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) years of leadership
1 for Radio-Television

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 NRl's training method.

IThese Men Trained for Success
with NRI—=YOU CAN, TOO

g7 "1 want to thank NRI for making it all possible,” says Robert
é L. U'Heureux of Needham, Mass., who sought our job con-
'-_-;a sultant's advice in making job opplncchons 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 NR! training, "l think it's tops.”

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 far as | am
concerned, NRi training is responsible
for my whole future."

v

x
L7 "l 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
Hlinois, working on Naval research projects.

NATIONAL RADIO INSTITUTE :

Oldest and largest school of its kind

WWW americantd
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Choose From NRI'S
Specialized Instruction Plans

Television-Radio Servicing

tearn 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 Llicense.

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 exams {Communications Courses) or NRI
refunds in full the tuition you have paid.

08 AND BUSINESS
OFPORTUNITIES IN
ELECTRONICS

COMMUNICATIONS

SEND FOR
NEW NRI
CATALOG

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.

RADND-TELEVISION
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NRI offers you over 5
In home-study training
Electronics-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
‘ 7 ‘ that small beginning, National Radio
LE. Smith, Institute has grown to be America's
Founder—1914.  gldest 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.

———————— ey

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. | have checked the field(s) of
most interest to me. (No salesman will call. Please PRINT.)

L] Tv-Radio Servicing [] Basic Electronics

] Complete Communications D Aviation Communications
[J Fcc License [J Marine Communications

] Math for Electronics ] Mobile Communications

Name Age

Address

City. State Zip Code——

I
I
I
|
|
|
I
|
[
] Industrial Electronics [J Electronics for Automation :
I
I
I
I
I
I
|
I
|

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL
www americanradiohistorv com
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to train at home
with the leader

excitement of learning
Electronics the NRI way
MAIL THIS POSTAGE-FREE CARD

Discover the ease and
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Tips for Technicians

Mallory Distributor Products Company
P.O. Box 1558, Indlanapolis, Ind. 46206
a division of P. R. Mallory & Co. Inc.

February, 1965

How to choose and use
replacement controls
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\ STA-LOC technician kit

1—Audio taper. 2—Reverse taper. 3—Linear taper.

t00

.

J

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 faper 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 mateh 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 logarithmie) 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 hias voltage controls.

In the Mallory STA-LOC® control system, it’s easy to
remember which taper is which. Linear controls end with
“” 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
509, of rotation. If resistance is 509, of total, you have a
linear taper. I it is 109, to 209, of total you have an
audio taper. If it is around 809, 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 1

www americanradiohietorv com
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COAX IS A MUST FOR COLOR TV

4 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 « ‘-,\‘ N
COLORAXIAL '\\ \
COLORGUARD N

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 ‘”
matching transformer, complete with T ’;
bracket and mounting strap. L f- -~

One T0-374A mast-mounting match-
ing transformer for any 300.ohm
List $8.20 ','
o
COLORAXIAL matching transform- é
ers are also available individually:

antenna, and one T378 set-mounting
T0-374A list $4.95; 7378, list $3.25

COLORAXIAL CABLE

CAB-50¢ 50 feetof 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

CIRCLE NO. 127 ON READER SERVICE PAGE

JERROLD

A subsidiary of The Jerrold Corporation
ELECTRONICS
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Electronies World CONTENTS

25 Direct-View Storage Tubes John B. Pegram

29 The Decibel Wheel 1im Kyle

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

30 Recent Developments in Electronics

32 New Look in Radar John F. Bachmann

Using 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 making it ideally suited for transistor circuits.

52 Design of Transistor Multivibrators Louis E. Frenzel, Ir.
60 Low-Voltage Regulator
77 Charging Nickel Cadmium Cells

82 Using Diodes to Protect Circuits Timothy Kaarto

6 For the Record (Editorial) w. A Siocklin
Reseurch & 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/V ectorscope

MONTHLY FEATURES

Coming Next Month ... .......... 4 Radio & TV News ........ cevein. B5

Letters from QOur Readers ........ 12 Book Reviews .......... #0800 000 83

Electronic Crosswords . .......... 63 New Products & Literature ....... 89
Reader Service Pages ...... 17 & 88
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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
pagel25 e b a a . suae - (M-
lustration: Otto Markevics.)
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ELECTRO-STUDY!

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:

E1 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

E10 Radio Communications Fundamentals

E11 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.

CLP COUPON HERE—YOU'RE ON YOUR WAY!

INTERNATIONAL EDUCATIONAL
SERVICES

Box 827, Scranton, Penna. 18515

1
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0 Send me, postpaid, the ELECTRO * :
STUDY units circled below, a! $4.95 each. |
| enclose (check or money order) for 1
to cover full amount. :
0 Please send circled items COD. 1
1 will pay postage. :
1

1

1
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15.day money-back guarantee if not satisfied

Et E2 E3 E4 E5 E6 E7 EB

EQ E10 E11 E12 E13 E14 E15 E16

Name

Address

City

Stafe Zip Code

[———m— e m— s ——mm— oo ——e———e

CIRCLE NO. 142 ON READER SERVICE PAGE
4

COMING
NEXT
MONTH

MAGNETIC RECOROING TAPE

Edward Schmidt, vice-president for re-
search and engineering at Reeves Sound-
craft 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 f[eatures 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

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. SOLIO-STATE STERED 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.

All these and many more interesting and informative articles will be yours
in the MARCH issue of ELECTRONICS WORLD . . . on sale February 18th.

William B. Ziff

Chairman of the Board (1916-1953)
William Ziff

President
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A New Electronics Slide Rule
with Self-Training Course

someone think of this hefore?

Why didn't

Here’s a great new way to solve clectronic problems accurately
.. .easily. The Cleveland Institute Electronics Slide Rule is
the only rule desigried specifically for the exacting requirements
of clectronics 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
ty 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:

“1 was very intrigued by the ‘quickie’ electronics problem

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 vou're not completely
satisfied, you may return the Slide Rule with Self-
Training Course and CIE will refund full payment.

February, 1965

CIRCLE NO. 263 ON READER SERVICE PAGE

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.”
Sece 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 specitications 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

| |
| |
| |
| |
| |
| [0 Please send me your Electronics Slide Rule with Self- |
| Training Course and top-grain leathercarrying case.(If not |
| fully satisfied after 10-day trial, CIE will refund payment.) |
: [J Please send descriptive brochure only. :
l Name (Please Print) |
: Address County. |
| City State Zip I
| A leader in electronics training . . . since 1934 |
[N i S———————————— B W —

www americanradiohistorv com


www.americanradiohistory.com

CIRCLE NO. 180 ON READER SERVICE PAGE
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3 WAYS
TO BIGGER

2907-08
"B

eLecTROVOICE, tNC.
BUCHANAN, MICHIGAN

|

CARTRIDGE
PROFITS!

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 cataiogs make
properneedle/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

EleclhoYoree

SETTING NEW STANDARDS IN SOUND

RESEARCH &

E 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 eflort 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 vou 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 trving to
find out what the market is demanding;
that is the job of our Market Research
people. It has been our experience that,
whenever somethiug 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 wav—including our work in
such fields as optics and electronics—all
result from attending to our own Dbusi-
ness rather than trving 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
caleulated risk that turns out to be
wrong. The crime is sitting on one’s chair
and failing to act.

“We have divided Research & Engi-

www americanradiohistorv com

‘_.: i CWJu

A. STOCKLIN, EDITOR

DEVELOPMENT

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
difters in that all of the problems exam-
ined are related to corporate needs and
objectives. A very basic approach to
these problems vyields 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 mayv seem in this briel 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 inuch responsi-
bility for the success of the other labs—
and for the company as a whole—as if it
were his own assignment.”

An inleresting 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 Rapio News. The ar-
ticle was a technical analysis of an inven-
tion by Chester F. Carlson in which
electronic phenomena were substiluted
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

(D]


www.americanradiohistory.com

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 “basiecs,” you need the strong foundation training offered by Grantham School
of Electronics.

“Grantham,” year after year, continues to stand for QUALITY electroniecs 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 8 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.
_____________________________________________ .
)

¢ {Mail in envelope or paste on postal card)
L National Headquarters Office 56-B
: Grantham School of Electronics

1505 N. Western Ave., Hollywood 27, Calif.

Gentlemen:

Prepare for Employment and/or Advancement in Electronics

by training with
GRANTHAM SCHOOL OF ELECTRONICS

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

1505 N. Western Ave., Los Angeles, Calif. 90027 469-7878 E
i
1

Los Angeles Division Phone:
e Name S Age
Seattle Division Phone: (PLEASE PRINT)
408 Marion Street, Seattle, Wash. 98104 MA 2-7227 1 Address
Kansas City Division Phone: city —
3123 Gillham Road, Kansas City, Mo. 64109 JE 1-6320 stat
Washington Division Phone: n e
818 — 18th Street, N.W., Washington, D.C. 20006  298-7460 L2 NTRESTED N CYHOME STUDY [JRESIDENT CLasses |

February, 1965

N
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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 bock, more than any other,
shows you how much more you get with

RCA Institutes Home Training, and how
thousands of men, like yourself, have
built, 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

IWhat RCA Gives You
With Any Other School.

