it is higher during 
the useful life of the element. 'Bear in mind that this is an 
average, no more nor no less. If a TV set proves to have an 
MTBF of, say, seven months, that does not mean that it will 
fail at exactly seven -month intervals. It just says that on the 
average it will fail every seven months. This is like a .300 
hitter in baseball. Over the season he averages three hits in 
every ten official at -bats, but he may go hitless in 30 at -bats 
one week and get 15 out of 25 the next, and so on. 
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Failure Rate 
People who work with reliability also talk about failure 

rate. Failure rate is the reciprocal of MTBF, or failure rate 
equals 1 /MTBF. If we average one failure in six months, the 
MTBF is six months and the failure rate is 0.167 per month. 
Failure rate is usually expressed as "percent per thousand 
hours." If we assume 30 -day months, six months is 180 days or 
4320 hours. Then the MTBF is 4320 hours and the failure rate 
is 0.00023 per hour, or 0.23 per thousand hours, or 23% per 
thousand hours. Fig. 1 shows a typical failure -rate curve for 
an electronic part. The time scale for different parts will be 
variable, but the shape of the curve is essentially the same for 
different parts. From the start ( zero time) to about 150 hours, 
the failure rate is high (MTBF low) due to "debugging" or 
"infant mortality." The curve is constant, or flat, out to about 
20,000 hours, and then the failure rate increases ( MTBF de- 
creases) when "wear -out" starts. In passing, we should men- 
tion that some parts and /or systems behave differently with 
time, but the behavior we have described is most typical and 
is most commonly used by those attempting to predict relia- 
biYity. There are some methods available using that branch of 
mathematics known as statistics which give a more detailed 
picture of what is happening, but a discussion of these tech- 
niques is beyond the scope of this article. 
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Fig. 1. Failure rate curve showing use -time relationship. 

10,000 

We have said a great deal about failure rate and MTBF, 
but we still have not discussed getting at the probability that 
something will work. From the branch of mathematics called 
differential equations we can show the following. If we are 
operating in that region of the curve of Fig. 1 where failure 
rate is constant (flat), then the reliability R of an element is 
R =e-t /MTBF' where t is time. This equation looks familiar be- 
cause it is similar to the voltage discharge of an RC circuit if 
the capacitor were charged to one volt initially, and if the 
MTBF were the "RC time constant." So with any MTBF the 
reliability is one when we first start out at "zero time." We 
must recognize that "zero time" in the reliability equation 
refers to the start of the mission after "debugging" and before 
"wear- out," and hence is not the "zero time" of Fig. 1. "Zero 
time" for the mission (using the part described by Fig. 1) 
would be found after 150 hours and before 20,000 hours, 
where the curve is flat. If our mission extends into the "wear - 
out region" then the reliability equation we have given no 
longer applies. 

If the MTBF is 10,000 hours, then at 1000 hours the prob- 
ability of proper function is about 0.9, or nine chances out of 
ten. When we have had the system operating for 10,000 
hours, reliability is one "time constant down," so reliability is 
only 0.37, or 37 chances out of 100 that we will still be "on 
the air." Notice that if we want to have a nine- out -of -ten 
chance of being operational at some time T, then our MTBF 
should be 10r. It should be clear that our equation requires t 
and MTBF to be in the same units. The chances are about 
even, or approximately one out of two for being operational 
when t= 0.69XMTBF. See Table 1. 

For many years, few people worried about reliability. A 
manufacturer built parts or systems using a reasonable 
amount of care, and his job was finished. But as systems grow 
bigger, maintenance costs become higher, so more reliable 
equipment is now needed. Meanwhile we are learning how to 
estimate the reliability of a system by the use of careful design 
techniques and the proper choice of components. 

Table 1. Reliability (success probability) as a time function. 

Time 

(t) 

0 MTBF MTBF 

10 

.905 

MTBF 

5 

MTBF .69 MTBF MTBF 2 M1BF 3 MTBF 

20 

.951 

2 

.607 Reliability 
Or Probability 
Of Success At 

Time (t) 

1 

(certainty) 
.819 .502 

(1 chance 

in 2) 

.368 .135 .05 

(1 chance 

in 20) 
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NEW 
SOLDERING 
TOOLS AND 

TECHNIQUES 
By WALTER H. BUCHSBAUM 

New approaches to soldering methods now permit 
close control of soldering material and temperature 
besides allowing high -speed automated techniques. 

THREE developments have been primarily responsible 
for the creation of new soldering techniques. These 
are the introduction of printed wiring; the expanding 

use of transistors; and, most recently, microminiature circuits. 
As components and circuits have become smaller, soldering - 
tip size has also shrunk while the temperature sensitivity of 
semiconductor materials has made it necessary to limit the 
applied heat. Printed wiring has made it possible to use ma- 
chines to solder many connections simultaneously by dipping 
the entire assembly in molten solder. 

In computers and other large systems, where millions of 
solder connections affect the reliability of electronic equip- 
ment, it is essential that each connection be perfect for the 
life of the equipment. Cold solder joints and corrosion can- 
not be tolerated, and for that reason new techniques and 
materials were developed to assure perfect soldered connec- 
tions. Soldering has become a specialized branch of produc- 
tion engineering, resulting in precise specifications for the 
various chemicals, carefully controlled temperatures, and a 

Table 1. Soldering iron power for various types of joints. 

POWER 
(WATTS) 

TIP SIZES 
(INCHES) 

APPLICATION 

12 -18 2-316 

.020 inch thick P/C boards. integrated 
circuits, 30 or smaller gauge wire and 

lugs for that size. 

20 -30 316 -36 
.030 inch thick P/C boards, miniature 
components (diodes, transistors), 24 
gauge wire and lugs for that size. 

40 -50 316-1 
.060 inch thick P/C boards, miniature 
tube sockets, connectors, 20 gauge wire, 
turrets and terminals for that size. 

50 -100 4 -% Standard components, connectors, 16-18 
gauge wire, cables and terminals. 

High -speed production on standard com- 

100 -150 14-Y8 ponents, etc. Ground lugs and joints on 

chassis. 

200 -300 2 -S Thin sheet -metal work, heavy shielding 
braid, ground straps. 
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well- defined system of inspection and test. This field is now 
so exact that the angle made by the solder and the conductor 
serves as numerical measure of the solder joint quality. For 
our purpose, the practical aspects of the new soldering tech- 
niques, such as automatic -wave soldering, ultrasonic, and 
microcircuit assembly are of interest. 

In order to illustrate what these techniques are and how 
they are used, typical examples are presented. 

Miniature Hand Soldering 

Every manufacturer of soldering irons now offers low - 
power, small -size soldering pencils especially designed for 
miniature and semiconductor work, but space does not per- 
mit us to show and describe them all. Tips are available as 
fine as the" in diameter and, in addition, many special shapes 
of tips both for soldering and unsoldering are on the market. 
One of the latest versions is the pistol -grip ( Fig. 1) . The pis- 
tol -grip, it is felt, has some advantage in light production 
work since the whole hand rather than only three fingers is 

used to hold the iron. Like most low -power soldering irons, 
it usually operates from a low- voltage transformer and is suit- 
able for use on transistors and other semiconductors. 

The problem of solder temperature and its effect on the 
size of soldering -iron tip is quite complex. For one thing, the 
soldering iron temperature itself depends not on the wattage 
rating but rather on its construction and on the thermal dissi- 
pation rate. A 100 -watt iron, once it has reached its equilib- 
rium temperature, will radiate 100 watts into its surround- 
ings. If this iron rests on a large metal plate, an equilibrium 
will soon be established, with the iron temperature relatively 
high while the temperature of the metal plate decreases as 

we get farther away from the iron itself. If the metal plate 
can radiate much more than 100 watts into its surrounding 
air, the heat drain on the iron will be greater than the 100 - 
watt supply, causing the tip temperature to be low. If the 
same 100 -watt iron is placed in a well -insulated box, it will 
be unable to dissipate 100 watts into the surrounding air 
without substantially raising the temperature in the box. The 
tip temperature itself will rise beyond what it would be in 
free air until another equilibrium is established. We see from 
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these two examples that, regardless of actual soldering tem- 
perature, the power rating of the soldering iron itself must 
be compatible with the size of the soldered connection. In 
Table 1, a rough guide of soldering -iron power vs the type 
of solder connection is given. The thickness given for printed 
circuit boards refers to the copper path only and not to the 
insulating material. 

The temperature of the soldering -iron tip must be higher 
than the solder melting point in order to heat up the wire 
and terminal lug or other parts that must be soldered. Only 
when these parts are at a temperature higher than the solder 

* melting point can a good solder connection be made. All the 
solder used in electrical work is a tin -lead alloy, but for such 
special applications as tinning ceramics or glass, indium alloys 
must be used. For sealing canned foods, a lead -free tin alloy 
is used. In electronics, practically all solder will be ASTM- 
60-A, an alloy of 60% tin and 40% lead. For pre- tinning, a 
70 -30 and for plumbing a 50 -50 tin -lead alloy is used. The 
melting point of these solders ranges from 367 °F for the 
70 -30 to 417 °F for the 50 -50 alloy. In general, an increase 
of 60° to 150 °F above the melting point of the solder is 
considered necessary for a good solder joint. For standard 
60 -40 electrical solder and its 370 °F melting point, the 
iron -tip temperature should be 430 °F for very small solder 
joints and 520 °F for heavier wire and larger terminals. 

The question is often asked why most soldering is done 
only to copper with occasional use of silver or gold plating. 
Anyone who has tried to solder to a chrome -plated, or to an 
aluminum chassis, will know that this does not work. Very 
special techniques are required for this. Aluminum soldering 
in particular has been the subject of considerable research 
and a number of special methods have been developed. The 
main problem is that aluminum oxidizes very rapidly as the 
temperature goes up and special fluxes, ultrasonic cleaning, 
and even soldering in a controlled atmosphere have had only 
limited success. The only approved method of joining alumi- 
num is the welding technique in which a helium atmosphere 
covers the welded area. 

The Circon Pulse -Dot Micro -Soldering System combines 
the quick heat characteristic of the soldering gun with the 
small size of a soldering pencil and provides the added fea- 
tures of foot -switch control and carefully measured solder. 
The circuit of this system is shown in Fig. 2 and consists of 
a variable autotransformer followed by a step -down trans- 
former connected to the soldering loop. Temperature control 
is obtained by an approximate setting of the autotransformer 
and by the length of the time during which the foot switch 
is kept depressed as shown by the neon indicator light. The 
small soldering loop is mounted in a pencil -type handle and, 
in practice, the operator dips the loop into the flux and then, 
with the sticky loop, picks up a solder ball. Circon furnishes 
solder balls in 12 graded sizes from .005 to .06" in diameter 
and each solder ball is gold -plated to prevent oxidation dur- 
ing storage. Solder ball and flux are deposited at the point 
to be soldered, the loop is held against the joint, and the 
foot switch is depressed and released when the solder joint 
is complete. Standard soldering loops are available from one 
to three watts and are made of .015" to .025" diameter 
nichrome wire. Because of the small size, this soldering sys- 
tem is normally used together with a binocular microscope 
and is an ideal and inexpensive method for hand soldering 
small quantities of microelectronic circuitry. 

Automatic Temperature Control 
As we have mentioned, the soldering temperature has a 

vital influence on soldering reliability, and therefore many 
soldering systems, from the hand -held pencil iron to auto- 
matic -wave soldering, use some type of automatic temper- 
ature control. Like any automatic control scheme, there is a 
sensing device, either a thermocouple, thermistor, or thermo- 
stat, which controls the heating current. Of the many dif- 
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Fig. 1. A pistol -grip soldering iron designed for light to medium 
production jobs in electronics and communications work. 

ferent systems now becoming available, we have chosen two 
as illustrative examples which we will discuss at some length. 

The first is unique because of its simplicity and because 
it uses a rarely applied physical property. When a ferro- 
magnetic material, such as an iron alloy, is heated, it loses 
its magnetic property at a certain temperature. This temper- 
ature is called the "Curie point" of the particular material. 
In the Weller Electric Corp. soldering pencil shown in Fig. 
3, the Curie -point effect is used in a novel and ingenious way. 

As illustrated in Fig. 3, the soldering -iron tip contains a 
temperature- sensing element made as a disc of nickel -iron 
alloy to which a permanent magnet is attracted. At a given 
temperature, the Curie point of this particular alloy loses its 
magnetic properties and the magnet is then retracted by a 
spring to open the power switch and thus disconnect the 
heating current. As soon as the temperature drops, the mag- 
netic properties of the nickel -iron disc are restored, the per- 
manent magnet pulls up again, and the power switch is 
closed. 

The actual temperature is therefore controlled by the mag- 
netic and temperature characteristic of the nickel -iron tem- 
perature- sensing disc. By using different mixtures of this al- 
loy, tips with temperatures of 500 °, 600 °, and 700 °F are 
available as standard values. Other temperatures can be fur- 
nished on special order. For temperatures between 200° and 
450 °F, this company offers a soldering pencil whose tem- 
perature is controlled by a thermistor which, in turn, con- 
trols a silicon controlled rectifier circuit. 
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Fig. 2. Operator determines heat duration by the foot switch. 

Fig. 3. Curie -point magnetic temperature control. When the 
temperature -sensing element reaches a certain temperature, 
it loses its magnetic property, allowing switch to snap open. 
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ULTRASONIC 
GENERATOR 

Fig. 4. Resistance soldering fixture allows control of both 
heating and cooling times. The microscope aids in positioning. 

The second example of automatic temperature control is a 
sophisticated system of precision soldering, designed espe- 
cially for soldering microelectronic circuits. Shown in Fig. 4, 
the Development Associates system consists of a resistance 
soldering fixture and control unit. A binocular microscope is 
used to observe the positioning of the soldering fixture and 
the formation of the solder joint. Not shown is a foot switch 
which starts the soldering cycle. Until the foot switch is de- 
pressed, the fixture is cold and the two soldering probes are 
positioned (through the microscope) on the joint to be sol- 
dered. Usually, the printed wiring board to which the micro- 
electronic circuits are to be soldered is pre -tinned so that suffi- 
cient solder is deposited on the pad, but it is also possible 
to apply solder during the soldering cycle. Once the solder- 
ing probes are positioned, they are lowered down onto the 
lead ribbon and held against the pad with a preset pressure. 
When the foot switch is depressed, a.c. is applied across the 
two soldering probes, heating up the ribbon and melting 
the solder. The heating cycle can be carefully adjusted for 
the particular type of solder joint, and once this adjustment 
is made, the cycle will then be automatically repeated for 

Fig. 5. In resistance soldering unit, the timing circuit de- 
termines how long an SCR passes current to the solder probes. 
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6. In resistance soldering unit, heat and cool cycles 
can be individually controlled to suit the particular need. 

every subsequent soldering operation that may be required. 
The diagram of Fig. 5 shows the electronics used to con- 

trol the heating cycle. One of the two soldering probes con- 
tains a thermocouple, the output of which can be adjusted 
for the maximum desired temperature. Two switches control 
the heating (rise) time and cooling (fall) time. A magnetic 
amplifier is driven by the timing circuit and controls the SCR 
which, in turn, controls the current to the output transformer 
T2. When the foot switch is depressed, the relay logic con- 
nects Ti to furnish power to the SCR and its diode bridge 
and also starts the rise- or heating -time timing circuit. The 
SCR, controlled by the magnetic amplifier, allows more and 
more current to reach T2 and the solder probes. When the 
limit relay is tripped by the thermocouple, the relay logic 
stops the rise -timing and starts the fall- or cooling- timing cir- 
cuit. The result can be plotted as a graph and is shown in Fig. 
6 which illustrates that the heating and cooling cycles can be 
individually controlled. While not suitable for automatic pro- 
duction, this soldering fixture is very valuable for breadboard 
and prototype equipment assembly of microelectronic cir- 
cuits onto printed wiring boards or other fine soldering. 

Ultrasonic Soldering 
Practically all soldering depends on the chemical cleaning 

action of the flux. This chemical action invariably produces 
corrosion and all fluxes leave a residue which is also corro- 
sive to some extent. When a claim is made that a particular 
flux leaves a non -corrosive residue, this merely means that 
the corrosion will take a longer time. For this reason, some 
cleaning after soldering is always necessary if high reliability 
of solder joints is required. The solder used for hand solder- 
ing in the electronics industry usually contains a flux, either 
as a single core or as several thin strands within the solder 
itself. The most widely used fluxes are activated resin com- 
pounds which can easily be cleaned off with alcohol or any 
of the chlorinated flux removers. 

To eliminate the requirement for a flux of any kind, ultra- 
sonics can be used. For this process, pre -tinning and solder - 
dipping rather than hand (Continued on page 86) 

Fig. 7. Ultrasonic agitation allows tinning of components with- 
out the use of flux. The process takes less than one second. 
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A basic explanation of laser action which results in 
the production of an intense coherent beam of light. 

THE LASER- 
A THREE -STEP DEVICE 

By WILLIAM H. MURRAY 
Physics Department 

Temple University Technical Institute 

THE need for a laser -type device ( which produces light 
amplification by stimulated emission of radiation) has 
only recently been recognized -within the past decade. 

The present communications spectrum, including all frequen- 
cies and microwaves, has a total bandwidth of about 30,000 
megacycles. On the other hand, the visible part of the spec- 
trum is about 300,000,000 mc. wide. It is obvious that the 
development of coherent -light (same phase) devices, such as 
lasers, for the optical frequencies would have a significant 
impact on communications. 

As the volume of information increases, for example, on 
coast -to -coast television and telephone hookups, more and 
wider channels are needed. With the large bandwidths that 
will be available with a laser communications system, infi- 
nitely greater amounts of information can be transmitted. 
Point -to -point communications in space is another application 
of the laser. The laser will be able to boast better trans- 
mission per pound equipment weight than other types of 
communications gear that is in current use. 

How it Works 
A laser is a device which converts energy of one form or 

another into an intense and narrow beam of optical electro- 
magnetic radiation. There are three essential requirements 
which must be met in order to produce a working laser sys- 
tem. The light amplifier must contain an active laser material, 
an optically resonant cavity, and a very intense energy source. 
In the pulsed ruby laser system, a ruby rod serves as the 
active material -its silvered ends in conjunction with the ac- 
tive material act as the optically resonant cavity, and an 
intense white light is used as the external energy source. 

The process of fluorescence, much like that found in an 
ordinary fluorescent lamp, must be understood before one can 
venture into the realm of stimulated emission. 

A fluorescent material when exposed to a specific fre- 
quency or band of frequencies will emit light, usually at a 
lower frequency than that of the stimulator. In the case of a 
fluorescent lamp, ultraviolet light stimulates the fluorescent 
coating on the inside of the tube which gives out a visible 
white light. 

In the ruby rod Of the pulsed laser, green light is absorbed 
as the exciter. When the rod is exposed to a "quantum" of 
green light, it emits red light of a defined lower frequency. 
To obtain the red fluorescence, an impurity consisting of 
chromium replaces a small amount of the ruby material. As 
in the transistor, this impurity is used in a carefully controlled 
proportion. 

Atoms cannot store energy in different amounts when they 
are at rest. It is, therefore, necessary to talk of "energy levels" 
when referring to the amounts of energy an atom can store. 
In the pulsed ruby laser there are three major energy levels. 
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Atoms usually tend to remain in the lowest of the energy 
levels. They can be moved to a higher energy state by absorb- 
ing energy (in our case, visible light), and from the higher 
state back to a lower state by emitting energy. While we are 
here concerned with a "white- light" source as the exciter, the 
energy may be in the form of heat, ultraviolet, or other types 
of radiation. Just as these atoms exist in defined energy levels, 
they can be stimulated by light only of a specific frequency. 
The difference in energy between any two of the energy levels 
is proportional to the critical output frequency. 

The green portion of the white light flooding the ruby 
crystal is absorbed by the rod, exciting some of the chromium 
atoms to higher energy levels or excited states. This "pump- 
ing action" actually transfers the atoms from the ground 
state (the lowest level) into a broad excited level. The time 
the chromium atoms spend in the upper energy level is ap- 
proximately 10 -7 second. Then in a radiationless transition, 
involving an interaction with the crystal lattice, the atoms 
"relax" to an intermediate or metastable level. The atoms 
then "relax" at a much slower rate ( approximately 10-3 sec- 
ond) from the metastable level to the ground state. During 
this last transition, energy is given off in the form of a 
"quantum" amount of red light with a wavelength of 6943 
angstroms. The three -level system is shown in Fig. 1. 

The laser system uses the process of stimulation to force 
the atoms from the metastable level to the ground state more 
readily. Stimulated emission of light, in contrast to spon- 
taneous emission, distinguishes the laser from the ordinary 
fluorescent lamp. 

Let us suppose the red light produced by the fluorescent 
process travels from the left to the right ( Fig. 2 ) . We can 
assume the ruby rod to be an active medium since most of the 
chromium atoms are in the upper energy level (shaded). 
When a light wave of the proper frequency (red light) strikes 
one of these excited chromium atoms, the atom is forced to 
emit energy of the same frequency, thus increasing the orig- 
inal light wave. Since the (Continued on page 64) 

Fig. 1. With a drop in energy level, light is emitted. 
UPPER LEVEL 

METASTABLE LEVEL 

LOWER LEVEL (GROUND STATE) 
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A high -fidelity stereo phono cartridge using a new 

operating principle, with a response from d.c. to 

over 30 kc. Unit has low impedance and high output 

permitting its use with transistor audio circuits. 

.1 NEW SEMICONJJIJCTOR 
PHONO TRANSDUCER 

By JOHN F. WOOD 

President, Euphonics Corp. 

ANEW hi -fi stereo phono cartridge has been developed 
that has an RIAA flat response, that operates down 
to d.c. and up beyond 30 kc., and that delivers in- 

creased power to low- impedance amplifiers. It is a semi- 
conductor transducer that does not obtain all its energy from 
the record grooves. The cartridge, Model U -15 manufac- 
tured by the Euphonics Corp., is essentially a modulating and 
amplifying device -not a reciprocal generator as is a ceramic 
or magnetic type. At low impedance it can supply more than 
100 times the electrical power of ceramic cartridges and 
10,000 times the electrical power obtainable from magnetic 
cartridges- making it ideal for use with transistor circuits. All 
the usual requirements for the highest level of transducer 
performance are met and exceeded. 

Velocity and Amplitude Devices 

All magnetic phono cartridges generate voltage as a result 
of a relative motion of a magnetic field and a coil. The faster 
the conductors are cut by a field, the higher the voltage. 
Thus, the magnetic cartridge has an output that rises with 
frequency, assuming a constant -amplitude recording. Ob- 
viously, this generated voltage is related not to the amplitude 
of stylus motion but to stylus velocity. 

In order to reproduce the standard RIAA response, which 
is fairly close to constant amplitude, about 40 db of equaliza- 
tion ( bass boost and treble roll -off) must be provided from 
one end of the spectrum to the other. This is the function of 
the preamplifier -equalizer circuit in an amplifier's magnetic 
input circuit. In a practical magnetic cartridge, output voltage 
may be listed as 5 millivolts at 1 kc. However, by extending 
this down in frequency as required by the RIAA characteristic, 
,one arrives at the 30 -cycle output voltage of only about .5 

millivolt. Not only is this a rather weak signal voltage to 

amplify readily, but the frequency is in the range of induced 
chum from nearby power equipment. 

Cartridge types that produce a voltage proportional to 

stylus excursion (amplitude) include crystals and ceramics. 
Both use piezoelectric elements, which produce an electrical 
charge when stressed. Since they are high- impedance capaci- 
tive elements, they are best suited for vacuum -tube circuits. 

Wide -range RIAA response can be obtained from ceramics, 
if properly designed and provided with high -impedance loads. 
The ceramic elements are not affected by heat or moisture, 
and low mass permits good high- frequency response. How- 
ever, it is not practical to obtain capacitance values that are 
optimum for conventional transistor circuitry. The highest 
value of capacitance it is economical to obtain is less than 
10,000 pf., which is a reactance of 500,000 ohms at 30 cps. 

A Semiconductor Cartridge 
Several novel systems have been investigated by our labo- 

ratory over the last five years in an effort to find the ideal 
cartridge. It became evident that the most promising avenue 
was related to the transistor. 

The new U -15 transducer employs a pair of specially 
doped silicon semiconductor elements. Each element, measur- 
ing about 1/16" square by .005" thick, is mechanically cou- 
pled to the stylus through a force -resolver yoke. Vibrations in 
the record grooves cause minute compressions of the silicon 
elements. When this occurs, the resistance of the elements 
varies in accordance with the modulation of the grooves. If 
a low current, on the order of 10 ma., is passed through the 
elements, this current is modulated by the changing resist- 
ance. The principle is similar to that of a strain gage except 
that here the conversion efficiency is much greater. 

By properly coupling the generating element to the stylus, 
very high compliances can be achieved. Since the generating 
element is inherently low impedance ( around 1200 ohms) , 

it is suitable for transistor circuitry. 
Because it is basically an ohmic device, this semiconductor 

transducer will respond to steady -state signals. Also, its low 
mass and inherent damping permit smooth, amplitude -type 

The semiconductor phono cartridge is shown here mounted in the manufacturer's matching tonearm. 
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Power source for the new semiconductor phono cartridge. Sili- 
con diode supplies the low d.c. voltage that is required. 

response to well beyond the normal audio -frequency range. 
The low mass is achieved by mounting a very small bi- 

radial diamond stylus on a thin -wall aluminum tube. The 
reflected mass from the internal assembly is decoupled by 
the lever system and a resilient force resolver, allowing an 
effective stylus -point mass of less than one milligram. Control 
of damping within the assembly provides for the minor RIAA 
crossover adjustments in the mechanical system. 

Response of a typical unit is plotted in Fig. 1. Since record 
response extends only from 30 cps to 12 kc. in this case, the 
extended range was obtained by speeding up and slowing 
down the record. Thus, at 78 rpm, this test record provides 
78/33 x 12 kc., or 28 kc. 

The silicon elements with their mountings have an inherent 
cosine or figure -eight polar response pattern. In other words, 
they produce maximum output when compression occurs 
along one axis and no output for compression at right angles 
to this axis. The nulls on this pattern for one of the elements 
are oriented 90° from the opposite -channel element for maxi- 
mum cross -channel rejection. 

In addition, a proven force -resolver coupling device be- 
tween the stylus shank and the two independent elements 
insures good separation. The legs of the resolver are only 
.020" long but contribute both compliance and damping to 
the system. Further distributed damping is provided by an 
inert and stable silicone compound which also dissipates the 
small amount of heat developed in the elements. 

The lower curve in Fig. 1 indicates typical separation 
throughout the range. Due to the extended low- frequency 
response and the very low crosstalk signal, a rumble filter is 
necessary for accurate separation measurements. 

Transient Tests 
Extension of the system response beyond the range of hear- 

ing has been discussed in many technical papers, and the im- 
portance of smooth, wide -range response to the reproduction 
of transient signals is well established. The square -wave test 
demonstrates this and reveals any resonance that may cause 
ringing or spurious response. 

We should at this point take note of certain facts about 
square -wave tests. Obviously, it is impossible to trace or re- 
produce an actual square wave from a phonograph record. 
Therefore, what is really recorded is an integrated square 
wave -which is triangular. (You can verify this by taking a 
record labeled "square wave" and examining the grooves 
with a magnifying glass.) A velocity- sensitive device such 
as a magnetic cartridge will differentiate this triangular wave 
into the familiar square wave shown in various articles and 
reports. However, if we then feed this square wave into the 
magnetic preamp -equalizer circuit, we once again get the 
original triangular wave, or what's left of it. 

It should be emphasized that these triangular -wave tests 
are very useful, as long as they are interpreted properly. 
Good high -frequency response is indicated by clean, sharp 
corners (on either the triangular or square waves). Rounded, 
blunt corners indicate poor high- frequency response. Extra 
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Fig. 2. Triangular and square -wave response of the cartridge. 

waveforms superimposed on the basic shape are evidence of 
spurious resonance or "ringing." Both good high -frequency 
response and lack of ringing combine to produce good tran- 
sient response -the ability to reproduce with accuracy com- 
plex or rapid changes in waveform. Low- frequency response 
is indicated by the direction of curvature of either waveform. 

Waveforms of the new semiconductor transducer are shown 
in Figs. 2A and 2B. Fig. 2A shows the triangular output wave- 
form. When this waveform is differentiated, the result is the 
more familiar form shown in Fig. 2B. Note that in both cases 
very little ringing is evident and corners are sharp. The slight 
curvature of the triangular wave is due to the RIAA equaliza- 
tion, which is not an exact constant -amplitude curve. 

Circuit Considerations 
Since the U -15 is a modulating device requiring external 

power, associated circuits consist only of load resistors and 
a power source. Each of the silicon elements employed is 
capable of dissipating .2 watt maximum. However, a current 
of 10 ma. or less in each stereo element is recommended to 
keep the power down to .1 watt. A 2000 -ohm external series 
load resistor may be used if source voltage is 20 volts or less. 
Under these conditions, output voltage is approximately 25 
mv. r.m.s., with a source impedance of 750 ohms. If supply 
voltage can be increased along with load resistance, constant - 
current conditions can be approached to obtain several db 
more output. Thus, under maximum ratings and constant - 
current conditions, about 80 mv. can be obtained. 

A typical circuit with load resistors is shown in Fig. 3. Note 
the stereo balance pot (Continued on page 97) 

Table 1. Preliminary specification of the U -15 cartridge. 

ELEMENTS 

RESPONSE 

SEPARATION 

COMPLIANCE 

TRACKING 

FORCE 

WEIGHT 

STYLUS 

OUTPUTS 

OUTPUT 

IMPEDANCE 

MOUNTING 

Silicon semiconductor (unaffected by heat or moisture) 
D.c. to beyond 30,000 cps 

Better than 25 db 

20 X 10 -I' cm. /dyne 

.75 to 3 grams 

2 grams 

.0009 1:.0002" bi- radial low -mass diamond 
(easily replaceable) 

RIAA flat, for ceramic /auxiliary inputs (high level) 
Velocity -equalized, for magnetic inputs (low level) 

Matches all high- and low -level inputs 

14 X S6" centers (standard) 
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Simplified design techniques for transistor switches, 

inverters, astable, monostable, and bistable circuits. 

167 

DESIGN OF TRANSISTOR 
MULTIVIBRATORS 

By LOUIS E. FRENZEL, JR. 
Gulf Aerospace Corporation 

MOST electronic technicians are familiar with the 
operation and application of multivibrators, but the 
design of such circuits is not as well known. In 

view of the versatility and wide use of multivibrators, de- 
sign procedures for such circuits should be understood. The 
information given in this article will help any technician 
to design simple, usable transistorized multivibrator circuits 
for a variety of control operations. 

By way of review, there are three basic multivibrator 
types -the astable, the monostable, and the bistable. The 
astable or free -running multivibrator is an oscillator whose 
output waveform is approximately rectangular, and whose 
frequency, duty cycle, and amplitude are easily controlled. 

The monostable multivibrator produces a single rectan- 
gular- shaped output pulse every time it receives a trigger 
pulse at its input. The duration of the output pulse is a 
function of the circuit components. This circuit is also 
known as a single -shot multivibrator. 

A bistable multivibrator is a circuit that has two outputs, 
either of which can assume one of two different states. 
While one output is on, the other is off. When an external 
trigger pulse is applied, this condition reverses, and the 
circuit will remain in this state until another trigger pulse 
is applied. Because of this circuit action, the bistable multi - 
vibrator is commonly called a flip -flop. 

The applications of multivibrator circuits are almost lim- 
itless, and while it would be virtually impossible to list all 
of them, following are several of their many uses. 

The astable multivibrator will make a good code -practice 
oscillator. Connect a set of earphones between one of the 
collectors and ground through a 1 -µf. capacitor and put a 

key in series with one of the emitter leads. This same oscil- 
lator will also make a good signal generator for troubleshoot- 
ing audio, video, and pulse amplifiers. 

By replacing the collector load of the output transistor in 
the monostable circuit with a relay of equivalent resistance, a 
time delay will result. The closing of the relay will be delayed 
after the application of a trigger pulse for a time equal to the 
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pulse width W. This circuit is very useful where the timing 
or sequencing of operations is essential. 

The bistable multivibrator is an excellent two -to -one fre- 
quency divider. Driving a flip -flop with an astable multi - 
vibrator will produce a bistable output whose frequency is 

exactly one -half of the astable frequency. Cascading flip - 
flops produces a series of harmonically related signals. 

Transistor Switches 

Multivibrator circuits are nothing more than automatic 
switches that turn the supply voltage off and on in accord- 
ance with internal circuit components, external triggers, or 
both. Transistors are excellent switches and for this reason 
are nearly perfect for multivibrator circuits. When the tran- 
sistor is in a cut -off state, it acts as a very high resistance 
or an open switch. If the transistor is made to conduct 
heavily, it acts as a very low resistance or a closed switch. 
Fig. 1 shows operation of such a transistor switch. 

It will be recalled from basic transistor theory that for 
a transistor to conduct, its emitter -base junction must be 
forward biased. The transistor in Fig. 1 is cut off if the base 
voltage is zero and the collector supply voltage is V. At 

this time, no current flows through the transistor or collector 
resistor Re, and the output voltage is equal to V,.,.. When a 

positive voltage is applied to the base, the emitter -base junc- 
tion becomes forward biased and the transistor conducts. If 
the voltage applied to the base is great enough, sufficient 
base current will flow and cause the transistor to saturate. 
A transistor is saturated when both emitter -base and collec- 
tor -base junctions are forward biased. At this time the tran- 
sistor's resistance becomes very low -less than one ohm in 
many cases. Because of the extremely low value of transistor 
resistance, the current flowing through the transistor and Re 

is very nearly equal to V,.,. /R,.. The transistor is acting as a 
closed switch connecting the bottom of R,. to ground. The 
output signal at this time is essentially zero. (It is actually 
some small value since the transistor has a finite resistance.) 

The transistor switching circuit of Fig. 1 is commonly 
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known as an inverter. If a pulse is applied to the input 
through base resistor Rb, the output will be a pulse of the 
same duration with an amplitude V,e and 180° out -of -phase 
with the input pulse. This action is shown by the waveforms 
of Fig. 1B. 

To insure a low "on" resistance for the transistor, the base 
current must be large enough to drive the transistor into 
saturation. The value of this base current I), depends on two 
main factors, the collector current IC and ß. The term ß 
(beta) is defined as /e//b. It is easy to see that if ß and IC are 
known, the base current II, can be found from the expres- 
sion IC /ß. 

The design procedure for transistor switches involves the 
selection of a suitable transistor and supply voltage and the 
calculation of the proper base and collector resistors. To 
illustrate a basic design procedure, let's design an inverter 
circuit like that of Fig. lA using the expressions just cov- 
ered. 

Suppose that we have a transistor with a ß of 50 that will 
stand a maximum collector voltage of 25 volts and a maxi- 
mum collector current of 100 ma. (.1 ampere) . This infor- 
mation is found in any transistor data sheet. First select a 
supply voltage V. Naturally it must be below the maximum 
rating, so let's choose 10 volts. Next pick a value of collector 
resistor Re. A value of 1000 ohms is reasonable. Now calcu- 
late IC when the transistor is on. Remembering that when 
the transistor is on, the collector current is V/R, IC is found 
to be Ie = V/Re = 10 /1000 = .01 ampere or 10 ma. This 
is well below the maximum rating of 100 ma. From the above 
expression it can be seen that any value of resistance giving 
an I,. less than 100 ma. could be used. In this case any value 
more than 100 ohms (RC = VCC /l = 10 /.1 = 100 ohms) 
would work. This value of collector resistor does not consider 
external loads or base drive needs. 

We can now calculate the value of Rb. First assume that 
the base is to be driven from a 10 -volt source which we can 
call V. The value of the base resistor Rb is equal to the volt- 
age across Rb divided by the base current Ib. The voltage 
across the base resistor is equal to (V,- Vb,) where Vbe is the 
emitter -base junction voltage when Ib is flowing. Normally 
this is only a few tenths of a volt for good switching transis- 
tors, so that Vb, can be considered negligible compared to 
V8. For all practical purposes then, the voltage across Rb is 
V. (10 volts) . To find Rb, simply solve equation Rb = 
Ve /Ib. The base current I,, is found from the previously given 
expression Ib = IC /ß. Since ß = 50 and I, = .01 ampere, 
Ib = .01/50 = .02 x 10 -2 = 200 microamperes, therefore 
Rb = V$ /Ib = 10/.0002 = 50,000 ohms. 

Having chosen VeC and RC and calculated Rb, the design is 
complete. The multivibrator design procedures to be de- 
scribed use basically the same technique. 

Astable Design 
The three formulas used in designing an astable multivi- 

brator are: R, = V,, /1,., Rb = ßR, /S, and C = 1/1.39/inf. 
Choosing a transistor with known characteristics, selecting 
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a suitable supply voltage, and using the previous formulas are 
all that is necessary to produce a suitable design. 

Fig. 2A shows the astable multivibrator circuit. Essen- 
tially it consists of two transistor inverters connected to one 
another by capacitors. In this circuit, the transistors receive 
their base current from the main collector supply VCe rather 
than an external source like V8 in the inverter example given 
earlier. 

The entire design procedure is as follows: 
1. Specify circuit characteristics. Before we can design 

the circuit we must know what we want. For the astable 
multivibrator, the frequency and output voltage are the char- 
acteristics we must know. In all of these circuits, the output 
voltage will be equal to the supply voltage VCe. The fre- 
quency must also be chosen, so for this example let's use 800 
cps. 

2. Choose a transistor. There are many types of transistors 
to choose from and the final choice is largely individual 
preference. From a transistor manufacturer's catalogue, se- 
lect a switching transistor that meets your cost, size, and 
frequency requirements. For our example we will choose the 
2N1304. This is a good, inexpensive switching transistor that 
is made by several manufacturers. After you choose the tran- 
sistor, be sure to obtain a data sheet on it. This sheet will give 
you information on the transistor that will be used in the 
design. If no data sheet is available, most of the necessary 
specifications can be obtained from the manufacturer's 
catalogue. 

3. Select a supply voltage V. This d.c. supply voltage 
is selected now that the output voltage and transistor voltage 
ratings are known. The supply voltage Vee will be equal to 
the desired output voltage and should be less than the maxi- 
mum emitter -base and emitter -collector ratings given in the 
data sheet. Assume a 12 -volt Vee for this problem. This is 
well within the 25 -volt rating of the 2N1304. 

