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Brig. General David Sarnoff, RCA Chairman,
and John L. Burns, President, display micro-
module radio, and satellite TV tape recorder.

Progress

orty YEaRs ago, when RCA started in business, radio
F was just emerging as a means of wireless telegraphic
communication. There was no radio broadcasting, no
television, no electronics industry.

Today, electronics is the fifth largest and fastest
growing industry in the United States.

From a single product, the radio, it has branched
out until it encompasses ten important areas. These
areas include home entertainment in all its phases;
broadcasting and communications services; home ap-
pliances; data processing systems; industrial controls
and sensing devices; defense and space electronics;
navigation, guidance and communications systems;
atomic fission and fusion; components and systems
manufacture; and international applications in all

these fields.

The mere recital of these ten areas sharply under-
scores the expanding opportunities that have opened
up to electronics companies in recent years. Indeed,
there is scarcely any human endeavor that has not felt
the pervasive impact of electronics.

To take full advantage of this growing range of op-
portunity, RCA is broadening the base of its activities.
It is becoming a company richly diversified in its in-
come-producing operations, as compared with one that
only a short time ago derived its earnings primarily
from the field of entertainment. There is emerging an
RCA with an ever-widening scope of interests and ac-
tivities in research, engineering development, produc-
tion and service.

In just the past two years the non-entertainment as-
pects of RCA’s business have increased by more than
30 per cent. We have created fifteen new units to move
decisively into such growth activities as missiles and

satellites, automation, electronic data processing and
atomic energy.

Last year alone we introduced almost 100 new
products or components, ranging in size from tiny tele-
vision tubes to mammoth radars. If you include the
new products that will be brought to the market during
1959, the list grows from 100 to nearly 400, a rate of
growth that is three times as great as last year.

We are broadening our base of activities by step-
ping up our efforts in basic circuitry; by moving more
aggressively into the three “C’s” — computers, controls
and communications; and by expanding our contribu-
tion to national defense and space exploration.

Underlying all these activities is our research and
development program. Today’s research efforts —in
new materials, in novel sources of energy, and in the
application of electronics to atomic fission and fusion
— will determine the course of our progress in the ap-
proaching decade of the Sixties.

Electronics will make it possible, simultaneously,
to probe the far reaches of the universe and the in-
visible world of the atom. Tt will help achieve levels of
productivity far beyond the capacity of human hands
and eyes. Electronics will bring into the American
lhome new conveniences and new opportunities for per-
sonal advancement. It will stimulate the growth of
existing industries, and lay the foundation for many
new ones. It will provide a protective military shield
behind which all our advances can be made.

In this issue, Electronic Age looks backward at the
major trends in electronics as they have developed over
the past forty years — and looks ahead at the domi-
nant role electronics will play in bringing to realization
the exhilarating hope and promise of the Sixtics. =

The 70-story RCA Building, Radio City, New York,
houses executive headquarters of Radio Corporation of
America and the National Broadcasting Company.
President, Radio Corporation of America
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OUT OF TODAY'S RESEARCH,

TOMORROW’S REALITIES

FROM THE SUB-ATOMIC UNIVERSE COMES A NEW TECHNOLOGY

EHIND THF EXPLOSIVE rise of electronics — from fif-
tieth place among American industries before \World
War 11 to fifth place today — lies a dvnamic program
of scientific research and engineering development that
is turning out an ever increasing flow of new products
and services.
Fundamental and applied research represent an
investment of hundreds of millions of dollars annually,

4

emploving tens of thousands of scientists and engineers
in hundreds of electronics laboratories across the
nation.

Electronics research must, in fact, be reckoned
among the major assets of an American society faced
with the three-fold challenge of militarv security, eco-
nomic expansion, and exploration of interplanetary
space. In each of these areas scientific and engineering
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Scientists at Dacid Sarnoff Research Center,
Princeton, N. |, study electronically active materials.

progress — particularly in electronics — is a control-
ling factor upon which ultimate success depends.

Electronics rescarch today is a major enterprise
bearing little apparent relationship to the makeshift
facilitics and small stalf with which RCA launched
one of the industry’s first combined research and en-
gineering efforts nearly forty years ago. This pioneer-
ing program was housed in a tent on eastern Long
Iskand and was carried on by a handful of engincers
concerned with long-distance radio communications
techniques. Today RCA rescarch. and that of other
leaders in the industry, is carried forward by teams of
highly skilled scientists equipped with the most mod-
ern tools for the discovery of useful new materials and
techniques.