Here Are 6 Solid Reasons Why
Your Choice Should Be RCA_:

3. Top Quality Equipment. RCA Insti- | IF YOU PREFER CLASSROOM TRAIN-

1. wide Choice of Courses. RCA [nsti-
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:

w Communications Electronics

m FCC License Preparation

® Mobile Communications

® Automation Electronics

® Automatic Controls

® |ndustrial Applications

® Nuclear Instrumentation

m Digital Techniques

= TV Servicing

1 Color TV Serviting

1 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

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!

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

A Service of Radio Corporation of America
350 West 4th St., New York, N.Y. 10014

THE MOST TRUSTED NAME IN ELECTRONICS

@
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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

s CONAR

equipment

business.
EEENENA MAIL NOW !N I
. CONAR BBS5C

3939 Wisconsin Avenue, Washington, D.C. 20016
l Please send me your new catalog.

Name
Addr
B
State. Z-Code.
I I A I N O O
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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, 1 have a Volkswagen car which,
as you know, employs a 6-volt electrical
svstem. Can I use the SCR ignition sys-
tem in my car?

Jantes 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 Ibs.). In addition,
latest catalogues show a price reduction
for the SCR used in the circuit to about
$6.50.

Although some of our readcrs have
gotten the idea that this system could De
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 inthe 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 performance.—Editors.

% 2% *
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

www americanradiohistorv com

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 vet seen in print. And noise figure
has been one of my main specialties for
nearlv a decade.

Now the small brickbat. I cannot
agree with precautions numbered 2 and
8, as they appear on page 35. Nor can
1 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 ol operation.

T KyLE
Oklahoma City, Okla.
&% % %
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
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INTERNATIONAL

150-HM2

CITIZENS BAND
TRANSCEIYER

February, 1965

TEST
SWITCH CHECKS
POSITION

FUNCTION

RF Amplifier Cathode
Ist Converter Screen
2nd Converter Screen
2nd Rec. 0sc. Grid
Ist IF Amp. Cathode
2nd IF Amp. Cathode
2nd IF Screzn

Rec. “S” Meter-Trans.
Audio Qut

Ist Audio Plate

2nd Audio Cathode
Audio P.A. Cathode
Buffer Grid

Rec. Relay Voltage-

SWITCH CHECKS
POSITION  FUNCTION

E<cCc—NT SUTO=

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

Reflected RF Power
FF Power Output

Eat.+Volts Neg Gnd.
Bat. — Volts Pos Gnd.

Fil. Voltage Level
Percentage of Mod.
Rec. & Trans. Audio
Level

(UTALLY
NEW

International’s Executive 750-HM2 transceiver
with 24 built-in test circuits, is truly the most
versatile transceiver manufactured for Citizens
Radio communication. e 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. e 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. e 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 ND. 189 ON READER SERVICE PAGE 13
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AR two-speed turntable..........c.o $ 78.00
(includes oiled walnut base and transparent dust cover)
Dyna Stereodyne 11T cartridge........cccocivioiiiiiiiiiiiiiiiicic i — 19.95
Dynakit SCA-35 integrated amplifier........c........... .. 1839.95
(in kit form $99.95)
Two AR-4 speakers in oiled walnut.........cooiiiiiiniiini i 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.

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.”

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
svstem costing $3,824.) It has also
been cited for outstanding visual design.

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

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.

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.

r———————————
ACOUSTIC RESEARCH, INC. 1|

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

*Also available at a slightly higher price with I
. : 2 NAME
preamp and power amplifier separate. |
ADDRESS
Modern Hi-Fi wrote of the new AR-4 }

speaker: “The results were startling... .

14 CIRCLE NO. 151 ON READER SERVICE PAGE
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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 [re-
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.

GrLENN H. PaLMER
Los Gatos, Calif.
L *

*

USING ZENER DIODES
To the Editors:

I would like to comment on Irwin
Math’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 Joad current at any given time.
Using the author’s figures as an example:
It sner = 100 ma., Lienee = 10% 1y, nox
= 10 ma., and E cn., = 10 v. If load cur-
rent dropped from I, ... = 100 ma. to
I, in = 50 ma., zener current would
increase by 50 ma.; i.e., I, = 10 ma.
+ 50 ma. = 60 ma. Under these condi-
jtions, P = Eour X ILgne, = 10 X
1.06 = 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
I the zener series resistor R, but one must
. also know the minimum load current in
{ order to specify the correct wattage for

the zener diode regulator.
i Ricuanp F. Quick
: Rockaway, N. J.
1

e,

i 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-
natelv, 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. A

ELECTRONICS WORLD
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The VHF-FM antenna

VL-10 (lllus:rated)

9 driven eleents
1 parastnc el2ment
List prizce $34£.95

NEWF'NCO
“COLOR-VE LQ G~

VHF-FM ANTEN

Finco's Color Ve-Log challenges all competition on color or hlack 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 monaural and stereo quality. FINCO pre-
cision-engineered features make these advanced-dasign 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

5 element VHF-FM 7 element VHF-FM 15 element VHF-£M 18 slement VHF-FM

5 driven elements 7 driven elements g driven elements 9 driven elements
List price $16.95 List price $23.85 _Parasitic elements 9 parasitic elements
List price $46.95 List price $54.50

The FINNEY Company ¢ 34 W.Interstate Street « Bedford, Ohio
Write for color brochure #20-307, Dept. 410
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HOBSON'S CHOICE?
W NEVER AGAIN!

THE CARTRIDGE

qr/lf, in 1631, you went to rent a horse from Thomas Hobson at Cambridge, England, you took\n
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 {or 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
i\Shure cartridge family will help guide you to the best choice for you. /‘

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 guality 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 1'/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 1'/2 grams,
the M5SE will satisfy—beautitully. 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.
159 tracking angle conforms to the 15° RIAA
and EIA proposed standard cutting angle re-
cently adopted by most recording companies.
INM and Harmonic distortion are remarkably

If you track between %/ and 12 grams, the
M44-5 with .0005” stylus represents a best-buy
investment. If you track between 1/z and 3
grams, the M44-7 is for you . . . particularly if
you have a great number of older records.

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.

low . . . cross-talk between channels is ne- | Both have ‘“scratch-proof” retractile stylus.
M44 gated in critical low and mid-frequency ranges. | Either model under $25.00.
M7/N21D A top-rated cartridge featuring the highly For 2 to 2'/2 gram tracking. Especially fine if

your present set-up sounds “muddy.” At less
than $20.00, it is truly an outstanding buy.
(Also, it 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 styvlus
scratch-proof . . . ends tone arm “‘bounce.”

If floor vibratton 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 rnusical 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.

. < WX ®
S oree @yt

HIGH FIDELITY PHONO CARTRIDGES ... WORLD STANDARD WHEREVER SOUND QUALITY IS PARAMOUNT
Shure Brothers, Inc., 222 Hartrey Ave., Evanston, lilinois

CIRCLE NO. 217 ON READER SERVICE PAGE ELECTRONICS WORLD

wwWwW americanradiohistorv com


www.americanradiohistory.com

February,

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.0. Box 7842, PHILADELPHIA 1, PA.

GENERAL USE ONLY Total Number D

of Requests

NAME (PRINT CLEARLY)

ADDRESS___

CITY ___ PR STATE ZONE

Please send me additional information on advertised products | 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 18 186 187 189 193 194
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
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28 29 31 3 33 34 3B 3% 37 338 39 40 41
42 43 44 51 53 54 55 57 58 &0
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“There’s no
sure way to
success 1n
electronics-

but I'll put my money

on the man who

makes himself

a specialist

in one of these

key areas?’

UREI)

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 laok for-
ward to security and excellent earnings while men with
ordinary qualifications are made obselete—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 [} AEROSPACE RADAR
SERVOMECHANISMS AND COMPUTERS
SPACE DATA SYSTEMS

SPACECRAFT TRACKING AND CONTROL
TELEVISION |l RADAR AND SERVO
NUCLEAR INSTRUMENTATION

AERONAUTICAL AND :
NAVIGATIONAL ELECTRONICS

NUCLEAR ENGINEERING
TECHNOLOGY
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whe 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 ofter 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 CREIl 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 CREIl 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 particularambitions and career objectives.