4. Calculate Re. The collector resistors Re are calculated 
by using the formula V//e. We know VeC but not I. The 
collector current I, should be less than the maximum rating 
of the transistor, which here is 300 ma. The choice of I,. is 
rather arbitrary, but a value of 10 ma. is satisfactory. The 
transistor data sheet will sometimes give a clue to a prac- 
tical I, value. Most manufacturers give the transistor specifi- 
cations for one value of I. Design is simplified if this value 
is used since the other specifications can be taken directly 
from the data sheet. Using IC as 10 ma., Re is found to be 
V//c = 12/.01 = 1200 ohms. A standard 1200 -ohm, z- 

watt resistor can be used. 
5. Calculate Rb. As shown earlier, Rh = ßRe /S. This for- 

mula was derived from the expressions given in the inverter 
design. Beta (ß) is taken from the data sheet, and it may be 
found listed as hie instead of ß. Always use the minimum 
value given. This is 40 for the 2N1304. Beta is difficult for 
transistor manufacturers to control economically, so they 
usually rate the transistor over a wide range and only ensure 
the beta to be greater than some minimum value. Beta also 
changes with age and temperature, so it is nearly impossible 

Fig. 2. (Al Astable multivibrator. (B) Monostable multivibrator 
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to predict the beta of the transistors you buy. To overcome 
this difficulty and to ensure transistor saturation during 
switching, we use the minimum ß value given by the manu- 
facturer and a safety factor S. The safety factor is not critical 
and can be anything between 2 and 10. Three is a reasonable 
value. Knowing ß, S and R,.; Rh can now be found as Rb = 
(40 X 1200) /3 = 40 (400) = 16,000 ohms. A conventional 
16,000 -ohm, 5% resistor could be used, but the less expensive 
15,000 -ohm, 10% unit would work satisfactorily. 

6. Calculate C. The last step is to solve for the value of C 
that will make the circuit oscillate at 800 cps. Using the for- 
mula C = 1/1.39R,í, C is easily found to be: 

C = 1/(1.39 X15,000 X800) = 1/(1.67X107) = 
.06 X 10-6 = .06 µf. 

Monostable Design 

The design procedure for monostable multivibrators is 

basically the same as that for the astable circuit. All of the 
previously given formulas are used with the following ex- 
ceptions and additions: (a) in step 1, specify an output pulse 
width instead of an operating frequency, remembering that 
this width must be less than the time between input trigger 
pulses; (b) Rk = Rh; (c) Re = 5 Rb; (d) C now equals 
1V/.69R,,, where W is the specified pulse width in seconds; 
and (e) Vbb = 

The monostable circuit is shown in Fig. 2B. The additional 
supply voltage Vbb and resistor R, have been added to ensure 
the cut off of transistor Ql at high operating temperatures 
where the transistor leakage current ( I,.,,) becomes exces- 
sive. V,,h reverse biases the emitter -base junction of Q1 
through R, to do this. The value of Vbb /Rx should be greater 
than the maximum value of Igo given in the transistor data 
sheet. if a good, low -leakage transistor is used and no high - 
temperature operation is anticipated, then Vbb and R8 can 
usually be eliminated. 

As before, a design example best illustrates the procedure. 
1. Let the pulse width W be specified at 50 milliseconds 

(.05 second) . 

2. Again choose a transistor with a ß minimum of 40. In 
this example, we will again use the 2N1304. 

3. Let the output voltage, V and Vhh equal 22.5 volts. 
4. R,. = V,.,/15. Again letting I, = 10 ma., R,. = 22.5/.01 

= 2250 ohms. A standard 2200 -ohm, h -watt unit will suffice. 
5. R,, = ßR,. /S. Using B = 40 and S = 3, Rb = (40 X 

2200) /3 = 29,300 ohms. Use a standard 27,000 -ohm re- 
sistor. 

6. Rk = Rb = 27,000 ohms. 
7. R,, = 5 R,, = 5(27,000) = 135,000 ohms. Since this 

Fig. 3. This conventional bistable multivibrator has many uses. 
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value is not too critical. a standard size 120,000- or 150,000 - 
ohm unit would work. Use 150.000 ohms. 

8. Vh,, /R8>Ie maximum. The maximum value of I,.,, for 
the 2N1304 is given as 6 microamperes. Vbb /R8= 22.5/150; 
000 = 1.5 X 10 -i = 150 µa. Cut -off of Q1 is guaranteed since 
Vh,, /it is much greater than 6µa. 

9 .0 = W /.69Ró = .05/69 X 27,000). C = 2.68 X 
10-" = 2.68 p.f. 

The design is complete except for components D1, Cl, 
and R1. Diode D1 can be any good germanium or silicon 
diode. Rl and Cl are chosen to have a short time constant so 
that they differentiate the trigger pulse. Operation will be 
satisfactory if R1 = 10,000 ohms and Cl = 100 pf. A nega- 
tive trigger pulse amplitude of approximately 6 volts or more 
is needed to operate the circuit in a reliable fashion. 

Bistable Design 
A conventional bistable multivibrator circuit is shown in 

Fig. 3. The design technique is exactly the same as that for 
the monostable multivibrator. In fact, the values of R,., Rk, 
R8i V,.,., and Vbb obtained for the monostable circuit can be 
used in the circuit of Fig. 3 to form a workable flip -flop. Only 
values for Rt, C,, and Ck are needed. 

Capacitor Ck is called a speed -up capacitor because it de- 
creases the switching time it takes for one transistor to turn 
off and the other to turn on. It is not really needed for oper- 
ation below about 10 kc., but it is essential for higher fre- 
quencies and it is a good idea to include it. The value of Ck 
can be found with the formula C,, = MOOR!, where t is the 
time between trigger pulses. If the trigger pulse frequency 
(f) is known, t = 1/f. The formula above gives only an ap- 
proximate value for Cl and for critical applications Ck should 
be found experimentally (usually between 50 and 200 pf.). 

Resistor Rt and capacitor C, along with D1 and D2 make 
up the triggering network. R, is usually made equal to ten 
times R,., and C, is found from the expression Ct = t /100Rí 
with t being the trigger pulse interval. Like the value of CI., 
Ct given by this formula is only approximate and the best 
value should be found experimentally (usually 100 to 500 pf.). 

To complete the design of a typical flip -flop, use all of 
the pertinent values from the monostable design and calcu- 
late Ct C,, and lit with the above formulas. 

Assume a trigger pulse frequency of 1000 cps. The trig- 
ger pulse interval is t = 1/f = 1/1000 = .001 second. There- 
fore, 

C,; = t /100Rk = .001 /100 X 27,000) = 1 X 10 -8/2.7 X 
106 = .37 X 10 -" = 370 pf. 

R, = 10R,. = 10(2200) = 22,000 ohms 
Ct = t /100Rí = .001 /(100 X 22,000) = 1 X 10 -3/2.2 X 

106 = .455 X 10 -" = 455 pf. 
A negative trigger pulse several volts in amplitude is 

needed to reliably trigger the bistable circuit. 

Design Philosophy and Applications 
There are several things that should be remembered 

when designing multivibrators by the procedures outlined. 
First, no consideration was given to the loads that might 

be fed with these circuits. If a high- impedance load (greater 
than 10R,,) is used, the formulas will hold true. But if heav- 
ier loads (less than 10R,.) are used, the output will not 
equal the supply voltage. Instead, it will equal V,.,.R1,/ (R,. + 
Rt,) where RL is the value of the load resistance. In addi- 
tion, placing a load on the astable will change its frequency 
of oscillation. 

Second, the formulas used in the designs have been sim- 
plified as much as possible. In doing this, some assumptions 
were made that are not exactly true. Nevertheless, the cir- 
cuits that will result from these designs are quite satisfac- 
tory for all but the most critical applications. Third, p -n -p 
transistors may be used as well as the n -p -n units shown 
here. Reverse all polarities shown or mentioned. 
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You probably thought 
top quality electronic 
test instruments 
were too expensive...didn't you? 

Well, they're not when you 
build them with money -saving RCA kits 
You've known right along that you can save money on electronic 
test instruments by building from kits. 

But you may have shied away from kits because you thought 
they involved complicated calibration or adjustment problems. 
Forget it! 
RCA kits are inexpensive, of course, but they're also easy to 
build. Build them right and they'll give you the best performance 
you can buy in their price range. 

What's better about RCA test instrument kits? 

Ease of assembly is one thing. Parts are clearly identified. Each 
assembly diagram appears on the same page as the step -by -step 
instructions for that section of assembly. There's no need to refer 
back constantly to other pages, which consumes time and in- 
creases the chance of error. 

Ease of alignment is another thing. Each kit contains complete 
instructions for accurate calibration or alignment of the instru- 
ment. Where necessary, precision calibrating resistors are pro- 
vided for this purpose. 

What does it mean? It means that with RCA kits you can get a 
professional V -O -M or VTVM for as little as $29.95*. Or you can 
get a good oscilloscope (one of the most useful -but normally 
one of the most expensive -test instruments) for only $79.50* 

Specialized instruments such as an AC VTVM or an RF Signal 
Generator are also available as kits for far less than they would 
cost otherwise. In every case, RCA kits, when completed, are 
identical with RCA factory assembled instruments. 

Each sub -assembly is described in a separate section with illustrations applying 
to that sub- assembly available at a glance. No cross referencing necessary. 

LOOK WHAT'S AVAILABLE TO YOU IN KIT FORM: 

RCA VOLTOHMYSTJ. The most RCA SENIOR VOLTOHMYST. 
popular VTVM on the market. A professional VTVM. 
WV- 77E(K). Kit price: $29.95* WV- 98C(K). Kit price: $57.95* 

RCA RF SIGNAL GENERATOR. For 
audio and TV servicing. 
WR- 50A(K). Kit price: $39.95* 

RCA VOLT -OHM -MILLIAMMETER. RCA 3 -INCH OSCILLOSCOPE. Corn- 
One of most useful instruments. pact, lightweight, portable. 
WV- 38A(K). Kit price: $29.95* WO.33A(K). Kit price: $79.95* 

r 

RCA TV BIAS SUPPLY. For RF, IF RCA TRANSISTOR -RADIO DYNAM- 
alignment in TV sets. IC DEMONSTRATOR. For schools. 
WG- 307B(K). Kit price: $11.95* WE- 93A(K). Kit price: $39.95* 

*Optional Distributor Resale Price 
All prices are subject to change with- 
out notice. Prices may be higher in 
Alaska, Hawaii and the West. 

RCA V -O -M DYNAMIC DEMON- 
STRATOR. A working V -O -M. 
WE- 95A(K). Kit price: $37.95* 

RCA HIGH -SENSITIVITY AC VTVM. 
Doubles as audio pre -amplifier. 
WV- 76A(K). Kit price: $57.95* 

See them all -and get full techni- 
cal specifications for each -at 
your local Authorized RCA Test 
Equipment Distributor. Or write for 
information to: Commercial Engi- 
neering, Section B41W, RCA ELEC- 
TRONIC COMPONENTS AND DE- 
VICES, HARRISON, N.J. 

RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, N.J. 

The Most Trusted Name in Electronics 
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OlIN FRYE 
Stray signals from CB or ham equipment no longer create a 
hazard with a newly developed type of garage -door opener. 

A NEW GARAGE -DOOR OPENER 
AFEBRUARY thaw had finally broken a bone -chilling 

succession of sub -zero days. When Barney prepared to 
leave the service shop for lunch, Mac, his employer, 

suggested: 
"You'd better take that new garage -door opener receiver of 

Mr. Willibanks over to his house and install it on your way 
back. He phoned while you were out and said he'd chipped 
the ice away from the bottom of the door so it will operate. He 
wanted to know if you'd checked out the receiver thoroughly 
as you promised you would." 

"Okay," Barney agreed a little reluctantly, `but I've been 
having so much fun with the thing I hate to let it go. Really, 
there's not a thing the matter with the receiver Mr. Willibanks 
is using now, but he got all worked up because a CB station 
opened the door a time or so." 

"It's something to get worked up about," Mac offered. "An 
automatic garage door not under the owner's complete control 
is more worry than it's worth. Not only is it an invitation to 
theft and vandalism, but it's dangerous. A stray signal may 
bring it down on a child or your own car while you're driving 
in or out. Practically all actuating mechanisms have automatic 
features that stop or reverse the door when it encounters 
enough resistance, but a door could still injure a small child 
or damage a moving car. And there's another thing: the in- 
structions warn that Mr. Willibanks' receiver must not receive 
a signal during the last six inches of door travel. If it does, the 
door keeps right on going in the same direction and breaks the 
chain and may damage other parts of the opening- and -closing 
machinery. Random signals could easily wreck the mecha- 
nism of an unattended door." 

"No wonder Mr. Willibanks wants a new control!" Barney 
exclaimed. "The present one uses a 5 -watt crystal -controlled 
transmitter on channel 23 of the Citizens Band. It requires a 
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class C license costing eight bucks, is mounted in the engine 
compartment, is powered from the car battery, and uses an 
antenna strung under the front bumper. The r.f. carrier is 
modulated with an audio tone of 2000, 2900, or 3700 cps. 

"In the t.r.f. receiver, the detected audio tone passes 
through a filter and operates a relay control tube. Actually, 
receiver selectivity is not good enough to reject strong nearby 
signals, but the audio filter is quite sharp, and a signal modu- 
lated with near the proper tone must be received for an appre- 
ciable length of time -say a second -for the door to be actu- 
ated. 

"Unfortunately, channel 23 is becoming increasingly busy 
with class D Citizens Band traffic; and if the FCC proposal 
to concentrate all interstation traffic on this and six other 
channels goes into effect, that traffic will increase enormously, 
and so will the chance of the door's being opened accidentally. 
Any class D mobile station operating near the garage can 
input a strong r.f. signal to the receiver, even from an adjacent 
channel, and voice tones or a heterodyne with another carrier 
can supply the audio signal needed for tripping the actuating 
relay. Worse yet, some bird -brained CB operators deliberately 
try to open these garage doors by parking in front of them and 
switching from channel to channel while whistling rising notes 
into the microphone." 

"What's different about the new control ?" 
"It's the new Heath GDA -20 -4 designed to correct the 

shortcomings of the original model Mr. Willibanks is using 
now. It's interesting because it's characteristic of the new 
breed of garage -door transmitters and receivers appearing 
lately. The transmitter is only about the size of a couple of 
packages of cigarettes and is self -powered with two flashlight 
batteries. It can be carried in the purse or glove compartment, 
or it can be clipped to the sun visor or dash. It requires no ex- 
ternal antenna and no operating license. 

"The transmitter operates on any one of seven frequencies 
lying between 230 and 290 mc. Modulation is by any one of 
six ultrasonic frequencies lying between 16 and 26 kc. The 
high- frequency and ultrasonic modulation make it most un- 
likely the receiver will ever respond to the fundamental or 
harmonic of a voice or music amplitude -modulated transmit- 
ter." 

"Why don't you need a license ?" 
"The transmitter operates under Part 15.211 of the FCC 

regulations. An unlicensed communications system operating 
in this band must meet three requirements: (a) field strength 
at 100 feet must be limited to 150 microvolts per meter, (b) 
a timing circuit must limit the transmitter duty cycle to one 
second on followed by 30 seconds off, and (c) no transmitter 
adjustments must be accessible on the outside of the case. 
Here, take a look at this transmitter diagram I copied out of 
the manual. The CK5676 hearing -aid tube operates as a Col - 
pitts oscillator whose frequency is determined by C20. The 
antenna is just a length of heavy wire inside the case." 

"I suppose the transistor oscillator supplies the modulation." 
"I'm glad you made the same mistake I did. Actually it's 

the heart of a miniature transistorized power supply that steps 
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up the 3 volts available from the flashlight batteries to more 
than 50 volts for the plate of V5. Oscillations of Q1 are 
stepped up in the secondary of L4, rectified by S2, and fil- 
tered by C26." 

"Then where's the audio modulation ?" 
"Forget about V5 being an r.f. oscillator and think of it as 

an audio oscillator with L3 furnishing the feedback between 
the plate and grid circuits. The grid winding is tuned by C24, 
C25, and the movable slug." 

"Hm- m -m -m, só V5 is oscillating at both a v.h.f. and an ul- 
trasonic frequency at the same time so that the v.h.f. carrier 
is modulated with the ultrasonic signal!" 

"There's more," Barney continued. "When V5 starts to os- 
cillate, negative voltage developed on the grid starts charging 
C23. After about a second, this voltage rises high enough to 
cut off the plate current and stop the oscillations. Then C23 
begins slowly discharging through R21. After slightly more 
than 30 seconds, the grid voltage falls low enough for the 
tube to start oscillating again. This grid -block oscillator action 
satisfies requirement (b) of the regulations. But isn't V5 a 
busy little rascal? It's oscillating three different ways simul- 
taneously!" 

"Busier than a one -man band!" Mac agreed. "I see the trans- 
mit switch in the 'Off' position bleeds the charge on C23 off 
through R22 to permit sending reasonably close- spaced 
pulses when needed, say to stop a partially open door." 

"Right, and you notice the case interlock switch shorts out 
C23 and stops the blocking oscillator action when the case is 
opened so that the transmitter can be kept on continuously to 
provide an alignment signal." 

"What's the receiver like ?" 
"I `just happen' to have a diagram of that, too," Barney con- 

fessed, fishing it from his pocket. "VI is an untuned r.f. ampli- 
fier. V2A is a self -quenched super -regenerative detector. 
While a superregenerative receiver has drawbacks in that it 
radiates a signal and is not too selective, it provides, in a single 
tube, sensitivity on the order of a couple of microvolts. We 
need this sensitivity with our limited transmitter power, and 
the r.f. stage prevents much signal from being radiated by the 
antenna. 

"Detected ultrasonic audio is amplified by V2B and V3A 
and presented to the cathode of V3B. Negative -going half 
cycles are rectified here and appear as additional negative bias 
on the grid of V4, a miniature thyratron already biased to 
nonconduction by the drop across R14. If the audio signal is 
not the one for which the receiver is designed, nothing hap- 
pens except that the bias on V4 becames increasingly nega- 
tive. But if the signal is one that will pass through the tuned 
windings of the audio plug -in transformer T1, the audio sig- 
nal is delivered to the grid of V4 through C10, and the peaks 
of the positive half cycles overcome the bias and fire the thy- 
ratron, closing the relay and actuating the door." 
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"What's the purpose of that `Tuning Adapter Socket' ?" 
"It provides v.t.v.m. connections for alignment in the fac- 

tory," Barney explained. "Detected signal- voltage level is 
used for r.f. alignment, and the amount of signal passed by 
T1 is used for audio alignment." 

"What sort of tests have you been making ?" 
"For one thing, I've found the transmitter will operate the 

receiver from a distance of 300 feet -about four times as far 
as Mr. Willibanks' present control. But mostly I've been test- 
ing to see if anything except the control transmitter will close 
the receiver relay. I connected another relay through the re- 
ceiver's output contacts and arranged it so that if the contacts 
closed, even for a second, a light would come on and stay on. 
Then I exposed the receiver to the strong field of my ham rig 
operating on all bands from 75 meters through 10. I had a 
friend park his CB rig nearby and transmit on all 23 channels, 
one at a time. I kept the receiver running continuously for two 
days and three nights when I knew hams were operating. I 
swished my grid -dip oscillator back and forth across the re- 
ceiver frequency. Nothing caused the light to come on." 

"That will make Mr. Willibanks happy," Mac observed. 
"I'm thinking it ought to give us an idea," Barney said. "It 

seems to me we could make some money and create a lot of 
customer satisfaction by selling and installing these new -type 
controls on existing garage -door installations. People would 
be delighted with the flexibility, convenience, and reliability 
of these new controls. Here's a list I've jotted down of a few 
companies who make garage -door openers. Why don't you 
have Matilda drop them a line and ask for promotional and 
service literature on their new models ?" 

Advance Industries, Inc., Appleton, Wis. 
Alliance Mfg. Co., Alliance, Ohio 
Delco Radio Div., GM, Kokomo, Ind. 
Heath Co., Benton Harbor, Mich. 
Multi- Products Co., 21470 Coolidge Hwy., Oak Park, Mich. 
Perma -Power Co., 3102 N. Elston Ave.. Chicago 18, III. 

"I'll do it," Mac promised. "Servicing these units could be- 
come quite an item, too. Personally, I've always thought ga- 
rage -door openers have never been pushed enough. They are 
a near -necessity for the cardiac sufferer, the elderly, and the 
handicapped; but they are also a wonderful convenience for 
women who dislike getting out of the car to open the door of 
an unlighted garage at night when they are alone." 

"Yeah, and don't forget that if an impulse relay is connected 
to those receiver contacts, one pulse from the transmitter will 
turn something on and another pulse will turn it off," Barney 
suggested. "Those units will do a lot more than open garage 
doors. You could turn off the house lights after you were in 
your car and turn them back on before you left the car. An 
elderly person could turn on the bathroom light before leaving 
his bed and turn it off after he was back in bed. A TV set, a 
ventilation fan, or an air conditioner could be turned on or 
off from the bed of an invalid or a guy who's just plain lazy." 

"Okay, okay," Mac said, "but you'd better go on home to 
lunch now and fortify yourself for some more heavy thinking. 
You're doing so well I don't want to see you run out of 
steam!" 
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13 Heathkit Values... See the other 

$12995 Deluxe All- Transistor 
AM /FM /FM Stereo Tuner, AJ-43C 

Up to the minute AM, beautifully quiet FM, thrilling, natural FM 
stereo ... all reproduced in the exciting new dimension of "tran- 
sistor sound." Features 25 transistor, 9 -diode circuitry, automatic 
switching to stereo, AFC, filtered outputs for direct, beat -free 
stereo recording, and new walnut cabinet styling. 19 lbs. 

$19500 All- Transistor AM /FM /FM 
Stereo Receiver, AR -13A 

Just add 2 speakers for a complete stereo system! 46 transistor, 17 
diode circuit for cool, instant operation, plus the quick, uncom- 
promising beauty of "transistor sound." Compact, yet houses two 
20 -watt power amplifiers (33 watts each, IHF music power), two 
preamplifiers, and wide -band AM /FM /FM Stereo. Attractive 
new `low- silhouette" walnut cabinet styling. 34 lbs. 

$14995 Matching Deluxe All- Transistor 
70 -Watt Stereo Amplifier, AA -21C 

Enjoy the quick, unmodified response of each instrument with 
its characteristic sound realistically reproduced. No compro- 
mising! Enjoy 100 watts IHF music power at --* 1 db from 13 to 
25,000 cps. Enjoy cool, instant operation from its 26 transistor, 
10 diode circuitry. Unusual value. 29 lbs. 

Deluxe 21" All- Channel Hi -Fi Color TV, GR -53A ... $399.00 

Compares to sets costing up to $200 more! Only color TV you can build 
yourself, only color TV you can adjust & maintain yourself with exclu- 
sive "built -in service center," only color TV you can install 3 ways . . . 

wall, custom cabinet, or either of Heath factory -built cabinets. Tunes 
all channels, 2 thru 83, to bring you 21" of true -to -life color and black 
& white pictures, plus hi -fi sound. Features 24,000 volt regulated picture 
power; deluxe Standard -Kollsman VHF tuner with push -to -tune fine 
tuning & new transistor UHF tuner; 26 tube, 8 -diode circuit. All critical 
assemblies prebuilt & aligned ... goes from parts to picture in just 25 
hours. GR -53A, chassis, tubes, VHF & UHF tuners, mount. kit, speaker, 
127 lbs... $399.00 GRA -53 -7, deluxe walnut cabinet, 85 lbs... $115.00 
GRA -53 -6, economy walnut -finished cabinet, 52 lbs $49.00 

New! Deluxe Heathkit /Thomas 
"Coronado" All- Transistor Organ, GD- 983... $849.00 

No extras to buy! Easy to build & play! Saves up to $400! Every organ 
feature you've ever dreamed of ... 17 true organ voices; 28 -notes of 
chimes; built -in Leslie, plus 2 -unit main speaker systems; 13 -note heel 
& toe pedalboard, C thru C; two full -size 44 -note keyboards; attack, 
sustain & repeat percussion -the only organ with all 3; stereo chorus 
control for exciting "stereo" effects; reverb; 5 -year warranty on tran- 
sistor tone generators; 75 -watt EIA peak music power amplifier; and 
hand -crafted, hand -rubbed, full- bodied walnut- finished cabinet & match- 
ing bench. Hear it yourself! -Send 50c for demonstration record GDA- 
983-2, 7 ", 331/2 rpm. 242 lbs. 

GR-64 

$3995 

SB 300 

$265°° 

G R-53A 

$399°° 
(less cabinet) 

1 

GD-983 

$849° 

New! Heathkit 
4 -Band Shortwave Listener's Radio, GR -64 ... $39.95 

Covers 550 kc to 30 me in 4 bands to bring you international, 
ham, weather, marine, Voice of America, and AM broadcasts. 
Features built -in 5" speaker; lighted bandspread tuning dial, rela- 
tive signal strength indicator, and 7" slide -rule dial; 4 -tube super - 
het circuit plus 2 rectifiers; simple circuit board construction; 
"low -boy" cabinet. 13 lbs., 

Deluxe SSB Amateur Radio Receiver, SB -300 ... $265.00 

Covers 80 through 10 meters with all crystals furnished, plus pro- 
vision for VHF converters. 1 kc dial calibrations -100 kc per dial 
revolution. Crystal -controlled front -end for same tuning rate on 
all bands. Prebuilt Linear Master Oscillator. Matching transmitter 
and KW linear amplifier also available. Less speaker. 22 lbs. 
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World's Largest Selling Vacuum Tube Voltmeter, IM -11 $24.95 
A versatile performer anywhere in electronics! Boasts single AC /Ohms/ 
DC probe; 7 AC, 7 DC, & 7 Ohms ranges; easy -to -read 41/2" 200 UA 
meter; 1% precision resistors for high accuracy; and an extended low 
frequency response of ± I db from 25 cps to 1 mc. Functions include 
AC volts (RMS), AC volts (peak -to- peak), DC volts, resistance & db 
measurements. Simple circuit board assembly. 5 lbs. 
Assembled IMW -11 $39.95 

Deluxe "Service Bench" Vacuum Tube Voltmeter, IM -13 $32.95 
Measures AC volts (RMS), DC volts, resistance & db. Separate 1.5 & 5 
volt AC scales for high accuracy; "gimbal" mounting bracket for easy 
bench, shelf or wall mounting; meter tilts to any angle for best viewing; 
smoother vernier action zero & ohms adjust controls; large, easy -to -read 
6" 200 UA meter; and single AC /Ohms /DC test probe. 7 lbs. 
Assembled IMW -13 $49.95 

New! Heathkit FM Stereo Generator, IG -112 ... $99.00 
Produces all signals required for trouble- shooting & alignment of multi- 
plex adapters, FM tuners & receivers. Generates mono FM or composite 
stereo FM signals. Switch selection of 400 cps, 1000 cps, 5000 cps, 19 kc, 
38 kc, plus 65 kc or 67 kc SCA test signals for complete alignment 
capability. Simple to assemble & use. 10 lbs. 

New! Heathkit /NELI Transistor Ignition Kit, GDP -134 ... Only $34.95 
Save $35! Features 4- transistor, zener -diode protected circuitry; built -in 
conversion plug for switching to conventional ignition. Operates on 6 or 
12 v. DC pos. or neg. ground system -installs easily on all cars, foreign 
& domestic. Completely sealed against moisture, corrosion, etc. Simple 
to assemble & install ... all parts included. 7 lbs. 

New! Motor Speed Control, GD -973 ... $17.50 
Reduces power tool speed without loss of operating efficiency. Ideal 
for use with drills, saws, mixers ... any power tool with a universal 
AC -DC motor rating of 10 amperes or less. Prolongs life of drill bits, 
blades and other attachments. Features Silicon Controlled Rectifier with 
feedback circuit that slows motor, yet maintains high torque power! 
Adjustable speed control lets you dial desired motor speed. 3 lbs. 

Low Cost 4- Transistor "Walkie- Talkie," 
GW -31 ... $19.95 ea. 
Only $35 a pair! Operates t/a mile and more; 
crystal -controlled transmitter; superregenera- 
tive receiver; 75 hour life on 9 -volt battery (not 
included). No license, forms, tests or age 
limit. Crystals for 1 channel (specify). 2 lbs. 

... Buy Now -Use This Order Blank ... 
HEATH COMPANY, Dept. 15 -2 , Benton Harbor, Michigan 49023 
In Canada: Daystrom, Ltd., Cooksville, Ontario 

El Please send FREE 1965 Heathkit Catalog. 

SHIP VIA: 

Parcel Post 

Express Collect 

Freight 

20% Included, C.O.D. 

Best Way 

Model Description Weight Price 

Name 

Address 

(Please Print) 

City State Zip 

All prices & specifications subject to change without notice. CL -203 

Free... 
108 colorful pages packed with over 

250 Heathkitsl Over 250 ways to have 
fun & save up to 50% by doing the 
easy assembly yourself) Use coupon 
opposite & send for your free 1965 
Heathkit catalog now) 

L 
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Versatile VIP 

Style 173 

Loading coil embedded 
within the fiberglass 
laminate. 

AK a look at Style 173 - the ALL 

FIBERGLASS top loaded antenna. See 

the difference? There's no vinyl to crack 
or craze. The loading coil is embedded 
within the fiberglass laminate. 

Top loading gives more signal strength. 
True. But, top loading is also exposed to 

greater hazards and here's where the 
Versatile VIP outshines the rest. The all 

fiberglass construction gives superior 
strength that withstands impact and flex- 
ing . . . brings you consistent profes- 
sional performance. 

For use on any frequency between 27 

me and 55 me - the Versatile VIP, Style 

173 - $5.75. 

tt 

COLUMBIA PRODUCTS COMPANY 
Subsidiary of Shakespeare Company Route 3 Columbia, South Carolina 
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60646Y FREE! GIANT 
NONI /A6? 

SENSATIONAL 

ELECTRONICS CATALOG 

HENSHAW TV SUPPLY 
_ 3617 TROOST, KANSAS CITY, MO. 

EARN Engineering DEGREE 
You t earn a. r,. h.L:. d..grce at home. Col :ego 
level HHOME STUDY courses taught so you can under- 
stand them. Continue your education, earn more in 
the highly paid electronics industry. Missiles. com- 
puters, transistors. automation. complete electronics. 
Over 27.000 graduates now employed. Resident 
school available at our Chicago campus- Founded 
103.4. Send for free catalog. 
American Institute of Engineering & Technology 

1141 West Fullerton Parkway, Chicago 14, III. 

60 

Tuner covers 26 -54 and 88 -174 MC 
in eight overlapping bands with 
good sensitivity. Ideal for use with 
amplifier or Hi -Fi to listen to Air- 
craft, CB, fire, Police and other 
signals in the VHF bands. 

355A AM /FM TUNER $4995 
Order today or send for free catalog on full line 
of converters ana receivers for every application. 

KUHN ELECTRONICS 
CINCINNATI 17, OHIO 

C. B. ANTENNAS 
Tel Star Ground Plane GP -11 

4 Radials $12.95 
Tel Star Super Ground Plane GP -11 

8 Radials $16.95 
dealers wanted 

KOMET ELECTRONICS 
P.O. Ron 222 W. Main Street 
F.O.B. Tilton, New Hampshire 

LOW- VOLTAGE 

REGULATOR 
THE low -voltage regulator as used in 

the G -E 9 -inch transistorized TV set 
is shown in the schematic. 

After passing through a power trans- 
former and full -wave rectifier, the d.c. 
output voltage is connected to the emit- 
ter of Q1, a p -n -p germanium transistor 
acting as a series voltage regulator whose 
internal resistance can be varied by 
changing the amount of forward bias 
applied to the emitter -base junction. 

Q2 is an n -p -n silicon transistor that 
functions as an error amplifier. It will 
respond to voltage variations appearing 
at the collector of Q1 and adjusts the 
base bias of Ql to maintain the output 
amplitude constant. The base voltage for 
Q2 is supplied from the series voltage 
divider consisting of Rl, R2, and R3. A 
constant reference voltage of 6.3 v.d.c. is 
developed across zener diode Dl. The 
base- emitter voltage of Q2 will always 
be equal to the difference between 6.3 
v.d.c. and the collector voltage of Ql. 

If the power line rises, the power sup- 

loo 

02 
ERROR 

AMP. 

ply voltage will rise as will the collector 
voltage of Ql. This causes the base volt- 
age of Q2 to go more positive than 
its emitter, effectively increasing the 
amount of forward bias applied across 
the emitter -base junction. 

This raises the emitter- collector cur- 
rent of Q2 which is also flowing through 
the emitter -base junction of Ql. This 
current change will decrease the amount 
of forward bias applied to the emitter - 
base junction of Q1 and the transistor 
will not conduct as heavily. The internal 
resistance of Ql rises and the voltage 
drop across it increases. This change in 
resistance will lower the available d.c. 
output voltage. 

R5 supplies the initial voltage to the 
base of Q2 and assures that the regulator 
circuit will start to function when power 
is turned on. Since R5 is connected across 
Q1, its resistance has no effect when Q1 
is operating because the transistor resist- 
ance is less than 8 ohms when conduct- 
ing. R3 sets output to 12 v. 
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There are 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 67 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... 

g iWNIC 1 E;S 
Nis 

!EXPERIMENTER'S 

°o °1 
a1ECrAO 

oK pU 

only 125 

1111111111111 

HERE IS THE 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! 

ZIFF -DAVIS SERVICE DIVISION, Dept. EEH 
589 Broadway, New York, N.Y. 10012 

Please rush my copy of the allnew 1965 ELECTRONIC 
EXPERIMENTER'S HANDBOOK. My $1.25 (plus 150 for 
shipping and handling; 250 outside U.S.A.) is enclosed. 

name please print 

address EW25 

city state zip code 
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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 never heard anything like it!" . . . These 
were the comments of Scott's demanding product evaluation panel upon first hearing 
the new Scott 344 solid -state tuner/amplifier. 

The tuner section of the 344 is the same as that of Scott's pioneering solid -state 
312 FM stereo tuner, of which Audio Magazine (July 1964) said: "It is one of the finest 
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. 

CIRCLE NO. 200 ON READER SERVICE PAGE 

1 160 -02 
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. 

scOTT" 

Tri -State's electronics lab 1.%/ 

electronics degree 

now in 36 months! 
Small professionally- oriented college. Four - 
quarter year permits degree completion in 
three years. Summer attendance optional. En- 
gineering: Electrical (electronics or power op- 
tion), Mechanical, Civil, Chemical, Aeronau- 
tical. Business Administration: Accounting, 
General Business, Motor Transport Administra- 
tion. One -year Drafting -Design Certificate pro- 
gram. Graduate placement outstanding. Found- 
ed 1884. Rich heritage. Excellent faculty. Small 
classes. Well- equipped labs. New library. New 
residence halls. Attractive 200 -acre campus. 
Modest costs. Enter March, June, Sept., Jan. 

For Catalog and View Book, write 
Director of Admissions. 

st 

1625 College Ave., Angola, Indiana 

RADIOTELEPHONE 

LICENSE 

MANUAL 

$5.75 
(foreign $6.25) 
Book X030 

- helps you prepare for all U.S.A. 
commercial operator's license exams 

Here are complete study -guide questions and answers in a 
single volume. Helps you understand every subject needed 
to obtain an operator's license. 

RADIO HANDBOOK - largest comprehensive reference 
source on radio ever published. More "How -to- build" data 
than any book in the field. Gives simplified theory ... 
latest design data. Book #166 $9.50 (foreign, $10.50) 

The leading book on Transistor Communications 
Equipment. 
TRANSISTOR RADIO HANDBOOK by: Donald L. Stoner, 
W6TNS, and Lester A. Earnshaw, ZL1AAx. Simplified 
circuit theory, plus practical construction projects. 
Book X044 $5.00 

(foreign, $5.50) 

SURPLUS RADIO CONVERSION MANUALS - practical con- 
versions of popular surplus equipment. Send stamped 
envelope for full data. 

ORDER FROM YOUR FAVORITE ELECTRONIC PARTS DISTRIBUTOR. 

11 1.70 cannot supply, iced us his name and 
rrn;iIT.ntcr, :r lid u t-' :rill reapply. 

EDITORS and ENGINEERS, Ltd. 
New Augusta, Indiana 

Dealers: Electronic distributors, order from us. Bookstores, 
libraries, newsdealers, order from Baker & Taylor Co., 
Hillside, N.J. or Momence, Ill. Export (except Canada), order 
from H. M. Snyder Co., 440 Park Ave. South. New York 10016. 
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New Look in Radar 
(Continued from page 35) 

height finder for elevation determination. 
These three coordinates would then be 
applied to one of the tracking sets. Sim- 
ilarly, the second tracker would be di- 
rected to a target. In such a simple sys- 
tem the information file could be a memo 
pad or a simple display board. 

Fig. 9 shows how a number of individ- 
ual systems similar to Fig. 8 could be tied 
together. The system is already becom- 
ing complex even though it is still ele- 
mentary in terms of its space -tracking 
capabilities. The complexity of the sys- 
tem of Fig. 9 is compounded by the fact 
that the individual radars are designed 
to operate independently. The individual 
groups of sets, to minimize interference, 
may be miles apart and therefore require 
extensive land -lines or microwave links 
for interconnection; and all information 
will require parallax corrections before 
the various returns can be correlated. In- 
dividual groups will still require manual 
control as in Fig. 8. 

Fig. 10 illustrates a workable phased - 
array radar system. Even though it may 
appear complex compared with Fig. 9, 
it must be remembered that: 

1. Its capabilities can be twenty times 
greater than that shown in Fig. 9. 

2. All equipment is located at one site. 
3. All equipment has been designed 

to work as an integral part of the whole. 
The AN /FPS -85 uses separate trans- 

mit and receive antennas as shown in 
Fig. 10. The AN /FPS -46 (XW -1) used 
the same array for both functions. 

What is the cost of an equipment that 
will be capable of finding and identify- 
ing any earth- orbiting object irrespective 
of its origin? The AN /FPS -85 Space 
Track is being constructed under a $30 
million fixed -price contract. This may be 
many times the cost of most conventional 
radars but it is only a small fraction of 
the price that would have to be paid for 
enough conventional radars and the nec- 
essary connecting links and data proces- 
sors to even approach the Space Track 
capabilities. 

Fig. 10. The control arrangement that is 
employed for a Space -Track installation. 