The new basic knowledge resulting from today’s
research has profoundly altered the direction and
broadened the scope of electronic science. This altera-
tion involves a strange paradox: with the multiplica-
tion of research facilities and the vast increase in com-
plexity of research tools and procedures, the science
has become increasingly concerned with happenings
that occur within infinitesimally small segments of
space and time — & constant pursuit of the ahmost im-
perceptible.

No one has ever seen, nor probably ever will see,
an clectron. The electron is a small constituent of the
atom, which itself is so incredibly minute that one mil-
lion million atoms would barely cover the head of a
common pin. Knocked loose from its parent atom, the
electron may he impelled with small effort nearly to
the speed of light, which travels at slightly more than
186,000 miles per second. These are formidable facts
— yet upon growing familiarity with the behavior of
the electron and the ability to control its action with
ever greater precision, u great new science and tech-
nology is heing built.

Within the laboratories of the clectronics industry
today, scientists are discovering new and better ways
of controlling and emploving electrons that move from
one atom to another within a tiny picee of material,
and even electrons that remain localized within a sin-
gle atom. Digging deeply into this sub-atomic world
with the aid of fabulously accurate and complex tools
of research, they are learning how to achieve an aston-
ishing variety of clectron actions within minute crystal
structures.

Electronics is concerned very largely with trans-
mitting, storing, and processing information in myriad
forms for use in systems of communication, computa-
tion, data-handling, detection, and automatic control
Exploring thousands of materials and compounds, the
scientists have found new means to achieve or enhance
many of the hasic functions that go into these jobs. Of
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greatest actual or potential importance among these
discoveries are the means to do these things:

— to generate, detect, and amplify electrical signals
by means of pea-size devices;

— to store electrical information in specks of mag-
netic material for instant recall on demand,

— to perform functions of selection and switching at
incredible speeds in the routing of information through
large systems.

Furthermore, new useful effects have been discov-
ered to broaden the application of clectronics, includ-
ing these significant examples:

— methods of preducing electrical energy  directly
from light, heat, and nuclear radiation;

— materials and techniques for converting clectricity
to visible light;

— methods of cooling and heating simply by the pas-
sage of electric current through certain materials.

In the kboratory, the accomplishments so far are
recognized as a mere beginning, an initial scratching of
the surface.

The result is the emergence of a new order in elec-
tronics, featured by unprecedented versatility and
finesse. Built into devices and systems, the new effects
permit the design of smaller, more economical equip-
ment to handle familiar jobs — the miniature radio sys-
tems that clip to a belt or slip into pockets, the small
solar cells generating electricity from sunlight, the
drastically shortened television picture tubes with large
display area, and the high-frequency radio relay and
tape storage svstems that are made to fit within an
carth satellite.

Fven brighter promise is apparent in totally new
applications that lie just ahead or stretch on into the
more distant future.

RCA research specialist peers into metallurgical microscope.

]
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Moving through the latter stages of research toward
engineering development are such results as these:
— large-area luminescent panels that emit tight from
an extensive surface, rather than from a single point, as
in the incandescent bulb, or from a line, as in the
fluorescent lamp;

— thermionic generators, producing watts of electric
power directly from heat;

— thermoelectric cooling and refrigerating units oper-
ating solely from electric current, without moving
parts.

Typical of current advances is the laboratory con-
cept of “integrated electronics” — the combination of
several active clectronic functions within a single
minute piece of material. RCA scientists have reported
major progress in development of a multifunction logic
element, the building block of electronic compnters.
Displaying the tiny integrated element recently be-
neath a low-power microscope, one of the research
specialists called attention to the incidental hazards
arising from this trend toward ultra-miniaturization:

“We have to be careful when we turn on the fans
in the laboratory. It’s pretty casy for the experiment
to blow away.”

The concern with happenings within small bits of
material has accelerated electronics research along a
revolutionary new course, The transition can be de-
scribed in terms of a single device.

Until just about a decade ago, the kevstone of the
electronics science and mdustry was the electron tube,
which provided both a source of free electrons and a
means of controlling them. In the tube, electrons are
“boiled” out of a hot cathode into a vacuum, where
they can be manipulated in various ways to perform a
desired function. Compared to the case of frecing and
manipulating electrons that function within solid mate-
rial, obtaining free electrons by boiling them out of a
hot cathode is doing it the hard way.