You're eligible fora CREI Programif you work in elec-

tronics and have a high school education. Our FREE

) book gives cemplete informa-

. tion. For your copy cf this book,

mail postpaid airmail card today

or write: CREIl, Department

1102-C, 3224 Sixteenth St., N.W.,
Washington, D.C. 20010.

Accredited tMember of

The National Home Study Council

ELECTRONIC ENGINEERWNG TECHNOLDGY
COMMUN\CATIONS —RADAR ¢ ServO

SERVOMECHRANISMS

SPACE DATA svsrensi &%’gUTERS

PACE RADRR

SPRECRAFT TRACKING ¢ CONTROL

NUCLERR INSTRUMENTRATION

AERONRUTICAL € NRAVIGRTIONRL
TELEVISION
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ST
LB TESTED|

REPORT

HI-FI PRODUCT

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).

1\/ ANY 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 lias 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-xf. 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 anv tvpe of load, and to have a
square-wave rise time of less than 2
usec., with absolutely no overshoot or
ringing.

The H-3 will drive 8-olim 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%

sponse showed some tilt, due to the out-
put capacitor. A 30-ke. square-wave test
coufirmed that the rise time was 2 usec.
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. A
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=== HiFi/Sterny Review

PRICE $1.00

SIDE

Know-it-dll.

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 facthoox 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 direciory 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 iniormation 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

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

Please send me 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

address

CIRCLE NO. 170 ON READER SERVICE PAGE
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J(() BRAND NEW FOR ’65

NEW EASY-TO-BUILD EICO KITS / OVER 100 LABORATORY PRECISION KITS

COLOR 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 342 FM-MPX
SIGNAL GENERATOR
FOR PROFITABLE

z

crm>»

WIRED $%49.95.,

EICO 380 COLOR
GENERATOR

SERVICING.
KIT ONLY $129.95.
WIRED $169.95.

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. TAKESTHE GUESS-
WORK OUT OF COLOR TV

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 5-INCH SCOPES
THREE TIMES AS BIG AND
TWICE AS HEAVY. TRUE LAB
QUALITY.

KIT ONLY $99.95.
WIRED $149.95.

EICO 232 VTVM
PEAK-TO-PEAK

KIT $29.95.

WIRED $49.95.

THESE FAMOUS BEST SELLERS FROM EICO’S

SELECTION OF 230 KITS AND WIRED UNITS.

R
USE. NON-
SKIP RANGES
ON ALL 4
FUNCTIONS.
WITH
UNI-PROBE®.

EICO 667 TESTER

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 324 RF SIGNAL
GENERATOR

150 KC/S TO 435 MC/S RANGE.
FOR IF-RF ALIGNMENT ANE}
SIGNAL TRACING OF TV, FM,
AM. CB AND MOBILE. BUILT-IN
AND EXT. MODULATION.

KIT $28.95. WIRED $39.95.

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.ORUNBAL.
INPUT. AUTO-
MATIC SYNC
LIMITER AND
AMP.

KIT $89.95. WIRED $129.50.

EICO 1064 DC
POWER SUPPLY

FOR BENCH

o'
<

KIT $45.95. WIRED $54.95.

NEW

$189.95 WIRED.

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

MOST COMPLETE LINE
OF KITS AND WIRED

FOR

SEND:@
&

(1)

l-_EI—é(TEle_ct_r—o—;i:Fls—i?rument Co., Inc.
Flushing, New York 11352 R

SEND 1965 KIT-O-LOG LISTING 230 EICO PRODUCTS.

T 1
J.“ iy Wae s ("

NEW EICO 3566 SOLID STATE FM-MPX
STEREO TUNER AMPLIFIER

e

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.

TEST EQUIPMENT, CB r NAME i
AND HI-FI COMPONENTS. FREE ADDRESS
KIT-O-LOG CITY. STATE ZiP
T _ =i T _]
24 CIRCLE NO. 178 ON READER SERVICE PAGE ELECTRONICS WORLD
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Design and applications of special types of cathode-ray

tubes that permit easy viewing in high ambient light areas.

COLLIMATOR ELECTRODES

IRECT-VIEW
STORAGE
TUBES

By JOHN B. PEGRAM
Research Engineer, DuMont Laboratories
Div. of Fairchild Camera & Inst. Corp.

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

passenger airlines now employ weather radar that displayvs
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 vears, 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

FLOOD ELECTRONS

ELECTROSTATICALLY CHARGED AREA

ALUMINIZED
PHOSPHOR SCREEN

STORAGE GRID

COLLECTOR GRID

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 aircralt, 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 aircralt.

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 4 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 %-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 surlace, 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.

SECONDARY- EMISSION RATIO

Ve 2 50V.

PRIMARY (WRITING) BEAM VOLTAGE
{STORAGE SURFACE WITH RESPECT Tu CATHODE)

25
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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
surfuce. At points where writing has left a positive charge
next to an aperture, the view electrons pass through and ure
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 “tlood” of low-velocity electrons rather than
by a very rapidly moving beam of high-velocity electrons.

Varving 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 erused by applving a positive pulse of a few
volts to the backing electrode of the storuge grid. The storage
surface is separated from the bucking 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 surlace and land. Due to their low velocity they
do not knock off secondary electrons, but instead charge the
surfuce negatively. When the pulse ends, the surface poten-
tial is capacitively carried negative, cutting off the tow ol
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 resistivitv of the dielectric
is extremely high. Without outside influences, the unwritten
areas would remain cut ofl 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.

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

Storage time is often defined as the time required for hack-
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 13
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 uchieve a very bright display and con-
trolled persistence. The single erase pulse is divided into a
continuous series of pulses at a [requency above the flicker
rate which would annov the viewer. The duty cvele for
pulsed erasure is on the order of 4o to 1 percent. By varying
the duty cvcle, the rate of erasure and persistence is con-
trolled. To avoid bright Hashes and contrast degradation,
caused by the temporary flow of electrons resulting from
the positive voltage of the storage surlace, the phosphor
screen voltage must be reduced to approximately 2000 volts
during each erase pulse that is used.

Applications

Hall-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, hut 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 uhead 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 ol enemy attack.

Weuther 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 svs-
temns, 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 svstem. A clerk at the
control office places a signature card in front of the camera
npon request from a brauch teller. The camera slowly scans
the card, sending the signal to the branch, where it is dis-
plaved 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 cush. The low num-
ber of lines and slow scanning rate muke it possible to use
inexpensive phone lines, instead of coaxial cables, to intercon-
nect the bank offices. The slow scanning rate would be ini-
practical without the use of a storage tube.

Bistable DVST’s

Two special tvpes 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

nradiohistorv com
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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 ol energy {rom 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 %10 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.

Muhimode DVST’s

The multimode DVST adds two new elements to direct-
view storage tubes—dark-trace writing and non-stored vrit-
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 bombardiment.
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 usetul for selective erasure of secondary emission written
data, and Dbecause 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-truce” tube. German scien-
tists working in this field were brought to this country and
almost everv 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 ussigned a phosphor number, P-10, since it was
used as a CRT screen material.

When an electron beam or primary x-ravs 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.

MESHLESS = P-10
TYPE HALF-TONE SECONDARY EMISSION | MULTIMODE | BISTABLE | STORAGE | DARK
' PHOSPHOR | TRACE
|AIRCRAFT HIGH SELECTIVE
APPLICATION | FIRE GRRSDLLND BRIGHT- 28‘&’ GRREDLL':D ERASURE SCOPE SCOPE SCOPE
lcoNTROL R "NEess SLOW SCAN
NOMINAL DIA-
METER (ncHes | 525 | 105 | s |75 | 2 10 5 } 4x6 | a4x56
USEFUL SCREEN ‘
DIAM. (INCHES 4 8 a | 57| 18 8.5 a 8x10cm. | 8x12cm.
VIEWING SCREEN Tae! R B
POTENTIAL (KV.) 10 10 85 | 85 8 8 3 _ 1 _
MINIMUM BRIGHT- | oonn | i 3 { D
NESS (FT. LaERTs)| 2500 | 600 | 4000 | 600 | 150 400 40 6 -
RESOLUTION
e 50 40 25 | 65 28 | 55/110° 55 60 60
WRITING SPEED | 20,000/ iy =
(IN./SEC.) 36,000 |200,000 27,000 200 | 40,000 50,000% 1,000,000 60,000 50,000
STORAGE TIME - [ —
(SEC.) 15 180 | 20 120 120 07510 = B by [ T hg 1 hr.
| 300% | |
RESE TINERMSECHE J5g 100 | 20 | 50 | 400 300 50 to 150 250 |30 to 60 sec.
SRIGHTNESS ey ) ~_ '
LEVELS 5 6 a | s { 5 ‘ —al w W -

*write gun/erase gun.