TRANSMIT 
ARR. 

TRANSMIT 
BEAM FORMING 

AND 
BEA M STEERING 

RECEIV_ 
BEAM FORMING 

AND 
BEAM STEERING 

pECEIVERS 

EMOR 
II j IJ 

SEARC H TRACN 
PROGRAMS COMPU TER 

CONTROL CONSOLE 

PROGRAMS 

INFORMATION TO AND FROM COMMAND HDOTRS. 
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ELECTRONIC 
CROSSWORDS 

By JAMES R. KIMSEY 
(Answers on page 96) 

ACROSS 

1. A utilizer. 
5. "- -top response," a response 

characteristic in which a def- 
inite band of frequencies is 
transmitted uniformly. 

9. Optical maser. 
14. In this place. 
15. To burden. 
16. Greek letter to designate ohm. 
17. Unit of electricity equal to 96, 

500 coulombs. 
19. Short sleep. 
21. Craft. 
22. Wheel tooth. 
23. Musical instrument. 
24. Hawaiian garland. 
25. Dark purplish -grey color. 
28. Concern. 
29. A prohibition. 
30. Also called a monotron. 
32. Coniferous tree. 
33. Danube tributary. 
34. Possessive pronoun. 
35. Popular term for pulse or peak 

on a pattern of a CRT screen. 
36. California city (abbr.). 
38. Allow. 
39. Nothing. 
40. Combine. 
41. Theresa, for one. 
42. Radioactive element produced 

artificially (abbr.). 
43. Male heir. 
44. "- detector," a psycho -in- 

tegroammeter. 
45. White spots on a TV picture 

caused by inherent noise. 
46. Distortion in sound reproduc- 

tion caused by speed variations 
in the turntable. 

47. Electromagnetic wave whose 
frequency is above 300 mc. 

49. Type of examination. 
51. "- Lisa," da Vinci painting. 
52. More mature. 
53. Night letter (abbr.). 
54. Belonging to me. 
55. "Big -," London landmark. 
56. Hardwood tree. 
57. Sort, kind. 
58. Apiece (abbr.). 
59. Unit of force in c.g.s. system. 
63. Blue pencils. 
65. Right -angled extensions. 
67. One who tells falsehoods. 
68. Radio receivers. 
69. Ferromagnetic material, with- 

out windings, that permanently 
connects two or more magnetic 
cores. 

70. Long, narrow weapon. 

DOWN 

1. FCC designation for band from 
300 to 3000 mc. (abbr..) 

2. Large body of water. 
3. Make a mistake. 
4. Coil or capacitor. 
5. Sheet which shields a TV cam- 

era from extraneous light. 
6. Length of one complete turn 

in a spiral -wound cable. 
7. Paid public notice. 
8. Holding property or office. 
9. Easy, bounding gait. 

10. Process by which constant fre- 
quency is varied in amplitude 
by signal frequency (abbr.) 

11. Type of compound used to pro- 
tect components. 

12. Great white heron. 
13. Value obtained by dividing one 

number by another. 
18. Accomplishes. 
20. Consumed. 
23. Folds over. 
25. A pleasant expression. 
26. Fails to win. 
27. Medical school course (abbr.). 
28. Wire -wound circuit component. 
29. A "big shot" (slang). 
31. Part of the face. 
32. Position determined by RDF. 
35. Wharf. 
36. Heating unit. 
37. Lesser amount. 
39. At this time. 
40. Transparent insulation. 
41. Break suddenly. 
43. Ancient Roman sun god. 
44. In TV, a single trace of the 

electron beam from left to 
right on the screen. 

45. Get by fraud. 
46. "- talkie," a portable receiver - 

transmitter unit. 
47. "- chatter," garbled speech. 
48. Metal in its natural state. 
49. American Indian. 
50. In a computer: copies, from one 

form of storage to another. 
51. One thousandth of an inch. 
54. Unmarried woman. 
55. Insulated part through which 

the electrodes of a vacuum 
tube are connected to the pins. 

58. Large deer. 
60. Beagle "talk." 
61. Scottish "no." 
62. Before (poetic). 
64. Long- distance typewriting ma- 

chine (abbr.). 
66. Expression of wonder. 

2 3 4 5 6 7 8 9 IO 11 12 13 . 5 .. 16 

17 8 19 20 

22 23 .. .. 
25 26 27 28 . 29 .. 
30 ..31 .. 32 

33 34 35 36 37 

38 39 40 4f 42 43 44 45 
46 .. 47 46 .... 

49 50 51 . 52 .. 
53 . 54 55 

56 57 . 58 . 59 60 61 62 

63 64 . 65 66 67 

68 69 . 70 . 
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SOLDERING TIPS 
FOR HI -FI KIT BUILDERS 

AVOID USING TOO MUCH SOLDER 
Apply just enough solder to make a secure con- 
nection. Excess solder may fill up tube sockets, 
freeze switches or cause short circuits. 

USE A DUAL HEAT GUN 
Use the low heat trigger position to prevent 
damage when soldering near heat -sensitive corn - 
ponents. Switch to high heat only when needed. 

Weller Dual Heat Guns are invaluable for 
making fast, reliable, noise -free soldered con- 
nections. They're just as essential to hi -fi 
kit builders as they are to professional TV 
and radio service technicians. Two trigger 
positions permit instant switching to high or 
low heat. Tip heats instantly and spotlight 
comes on when trigger is pulled. Long reach 
tip gets into tight spots. 
A Weller Expert Soldering Kit has everything 
needed for strong, noise -free connections: 
Gun in plastic utility case, 3 tips, flux brush, 
soldering aid, solder. Model 8200PK -$8.95 
list. Weller Electric Corp., Easton, Pa. 

WORLD LEADER IN SOLDERING TECHNOLOGY 
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Thinking of college 
and a 

space age career in 
electronics? 

Send for this booklet on 
ENGINEERING TECHNOLOGY 

AND ENGINEERING 

Learn how you can prepare for a 
dynamic career as an electrical or 
mechanical engineering technician or 
engineer in such exciting, growing 
fields as avionics, missiles, reliabili- 
ty control, fluid mechanics, data 
processing, metallurgy, microelec- 
tronics, and advanced aerospace 
research. 

MSOE offers residence study pro- 
grams leading to these degrees in 
engineering technology and engi- 
neering: 

2 years- Associate in Applied Science 

4 years- Bachelor of Science 

Also get facts about scholarships and 
financial aids, job placement and 

.. othet student services, plus photo- 
graphs of MSOE technical labora- 
tories and student activities. 
For your copy, just mail 
the coupon - 
no obligation. 

MSOE 
Milwaukee School of Engineering 
Dept. EW265, 1025 N. Milwaukee St., 
Milwaukee, Wisconsin 53201 

Please send the Your Career" booklet. 
I'm interested in 
Q Electrical fields Mechanical fields 

Name Age 

Address 

City State ZIP 
M S227A 
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Lasers 
(Continued from page 49) 

stimulated emission is in phase with the 
original, it augments it, as the wave trav- 
els from the left to the right. As would 
be assumed, if the wave were to strike an 
atom in the lower energy state, it would 
excite the atom but also lose energy in 
the process. Thus, for amplification of 
the light wave, the number of atoms in 
the upper state must outnumber those 
in the lower state. 

In order to convert this simple ampli- 
fier into an oscillator, all that need be 
done is to terminate the active medium 
(ruby rod) with reflecting end walls. 
Since the stimulated light moves in the 
same direction as the stimulating light, 
the only light that will be strongly ampli- 
fied is that which moves parallel to the 
axis of the rod. A standing wave between 
the reflecting end walls can be formed. 
Sustained oscillations are obtained if the 
amplification of the wave traveling from 
one end to the other exceeds the loss on 
reflection at the ends. In order to obtain 
an output beam of light, one of the end 
walls is made partly transparent. 

The light output from the laser is per- 
pendicular to the reflecting end walls 
and is almost monochromatic as well as 
coherent. This feature, along with its 
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Fig. 2. Production of amplified red light. 

intense output and easy "focusability," 
make the laser uniquely suitable for 
point -to -point communications. 

Reproduced below are the first two pages of the article "Electrophotography" 
which played a key role in the dynamic growth of Xerox Corporation. Accord- 
ing to the article's subhead this is "A method for substituting electronic 
phenomena for chemical reactions in the art of photography and the repro- 
duction of drawings." Although the basic techniques discussed in the article 
are the same as those in present use, much development work and many im- 
provements have been made both in equipment design and the quality of re- 
production. See this month's editorial "Research 8 Development" on page 6. 
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RADIO 

TV NEWS 

ACCORDING to Dr. Mauro H. 
Zambuto of the Newark College of 

Engineering, someday motion -picture 
and TV companies may film their pro- 
ductions in black- and -white and rely on 
the theatre or home TV set to reproduce 
the shows in color. 

The system suggested is not an elec- 
tronic one, but depends on a knowledge 
of how human beings see. 

The eye- brain -consciousness relation- 
ship of vision is a combination of chemi- 
cal, electrical, and psychological phe- 
nomena according to the NCE professor, 
so closely linked that the precise role 
of each and their interdependence have 
not been determined. 

It is well known that the human eye 
has three types of organs in the retina 
which are sensitive to red, green, and 
blue. The information each transmits to 
the brain, when coordinated and cor- 
related to the impulses sent by the other 
color sensors, allows man to see light in 
values of brightness, hue, and color 
purity. This phenomenon apparently 
works much like the process of color 
printing in which graduations of prime 
colors are superimposed to produce a 
picture. 

Early experiments at NCE include 
projecting three black- and -white images 
through a prism arrangement to obtain 
a full -color response. Dr. Zambuto has 
since been able to produce a large range 
of colors from a white light. 

Image Intensifier 
Electronic image intensifiers added to 

conventional optical telescopes are capa- 
ble of tripling the observable brightness 
of the image according to RCA. 

For example, the new image- intensi- 
fier tube will enable a 60 -inch reflector 
telescope to photograph faint star images 
or objects now only obtainable with 180 - 
inch telescopes. 

The image intensifier is placed at the 
focus of the telescope optical system. 
The optical image falls on a photo- 
cathode deposited on the inside of a glass 
window at the receiving end of the 
image tube to release photoelectrons. 

These photoelectrons are accelerated 
within the tube and the image is focused 
onto a phosphor screen at the rear end 
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of the first stage. The resulting light 
output passes through a thin membrane 
to a second photocathode. Resulting 
photoelectrons are "re- imaged" onto an 
output screen of the second stage. 

The new, much brighter image formed 
here can then be photographed with con- 
ventional optics and emulsions. 

Tunnel Radio 
Usually when an automobile goes into 

a tunnel, the radio goes dead. Now, how- 
ever, the Chesapeake Bay Bridge -Tunnel 
is rigged to allow motorists to listen to 
their car radios while driving through 
the two- mile -long tunnel which dips as 
much as 90 feet below the surface of 
Chesapeake Bay. 

The new radio system consists of AM 
antennas mounted at each end of the 
tunnel and connected with amplifiers. 
The amplifiers boost the signals received 
by the antennas and feed them to an- 
tenna cables running the length of the 
tunnel. 

These ceiling- antenna cables were 
built into the tunnels to provide two -way 
short -wave communication for patrol 
cars, maintenance, and emergency ve- 
hicles. Only the outside antennas and 
amplifiers had to be added to make the 
system serve car radios. 

Laser Space Tracker 
NASA scientists have been successful 

in their experiments to track a space 
vehicle using a laser beam. The satellite 
used was the Explorer XXII which was 
equipped with an array of optical corner 
reflectors. 

Using a ruby laser coupled to a tele- 
scope, the scientists aimed the telescope 
along the predicted flight path and 
flashed the laser a number of times as the 
Explorer passed overhead. The corner 
reflectors returned the laser beam back 
along the same path. The optical returns 
were converted to electrical signals and 
displayed on an oscilloscope. The ex- 
pected range accuracy is within ten feet. 

According to the NASA scientists, 
when these new laser techniques are 
fully understood and worked out, they 
will greatly simplify satellite tracking or 
permit communications between the 
earth and deep -space vehicles. 

65 

CIRCLE NO. 232 ON READER SERVICE PAGE -> 

... is harmony with the wore 
-ful world of music. Excting 

CELESTA reates a new 

for sound! C ase cast un- 

der extremely high pressure to 

assure you of perfect, (lasting 

alignment of crìitical moving 
parts. Functional, high styling 
is the key to CELESTA'S sound 

story ... which captures the 

critic's ear. 

You can koWTt new 
heights of listening enjoyment 
with the CELESTA. Small won- 
der, connoisseurs of audio 
pleasure, surrouni their rooms 

with UTAH sound. 

CELESTA features: 

0 

6 models incljde 8" & 1z"" 

coaxials 

Baked an lacquer linish 

Rigid, die-cast chassis 

Write for conolete 
specifications 
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34- CIAC SHORT T WA VF 

LISTENING OFFER from , 
NACC/CRAFTFRS. 

This high 

performance, 

quality- engineered 

headset worth $500 

...absolutely 
FREE ...when you buy the S -120 

professionally -styled, 

4 -band short wave (plus AM) 

communications receiver 

for only $69.95! 

haIcraers 
The world is at your fingertips via amazing short wave -and now you can have 

the professional touch of your own headset for private listening ABSOLUTELY FREE! 

The world's great events ... news in English from hundreds of foreign stations ... 
the thrill of emergency communications ... radio amateurs ... military and 

marine -all with a twist of the dial on your fabulous new Hallicrafters S -120! 

Act now! Order your S -120 and FREE HEADSET today. Limited offer. 

Send coupon today for 
full details, FREE 16- 
page illustrated booklet 
on Short Wave, and 
name of nearest Halli- 
crafters dealer! 

r 
The Hallicrafters Co. 

Department 14, 5th & Kostner Aves. 
Chicago, Illinois 60624 

Send 16page FREE booklet and complete details on 
special headset offer. 

NAME 

ADDRESS 

CITY STATF ZIP 
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SEND ELECTRONICS WORLD 

EVERY 

MONTH 

Electomies World 

name 

address 

city 
state 

zip 

Check one: 3 years for $12 
2 years for $9 1 year for $5 

In the U.S., and possessions. 
Payment enclosed Bill me 

Foreign rates: Canada and Pan American 
Union countries, add 50¢ per 
year; all other foreign countries, 
add $1.00 per year. 

New Renewal 

Mail to: 
ELECTRONICS WORLD 

Dept. 0076, 1255 Portland Place 
Boulder, Colorado 80301 
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Broadband CATV System 
(Continued from page 40) 

Just how good is Logansport cable re- 
ception? It's good, bitt no one claims it 
is perfect. On some channels, occasion- 
ally there is slight ghosting and ringing. 
A trained eye can detect a small loss of 
detail. If signal levels are not kept in 
proportion, faint cross -hatching may be 
seen. During a heavy rainstorm, precip- 
itation static produces sparkles in some 
pictures. 

These transient defects seem minor as 
you flip from channel to channel without 
having to readjust brightness or contrast 
and see no perceptible snow, fading, ig- 
nition noise, or airplane flutter. Friends 
visiting from Chicago, New York, and 
other metropolitan areas say reception is 
as good as or better than what they are 
used to seeing. 

The cable company, however, is not 
satisfied and is constantly working to im- 
prove reception. They plan on micro - 
waving FM stations in from Chicago for 
better stereo reception. Microwave links 
are still being adjusted. Knowing perfect 
coaxial cable is the key to perfect cable 
reception, Jerrold is working to produce 
even lower loss cables with more uniform 
characteristics at reasonable cost. Newly 
developed transistorized amplifiers are 
being tried out here. 

A swarm of engineers, linemen, and 
installers were here during the bitter 
1963 -64 winter to put the system into 
operation, but now it is run by eight peo- 
ple: a manager, two office girls, a chief 
technician with three assistants, and a 
man in charge of advertising and promo- 
tion. This last activity is handled by the 
local manager of the Alliance Amuse- 
ment Company. The four members of 
the technical staff make all new installa- 
tions, take care of all complaints, and 
perform regular preventive mainte- 
nance. The latter includes checking all 
amplifiers in the system three times a 
year. Each amplifier is carefully tested, 
retubed, and realigned before being put 
back into service. A sharp eye is kept on 
signal levels in all parts of the system. 
When complaints come in, reference to 
a large wall map that shows every cable, 
amplifier and pole in the system permits 
trouble to be pinpointed in minutes. 

What about the impact on dealers and 
service technicians? There is no denying 
that the sale, installation, and mainte- 
nance of antennas, towers, and rotators 
has been dealt a terrific blow in Logans- 
port by the cable company, and this im- 
pact is still being felt. A non- subscriber 
who suffers storm damage to his antenna 
is likely to take a cash settlement and 
apply it toward the installation ( $18.50) 
and monthly rental ( $4.90) of the cable 
service. 

On the other hand, most dealers agree 
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that the cable has stimulated sales, espe- 
cially of color -TV receivers. A set can 
now be demonstrated on the floor with 
assurance it will work equally well on 
cable in the customer's home -something 
not true before. Servicing is much easier 
with a consistently strong signal. Re- 
ceivers do not have to be maintained in 
tip -top shape to provide good reception. 
Those frustrating marginal weak- recep- 
tion cases do not occur on cable recep- 
tion. 

Special service problems are mainly 
concerned with deteriorated a.g.c. sys- 
tems that were unmasked when a rea- 
sonable signal was fed into the receiver. 
In a few cases another problem was 
caused by persons trying to "poach" on 
the cable service. To avoid paying an ad- 
ditional $1.50 a month for service to a 
second set, these people have rigged up 
their own arrangements for feeding the 
other receiver. Radiation from the extra 
line is sometimes strong enough to affect 
antenna reception on a neighbor's re- 
ceiver. Technicians are learning to 
recognize the source of this kind of in- 
terference, and the cable company has 
equipment to run down the cheating in- 
stallation. 

When the cable system was proposed, 
there was sharp opposition from many 
service technicians and some dealers and 
distributors. Most of this has evaporated, 
partly through the friendly efforts of the 
cable company, but mostly because there 
didn't seem to be much point in contin- 
ued hostility toward the inevitable. Peo- 
ple in Logansport wanted cable recep- 
tion and they were not to be denied. 

After watching the enormous cost of 
installing the system here and observing 
the painstaking lengths to which the 
cable company must go to bring in and 
maintain good reception, one simple fact 
stands out: CATV is not going into any 
community where good reception can be 
achieved at reasonable cost by other 
means. To do so would be to court finan- 
cial suicide. To stay in business, a CATV 
system has to demonstrate, and keep pro- 
viding, better reception, which means it 
can only operate in areas where it is def- 
initely needed. This thought should be 
a comfort to antenna and tower installa- 
tion people and to the manufacturers of 
this equipment whose constant efforts to 
improve their products have contributed 
so much to the growth of the TV in- 
dustry. 

The author wishes to express his deep 
appreciation to Mac Ferguson, Chief 
Engineer of Jerrold Electronics Corpora- 
tion; Jerry Looby, Acting Manager of 
the Logansport Cable TV Company; 
Don Hyman, Chief Technician for the 
company; and Alfred Rodriquez, Local 
Manager for the Alliance Amusement 
Company. Without their patient and 
candid answers to my questions, this 
article could not have been written. 

February, 1965 

This one is 
twice as safe. 
When Sonotone designs a retractable cartridge, you can be sure it offers some-. 
thing extra. Like other retractable cartridges, the new Sonotone "21TR" with- 
draws into the safety of the arm to avoid bumps and bruises. Further, it has 
"bottoming" buttons which act as shock absorbers between the needle assembly 
and the record. Unlike other retractables, the "21TR" features the exclusive 
Sono -Flex® stylus, which can be dropped or mauled and still continue to pro- 
vide superior performance. The high- output "21TR" is a direct replacement 
for the thousands of record players_requiring_a quality retractable cartridge. 

This one is 
twice as safe and 
twice as compliant. 
The new Sonotone "23T" offers performance specifications never before avail- 
able in a budget -priced ceramic cartridge -plus record protection. High com- 
pliance of 10; channel separation of 24 db; output voltage of 0.38; low tracking 
force of 2 to 4 grams make it the ideal replacement in quality stereo phono- 
graphs. Performance is only half the story of the "23T ". This new cartridge 
features "bottoming" buttons and the flexible Sono -Flex® needle. Another 
Sonotone cartridge, the "22T;' offers the high performance of the "23T" 
with a slightly higher output. Both feature the Sono -Flex. plus a unique 
snap -in mounting bracket, for rapid replacement without tools. 

Both are direct 
replacements 
for popular makes 

...and themselves. 

SONOTONE 
audio products Sonotone Corp.. Electronic Applications Div.. Elmsford. New York 

Cartridges Speakers Microphones Headphones Hearing Aids Batteries 
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Why Fred got a better job ... 
I laughed when Fred Williams, my old high school 
buddy and fellow worker, told me he was taking a 
Cleveland Institute Home Study course in electronics. 
But when our boss made him Senior Electronic Tech- 
nician, it made me stop and think. Sure I'm glad 
Fred got the break ... but why him ... and not me? 
What's he got that I don't. There was only one 
answer ... his Cleveland Institute Diploma and his 
First Class FCC License! 

After congratulating Fred on his promotion, I 
asked him what gives. "I'm going to turn $15 into 
$15,000," he said. "My tuition at Cleveland Institute 
was only $15 a month. But, my new job pays me 
$15 a week more ... that's $780 more a year! In 

twenty years ... even if I don't get another penny 
increase ... I will have earned $15,600 more! It's 
that simple. I have a plan ... and it works!" 

What a return on his investment! Fred should have 
been elected most likely to succeed ... he's on the 
right track. So am I now. I sent for my three free 
books a couple of months ago, and I'm well on my 
way to Fred's level. How about you? Will you be 
ready like Fred was when opportunity knocks? Take 
my advice and carefully read the important infor- 
mation on the opposite page. Then check your area 
of most interest on the postage -free reply card and 
drop it in the mail today. Find out how you can 
move up in electronics too. 
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How You Can Succeed In Electronics 
. Select Your Future From Five Career Programs 

The "right" course for your career 
Cleveland Institute offers not one, but five different 
and up -to -date Electronics Home Study Programs. 
Look them over. Pick the one that is "right" for you. 
Then mark your selection on the reply card and send it 
to us. In a few days you will have complete details . . . 
without obligation. 

1. Electronics 
Technology 
A comprehensive program 
covering Automation, Com- 
munications, Computers, In- 
dustrial Controls, Television, 
Transistors, and preparation 
for a 1st Class FCC License. 

2. First Class 
FCC License 
If you want a 1st Class FCC 
ticket quickly, this stream- 
lined program will do the 
trick and enable you to main- 
tain and service all types of 
transmitting equipment. 

3. Broadcast 
Engineering 
Here's an excellent studio 
engineering program which 
will get you a 1st Class FCC 
License and teach you all 
about Program Transmission 
and Broadcast Transmitters. 

4. Electronic 
Communications 
Mobile Radio; Microwave, 
and 2nd Class FCC prepara- 
tion are just a few of the 
topics covered in this "com- 
pact" program ... Carrier 
Telephony too, if you so 
desire. 

5. Industrial Electronics 
& Automation 
This exciting program in- 
cludes many important sub- 
jects such as Computers, 
Electronic Heating and 
Welding, Industrial Controls, 
Servomechanisms, and Solid 
Stttte Devices. 

Cleveland 
February, 1965 

bF+w..++... . . ", 

An FCC License ... or your money back! 
In addition to providing you with comprehensive train- 
ing in the area indicated, programs 1, 2, 3, and 4 will 
prepare you for a Commercial FCC License. In fact, 
we're so certain of their effectiveness, we make this 
exclusive offer: 

The training programs described will prepare you 
for the FCC License specified. Should you fail to 
pass the FCC examination after completing the 
course, we will refund all tuition payments. You 
get an FCC License ... or your money back! 

CIE's "AUTO- PROGRAMMED" method helps you 
learn faster and better 
Cleveland Institute uses the new programmed learning 
approach. This "Auto- Programmed" method presents 
facts and concepts in small, easy -to- understand bits . . . 

reinforces them with clear explanations and examples. 
Students learn more thoroughly and faster through this 
modern, simplified method. You too will absorb . . . 

retain ... advance at your own pace. 

Free nationwide job placement service ... for 
life, for every CIE graduate 
Once enrolled with CIE, you will get a bi- monthly 
listing of the many high -paying interesting jobs avail- 
able with top companies throughout the country. Many 
Cleveland Institute students and graduates hold such 
jobs with leading companies like these: American Air- 
lines, American Telephone and Telegraph, General 
Electric, General Telephone and Electronics, IBM, 
Motorola, North American Aviation, New York Cen- 
tral Railroad, Raytheon, RCA and Westinghouse. 

Electronics is a fast moving, dynamic industry 
... Cleveland Institute keeps you current 
The Electron Bulletin is CIE's bi- monthly digest of new 
developments in the world's fastest growing industry. 
As a CIE student, you will get a free copy throughout 
your training to keep you up -to -date on Masers, Lasers, 
Solid State Devices, and other new inventions. 

Full accreditation ... your assurance of 
competence and integrity 

Cleveland Institute of Electronics is accredited by the 
Accrediting Commission of the National Home Study 
Council. You can be assured of competent electronics 
training by a staff of skilled electronics instructors. 

Your Future In Electronics Is 
Up To You. Make It A Brighter One. 

Mail Reply Card Today. 

Institute of Electronics 
Dept. EW -98, 1776 E. 17th St., Cleveland 14, Ohio 
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TEST 
EQUIPMENT 
PRODUCT REPORT 

Weston Model 80 V.O.M. 
For copy of manufacturer's brochure, circle Vo. 58 on coupon (page 17 or 88). 

riiHE Weston Model 80 analyzer is a 
1 v.o.m. with many unique and un- 

usual design features. It has a console - 
type case with a large 531" panel meter 
equipped with a new anti -parallax scale. 
An accuracy of 1% on d.c. and 1.5% on 
a.c. are achieved using precision metal 
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film or wirewound resistors, except for 
the higher voltage ranges. In addition to 
the usual v.o.m. ranges, several of the 
most often required voltage ranges have 
been added; also there are five ohmmeter 
ranges. While designed as a bench tester, 
it is well adapted for portable use since 
its resilient and rugged ABS resin case 
combined with a meter with spring - 
backed jewels can withstand consider- 
able abuse. 

The instrument is sloped back at 25 °, 
giving it excellent readability from either 
a sitting or standing position. The meter 
is calibrated for test accuracy in this one 
position. 

The new refractive -type parallax 
scale -corrector is considered by the man- 
ufacturer to be an improvement over the 
mirror scale. A clear plastic overlay is 
mounted on the scale plate so that it 
splits the upper set of scale lines. The 
correct reading position is obtained when 
the section of any line under the overlay 
lines up with that part which is not coy- 
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ered. In use, a line is selected at about 
the same deflection at which the reading 
is to be taken. 

The meter has an uncluttered control 
panel with color -coded jacks at the left, 
the ohms -adjust knob at the center, and 
a single combination range and function 
switch at the right. The 5 -kv. range high - 
potential jacks are on the left side of the 
case away from the user, and a d.c. re- 
versing switch is located on the right side 
of the case away from the leads; both 
positions are for the maximum safety of 
the user. 

The reversing switch is used when a 
down -scale reading is obtained on d.c. 
It is not necessary to break the electrical 
connection, except for the 1- and 5 -kv. 
ranges, since protective silicon rectifiers 
are wired across the switch. On break, or 
if the switch contact should fail, the max- 
imum voltage cannot exceed about 0.8 
volt. The switch reverses the meter con- 
nections and the rectifiers also protect 
the movement from overload. The black 
or common lead is provided with a clip 
and in use is normally connected to 
ground for voltage measurements. This 
keeps the panel and meter at low po- 
tential, regardless of the position of the 
reversing switch. 

It is unusual to find a v.o.m. with a 
place for lead storage except in an as- 
sociated carrying case. The Model 80 
case has a rear recess with a clip for 
holding the leads. It also allows the top 
of the case to be used as a carrying 
handle. 

The instrument has been designed for 
ease of servicing. The meter, printed - 
circuit board, reversing switch, and bat- 
tery holders can be readily removed 
from the case completely wired. All parts 
are accessible and the instruction book 
includes a step -by -step procedure for 
testing and adjusting the instrument. 
The price of the v.o.m. is $79.50. 

McMartin AM -25 Noise Meter 
For copy of manufacturer's brochure, 

circle No. 59 on coupon (page 88) . 

THE McMartin AM -25 noise meter 
was developed to assist the broadcast 

engineer in making the required FCC 
noise measurement of FM, AM, and TV 
aural transmitters. AM noise of an r.f. 
carrier may be defined as the residual 
modulation of the carrier by power - 
supply noise, hum, or other component 
or tube noise, such as thermal disturb- 
ance. The FCC requires that this noise 
be at least - 50 db in most commercial 
classes of transmitters. It is necessary, 
therefore, that some means of measuring 
this noise be available to the station 
engineer. The AM -25 noise meter was 
made available to replace t' .c usiLd co.- 
lection of parts assembled during the 
proof -of- performance measurement. The 
unit contains all the necessary parts, in- 
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eluding a calibrating meter packaged in 
a portable case. 

Since it is impossible to amplitude 
modulate an FM transmitter, a theoret- 
ical 100% AM- modulation level must be 
established. It is known that the peak 
voltage of the modulating audio signal 
is equal to the peak voltage of the r.f. 
carrier at 100% amplitude modulation. 
The r.f. output of the FM transmitter 
is sampled and rectified through a high - 
frequency diode. A peak value is read 
on a self -contained meter. A 60 -cps audio 
signal is then adjusted to the same peak 
voltage value. This audio voltage, which 
represents the peak value of an audio 
signal which would AM modulate the 
r.f. carrier 100 %, is used to establish the 
100% modulation reference point on an 
external a.c. voltmeter. If the voltmeter 
is calibrated in decibels, the AM noise 
may be read directly in db below this 
100% modulation level. 

The sample loop at the output of an 
FM transmitter is connected to the r.f. 
input of the noise meter. The power 
level should be between 0.5 and 4.0 
watts into 50 ohms. The output of the 
noise meter is connected to an a.c. volt- 
meter or to the input of a noise and 
distortion meter. 

With the switch in the "R.F. Cali- 
brate" position, adjust the "R.F. Cali- 
brate" control (Rl in diagram) for con- 
venient reading (half scale). Throw the 
switch to the "Internal Calibrate" posi- 
tion and adjust the "Internal Calibrate" 
control (R2) for the same meter reading 
as before. If a noise meter is used at the 
output terminals, adjust the signal ob- 
tained to 0 db or 100% calibrate reading. 
If an a.c. voltmeter is used, set the meter- 

JI 
R.F. 

INPUT 

DI R.F. 
IN3604 CAL 

OUTPUT 

MI 
D.C. METER 

117 V.A.C. 
60^, 
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New Bogen sound products 
deliver the message best 

/ In the factory 
Reach important executives and 
production personnel in noisy areas. 
Provide background music for im- 
proved morale and production, 
Bogen does it best. 

New SA Series Intercom /P.A. 
Systems. High -powered (12w.) in- 
tercoms for 21 or 42 stations; op- 
tional chime and light annunciators; 
emergency all -call paging; inputs 
for music program sources; 25v. 
output; mixes private and non - 
private remotes in any combination; 
provision to add booster amplifier. 

In the office 
Inter -office phones save time and 
steps, keep the telephone switch- 
board from being overburdened. 
Bogen does it best. 

Series "TSL" Telephones. Sell your 
customer the economy of unique 
inter -office telephone. Fast (no dial- 
ing); 100% trunkage; no central 
switchboard; conference calls; desk 
or wall mounting; provision for 
paging thru plant P.A. system. Sys- 
tems for up to 16 phones. 

In the school 
Efficient communications systems 
guarantee. increased efficiency - 
portable players enhance music, 
drama, and extra -curricular pro- 
grams. Bogen does it best. 

14 

New Bogen VP Series All- Transistor 
Portable High Fidelity Transcrip- 
tion Players. 20 to 40 watts (sine 
wave ratings). Handsome carrying 
cases. Exclusive variable -speed 
control. Automatic cueing. Inputs: 
2 mic., tape, tuner, phono. 

In the church 
Sound systems deliver the "mes- 
sage" loud and clear throughout 
the church -serve to assure suc- 
cessful social events as well! Bogen 
does it best. 

Bogen MX30A and MX60A Deluxe 
30 -watt and 60 -watt P.A. Amplifiers 
-with 5 mic. inputs; peak limiter; 
power curve -21 to 30,000 cps; 
calibrated low- frequency notch 
filter; 5 speech filters; remote vol- 
ume control and mic. precedence; 
frequency response -10 to 38,000 
cps; wide variety of accessories. 

For complete catalog write: 
Bogen Communications Div., 
Paramus, N.J. 

BOGEN (1Sf) LEAR SIEGLER, INC, 
COMMUNICATIONS DIVISION 
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ELECTRONICS 
FOR EVERYONE HMS 

FREE 
send for it 

today! 
490 PAGE 

1965 . LL /ED CATALOG 
SAVE MOST ON: 

Stereo Hi -Fi 
Famous Knight- 
Kits® 
Tape Recording 
Phonographs 
CB Radio 
Amateur Gear 
P.A. Systems 
Test Instruments 
Electronic Parts, 
Tubes Transis- 
tors, pools, Books 

490 Value- Packed 
Pages. World's largest 
selection of top 
money -saving buys, 
including exclusive 
products available 
only from ALLIED. Get 
fastest service, easy - 
pay terms, satisfac- 
tion guaranteed or 
your money back. 
Send coupon today for 
FREE 1965 Catalog. 

EASY TERMS: Use the Allied Credit 
Fund Plan -up to 24 months to pay 

ALLIED RADIO r 
ALLIED RADIO, Dept. 1-B 

100 N. Western Ave., Chicago, III. 60680 

Send FREE 1965 ALLIED Catalog 

Name - 

FLEA. PRINT 

Address 

City State Zip 
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AUTOMATIC 

TRANSISTORIZED 

BATTERY CHARGER 
CHARGES 6, 8 or 12 V. BATTERIES 
FULL 6 AMP RATE 
HEAVY GUAGE ALUMINUM CASE 
BUILT -IN AUTOMATIC RESET 
CIRCUIT BREAKER 

52010 

DIr.Net 

Guaranteed for 5 Years 
Ask your electronic or automotive distributor for 

yW MODEL NO. BC2 
MANUFACTURED BY 

> WORKMAN t.e /OIf,GG 
SARASOTA FLORIDA PRODUCTS. INC 
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range switch so that an accurate reading 
is obtained. 

The reading obtained is an audio sig- 
nal that is equal to the theoretical signal 
necessary for 100% modulation of the r.f. 
signal just calibrated. Place the switch 
in "R.F. Calibrate" position, and the AM- 
noise level of the carrier may be read 
directly on the noise meter calibrated in 
decibels. On an a.c. voltmeter, another 
reading must be taken of the noise volt- 
age of the carrier. The two a.c. voltmeter 
readings may be used in the formula 
db= 20logE1 /E2 to obtain the signal -to- 
noise ratio. 

The unit is contained in a small plas- 
tic box, 6 %" long, 33s" wide, and 2%" 
high, and uses a u.h.f. -type r.f. connec- 
tor input. The output connection is a 
pair of banana jacks spaced ii" apart to 
accept a standard dual banana plug. It 
will accept 50 -ohm r.f. input at frequen- 
cies as high as 500 mc. and up to 4 watts 
of power. The output calibrating signal 
is 3 volts maximum at 10,000 ohms. 

The AM noise meter may be used 
equally with the aural transmitter of a 
TV station below 500 mc. or with a 
standard AM broadcast station. It is 
available for $24.50. 

Lectrotech Model V -7 Color Generator, Vectorscope 

For copy of manufacturer's brochure, circle No. 60 on coupon (page 17). 

THE new Lectrotech Model V -7 is a 
two -for -one piece of test equipment 

that is designed to be of much practical 
value to the TV service technician who 
must now handle color -TV sets. The in- 
strument is a complete color -bar gener- 
ator using the widely employed offset - 
subcarrier, gated- rainbow technique for 
generating ten spaced color bars across 
the face of the color picture tube. These 
bars, available either as straight video 
or as video modulation on an r.f, carrier, 
are used to adjust the color circuits in a 
TV receiver. In addition, vertical lines, 
horizontal lines, a cross -hatch pattern, 
and a dot pattern are available for the 
usual convergence and linearity adjust- 
ments. So far, the unit appears to be 
quite conventional. True, it is transistor- 
ized except for a couple of vacuum tubes, 

I 89i1 C. 

05C. 
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VERT. LINE 
SHAPER 

52 
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COLOR 
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010 

I5.75-KC. 
05C. 

011 

it does use silicon unijunction transistors 
in the divider circuits, and it permits an 
adjustment of the thickness of the hori- 
zontal line width to suit the technician's 
requirements. 

However, when we examine the in- 
strument we find that it has built in a 
cathode -ray tube, sweep circuits for the 
tube, and various operating controls such 
as we might find on a scope. The tube 
is not to be used as a conventional scope 
to view waveforms; instead, its function 
is to operate as a vectorscope. This is a 
very useful type of display that is widely 
employed in color -TV broadcast stations. 
By employing a circular sweep and by 
viewing demodulated color-bar signals, 
it is possible to obtain a vector display 
of the signals. The display resembles the 
spokes of a wheel. The position of each 
spoke shows its relative phase while the 
length of each spoke shows its relative 
amplitude. The ideal position of the ten 
spokes, representing the ten color bars, 
are shown in the diagram on the next 
page. The burst signal, at zero degrees 
phase, does not appear on the display. 

The vectorscope display is very prac- 
tical for adjusting the color circuits in the 
receiver, both as to phase and amplitude. 
This is true since it permits the direct 
observation of those characteristics of the 
signals that are responsible for the color 
hue ( phase) and color intensity ( ampli- 
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tulle). The instruction manual supplied 
with the instrument shows a variety of 
vectorscope patterns representing typical 
faults in a color -TV receiver. 

The video signals for the vectorscope 
are obtained right at the color picture 
tube itself. The color set's picture -tube 
socket is removed from the tube and an 
adaptor socket from the Model V -7 is 
substituted. Then the set's picture -tube 
socket is replaced onto the adapter. The 
interconnection arrangement also per- 
mits the use of three gun -killer switches 
on the front panel of the instrument. 
These switches are used in the normal 
purity and convergence adjustments. 