A new cra began with the transistor, whose inven-
tion at the Bell Telephone Laboratories in 1948 pre-
sented electronic science with the first effective solid-
state device capable of amplifving in the manner of
the clectron tube. It was followed by other devices
based on the use of materials with varied characteris-
ties of conductivity, luminescence, and magnetism. The
end results will be translated into goods and services
for application in society, strategy and space.

Today’s clectronics research center is an impres-
sive congregation of specialized talents and precision
equipment. To explore the infinitesimal world of elec-
trons, atoms, and molecules, the laboratories have been
enlarged to hold new research tools whose size and
complexity seem to grow in inverse proportion to the
size of the subject—mass spectrometers, particle ac-

celerators, elaborate vacuum systems, and nuclear re-
actors. Such tools are essential in detecting and meas-
uring important effects that may be altered by the
presence of one strange atom among a billion identical
atoms, or by happenings that can occur during a bil-
lionth of a second.

Today’s research program requires the talents not
only of the electrical engineer, but also of the physicist,
the chemist, the metallurgist, and the mathematician.
An example is the technical staff at RCA’s David Sar-
noff Rescarch Center at Princeton, one of the largest
laboratories in the nation devoted exclusively to re-
search in electronics, Of approximately 300 RCA spe-
cialists at the Princeton center, more than half — some
160 — represent the sciences as distinet from electrical
engineering, Nearly 100 of the total are physicists,
followed in numerical order by chemists, mathemati-
cians, and metallurgists. The majority of them are
voung men; the average age of the technical staff is
thirty-five.

Nearly half hold Ph.DJs, and many others have
carned their Master's degree and are working for a
doctorate. The international flavor of scientific rescarch
is reflected by the fact that one scientist in every six
was born, raised, and received most or all of his tech-
nical education abroad. Among the outstanding mem-
bers of the RCA staff are physicists, chemists, and en-
gineers from Canada, England, Sweden, Switzerland,
France, Greece, Nationalist China, and other nations
of the free world.

Dr. Betsy Johnson, RCA laboratory physicist, studies
6 interaction between atoms and molecules in crystals.
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Dr. Frank Herman assembles large-scale
madel of a cadmium sulplide crystal.

The procedures of research have changed as rad-
icallv as have the facilities and staft. Individual crea-
tiveness, the hallmark of the effective research worker,
remains as important as it ever was — but it is seldom
exercised in solitude. The majority of today’s scientific
projects involve a combination of two or more branches
of scientilic knowledge, calling for group effort by a
research team comprising an array of specialized tal-
ents. This is the logical result of increasing complexity
both in the science and in its application in extensive
systems for communications, industrial automation,
missile technology, and space exploration.

Considering the rate at which new knowledge is
being generated by todav’s exploration of the sub-
atomic world, the effect upon the laboratory is a pale
shadow of the ultimate effect upon society. This larger
effect has become difficult to estimate, hecause the
results of research multiply so rapidly.

Nearly twenty vears ago, Brig. General David Sar-
noff was called upon to state the reason for the corpo-
ration’s continuing substantial investinent in scientific
research. His reply has tuken on even deeper signifi-
cance with the subsequent expansion of electronic sci-
ence and the growing chullenges of military secuvity
and economic growth.

“There is no security in standing still,” he said.
“Those who rest on the rock of stabilization sooner or
later find that that rock becomes their tombstone.
There is hope and opportimity in what we can learn
tomorrow. That is the greatest asset on the halance
sheet of humanity and on the halance sheet of anv or-
gunization engaged in scientific research.” o

RCA staff scientist Louis Pensek engaged in
experimental work with germanium, for pos-
sible use in new types of electronic devices.
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Water-cooled, super-power transmit-
ter tube at right weighs 140 pounds
and delivers 500 kilowatts of useful
output in radiotelegraphy service.
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NEW SHAPES
OF THINGS TO COME

MICROMODULES, MINIATURE TUBES, SEALED CIRCUITS
ARE CHANGING THE BASIC CIRCUITRY OF ELECTRONICS

HE Basic building blocks of electronics are changing
their shape today with a rapidity which leaves even
the experts breathless.

Not long ago an electronics engineer, testifying be-
fore a Congressional committee in Washington, was
asked how many systems of a certain type his company
had developed. “I don’t know,” he replied.

“I thought you were the man in charge!” exclaimed
the chairman.