February, 1965

Note: The values given are not limits, but are representative of mony currently available fubes.
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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 displayv 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 phosplior 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 arc 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 laver. Current could then flow at that
point from the aluminum coating through the EBIC and phos-
phor lavers, 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 mieshless DVST is great, the disad-
vantages—sometimes serious. The big advantage is greatly
reduced cost. The elimination of expensive electroformed

Tubes like the KS2455 (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 tvpes. 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 tyvpes 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. FFor 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’ in the Near Fulure

What does the future hold for direct-view storage tubes?
Events in the past three vears 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
substantiallv. 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 vears 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 voke, 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 sume 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 G-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 com-
monly used CRT’s. Advanced development of new storage-
tube techniques may lead to still better performance in the
future. A
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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 liave
been published through the vears. 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 ure
required, which in turn are somewhat
cumbersome in use. The short-cut tech-
niques vield results which are usually
only approximately correct.

The decibel wlheel, however, over-
comes both of these disadvantages. It is
of convenient size, vet 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.

T¢ use the wheel, either clip or photo-
copy this page and affix it to firm card-
board, lightweight aluminum, or %"
phenolic. White casein waterproof glue
is excellent for the purpose. Allow it to
dry under pressure, alter 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 eve-
lets, sold at most sewing counters, are
ideal fasteners. They require a #¢” hole.
Machine screws with washers and a lock
nut can also be used, but will be bulkier.
The old-fushioned brass paper fastener
is not reconunended. 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 rzad the nunknown voltage opposite
the nunmber 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 mayv 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 chunge of un un-
tenna. the wheel mav be used. Set the
0-db mark of the inner scule opposite the
transmitter output power on the outer
scale, and read e.r.p. (in the most fa-

February, 1965

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 scule,
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

www americanradiohistorv com

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 er.p. is 10 times
this, or 28.4 watts. A
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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 inch 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 reflectcr 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 tiry 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.
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Semiconductor Plastic Film. (Above) A new plastic
film, irradiated polyolefin, 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 centrol
the intensity of a ruty laser beam at extremely high frequen-
ces—by applying a magnetic field—has been developed at the
Honzaywell Research Center. A research technician, partially
obscured by nitrogen vapor cooling the laboratory apparatus,
aligns light source before firing a lignt burst at a resonance
absorber (silver cylinder) where the 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 befare 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 ¢f 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-conirol buttons below the screen. Hundreds of special
computer programs will be needed to carry out these studies.
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Fig. 1. The newest and largest of the phased-array radars,

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 thev 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 primar;
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. Gone 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 vou will find a single win-
dowless building, five or more stories high and perhaps over

3LMOST evervone can recognize a conventional radar
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The array is 327 feet long, 145 feet high, and 145 feet wide.

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 anv
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. | 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
svstems 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

ELECTRONICS WORLD
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A new type of radar, with an electronically steerable

antenna array, is being used to search for, track, ANTENNAS T7 / \ \
/ /
¢

catalogue, and store in computer memories information
on satellites, missiles, and other objects in space. PHasERs | ¢

-
-

By JOHN F. BACHMANN

Senior Engineer, Bendix Radio Div.
Bendix Corporation
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Fig. 3. An elementary linear antenna array with 4 elements,
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Fig. 2. One of the first full-scale models of a phased-array radar.

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

ANTENNAS

of a phased array, elemental to be sure, but still a phased

array. ; ; ; ;
A linear antenna array using more than two antennas is ROW |

shown in Fig. 3. The elements of a phased array may be di-
ectly driven as shown or parasitically driven. Multi-element
arays 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. ROWL
This tvpe of phased array, in general, uses manual phase ad-

ustments; however, in some cases a series of manually tuned
adjustiments selected by relay circuits may be used to obtain

a limited degree of flexibility. /
IFigs. 4, 5, and 6 illustrate in a simple manner one way in ROW 3

which the modern phased array may be developed. Iig. 4
shows nine antennas and three phasers connected to make

_____ —— e

2 three identical columns, each column being a linear array sim- Z / /
lar to Iig. 3. In the same manner, Fig. 5 shows nine antennas & é ¢ ROW
and three phasers connected to make three identical rows, GEEEE
cach row being a linear array similar to Fig. 3. / i 7
Fig. 6 is a two-dimensional phased arrayv obtained by su- | —————p———=-—-—|-———————~———

perimposing Figs. 4 and 5. Notice particularly that the row
and column driving signals are combined by mixing (crossed
circles) betore teeding 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.
1. However, whereas the phase relationship between columns
m Fig. 4 is zero (assuming no phase shifts in the connecting
lines), the phase relationship between columns in Fig, 6 is

TRANSMITTER

Fig. 5. Excitation of the 9 elements into a row grouping.
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COLUMN 1|
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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
I'ig. 3 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 arrav used by
broadecasting stations shows that the modern radar phased-
array frequency is hundreds ol megacyeles instead of kilocv-
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 (XW-1) of Fig. 2 has less than 1000 an-
tennas mounted in the face of the arrav. The same antennas
are usced for both transmission and reception.

The AN/FPS-85 Space Track of Fig. 1 uses separate an-
tennas for transmission and rcception. 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) thev are limited by the
breakdown of antennas, waveguides, cables, and other com-
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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. Xven
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 ecasily 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 lunction. 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 svstems 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 mayv be necessary to handle the load,
the svstem 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 mechunical
imertia. 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
accasion demands, be broad or narrow, round or oval, high-
powered or low-powered, a single beam or a cluster ol heams.

3. A Dbuilt-in memory containing information on thousands
cf targets is constantly being updated and expanded and all
szarch and/or track returns are constantly checked against
tais 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 tvpical
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
tew 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 penctration occuwrred, and sends this infor-
mation to the computer where it is checked against informa-
tion 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 abitity of the AN/FPS-85 Spuce Track
to simultaneously carry on a search program and 100 track
programs is due to:

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

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

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

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

Control of the System

On the basis of past expericnce in tving together individual
search radars, height finders, and trackers, it would scem that
the control of the AN/I'PS-85 would be ordinately complex.
This is not necessarily so.

Fig. 8 shows how an elementary system of one each search
and height finder plus two trackers might he 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 locuted by the search set shiould 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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MULTISET
COUPLERS:

OPERATION
AND
PROBLEMS

—AMWAAA —ANW\AAJ

(C) (D)

Fig. 1. Circuits of four types of couplers. (A} Two-set cou-
pler. (B) Four-set coupler. (C) High-band/low-band (v.h.f.)
coupler. (C). A coupler used to separate 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.

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.c., 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. 1A 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-olim 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 4-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
%-wave long at one frequency. A balance is struck by having
the transformers %-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.

Isolation between the two sets is about 12 db at channels

MULTISET couplers are used when it is desired to
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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 %-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
cach pair of terminals), the resulting iinpedance is about 100
ohms, thus making up the load for the impedance transformer.
These 100-ohm resistors produce about 1%-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 ofl 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.hf. 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 arrvive at customer’s TV set.

nceded a high-gain antenna atop at least a 50-foot

tower to get barely tolerable reception {rom 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 togethier in the center of town.
Much of the city lies 100 fect below the surrounding terrain.
Moreover, B-58’s taking off and landing around the clock at
Bunker Hill AI'B, eight miles south-southeast and squarely in
the reception path, created terrific airplane flutter.

If the 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 Lalayette, 40 miles southwest, or on chan-
nels 72 and 76 telecast {rom the Midwest Program on Air-
borne Television Instruction (MPATI) plane flying at 23,000
feet, G0 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. Tuble 1 lists maximum and mini-
mum readings measured over a 24-hour period at the author’s
home wvith a Jerrold 704B signal-strength meter. Signals were
received on an all-band yagi 55 [eet in the air and a bowtie-
and-cerner reflector u.h.f. antenna 50 feet high. Both antennas
were on a rotating mast, and separate 75-{oot lengths of [oam-
{illed, Tow-loss lead-in came directly from the antennas to the
meter. Actually, over a period of days, minimum levels often

I AST year an average TV viewer in Logansport, Indiana
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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 I'M 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 liow the Logansport Cable
TV Company, jointly owned by Jerrold and the Alliance
Amusement Company, was able to eftect this startling change

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

Channel Maximum Minimum
4 - 8o 10
N 6 500 140
8 100 20
13 400 - 80
18* 2000 1400

MPATI not available at time of tests but roughly equal to channel 18.
*Converted to channel 5.
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for housedrop. Nate 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 {or shorter lengths of cable.