The block diagram of the unit gives 
the arrangement of circuits. 

Another plus feature provided by the 
built -in CRT is that the timing circuits 
can be readjusted without the use of ex- 
ternal test equipment. The proper wave- 
forms that must be obtained are simply 
viewed directly on the instrument's CRT. 

The Model V -7 has permanently at- 
tached cables that are stored in a com- 
partment within its 874" x 73 " x 1276" 
cabinet. The unit sells for $189.50. 

"MUSIC FESTIVAL" CONTEST 

F MPIRE Scientific Corp. is sponsor - 
ing a "Round- the -World Music 

Festival" contest in which the grand prize 
will be a 21 -day tour of Europe's great 
music and drama festivals for the winner 
and his guest. 

The object of the contest will be to 
arrange ten features of the company's 
"Royal Grenadier Speaker System" in 
their order of importance. The person 
whose entry conies closest to the order 
established by music editors and critics 
will be the winner. 

The trip will be made via Alitalia Air- 
lines with luxury hotel accommodations 
and all expenses paid by the company. 

Fifty additional prizes, consisting of 
the Deutsche Grammophon album of all 
nine of the Beethoven Symphonies, con- 
ducted by Herbert Von Karajan, will also 
be awarded. 

Entry forms and details are at audio 
dealers now. All entries must be post- 
marked no later than midnight June 1, 
1965. All entries become the property of 
Empire Scientific Corp. and none will 
be returned. A 

make it easy on yourself 
See the direct answer-on only the 
range -scale you want - automatically 

No Reading Errors! No Multiplying! 
Accuracy ±3 %d full scale AC and DC. 
Sensitive 100 microampere meter move- 
ment. DC Volts in 7 ranges 0 -1500. (Input 
resistance 11 megohms). AC Volts (rms) 
in 7 ranges 0 -1500. AC Volts (peak -to- 
peak) in 7 ranges 0 -1500. DC Current in 
3 ranges 0 -500 ma. Ohms in 7 ranges 
0 -1000 megohms. Single DC -AC ohms 
probe, Anti -parallax mirror. Swivel stand 
converts to carry -handle. Includes 11 /2 volt 
battery. Operates on 117 volts 50 -60 
cycle AC. 

Once you set the range switch, you 
automatically see only the scale you 
want in the range you want. Individ- 
ual full -size direct -reading scale for 
each range. Simplifies true reading of 
peak -to -peak voltages of complex 
waveforms in video, sync, and deflec- 
tion circuits, pulse circuits, radar sys- 
tems, etc. Includes DC current ranges, 
too. Net, $8995 

V O Matic 360 
Automatic VOM. See only the full scale 
you want and read the exact answer - 
directly, without multiplying. Burn -out 
proof meter movement. Net, $5995 

See Your B&K 
Distributor 
or Write for 

Catalog 
AP21N 

BK MANUFACTURING CO. 
0 /VISION Or DYNASCAN CORPORATION 

1801 W. BELLE PLAINE AVE. CHICAGO 13, ILL. 
Canada: Atlas Radio Corp.. 50 Wingold, Toronto 19. Ont. 
Export: Empie Exporters, 253 Broadway, New York 1, U.S.A. 
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NO MONEY DOWN 
PLUS REVOLVING 
CHARGE ACCOUNT 

BURSTEIN- APPLEBEE CO. Dept. 49, 
1012 -14 McGee St., Kansas City 6, Mo. 

I [j Rush me the FREE 1965 B -A Catalog. 

I 

I 
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ADDRESS 

ICITY STAT, 

FOR 38 YEARS THE 
OUTSTANDING 

/VLJ @ GaE 'W' 

I BUYING GUIDE FOR: 
Stereo & Hi -Fi Systems and Compo- 

nents Tape Recorders Electronic 
'Parts, Tubes, Books Phonos & Rec- 
ords Ham Gear Test Instruments 
and Kits Cameras and Film Public 

IAddress Citizens Band Transistor 
& FM -AM Radios. 

RUSH COUPON TODAY 
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A JOB or a POSITION ? 
The difference is ELECTRONIC MATHEMATICS 

NOW! A NEW WAY TO LEARN -1. H. S. I. 
WAY. A complete home study course in elec- 
tronic math to help you get the position you 
want -MORE MONEY -MORE RESPECT. 

COURSE PREPARED BY 
COLLEGE PROFESSORS 

who have lectured to thousands of men on math 
and engineering. You learn at home quickly, 
easily -AS FAST as you want. 

YOU SIGN NO CONTRACTS 
Pay only if satisfied -you owe it to yourself to 
examine the INDIANA HOME STUDY INSTI- 
TUTE COURSE IN ELECTRONIC MATH. 
FREE BONUS -if you join now, a refresher 
course in basic arithmetic. 

Write for Brochure -No Obligation 
THE INDIANA HOME STUDY INSTITUTE 

924 East Columbia Avenue. Dept. EW -2 
Fort Wayne, Indiana 

Your Postmaster Suggests: 

Always Include 

Your (ZIP CODE) Number 

in your 

Return Address 

Multiset Couplers 
( Continued from page 36) 

As previously mentioned, most effi- 
cient operation of these multiset couplers 
depends on the impedance of the an- 
tenna being 300 ohms and the TV set's 
antenna -terminal impedance being very 
close to 300 ohms. However, this is not 
always the case as the input impedance 
of the TV set can vary considerably with 
channel selection and fine tuning. 

Such wide variation in impedances 
connected to the different output termi- 
nals of the multiset coupler can produce 
extreme changes in signal level being 
passed to each set. In fact, measurements 
made using some commercial couplers 
showed as much as 26 -db variation 
across the low v.h.f. band. The test setup 
shown in Fig. 2 was used to make the 
measurements The sweep generator is a 
conventional type covering the entire 
v.h.f. band. The amplifier splits this into 
the high v.h.f. band (174 -216 mc.) and 
the low v.h.f. band (54 -88 mc.) . The 
oscilloscope probe can be connected to 
the input of either TV set. While observ- 
ing the signal entering one set, the other 
set is channel- switched and fine -tuned. 
A typical result is shown in Fig. 3. Here, 
the low band is on the left and the high 
band is on the right side of the photo. 
Note that across the low v.h.f. band as 
much as 26 -db variation of signal 
strength can take place within a few mc. 
This curve may explain why some color 
sets do not operate cleanly when using 
some of these passive multiset couplers. 
As the second TV set is channel- switched 
or fine -tuned, the color set may lose the 
chromatic signal in a steep, trap -like, 
response curve. 

This article was prepared from infor- 
mation supplied by Jerrold and Blonder - 
Tongue. 

SWEEP 
GENERATOR 

SCOPE 

50- 220MC. 
AMPLIFIER 

54-eeMC. 

174 -216MC 

2 SET 
COUPLER 

TV SET 

Fig. 2. Test setup for checking couplers. 

Fig. 3. Typical curve of multiset cou- 
pler showing signal strength variation 
with channel selection and fine tuning. 
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CHARGING NICKEL 

CADMIUM CELLS \f 11H the ever -increasing use of re- 
)1( chargeable nickel- cadmium cells 

and batteries, many users may wonder 
just how they should be charged. Al- 
though chargers are available on the 
market, one can be built in accordance 
with information supplied by G -E. 

The normal method of charging 
sealed cells is with a constant -current at 
a rate not exceeding the ten -hour rate 
(C /10) for 14 to 16 hours. The diagram 
shows a constant -current charging cir- 
cuit that can be used. Rated tempera- 
tures and the ten -hour rate should not 
be exceeded in constant -current charg- 
ing without special instructions. 

For cylindrical cell batteries under 
rated conditions, the ten -hour rate can 
be maintained for several weeks without 
cell damage. Button cell batteries are 
more critical, and excessive overcharge 
at the ten -hour rate must be avoided. 
To obtain maximum life of the button 
cell batteries, a 15 -hour charge rate is 

recommended. 
Constant- voltage charging, which is 

acceptable but more critical, results in :( 

Ti 

117V. 
A.C. 

Circuit of the nickel -cadmium battery 
charger. Rectifier diodes capable of 
carrying the current should be used. 

higher initial charging rate. At the start 
of the charge, current may greatly ex- 
ceed the ten -hour rate, but the charging 
circuit must be designed so that the ten - 
hour rate (or less) flows toward the end 
of charge. 

Assume that a 5 -cell, 4 AH battery 
is to be charged. In the schematic, the 
rectifier diodes can be any type which 
will supply the necessary current. The 
calculation of T1 secondary and the 
value of R is as follows: 

End -of- Charge Voltage: 1.45 
V. /cell. 

Ti Sec.: end -of- charge voltage times 
number of cells (i.e., 1.45 x 5 = 7.25 v.) 
Transformer secondary is 7.25 x 2 or 
approximately 15 volts. 

Charge Current: at ten -hour rate = 
4/10 = .4 ampere. 

R Value: should drop approximately 8 
v. (15 - 7.25) at .4 ampere. Therefore 
R is approximately 20 ohms at 5 watts, 
(3.2 w. actual plus factor of safety). 

February, 19e 

FREE 
BOOKLET 
TELLS YOU 
HOW 

Lampkin 105 -B 
Frequency Me- 
ter. 0.1 to 175 
MC and up. Price 
/260.00, net. 

Type 205 -A FM 
Modulation Me- 
ter. Range 25 to 
500 MC. Price 
$270.00, net. 

THE PPM METER -AN ACCESSORY FOR 
THE TYPE 105 -B. ACCURACY 0.0001% -FOR 
SPLIT -CHANNEL FREOUENCY CHECKS ABOVE 
50 M PRICE. $147 00. 

A proven formula for success is to get in on 
the ground floor of a booming business. Mobile 
radio is a booming business. All around, you 
can see two -way mobile -radio antenna towers 
springing up -each one a possible new client 
for you. Most of this work is done on a con- 
tract basis with payment 12 months a year. 
There's little competition . . . few fussy cus- 
tomers to satisfy . . a welcome change 
from AM FM and TV repair! It's not too late 
to make a start toward bigger money! 

MAIL COUPON TODAY! 

LAMPKIN LABORATORIES, INC. 
MFM Division, Bradenton, Florida 

I 

At no obligation to me, please 
booklet and information on 
meters. 

- 

send free 
Lampkin 

MC. c 1 Name 

Address 

City State 

LAMPKIN MFM DIVISION 

LABORATORIES, INC. BRADENTON, FLA. 
J 
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send for New FREE ... with New 

1 
TRANSISTOR an 

CRYSTAL OSCILLATOR 

CATALOG CIRCUITS 

Citizen Band $295 
Class "D" Crystals 

LAC X 

3rd overtone - .005% tolerance - to 
meet all FCC requirements. Hermetically 
sealed HC6 /U holders. V2" pin spacing. 
.060 pins. (Add 15e per crystal for .093 
pins). 

An 23 megacycle frequencies In stock: 20.985. 26.975, 
26.985, 27.003, 27.015, 27.025, 27.035, 27.055, 27.065, 
27.075, 27.005, 27.103, 27.115. 27.125, 27.135. 27.155, 
27.103, 27.175. 27.185. 27.205, 27.215. 27.225. 27.255. 
Matched crystal sets for ALL CB units (Specify equipment 
make and model numbers) $5.90 per Met 

RADIO CONTROL CRYSTALS 
la HC4/U HOLDERS -SIX FREQUENCIES 

le staci for Imedl.I delivery (Ir..wnel.. listed In meats 

coos lil i. ne.1ié1.. dd' al-pr.:AZT ae.e1t7 b.q,a . 

27.1920.11. 

27.043. 27.09$. 27.141. j 
1. 27.211 ä 

/sad se Mr .rr.t.l I.e a.eldee and Imedlleel 

HERMETICALLY SEALED PRECISION GROUND 
CUSTOM MADE NON -OVEN CRYSTALS 

1000KC to 1600KC (Fund. Freq.) 
Prices on Request 

1601KC to 2000KC (Fund. Freq.) $5.00 ea. 
2001KC to 2000KC (Fund. Freq.) 4.00 ea. 
2501KC to 5000KC (Fund. Freq.) 3.50 ea. 
5001KC to 7000KC (Fund. Freq.) 3.90 ea. 
7001KC to 10,000KC (Fund. Freq.) 3.25 ea. 
10,001KC to 15,000KC (Fund. Freq.) 3.75 ea. 
15MC to 2OMC (Fund. Freq.) 5.00 ea. 

ib ORDER FROM CLOSER PLANT 

1 TEXAS CRYSTALS 
DEPT. R -25 Division of 1000 Crystal Drive 
FORT MYERS, FLORDA 
Phone 013 WE 8 -2109 

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

CIRCLE NO. 229 ON READER SERVICE PAGE 

NEED A 
1 10 VOLT 

A.C. OUTLET? 
In CAR, BOAT or TRUCK, 

YOU HAVE IT WITH A 

POWER 
INVERTER 

Actually gives you 110 volt, 60 
cycle A.C. from your 6 to 12 volt 
D.C. battery! Plug inverter into 
cigarette lighter, and operate 
lights, electric shavers, record 
players, electric tools, portable TV, 

radios, testing equipment, etc. 
Frequency stable within one cycle. 

Models from 15 to 600 S 
2 95 

watts, priced as low as LIST 

See Your Electronic Parts Dealer or Jobber, or Write: 

_WagCORPORATION 

IG a CORPORATION 
R.iYa,ona Ave. 

St. P.m' R. Minn. 

In Canada, Atlas Radio Corp. Ltd. - Toronto, Ont 
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" 
' ISTOR DUAL CONVERSION 

MITER 

BUY ON TIME - 
Use Lafayette's 

famous Easy -Pay 
Credit plan ... up to 

24 Months 
to Pay 

LAFAYETTE 
RADIO ELECTRONICS 

1 
FREE! 

1965 CATALOG No. 650 

Over 500 Pages! 
Featuring 

for 

NOME INDUSTRY LABORATORY 

from the "World's Hi-Fi & Electronics Center" 
Stereo Hi -Fi -All Famous Brands 
Plus Lafayette's Own Top -Rated 
Components 
Citizens Band -Transceivers, 
Walkie- Talkies and Accessories 
Tape Recorders Ham Gear 
Test Equipment 

Radios, TV's, and Accessories 
P.A. Equipment; Intercoms 
Cameras; Optical Goods 
Marine Equipment; 
Auto Accessories 
Musical Instruments; Tools; 
Books and MUCH MORE 

See the Largest Selection in Our 44 -Year History 

19950 
New LR -800 70 -Watt Complete 
AM -FM Stereo Multiplex Re- 
ceiver features a tuned nuvistor 
"front -end" and an FM "Stereo - 
Search" multiplex indicator. 
Excellent sensitivity, frequency 
response, and low distortion 
specs. Imported, 99-0005WX. 

9395 

New LT -325 AM /FM Multiplex Tuner combines 
simplicity, flexibility, and superb styling. 20 -Tube 
performance provides a great variety of features, 
including a new audible tone "Stereo Search Sys- 
tem." Imported, 99- 0001WX. 

HEADQUARTERS 
FOR THE HI -FI 
ENTHUSIAST 

Model RK -142 Deluxe Portable 
Tape Recorder perfect for the 
home, school, or office. Re- 
cords and plays 1/2 track mon- 
aural at two speeds. With dy- 
namic microphone, connecting 
cables and empty 7" reel. Im- 
ported. 
99 - 1512WX. 

THE WIDELY ACCLAIMED LAFAYETTE RK -137A TAPE RECORDER 

FEATURING -TRACK STEREO PLAYBACK* 

-TRACK MONAURAL RECORD 

PLAYBACK 

3950 

99.15111 VX 

With Electronic Track Selector Switch, VU Record- 
ing Level Meter and Pause Switch For Instant 
Editing 
Includes Lightweight carrying case, dynamic microphone, 
output cable, 7 inch empty tape reel. 

Two Speeds -33/4 & 71/2 ips Pause Lever Provides Instant Stop 
or Editing Record -Erase Safety Switch Fast, Rugged Shift 
ever Control Extension Speaker Jack High Impedance Monitoring 
ack VU Meter Recording Level Indicator Electronic Track Selector 
witch Specially Designed Heavy -Duty 6x4" PM Speaker Separate 
rase and Record Heads. Imported. 

78 

DYNAMIC 
MICROPHONE 

ä Aptable 
stereo playback 

Mail The Coupon TODAY For Your FREE LAFAYETTE 1965 Catalog, 
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LAFAYETTE ...Headquarters For Citizens Band Equipment 

NEW! LAFAYETTE 23- CHANNEL CRYSTAL - CONTROLLED DUAL CONVERSION 

5 -WATT CB TRANSCEIVER WITH ADVANCED "RANGE -BOOST "CIRCUIT 
13 Tubes, 8 Diodes 
Low Noise Nuvistor RF & Mixer 
5 Double -tuned IF Transformers 

Model HB -400 
Stock No. 99- 3001WX Only 950 

Frequency Synthesis For 23 Channel Crystal 
Controlled Transmit & Receive No Extra Crys- 
tals Needed Dual Conversion Receiver with 
3/10 uy Sensitivity Delta Tuning Variable 
Squelch, Variable Noise Limiter Illuminated 
"S" and RF Output Meter Push -to -Talk Ceramic 
Mike "Range- Boost" provides high average 
Modulation- increases Effective Range Euilt -in 
Dual Power Supply, 117VAC, 12VDC "Vari- 
Tilt" Mobile Bracket For Easy Installation Pug- 
in Facilities for Lafayette Selective Cald Unit 

Compact, 12 "Wx10 "Dx5 "H 

CITIZENS E3P.NCl TRAN£3CE:iUE:R 

NEW! LAFAYETTE ALL- TRANSISTOR DUAL CONVERSION 5 -WATT 
CB TRANSCEIVER FEATURING AUTHENTIC MECHANICAL FILTER 

100% SOLID-STATE . . . 

FULL 5 WATT PERFORMANCE 

RUGGED SILICON MESA TRANSISTOR 
JSED Ill ALL CRITICAL AREAS 

FOR EXTRA RELIABILITY 

INCLUDES .003% TOLERANCE CRYSTALS FOR FREQUENCY STABIL 

The Perfect Unit For Mobile! v Only 3" high -fits easily in any car v Special multi -stage noise -limiting circuit ends 
problem of mobile noise 

V The same output as the most powerful tube 
unit -yet uses only 21/2 per cent of the 
battery power required by a tube unit. 

MODEL HB -500 13950 Stock No. 99- 3027WX Only 

12 Crystal -Controlled Transmit & Receive Positions 
23 Channel Tunable Receiver with Spotting Switch 
15 Transistors, 5 diodes Dual Conversion Receiver 

with 5/10 µV Sensitivity Exclusive Quality Mechanical 
Filter For Razor -Sharp Selectivity Variable Squelch, 
"S" meter Dependable Sealed Relay Switching Corn- 
pact 3 "Hx116 "Wx61Y16 "D For 12VDC (optional 117VAC 
Solid State power Supply available) Supplied With Cry- 
stals for Channel 12, easy -mount Mobile bracket, Push -to- 
Talk Dynamic Mike. 

NEW! LAFAYETTE DELUXE 8- CHANNEL DUAL CONVERSION 5 -WATT 

CB TRANSCEIVER SUCCESSOR TO THE FAMOUS LAFAYETTE HE -20C 
Model HB -200 10950 Sto ck No. 42- 0118wx ONLY 

9 Tubes plus 3 Silicon Diodes plus 2 Crystal Diodes 
for 17 -Tube Performance Super Sensitivity -1 Micro- 
volt or Less 8-Crystal Receive Positions plus 8 Crystal 
Transmit Positions plus 23- Channel Tunable Receive 

Push -to -Talk Microphone Dependable Relay Switch- 
ing Illuminated Meter with 3- Position Switch Adjust- 
able Squelch and Automatic Noise Limiter Spotting 
Switch Built -in 117 Volt AC Power Supply with 12 
Volt DC Mobile Transistorized Power Supply Plug -in 
facilities for Lafayette Selective Call Unit With 
Bracket Handle, Push -to -Talk Ceramic Mike, Pair of 
Transmit and Receive Crystals for Channel 15 plus 
Crystal for Dual Conversion. 

February, 1965 CIRCLE NO. 194 ON READER SERVICE PAGE 

www.americanradiohistory.com

www.americanradiohistory.com


DON'T MISS THE ELECTRONICS WORLD 1965 

at the International Exhibition of 

ELECTRONIC 

COMPONENTS 
and at the International Exhibition of 

Audio Equipment 
Paris -Porte de Versailles 
April 8 -13, 1965 
the world's greatest display 
in the electronics field 
All components, valves and semi- 
conductors, measurement and 
control apparatus, electro -audio 
equipment .. . 

For all information: 
S.D.S.A. 16, rue de Presles. Paris 15e 
Telephone 273.24.70 

Official carrier to the Show Air France 
Overseas Trade Show Department 
683 Fifth Avenue New -York, N.Y. 10022 

¢- 
F 

IDG9ffi$l- 

82 

Under the auspices of F.N.I.E. 

INTERNATIONAL SYMPOSIUM 

ON TECHNIQUES 

OF MEMORIES 
April 5 -10, 1965 
PARIS 
125 Avenue de Suffren 

CIRCLE NO. 101 ON READER SERVICE PAGE 

USING DIODES 

TO PROTECT CIRCUITS 
By TIMOTHY KAARTO 

fEXPENSIVE silicon diodes can easily be selected for pro- \ 
tection of some a.c. and most d.c. moving -coil meters. All 

silicon diodes conduct only about 3µa. in the forward direc- 
tion with as much as 350 mv. applied. Yet, they conduct their 
full rated current with only twc or three times this voltage. 
Thus, these diodes can be connected across most d.c. meter 
movements since most of them require less than 100 mv. for 
full -scale deflection. If the voltage across the meter tries to 
rise above .6 to .8 volt, the diode will bypass the current, 
clamping the voltage to a safe value. 

When the meter is to be used for d.c., it can be protected 
as shown in Fig. 1A. If the load is accidentally shorted, the 
diode will carry the excess current and cause the fuse to open. 
Thus, the diode protects the meter and the fuse protects the 
diode. 

Where the instrument is intended for all- around use, and- 

it encounters a circuit containing ripple, considerable error 
may result because the diode may conduct the peak current 
that should go through the meter. In the half -wave rectified 
circuit (Fig. 1B), the meter measures average value. 

The diode may start conducting at 314 mv.; however, meter 
current must be kept below 100 mv. to avoid damage. 

At the same time, the millivolt drop should be as high as 

possible. For example, if the drop across the meter is 10 mv. 
and the diode clamped the voltage to .75 v., there would be a 

75 times meter overload. On the other hand, if the drop were 
increased to 50 mv., the meter would be overloaded by 15 

times. This adjustment can be made with the millivolt adjust- 
ment resistor shown in Fig. IB. 

Most meters can withstand a 15 times overload long enough 
for the fuse to blow. Some diodes conduct only three micro- 
amperes in the forward direction with about 360 mv. applied. 
When this diode is used, the meter can be safely adjusted for 
100 mv. and thus have its overload limited to 15 times. If the 
meter movement voltage cannot be adjusted below 100 mv., 
then further consideration must be given to the operating con- 
ditions. Perhaps the meter should be used in a circuit where 
only a fairly smooth d.c. is applied, or where a few micro- 
amperes of leakage will not matter. 

Fuses have been used in instrument protection for many 
years. However, they may add unwanted resistance to the cir- 
cuit. For example, a Bu.ssmann AG3, 1/200- ampere fuse has 
about 200 ohms resistance. When diodes are used in conjunc- 
tion with a fuse, this unwanted resistance is essentially elim- 
inated and excellent protection is provided. The fuse can be 
a larger size, since its purpose is-to protect the diode, and 
therefore it will have a low resistance. For example, the Buss - 

n1nnn GLX, fuse measures only .2 ohm. 
Two diodes connected back -to -back offer protection against 

accidental current overload. 

Fig. 1. (Al Using a diode to protect a meter. (BI A milliwatt 
adjustment resistor can be used to reduce meter overloading. 

MILLIVOLT 
ADJUSTMENT 
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BOOK 
REVIEWS 

"FUNDAMENTALS OF TELEVISION" by Walter H. Buchsbaum. 
Published by John F. Rider Publisher, Inc., New York. 282 
pages. Price $9.95. 

This is a carefully organized text which can be used for 
classroom instruction or as a home -study book. For classroom 
use, the publisher offers an "Teacher's Guide" and a corn - 
panion "Laboratory Manual" for the student with 16 progres- 
sive projects, keyed to the text. 

Each circuit and receiver section is explained in consider- 
able detail with illustrative examples from the latest color 
and black- and -white models. New circuit design features are 
described and their differences from earlier designs pointed 
out. 

After each circuit or section is discussed, the various pos- 
sible defects and their symptoms are described. Practical 
troubleshooting procedures and alignment data are included. 

Readers of this magazine are familiar with Mr. Buchs- 
baum's lucid presentation of technical material and will find 
this volume in the same strain. The text is lavishly illustrated 
with schematics, line drawings, photographs, and each chap- 
ter has a list of "review questions" -all amplifying the text 
material and aiding the student. 

"ELECTRONIC GADGETS FOR YOUR CAR" by Len Buckwalter. 
Published by Howard W. Sams & Co., Inc., 126 pages. Price 
$2.95. 

This little volume carries instructions for building ten use- 
ful electronic devices for the car, including an ammeter, a 
spare -tire alarm, an emergency flashlight, a transistorized 
battery charger, a troubleshooter meter, a directional -light 
beeper, a dwell indicator, a car radio p.a. system, a trunk 
alarm, and a tachometer. 

Schematics, pictorials, parts lists, and actual step -by -step 
construction photos make these projects easy for even the 
non -technically inclined motorist to build. 

"GLOSSARY OF DATA PROCESSING AND COMMUNICATIONS 
TERMS" compiled and published by Honeywell Electronic 
Data Processing, Wellesley Hills, Mass. 85 pages. Price $1.00. 
Soft cover. 

The lack of standardization in data processing terminology 
is somewhat of a handicap and a deterrent to full understand- 
ing among those working in the field. Although the American 
Standards Association has such a standard under considera- 
tion at the present time, it hasn't been adopted and this 
"Glossary" fills an urgent need. 

The listing is in standard dictionary format with appropri- 
ate cross- referencing when required. Four appendices cover 
the company's character codes, the standard Honeywell tem- 
plate, a binary extension table, and octal- decimal conversion. 

C á C 

"TRANSISTOR SPECIFICATIONS AND SUBSTITUTION HAND- 
BOOK" compiled and published by TechPress Publications, 
Brownsburg, Ind. $1.95. Soft cover. 

This is a second edition of a handy listing which first ap- 
peared early in 1964. It includes both the specifications and 
recommended substitutions for transistors from a great num- 
ber of manufacturers. Specifications are those supplied by the 
manufacturer and substitutions were selected by a computer. 

Besides tables, the book includes text on making tran- 
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america's most popular 
tube tester 

THE NEW SENCORE TC130 

MIGHTY MITE III TUBE TESTER 

New in looks and compactness, updated with many exclu- 
sive features. The MIGHTY MITE tester, long America's 
most popular tube checker because it has the versatility 
and reliability profess;onal servicemen demand! The 
MIGHTY MITE III checks them all - more than 2,500 tubes 
plus picture tubes, including the new frame grid tubes 
(has four extra sockets for latest tubes). It's fast and 
thorough, checks for control grid leakage, then, with the 
flick of a switch, tests for interelement shorts and cathode 
emission at full operating levels. Uses costly moving coil 
meter for high sensitivity (100 megohms) to find those 
"tough dog" tubes other low- sensitivity 
testers miss. In versatility, reliability, porta- it. 
bility and operating simplicity, the TC130 is 50 
your best buy in tube checkers at 

COMPARE THESE MIGHTY MITE III FEATURES: 

Lower voltage for Nuvistors and all frame grid tubes Unique 
circuit tests for inter -element shorts, each and every element Checks 
cathode emission at full operating levels Checks control grid leakage 
at 100 megohms sensitivity, like "eye tube" testers. 
Speed- indexed set -up cards greatly reduce look -up time Simplified 
panel layout speeds checks, prevents errors Burn -out proof, stick - 
proof meter Sturdy, all -steel cose, rubber feet Styled for 
modern, professional look 

arofessional quality - that's the difference! V 1J V O 1=1 
426 SOUTH WESTGATE DRIVE ADDISON, ILLINOIS 
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sistor substitutions, transistor specifica- 
tions, manufacturer codes, transistor 
symbols, and transistor case diagrams. 

"MATHEMATICAL BAFFLERS" compiled 
and edited by Angela Dunn. Published 
by McGraw -Hill Book Company, New 
York. 217 pages. Price $6.50. 

This is a compilation of some of the 
most popular and best puzzles that have 
appeared in Litton Industries' well - 
known series, "Problematical Recrea- 
tions," along with a choice selection of 
original posers. The book is divided into 
seven sections which permits the reader 
to select his "favorite" way of driving 
himself crazy. There are algebraic, geo- 
metric, and diophantine problems, prob- 
lems in logic and deduction, probability, 
insight puzzles, and assorted number 

theory problems. Difficulty ranges from 
simple posers requiring logic and insight 
to problems which may stump the ad- 
vanced mathematician. Answers are 
provided in all cases. 

Most of the posers are illustrated with 
cartoon -type woodcuts by Ed Kysar. 

"THE RADIO -ELECTRONIC MASTER" com- 
piled and published by United Catalog 
Publishers, Inc., Garden City, N.Y. 1728 
pages Price $10.00. 29th Edition. 

The 1965 edition of this electronic 
parts listing carries more than 185,000 
items with specifications and prices and 
over 12,000 illustrations, making it the 
largest "Master" to date. 

For rapid reference, the products of 
electronics manufacturers are organized 
into 30 product sections. All the latest 

standard electronic products are shown, 
including miniature and subminiature 
components, printed -circuit components, 
silicon rectifiers, new semiconductor 
types, CB, SSB, and new mobile ham 
gear, color -TV test equipment, among 
others. A detailed index facilitates loca- 
tion of specific products while a manu- 
facturers' directory completes the vol- 
ume. 

* * o 

"TRANSISTOR MANUAL" edited and pub- 
lished by Semiconductor Products Dept., 
General Electric Company, Syracuse, 
N.Y. 651 pages. Price $2.00. Soft cover. 

This is a Seventh Edition and is rough- 
ly ten times the size of the first edition 
published in 1957, so rapidly has tran- 
sistor technology grown. New and up- 
dated material accounts for more than 

Why are most Color Television Sets 
BECAUSE EXPERIENCED COLOR TV DEALERS 
KNOW THAT WINEGARD COLORTRONS ALWAYS 
DELIVER THE BEST COLOR PICTURES POSSIBLE! 

And it's just plain, common sense ... wizen a man invests $400- 

$1000 or more in a color TV set, he expects -and deserves -the 
finest possible color reception! 

Most people who demand the finest in color TV reception choose 
Winegard Colortron. Here's proof: 

Look on top of the largest retail stores in the country ... they 
demonstrate their sets connected to Winegard antennas; or look 
on the homes of the famous TV and movie stars in Hollywood; or 
on the studio buildings of all three major TV networks; even atop 
the Whitehouse in Washington. Wherever the best color is seen, 
you'll see a Winegard Colortron ... it's the TV antenna made 
for color. 
What's behind Colortron's Superior Performance? Balanced 
Design ! Just what is Balanced Design? It's the perfect combination 
of high gain, accurate impedance match, complete band width, and 
pinpoint directivity ... and only Colortron has it! 

For example: 
Gain and Bandwidth -A superior color an- 
tenna must have high gain and complete band- 
width. But the response must be flat if it is to be 
effective. Peaks and valleys in the curve of a high 
gain antenna can result in acceptable color on one 
channel and poor color on another. No all- channel 
VHF -TV antenna has more gain with complete 
bandwidth across each and every channel than Colortron. Look 
at the Colortron frequency response in this oscilloscope photo. 
Note the consistently high gain on all channels. Note the absence 
of suck -outs and roll -off on end channels. Note the flat portion of 
the curve ... there is less than 1/2 DB variance over any channel. 

Impedance Match - the two 300 ohm "T" 
matched Colortron driven elements have far bet- 
ter impedance match than any antenna using 
multiple 75 ohm driven elements. The Colortron 
transfers maximum signal to the line without 
loss or phase distortion through mismatch. The 
oscilloscope photo here shows the Colortron 

CH. 6 
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80% of the contents with emphasis on 
practical information. 

The manual is divided into twenty 
sections covering basic semiconductor 
theory, small signal characteristics, large 
signal characteristics and transistor 
choppers, biasing and d.c. amplifiers, 
logic, switching characteristics, digital 
circuits, oscillators, feedback and servo 
amplifiers, regulated d.c. supplies, audio 
and hi -fi amplifier circuits, radio receiver 
circuits, unijunction circuits, tunnel 
diode circuits, circuits for experimenters, 
silicon controlled switches, silicon signal 
diodes and snap diodes, transistor meas- 
urements, transistor specification sheet 
and specifications, and application notes. 

Hundreds of schematics are included. 
A detailed index would be a worthwhile 
addition to this useful manual. 

"ADVANCED SERVICING TECHNIQUES" 
prepared under the sponsorship of the 
EIA. Published by John F. Rider Pub- 
lisher, Inc., New York. Vol. I (288 
pages) $8.25. Vol. II (172 pages) $5.95. 

These two volumes, appearing under 
a common title, have only their level in 
common. The first volume by Paul B. 
Zbar and Peter W. Orne, deals with 
color and black -and -white TN' servicing 
while the second volume by Neely, Mas- 
saro, Harris, Rosenthal, and Kist involves 
the servicing of stereo amplifiers, FM 
and FM- multiplex equipment, record 
changers, tape recorders, home inter- 
coms, and receivers. 

\'ol. I is a revised and updated edition 
of "Advanced Television Servicing Tech- 
niques" which the EIA sponsored some 
ten years ago. in the interim. color tele- 

i,inn, printed circuits, transistors, all - 
channel u.h.f.- v.h.f. receivers, and other 
important new developments have made 
their appearance making it necessary for 
technicians to acquire new skills and 
techniques. The text is divided into 20 
chapters which cover all facets of TV 
receiver servicing, from the test equip- 
ment to be used and its application, to 
the troubleshooting and repair of specific 
circuits. The text is lavishly illustrated 
with graphs, schematics, photographs, 
and even color plates. 

Vol. II which deals with various types 
of audio equipment is written by a 
"specialist" in each category. It includes 
the latest information on maintenance. 
repair, and troubleshooting procedures 
and, like Vol. I, is a practical, no -non- 
sense treatment of the subject. 

connected to Winegard Antennas? 
VSWR curve (impedance match). No current VHF -TV antenna 
compares with it across all 12 channels. 

Directivity -An antenna with sharp directivity 
and good signal -to -noise characteristics is neces- 
sary 

/1 
for perfect color. Extraneous signals, picked 

up at the back and sides, produce objectionable 
noise and ghosts in black and white reception. But 
in color TV, they frequently ruin reception. 
Winegard Colortron has the most ideal directivity 
pattern of any all- channel VHF antenna made. 
The Unsurpassed Performance of Balanced Design is Matched 

Only by the Colortron's Unsurpassed Construction! 
Colortron has been engineered for maximum strength, minimum 
weight and minimum wind loading. The result is a streamlined, 

e.Pieu 
CL 

COLORTRON ANTTMNA 

Model C -44 Cold Anodized 164 95 
COIORTRON ANTENNA COLORTRON ANTENNA 

Model C 43 Cold Anodized 151 90 Model C O Cold Anodized 534.95 

'1CL t 

lightweight antenna that stays stronger longer. Colortrons have 
even been wind tested to 100 m.p.h. 

Advanced- design snap lock hardware makes Colortron 
the easiest antenna to install. Winegard Colortron also has the 
finest Gold Anodized finish of any TV antenna made. 
Winegard Helps You Sell ...With More National Consumer 
Ad ertising Than ,411 Other Brands Combined! Look for Winegard 
... on AFL Football over ABC (over 1,500,000 viewers per 
game) ... in Life Magazine (over 13,000,000 readers per issue) ... in Parade (the big Sunday supplement with 21,000,000 readers 
per issue). 

This is the Season for TV buying ... The season for you to stock 
up on Winegard Colortrons. Remember . .. over 2,000,000 Color 
TV Sets will be sold this year and the antenna made for color TV 
is Winegard Colortron. Order today! 

COLORTRON ANTENNA 

Mehl C.41 Gold ANOdizU $24.95 

CIRCLE NO. 237 ON READER SERVICE PAGE 
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New 
Futterman 
Model H -3 OTL 
Stereo Twin -50 

Consider a vacuum tube 
power amplifier so "good" it 
can readily prove its absolute 
superiority over any other 
(whether tube or transistor) on 

the market today...Indeed, an 

amplifier so "good" that the 
line between physical limita- 
tion and theoretical perfection 
is, for all practical purposes, 
erased. In short, consider the 
revolutionary new Futterman 
Model H -3. 

With a frequency response of +0, 
-0.5 db from 5 to 90,000 cps and 
-3 db at 200 Kc...with harmonic 
and intermodulation distortion so 
close to zero that it is virtually un- 
measurable...with a signal -to -noise 
level that is better than 90 db 
below 50 watts...with an unprec- 
edented damping factor of 200... 
with a square wave response that 
has never been approached by an- 
other amplifier...with a unique 
patented tube circuit that does 
not require the distortion- produc- 
ing transformers that are integral 
to all conventional amplifiers... 
with a built in stability that is ab- 
solute proof against the severest 
of load configurations and condi- 
tions...with a power output very 
conservatively rated at 50 watts 
RMS per channel (15 or 16 ohm 
load)...with all this, the new Model 
H -3 is truly the ultimate amplifier. 

Quality construction is basic 
to the Model H -3. Every component 
and part is made in the U.S. and 
is of the highest grade obtainable. 
Meticulous care is taken in the 
fabrication and testing of each H -3 
amplifier and each is backed (ex- 
cept for tubes) by a full two year 
warranty. 