“I am,” the engineer agreed. “But vou see, I've been
away from our laboratory for two days.”

New electronic systems, improved components, and
radically different materials are being developed in
unprecedented numbers to meet the ever-increasing
Space-Age demands on the electronics industry.

Thimble-size vacuum tubes will soon be making TV
sets, air-borne communications, and guided missile sys-
tems more compact and more rugged.

Transistors, those tiny cousins of the tube, are in-
creasing in efficiency and expanding their uses in de-
vices ranging from pocket-size radios to computers.

“Micromodules” are changing the geometry of elec-
tronics and giving us radio receivers no bigger than a
cigarette lighter.

A new concept of “integrated eleetronics” is ex-
pected to make electronic brains smaller and smarter
than ever before.

As RCA President Jolin L. Burns has pointed out,
it is advances such as these in basic circuitry which
“determine what vou can and cannot do in electronics.”
Innovations now coming from the laboratory will pro-
vide tomorrow’s improved systems for the home, of-
fice and factory, for missiles and space exploration.

The eventful history of the industry shows that
every great step forward in the science and art of elec-
tronics has been preceded by technical improvement

ELECTRONIC AGE/Summer 1959

in components — often in an unexpected or seemingly
unrelated area. Tt is an exciting story of imaginative
pioneering and rapid progress.

For example, Edison’s discovery of electron emis-
sion from a hot filament grew out of his experiments
with early light bulbs. After many refinements by other
scientists, this resulted in the development of the first
electron tubes.

Gradually it was realized that tubes could be de-
signed to produce radio waves capable of traveling
great distances, while other tubes could detect these
signals and amplify them millions of times so that they
could be made audible. With their ability to transmit
and control energy with the speed of light, tubes were
on their way to becoming the heart and brain of in-
numerable electronic devices.

World War 1 brought a great spurt in the develop-
ment of electronic communications for military pur-
poses, and a few basic tube types were standardized
for mass production. After the war the founding of the
Radio Corporation of America, and the beginning of
the broadcasting boom of the 1920's, were both in a
sense results of the wonder-working new vacuum tube.

For a time there was a period of stability when
changes in electron tube design hardly kept pace with
the rapid rise and fall of women’s hemlines during the
late gay 20°s and sober early 30’s. Then in 1933 RCA
introduced a miniature “acorn” tube which opened a

Printed circuit boards slide casily into RCA 501 computer.
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completely new ultra-short-wave band of communica-
tions. In 1935 came the first metal tubes for mobile
communications, and commercial and home receivers.

Small, sturdy high-frequency tubes such as these
were essential for many types of military devices from
walkie-talkie to radar sets. Between 1942 and the end
of World War II, RCA alone manufactured 20,000,000
miniature tubes.

The war created a need for a multitude of other
tube types, and the number of new designs has been
growing ever since,

EYES FOR TELEVISION

Another basic building block of electronics — the
cathode ray tube — became the cornerstone of a new
industry called television. Its growth followed the nor-
mal cycle of research, development, and commerciali-
zation as new equations were scribbled on laboratory
blackboards, new circuits tested, and new components
put through their paces.

The first tubes designed for television had screens
the size of playing cards and were capable of repro-
ducing a blhurred picture of Felix the Cat — the first
star of laboratory TV. In 1929 Dr. V. K. Zworykin dem-
onstrated his first practical kinescope picture tube in
operation together with his earlier iconoscope, eye of
the television camera. These two tubes made possible
the beginning of the RCA all-electronic television sys-
tem. Research also provided a new wide-band ampli-
fier tube essential to good picture definition, and a
powerful 5-kilowatt transmitter tube capable of send-
ing clear picture signals farther than ever before.

By 1939 television was ready for introduction at
the New York World’s Fair, but it was not until after
World War I1 that rapidly spronting roof antennas
began to give a new look to the American skvline.

The next modern miracle to grow out of advances
in components and circuitry was color television, a tri-
umph of research. The RCA color picture tube — the
basis of today’s compatible all-electronic color TV —
was demonstrated publicly in Washington in 1950.
Brig. General David Sarnoff called it a revolutionary
and epoch-making device, and said that when histori-
ans at the close of the Twentieth Century evaluate the
most important scientific developments, “I predict that
this tube will be among the great inventions of the
second half of this century.”

Today color television is making a place for itself
in America’s living rooms, while in the laboratories new
miracles are being prepared for tomorrow.