Head-end receiver a.g.c. circuits maintain the individual
levels of signals entering the cable, but how about the com-
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 me. (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 ainplifier, this signal is picked oft, 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. Cuable attenuation changes
roughly .1% for every degree IF. 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.) Jerrokd’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 rable 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-
lution 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
tour 75-ohm outputs. It has a frequency response within *%
db between 54-108 me. 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
cuble 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 § dbj minimum signal input, the
amplifier will deliver 40 dbj to each of two 75-chm outputs.

Type 408D double-shielded 75-ohm cable, .460” in diam-
cter 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 me. 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 bv-
passed around the amplifier while the high band is boosted
20 db.

Housedrop cuables 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 und color sets. With a good flat-response
svstem, 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 wmicrovolts 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
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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.

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 ol its regular calculations relating to pavroll,
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 payvable 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-
byv-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 emplov 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 gco-
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 com-
puters up-date accounts according to the deposits, the inter-
est, and the withdrawals that are made.

!' LTHOUGH the digital computer has been much publi-

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 tvpe 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 mav 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 frans-
action file, contains relativelv 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

CARD PUNCH

TRANSACTION FILE

MASTER FILE

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 ol 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 directlv 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)
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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 svmbols have not vet reached the status of in-
dustry-wide standardization. Some frequently used symbols
are shown in Fig. 2. The terms “fHow chart” and “block dia-
gram” are sometimes used interchungeably, but the distine-
tion is often made that the block diagram is a more detailed
representation than a flow chart. Some equipment manufac-
turers and programmers use dilferent 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 emplovee,
his payroll number, and the number of lours he worked. The
hourly pavrate, deductions, and other pertinent data regard-
ing the emplovee 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 muster 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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Fig. 3. Some of the steps that are required in payroll processing.

for one of the emplovees, because the emplovee 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. It the
remaining stock is insufficient to fill the order, an out-of-
stock notice is printed and processing continues by reading
the next card. Il 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
il 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 Jast-
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 ol machine-language instruc-
tions. These instructions are then stored in the memory of the
computer so that processing can proceed antomaticallv. A
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READ A CARD s

)

LOCATE MASTER
RECORD FOR SAME
PART NUMBER

IS

REMAINING WRITE
STOCK SUFFICIENT OUT-0OF -STOCK
TO FiLL NOTICE

ORDER?

SUBTRACT
ORDER FROM
INVENTORY

]
REMAINDER WRITE
AT OR BELOW THE RE-ORDER
RE-ORDER NOTICE
LEVEL?

WRITE UPDATED
RECORD BACK INTO
MASTER FILE

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

READ A CaARD =t

PRINT TOTALS

HALT

Fig. 5. “Last-card check’” halts computer after processing.
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Electronic systems must operate properly for extended

periods of time. Here is a swunmary of the basic concepts

of how component and system reliability are determined.

X3 X
phis

S electronic systems grow in size and complexity, reliabil-
ity becomes increasingly important. Reliable svstems
safeguard lives and property and reduce operating

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

Reliability

“Reliubility is the probability that an element performs its
mission for a given period of time.” Other definitions exist,
but thev 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 ol 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 {rom 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 wavs
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 wav,
and since two events are possible (heads or tails), the prob-
ability of a heads showing up is just 12 or 0.5. The probability
of drawing a diamond from the pack of cards is 13 diamonds
divided by 52 cards='4 or 0.25. As for drawing the ace of
spades, one ace of spudes divided by 32 cards =152 0.019
(to three decimal places). Calculating probubilities is done
the same way for any situation but is not always so straight-
forward. Notice that probubility is always a positive number
between zero and one, or else zero or one. A probability of
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BASIC
PRINCIPLES
of

RELIARBILITY

By JOSEPH H. WUJEK, JR.

zero just means that the event is impossible, such as the prob-
ability that out ol a bag of pennies vou will draw a dime. The
probability of one is just the certainty of an event. The prob-
ability of drawing a pennv [rom a bag ol 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 owrselves to electronics. Then an element
Is a resistor, a vacuum tube or transistor, a TV set, a radio, or
an electronic computer, or anyvthing 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 broadcust 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 ideu is the time-dependence of reliability.
Suppose we had just constructed a TV set from a do-it-vour-
self kit. Even thongh we had some experience in asseinbling
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 “olt
and on” operation it fails to work properly. Then, we go to
work with our equipment and tools to diugnose the trouble.
The process we are describing is the fumiliar “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 ouly a tew hours. For a radar system
“debugging” may take several weeks. For an electronic com-
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puter of 100,000 transistors the process 10
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 4 /’;\, o /
might be placing vacuum tubes under 4 :‘% /
power and leaving them on test, or burn- ‘%"lz J
in. Soon after the test starts we expect to ’%, = 4
see some failures. Even with good qual- N \2 °$J/
itv-control practices, a few defective o &
units will pass inspection. Because these &

units tend to fail early in the test, this is
called “infant mortalitv.” (See Fig. 1.)
After a short time, suy 100 to 200 hours,

failures become less and less frequent. 00k

Similarly with our TV set. It is bound to
fail every now and then, but not as often
as during the “debug” stage.

Let us suppose that we have operated

FAILURE RATE-PERCENT PER I000 HOURS

\ 7
\\‘ CONSTANT FAILURE RATE /
A
h)

USEFUL LIFE

N —

I T
I |
1 |
| |
b il

our TV set or test group of vacuum tubes
for four or five vears. 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 extead 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 buyv another, as it is not
worth repairing anv 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.

Failure Rate

People who work with reliability also talk about failure
rate. Failure rate is the reciprocal of MTBT, or failure rate
equals 1/MTBF. If we average one failure in six months. (he
MTBE 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-dav months, six months is 180 davs or
4320 honrs. Then the MTBT is 4320 hours and the failure rate
is 0.00023 per hour, or 0.23 per thousand howrs, 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 belavior we have described is most typical and
is most commonly used by those attempting to predict relia-
bilitv. 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-
nicpues is bevond the scope of this article.
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1. Failure rate curve showing use-time relationship.

We have said a great deal about failure rate and MTBT,
but we still hiave not discissed 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 reliabilitv R of an element is
R=e-t/MTBF \where ¢ 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 7, then our MTBIF
should be 107. It should be clear that our equation requires ¢
and MTBI to be in the saume units. The chances are about
even, or approximately one out of two for being operational
when t=0.69 X MTBF. See Table 1.

For many vears, few people worried about reliability. A
manufacturer built parts or svstems 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 svstem by the use of careful design
techniques and the proper choice of components. A

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

Time | 0 ‘MTBF ’MTBF MTBF |MTBF | .69 MTBF [MTBF | 2 MTBF ! 3 MTBF

— | == ‘
1) , 0005 |2 | I'
NS i e LA i) O |

\

Reliability ] 1 951 1.905 819 | 607 .502 .368 | 135 [ .05
Or Probability | (certainty) | | (1 chance ’ {1 chance
OF Success At | y [ ing in 20)
Time {t) | |
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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.

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 svstems, 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 lias become a specialized branch of produc-
tion engineering, resulting in precise specifications for the
various chemicals, carefullv controlled temperatures, and a

r I YHREE developments have been primarily responsible

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

POWER TIP SIZES
(WATTS) (INCHES) APPLICATION
.020 inch thick P/C boards, integrated
12-18 YooK circuits, 30 or smaller gauge wire and
tugs for that size.
030 inch thick P/C boards, miniature
20-30 %6'3/16 components (diodes, transistors), 24

gauge wire and lugs for that size.

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

40-50 Yl

Standard components, connectors, 16-18
gauge wire, cables and terminals.

50-100 Vi-%

High-speed production on standard com-
ponents, etc. Ground lugs and joints on
chassis.

100-150

Thin sheet-metal work, heavy shielding
braid, ground straps.

200-300 Ya-%
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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 Y4¢” in diameter and, in addition, many special shapes
of tips both for soldering and unsoldering are on the market.
Onc of the latest versions is the pistol-grip (I"ig. 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 otlier 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 substantiallv raising the temperature in the box. The
tip temperature itself will rise beyvond 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, practicallv 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 allov. 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.
Anvone 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 heen 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 ol 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 I'ig. 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 lurnishes
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 sire. 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 svstems, from the hand-held pencil iron to auto-
matic-wave soldering, use some tvpe 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 allov, 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.

AL, NEON
INDICATOR

e TEMP.
SETTING
1=
i FOOT SWITCH
]

L

Fig. 2. Operator determines heat duration by the foot switch.

Fig. 3. Curie-point magnetic temperature control. When the
temperature-sensing element reaches o certain temperature,
it loses its magnetic property, allowing switch to snap open.
- MPERATURE SENSING ELEMENT

o = _ TO HEATING ELIMENT -1 ﬂb, SWITCH
| m — )
- | T o= 1 70 POwER
*"—1 - 1 SUPPLY
" PERMANENT MAGNET TRANSFORMER
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Fig. 4. Resistance soldering fixture allows control of both
heating and cooling times. The microscope aids in positioning.