The price (incl. cage): $288. 
For further details, 

write: 
Dealer 
Inquiries 
invited harvard (12) 

electronics co. 
693 BROADWAY, N.Y., N.Y. 10012 
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Soldering Tools 
(Continued from page 48) 

soldering of individual joints is gener- 
ally employed, and the ultrasonic action 
is really only an assistance to the solder- 
ing itself. A bath of molten solder, as 
shown in Fig. 7, contains an ultrasonic 
transducer. The dots near the tip of the 
transducer indicate the area of cavitation 
where the component lead or the joint 
to be soldered is placed. The cavitating 
solder cleans the lead of oxides and other 
foreign matter just as vigorous scrubbing 
would do. As the lead is moved from 
the cavitation region, the molten solder 
clings to the oxide -free surface. The en- 
tire process, which takes less than a sec- 
ond, is effectively the same as if the 
component lead were scraped perfectly 
in a vacuum and molten solder applied 
immediately. Because all oxides are re- 
moved and no flux or other chemicals 
are needed, the temperature of the sol- 
der can be kept much lower, making 
this process particularly useful for semi- 
conductors and microminiature assem- 
blies where high temperature may be 
a problem. One of the limitations of the 
ultrasonic process is that it does not work 
with ferrous metals which need a flux 
under all circumstances. Another limita- 
tion is the need for changing the solder 
bath relatively often to get rid of oxides 
and other dirt which would now be dis- 
persed through the solder and which 
might adhere to the already soldered 
material forming non- solderable spots. 

Automatic Soldering 
The widespread use of printed wiring 

has brought about a small revolution in 
soldering methods. When it became pos- 
sible to solder many connections simul- 
taneously simply by dipping a printed 
wiring board into molten solder, many 
hand -soldering operations could be elim- 
inated, and solder pots took the place 
of soldering irons. Hand dipping was 
quickly replaced by semi -automatic dip- 
ping. But this required frequent refilling 
to keep the solder level constant. Dross 
forms easily at the top of the solder pot 
due to oxidation of the molten solder 
where it contacts the air. Both of these 
limitations are overcome by the wave - 
or fountain -soldering method. Oxidation 
of the solder surface is reduced by the 
fact that the solder is constantly moving 
and also by employing oil which is often 

used to cover the surface of the molten 
solder. Instead of a constant solder level 
in the pot, only the solder wave which 
contacts the printed wiring has to be 
constant. 

The subject of automatic production 
soldering could fill a thick book, but to 
get an understanding of what is involved, 
a typical wave -soldering system will be 
described. Fig. 8 shows the major com- 
ponents and processes used. Instead of 
a single conveyor, several different con- 
veyors may be used and the printed wir- 
ing boards are usually held in a fixture 
which itself is attached to the conveyor. 
On many printed wiring boards it is de- 
sired that certain parts, such as connec- 
tor contacts, do not teceive any solder. 
Either manual application of masking 
tape or a sprayed -on coating covers those 
areas and prevents action of the flux or 
adherence of the solder. 

Starting on the right of Fig. 8, the 
bottom of the printed wiring board is 
coated with flux. In some instances, flux 
is sprayed on, in others it is applied by 
passing the board over a rotary brush 
which is partly submerged in the flux, 
and in still others a small fountain of 
foaming flux is created which touches 
the printed board. After the flux is ap- 
plied, it is customary to pre -heat the 
printed wiring board by passing it over 
some infrared lamps. The solder -wave 
equipment consists of a heated container 
which keeps the solder at the desired 
temperature and a simple pump which 
creates a wave by forcing the molten 
solder through a rectangular chimney. 
The height of the solder wave can be 
carefully controlled. Most systems use a 
thin blanket of oil to reduce oxidation 
both of the solder wave and of the solder 
joint during the short hardening period. 

The flux residue and the oil must be 
removed as soon as the solder has hard- 
ened on the printed wiring board. Two 
or more stations of washing and rinsing, 
the first with flux remover, the second 
usually with warm water, are followed 
by an air -pressure jet which blows the 
water off the board. 

Automatic -wave soldering systems, 
though simple in concept, require a great 
deal of careful adjustment, constant in- 
spection, and maintenance. Close tern - 
perature control, replacement of the var- 
ious chemicals, and inspection of the 
finished printed boards are essential in 
producing uniform and reliable soldered 
connections. 

Fig. 8. Layout of a typical automatic soldering production line. Usually several 
conveyors are used and the printed- circuit boards are mounted in fixtures. Either 
masking tape or a sprayed -on coating covers areas not to be fluxed and soldered. 
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If the part you need isn't here, 
we've probably got it on the next shelf. 
How can we be so sure we've got the auto 
radio parts you need? There are two reasons. 
One, nearly half the cars on the road have 
Delco radios. And we make Delco radio 
parts. Two, you can serviice most other 
kinds of radios with Delco parts. 
We think this makes things easier on you. 
Because you can get just about all your 
parts from one reliable source, your United 
Delco supplier. 
And what you get are good parts. You don't 
have to say a prayer every time you use 
them. They're well -built, well- tested parts 

Atlanta Cedar 7 -1501 
Boston Weils 3 -3100 
Buffalo TF 2 -5352 
Charlotte Edison 4 -8671 
Chicago. 437 -5300 Cincinnati Cherry 1 -2310 
Cleveland 671 -6460 
Dallas Fleetwood 2 -8471 
Denver Keystone 4 -0273 

that won't lei you or your reputation down. 
Your United Delco supplier will gladly send 
you our big detailed catalog. (To find the 
supplier nearest you, phone your area 
number below and ask for the Zone Service 
Manager.) 

United V Deleo 
DELCO RADIO ,Division of General Motars 

Detroit 584 -1025 
El Paso Keystone 3 -1651 
Houston Jackson 6 -4338 
Indianapolis Melrose 6 -4351 
Jacksonville Exbrook 8 -5755 
Kansas City Fairfax 1 -3900 
Los Angeles...... Dunkirk 5 -6487 
Memphis Jackson 5 -6471 
Minneapolis 331 -4811 
Newark 297 -3300 

CIRCLE NO. 123 ON READER SERVICE 

New Orleans 523 -4281 
New York Judson 2 -3824 
Omaha S58 -0225 
Philadelphia Garfield 3 -8200 
Pittsburgh Court 1 -6551 
San Francisco.. Landscape 6 -8221 
Seattle Parkway 2 -4477 
St. Louis Jefferson 3 -4230 
Washington, D.C.. Juniper 8 -7494 
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READER SERVICE PAGE 
As a convenience to our readers, we have included two separate reply coupons 
in this issue which should simplify the process of requesting information on 

products and services appearing in this issue. 

Unfortunately, many companies will not furnish additional information to a 

home address. Therefore, to assure a reply, make certain that the proper coupon 
is used. 

To get more information, promptly, about products and services mentioned in 

this issue, simply circle the number corresponding to the ad or editorial mention 
and send the proper coupon to us. Your request will be sent to the manufacturer 
immediately. 

FOR PROFESSIONAL USE: In requesting information on products and services 
listed in the coupon below it is necessary to fill out the coupon COMPLETELY, 
stating your company, address, and your function or title. If the coupon is in- 
complete it cannot be processed. 

FOR GENERAL USE: In requesting information on products and services listed 
in the coupon on page 17, you may use your home address. 

You can use both coupons, since each contains specific items, if each coupon 
is filled out completely. 

See Page 11 for "GENERAL USE" Coupon 

Mail to: ELECTRONICS WORLD P. 0. BOX 7842, PHILADELPHIA 1, PA. 

PROFESSIONAL USE ONLY Total Number 
of Requests 

NAME (PRINT CLEARLY) TITLE 

COMPANY NAME 

COMPANY ADDRESS 

CITY STATE ZONE 

I AM EMPLOYED IN: INDUSTRY COMMERCIAL COMMUNICATIONS 
MILITARY /GOVERNMENT OTHER 

Please send me additional information on products I have circled. 
(Key numbers for advertised products also appear in Advertisers Index.) 

1 7 8 22 30 32 45 46 47 48 

49 50 51 52 53 55 56 58 59 101 

121 123 127 128 129 137 140 141 142 143 

ELECTRONICS WORLD 
P.O. BOX 7842, PHILADELPHIA 1, PA. 

(VOID AFTER MARCH 31, 1965) 2 

ELECTRONICS WORLD 
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NEW PRODUCTS 
Sc 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- 
pons appearing on pages 17 and 88. 

COMPONENTS TOOLS TEST EQUIPMENT HI -FI AUDIO CB HAM COMMUNICATIONS 

TUNNEL DIODE AMPLIFIER 

1 

The Micro State Electronics Corp. has de- 
veloped an x -band tunnel diode amplifier 

which incorporates its own protective limiter. 
The tunnel diode amplifier's gain exceeds 17 

db with a noise figure of less than 5.5 db over an 

8850 -8950 mc. range. The solid -state active limiter 
covers this frequency range with more than 45 db 
of isolation for handling peak powers of 5 kw. 
for protection to the tunnel diode amplifier. Addi- 
tional loss allowed for the switch assembly over 
the temperature range is less than 1 db. 

AUTOMATIC DEGAUSSING KIT 
1) Colman Electronic Products Inc. has devel- 
L oped a completely automatic degaussing kit 
for all 1963.64 color TV sets. The kit is designed 
for those who want to move their color sets from 
one location to another without having to have 
the set readjusted. 

The degaussing kit comes complete with de- 
tailed instructions for its use. It consists of two 
specially designed degaussing coils, an automatic 
degaussing control, and all the necessary wiring. 
No drilling is required in most cases and it is not 
necessary to remove the chassis from the cabinet 
when installing the kit. 

SILICON FOCUS RECTIFIER 

3 
Sarkes Tarzian Inc. has announced a new 
silicon focus rectifier which it claims pro- 

vides permanent correction for color focus prob- 
lems. The rectifiers are permanent, direct re- 
placements for the selenium rectifiers in many 
Airline, Dumont, Emerson, Magnavox, Olympic, 
Packard Bell, Philco, RCA, Silvertone, Sylvania, 
Warwick, %Veils Gardner, and Zenith sets. 

The new units arc catalogued as Type CV650. 

3" WIDEBAND SCOPE 
A Eico Electronic Instrument Co., Inc. is cur - 
it rently introducing a compact oscilloscope, 
the Model 435 wideband unit which employs a 

flat -face, 3 -inch cath- 
ode -ray tube. Distor- 
tionless vertical and 
horizontal trace ex- 
pansion to several 
times the screen diam- 
eter and drift -free 
vertical and horizon- 
tal positioning per- 
mit examination of 
waveforms with as 
much detail as with 5" 
scopes, according to 
the company. 

Vertical response is 
fiat within +1 db, -3 db from d.c. to 4.5 mc. 
and sensitivity is 18 mv. per cm. r.m.s. and 50 
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mv. per cm. peak -to -peak. Input impedance is I 

megohm shunted by 35 pf. Horizontal response 
it flat within +1 db, -3 db from 1 cps to 500,- 
000 cps and sensitivity is 0.7 volt per cm. r.m.s. 

The scope, which is offered in both kit and fac- 
tory wired versions, weighs only 15 pounds and 
measures 81/2" h. x 5414" w. x i24á" d. 

ALL -CHANNEL ANTENNA 

5 
JFD Electronics Corp. has developed a new 
version of its "Log- Periodic" concept, the 

LPV -VU all- channel v.h.f.- u.h.f. -FM "Cap -Elec- 
tronic" dipole antenna. 

By introducing parallel plate capacitors into 
the dipoles and adjusting their capacitance and 
location, the new design creates more driven ele- 
ments than ever before possible. Only one down - 
lead is required; an AC80 signal splitter is in- 
cluded so lead -ins can be run to v.h.f. and u.h.f. 
TV set inputs and FM tuner inputs. 

Five models are currently available with from 
6 to 18 active cells to provide reception for FM 
from 30 to 75 miles, u.h.f. from 25 to 90 miles, 
and v.h.f. from 75 miles to 175 miles. 

COLOR -BAR GENERATOR 

6 
Seco Electronics, Inc. is now marketing the 
Model 990 color signal generator which 

the company claims is so stable that it needs only 
15 seconds to lock in and remains stable all day. 

Crystal -controlled keyed color bars provide 10 
standard colors for accurate alignment and trou- 
bleshooting of color circuitry. A rainbow color 
pattern can also be selected to supplement keyed 

color -bar tests. 
the technician 
color guns. 

Variable dot patterns of 54 or 144 dots can be 
selected for d.c. or static convergence. Variable 
crosshatch patterns of 6 or 16 horizontal bars and 
9 vertical bars can be selected for dynamic con- 
vergence, overscan, and linearity adjustments. 

The unit is housed in a sturdy steel case. Two 
clip -on antenna leads hook the unit up to the TV 
set. It is factory adjusted to channel 3 and can 
be tuned to channels 2 or 4. 

Color gun killer switches allow 
to actuate any combination of 

ELECTROLUMINESCENT KIT 

1 
Sylvania's Lighting Products Division is now 
offering an applications development kit 

containing sample materials and a power supply 
for investigating design applications of its flex- 
ible electroluminescent light source called "Tape - 
Lite." 

"Tape -Lite" provides medium -level illumina- 
tion and operates on the principle of electrolu- 
minescence. The new light source is only 1e" 
thick and has a lighted width of one inch. It can 
be produced in continuous lengths up to 150 feet. 

Since it can be twisted, coiled, and bent in wrap- 
around form, even while lit, the new tape is ap- 
plicable to numerous fields. 

The kit includes one -foot lengths of the four 
basic colors: green, white, yellow, and blue. An 
additional three -foot length of green tape is in- 
cluded and all strips are equipped with end caps 
and line cords for 120 -volt operation. 

BATTERY -OPERATED SPLICER 

8 
Jonard Industries Corp. is now offering a 
newly patented splice gun which will handle 

cable sizes 16 to 30 in an automatic operation. 
The new four -in -one instrument will twist cables, 
burn off the insulation, weld the conductors, and 

cut off surplus %me. The Loo conductors to be 
joined are inserted into the jaws of the gun. Op- 
eration of one trigger actuates an electric motor 
which twists the conductors together for a set 
number of turns. Operation of a second trigger 
applies battery potential to the twisted conduc- 
tors which burns off the insulation and completes 
the splice. 

The tool which is 6" long x 6" high weighs 1 V4 

pounds. It may be operated from a portable 6 -volt 
d.c. source or a battery. 

IGNITION SYSTEM KIT 

a 
Heath Company is now marketing a kit ver- 
sion of The Nuclear Electronics Laboratories 

Inc.'s "Trans -nition" transistorized ignition sys- 
tem. 

Designed for 6- or 12 -volt operation, positive or 
negative ground, the system can be installed on 
any car, foreign or domestic. It features a 4 -tran- 
sistor, zener- diode -protected circuit. A built -in 
conversion plug is provided to switch to the car's 
conventional ignition system if desired. 

The system is completely sealed to prevent 

damage from moisture and corrosion. The kit in- 
cludes instructions, ballast resistor, all mounting 
hardware, wire, terminals, and a special high -out- 
put coil. 
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University 
reduces 
everything 

but sound 
and coverage! 

REVOLUTIONARY 
NEW UNIVERSITY 

DUAL HORN & 
ID -75 DRIVER 

-150 -WATT SYSTEM, 
ONLY 17" DEEP! 

The new Model DH is 
another unique technical ad- 
vance from University. The 
most efficient ultra- compact 
dual short -horn made -engi- 
neered to "punch" through 
the noisiest environments - 
provides absolute and uni- 
form intelligibility over a wide 
area -and it's only 135/8" 
deep! 

Use the High 'A' Model DH 
with any University driver - 
you'll enjoy maximum power 
conversion with any amplifier. 
(lt can actually reduce your 
amplifier requirements by 
several, money- savingvtts!) 
Use it with a pair of ID -75 
drivers - you'll have a 150 - 
watt package taking up less 
space than any other ex- 
treme -power combination 
available today! 

Rugged, too. Use it any - 
where-on land, sea or in the 
air. University's exclusive 
five -year warranty is your 
guarantee of unexcelled per- 
formance and reliability. 

Write for complete details. 
Desk S -25, 9500 W. Reno, 
Oklahoma City, Oklahoma. 

,L-u--17 
UNIVERSITY® 
.4 DIVISION Of (MG-T(MCO V000NT. INC. 

9500 West Reno, Oklahoma City, Okla. 
CIRCLE NO. 231 ON READER SERVICE PAGE 
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HI-FI - AUDIO PRODUCTS 

HI -FI STEREO PREAMPLIFIER 

1 o 
James B. 

M 
Lansing nr- 

ing the Model SG520 
Sou 

"Grad, 

is 

Controllernow 

offe," 

a stereo preamplifier of unique design. The in- 
strument features professional straight -line at- 
tenuators which permit precise adjustment, 
instant visual recognition of control settings, 
and adjustment of multiple functions separately 
or simultaneously. 

Illuminated push- button selectors permit in- 
stantaneous switching from any function to any 
other function. Buttons are illuminated when 
depressed and function designations are engraved 
directly on the button to eliminate switching 
errors. Behind the hinged front panel are output 
level set controls, gain controls for phono in- 

puts, high - and low -frequency filters, a tape 
monitor switch, etc. The hinged panel also 
conceals the main power fuse and signal jacks 
for connecting auxiliary equipment such as port- 
able recorders, microphones, and headphones. 

The SG520 has built -in provisions for use with 
the company's "Aural Null" stereo balancing 
system. A test button on the "Graphic Control- 
ler" allows all elements of the stereo installation 
to be balanced instantly and positively. 

Response is within 1/4 db from 20 to 20,000 
cps. Distortion is less than 0.15% within this 
range at full rated 3 -volt output. Hum and 
noise is inaudible -1 µv. or less referred to the 
low -level phono input. An accessory case is 
available as optional equipment. 

11 

4 -TRACK MONO /STEREO RECORDER 
Roberts Electronics has developed a four - 
track stereo /mono tape recorder, offering 

professional features at low cost. The Model 
1630 includes four -track stereo and mono record 
and playback; two -speed electrically switched 
motor; 1 7A, 33/4, and 71/4 ips tape speeds with 
15 -ips kit available; automatic shut -off; 20 watts 
of music power; 5" x 7" elliptical speakers; and 
recording capability from 40 to 18,000 cps. 

12 

TAPE -HEAD CLEANER 
Electronic Chemical Corp. has recently 
added a tape -head cleaner to its "No- Noise" 

line of electronic chemicals in aerosol form. 
Known as the "Tape -Reco Head Cleaner," 

the new product dissolves the oxide and tape 
lubricant deposits resulting from normal tape 
recorder operation. The product contains no 
carbon tet, will not affect plastics, is non- inflam- 
mable, and non -toxic. 

The product is used by simply spraying the 
tape recorder head and removing all loose, un- 

wanted oxide and residue with a cotton swab 
or soft clean cloth. The cleaner is applied with 
a 5" extender push-button assembly for pin- 
point application. 

MID -RANGE SPEAKER CHANGE 
Acoustic Research, Inc. has announced a 

1 change in the mid -range speakers used in 
its Model AR -2a. Instead of two 5 -inch speakers, 
a single 31" broad -dispersion cone tweeter, heav- 
ily damped by fiber glass on both sides of 
its diaphragm is being used. The main improve- 
ment is in dispersion, although there is also some 
improvement in smoothness and, for the AR -2, 
in high- frequency range. 

The new speakers are designated the AR -2= 

and the AR -2a =. They will be supplied with a 
new style of grille cloth. Conversion kits for 
those wishing to change the older models are 
now available. They are entirely compatible for 
use in stereo with the older AR -2 or AR -2a 
speakers. 

14 

WIRELESS MICROPHONE 
E. J. Sharpe Instruments Inc. is now offering 
a low- priced FM wireless microphone which 

is no larger than a package of regular cigarettes. 
The Model FMT -2 is tunable over the entire 

FM band with one control and requires no 
modification or external connections to the re- 
ceiver. The unit is fully transistorized and is 
powered by a 9 -volt battery. Boasting a 300 -foot 
range, the microphone is practically tamper- 

FILTER CIGARETTES 

proof and provides for many short -range com- 
munication and transmitting applications in 
industrial and commercial use, for entertain- 
ment, home use, and experimentation. 

COMPACT SPEAKER SYSTEM 

1 

[ Sonotone Corporation has added a compact 
J speaker system, the "Sonomaster," to its 

line of enclosures. 
The Model RM -1 measures 141" x 101/4" x 

71/4" deep and can handle up to 80 watts peak. 
The system is designed with two speakers, a 6" 
flexible- suspension, linear -type, high -compliance 
woofer and a high- frequency tweeter, acousti- 
cally matched by means of an integrated LC 
network. The tweeter is equipped with a cali- 
brated level control which permits each listener 
to adjust highs to his personal taste. 

Frequency response is 45- 20,000 cps with 
crossover at 5000 cps. Impedance is 8 ohms. 

16 

150 -WATT SOLID -STATE AMP /PREAMP 
Sherwood Electronic Laboratories, Inc. is 

now offering a compact, integrated ampli- 
fier- preamp as the S -9000 all- silicon, solid -state 
stereo amplifier. 

Peak power is 300 watts, continuous sine -wave 
power rating is 100 watts while the unit puts out 
50 watts per channel with both channels opera- 
ting. Power bandwidth is 12- 23,000 cps at 1%. 
Harmonic distortion at the continuous power 
rating is less than 1%. At normal audio levels. 
distortion does not exceed 0.15%, according to 
the company. Sensitivity for rated output is: 

phono 1.8 mv., tape head 1 mv., and tuner 0.25 
volt. Maximum noise and hum below rated out- 
put is -70 db phono and -80 db tuner. 

Output circuits are transformerless, direct -cou- 
pled through low -loss 3000 -µf. capacitors. The 
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output handles speaker systems with impedances 
ranging from 4 to 16 ohms. 

11 

ELECTRONIC ORGAN KIT 
The Schober Organ Corporation has intro- 
duced a new all- transistor organ kit, the 

"Consolette II," which the company claims can 
be assembled by anyone who can use a pencil 
soldering iron. 

The unit has two 60 -note manuals instead of 
the usual 44 -note home organ keyboards. It has 
the saine number and kind of keys found in 

pipe organs. It is equipped with 17 pedals and 
its 22 stops cover the gamut of organ sounds 
from flutes to strings and reeds. 

Complete kits may be purchased at once or 
portions bought and assembled before the next 
set of components is purchased. The keyboards, 
wood console, and organ bench are supplied 
fully assembled. 

18 

POWER AMPLIFIER 
McMartin Industries, Inc. has added the 
MA -20 to its line of economy audio compo- 

nents. 
The amplifier has two microphone and one 

program inputs. Power output is 20 watts r.m.s., 
28 watts music, and 40 watts peak. Frequency 
response is 30- 20,000 cps. The unit also incor- 
porates separate bass and treble controls, a master 
gain control, balanced 70.7 -volt/ 25 -volt speaker 
outputs, and a bridged output for feeding a 
basic amplifier. 

Optional features include a tamperproof con- 
trol cover, universal microphone and line input 
transformers, and professional push -lock micro- 
phone connectors. 

19 

TRIPLE -PLAY TAPE 
Reeves Soundcraft Division is now offering 
a new Mylar -base recording tape which 

triples the playing time of each reel without 
sacrificing quality. 

TP -18 provides 1800 feet of 0.5 -mil Mylar on 
each 5" reel. It offers 3 hours and 12 minutes 
of playing time at 17/8 ips or 1 hour and 36 
minutes at 33/4 ips. The new tape may be inter - 
spliced or programmed with standard tapes 
without causing differences in playback level, 
according to the company. 

AUTOMATIC TAPE RECORDER 
UConcord Electronics Corp. is now offering 
a new automatic tape recorder, the Model 

994. One unique feature of the new unit is its 
built -in "electronic memory" which enables the 
user to program the tape recorder for such 
manual or automatic operations as: single play, 
automatic reverse, and continuous play or re- 
cord. It can be programmed to play for any 
length of time: half-hour, hour, or all day, 

February, 1965 

The recorder has four heads: two erase and 
two record /playback. Tape speeds of 71, 314. 
and 11/2 ips can be selected by means of a 
switch. Frequency response is 40- 16,000 cps 
±2 db at 71 ips. Signal -to -noise ratio is better 
than 55 db. Flutter and wow is less than 0.15% 
r.m.s. at 71/2 ips. 

The unit has built -in power amplifiers and 
two speaker enclosures, each of which contains 
two speakers with crossover network. The unit 
measures 151/2" w. x 111/2" h. x 17" d. and 
weighs 44 pounds. 

NEW TURNTABLE 

21 
Elpa Marketing Industries Inc. has added 
the PE -34 turntable to its line of audio com- 

ponents. 
Special features of the new turntable include 

an automatic foolproof glide to and from the 
record groove; a semi -pneumatic cueing and 
indexing tonearm control for 7 ", 10 ", and 12" 
records to permit start or stop at any point dur- 
ing record play; and automatic tonearm lift at 
end of play. 

The four -speed, non -magnetic heavy aluminum 
weighted turntable is mounted on precision 
bearings. Rumble has been pushed below the 
auditory level by using belt plus idler wheel 
drives. The four -pole heavy -duty induction 
motor has reserve torque and floats in a triple 
rumble -isolation system. Tonearm resonance is 

low. The arm has a double suspension in both 
vertical and horizontal planes. 

The turntable measures 13" x 1034" and is 
3" above the mounting board and 37.A" below. 
The turntable is recessed and sits on spring - 
loaded shock mounts which minimize feedback 
problems. 

22 

PROFESSIONAL AUDIO SYSTEM 
RCA Audio -Visual Products has in troduccd 
a new professional audio system that pro- 

vides broadcast quality in the tape recording 
and playback of music and speech. The new 
system is adaptable to a large auditorium or 
small linguistics laboratory. 

Fully transistorized, the system is available in 
both mono and stereo models. Components in- 
elude the RT -2I B tape recorder, BA -34B am- 
plifier, and the LC -1B loudspeaker and speaker 
housing. The system's speaker covers the extended 
range of 40 to 16,000 cps. It employs a series of 
acoustical domes on the cone to eliminate inter- 
ference inherent in a symmetrical shape and to 
produce the smooth response for which the LC -IB 
speaker is known. 

23 

STEREO AMPLIFIER KIT 
Heath Company is now marketing a newly 
styled 70 -watt transistorized stereo amplifier 

as the Model AA -2IC. 
The new walnut cabinet, coupled with the 

amplifier's charcoal gray upper front panel, 
soft- refracted panel lighting, and walnut -finished 
hinged lower front panel, adds a modern touch 
to any room. 

The amplifier features a 26- transistor, 10 -diode 
circuit for smooth transient response and cool 
operation, while providing full continuous power 
from 13- 25,000 cps ±1 db at 30 watts per chan- 
nel (50 watts IHF music power). 

All controls are front -panel mounted. The 
hinged lower front panel conceals and protects 

University 
reduces 
everything 

but the 
sound! 

REVOLUTIONARY 
NEW UNIVERSITY 
SHORT HORN & 

ID -75 DRIVER 
-75 -WATT SYSTEM, 

ONLY 10" DEEP! 

It's happened to you. Half- 
way through a new installa- 
tion, you're in trouble. Client 
wants plenty of power, but 
space is tight. Here's the so- 
lution -the ultra -compact, su- 
per- efficient, Model SH Short 
Horn. Use it with the new ID- 
75 driver -or with any Uni- 
versity driver. It will provide 
maximum power conversion 
and clean, intelligible, High 
'A' (high audibility) sound, 
comparable only to costlier 
and larger systems! And, with 
the ID -75 driver you'll over- 
come the toughest ambient 
noise problem! So efficient, 
it makes any amplifier more 
powerful. 

So rugged, you can use it 
anywhere -in P.A. installa- 
tions and special applications 
such as fire and police vehi- 
cles or ship -board use as a 
fog horn. Whatever the need, 
look to University to fill it. 
And remember, University's 
exclusive five -year warranty is 
your guarantee of unexcelled 
performance and reliability! 

UNIVERSITY. 
A DIVISION Of LING- TEMCO.V000NT. INC. 

Desk S -2H, 9500 W. Reno, Okla. City, Okla. 
CIRCLE NO. 231 ON READER SERVICE PAGE 
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THE PMS -15 SELF - POWERED 
AMPLIFIER - SPEAKER 

Rugged lightweight cabinet, advanced design 
amplifier, JBL speaker and rechargeable battery 
in one integrated unit for work or play ... that's 
the new PMS -15 by Moog. 

Get these advanced features in this unique port- 
able, hi -fi unit: 

Solid state amplifier with two independent 
low -noise inputs, bass and treble controls, and 

high- efficiency power stage; regulated power 
supply; battery charger. 

Genuine JBL speaker Model D -216 for large 
power -handling capability, wide range, low 
distortion. 

Lightweight, rugged cabinet with special 
sandwich type construction. 

Heavy duty rechargeable battery (optional) gives 
you 5 to 30 hours playing time. 

Easy -to- follow, step -by -step instruction booklet 
for assembly and application. 

PMS -15 Kit $129.95 

PMS -15 Kit with battery 174.95 
PMS -15 Assembled (without battery) 199.95 
PMS -15 Assembled (with battery) 244.95 

0 SEND FOR NEW CATALOG 

R. A. Moog Company 
Dept. 1E, Trumansburg, New York 

CIRCLE NO. 241 ON READER SERVICE PAGE 

SUB CARRIER DETECTOR 
for the reception of 

background music programs (continuous music with- 
out commercials) now being transmitted as hidden 
programs on the FM broadcast band from coast to 
coast. Use with any FM tuner. Detector plugs into 
existing multiplex output of tuner or easily wired 
into discriminator. 
kits with pre -tuned coils, no alignment necessary $49.50 

self powered detectors $75.00 

Complete crystal controlled sub -carrier receivers with 
usable sensitivity of 1 microvolt kit $169.00, wired 
unit $219.00. 

MUSIC ASSOCIATED 
Sound Systems since 1950 

65 Glenwood Road, 
Upper Montclair, New Jersey 

phone 744 -3387, area code 201 

92 

all secondary controls such as the tape -monitor 
input switch, speaker phase reversal switch, 
loudness switch, and all input level controls. 
Major controls include 5- position mode switch, 
and dual concentric volume, bass, and treble 
controls. 

The kit comes with complete assembly in- 
structions with the preamp circuit components 
encapsulated in six epoxy covered modules, all 
factory wired and sealed. 

24 

DICTATING MACHINE 
American Geloso Electronics, Inc.'s "Sten- 
Otape" division is now offering a new dic- 

tating- transcribing machine, the Model RV 4 -10. 

The all- solid- state, 12- transistor, 10 -hour dictat- 
ing- transcribing machine features a full control 
microphone with review position. 

The unit incorporates a digital counter, for 

fast dictating reference; built -in handle for easy 
portability; vu meter; and clear, high- impact 
dust cover and latch. Available accessories in- 
clude foot -pedal control, finger -tip control, 
transcribing earphone, telephone pickup, dual - 
conference mixer and automatic voice control. 

25 

FM- STEREO TUNER 
Lafayette Radio Electronics Corporation has 
added a new FM- stereo tuner, the LT -250, 

to its line of audio components. A new "Stereo 
Search" system locates stations broadcasting in 
FM- stereo by sending an audible signal through 
both channels. A tuning eye and switchable 
a.f.c. facilitates accurate tuning and stability. 

The built -in multiplex circuit provides a stereo 
separation of 38 db at 400 cps with less than 
1% distortion. A three -gang tuning capacitor 
provides a tuned r.f. stage for sensitivity of 2 

µv. for 20 db quieting. 
The instrument measures 123A" w. x 5W h. x 

91/2" d. with legs. It has a gold extruded alumi- 
num front panel. 

26 

ULTRA -HIGH -POWER HORN 
LTV University has added the Model DH, a 

dual -horn driver trumpet, to its line of 
super -power trumpets for p.a. applications. The 
unit is made up of two horn sections forming 
one rectangular -shaped bell, each section being 
driven by an individual driver. 

For applications demanding super power, two 
of the company's ID -75 drivers used in conjunc- 
tion with the Model DH trumpet provide 150 

watts of power in a 20W x 9Iá" x 134á" pack- 
age. 

PROFESSIONAL RECORDING TAPE 

21 
Superscope, Inc. has announced the avail- 

¡ ability of Sony PR -150 professional record- 
ing tape, a quality polyester -back recording ve- 

hicle that is impregnated with a "Lubri- cushion" 
that cannot wear off, assuring smooth tape 
movement, intimate head contact, and minimum 
head wear. 

The tape is wound on reels of a computer - 
reel type for easy threading. Distinctive mark- 
ings on each side of the reel are for quick 
reference. Even the leader is color -coded for fast 
loading and operation. 

28 

GUITAR AMPLIFIER 
Perma -Power Company has added an all - 
transistor guitar amplifier to its "Ampli- 

Vox" line of audio products. The Model S -800 

includes two high -quality speakers, housed with 
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the amplifier in a luggage -type case of scull -proof 
durable "Royalite." 

The amplifier can be used with electric gui- 
tar, bass, and accordion, singly or in combina- 
tion. The complete self-contained unit weighs 
only 6 pounds. The acoustical case houses a 

cabinet -coupled bass and mid -range speaker as 

well as a 3" tweeter to provide full coverage 
of the complete instrument range. 

29 

FM SOLID -STATE PREAMP 
Jerrold Electronics Corporation has intro- 
duced a new FM preamplifier, designed 

specifically to overcome the problems of FM- 
stereo reception. 

The Model SRX provides 18 db of amplifica- 
tion and, according to the manufacturer, ex- 
tends the range of FM tuners, allowing them 
to receive good FM- stereo broadcasts from dis- 
tances greater than normally covered by mono 
transmissions. 

The solid -state device is compact and can be 
mounted anywhere indoors between t he an- 
tenna and the FM set. Serrated washers provide 
fast, easy connections. An added feature is a 

built -in TV -FM splitter, enabling the use of a 

TV antenna to supply FM signals. This device 
isolates TV from FM, preventing interference. 

30 

CB- HAM -COMMUNICATIONS 

TELEMETRY RECEIVER 
Defense Electronics, Inc. has developed a 
new solid -state telemetry receiver which is 

being marketed as the Model TR -711. According 
to the company, it is virtually spurious free and 
offers an order of magnitude improvement in 
strong signal- handling capabilities. 

Modular in construction, the receiver can be 

supplied with a complete complement of plug -in 
modules, including r.f. Inning nails from 1110 

to 2300 Inc.; i.f. :nnplificrs with 10 -kc. to 3.3-me. 
bandwidths; M. FM, and phase demodulators; 
and plug -in spectrum display unit, oscilloscope, 
pre -detection up and down converter, or high 
capture ratio discriminator. 

A rear apron 30 -mc. i.f. input connector al- 

lows the TR -71I to be used as a 30 -sac. "re- 
ceiver" in conjunction with any tuning unit or 
device having a 30 -mc. output frequency. 

LOW -COST CB TRANSCEIVER 

31 
Metrotek Electronics, Inc. has introduced 
an inexpensive CB transceiver, the "Pacer," 

that has a dual power supply for base station 
or mobile operation. 

The unit has seven built -in, crystal -controlled 
channels for transmit, plus a quick -change ex- 

ternal socket for plugging in an aüditional crys- 
tal of any desired frequency. The receiver portion 
has eight crystal -controlled channels and is 

tunable to all 23 channels. The receiver is a 

superhet with a tuned r.f. stage for a high sen- 
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sitivity of 0.3 µv. usable. The crystal receiver 
local oscillator is 455 -kc. above channel fre- 
quency. 

Output is 3.4 watts minimum. A built -in 
speech clipper maintains 100% modulation 
with wide ranges of voice levels. A high- imped- 
ance ceramic microphone is standard equipment. 

The dual power supply operates on 110 volts 
a.c. and 12 volts d.c. All power cords and fuses 
are supplied. 

32 

TWO -WAY RADIO EQUIPMENT 
Du Mont Laboratories is now offering the 
first unit in a complete new line of high - 

power, two -way mobile radio systems for use 
in commercial and municipal vehicles. 

Known as the "Statesman" series, the new 
units will be produced in all three commercial 
frequency band, with transmitter /receivers in the 
132-174 mc. band the first to be available. 

44* 

1 ransulittcr output is rated at 90 watts with 
an optional 110 watts when required. Receiver 
power is 5 watts with only 35 ma. of battery 
drain once squelched. 

The front- mounting version of this unit is 
designated T -301F while for rear mounting it is 
tagged T -301R. With the control head, receiver, 
transmitter, and power pack as separate units, 
all vehicle installation requirements can be met 
without special equipment. 

100 -WATT RADIOTELEPHONE 

33 
Apelco has recently added a transistorized 
100 -watt radiotelephone to its line of marine 

electronic equipment. 

The Model AE -100M provides two -way com- 
munications on any eight crystal -controlled 
channels in the marine band. In addition, the 
full broadcast band is available for listening to 
news, weather, and general programs. 

Transistorized audio amplifiers in the set cut 
the receiver's battery drain to only 1.1 amps 
despite a six -stage receiver employed for extra 
sensitivity and selectivity. 

34 

HAM RECEIVER 
Lafayette Radio Electronics Corporation is 
now marketing the HA -225 aínateur com- 

munications receiver, a 14 -tube superhet with 
dual conversion on 6 meters. 

Frequency coverage is from 150 kc. to 54 mc. 
in five bands: 150 -400 kc. (marine beacon), 1.6- 
4.8 mc., 10.5 -30 mc., and 48 -54 mc. A separate 
filament transformer provides constant heater 
voltage to the mixer and oscillator tubes for 
increased frequency stability. The unit has cali- 
brated electrical bandspread on amateur bands 
80 through 10 meters (6 meters is tuned with 
the main tuning control). 

Sensitivity is 0.5 microvolt for 10 db signal -to- 
noise ratio. Other features include product de- 
tector circuit for SSB reception, separate b.f.o. 
and "Q "- multiplier circuits, crystal calibrator, 
automatic noise limiter, built -in "S" meter, and 
regulated power supply. 

FLASHER -TYPE DEPTH SOUNDER 

3 
Pearce -Simpson, Inc. has recently intro - 
duced its Model DS -464 flasher -type depth 

sounder which incorporates a new concept for 
solving the problem of obtaining depth readings 
under any lighting conditions -even in the 
brightest sunshine. 

A variable controlled illuminated depth scale 
is fully enclosed and horizontally mounted, in- 
suring readability by providing complete pro- 
tection against the glare of sunlight. The unit 
also features a calibrated scale, 21" in circum- 
ference. The entire scale can be rotated to bring 

Back Issues Available 
Use this coupon to order 

back issues of 
ELECTRONICS WORLD 

We have a limited supply of back 
issues that can be ordered on a first -come, first -served basis. 
Just fill in the coupon below, en- 
close your remittance in the 
amount of 65 each and mail. 