The invention of the transistor made possible mini-
ature home radio receivers, light-weight military com-
munication systems, and computers such as the RCA
501 with a work capacity of older “brains” twice its

10

size. Printed or etched wiring —known today as
“sealed circuits” — also helped to reduce bulk and
speed automated manufacture.

Space-Age requirements for fantastically complex
missile and satellite guidance systems — which must
be tough, small, and light — gave added importance
to what the enginecrs call “miniaturization.” New com-
ponents, new materials, and new techniques were
needed, and the “micromodule” concept was one re-
sult. Today, under a U. S. Army Signal Corps contract,
RCA and more than 60 sub-contractors are working on
a program to reduce the essential parts of electronic
systems to tiny blocks measuring a third of an inch on
each side. Each block is made up of ceramic wafers
ahout 3/10ths of an inch square and 1/100th of an inch
thick, on which electronically active materials are
fused. Bulky wiring and connections are eliminated.

Micromodules are expected to make possible a ten-
fold — and in some cases a thousand-fold — reduction
in the size and weight of military communications
equipment and in guidance and control systems for
missiles and satellites. For example, a digital computer
under development for a missile will have 8,000 com-
ponents sealed in a can only 2 by 4 by 5 inches. This
little “brain” will be an essential part of the guidance
system, and it will be replaceable in a few seconds.

An even more advanced concept, called “integrated
electronics,” has enabled scientists to create computer
components so small that 100,000,000 of them can fit
into a cubic foot of space. They are microscopic hits of
semiconducting material, such as silicon, which will
amplify or control electric signals just as do tubes,
transistors, resistors and condensers. They will make
up the logic circuits which enable computers to caleu-
late, sort, and remember information. RCA scientists
describe these versatile dots of matter as a step on the
road to computers as compact as the human brain.

Despite advances such as these in “solid state”
clectronics, the tube more than holds its own today
among new components. Engineers point out that
new applications for tubes are being found every
day. Keeping in step with the trend toward smallness,
RCA researchers recently announced a “Nuvistor”
tube, smaller than a thimble, which sets new standards
for performance, toughness, and dependability. And
a new super-tube — the size of a beer keg and capable
of generating 5,000,000 watts of power — is under de-
velopment for long-range missile detection in Ameri-
ca’s defense network.

So it appears that the electronic building blocks of
the future will come in many sizes and shapes. They
will perform complicated daily tasks in the service of
humanity — tasks that would have been considered,
vesterday, as beyond the realm of possibility. ]
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RCA 501 computer, completely
transistorized to save space and
power, brings modern data proc-
essing within reach of smaller
husinesses. A new computer serv-
ice center at Cherry Hill, N. J.,
has heen opened to process pa-
per work and train operators.
Similar centers will he opened
elsetchere in the country to serve
small firms as well as large.

Those Three Fabulous C’s
In The Electronic Alphabet

COMPUTERS, CONTROLS AND COMMUNICATIONS HAVE BECOME
CORNERSTONES OF THE AUTOMATED FACTORY, OFFICE AND HOME

uT oF THE INGENUItY and effort being applied today
U in defense and space electronics are coming tomor-
row’s revolutionary new devices for business, industry,
and the home.

Especially is this truc in the field of automation,
which is based primarily on electronics.

Automation involves three principal areas of elee-
tronics — sometimes called the three “C’s” — comput-
ers, controls, and communications.

In today’s offices and factories, electronic com-
puters or data processing systems are providing busi-
ness with speedy new ways to handle old routines.
These electronic “brains” — closely related to types
that guide missiles and jet aircraft — now read, write,
file, analyze, and compute. Without them automation
would not exist.

A major advance in the field is the RCA 501 —a
completely transistorized, general purpose electronic
data processing system that bridges the gap between
electro-mechanical accounting machines and  giant
computers. The system permits a bank, office, or fac-
tory to begin automated data processing on a mod-
erate scale and expand the operation gradually.

/
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As a pioneer in electronic systems, RCA has intro-
duced in the 501 such advances as transistors, printed
circuits, ferrite core memory units, and other minatur-
ized components. Efficiency has been increased and
size reduced to half that of conventional systems. One-
third the air-conditioning and electric power are re-
quired. A steel manufacturer recently ordered a 501
to provide daily sales invoicing and up-to-the-minute
inventory on the firm’s 17,000 products, ranging from
tiny magnets to dic steel blocks weighing 20,000
pounds. When installed at Pittsburgh, the system will
work with the company’s present teletypewriter com-
munications network, linking fifty-three plants, ware-
houses and offices from San Francisco to New York
and from Dallas to Minneapolis.