The second exammple of automatic temperature control is a
sophisticated syvstem 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, thev are lowered down onto the
lead ribbon and held against the pad with a preset pressure.
\Wheu the foot switch is depressed, a.c. is applied across the
two soldering probes, heating up the ribbon and melting
the solder. The heating cvcle can be carefully adjusted for
the particular tvpe 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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Fig. 6. In resistance soldering unit, heat and cool cycles
can be individually controlled to suit the particular need.

TIME —

everv 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 T'l 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 chiemical 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 reliubility
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 widelv used fluxes are activated resin com-
pounds which can easily be cleaned off with alcohol or anv
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.
M
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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

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 (sume 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 hookips, more and
wider channels are needed. With the large bandwidths that
will be availuble 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.

r I Y HE need for a laser-type device (which produces light
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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 {rom 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 {rom 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 (I'ig. 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.
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A high-fidelity stereo phono cartridge using a new

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

over 30 ke. Unit has low impedance and high output

permitting its use with transistor audio cireuits.

A NEW SEMICONDUCTOR
PHONO TRANSDUCER

By JOHN F. WOOD

President, Euphonics Corp.

NEW hi-fi stereo phono cartridge has been developed
A that has an RIAA flat response, that operates down

to d.c. and up bevond 30 kec., 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 maguetic 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 maguetic
input circuit. In a practical magnetic cartridge, output voltage
may be listed as 5 millivolts at 1 ke. However, by extending
this down in frequency as required by the RIAA characteristic,
one arrives at the 30-cvcle 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
thum from nearby power equipment.

Cartridge types that produce a voltage proportional to

stylus excursion (amplitude) include crystals and ceramics.
Both use piczoelectric 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 vears 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 ¢ps to 12 ke. 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 ke., 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 tlhie 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
0207 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 bevond 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 actnal 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 corers indicate poor high-frequency response. Extra

February, 1965

e I T T T T T 171
= T
c/\s—\._ RE?PONS'E ,],__\IL | L ]‘ i

o |

b | [ L1 I

& I [ 1 J T

Z o LONDON PS (3; RECORD- IO, 331/3 + 78 RPM 4

A L T T /\Z

] 4 i q — t /

¥,/ il Y 1]
T\ T T 7 L

M|\\ | /™ SEPARATION A~ || | |
N

- | | ( | | 11 |

(<] 20 50 100 200 500 e 2KC. 5KC, IOKC. 30KC,

FREQUENCY-CPS

Fig. 1. Response and separation curves measured by the manufacturer,
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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 clements emploved is
capable of dissipating .2 watt maximum. However, a current
of 10 ma. or less in each sterco 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 23
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 | Silicon semiconductor (unaffected by heat or moisture)
RESPONSE | D.c. to beyond 30,000 cps
SEPARATION | Better than 25 db
COMPLIANCE | 20 >< 10-¢ cm./dyne
TRACKING
FORCE | .75 to 3 grams
WEIGHT | 2 grams
STYLUS | .0009 X .0002" bi-radial low-mass diamond
(easily replaceable)
OUTPUTS  RIAA flat, for ceramic/auxiliary inputs {high level)
Velocity-equalized, for magnetic inputs {low level)
OUTPUT
IMPEDANCE | Matches all high- and low-level inputs
MOUNTING | 15 X %" centers (standard)
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DESIGN OF TRANSISTOR
MULTIVIBRATORS

By LOUIS E. FRENZEL, JR.

Gulf Aerospace Corporation

OST 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.

Bv way of review, there are three Dbasic multivibrator
tvpes—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-uf. capacitor and put a
key in series with one of the emitter leads. This same oscil-
Jator will also muke 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 delaved
after the application of a trigger pulse for a time equal to the

52

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
exuactly one-half of the astuble frequency. Cascading Hip-
flops produces a series of harmonically related signals.

Trunsistor Swiiches

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 verv 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 emilter-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 R,, 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 vesistance 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 R,
is verv nearlv 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

ELECTRONICS WORLD
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known as an inverter. If a pulse is applied to the input
through base resistor R;, the output will be a pulse of the
same duration with an amplitude V.. and 180° out-of-phase
with the input pulse. This action is shown by the wavetorms
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 I, and 3. The term f3
(heta) is defined as I./1,. It is easy to see that if B and I, are
known, the base current I, can be found from the expres-
sion [./3.

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. 1A using the expressions just cov-
ered.

Suppose that we have a transistor with a 3 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. I'irst 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 R.. A value of 1000 ohms is reasonable. Now calcu-
late I. when the transistor is on. Remembering that when
the transistor is on, the collector current is V,../R,, I, is found
tobe /., = V.. /R, = 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 /.. less than 100 ma. could be used. In this case any value
more than 100 ohms (R, = V,./I, 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 R,. 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 R, is equal to the volt-
age across R, divided by the base current I,. The voltage
across the base resistor is equal to (V,—V,.) where V,, is the
emitter-base junction voltage when [, is flowing. Normally
this is only a few tenths of a volt for good switching transis-
tors, so that Vi, can be considered negligible compared to
V. For all practical purposes then, the voltage across R, is
V., (10 volts). To find R,, simply solve equation R, =
V,/1,. The base current I, is found from the previously given
expression [, 1./B. Since B = 50 and I, = .01 ampere,
I, = .01/50 = .02 x 10* = 200 microamperes, therefore
R, = V /I, = 10/.0002 = 50,000 ohms.

Having chosen V., and R, and calculated R, 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../I, R, = BR./S, and C = 1/1.39R,f.
Choosing a transistor with known characteristics, selecting

Fig. 1. [A) Simple transistor switch. (B) Switching waveforms,
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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 V., rather
than an external source like V, 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 V... The fre-
quency must also be chosen, so for this example let’s use $00
cps.

2. Choose a transistor. There are many tvpes of transistors
to choose from and the final choice is largely individual
preference. From a transistor manutacturer’s catalogue, se-
lect a switching transistor that meets vour 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 vou 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 necessury
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 V.. 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 V. for this problem. This is
well within the 25-volt rating of the 2N1304.

4. Calculate R.. The collector resistors R, are calculated
by using the formula V../I.. We know V. 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 I, as 10 ma., R, is found to be
Veell. = 12/.01 = 1200 ohms. A standard 1200-ohm, %-
watt resistor can be used.

5. Calculate R,. As shown earlier, R, = BR./S. This for-
mula was derived from the expressions given in the inverter
design. Beta (f3) is taken from the data sheet, and it may be
found listed as hy, instead of B. Always use the minimum
value given. This is 40 for the 2N 1304, Beta is difficult for
transistor manufacturers to control economically, so they
usually rate the transistor over a wide range and onlv ensure
the beta to be greater than some minimum value. Beta also
changes with age and temperature, so it is nearly impossible

Fig. 2. (A} 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 8 value given by the manu-
facturer and a safety factor S. The safety factor is not critical
and can be anvthing hetween 2 and 10. Three is a reasonable
value. Knowing 3, S and R,; R, can now be found as R, =
(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,f, C is easily found to be:

C = 1/(1.39X15,000><800) = 1/(1.67X107) =
06X10¢ = .06 .f.

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) R. = Ri; (¢) Re = 5 Ry; (d) C now equals
W/.69R,, where W is the specified pulse width in seconds;
il]]d (e) th V(AC.

The monostable circuit is shown in Fig. 2B, The additional
supply voltage V,,;, and resistor R, have been added to ensure
the cut oft of trausistor 01 at high operating temperatures
where the transistor leakage current (I.,) becomes exces-
sive. V), reverse biases the emitter-base junction of QI
through R, to do this. The value of V,,/R, should be greater
than the maximum value of I, given in the transistor data
sheet. If a good, low-leakage transistor is used and no high-
temperature operation is anticipated, then V,;, and R, 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 8 minimum of 40. In
this example, we will again use the 2N 1304,

3. Let the output voltage, V.. and V,, equal 22.5 volts.

4. R, = V. /I.. Again letting I, = 10 ma., R, = 22.5/.01
= 2250 ohms. A standurd 2200-ohm, ¥%-watt unit will suffice.

5. R, = BR./S. Using B = 40 and S = 3, R, = (40 X
2200)/3 = 29,300 ohms. Use a standard 27,000-ohm re-
sistor.

G. R

7. R,

R, = 27,000 ohms.
5 R, = 5(27,000) = 135,000 ohins. Since this

It

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. Vi./R.>1,, maximum. The maximum value of I, for
the 2N1304 is given as 6 microamperes. Vy,/R,=22.5/150,-
000 = 1.5 X 10-* = 150 pa. Cut-oft of Q1 is guaranteed since
V,../ R, is much greater than 6 pa.