(Issues prior to 1963 
not available.) 

t- - 
ZIFF -DAVIS SERVICE DIVISION 
Dept. BCEW, 589 Broadway 
New York 12, New York 
Please send the following back issues of ELEC- 
TRONICS WORLD. I am enclosing to cover 
the cost of the magazine, shipping and handling. 
Month Year 
Month Year 
Month Year 

Name 

Address 

City Zone State 
No charge or C.O.D. orders please. 

EW 

the desired operating depth 
venient viewing position. 

Range is 240 feet, 12 -volt d.c. operation. The 
unit measures 9- 7/16" wide x 6- 9/16" high x 
94,13" deep and weighs 14 pounds. It includes 
transducer, mounting bracket, connecting cable, 
and fairing block. 

into the most con- 

EMERGENCY COMMUNICATIONS KIT 
E. Js Cmpany 

6 lightweight 
Ft 

, 

on 
self -contoained 

has igned a 
commudes nications 

kit which will provide two -way radio commu- 
nications in emergencies. 

Each kit contains two hand -held "Personal 
Messenger" transceivers with rechargeable nickel- 

ARE YOU CASHING -IN 

ON THE PROFITABLE II` ri 

2 -WAY RADIO SERVICE BUSINESS ? 

* Motorola will train you for this rewarding, elite profession * Send for our FREE EVALUATION EXAM. Prove to yourself that 
you are ready to learn FM 2 -way radio servicing. 

Opportunities in 2 -way radio servicing are virtually unlimited. 
Just one of the hundreds of successful Motorola Service 

Stations writes, "we would be pleased to interview any graduate 
of your school that has received some training in 2 -way radio 
maintenance. We are an established firm, 10 years old, with 
a promise of expansion governed by our ability to obtain com- 
petent technicians." Get all the facts today. There is no 
obligation and no salesman will call. 

© MOTOROLA TRAINING INSTITUTE 
4545 West Augusta Blvd. Chicago 51, Illinois Dept. AEF52 

Send me FREE entrance exam. 
Send full details on Home Study Course on FM 2 -way Radio 
Servicing 
Send me details on how you can help me prepare for an FCC 
License. 

Name Occupation 

Address 

City lone State 
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It you've recently changed your address or 

pan to in the near future, be sure to notify 

us at once. Place magazine address label 

here and print your new address below. 

NEW ADDRESS: 

NAME 

ADDRESS 

PLEASE PRINT 

CITY STATE ZIP 

MAIL COPIES TO NEW ADDRESS STARTING 

WITH ISSUE. 

If you have any questions about 
your subscription be sure to include 
your magazine address label when 
writing us. 

Mail to: ELECTRONICS WORLD, 
1255 Portland Place, Boulder, 

Colorado 80301 

CAR OWNERS SAY ... 
"Terrific," "Fabulous," 
"Improves radio 100 %!" 

VERBA -MATIX 
merica's Prestige 

REV 
The only system with 

4 Transistors Heavy 7 oz. Ceramic - 
Magnet Speaker Complete Control 
Panel (with Reverb % Control) No 
Drilling, No Screws, for easy installa- 
tion Fits all Cars, Neg. or Pos. 
Ground (12 volt) All Speakers 2 to 40 

ohms No Noise Driving Over Bumps. 

Made in U.S.A For complete details see your 
Distributor or write EW -2 

kinematix, inc. 
2040 W. Washington Blvd., 
Chicago, Illinois 60612 
Area Code 312 666 -0066 
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cadmium batteries, leather carrying cases and 
flexible 11" fiberglass antennas, plus two extra 
rechargeable batteries. 

The transceivers are FCC type- accepted for 
use in the 25 -50 mc. range in public safety, in- 
dustrial, or land transportation radio services. 

All of the items are packed in a rugged 
carrying case just 5" wide x 11" high x 17" 
long. The case, fully equipped, weighs 10 pounds. 

3 

PORTABLE DIRECTION FINDER 

1 
Bendix- Marine has added a new portable 
direction finder to its line of marine elec- 

tronics equipment. 
Known as the "Navigator 420," the new model 

features a tone generator for receiving consolan 
broadcasts, push -button dial light. external an- 

tenna jack, sensitive null ureter circuit for read- 
ing weak stations, a battery saver plug -in cord 
allowing the unit to be operated from external 
power, and an optional a.c. power pack. 

The unit covers the beacon, broadcast, and 
marine bands from 190 kc. to 4500 kc. 

38 

CB /HAM COMPRESSOR 
Galaxy Electronics is now offering a new 
CB /ham compressor which the company 

claims will boost "talk power" 3 to 4 times. In 
CB service, the unit automatically amplifies the 
low levels of speech, allowing more power, clear 
transmission, and maximum utilization of the 
5 -watt output power. 

The unit is completely transistorized and is 

adaptable to most AM and SSB transmitters for 
CB and amateur equipment. The unit is wired 
for push -to -talk. Operation is from a 9 -volt bat- 
tery (not supplied). The amplifier is housed 
in a small case measuring 23" x 61/4" x 33/4". An 
optional 117 -volt a.c. supply is also available. 

39 

CB CRYSTAL LINE 
Guardian Crystals is now offering a com- 
plete line of CB crystals for both receiver 

and transmitter applications in all 23 frequen- 
cies for most CB equipment. 

The crystals are hermetically sealed in stand- 
ard MIL HC -6 /U and subminiature HC -I8 /U 
housings. Tolerance on nominal frequency is 

±.002% at room temperature with tolerance 
±.005% over a temperature range of -40 °C 
to +80 °C. Crystals are available with various 
diameter pins or wire leads. 

COMMUNICATIONS RECEIVER 

40 
National Rampany, Inc. recently 
introduced the 

dio 
HRCoO -500, a solid -state 

has 
com- 

munications receiver which covers the entire 
v.l.f. and h.f. spectrums continuously in sixty 
i00 -kc. bands. Coverage is 5 kc. to 30 mc. 

The receiver operates from 12 -volt batteries or 
115 /230 -volt, 50/60 -cycle sources. Frequency is de- 
termined by a phase -locked crystal frequency 
synthesizer which eliminates multiple crystal os- 
cillators for high- frequency oscillator injection. 
All signals are synthesized from the output of a 
single 500 -kc. master crystal oscillator for maxi- 
mum stability and the elimination of band -to- 
band recalibration. 

The HRO -500 measures just 73" high x 161/2" 
wide x 123/4" deep and weighs 32 pounds. 

41 

SSB TRANSMITTER /RECEIVER 
Hammarlund Manufacturing Company, Inc. 
has announced the availability of a corn - 

pact SSB transmitter /receiver, the CSB -125C. 
The new unit has a power output of 125 -watts 
SSB- p.e.p. and will provide up to six channels 
(two supplied and four optional) to cover the 
frequency range of 2 to 30 mc. 

The new unit is designed for medium- and 
long -range point -to -point communications and is 
suitable for many industrial, commercial, and 
government- service applications. Sensitivity is 
less than 0.5 Av. for SSB /c.w. and I Av. for 10 

db signal -to -noise ratio, 30% modulation on 
AM. The separately housed power supply is 
designed for universal 115 /230 -volt, 50/60 -cycle 
operation. 

PORTABLE TRANSCEIVER 

42 
Singer Products Company, Inc.'s Communica- 
tions Division has recently introduced an 

all- transistor v.h.f. -FM portable transceiver which 
has been especially designed for the over- 
seas market. The new "Sintronic" unit comes 
equipped with its own power supply, a recharge- 
able nickel cadmium battery. It measures 4" 
wide x 7" high x 2" deep and weighs less than 
312 pounds. It has an effective range of about 
five miles and operates in the 150 -mc. band. 

The set is supplied with speaker- microphone. 
whip antenna, earphone, carrying case and waist 
band, and complete instruction book. The 14.4 - 
volt battery provides up to 8 hours continuous 
transmission. 

43 

I I -CHANNEL CB UNIT 
Raytheon Company is now offering a com- 
pletely transistorized CB transceiver, the 

11- channel TWR -5. The new model uses 14 

transistors and 5 diodes. 
Despite its compact size, it measures 81/4" 

wide s 31/4" high x 101/4" deep, the TWR -5 

has a sensitive speaker installed in the front 
panel for distortion -free listening even in noisy 
surroundings. The front -panel location also snakes 
it possible to install the transceiver in any at- 
titude. The new set is pre -wired to accept 
selective calling accessories. 

TRANSISTORIZED RADIOTELEPHONE 
AA Heath Company has announced the avail - 
44 ability of a new factory- assembled and tested 
75 -watt transistorized radiotelephone, the 
MWW -14. 

The new unit features six crystal- controlled 
transmit and receive channels to cover the 2 -3 

mc. marine band; an all- transistor receiver with 
a new r.f. stage for greater sensitivity, plus 15 

watts of audio power for deck hailing. 
The unit is powered by a transistorized, heavy - 

duty power supply. A panel meter indicates 
received signal strength and relative transmitter 
power output. The receiver covers the AM 
broadcast band and has an external speaker 
provision for remote monitoring. An adjustable 
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squelch control and automatic noise limiter quiet 
background noise during standby. 

The radiotelephone is housed in a black and 
white rustproof aluminum cabinet with sea blue 
and gray accents. Covered relays protect against 
dirt and dust and all circuitry is moisture scaled. 

The MWW -14 operates on the boat's 12 -volt 
battery (positive or negative ground). and in- 
cludes a push -to -talk microphone, crystals for 2182 
and 2638 kc., and a copy of the FCC regulations 
plus license information and forms. 

45 

MANUFACTURERS' LITERATURE 

POWER TRANSISTORS 
Motorola Semiconductor Products lin. is 

offering a new 16 -page brochure (I 1=18) 
which contains the latest developments in 11111er 

transistors, reliability data, device selection, 
and replacement cross- reference charts. Intended 
for industrial, military, and space applications, 
the booklet covers over 2000 different device 
types. 

Featured are new developments in both sili- 
con and germanium transistors and a special 
section describing actual results of five years of 
reliability testing on industrial power transistors. 

46 

COMPONENTS CATALOGUE 
American Relays' Electronic Division has 
published its 1965 electromechanical com- 

ponent and equipment catalogue, a 32 -page, 
fully illustrated booklet listing components of 
all major manufacturers. 

Included are variable transformers, motors, 
transducers, gyros, gyro -test tables, and a com- 
plete section of relays. 

R.F. POWER MEASUREMENT 

1 
Bird Electronic Corporation is now making 
available a comprehensive 56 -page catalogue 

of coax load resistors and attenuators, absorp- 
tion wattmeters, directional wattmeters, coax 
switches, and r.f. filters. 

Fully illustrated, the publication (GC -65) in- 
cludes a v.s.w.r. nomogram. 

48 

PHOTOSENSITIZATION 
Hanovia Lamp Division has released a new 
I2 -page booklet entitled "Photosensitiza- 

tion" describing high- intensity mercury -vapor arc 
lamps, which produce radiations for many photo- 
chemical processes. 

The brochure includes a table of photochemical 
rearrangements of selected organic molecules, 
along. with an electrical- circuit schematic of a 
typical installation and an extensive bibliography. 

FOUR -LAYER DIODES 

49 
ITT Semiconductors Inc., National Tran- 
sistor Division, has issued a 4 -page engineer- 

ing application bulletin on the use of miniature 
glass four -layer diodes. 

An explanation of theory of operation is pro- 
vided, as well as a large variety of specific 
applications giving schematic diagrams and a 
description of how each circuit functions. Among 
the applications are relaxation oscillators, pulse 
generators, memory drivers, and multivibrators. 

WIREWOUND RESISTORS 
En General Resistance, Inc. is now offering a 
LW 16 -page catalogue containing a complete 
listing and illustrations of various types of re- 
sistors manufactured by the company. 

A technical discussion of resistance technology 

February, 1965 

REALLY STACKED! 
From top to bottom... Port-A -Lab, Fleet Courier 
30B Business Band Radio, Courier 12, Courier 23 
and Courier 1M. All loaded with famous e.c.i. 
quality features that make us the leader. You 
name it, e.c.i. rigs have the built -in plus features 

you demand .. 23 channel operation, triple con. 
version, transistor power supply, PA system, 
chrome cabinet. Compare. Well stack 'em up 
against any rig, so will you. e.c.i. 2 way radios are 
from $109.50. See your dealer or use the coupon. 

Name 

Address 

City State 

®.Vll ¡¡//ryrye n 
. electronics communications, inc. 

56 hamilton ave., dept. EW2, white plains, n. y. 
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SAY YOU SAW IT IN 
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LOW -COST BUSINESS AIDS 
FOR RADIO -TV SERVICE 

Order books, invoice forms, job ticket 
books, service call books, cash books and 
statement books for use with your rub- 
ber stamp. Customer file systems, book- 
keeping systems, many others. Write for 
FREE 32 PAGE CATALOG now. 

OELRICH PUBLICATIONS 
6556 Higgins Rd., Chicago, Ill. 60656 

GET 

INTO ELECTRONICS 
V.T.I. training leads to success 
as technicians, field engineers, 
specialists in communications. 
guided missiles, computers, 
radar and automation. Basic & 
advanced courses in theory & 
laboratory. Electronic Engi- 
neering Technology and Elec- 
tronic Technology curricula 
both available. Assoc. degree in 
29 mos. B. S. also obtainable. 
G.I. approved. Graduates in all 
branches of electronics with 
major companies. Start Feb- 
ruary. Sept. Dorms. campus. 
High school graduate or equiv- 
alent. Write for catalog. 

VALPARAISO TECHNICAL INSTITUTE 
Dept. ID, Valparaiso, Indiana 
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new SAMS BOOKS 

Understanding Electronic Circuits 

by Fart J. Waters. A down -to- earth explanation of 
all the basic circuits used in most electronic equip- 
ment. Begins with basic principles applicable to all 
circuits, then describes the use and operating prin- 
ciples of amplifiers, oscillators, modulators, fre- 
quency mixers, frequency converters, limiters, de- 
tectors, FM discriminators, rectifying power 
supplies, pulse generators, volume controls, and 
automatic frequency controls. Written so clearly it 
takes the "mystery" out of understanding elec- 
tronic circuits. Supported by many helpful illus- 
trations. 160 pages; 534 x 8%". 
Order UEW -1, only 6295 

Understanding Electronic Components. An 
ideal companion volume to the above book, by the 
same author. 160 pages; 53*, x 8W. 
Order UEC -1, only $2.95 

Acoustical Tests & Measurements 
by Don Davis. Provides a solid understanding of the 
entire subject of acoustical measurements; based on 
actual field teat work, using commercial equipment. 
Contains practical, time -saving solutions to actual 
problems encountered in the field; minimum math 
required for understanding. The author is an expert 
in this field, and an authority on auditorium acous- 
tics. An invaluable book for phone company special 
service engineers, plant maintenance engineers, 
communications engineers, noise control specialists, 
architectural engineers, broadcast engineers and 
technicians, hi -fi fans and students.192 pages. $ 95 53a x 835 ". Order ADS -1, (softbound), only... 4 
Order ADH -1, (hardbound), only $6.95 

Amateur Radio Mobile Handbook 
by Charles Caringella. Complete coverage of this 
increasingly popular ham activity; information both 
for the "old- timer" and the newcomer to mobile 
radio. Explains the design differences peculiar to 
battery -operated mobile equipment; explains cir- 
cuitry and construction of commercially built 
equipment for HF -VHF ham bands. Tells you how 
to build mobile transmitters, transceivers, con- 
verters, modulators, etc.; gives full details on dyne - 
motors, vibrator supplies, transistorized DC -DC 
power units, mobile -type mikes, antennas, etc.; 
discusses elimination of ignition noise and other 
interference. Complete and authoritative. 
160 pages; 53.5 x 83Ç. Order AMH -1, only.... 5295 

The Elements 
by Samuel Ruben. A quick- reference single-volume 
compilation of available information covering the 
103 accepted elements. Invaluable to students, lab 
technicians, engineers and anyone interested in the 
properties of the elements. Gives the following con- 
stants where applicable: Atomic number and weight, 
natural occurring isotopes, density, melting and 
boiling points, latent heat of fusion, specific heat, 
coefficient of lineal thermal expansion, thermal con- 
ductivity, electrical resistivity, ionization poten- 
tial, electron work function, oxidation potential, 
chemical valence, electrochemical valence, ionic 
radius, valence -electron potential, electronic con- 
figuration, valence electron, crystal form. Includes 
periodic table of the elements arranged according 
to Atomic Number Z and columnal relation to the 
inert gases. 112 pages; 534 x 834 ". 
Order TER -1, only $195 

Chain Saw Service Manual 
Includes servicing diagrams and data for the fol- 
lowing chain saw brands: Bolens, Canadien, Clinton, 
Cobra, Comet, David Bradley, Eclipse, Hoe, Hoffco, 
Homelite, Indian, Lancaster, Lombard, Mall, 
McCullough, Mono, Partner, Pioneer, Poulan, 
Power Products, Remington, Root, Sears, Solo, 
Tecumseh, West Bend and Wright. Special section 
describes general operating principles and basic 
service fundamentals applying to all chain saw 
motors. A special Sama service manual prepared to 
meet the increasing demand for information on this 
subject. 176 pages; 83a x 11 ". 
Order CSM -1, only $335 

HOWARD W. SAMS 8 CO., INC. 
Order from your Sams Distributor today, or mail 
to Howard W. Sams 8 Co., Inc., Dept. EW -2 
4300 W. 62nd Street, Indianapolis, Ind. 46206 
Send me the following books: 

UEW -1 ADS -1 AMH -1 CSM -1 

UEC -1 ADH -1 TER -1 

$ enclosed. 

Send FREE Sams Booklist 

Address 

City State Zip 

My Distributor is 

NI tom IN CANADA: A. C. Simmonds & Sons, Ltd., Toronto 7 r 
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is given, as well as wattage rating curves and a 
temperature -coefficient chart of commercial alloys. 

SHOCK -PROOF TOOLS 

51 
Millers Falls Company has released a 12 -page 
illustrated catalogue (SPIE -64) announcing 

the development of a complete line of shock- 
proof electric power tools. Complete specifications 
are given for 39 different models. 

Included are drills, saws, screwdrivers, impact 
wrenches, and feather edgers. 

52 

THRESHOLD EXTENSION 
Radio Engineering Laboratories has released 
a 4 -page report containing a discussion of 

threshold extension. This edition of "Technical 
Notes" covers techniques for extending the 
threshold of FM receivers used primarily in 
tropospheric scatter communications systems. 

MINIATURE TOOLS 

53 
Jensen Tools and Alloys has e 

t) illustrated catalogue of miniature 
issued 

electronic 
assembly tools. Included are screwdrivers, pliers, 
files, soldering equipment, and tool kits. 

An added feature is the inclusion of seven 
pages of "technical tool tips " -charts and tables 
of engineering data relating to screwdriver and 
plier selection, solders, mathematical conversions, 
and other areas. 

ELECTRONIC PROJECTS 

54 
H. F. oratory is now distributing Hits. 

#8 of professional electronic 
projects. The 30 -page booklet lists 160 projects, 
each of which is classified as either very easy, 
moderately difficult, or extremely difficult. 

55 

SOLDERING FLUX 
Alpha Metals, Inc. has released a new techni- 
cal bulletin describing the company's #830 

water -soluble soldering flux. Bulletin #35 covers 
uses for the material, residue removal, thinning, 
physical properties, and manufacturing specifi- 
cation. 

PILOT LIGHTS 

56 
In, offering 4 -page 
illustrated 

dustrial 
brochureDevices describing 

Inc. is o 
the coma pany's 

line of "Omni- Glow" pilot lights. Seven different 
lens configurations and a wide range of colors 
are available. Dimensional specifications are in- 
cluded to assist the designer in his selection of 
pilot lights for new equipment. . 

ERRATUM 
In the December 1964 issue, the photo- 
graphs accompanying Items 10 and 13 were 
inadvertently interchanged. Our apologies 
to Hewlett- Packard Company and Grace 
Electronics, Inc. for this mistake. 

PHOTO CREDITS 
Page Credit 
22 Harvard Electronics Co. 
26, 32, 33 Bendix Corporation 
27, 28 Du Mont Laboratories, Div. 

Fairchild Camera and Inst. Corp. 
30 (top right) Raytheon Company 
30 (top left) Airborne Instruments 

Laboratory 
30 (center right), 47 ....General Electric Co. 
30 (bottom left) .. Bell Telephone Laboratories 
31 (top) ..Univac Division, Sperry Rand Corp. 
31 (center) ...General Motors Research Labs 
31 (bottom left) Honeywell Research 
48 Development Associates 
72 Weston Instruments, Inc. 
73 McMartin Industries, Inc. 
74 Lectrotech, Inc. 

Answer to Electronics 
Crosswords 

(Appearing on page 63) 

USER FLAT LASER 
H E R E L A D E OMEGA 
F A R A D A Y N A P ART 

COG L U T E L E I 

S L A T E CARE V E T O 
M O N O S C O P E F I R 

I S A R H I S P I P S F 
L E T N I L M I X STE 
ES SON L I E SNOM 

'MOM M I C R O M A V E 
ORAL M O N A R I P E R 
T E L M I N E B E N 
OAK I L K EA DYNE 
E DUT S E L L S L I E R 

SETS Y O K E E P E E 

IMC Magnetics Corp. is circulating this drawing of a so- called "problem 
brace" which has aroused an immediate and overwhelming response. Since 
the drawing, a purely "tongue -in- cheek" affair, was printed in mock 
seriousness, responses in the same vein have poured in. One reader re- 
ferred to the device as "an anti -resonant tuning fork, which would simul- 
taneously produce the third non -harmonic of the missing fundamental." 
Copies available from IMC, 6058 Walker Ave., Maywood, California. 

TOLERANCES XX i.015 
XXX ±.005 

BEND RADIUS -AS REQ'D 

R. H. SHOWN 
L. H. OPPOSITE 

MATL. -ALUM. ALLOY 6061 -T6 OR 6062 -T6 

PER UNIT 16TR READ 

ASSY. NO. 41 

IMC MAGNETICS CORP. 
nawwm,6lBe SALE h a,av,s,or-s 
CHECKED 
"°°a°vE°IJÁr 

oecre r 
Trriz 
BRACE HORIZONTAL 

NO. 
IMC 1736- 19 
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Semiconductor Cartridge 
(Con! in tud from page .51) 

which may be in the d.c. supply. The 
low impedance of the cartridge makes 
it ideally suited for the conventional 
grounded- emitter transistor circuit. Due 
to high level and low impedance, no ex- 
pensive low -noise or high- impedance 
transistors are required for this circuit. 

The good low- frequency response al- 
lows considerable tone- control bass with- 
out equalizer loss -which would require 
additional gain. Thus, the output of 25 
mv. can be equivalent to a 100 -mv. high - 
capacity ceramic cartridge into several 
hundred thousand ohms. And this is for 
a unit with only 600 to 1200 ohms im- 
pedance; hence, far more power is de- 
livered to the load. 

In most applications originally de- 
signed for ceramics, one stage of gain 
can be eliminated from each channel. 
In magnetic cartridge circuits, three 
stages can be eliminated from each 
channel -a possible saving of six tran- 
sistors plus associated components. 

To utilize all the potential advantages 
of the U -15 cartridge in high -fidelity ap- 
plications, a complete system has been 
developed. This includes the cartridge, 
power source, and tonearm. As apparent 
from the photo, one of the major design 
objectives was to get away from the 
tendency for arms to be overmassive and 
complicated. The high compliance of the 
semiconductor cartridge makes it possi- 
ble to reduce arm mass to an optimum 
14 grams, with a fundamental resonance 
that is below the lowest audible fre- 
quency. Resonance is partially damped 
by a frictionless damper in the counter- 
weight and by light viscous damping in 
the pivot. 

The arm is balanced in all coordinates 
with a positive tracking force provided 
by a torsion spring in the small side knob. 
The force range is adjustable from .5 to 
3 grams but normally is set for 1 gram. 

Extensive listening tests of the semi- 
conductor cartridge and low -mass tone - 
arm system have confirmed the absence 
of audible distortion due to improper 
tracing. The most frequently voiced 
comment described the sound as "tran- 
sistor sound," a term usually applied to 
solid -state amplifiers. 

Fig. 3. Typical cartridge circuit including 
first stage. Identical arrangement is em- 
ployed for the other stereo input channel. 
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RFOR "DOCTORS 

OF SERVICING" 

Where there's 
a contact... 

or a re /ay.,. 

CBAfyB 
L.Uj 

and 

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 
ent 

other data 

processing 
equipment 

using relays, 
such as 

welding 
etc. 

welding 

11111141 II 1'orrrslf T1- Camera Nit 
Rrre It Ix! - °tiered For The 

First Tin t From England! 

"B E U K I T" 
The first fully transistorized TV CAMERA KIT 

It is so simple to make BECAUSE: 

Comprehensive step by step fully illustrat- 
ed instruction book, including basic Camera 
Theory. 

Wideband Video Ampliter with only one 
tuned inductor. No signal generator or special 
test equipment required. 

Unique printed circuit board with each 
component clearly marked. 

Single Unit Scanning and Focus Assembly, 
including Target connector. 

These are the Star features to ensure good pic- 
tures from your DO -IT- YOURSELF TV CAMERA. 

YOU CAN USE YOUR OWN TV 
TO MONITOR TV CAMERA. 

We will offer you in the very near future a 
low priced VIDEO TAPE RECORDER BIT. 

BEUKIT COMPLETE WITH VIDICON $251.90 
ASSEMBLED - $295.00 

Lens purchased with Kit $39.50 extra. 

For full information write to: 

P.A.F. ENTERPRISES 
Dept. A 

32 EAST 22nd STREET, BAYONNE, N.J. 07002 

Distributor for Beulah Electronics, England. 
We also carry 3 completed models of Video Cameras 
-Plus a full line of Video lenses and accessories. 
Subject to price change. 

All Shipments F.O.B., Bayonne, N. J. 
CIRCLE NO. 141 ON READER SERVICE PAGE 

Fill in coupon for a FREE One Year Sub -, 
scription to OLSON ELECTRONICS' Fantas- 
tic Value Packed Catalog - Unheard of 
LOW, LOW PRICES on Brand Name 
Speakers, Changers, Tubes, Tools, Stereo 
Amps, Tuners, CB, Hi -Fi's, and thousands 
of other Electronic Values. Credit plan 
available. 

NAME 

ADDRESS 

CITY BONE -STATE 

If you have a friend interested in electronics 
send his name and address for a FREE sub - 

,scription also. 

OLSON ELECTRONICS, INC. 

343 S. Forge Street Akron, Ohio 44308 

CIRCLE NO. 203 ON READER SERVICE PAGE 
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ELECTRONICS 
MARKET PLACE 

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 60Q 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 issues closes January 1st). Send order and remittance to: Hal Cymes 

ELECTRONICS WORLD, One Park Avenue, New York, New York 10016 

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. 

HIGHLY- EFFECTIVE home study review for FCC com- 
mercial phone exams. Free Literature! Cook's School 
of Electronics, Box 10682, Pittsburgh, Pa. 15235 (Es- 
tablished 1945, Jackson, Miss.) 

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. 

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. 

ELECTRONICS- F.C.C. License Training- correspond- 
ence, or resident classes. Free details, Write: Dept. 6, 
Grantham, 1505 N. Western, Hollywood, Calif. 90027. 

OF THE WORLD'S FINEST 
GOV'T. SURPLUS 

ELECTRONIC BARGAINS 
TEST EQUIPMENT: 

OS- 26 /USM -24 Oscilloscope (Special) Used: $59.50 
TS -147B Signal Generator -8500 -9600 MC..U: 59.50 
TS -117 Wavemeter -2400 -3400 MC Used: 18.95 
UPM -19 Pulse Generator-2650-2950 MC Used: 39.50 
URM -23 Attenuators -1000 to 4000 MC New: 14.95 
TS-102B Range Calibrator New: 18.95 
UPM1 Scope- Oscillator -Wavemeter- 

155.580 MC Used: 99.50 
BC -1277 Signal Generator -2400 -3400 MC..U: 22.95 
I -193 Polar Relay Tester Used: 16.95 
LAF -2 Signal Generator -90 to 700 MC Used: 75.00 
TS- 118 /AP RF Wattmeter Used: 39.95 
TS- 28 /UPN Synchroscope Used: 50.00 
TS -34 /AP Oscilloscope Used: 39.50 
TS -375 Vacuum Tube Voltmeter Used: 65.00 

RECEIVERS: 
R -316 Receiver -162.25 to 173.5 MC FM.Used: $24.95 
RAX -1 Receiver -200 to 1500 KC Used: 29.95 
BC -348 200 to 500 KC -1.5 to 18 MC Used: 89.50 
R -23 /ARC -5 190 to 550 KC Used: 16.95 
R -25 /ARC -5 1.5 to 3 MC New: 19.95 
R -77 /ARC -3 100 to 156 MC Used: 22.50 
BC -1206 Receiver -200 to 400 KC Used: 9.95 
8C -229 200 to 400 KC -2500 -7700 KC Used: 8.95 
R- 5 /ARN -7 100 to 1750 KC Used: 18.95 
MN -26C 150 to 1500 KC Used: 9.95 
MN -26 LB 200-410; 500 -1200 KC -2.9 -6 MC.U: 9.95 

TRANSMITTERS: 
ART -13 2 to 18 MC Used: $59.50 
BC -604 21 to 27 MC FM New: 7.95 
BC -684 27 to 38 MC FM Used: 6.95 
BC -191 1.5 to 12.5 MC New: 34.95 
BC -230 3000 to 7000 KC Used: 8.95 
T -18 /ARC 2.1 to 3.0 MC Unused: 8.95 
T -20 /ARC 4.0 to 5.3 MC...New: $9.95 or Used: 6.95 
T -21 /ARC 5.3 to 7 MC New:$8.95 or Used: 5.95 
T -23 /ARC 100 to 156 MC New: 24.95 
T -67 /ARC -3 100 to 156 MC Used: 22.95 
GP -7 350 to 9050 KC New: 29.95 

RECEIVER -TRANSMITTERS: 
LINK 1905-1906 152 to 172 MC FM Used: $59.50 
RT -19 /ARC -4 140 to 144 MC AM Used: 22.95 
BC -1335 27 to 38.9 MC FM As is -Used: 6.95 
BC -645 (Converts to: 435 to 500 MC)....New: 14.95 
Address Dept. EW Prices F.O.B. Lima, O. 
25 %Deposit on C.O.D.'s Minimum Order $5.00 

FAIR RADIO SALES 
2133 ELIDA RD. Box 1105 LIMA, OHIO 
CIRCLE NO. 181 ON READER SERVICE PAGE 
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BE YOUR OWN Television Repairman! Instruction Book, 
$1.25. Abrilz K2BDB, Westhampton Beach, N.Y. 11978. 

DRAFTING, Blueprint reading, schematics. Send $2.00 
first lesson. Complete home course $25.00. Prior Inc., 
23-09 169 St., Whitestone 57, N.Y. 

FOR SALE 

TRANSISTOR Ignition coils, components, kits. Advice 
Free. Anderson Engineering. Wrentham 5, 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, 
Ill. 60656. 

GOVERNMENT Surplus Receivers, Transmitters, Snoop - 
erscopes, Radios, Parts, Picture Catalog 200. Meshna, 
Nahant, Mass. 

TRANSISTORIZED Products importers catalog. $1.00. 
Intercontinental. CPO 1717, Tokyo, Japan. 

DIAGRAMS for repairing Radios $1.00. Television $2.50. 
Give make model. Diagram Service, Box 1151 E, Man- 
chester, Connecticut 06042. 

INVESTIGATORS, free brochure, latest subminiature 
electronic surveillance equipment. Ace Electronics, 
11500 -1 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. 

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. 

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. 

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. 

$100.00 WEEKLY Spare Time selling Banshee TS -30 

Transistor Ignition Systems and Coils. Big Demand. 
Free money making Brochure. Slep Electronics, Draw- 

er, 178ZD -EW Ellenton, Fla. 33532. 

DIAGRAMS Radios $1.00 Televisions $1.00. Schematics, 
618 Fourth Street, Newark, N.J. 07107. 

NEW supersensitive transistor locators detect buried 
gold, silver, coins. Kits, assembled models. $19.95 up. 

Underwater models available. Free catalog. Relco -A22, 

Box 10563, Houston 18, Texas. 

FLIP -FLOPS: Transistorized circuit mounted on a 

printed circuit board with plug -in connector. Operation 
up to 10,000 cps in set -reset or trigger mode. Can be 

used in counters, shift registers, and memories with no 

additional circuitry. $3.87 complete. Send for free lit- 
erature. KOMTRON, Box 275, Little Falls, N.J. 07424. 

JAPAN & Hong Kong Electronics Directory. Products, 
components, supplies. 50 firms -just $1.00. Ippano 
Kaisha Ltd., Box 6266, Spokane, Washington 99207. 

CATALOG of over 200 different slide rules, calculating 
aids. Send 100. Dyna -Slide, 600 South Michigan, Chi- 
cago, Ill. 60605. 

CRYSTALS -Navy 100KC Units $2.95. Electronicraft, 
Box 13, Binghamton, N.Y. 13902. 

DETECTIVES! Free brochures! Electronic intelligence 
devices for your needs and budget. SILMAR ELEC- 

TRONICS, 3476 N.W. 7th Street, Miami, Fla. 33125. 

SAMS Photofact Set, 38 to 414 complete. $250.00. 
620 Alameda, Coronado, Calif. 

NEED printed circuit boards? Complete services of- 
fered from schematic diagram or your master for com- 
mercial electronic equipment. Small or medium 
quantities -prototypes to several thousand boards at 
low cost. Fabrication, assembly, dip soldering, and 
checking of final assembly to your specifications from 
one responsible source. Orrtronics, Inc., P.O. Box 27, 
Opelika, Alabama. 

ORDER TRANSISTORS, PARTS OF ANY PROJECT IN EW. 
Send 250 for Interchangeability Guide- listing 3000 
transistors. Servicemen! New accounts will receive 
10% off transistors and parts during February. 30 
Watt stereo amp /preamp, kit form, $36.50. Brand - 
wein Co., 306 W. 100 Street, N.Y.C. 

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, engraved metal plaque only $2.00 ea. ppd. 
Southwest Agents, Box 12283, Fort Worth, Texas 
76116. 

CANADIANS, transistors, all semiconductors and com- 
ponents. Free catalogue contains reference data on 
300 transistor types. 1. &J. Electronics, P.O. Box 1437, 
Winnipeg, Manitoba, Canada. 

GET IT from GOODHEART! 
NEW ARRIVALS SINCE OUR PREVIOUS ADS: 
TEKTRONIX .545 w/D Plug- in..... 995.00 

i Also s Jan. ad page 100 for other Tekt ) 

HEWL. -PACK. No. 400AB AC VTVM 89.50 
And S400D AC VTVM.... 150.00 
And .330BR Distortion Analyzer 325.00 
And =6088 VHF Signal Generator 475.00 

1 See Jan. p. 10(1 for other Hewl. -Pack. ) 

TS -419, similar HEWL. -PACK. Y614Á Sig. 
Gen. 900 -2100 me, O to -120 dbm 395.00 

ROLLIN e20 LF Signal Gen.- 12 W Po .1295.00 
ROLLIN .30 VHF Signal Gen., 10 W Po..... 1295.00 
N.L.S. /KINTEL 4 -digit DVM ac /dc.......... 475.00 
FLUKE .800, source of EXACT DC v ltages..225.00 
BROADCAST-BAND COMMAND RCVR, A.R.C... 17.95 
BOONTON CB 120.28 mc) Mlerovolter 175.00 
EVERYTHING we sell Is UNCONDITIONALLY ORTD! 

& MUCH MORE! So please TELL US WHAT YOU NEED! 
Surplus c talogs 

/. 
a bunk: mdse is here Monday, 

gone Tuesday, and buy other & better mdse on 
Wednesday! Example: Nobody is fool enough to put 
A.R.C. ..11-14-A in a catalog or ad. yet we have had 
many go through our hands. Did YOU miss out? 
WRITE . . . WIRE . . . or PHONE your needs! 
ALL -BAND SSO RCVR BARGAIN: Hallicrafters R -45/ 

ARR -7, 550 ke to 43 m continuous: Voice. CW, 
MCW: 2 Firs, 2 IF's: Semeter: 455 kc Xtl: 6 se- 
lect choices. Pwr required 270 e 110 ma de, 6.3 
v 4 A ac. Less pwr sply, w /Handbook, other data, 
checked- aligned, clean, 100% grid. fob 149,50 Los Ang. 
Same w/00 cy pwr sply, ready to use.....579.50 
(Add S20 for SSB Product Detector installed.) 

TIME PAY PLAN: Any purchase totaling 100 /O 
$1611.íe, or more. down payment only.... 

ARC -5 Q -5'er Rev/. 190 -530 kc w /85 kc IF's. Use 
ml converter for hove r Other rem 's. Checked 

electrically, w/lots of tech. data. data. 14.95 knob. 9 lbs fob Los Ang.... ..... . 

(Add $3 for extra -clean selected unit.) 
AN; APR -4 RECEIVING SET: Tune 38 to 1000 Inc.. In- 

eludes TN-16, 18/APR-4: plug; hand- 177C0 Sook ci cke, grtd OK. fob IoA eles 
Add $60 for TNl9. 975 -2200 me: add $125 for 
TN -54, 2175 -4000 mc. 
LM FREQ. METER 125 ke to 20 me is combin. heter. 

freq. meter & signal source. LW r AM. accuracy 
.01%, Mt c 

a 
uh. clean. checked. 100% 51.50 grtd. wiping, data. 16 Ms fob LA 

Add $22 for LM .sply w /plugs, data. or $10 for EAO, 
converts for LS1 w 'pmts. data. Included. 
TS- 323/UR, 20 -400 mc, similar GERTSCH FM 1. 

Crystal. 001 %. W /handbook supplement giving 
supplementary xti check points & instruct. to 

closely approach a 'slat accuracy.'' W/ 
s hematic. instruct., pwr spiv data, clean, 100.50 checked, 100% grtd. fob Los Ang 

For L&N Galvanometers, other Bridges, Voltage Di- 
viders and Gertsch RatioTrans, see Sept. ad. For 

LINE VOLTAGE REGULATORS. see Oct. ad. OR WRITE 
FOR DATA! We have the widest nssortment of DE- 
SIRABLE material of this nature In the U.S.A. 