Data received by teletypewriter on mill and ware-
house sales will be fed into the 501 for high-speed
printing of invoice reports. The system will route
orders to proper points for handling or “memorize”
them for followup action. It will supply data to man-
agement — daily reports on sales and gross profits,
marketing studies, and information on which to base
decisions on expansion.

N
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Just as a scoop shovel gives a man power to move
tons of carth with the touch of a few levers, electronic
data processing relieves human drudgery and solves in
seconds or minutes problems that might otherwise
take davs or weeks.

ELECTRONIC CONTROLS

The sccond aspect of automation in which elec-
tronics figures prominently is controls. Electronics pro-
vides sensing devices for perfect timing, for split-sec-
ond switching, for remote direction and control. A
good example is in gas pipeline operations where the
flow is pre-determined and controlled automatically.

Electronically controlled processes are used for the
production of electronic equipment itself. In some
cases, a high degree of automation has already been
achieved. This is true in the production of television
picture tubes, for instance. While the electron gun of
the tube may be assembled manually, the mounting of
the gun in the tube, the laying down of a Huorescent
screen, the aluminizing of that screen, the pumping,
lieat treating, and the sealing of the tube can be done
without manual handling,.

Use of electronic controls is carried over into the
production of many types of tubes, semi-couductors
and printed circuit boards. Every day new services are
being rendered to industry through automatic inspec-
tion, packaging, bottling, and printing.

COMMUNICATIONS

A noted scientist describes electronic communica-
tion as “the magic artery linking the performance of
computers and controls into man’s most advanced pro-
ductive means — automation.” Delivering instructions
and information to electronic control centers for auto-
mated tasks is essential to perfect performance. This
is the job of the third “C” — communications. Punched
tapes and cards, and coded digital information, are
some of the means of getting machines to do what is
required of them.

The electronic wizardry of modern computers has
been linked to standard modes of communications so
that data can be interchanged swiftly between widely
scattered points by radio, microwave or land lines.

The RCA AutoData System accepts processed data
from the computer at the sending end of the line and
converts it to a code for transmission. At the receiving
end, an AutoData unit transforms the coded material
back to a form suitable for computer use. More than
one computer can feed information into the AutoData
System on a priority basis.

While the AutoData technique is certain to find
wide application in the business and industrial world,
its greatest immediate contribution will come in the

high-speed relay of information to and from U. S.
military installations around the world.

And apart from its indispensable contributions to
automation, electronic communication is playing an
increasingly vital role in business und public affairs.

Government and industry — faced with expanding
communications requirements — have found an an-
swer to their problem in microwave radio.

On superhighways, construction projects, electric
utility operations, oil and gas distribution, mining de-
velopments, railroads, bus lines, trucking and a host of
other busy fields, this relatively new form of electronic
communication provides fast, dependable service.

Practically invulnerable to storms, microwave radio
signals provide multiple-chamnel means of communi-
cation. Microwave relays carry radio-telephone, fac-
simile, teletvpe, and telemetry information, and permit
push-button control of unattended equipment at re-
mote points.

For well over twenty-five vears, RCA engincers
have been researching and developing microwave
systems. Results of their work are in evidence across
this country and around the world. RCA installations
are the backbone of communications on the Illinois,
Ohio, Pennsylvania, and New Jersey Turnpikes, provid-
ing round-the-clock networks for routine checkups and
instant warning of storms, accidents, or other types of
emergencies.

Woven into these networks are mobile radio cir-
cuits which keep in touch with the cars and trucks that
service and police the turnpikes. Radio-equipped pa-
trol cars give police a big advantage in catching law-
breakers. Fire and police departments now rely heavily
on mobile radio systems for communication between
lieadquarters and vehicles on the move. Taxi cab com-
panies and truckers use this flexible and effective form
of communication to increase efficiency and save time
and money.

Development of such advanced instruments as
RCA’s Personal-fone — miniature two-way radio sys-
tems that can be carried, for instance, on a patrolman’s
belt — has broadened radio service. These now are
being used widely in police work.

A major advance in the growing field of personal
communications came in the latter part of 1958, when
RCA introduced a low-cost Radio-Phone or “citizens
radio” for two-way conversations hetween private in-
dividuals over a distance of several miles. It is already
finding many applications.