9 .C = W/.69R, = .05/69 X 27,000). C = 2.68 X
10 2.68 uf.

The design is complete except for components D1, C1,
and R1. Diode D1 can be any good germanium or silicon
diode. R1 and C1 are chosen to have a short time constant so
that they differentiate the trigger pulse. Operation will be
satistactory if R1 = 10,000 ohms and C1 = 100 pf. A nega-
tive trigger pulse amplitude of approximately 6 volts or more
is needed to operate the circuit in a reliable fashion.

Bistuble 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., R,
R,, V.., and V,, obtained for the monostable circuit can be
used in the circuit of Fig. 3 to form a workable flip-flop. Only
values for BR,, C,, and C,, are needed.

Capacitor Cy, 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 ke, but it is essential for higher fre-
quencies and it is a good idea to include it. The value of C,
can be found with the formula C, = t/100R, where ¢ is the
time between trigger pulses. Tf the trigger pulse frequency
(f) is known, t I/f. The formula above gives only an ap-
proximate value for C,, and for critical applications C;. should
be found experimentally (usually between 50 and 200 pf.).

Resistor R, 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 C, = ¢/100R,
with ¢ being the trigger pulse interval. Like the value of Cy,
C, 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 C,, C,, and R, with the above formulas.

Assume a trigger pulse [requencv ol 1000 cps. The trig-
ger pulse interval is ¢ = 1/f = 1/1000 = .001 second. There-
fore,

C: = t/100R, = .001/100 X 27,000) = 1 X 103/2.7 X
108 = .37 X 107 = 370 pf.

R, = 10R, = 10(2200) = 22,000 ohms

C, = t/100R, = .001/(100 X 22,000) = 1 X 10-3/2.2 X
10¢ = 455 X 109 = 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..R,,/ (R, +
R,) where R, 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-
cnits 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. A
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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 Kkits.

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 Kkits you can get a
professional V-O-M or VIVM for as little as $29.95*. Or youcan
get a good oscilloscope (one of the most useful—but normally
one of the most expensive—test instruments) for only $79.50*

|

p—
RCA SENIOR VOLTOHMYST.
A professional VIVM.
WV-98C(K). Kit price: $57.95*

RCA VOLTOHMYST®, The most
popular VIVM on the market.
WV-77E(K). Kit price: $29.95*

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

alignment in TV sets.
WG-307B(K). Kit price: $11.95%

*Optional Distributor Resale Price
All prices are subject 10 change with-
out notice. Prices mayv be higher in
Alaska, Hawaii and the West.

®

LOOK WHAT’S AVAILABLE TO YOU IN KIT FORM:
—

RCA VOLT-OHM-MILLIAMMETER.
One of most useful instruments.
WV-38A(K). Kit price: $29.95*

RCA TV BIAS SUPPLY. For RF, IF RCA TRANSISTOR-RADIO DYNAM-
1IC_DEMONSTRATOR. For schools.
WE-93A(K). Kit price: $39.95*

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 necessaty.

e,

RCA 3-INCH OSCILLOSCOPE. Com-
pact, lightweight, portable.
WO0-33A(K). Kit price: $79.95*

RCA HIGH-SENSITIVITY AC VTVM,
Doubles as audio pre-amplifier.
WV-T6A(K). Kit price: $57.95*

See them all—and get full techni-

ey - cal specifications for each—at
. your local Authorized RCA Test

(T Equipment Distributor. Or write for

‘. e information to: Commercial Engi-

neering, Section B41W, RCA ELEC-
TRONIC COMPONENTS AND DE-
VICES, HARRISON, N.J.

— =

RCA V-0-M DYNAMIC DEMON-
STRATOR. A working V-0-M,
WE-95A(K). Kit price: $37.95*

RCAELECTRONIC COMPONENTS AND DEVICES, HARRISON,N.J.

The Most Trusted Name in Electronics
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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

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

“You'd better take that new garage-door opener receiver of
Mr. Willibanks over to his house and install it on vour way
back. He phoned while vou 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 coinplete 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

!- FEBRUARY thaw had finally broken a bone-chilling
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class C license costing eight bucks, is mounted in the engine
compartment, is powered {rom 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 tr.f. receiver, the detected audio tone passes
through a filter and operates a relay control tube. Actually,
receiver selectivity is not good cnough 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 vet, 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 lving between 16 and 26 ke. 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 nced 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 fcet 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 2 miniature transistorized power supply that steps

ELECTRONICS WORLD
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up the 3 volts available from the flashlight batteries to more
than 50 volts for the plate of V3. 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 V3 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,
C23, and the movable slug.”

“Hm-m-m-m, so V3 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 V35 starts to os-
cillate, negative voltage developed on the grid starts charging
(23, 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 fulls low enough for the
tube to start oscillating again. This grid-block oscillator action
satisfies requirement (b) of the regulations. But isn’t V3 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
(23 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. “V1 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 thyvratron 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
Tl 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 closc
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 mv ham rig
operating on all bands from 75 meters throngh 10. T had a
friend park his CB rig nearby and transmit on all 23 channels,
one at a time. 1 kept the receiver running continuously for two
days and three nights when 1 knew hams were operating. 1
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 moneyv 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 Harbhor, Mich.

Multi-Products Co., 21470 Coolidge Hwy., Oak Park, Mich.
Perma-Power Co., 3102 N. Elston Ave., Chicago 18, IIL.

“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. Thev 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 vou’d better go on home to
lunch now and fortify vourself for some more heavy thinking.
You're doing so well 1 don’t want to see you run out of
steam!” A

57

www americanradiohistorv com


www.americanradiohistory.com

13 Heathkit Values... See the other
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$] 2995 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
sterco recording, and new walnut cabinet styling. 19 lbs.

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

$] 9500

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 1bs.

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

'149”

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 /ii-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-53 A, chassis, tubes, VHF & UHF tuners, mount. kit, speaker,
127 Ibs. ..$399.00 GRA-53-7, deluxe walnut cabinet, 85 Ibs...$115.00
GRA-53-6, economy walnut-finished cabinet, 52 lbs

GR-S53A

399"

(less cabinet)

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 alt 3; stereo chorus
control for exciting ‘‘stereo” effects; reverb; 5-year warranty on tran-
sistor tone gencrators; 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”,33%5 rpm. 242 lbs.

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

Covers 550 kc to 30 mc 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 1bs.,

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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237 in

GDP-134

gour FREE Heathkit Cafalog'

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 4%2” 200 UA
meter; |% precision resistors for high accuracy; and an extended low
frequency response of =+ 1 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 Ibs.

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 & §
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 Ibs.
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 ke, plus 65 ke or 67 ke SCA test signals for complete alignment
capability. Simple to assemble & use. 10 Ibs.

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 1bs.

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 Y4 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.

_______________________ 1

i .+ . Buy Now—Use This Order Blank ... I
| HEATH COMPANY, Dept. 15-2, Benton Harbor, Michigan 49023 |
I In Canada: Daystrom, Ltd., Cooksville, Ontario I
| (] Please send FREE 1965 Heathkit Catalog. |
: Model Description Weight I Price i
| - i
| ship via: | Free I
} [] Parcel Post ] [ X X ] I
| O Express Collect 108 colorful pages packed with over |
| O Freight 250 Heathkits! Over 250 ways tc have |
| O 20% Inctuded, €.0.0. | Name_ - e fun & save up to 50% by doing the I
| [ Best W easy assembly yourself! Use coupon |
| = Address__ opposite & send for your free 1965 i
i o o - Heathkit catalog now! |
I City. = _State_ Zip. A ik I
| All prices & specifications subject to change without notice. ClL-203 I
e e —c . e eee—__p—— - _n - . S —
CIRCLE NO. 187 ON READER SERVICE PAGE 59
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Loading ¢oil embedded
within the fiberglass
Jaminate.