R. E. GOODHEART CO. INC. 
Box 1220 -A, Beverly Hills, Calif. 90213 

Phones: Area 213. office 272-5707, messages 275-5342 

CIRCLE NO. 243 ON READER SERVICE PAGE 
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Rectifiers & Transistors 
750 ma. Silicon Diodes Silicon Power Diode 
"Epoxy" or "Top Hat" Stud 3 amps. 
PIV PIV PIV PIV 
50 50 600 210 25 60 300 250 

100 70 *700 250 50 80 400 280 
200 100 *800 320 100 140 500 350 
400 140 *900 400 150 160 600 400 
500 180 *Top hat only 200 220 All tests 

Full Leads, Tested. Gua anteed. American made. 
10 watt Sil. Zener stud, 5.130v $1.25 ea. 
1 Watt Zener Diode Axial leads 6v200v....500 ea. 
Sil. diode stud 1500piv 300 ma 500 ea. 
Hi- Voltage -Silicon epoxy diode, 21/2"x3/8"x1/2 ", 
HOFFMAN -3000 piv -200 ma. $1.95 ea. 
HOFFMAN -6000 piv -200 ma. $4.50 ea. 
Thermistor, glass bead, 1200 ohms, 600`F.2/$1.00 
Silicon Power Transistors -2N17 24- 

2N1724 $1.50- 2N1936 $2.00 ea. 
20 Watt Germanium (internal heat sink) 

2n1038 .,..8 for $1.00 2n1042 ....6 for $1.00 
2n1039 ....6 for $1.00 2n1043 ....4 for $1.00 
2n1040 ....4 for $1.00 2n1044 2 for $1.00 
2n1041 ....2 for $1.00 2n1045 700 

150 Watt Germanium Hi -Freq Power 
100 volts, 10 amp 2n1046 $1.50 ea. 
100 volts, 20 amp 2n1907 $1.95 ea. 

150 Watt Germanium Power 
2n250 3/$1.00 2n457 800 

2n251 2/$1.00 2n1021 $1900 
0 

2n456 700 2n1022 $1.25 
HF Silicon- 2N702 -100mc 400; 2N703 -150mc 600 
Germanium switching transistors 2N1300 

series assorted, tested, PNP or NPN.10 for $1.00 
Small signal transistors, short leads, 

assorted, tested 15 for $1.00 
Ger. Mesa transistors, PNP, 10 for $1.00 
HF Silicon tetrode, 3N35 $1.00 ea. 
Nickel- Cadmium Battery 91/2 oz, 8 amp- 

hrs, 23/4''x3/4 "x41/2" $1.95 ea. 
30 different Precision Resistors $1.00 
10 different Pots, 2 -4w, $1.00 
25 different power resistors to 50W $1.00 
10 assorted Electrolytics tubular $1.00 
80 assorted 1/2w resistors $1.00 
50 assorted 1w resistors $1.00 

SILICON CONTROLLED RECTIFIERS 
PRV 7 16 

a mp amp 
25 .28 .48 
50 .48 .70 

100 .80 1.20 
150 .90 1.50 
ALL TESTS STUD TYPE 

PRV 
7 

16 
amp amp 

200 1.15 1.70 
300 1.70 2.20 
400 2.20 2.70 
500 2.90 3.30 
600 3.15 3.90 

Money back guarantee. $2.00 min. order, include 
postage. Catalogue 10c. 

Electronic Components Co. 
Box 2902 Baton Rouge, La. 70821 

CIRCLE NO. 140 ON READER SERVICE PAGE 

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! 

February, 1965 

16 TESTED Transistor plans -25e. "Radio Operator's 
Handbook " -500. Catalog. Laboratories, 1131 -H Va- 
lota, Redwood City, California. 

INVESTIGATOR'S Electronic Surveillance Devices. 1965 
Subminiature Professional Models. Free Details. Trol 
Electronics -EW, 342 Madison Ave., New York, N.Y. 

TRANSISTORIZED Intercom Kit, with diagram, includes 
two -three by five inch speakers, switch, nine volt 
battery, fifty feet cable -misc. hook up wire, solder, and 
one transistorized amplifier board, that can also be 
used for audio gain on radios and Hi -Fi work -$4.95 
for complete kit, include postage. General Surplus 
Sales, 10 Alice Street, Binghamton, New York 13901. 

METERS -Surplus, new, used, panel and portable. Send 
for list. Hanchett, Box 1898, Riverside, Calif. 

FREE catalog: Wholesale electronic parts and equip- 
ment. Western Components, Box 2581, El Cajon, Calif. 

TONE GENERATOR modules, tremelo to treble. Organ, 
piano, guitar, chime effects, transistorized, instruc- 
tions; $6.95. Arnold Kendall, Box 412, San Carlos, 
Calif. 

ANTIQUE Edison Cylinder Phonographs. Released From 
Storage. Working, Complete. Concert horn. Cylinders. 
$80.00. Tracy Storage, 114 State, Brewer, Maine. 

HELP WANTED 

YOUR OWN BUSINESS. Sell matchbook advertising - 
part or full -time. No investment. We tell you how. 
No experience needed. Earn cash commissions plus 
free gifts. Sales kit furnished. Matchcorp, Dept. 
MD -25, Chicago 60632. 

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. 

RADIO & TV Tubes -330 each. Send for free list. 
Cornell, 4215 -W University, San Diego, Calif. 92105. 

BEFORE you buy receiving tubes, test equipment, Hi -fi 
components, kits, parts, etc. - -. send for Giant Free 
Zalytron Current Catalog, featuring Standard Brand 
Tubes; RCA, GE, etc. -all Brand new premium quality 
individually boxed. One year guarantee -all at biggest 
discounts in America! We serve professional service- 
men, hobbyists, experimenters, engineers, technicians. 
Why pay more? Zalytron Tube Corp., 469 -W Jericho 
Turnpike, Mineola, N.Y. 11502. 
ELECTRONIC TUBES -Top Brands SOLD at substantial 
savings! (Minimum Order $15.00) Authorized GE, Am- 
perex, DuMont and Eimac Distributor, Send for FREE 
Buyers' Guide for all your Tube Requirements. TOP 
CASH PAID for your excess inventory (New ONLY -Com- 
mercial Quantities). Metropolitan Supply Corp., 443 
Park Avenue South, New York, N.Y. 10016. 212 -MU 
6 -2834. 

WANTED 

QUICKSILVER. Platinum, Silver, Gold. Ores Analyzed. 
Free Circular. Mercury Terminal, Norwood, Mass. 

CASH Paid! Sell your surplus electronic tubes. Want 
unused. Clean radio and TV receiving, transmitting 
special purpose. Magnetrons, Klystrons, broadcast 
types. Want military and commercial lab /test equip- 
ment. Want commercial Ham Receivers and Trans- 
mitters. For a Fair Deal write: Barry Electronics, 512 
Broadway, New York, New York 10012 (Walker 5. 7000). 

(WANTED) CASH Given: Used Electronic Parts and 
Equipment. Radio Research, P.O. Box 311, Kenmore 
Square, Boston 15, Mass. 

DO -IT- YOURSELF 

PROFESSIONAL ELECTRONIC PROJECTS -$1.00 up. 
Catalog Free. PARKS, Box 1665, Seattle, Wash. 98125. 

PERSONALS 

ONLY $35.92 Monthly repays $800.00 (thirty payments). 
Borrow $100$1,000 entirely by airmail. Write today. 
Bankers Investment Company, 92 -A, Hutchinson, 
Kansas 67501. 

ti 

(No Limit) from this list. 

6665 6SN7 
6AU6 6.16 686 
BAQS 6K6 6W4 

100 TUBES OR MORE 

3 O C PER TUBE 

-11 dl 
imezov 

With every $10 Order 

0Z4 6606 6C16 
163 66478 6CF6 

IH5 U4 

. 113 6AU5 
6A 

6CG8 
6CG7 

114 6AU6 6CM7 
114 6AV6 
154 6AW8 
IX2 6AX4 
3086 6866 
5ua 6BC5 
5V4 6806 
503 6BG6 
666 61366 
6.18 6816 
6AB4 68L7 
6AC7 6864 
GAGS 6866 
6605 6BQ6 6CZ5 6K6 
661.5 6BZ6 606 6K7 
6AN86C4 6064 6Q7 
6605 606 6006 654 
6655 6C B6 6006 65.17 

6 65C7 
6E6 6567 
666 6517 
615 6507 
616 6517 

If Nol Shipped 
ín24 hrs. 

YOUR 
ORDER 
FREE! 

TYBOne Year s Ouar'antd 

6V6 
6W4 
6W6 
6X4 
6XS 
767 
7A8 
186 
787 
788 
7C5 
767 

2ÁD6 
SOL6 

26 E6 
24 

OA E6 27 

2677 41 

2AÚ7 5 
6567 12A57 47 

6507 12BÁ6 
7 

75 

6507 12806 
78 6U7 128E6 

6u8 12106 x4 

Other tubes end CRT's at low rices_ send for tree list 

12867 
12816 
12807 
12C5 
12CÁ5 
12567 
12SQ7 

2516 
2526 
35W4 
3523 
3525 

NO SUBSTITUTIONS WITHOUT YOUR PERMISSION 

utual Conductance Lab tested 
I ....dually Noted. Standee 

and Lode Elated 

Tubes an ew. 

da d and so 
maned. 

TUBE 1'inestELECTRONIC CLEANER 

21 PICTURE 

129 TUBES 
l rr uar. ? 

l 
ttd 

Pay or 
LOB v end ne due , 

wan Order 

CARTONS 
TUBE 

CARTONS 
HIGH GLOSS 
CLAY COATED 

prrit 

6500 
SuAGS 

SUAG 

PrY'.5I119' (110' 1pIEL/LS Ifs rrr/ 
ELECTRONIC EXPERT! 

Rn 

all purpose 
ELECTRONIC 

CLEANER 

79 

n¢IRO.c 

Claile! 

., Rs,clwlaas 

,a.= NICORMELI 

DIODES /R ECTIFIERS 

pa gtc, 
4 

sensational 

KIT VALUE! 

Ebloposn2'c SOLDER 

Console 
561- S'axe 

Tube Tester 

!OR CORNELL CUSTOMERS ONLY by_ 
spec,o1 g.man PUbI M1e., obese oma, are 

NEVI PRACTICAL TV $ PAINING c 
COMPLETE RADIO SERVICING ONLY f3.50 

BASIC ELECTRONICS COURSE ONLY 1300 

CORNELL ELECTRONICS CO. 
Dept. E W 2 4217 University Ave., San Diego , Calif. 9 2 1 0 5 

CIRCLE NO. 172 ON READER SERVICE PAGE 

TERMS: Add 3c per tube 
shipping. Orders under $5.00 
add 3c per tube shipping 
plus 50c handling. Canadian 
orders add approximate 
postage. Send 25% deposit 
on C.O.D. orders. No C -0.0. 
orders under $5.00 or to 
Canada. No 24 hr. free offer 
on personal check orders 
5 -DAY MONEY BACK OFFER' 
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BARGAINS 
Write for a copy of our 

Complete Bargain Brochure 
Collins 5KW, 10 Chan, Autotune 

XMTR A -1, A -2, A -3 $Low 
Brand New RCA ET -10 Communications 

Transmitter " -20 tnc /AM :351íW $ 500.00 
Boonton 170A Q" Meter 200.00 
Hewlett Pac kart) 21110 Audio Gen 170.00 
Teletype Test Set 'I'S -2 /TG Q 
Gettsch FM -5 Frequency Divider 300.00 
General Radio 1 2ó:3A l'ower Supply. New 210.00 
General Radio 120813 Oscillator 05 -500 mc. 140.00 
General Radio 821A Twin impedance Bridge 310.00 
Hewlett Packard 152B Dual Tracer 

AmpHRer 150.00 
Hewlett Packard 3:370 FM Deviation Monitor Q 
Boonton 207E Uni verter 300.00 toi lilts It -:1S8, ...51.13 Receivers P U R 
Ito,,,lion 1 01íA '3.2' 11111 5350.00 

-I` !Lend Tuning' 1'0íl; for AIM.4 Re 
Sl idr Role Dial. T'ii. CV -953 11h 

`l1 u,,,, 1 i1' I.:I.e New 189.50 
I 

Lot,' I re,1e0ey Rrvr. RBL -2 14 KC -61111 KC 175.00 
HI' _:t:;: \ \Halo Generator 375.00 III' GSii S12. Gen. 1OMC.- 400Mc, like new 595.00 G.R. C,lit ).rill's 12118 5 to 50mc New . 210.00 Ill 1751: Tuneable Biolmeter. New 99.00 
Hl _1 _.\ Iulse Generator. Excellent 325.00 
HI' 2 - \G Audio Generator. Excellent 295.00 
TS 418 U Sig. Gen. 400mc to 10otne. 

Lilo' new 495.00 
Me;l.nrettlents Corp. 31 Intermodulation 

tlonllor. New 150.00 
Empire Devices Broadband X -tai mixer type 

('31 -1070. 1120mc to 1700mc. Excel- lent .. ... 90.00 
Clone -out 100 ft of Rt:-11 A /U. PL -250 each end, Nev t 3.50 
SPECIAL PIN) t100:í :idh. Attenuator 9.95 
l'RD :t0) Adaptor. NEW 22.50 
PHD I sun 11äh. Attenuator 25.00 
AN /Unlit 14 Mike Simulator Q 
AN /UKii -1 100 kc Dig Counter 290.00 
: \N3'11.31 5 Sig. Gen 10Ke.50Me Q 
TS -47A APR .Sig Generator 75.00 
BC- 10:1511 l'anadantor 5.25 me IF 125.00 
Ballentine 3011 VTVM 99.00 
TS -2(061) 11 Extol Rectifier Test Set 17.50 
TS- 373A'D VTVM 65.00 
TS -917 Analyzer for TTI' 175.00 
TMC Type FFI; Receiver Q 
Measurements 80 Sig Gen. Q 
1.111110111. 23I111 Scones; 90.00 
Dumont 321 .S 

t 

come.. 245.00 
S0(1011 .IX54t1 Ke.54mc /n 450.00 
R -:390 nigitad dol, 5oß.:32mc /1 Q 
I'RR -13 225 to 400mes 320.00 
Tektronix 514,511 375.00 
HP ^25 it 210.00 
HP 50011 Freq Mtr. 150.00 
HP 201)11 Audio Gen. 95.00 
llird d:1.A VHF Wattmeter 150.00 

SPACE 4178 Park Ave. 
Bronx, N. Y. 

ELECTRONICS (212) CY 9 -0300 
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"TAB ", SILICON 750MA* DIODES V,"..:;',',',''. 

°NEWEST TYPE! LOW LEAKAGE 1:t,t.! 
Piv /Rms Piv 'Rots Pic /Rms Piv /Rms 
50/35 

.05 
100'70 

.09 
200/140 

.12 
300/210 

.14 _ 
Piv/Rms 

_ 

Piv Rms Piv Rms Ply Rats 
400.280 

.15 
500 350 

.19 
600'420 

.23 
700 490 

. 27 
Piv Rm5 Pin Rots P Rms Piv Rots 
800 560 

.35 
900.630 

.45 
1000;700 

.65 
1100 770 

Query 
ALL TESTS AC & DC & FWD & LOAD! 

I 

17OOPiv /1200Rms 0 750Ma$1.20 (0 .lOtor$10 
Same 1100Piv /770Rm5 750 (8. 16 for Sí1 

"TAB" * SC R's *TRANSI5TORS * DIODES!!! 
Fall Leads Factory Tested & Gtd! U.S.A. Mfg. 
PNP /HIPower /15Amp Round T036 PCkg! MR. 442, 277. 278, DS5O1 up to ' 50vo11e VCBO $1.25 (S . 5 for $5 
TN278. 443, 174 up to 80v 0 2 for $5 

42 I PNP Diamond /3A- 2N155, 156. 235, ) 

254. 255, 256. 257, 301, 351 035(`. 4/S1 
PNP /Signal up to 350Mw 705 025 92 6 for $1 
NPN /Signal IF, RF, OSC, 705, OV5. 425@, . 6 for $1 
PNP 2N670/300 Mw C35 F. 4 for $1 
PNP 2N671 /Iwatt CSOCf. 3 for $1 
Silicon PNP TOS & TO18 Pckg F250, 5 for $1 
Power Heat Sink Finned 10OSq $1 V, 6 for SS 
STABISTOR Diodes Fwd Regulators... lwatt S for $1 
goner Diodes up to One Watt 6to200v C7Of . 3 for S2 
Zener Diodes Ten Watt 6to150v $1.45 (S ....4 for $5 
Zener Diodes lwatt S ¡ Tolerance $1.250. 3 for S3 

Pressfit 18A up to 100 Ply .. .. .4 for $1 Sil 
Micro or MuSwitch CSD 35 Amp/AC-DC .3 for $1 

SILICON POWER DIODES STUDS 8 P.F.° 
D.C. 
AmpS 

50 Pin 
35 Rm5 

IOO Piv 
70 Rms 

150 Ply 
105 Rots 

200 Piv 
140 Rms 

3 
12 

.08 

.30 
.14 
.55 

.17 

.70 
.24 
.85 

1800 
35 

.20 

.70 
.30 

2.05 
.50 

1.35 
.75 

1.50 
100 
240 

1.65 
3.75 

1.00 
4.75 

2.50 
5.75 

3.15 
8.75 

O.C. 300 Piv 
_ 

400 Ply 500 Piv 600 Piv 
Amps 

3 
210 Rms 

.29 
280 Rm5 

.30 
350 Rms 

.40 
420 Rms 

.48 
12 
1800 

1.00 
4.00 

1.35 
1.50 

1.45 
Query 

1.70 
Query 

35 
100 

2.15 
3.75 

2.45 
4.60 

2.75 
5.50 

3.33 
8.00 

240 11.70 19.80 27.90 Query 
Battery Charger 6 & 12 V Charges up to S Atop 
"Approved" Heavy Duty Design with Klixon Cir- 
cuit Breaker operates 220 or 130 VAC Ft 50 or 
60 Cys 58 
O.C. Power Supply 115v /60 to 800 Cy5. Output 

Cased 25354 330 & Tap 165V up to 150Ma 
SPECIAL S5 f: . 2 for $9 

"SCR" SILICON CONTROLLED RECTIFIERS! 
PRV 7A 16A 25A 

25 .30 .50 .85 
PRV 7A 16A 25A 
250 1.85 2.25 2.60 

SO .50 .75 1.00 
100 .90 1.35 1.60 

300 2.00 2.45 2.80 
400 2.50 2.90 3.35 

150 1.00 1.65 2.00 
200 1.30 1.90 2.30 

500 3.25 3.60 4.00 
600 3.50 4.35 4.60 

-Tab" 600 watt speed Control & light dint. "Volt 
mer, 115 VAC $4.50 (aS, 2 for $8.00 

I 

TERMS: Money Baca Guarantee: 

A `TAB" 
Our 18th year. 52 Min. order 
F.O.B. N.Y.C. Adtl Shpg charges 
of for C.O.D. . Dep. Prices 'n0'yq 511hjerf fn change. 

111 -WF Liberty St., N. Y. 6, N. Y. 
SEND 25e Phone: RECtor 2 -6245 for CATALOG 

TAPE AND RECORDERS 

RENT Stereo Tapes -over 2,500 Different -all major 
labels -free brochure. Stereo -Parti, 1616 -E. W. Ter - 
lace 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 BARGAINS. 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. Sax:tone, 
1776 Columbia Road, Washington, D.C. 20009. 

TOP Quality Sarkes Tarzian's Galaxie tensilized Mylar 
tapes: 18C0'/$1.69, 2400'/$2.79, 3600'/$3.89. Free 
price list, handbook. "Fun with your tape recorder." 
Pofe Electronics, 1716 -EW Northfield, Muncie, Indiana. 

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 #E2W 
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 

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. 
JW Electronics. Box 516. Bloomington, Indiana. 

RCA TEST Equipment, Authorized Repair & Calibration 
Center, Nationwide. Edwin Bohr /Electronics, Box 4457, 
Chattanooga, Tennessee 37415. 

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 -B9, Jamaica 30, N.Y. 

PRINTING 

1965 DESK Calendars, your name, call, address, 
Three $1.00. Morgan Printing, 443 Euclid, Akron, Ohio 
44307 -3. 

BOOK PRINTING. Lowest cost. Paperbacks or hard cov- 
ers. Catalog free. Addams Printers, 30 W. Washington, 
Chicago, III. 60602. 

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 B 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 

Ì 
@ .60 Commercial Rate 1 

Insert time(s) Total Enclosed $ 

NAME 

ADDRESS 

CITY ZONE STATE 

SIGNATURE 

WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one 
word each. Zone or Zip Code numbers not counted. (Publisher reserves right to omit Zip Code if space does 
not permit.) Count each abbreviation, initial, single figure or group of figures or letters as a word. Symbols 
such as 35mm, COD, PO, AC, etc., count as one word. Hyphenated words count as two words. EW -265 
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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 

ACCORDIONS, GUITARS, BAND INSTRUMENTS! Save 1/2. 
Famous makes, free home trial. Easy terms. Trades. 
Free Discount catalogs. Mention instrument. Interna- 
tional Music Mart, Dept EW, 5535 Belmont, Chicago, 41 

POEMS Wanted for songs and records. Send poems. 
Crown Music. 49 -RB West 32, New York 1. 

MUSIMATIC: F.M. music without commercials. Easy 
connection to your tuner. $59.50 complete. Don Hen- 
derson Enterprises, Box 343, Reseda, Calif. 

BOOKS 

AUTHORS! Learn how to have your book published, 
promoted, distributed. FREE booklet "ZD," Vantage, 
120 West 31 St., New York 1. 

TECHNICAL Manuals for surplus electronics. Stamp for 
list. Books, Box 184, Riverdale, Maryland. 

PUBLISH your book! Join our successful authors: pub- 
licity advertising promotion, beautiful books. All sub- 
jects invited. Send for free appraisal and detailed 
booklet, Carlton Press, Dept. ZDN, 84 Fifth Avenue, 
N.Y.C. 11. 

MAGAZINES 

ELECTRON is A Brand New Electronics Hobbyist 
Magazine. Free Sample Copy, Electron, Box 796, 
Montreal, Canada. 

MAGAZINES Back Issues. Electronics, Television, 
Science, Others. New List 25Q. Kelley, 65 Calif. 
Avenue, Hempstead, New York 11550. 

ELECTRONIC Magazines -Back issues. Alexander, 
45-7th Avenue, Roxboro, Quebec, Canada. 

SILICON RECTIFIER SALE 
IMMEDIATE DELIVERY 

FULLY GUAR NT 'D NEWEST TYPE 
AMERICAN MADE FULLY TESTED 

750 MA- SILICON "TOP -HAT" DIODES 
LOW LEAKAGE FULL LEAD LENGTH 

Ply RMS 
50/35 
.05 ea 

PIV /RMS 
100/70 
.09 ea 

PIV /RMS 
200/140 

.12 ea 

P1V /RMS 
300/210 

.16 ea 
Ply RMS 
400/280 
.20 ea 

Ply RMS 
500/350 

.24 ea 

Ply RMS 
600/420 

.32 ea 

PIV /RMS 
700/490 

.40 ea 
Ply /RMS 
800/560 
.48 ea 

Ply RMS 
900 630 

.55 ea 

PIV RMS 
1000/700 

.70 ea 

PIV /RMS 
1100/770 

.75 ea 

ALL TESTS AC d DC & FWD A LOAD 
SILICON POWER DIODE STUDS D.L. 50 Ply 100 PIV 150 PIV 200 Ply AMPS 35 RMS 70 RMS 105 RMS 140 RMS 

:1 .12 .18 .22 .30 12 .45 .65 .75 .90 15 .90 1.15 1.50 1.70 50 1.60 1.90 2.30 2.80 Inn 1.75 2.15 2.55 3.15 
D.C. 300 PIV 400 PIV 500 PIV 600 PIV AMPS 210 RMS 280 RMS 350 RMS 450 RMS 

:3 .40 .45 .55 .65 12 1.10 1.35 1.50 1.70 35 2.35 2.55 3.00 3.50 50 3.50 4.20 5.25 7.00 Ill) 3.75 4.60 5.65 8.00 
"SCR" SILICON CONTROLLED RECTIFIERS "SCR" 

7 16 25 7 16 25 PRV AMP AMP AMP PRV AMP AMP AMP 
23 .50 .85 1.20 
50 .85 1.20 1.40 

1 1111 1.35 1.80 2.20 
I50 1.60 2.10 2.65 
200 1.75 2.40 2.90 

250 2.30 2.65 3.10 
.1, e, 2.60 3.00 3.40 Inll 3.00 3.40 4.15 
51111 3.75 4.25 4.75 
,011 4.00 5.00 5.25 

Money Back guarantee. 52.00 min. order. Orders F.O.B. NCY. Include check or money order Shpg. Charges plus. C.O.D. Orders 25% down. 

Warren Electronic Components 
230 MERCER ST. N.Y. 10012 N.Y. OR -3 -2620 

February, 1965 

BRAND NEW 
UNITED'S FIRST QUALITY 
TUBES DISCOUNTS up to 

on0" 
OFF 

GUARANTEED ONE FULL YEAR! NOT USED! NO PULLS! WHY PAY MORE ? 
Tube 
042 
043 
0446 
0132 
063 
0C3 . 
OD3 
003 
0Y4 
024 
143 . 

145 . 

146 
1A7 
14135 
14E4 
1AF4 
1464 
1435 
14X2 

1B4P ..2.00 
185 . 

íC5 .. 
106 
IONS 
1056P 
107 . 

1138 
IE5GP 
1E7 
1F4 
IFS 
1F6 
103 
1G4 . 

106 . 

1H4 
1115 . 

íH6 
IJ3 
135 
136 
183 
1L4 
1LA4 
11.45 
1LA6 
1LB4 
1LC5 
1LC6 
11,05 
1LE3 
11,65 
ILH4 
1LN5 
INS 
1P5 . 

105 . 

1R4 
IRS 
154 
155 
174 
ITS 
1U4 
1U5 
IV 
1X28 
1Z2 
2A3 
245 
2A6 . 

2A7 
2ÁF44 
24112 
2452 
283 . 

2B7 
2884 
2CYS 
2E121 
2DZ4 . 

2E45 
2E85 
2ERS 
2FH5 . 

2FQ5 
2F55 
2685 . 

2GU5 
26815 
2HK5 
2X2 
2X2A 
3A2 . 

3A3 . 

3A4 . 
3A5 
3AF4 
3AL5 
3472 . 

3ÁU6 
3AV6 
3AW3 
362 . 

3B7 
3846 
36C5 
3BE6 
3BN4 
3BN6 
3BU8 
3876 
38Z6 
3686 
3CE5 
3CF6 
3CS6 
3CY5 
306 
3064 

Price 
..80 

90 
1.35 
..80 
1.20 
..85 
73 

2.75 
1.20 
77 

1.25 
1.25 
1.25 
1.39 
77 

1.34 
1.30 
2.20 
..48 
..60 
77 

.98 
1.50 
..98 
.53 -98 

1.25 
2.20 
..98 

99 
..68 
.95 

1.20 
..77 
1.60 
1.50 
1.25 

.2.25 
...98 
...77 
...98 
...98 
...77 

.66 
.1.30 
.2.50 
.1.45 
.1.80 
.1.05 
.1.80 
.1.95 
.1.30 
.1.98 
.1.80 
.1.15 
.1.20 
.1.75 
.1.75 
...80 
-.75 

.1.05 

...70 

...70 

...80 ...70 
.63 .1.05 
.80 

.3.25 
.2.50 
.1.25 
.2.75 
.1.50 

..93 
.1.23 
...70 

. ..98 

. ..70 

. ..62 

. ..68 
.79 

1.98 
1.98 
..68 
..49 
1.65 
1.40 
1.95 
2.55 
1.57 
1.65 
2.40 
..98 
.60 

1.30 
1.20 
..74 
..58 
1.30 
..99 
.44 

1.23 
.52 
.40 

1.31 
3.45 
1.35 
.49 
.61 
.54 

1.18 
..73 
..76 
..56 
..54 
..54 
..56 
..62 
. 56 

69 
1.48 
..83 

Tube 
31386 
30T6 
30Z4 
3EH7 
3EJ7 
3ER5 
3FH5 
3F55 
361(5 
3658 
3GW5 
3845 
3HK5 
3X58 
304 
354 
3V4 
44116 
4AV6 
4BA6 
4BC5 
4808 
4BL8 
4BN6 
4807 
4858 
4BÚ8 
4BZ6 
48Z7 
4CB6 
4C56 
4CY5 
4DE6 
41386 
4076 
4EH7 
4EJ7 
4EM6 
4E58 
4EW6 
4665 
4GM6 
4058 
4625 
4626 
4HC7 
4HM6 
41158 
4HT6 
4JC6 
4306 
54188 
SAN8 
5405 
SAR4 
SASS 
5478 
SAYB 
5424 
588 .. 
SBC3 
5BE8 
5887 
5807 
58R8 
5878 
5BW8 
SCG8 
5CL8 
SCM8 
5CQ8 
5CZ5 
SDEB 
5034 
5E48 
SESO 
5EU8 
SEW6 
SFG7 
SFVB 
5688 
56M6 
SG )16 
SHC7 
5H08 
536 .. 
58E8 
574 . 

578 
5U4 
5118 
5V3 
5V4 . 

5V6 
5W4 
5X4 
5X8 
573 
574 . 

5Z3 . 

5Z4 . 

6A3 . 

684 
646 . 

6A7 
6A8GT 
6A8M 
6AB4 
6485 
6AB7 
6AC5 
6AC7 
6AD7 
64E5 
6AF3 
6AF4 
6AF4A 
6AF6 
6AF11 
6405 
6467 
6AH4 

Price 
..58 
..52 
../9 
..60 
..60 

. 1.35 
.63 

. 1.18 
. .59 

. 1.21 
..53 
..99 
1.29 

. ..61 

. ..73 
..61 
.52 

..40 

..85 

..56 
. 1.02 
. 1.00 

..72 

..99 
.96 

..71 
.56 

1.00 
.55 

..59 

..70 

..60 

..58 

..87 

..60 

..60 
.94 

1.90 
1.01 
..59 
.58 

1.29 
1.49 
..59 
..73 
..91 
..71 
.99 

1.64 
1.64 
..77 
..88 
..52 

. 1.99 
1.75 
..81 
..98 
..73 
2.12 

. 1.31 
..81 
..84 
..99 
..81 
.79 

1.31 
..79 
..74 
1.47 
..82 
..70 
..81 

. . .77 
..78 
1.11 

. 1.29 
..56 

. 1.05 

. 1.21 
1.53 
1.04 

. .87 
1.49 

. 1.95 
1.09 
1.24 
1.00 
..84 
..58 
..82 
.88 

1.35 
.54 

1.75 
..90 
..80 
.44 

1.00 
1.50 
1.75 
2.75 
..78 
1.95 
2.50 
1.10 
1.95 
.44 

3.00 
1.00 
1.95 
.93 

3.25 
2.50 
..71 
..99 
.99 

2.50 
1.98 
..68 

. 1.42 

. ..99 

Tube 
64116 

6438 
6ÁK5 6Á6 
6ALS . 

6AL7 
6ÁL11 
6ÁM8 
6ÁN4 
6485 
6486 
64N8 
6A05 
64116 
6ÁQ7 
6408 
64115 
GARS . 

GARB 
6AR11 
6455 
6456 
6457 
6458 
64511 
6476 
6AT8 
6AU4 
SAU5 . 

6ÁU6 
6AU7 
6ÁU8 
6475 
6476 
64V1 
6ÁW8 
64 X3 
64X4 
64 X5 
643E7 
64X8 
6473 
6428 
664 . 

685 . 

667 
668 . 

6810 
68A3 
6846 
6847 
6848 
6BC4 
68C5 
68C7 
6BC8 
6BD5 
6806 
68E3 . 

68E6 
6BF5 
6BF6 
6BF8 
6866 
68H6 
6888 
6636 
6BJ7 . 

6864 
6885 
6887 
6BL7 
68L8 
6BN4 
68N6 
ERNS 
61305 
6806/ 

6CU6 
6EQ7 
61358 
6858 
6EU8 
6878 
68W8 
66X7 
6BY5 
6876 
6826 
68Z7 
61328 
6C4 . 

6C5 . 

6C6 .. 
6C8 
6C47 . 
6610 
6CÁ4 
6C45 . 

6C47 . 

6CB5 
6CB6 
6CD6 
6CF6 
6C67 
6876 
6CG8 
6CH8 . 

6CK4 
6CL6 
6CL8 
6CM6 
6CM7 
6CM8 
6CN7 
6CQ4 
6CQ7 
6CQ8 
6CR6 
6CS6 
6CS7 

Price 
1.05 
1.73 
..90 
..80 
.45 

2.10 
1.05 
..76 
1.59 
2.65 
2.45 
..91 
..52 
1.00 
1.73 
..77 
..53 
1.50 
2.00 
1.70 
..59 
..78 
2.75 

.83 
1.98 
..47 
..84 
..83 
1.67 
..50 
..70 
..85 
..89 
..39 
1.65 
..88 
..93 
..64 
..73 
.62 

1.45 
1.15 
1.30 
3.80 
4.00 
2.00 
2.00 
1.39 
1.15 
.48 

..98 
.88 

2.10 
..59 
.88 

1.00 
1.20 
.55 

1.15 
.53 

..88 
.42 

1.70 
1.65 ..66 
..94 
.63 

1.45 
1.75 
. .91 
.84 

1.05 
..97 
..60 
..70 
..74 
..63 

1.08 
..98 
..80 
..93 
.68 

1.23 
1.35 
1.09 
1.24 

. ..64 
..54 
..99 
1.06 
..43 
1.40 
..90 
.88 

2.25 
1.55 

.47 
1.23 
2.25 
2.05 
..53 
1.47 
..95 
..59 
..89 
.78 

2.03 
. .69 
..92 
.77 

1.45 
.67 

1.02 
.68 

1.35 
1.80 
..90 
..58 
..55 
..67 

Tube 
6CÚ5 
6CU6 
6CÚ8 
6CW4 
6CWS 
6CX8 
6CY5 
6CY7 . 

6CZ5 
6627 
604 . 
606 .. 
6010 
61144 
61145 
6DB5 . 

6086 
6DC6 
6008 
6DE4 
6DE6 
60E7 
6066 . 

61338 
6086 
6DN6 
61387 
60Q5 
6006 
6OR7 
6054 
61355 
6075 
6076 
61378 
6074 
6DW4 
6DW5 
6024 
0E5 .. 
6EA7 
6E48 
6EB5 
6E88 
6E85 
6EH7 . 

6EH8 
6EJ7 
6EM5 
6EM7 
6EQ7 . 

6E135 . 

6E55 
6E58 
6E77 
6EU7 
6EU8 
6EV5 
6EW6 
6EW7 
6E76 
6EX6 
6EZ5 . 

6E28 . 

6FA7 
6FD7 
6F4 . 

6FSGT 
6FSM 
6F6 
6F6M 
6F7 . 

6F8 . 

6F65 
6F67 . 

6FG8 
6FH5 
6FJ5 
6EJ7 

6FA7 
6FS5 . 

6FV6 
6FV8 
6FW5 
6FW8 
6FY5 
665 . 

6GC5 
6666 
66E5 
6GF5 
6GF7 . 

6088 
6085 
6086 
6GL7 
6GM5 
6GM6 
6688 
6607 
6GR7 
6675 
66 VS 
6GV6 
6GW6 
6GW8 
6GX6 
66X8 
6675 
6GY6 
6625 
6HA5 

6HB5 

6HF5 

6HF8 
6HG8 
6HJ8 
6HK5 
6HL8 
6858 
68T6 ....89 
6HZb 

Price 
.56 

1.05 
..99 
1.09 
.78 

1.82 
..68 
1.25 
1.80 
1.95 
1.75 
2.50 
1.95 
.66 

1.28 
2.05 
..52 
1.30 
1.33 
..68 
..59 
..73 
..95 
1.17 
..57 
1.76 
1.35 
1.89 
1.05 
.73 

1.40 
1.30 
..79 
..51 
.92 

2.65 
1.43 
1.57 
..78 
2.25 
..88 
..77 
..71 
.91 

1.33 
1.55 
..77 
..77 
..75 
..80 
1.11 
1.35 
.6n 

1.39 
1.04 
..66 
..77 
..73 
..55 
..78 
..73 
3.65 
1.40 
1.39 
1.32 
2.37 
2.35 
1.10 
1.50 
..67 
1.25 
2.50 
1.25 2.1. 
1.35 

:13 
2.25 
1.79 

.56 
1.45 
..68 
.77 

1.96 
4.25 
1.25 
1.23 .60 
1.00 
..92 
1.75 
..77 
..78 
..59 
.77 

2.35 
..78 
..58 
.92 

1.89 
..78 
1.00 
98 

1.85 
1.00 
1.50 
.55 

1.25 
.53 

1.10 
..53 
..99 
2.09 
1.90 
1.25 
1.95 
..80 
..59 
..71 
..79 
..56 

Tube Price 
6H6 . ..56 
6386 . 2.20 
6JC8 .74 
63E6 2.00 
63E8 1.50 
635 .. ..92 
636 . ..69 
637 . 1.65 
6.18 . 1.40 
6311 1.83 
63X6 .55 
6JH8 1.85 
6388 .68 
6356 2.95 
6378 1.75 
6378 ..68 
6328 ..83 
686 . ..61 
687 ..95 
687G ..75 
68867 .87 
6118M 1.85 
68138 1.12 
68T8 .80 
6KUB 1.05 
6LB8 1 00 
6L5 90 
6L6GA 1 40 
6L6GB 1 50 
6L60 

L6GC 1 65 
6L6M .2 50 
6L7 ..1 05 
6M1í .1 85 
6N6 ..1 45 
687 . . 96 
6P5 95 
60767 1 27 
647 -M 1 45 
6011 .1 05 
607 ..1 25 
654 49 
657 .. 90 
658 74 
65Á7G7 97 
6547M 1 25 
65877 1 15 
6507 1 35 
6507 70 
65F5 75 
65F7 1 00 
6507 . 1 10 
65X7 . 97 
65J7GT 90 
6537M 1 02 
65K7GT 63 
6587M 1 46 
6SL7GT 81 
6587 .. 63 
6507 92 
6SR7 .1 00 
6557 . 95 
6527 . 95 
674 96 
678 83 
6U5 .1 75 
6U8 81 
6V3 .1 10 
6V6GT 52 
6V6M .2 50 
6W4 . 60 
6W6 75 
6X4 39 
6X5 51 
6X8 78 
676 .1 00 
7A4 . .1 15 
745 . .1 25 
746 . .1 15 
747 . .1 15 
748 . 