" AKE 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

3
4
1 fiberglass construction gives superior
strength that withstands impact and flex-
ing . . . brings you consistent profes-
LE sional performance.
g For use on any frequency between 27
mc and 55 mc — the Versatile VIP, Style
173 — $5.75.
Versatile VIP &

Style 173

Subsidiary of Shakespeare Company - Route 3 Columbia, South Carolina

CIRCLE NO. 168 ON READER SERVICE PAGE

A bt | e i =
Tuner covers 26-54 and 88-174 MC

in eight overlapping bands with

d itivity. ldeal f ith
&RGA/” FREE! GIA"T g?noplifsieer:s'o:'v;-l)i/-ﬁ 'eoa lis‘:;nus'i v:ir-
craft, CB, Fire, Police and other

2

HUNTING? o EMSATIONAL Cranats in the' VHIF bands.
G L[S AN /YO IN | | 3554 AM/FmM TUNER *49%
HENSHAW Tv SUPPI.Y Order today or sena fg: free catalog on fyll fine

*_ 3617 TROOST, KANSAS CITY, MO. of converters anc receivers for every application.
’ KUHN ELECTRONICS
I‘ CINCINNATI 17, OHIO

Electroni ' C. B. ANTENNAS
EARN ::ii: DEGREE i Tel Star Ground Plane GP-11

You can earn_an A.S.E.E. degree at home. College R

level HOML LT0DY cotirses TaGEnt S0 you can under- 4 Radials .......... ... $12.95
stand them. Continue your educatlon. earn more in 5

the highly paid electronics industry. Missiles. com. Te.l Star Super Ground Plane GP-11
puters, transisiors. automation. complete electronics 8 RaUIAlS Si-mhat - Anwet % ic sdkak $16.95
Over 27.000 graduates now ecmployed. Resident

school available at our Chicago campus-—Founded Dealers wanted

1934. Send for free catalog. KOMET ELECTRONICS
American Institute of Engineering & Technology P.O. Box 222 . Main Street
1141 West Fullerton Parkway, Chicago 14, Iil. F.0.B. Tilton, New Hampshire
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LOW-VOLTAGE
REGULATOR

HE 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 cmit-
ter of Q1, a p-n-p germanium transistor
acting as a series vollage 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 Q1 to maintain the output
amplitude constant. The base voltage for
Q2 is supplied fromn the series voltage
divider consisting of R1, R2, and R3. A
constant reference voltage of 6.3 v.d.c, is
developed across zener diode D1. The
base-emitter voltage of Q2 will always
be equal to the difference between 6.3
v.d.c. and the collector voltage of Q1.

If the power line rises, the power sup-
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ply voltage will rise as will the collector
voltage of Q1. This causes the buse 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 {lowing through
the emitter-base junction of Q1. This
current change will decrease the amount
of forward bias applied to the emitter-
base juuction ol QL and the trausistor
will not conduct as heavily. The internal
resistance of Q1 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 olims when conduct-
ing. R3 sets output to 12 v. A
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There are reasonswhy
you will want this exciting
book of electronics projects:

e Car Battery Saver e Electronic Stop Watch
® Build a Telephone Beeper e Plug-In Transmitter Crystal Switch
e 40-Meter Antenna for Small Roof and 67 other great projects...

One Tube Screen Modulator «X-Line Tachom-
eter o Build a Sterco Indicator eNonsense Box e
Better Model Control ¢X-Line Charger oCheater
Cord Deluxe o 60-Cycle Repulsion Coil Reso-
nance Engine s Automatic Safety Flasher «Handy
EP Pack e2-Meter Simple Superhet +The Signal
Stethoscope o VHF Listener »2-Tube Superhet
for 80 Meters o Transistorized 6-Meter Converter
o SCR Tester o Multiple Meter Test Set «The
Squealer o Build The Reflectoflex oThe Cloud
Sentinel o Sports Car Mike Stand «Boost Box e
Loud Hailer For The Telephone oExtra “Lamp
Handee” ,Footpads for Headphones he Idento-
Minder s AND MANY MORE...

HERE ISTHE 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 onc means hours of

fun and excitement.

If you enjoy the challenge of building useful elec-
tronic devices. .. this is the book for you!
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ZIFF-DAVIS SERVICE DIVISION, Dept. EEH
589 Broadway, New York, N.Y. 10012

Please rush my copy of the ail-new 1965 ELECTRONIC
EXPERIMENTER'S HANDBOOK. My $1.25 (plus 15¢ for
shipping and handling; 25¢ outside U.S.A.) is enclosed.

B please print_

zip code

February, 1965 CIRCLE NO. 144 ON READER SERVICE PAGE 61
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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 . . .
ar if you have ever seen a more handsome,
compact unit.$429.95 siigntiy higher West of Rockies.

160.02 i
| Please send FREE 1965 Scott 20-page |
| full-color Guide to Custom Stereo.

City ...........
| Gy
| W.H. Scott, Inc., 111 Powdermill Rd., Maynard, Mass.

SCOT'T”
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electronics degree
now in 36 months!

Small

quarter
three years. Summmer attendance optional. En-
gineering: Electrical (electronics or power op-
tion), Mechanical. Civil, Chemical, Aeronau-

professionally-oriented college. Four-
year permits degree completion in

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.

| TRI-STATE COLLEGE

1625 College Ave., Angola, Indiana

X i
R 51T
LA

12
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RADIOTELEPHONE
LICENSE
MANUAL
$5.75

(foreign $6.25)
Book =030

— 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.

RAD!O 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 #044...... . . $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.

If be cannot supply, send us his name and
remittance, und we will supply.

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, Iil. Export (except Canada), order
{rom H. M. Snyder Co., 440 Park Ave. South. New York 10016.
CIRCLE NO. 177 ON READER SERVICE PAGE
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New Look in Radar

(Continued from page 353)

‘ height finder for elevation determination.
lThese 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 svs-
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 parallux corrections hefore
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. A

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

By JAMES R. KIMSEY

(Answers on page 96)

ACROSS DOWN

1. A utilizer. 1. FCC designation for band from
““— -top response,” a response 300 to 3000 mc. (abbr..)
characteristic in which a def- 2. Large body of water.
inite band of frequencies is 3. Make a mistake.
transmitted uniformly. 4. Coil or capacitor.

9. Optical maser. 5. Sheet which shields a TV cam-

14. In this place. era from extraneous light.

15. To burden. 6. Length of one complete turn

16. Greek letter to designate ohm. in a spiral-wound cable.

17. Unit of electricity equal to 96, 7. Paid public notice.

500 coulombs. 8. Holding property or office.

19. Short sleep. 9. Easy, bounding gait.

. Craft. 10. Process by which constant fre-
2. Wheel tooth. quency is varied in amplitude
. Musical instrument. by signal frequency (abbr.)
. Hawaiian garland. 11. Type of compound used to pro-
. Dark purplish-grey color. tect components.
. Concern. 12. Great white heron.
. A prohibition. 13. Value obtained by dividing one
. Also called a monotron. number by another.
2. Coniferous tree. 18. Accomplishes.
. Danube tributary. 20. Consumed.
. Possessive pronoun. 23. Folds over.
. Popular term for pulse or peak 25. A pleasant expression.

on a paitern of a CRT screen. 26. Fails to win.

346. California city (abbr.). 27. Medical school course (abbr.).

38. Allow. 28. Wire-wound circuit component.

39. Nothing. 29. A “big shot” (slang).

40. Combine. 31. Part of the face.

41. Theresa, for one. 32. Position determined by RDF.

42. Radioactive element produced 35. Wharf.
artificially (abbr.). 36. Heating unit.

43. Male heir. 37. Lesser amount.

4. “—detector,” a psycho-in- 39 At this time.
tegroammeter. 40. Transpareni insulation.

45. White spols on a TV piclure 41. Break suddenly.
caused by inherent noise. 43. Ancient Roman sun god.

46. Distortion in sound reproduc- 44. In TV, a single trace of the
lion caused by speed variations electron beam from left to
in the turntable. right on the screen.

47. Eleclromag_netic wave whose 45 QGet by fraud.
frequency is above 300 mc. 46. “*—talkie,” a portable receiver-

49. :I‘y[)e of examination. transmitter unit.

5l. “— Lisa,”” da Vinci painting. 47. *—chatter,” garbled speech.

52. Mpre mature. 48. Metal in its natural state.

53. Night letter (abbr.). 49. American Indian

54. Belonging to me. Y o]

e i ; 50. In a computer: copies, from one

55. "Big —,” London landmark. form of storage to another

56. Hardwood tree. Aoy

57. Sort, kind 51. One thousandth of an inch.

58. Apiece (abbr.). 54. Unmarried woman. .

59. Unit of force in c.g.s. system. §5. Insulated part through which

63. Blue pencils. the electrodes of a vacuum

65. Right-angled extensions.. tube are connected to the pins.

$7. One who tells falsehoods. 58. Large deer.

68. Radio receivers. 60. Beagle *‘talk.

69. Ferromagnetic material, with- 61. Scottish “no.”
out windings, that permanently 62. Before (poetic).
connects two or more magnetic 64. Long-distance typewriting ma-
cores. chine (abbr.).

70. Long, narrow weapon. 66. Expression of wonder.

U 2 3 4 5 6 7 8 9 {o] n 12 13

] 15 16

"7 18 19 20 21

22 23 24
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30 31 32

33 34 35 36 |37

38 39 40 ar
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46 a7 48
49 |50 Si 52
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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 com-
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