7407 
7ÁF7 
786 
7AH7 7 
7AÚ7 
764 
785 
7136 
767 
7138 
7C4 
7C5 
7C6 
7C7 
7E5 
7E6 
7E7 
7EY6 
7 F7 
7F8 
767 
7H7 
7H08 
737 . 

787 
7L7 
7N7 
7Q7 . 

7R7 . 

757 . 

7V7 
7W7 
7X6 
7X7 
774 . 

777 
7Z4 . 

8AÚ8 
8ÁW8 
8BH8 

.1.15 

. 1.45 
. 1.25 

1.25 

1.45 

98 

. 1.25 
90 

. 1.35 
99 
99 

1.15 
.1.25 
1.75 
1.75 
1.25 

.1.35 
.1.50 
.1.95 
.1.95 
.1.95 
1.95 
1.75 
1.75 
1.75 

. 1.85 

.1.85 

.1.25 
1.85 

. 1.25 
1.25 

. 1.50 

Tube 
8645 
8CG7 
8CM7 
8CN7 
8CS7 
8CX8 
8E138 
8EM5 
8ET7 
8FQ7 
8GN8 
8JV8 
86A8 
948 
9AU7 
96R7 
9CL8 
9E48 
9U8 
'GALLI 
10805 
1008 
100E7 
10E67 
1OEM7 
10EW7 
100N8 
10878 
10348 
10KU8 
107 
11CY7 
11.1E8 
11KV8 
1244 
1245 
1246 
1247 
1248 
12411 
124135 
12ÁC6 
12406 
124E6 
124E7 
12ÁF3 
12ÁF6 
12466 
124J6 
12AL5 
1281,8 
12AL11 
124Q5 
12476 
12477 
12ÁU6 
12AÚ7 
12475 
12476 
12477 
12ÁW6 
124X3 
124X4 
128X6 
124X7 
12477 
124Z7 
1284 
12B46 
12847 
12806 
128E3 
128E6 
128F6 
128117 
1261(5 
12BL6 
12886 
12806/ 

CUS 
12BR7 
12677 
12BW4 
12877 
121326 
12827 
1205 
12CÁ5 
12CNS 
12CR6 
12056 
12CT8 
12CU6/ 

8Q6 
12CX6 
1204 
12085 
120E5 
120E8 
120L8 
12006 
121307 
12057 
121375 .1.18 
12077 
12078 
12DW7 
12DW8 
12078 
1213Z6 
12E46 
12EC8 
12E05 
12E66 
12E86 
12EL6 
12EL8 
12E26 
12F5 .1.50 
12F8 
12FÁ6 

12F86 . 

12FM6 

Price 
..61 
..61 
..69 
..95 
. .72 
..89 
. .92 
1.15 
1.08 
..54 
..97 
..93 
..84 
..98 
1.05 
1.32 
..77 
..66 
.80 

1.09 
.89 .1.03 

.1.31 
..86 
1.75 
..97 
.93 

1.12 
.92 

1.07 
..73 
.73 

1.70 
1.52 
..59 
..95 
.85 

1.45 
3.00 
1.74 
..58 
..53 
..55 
..48 
..92 
..71 
..65 
..60 -60 
..45 
.93 
1.06 
. .58 
..48 
..74 
..49 
..59 
..93 
..39 
..80 
..98 
..63 -65 
. .62 
.61 

1.42 
. .84 
.66 

. .49 

. .82 

..48 

..67 

. .51 

..58 

..75 

..98 
..54 
..97 
1.11 
..72 
.74 

1.09 -75 
. .75 
. .84 
. .56 
..60 

. .54 
..65 
.63 

1.60 

1.05 
..52 

. .67 

. .67 

..60 

..81 
.85 

1.02 
1.33 
..82 
..77 
.76 

1.20 
.87 

1.75 
. .60 
.99 

1.38 
. .60 
.60 

..60 

..48 

..86 
-55 
..64 
..77 
..78 
.48 

Tube Price 
12FQ8 ..78 
12FR8 ..95 
12FX5 ..64 
12FX8 ..88 
12646 ..63 
12006 1.04 
126E5 ..93 
12GW6 1.02 
1235 .. ..95 
12J8 . . ..82 
1285 ..73 
1288G ..87 
12K8M 2.75 
12L6 . ..71 
12L8 ...50 
12Q7GT 

1.35 
12Q7M 2.50 
12135 1.19 
1264767 

.87 
125Á7M 

2.50 
125C7 .78 
12SFSGT 

.98 
125F5M 

1.75 
125F7GT 

.65 
125F7M 

1.75 
12507 ..95 
12507M 

1.10 
125/17 1.39 
1253767 

.99 
125J7M 

1.75 
12587GT 

.93 
12587 -M 

2.00 
125L7 ..78 
12587 .65 
1254767 

.89 
125R7 ..98 
í2U7 ...60 
12V6 ...62 
12W6 ...69 
12X4 ..45 
130E7 . .73 
130R7 .1.31 
13EM7 .1.87 
13F07 .1.90 
13FM7 . .78 
13GF7 .78 
1444 .1.25 
1445 .1.10 
1447 ..1.35 
14ÁF7 1.35 
1486 ..1.20 
1488 1.75 
14C5 .1.50 
14C7 .1.75 
14E6 .1.25 
14E7 .1.25 
14F7 ..1.95 
í4F8 .1.75 
14678 .80 
14H7 .1.60 
1437 .1.45 
1487 .1.25 
14Q7 ..1.35 
1407 ..1.45 
1457 ..1.65 
14W7 .1.25 
1487 .1.25 
1474 .1.25 
15ÁF11 

1.95 
15CW5 1.15 
15FY7 1.29 
15H136 1.28 
151(78 ..83 
16403 1.42 
16086 .60 
16675 .1.95 
16KÁ6 1.95 
178X3 ..51 
174X4 ..65 
17A73 .68 
178E3 .1.17 
17646 1.10 
17853 . .86 

117C5 ..2.35 
117C9 .1.18 
1704 ..67 
170E4 1.29 
170M4 .78 
170Q6 1.04 
17007 1.85 
176E5 1.70 
170J5 .1.81 
17.186 .1.60 
17675 .99 
17GW6 1.01 
17H3 ..95 
17HC8 1.18 
17386 1.12 
1731716 .1.62 
17L6 . ..56 
17328 .93 
17L08 1.20 
17W6 . ..68 
1845 ..99 
18FW6 ..47 
18FX6 ..51 
18F76 ..84 

Tube 
194 U4 
19866 
19C8 
19CL8 
19E48 
196Q7 
19878 
193118 
1909 
1978 
2050 
21EX6 
21075 
211485 
22883 
22BW3 
2213E4 
22J66 
2547 
25ÁC5 
254114 
25475 
254X4 
2588 
2513115 
25806 
25C5 
25CÁ5 
25006 
25084 
250N6 
25EH5 
25F5 
25L6 
25W4 
2525 
25Z6 
27665 
32E75 
32L7 
33677 
34065 
346135 
3545 
3585 
35C5 
35EH5 
35L6 
35W4 
3574 
35Z3 
35Z5 
SOA5 
50135 
SOCS 
50DC4 
SOEH5 
50HC6 
50HK6 
SOLE 
50X6 
SOY6 
5077 
60FX5 
70L7 
117L7 
í17N7 
117P7 
117Z3 
22 
244 
26 
27 

30 
32 
33 
34 
35.51 
36 
37 
38 
39/44 
41 
42 
43 
45 
46 
47 
48 
50 
53 
55 
56 
57 
58 
59 
71A 
75 
76 
77 
78 
80 
81 
82 
83 
84/6Z4 
85 
5881 
6336 
6146 
6550 
007 . 

ECC83/ 
12AX7 

EL34/ 
6CA7 

EL84 
6E105 

EZBO/ 
6V4 

G234/ 
5804 

Price 
..85 
1.35 

.1.05 
..57 
.77 

1.99 
1.44 
1.20 

. ..75 
..83 

.1.05 
1.47 
1.02 

.1.62 

.1.17 
1.43 

.1.19 
1.06 

.3.00 
2.00 
..66 
1.00 

. .68 
.1.73 

.89 
1.12 
.51 

1.85 
1.50 
1.05 
1.50 
..53 
..56 
..55 
..66 
1.10 
..73 
1.75 
..53 
.85 

1.40 
..51 
.79 

. 2.25 -95 
..49 
..83 
..58 
..40 
1.63 
1.20 

.58 
1.49 
..68 
..51 
..46 
..95 ..86 
..54 ...59 

. ..67 
. .95 

.1.10 
60 ..89 

.2.50 
3.95 
3.95 
..83 

.. ..95 
.95 ..1.10 

. 

1.50 ..1.15 
.. 1.00 
.. .85 

.79 
...85 

95 
70 

..85 
95 

..1.25 ..1.20 

..2.00 
95 

..2.10 
.3.50 
2.98 
1.90 

95 
..1.35 ..1.85 
..2.50 
..1.90 ..1.40 
..1.25 
..1.15 
..1.25 
..1.25 

1 23 .10 .2. 
.95 
98 

.2.95 

.5.95 

.3.95 

.3.75 
..75 
..99 
3.75 

/ 
1.65 

. ..95 
1.75 
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GREGORY ELECTRONICS 

Reconditioned FM 

2 -Way Radio Savings 
THIS IS A PARTIAL LIST - 

WRITE FOR NEW 1965 
E- X- P- A- N -D -E -D CATALOG 

LINK 6000 NW SERIES 
25 -50mc 20F3 Emission TX narrow banded 12 

volt, 50 watt. Complete with all ac- 
$128 cessories, less crystals and antenna. P 

Add $40 for crystals, tuning and brand new an- 
tenna -ready to go on your frequency, also avail- 
able in dual frequency Tx & Rx add $30 for tuning 
of second frequency 

NEW LOW PRICE! 
148-1 72mc 
RCA CMC 

60B 
6 /12vdual 
dynamotor 

60 watt 
(a) Fully 

narrow 
banded 

complete 
with all accessories, 
less crystals 

$178 & antenna 
(same unit without accessories $178.00) 

(b' Same unit tuned tc your frequency in- $213 
eluding brand new antenna 

Extra Special Purchase 
Reconditioned General Electric 

Voice Commander 
Personal FM 

Transmitter -Receiver 
132 to 172 MC. 1 W 

The General Electric 
VOICE COMMANDER 
I Personal Transmit- 
ter- Receiver is a 

high performance, 
completely self -con- 
tained two-way FM 
Radio. Extremely 
compact and light- 
weight, the VOICE 
COMMANDER is sim- 
ple to operate and 
easily hand carried. 

Except for the final 

I 

stages of the trans - 
mitter, the VOICE 
COMMANDER is com- 
pletely transistor- 
ized. 

PRICE including 
Brand New recharge- 
able Nickel- Cadmium 
Battery Pack 

$178 
If crystals and tun- 
ing is desired, add 
$40.00. 

We also have the 
proper chargers 
for these units, GE 
Model L'4EP27A10, 
Price: $18. 

If additional nickel 
cadmium Battery 
Packs are required, 
they are available at a price of 
$25.00 ch. 

We Buy Late Model Equipment for Cash -Write; Wire or Phone! 
60NY z GREGORY GE ELECTRONICS 

E ErA CORPORATION 
249Rt. 46 Phone 773 -7550 

Saddle Brook, N.J. Area Code 201 
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PHOTOGRAPHS 

PHOTOGRAPHERS ATTENTION! Photographs and trans- 
parencies wanted -To $500.00 each. Valuable infor- 
mation -Free. Write Intraphoto -EW, Box 74607, Hol- 
lywood 90004. 

AIRCRAFT RADIO 

WANTED Aircraft Radio Sets -Collins: 51R3- 51X -51Y 
-51V -51Z, Bendix: T -21; R21; DFA -70; RA -18C; MK -7; 
GSA -1, Test Sets: ARC- Boonton -Collins- Hewlett- 
Packard. Highest prices paid. J. Lee, Box 105, New 
Haven, Conn. 

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. 

EDUCATIONAL 
OPPORTUNITIES 

LEARN While Asleep, hypnotize with your recorder, 
phonograph. Astonishing details, sensational catalog 
free! Sleep -Learning Association, Box 24 -2D, 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! Learn how to get 
it. Information Free! Cameo, Carrolltown 10, Pa. 

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. 

COMPREHENSIVE assistance including financial, devel- 
opment, manufacturing and marketing services for 
worthwhile new or existing products or processes, 
patented or otherwise. Our facilities and resources are 
available on a participation, purchase or other basis. 
Call, write or visit us -at no obligation. Universal 
Business Technology Corporation Limited, 133 Rich- 
mond St. W., Toronto, Canada. (416) 366 -3951. 

REAL ESTATE 

FLORIDA Water Wonderland- Homesites, Cottagesites, 
Mobilesites, Established area. $390 full price, $5.00 
month. Swimming, fishing, boating. Write, Lake Weir, 
38be, Silver Springs, Fla. Ad 6 -1070 (F -1) 

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. 

FOREIGN U.S. Employment. Big construction, other 
work projects. All trades. Salaries up to $1,600 monthly 
with travel expenses, and extras. Write only Foreign 
U.S. Employment Bureau, Dept. D -70, The State Build- 
ing, Portland, Maine. 

FREE information. Resumes. JEK, 31 -24 91st Street, 
Queens 69, New York. 

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. 

FOREIGN- U.S.A. Excellent employment. All -year jobs. 
Direct placement. Transportation. Family relocation. 
Fast service. Global, Box 286 -W, Oroville, Calif. 

ARC -3 RECEIVER! 
$21.50 Complete with All tubes Exc. Used 

Like NEW ........$33.50 
Crystal -controlled 17 -tube superhet. tunes from 100 
to 156 MC., AM.. on any 8 preselected channels. 
28 -volt DC power Input. Tubes: 1.9002. 6.6AK5. 
1- 12SH7, 3- 12507, 1.9001, 1 -12116. 2.125N7, 
1- 12SL7, 1 -12A6. 
110 V A.C. Power Supply Kit for above 15.00 
Factory Wired and Tested 19.95 

ARC -3 TRANSMITTER 
Companion unit for above tunes 100 to 156 MC on 

8 pre -selected channels. 9 tubes, crystal con- 
trolled, provides tone and voice modulation, 28V 
DC Power input. Complete with all 
Tubes: 3.6V6, 2.832A, 1. 125X7, 1 -6J5. 
2 -6L6. Exc. Used Only 
Like new condition $28.50 
ARC -3 PUSHBUTTON CONTROL BOX $ 5.95 

BC1206 -C BEACON 
195 to 420 Kc. made by 
Setchel - Carlson. Works on 
24 -28 volts DC. 135 Kc. IF. 
Complete with 5 tubes. Size 
4 "x4"x6 ". Wt. $10.95 
4 lbs. LIKE NEW 

USED- I,:. -, tub,. $4.95 

RECEIVER 

,y 

SCR -625 MINE DETECTOR 
Complete portable outfit in erigi -$3250 
nal packing, with all accessories 3 
Brand New 

LM FREQUENCY METER 
Crystal calibrated 

l 
odulated. Ile terodyne, 125 Kt 

to 20,000 Ke. with Calibration book. $79 50 omplete, like new 
LM Frequency Meter as ahoy, completely check,.) 

n, with tubes and c 
. 
v.tal. less Calibra- $34.50 in. hook. Esc- LI,etl, clean 

BC -221 FREQUENCY METER 
Equipped with original calibration charts. 125 Kc to 
20.000 Kc with crystal check points in all ranges. 
Excel. Used with original Calibration Book. Crystal. 
and all tables. CHECKED OUT! 
I-nmodulated $89.50 Modulated ....P.U.R. 
,\C Power Supply for BC221, checked out....$24.50 
0C -221 1000 KC Crystal Brand New $8.95 
BC221 FREQ. METER CASE, alu,aInum. with volt. suhi,i', Sh0,k mounted. FIR,1NI, \I- _w. .. $2.95 

APN-1 2 3 -INCH SCOPE 
i _;O ,- Has vertical and horizontal sweep 
.. . 

with focus and intensity controls. 
- I coaxial antenna changeover motor. 

Complete with 11 tubes and 3JP1 ... .ni. CR Tube. For 115 v. 400 cycle 
(AC a (S of gram24nCluded.CLI KEt NEW. $14.95 

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 
l'.Nlii. TN -17, IN -18. TN-19 and TN34 
'l',inio', I -nit, for .abn,'0 in -,n,-k. 11.11.R. 

IMPORTERS - EXPORTERS 
of Electronic Equipment 

We specialize In military surplus electronic 
equipment for export and domestic customers. 
Huge stocks. Immediate shipment from N.Y.C. 
Lowest Prices. Your inquiry invited! 

SCR -274 COMMAND EQUIPMENT 
ALL COMPLETE WITH TUBES Like BRAND 

Type Description Used New NEW 
BC -453 Receiver 

190 -SSO KC. $14.95 $18.95 P.U.R. 
BC -454 Receiver 3 -6 MC. 515.95 $19.50 P.U.R. 
BC -455 Receiver 6.9 Mc. 513.95 $19.50 P.U.R. 
BC946 Receiver 550 -1500 KO Complete with all 
luhe.s, Brand New, in original packing P U R 
1.5 to 3 MC. Receiver Brand New P U R. 

110 Volt AC Power Supply Kit for all 274 -N and 
ARC 5 Receivers. Cn.,pietc with metal $.8.95 in sructions 
Factory wired. tested, ready to operate .$12,50 
SPLINED TUNING KNOB for 274 -N and ARC5 
RECEIVERS. Fits BC -455. BC454 and 490 others. Only lY 

2.1 to 3 Mc Transmitter, Brand New.... $12.9[5 
BC -457 TRANSMITTER -4 -5.3 Mc. complete $10.75 vitll a ll tubes and crystal. BRAND NEW 
I.il<c New ... ..$7.95 

.dIlUh TRANSMITTER -5.3 to 7 Mc. Complete with 
all tubes and crystal- $12.95 BRAND NEW 
Like New 57.95 
BC 696 TRANSMITTER 3 -4 Me Complete with $11,95 
AU Tubes & Crystal. Like New 
RC -436 Modulator . USED 3.45 NEW 5.95 

ALL ACCESSORIES AVA-I-ABLE FOR ABOVE 

ARC- 5/T -23 TRANSMITTER 100 -156 Mc includes 
tubes: 2.832A. 2- 1625. $26 50 BRAND NEW. with Tubes V J 
Used. with Tubes. .$12.50-Used. less tunen..53.95 
ARC- 5/R -28 RECEIVER 2.meter s 100 to 156 
Mc.. in 4 crystal channls. Complete with $24.50 
19 tube.'. Excellent Us.e6 

I. ke NSW 429.50 

BRAND NEW 11 -tube UHF Tunable Receiver wfill 
.,i,ematic. Only a few at this low price! 

i 234 -258 MC RECEIVER AN /ARR -2 

mplete with Whys. Exc. t .d 55.95. 
d 

OO OO 

ASK FOR OUR LATE 
MILITARY SURPLUS ELECTRONIC EQUIPMENT! 
Please include 25% Deposit with order -Balance 
C.O.D., or Remittance in Full. SOC Handling Charges 
on all orders under $5.00. All shipments F.O.B. Our 
Warehouse, N.Y.C. All Merchandise subject to Prior 
Sale and Price Change. 

G & G RADIO SUPPLY CO. 
Telephone: CO 7 -4605 

77 Leonard St. New York 13, N. Y. 

CIRCLE NO. 183 ON READER SERVICE PAGE 
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EQUIPMENT 

WALKIE- TALKIES -Communicate with friends, business 
associates, up to 5 miles. Service, construction, busi- 
ness, boating, hunting, Fire Dept., Police. Free De- 
tails, Sheirr Electronics Lab, Dept. G, 1182 Kenniston 
Ave., Los Angeles, Calif. 90019 

FREE electronics catalog. Tremendous bargains, Elec- 
trolabs, Department C -111E, Hewlett, New York 11557. 

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 own job location. Investigate 
full time. Or earn $6.44 hour spare time. Write for 
Free Literature. No obligation. Universal, CZ -2, 6801 
Hillcrest, Dallas 5, Texas. 

HIGH WEEKLY EARNINGS! Address -mail letters fea- 
turing real merchandise. Receive $10 with every order 
-keep $8 profit. Supplies furnished. Free particulars. 
Modern Merchandising, Box 357, Oceanside, N.Y. 

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. 

MONEYMAKING Mailorder opportunities. Details free. 
Litton, P.O. Box 33ZD, Randallstown, Md. 

$50 per 1000 possible. Addressing 1000 envelopes. 
Longhand- typewriter. Home -spare time. Free particu- 
lars. General Enterprises, Box 303, Island Park, N.Y. 

"MAILORDER -Stop Looking!" Get your own Catalog! 
Methods, 1401 -FD, Lafayette Hill, Pa. 19444. 

NEWSPAPER "Humor Column" with your photo, byline 
attracts attention, sparks sales! Samples, details free. 
Treasury, 709 Webster, New Rochelle 146, N.Y. 

AMATEUR MUSICIAN? Make money playing! Instructions 
$3.00; Acumen, Box 115.1, Hull, Mass. 

STAMPS 

WOW! 110 All Different Germany 100 Zeppelins, 
Semi -Postals, Airmails, High Values, etc. Giant Cata- 
log, bargain lists included with beautiful approvals. 
Jamestown Stamp, Dept. A25AG, Jamestown, N.Y. 

STAMPS FREE! New Issues -New Countries-Tri- 
angles-Rockets-Olympics-Scouts-Birds-Flowers 
Animals. Also Old Canadian and U.S. Stamps. Plus 
complete illustrated Canadian Stamp Catalog. Send 
10C for mailing. Gray Stamp Co., Dept. PF, Toronto, 
Canada. 

HYPNOTISM 

FREE Hypnotism, Self- Hypnosis, Sleep Learning Cat- 
alog! Drawer H400, Ruidoso, New Mexico 88345. 

DETECTIVES 

DETECTIVE Opportunities. Experience unnecessary. 
Write, Wazgner, 125 W. 86th, New York 10024. 

CLUBS 

ELECTRONIC EXPERIMENTERS' CLUB. Projects, Bar- 
gains, fun. Join Now! Information, Box 3552B, Ingle- 
wood, Calif. 90310. 

MISCELLANEOUS 

SAVE $200 to $2,000 on European automobiles deliv- 
ered at low, low factory tax -free prices by using our 
direct shipment plan. Delivery guaranteed, references 
available. Tourist and Military deliveries available in 
Europe. Information on all models and makes Eurauto, 
Postbus 333, Rotterdam, Holland. 

February, 1965 

SEMI -CONDUCTOR PRICES SLASHED! LOWEST EVER! 

0 BV 
O 8V 
O 12V 
0 20V 
O 24V 

10-WATT ZENERS 
O 42V 
0 45V 
0 6OV 
0 70V 
0 85V 

1'IfIS VALUE! 

lop for $1 
GERMANIUM AND 
SILICON GLASS 
DIODES -Long Leads 

BUY OF THE ll: \I;: 

SILICON $ 1 
RECTIFIERS 

50 -400 PIV; ASSTD 

1 -amp epoxy 10 for $1 
2 -amp studs 10 for $1 

imu 
V TESTED 

X 00 0 1 
0 124V V for other 
O i5020V voltage.+ 1::1. 

SILICON pile Alp A\II' 
CONTROLLED 1 so .85 .5 

85 0 1 .000 
156 
W o . 

01.15 01.47 
RECTIFIERS 250 ó5N55 02.29 
By Transitton 366 02.16 02.64 

Y :130 o 2.40 0 2.77 
sr.: \slD.:i) 100 02.60 02.98 

DOUBLE 
BO N US 

WORTH OF 

Recliners 
Condensers 
Knobs, Coils 
Resistors 
Diodes, etc. 

rid 
handling. 'ndling for 
handling. 

PLUS FREE 

CHOOSE $100 ITEM 
ANY L FREE 

FACTORY SEMI- KON- DUCTORS TESTED 
4 CK721 transistors, in esw aluminum cases, pnp. .$1 
10 "PIN HEAD" TRANSISTORS, ''f, if. pnp $1 2- 500MC, 2N964, ePitaxlal, mesa, pnp, TO18 ca $1 

3 -300MC TRANSISTORS, 2N1264, by Sylvania $1 

4 TRANSISTORS, 2N35, by Sylvania, npn, T022. $1 

10 PNP Switching Transistors, 105 cases $1 

2 TRANSISTORS, 2N497, 2N498, made by Rheem Si 

3- 2N329A NPN TRANSTRS, made by Raytheon Si 

5 -300MC TRANSISTORS, 2N247, by 5lyvanla $1 

2 -25AMP POWER RECTIFIERS, stud, silicon $1 

FREE GIANT SPRING CATALOG ON: Parts Zeners 
Rectifiers Transistors SCRs PAKS 

2 -2N718 NPN SILICON PLANARS, by Fairchild $1 

6-1AMP 400V epoxy rectifiers, made by Sylvania - 371 

0 
1 -800 MC, 2N709 NPN Silicon planar $1 

4- 2N1059 TRANSIES, npn, by Sylvania. T022 ca $1 

1- 2N1613 3W NPN Silicon, 120mc, by "Rheem " $1 

1 -20 WATT MESA, npn. silicon, 2N1648 transtr$1 
5 -2N107 TRANSISTORS, P.p. audio, by "G.E. ".$1 
4-20 Wat'rs, 2N1 320, Pnp, stud, made by "CBS" . $1 

El 3-20 WAITERS, 2N1038/42, wfsmk by TEXAS. . 1 

3 -2N341 NPN SILICON ONE WATT, by Tr'sltron 1 

10 PNP SWITCHING TRANSISTORS, Tt 5 Cases. $1 

4-2N43 OUTPUT TRANSISTORS, by GE, pnp, T05 1 

4 -2N170 TRANSISTORS, by GE, of, npnx Si 
10 NPN SWITCHING TRANSTRS, like 2N388, etc 1 

15 PRINTED CIRCUIT TRANSISTORS, rf ir, audio. $1 
"1000" GAIN PHOTO SENSITIVE 

Imagine: 1"" 1O C HFE 28.998 type, I eYD TRANSISTORS 
2- connected as Dar- Silicon npn planar. 214988 

lington amplifiers 4 lead. type. TO18. bvcdo 100V. Silicon npn planar: 5W. :1.1 microamp. per foot can - 
100VBCO. T018. Worth $15. tile. 

SEMI- KON- DUCTORS by PAKV 
Thousands Bot -No Chance to Test 'Em 

15 PNP A NPN SWITCHING''n.i "ors. "5 0250s.$1 
Li 3-50 WATT TRANSISTORS, 'rí':16 gold cases 

s 

$1 
25 TOP HAT RECTIFIERS, s11`,on long leads $1 

25 GERMANIUM DIODES, silicon, too. Mace. $1 
10 POWER TRANSISTORS, 2N755 style. TO3 ca f1 
25 SEMI-KON-DUCTORS, rect. diodes. transistors $] 
15 NPN TRANSTRS, ,'f. if, audio. switching. power$] 
75 PNP TRANSTRS, 'f. if. audio, switching, power. 51 

10 CK722 TRANSISTORS, PnP, made by Raytheen.$1 

PO LY 
AKS 

TERMS: send check, money or- 
der, include postage -svg wt. 
per pnk 1 Ib. Rated. net 30 
days. CODs 25% down. 

P.O. BOX 942W 
SO. LYNNFIELD, MASS. 

"PAK -KING" OF THE WORLD 

BOTH 
GIFT 

PAKS 
FREE 

WITH 
510 

ORDERS 

I. O4 
1.68 
2.12 
2.54 
2.75 
2.94 
3.23 
3.69 

loo's sou, .Al' 

TRANSISTORS 

100 for 250 
POWER, RF, IF, 

AUDIO, SWITCHING 

100's SOLD at 2 for .v I 

4 for 100 

ZENER REFERENCES 
1N429, 6 volts 
Worth 5.00 ea. 

MWOROST 

LD'S $1 PARTS PAKS POPULAR 
4 TRANSISTOR TRANSFORMERS, asst. worth $25. $1 
40 WORLD'S Smallest Resistors, 3 % too, 1 /IOW. $1 

60 CERAMIC Condensers, discs, ape's to .OSn)f.$1 
410 PRECISION Resistors, a. .sort.. ] %. 1,2. i. 3W $1 

10 ELECTROLYTIC$, Fi' B, tubular,,, to SOOmf $1 

30 SPRAGUE Mylar condsrs. asst. V- aloes, volts $1 
75 ASST. HALF WATT RESISTORS, 5!^o too $1 

El 35 TWO WAITERS, resistors, 5% too. A -B too $] 
40 DISC Condensers io .O1 to i KV, m.Iars too $7 

10 RCA PHONO Plug'n'Jack Sets, t'il'e''`-'' ''ps. $1 

1' SOLID STATE XMTR /OSC. 
qy \. 41-62 MC CRYSTAL 

98 
C 0 Wired. 2`x2^ sq. with 

Phil 21417 crystal. 
Item etc. Item resemm bles sta 

llll IIII 

IiB 

2N1613 
2N2060 

O 2141132 

DUAL TRANSISTORS 
NPN SILICON PLANARS 

W. V. Gain Freq. 
.8 50 to 120 100 
.6 60 to 150 - 
.1; 35 to 9r1 100 

198 
*imp, 
others 
npn 

60 HI -Q Resistors, '2. 1, 2W to I meg. 5% W.41 
50 COILS 8: CHOKES, rf, lf,osc, peaking, ete $1 

$25 RADIO'n'TV SURPRISE, wide variety $1 

10 TRANSISTOR ELECTROLYTICS, 10 to lOOmf $1 

, assorted yles 
50 
50 

MICA 
RADIO 

CAPACITORS 
KNOBS, 

to .0rt1mí, 
colors, 

silvers 
sttoo 

$] 
$1 

30 POWER RESISTORS, to 50W to 24KOhms S1 

60 TUBE Sockets, ceptoeios, audio, plaga, c $1 

60 TUBULAR CONDENSERS 10 5mf to 1 KV. $1 

New! `PANCAKE' Transistors 
IN THE NEW T046 MICRO CASES 

'tt Silicon Epitaxial Planar,, '.; 70% off retail 
*Only 1/16" high {7 Gold novar leads *^ Tested 

LIKE Watts VCB 
2N7O6 

2N70B 

02N995 
2N996 

EJ 2E1613 
D2N1893 

2N2049 
2N2645 
2N2695 
Maximums 

CIRCLE NO. 206 

FREQ AS LOW AS 
HFE me SALE 

.4 20 20 200 $1.00 

.36 20 30 480 1.00 
720 80 1.00 

.36 15 140° 100 1.00 

.36 12 100° 120 1.00 

.8 50 1200 80 1.49 

.8 
I 

120 70 1.69 
.8 SO 3000 85 1.69 
.5 SO 3000 85 1.49 
.36 25 1300 100 1.00 

"PNP's 

ON READER SERVICE PAGE 

0 0 

AND 
UP 

CIGARETTES -Makes 20 plain or filter -tip for 90. Fac- 
tory -Fresh pipe tobaccos. Mild tropical flavored Philip- 
pine cigars. Facts free. Moberly, Box 805, Owensboro, 
Kentucky. 

WINEMAKERS: Free catalog of equipment. Semplex, 
Box 7208, Minneapolis, Minn. 55412. 

FREE Song "Hit" copy Postcard: Nordyke Publishers, 
6000-3 Sunset, Hollywood, Calif. 90028. 

IMPROVE YOUR BUSINESS OPPORTUNITIES by advertis- 
ing in the Electronics Market Place. Our readership of 
more than 200,000 electronics professionals monthly 
assures you of success. Find out for yourself by mail- 
ing your ad and payment today. Write: Hal Cymes, 
ELECTRONICS WORLD, One Park Ave., New York, N.Y. 
10016. 

WE HAVE MOVED, JUST 2 BLOCKS NORTH 
AT 2244 SO. MICHIGAN AVE. 

DO STOP IN AND SEE OUR NEW STORE. 
PLATE POWER XFMR -Input 110 220,440v 

Output 764vDC C. T. ) 735mo. Open $6.95 Frame, potted coils. NEW . 

I -9s FIELD STRENGTH METER 100 -156MC Takes I .7v 
ZS 45v Batteries. 'Used, $5.95 Excellent. 

LAN KELVIN- VARLEY PRECISION VOLTAGE DIVIDER -20.000 ohms accuracy, 1 part in 10,000. O.Ú1', 
significant Galvano- $49.50 eer. G To 

figures. 
ab Chd. 

HIGH VOLTAGE PROSE -Rated 50KV for VOII 
VTVM. 500 meg Resistor. Large quality- probe lists 
for over $12.00. BRAND $2.95 

WRITE FOR BUL. .x..41. LOADS OF BARGAINS 
Send Check or Money Order- Minimum Order $2.50 
PLEASE INCLUDE POSTAGE -Excess promptly refunded 
Minimum C.O.D. Order 510.00 with 25% Deposit. 

R. W. ELECTRONICS, INC. 
2244 So. Michigan Ave. Dept. 273 
Chicago. Illinois 60616 Phone CAlumet 5 -1281 
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NEW 
19 PIECE 

POWER TO P 
AT TACHME 

SET _. 

RE 

CONVERTS ANY DRILL into 

POWER SCREWDRIVER 
POWER NUT DRIVER 
POWER SANDER & BUFFER 

with 2 SPEED ANGLE DRIVE 

RETAIL VALUE 
ONLY 

$995 
$12.50 

100% AMERICAN MADE of hardened steel with 
DuPont Zytel nylon housings which eliminate 
overheating and minimize drill load. Contains 
3 screwdriver blades, a screwfinder and 8 ma- 
chined sockets and adaptors. 2 SPEED ANGLE 
DRIVE doubles or halves the speed of any drill 
with 1 r /e" shank adaptor; 1 spindle adaptor; 
1 chuck adaptor.. 

Also Available 
15 PIECE 

POWER TOOL 

ATTACHMENT 
SET 

ACHM 

t 

SE with fitted ; +y, }Bc`, 

storage and 
4 Fxti3 

carrying case Screw Driver and 

Converts 
any drill to a Power Power Screw- 

Power slotted and 2 Phillips type 
Nut Driver. Contains deluxe 

nut driver 

driver attachment. a screwfinder, 
power 

screwdriver 
bS S 

adaptor 
and 8 square 

drive 

machined sockets. 

CONSUMER SERVICE COMPANY 
Ew -25 

II 160 Mercer Street, New York, N. Y. 10012 

Please ship me the, 
, 
f 

Enclosed is $ 
following: 

19 Piece Power Tool Set(s) at $9.95 ea. . 
plus 50c ea. for postage and handling. in 
15 Piece Power Tool Set(s) at $7.50 ea. 
plus 25c ea. for postage and handling. 

(N. Y. C. residents please add 4% sales tax.) IN 
Foreign orders $1.00 additional. 

Name 
(PLEASE PRINT) 

Address 

City State Zip No 

Sorry -no charges or C.O.D. orders. IOW. EMI 111.1.1.1111.111 
104 
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How "Computerized Testing" 

helps assure the reliability of RCA Receiving Tubes 

This engineer is studying final test 
results of another production run of 
RCA Receiving Tubes. Nothing sur- 
prising here ... except for one thing: 
the production run had been com- 
pleted only hours before! 

A few years ago, a thorough 
quality evaluation of a day's produc- 
tion run of a certain tube type took 
days, even weeks. But now, at RCA, 
it's done automatically, with com- 
puters, the same day. 

Computers in conjunction 
with the Special Tube Analyzing Re- 
corder (STAR) accumulate and store 
test data on every receiving tube type 
we make. 

Sample tubes from the pro- 
duction lot are individually analyzed 
on STAR. As many as 60 tests may 
be made quickly and automatically on 
each tube depending on the type. Test 

results are recorded simultaneously 
on a test sheet and on punched cards. 
The computers compare the results 
with predetermined standards., make 
"ac °ept" or "reject" decisions and 
then add the results to the historical 
record of the tube type. 

Thus, in a mere half -hour of 
running time each night, a full day's 
receiving -tube output can be evalu- 
ated before it is released for ship- 
ment. Equally important, the test data 
for any day's production of a particu- 
lar tube type together with the his- 
torical record for that tube type are 
on the desks of the production, qual- 

ity- control and design engineers the 
following morning. With these data, 
the engineers can evaluate perform- 
ance, analyze trends and quickly 
ate any corrective measures necessary 
to assure the consistent quality of 
RCA Receiving Tubes. 

"Computerized testing" is 

one more reason why you can depend 
on RCA receiving tubes for your TV- 
Radio -Bi -fi service jobs. RCA receiv- 
ing tubes are available from your local 
Authorized RCA Tube Distributor. 

RCA Electronic Components 

and Devices, Harrison, N. J. 

eflA The Most Trusted Name in Electronics 
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How to replace top quality tubes with identical top quality tubes 
Most of the quality TV sets you are presently servicing were designed around 

special Frame Grid tubes originated by Amperex. More and more tube types 
originated by Amperex are going into the sets you'll be handling in the future. 

Amperex Frame Grid tubes provide 55% higher gain- bandwidth, simplify TV 
circuitry and speed up your servicing because their extraordinary uniformity 

virtually eliminates need for realignment when you replace tubes. 
Amperex Frame Grid Tubes currently used by the major TV set makers include: 
2ER5 2GK5 2HA5 3EH7 3GK5 31-LA5 4EH7 4EJ7 4ES8 4GK5 4HA5 5GJ7 

6EH7 8EJ7 6ER5 6ES8 6FY5 6GJ7 6GK5 6HA5 6HG8 7HGB 8GJ7 

If your distributor does not yet have all the Amperex types you need, please 
be patient -in some areas the demand keeps gaining on the supply. 

Amperex Electronic Corporation, Hicksville, Long 'Island. New York 11802. 

CIRCLE NO. 243 ON READER SERVICE PAGE 
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