Another significant new product is the television
tape recorder. A self-contained unit, the RCA recorder
includes features designed to bring the art of tape re-
cording to its most advanced state. Because of its amaz-
ing versatility, the video tape recorder is certain to
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find many uses outside the television field — in medi-
cine, education, industry and commerce.

Already we have seen how important communica-
tions and other aspects of electronics can be to busi-
ness and industry. But great as the accomplishments
have been so far, we are still in the pioneering stuge.

Ultimately, the three wondrous “C’s” — computers,
controls and communications — will free millions from
arduous and hazardous toil. Together, they ofter the
stimulating prospect of greater security, wider indus-
trialization and a higher standard of living.

The three “C’s” — a concept far advanced from the
simple radio upon which electronics was founded —
provide sone measure of the explosive growth and the
broadening base of this fabulous industry. u

Ocean liner Brasil depends on radar
and radio direction finder for safe
navigation in the thickest weather.
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Engineer inspects “random access memory drum” which can
store 1,500,000 letters or numbers for 501 data processing system.

RCA television cameras give furnace operator
closeup view of interior of re-heat ovens at
Jones & Laughlin steel plant, Aliquippa, Pa.
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IN THE SPACGE AGE

Electronics holds the key
to military supremacy

in the era of missiles and satellites

N THE FAR NORTH, radar experts are installing bases

for systems of silent sentinels to scan the space above
the Eurasian land mass and warn America against hos-
tile missile attack.

At the underground bomb-proof caverns at head-
quarters of the Strategic Air Command, outside of
Omaha, communications men are in touch with jet
bombers poised for retaliatory action all over the
world.

On the sandy spit of Cape Canaveral, Florida, and
downrange for 5,000 miles, corps of experts are testing
and evaluating guided missiles and rocket vehicles for
the arsenal of the Free World and the conquest of
outer space.

In plants and laboratories across the nation, scien-
tists are designing computers to perform astonishing
feats of precision in guiding today’s supersonic aircraft
and tomorrow’s space vchicles.

These examples point up the vital role of elec-
tronics in national defense and space exploration.

The Radio Corporation of America, as one of the
nation’s top defense contractors, is a leader in military
electronics todav, as it has been for more than 23
years. Since RCA’s founding in the wake of World
War I, a vast revolution has taken place in the devel-
opment of electronies for defense. During World War
I1, for example, aireraft and their electronic equipment
were designed separately. As one engineer says: “The
furniture didn’t always fit the house.”

This method is being replaced by what is known as
the “systems concept,” which precludes “furniture that
doesn’t fit.” It takes into consideration all aspects of
the desired military function, The problem is ap-
proached as a whole and resolved in a single package
operation.

The systems concept is epitomized by RCA’s new
Advanced Military Systems unit, soon to have new
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headquarters adjoining the David Sarnoff Research
Center in Princeton, New Jersey. On its staft are na-
tionally known experts in the physical, engineering,
and military sciences, as well as mathematics.

Their role is to look ahead to the ultimate objective
— the complete aircraft, missile, or satellite system —
and to create electronic components as integral parts
of the whole.

VITAL ROLE OF RESEARCH

Out of the research laboratories of America are
coming ideas that are changing the basic concepts of
military electronics.

For example, RCA scientists foresee a new class of
ultra-miniature devices, combining several functions
in a single piece of material. An initial development in
this program, supported by the Air Research and De-
velopment Command, consists of a sliver of germani-
um only half an inch long, potentially capable of
equaling performance that now requires a circuit ar-
rangement of twenty transistors, forty resistors, and
twenty capacitors.

The trend to smallness is apparent in many areas
of research and development. An outstanding advance
is the micromodule concept for shrinking electronic
equipment, The program has already resulted in an
experimental radio receiver circuit reduced to the size
of a sugar lump. Micromodules will become vital parts
of missiles. satellites, and military field equipment
where compactness and ruggedness are essential.

Today's accelerated research is leading to im-
proved radar, new military communications systems,
solar converters and batteries, new techniques such as
thermoelectrics (for heating and cooling without mov-
ing parts), thermionics (for obtaining electricity di-
rectly from heat), and such devices as a television
svstem which permits astronomers on the ground to
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focus a telescope suspended in a balloon fifteen miles
above earth.

This RCA TV system, known as the “stratoscope,”
will provide views of outer space unrestricted by parti-
cles and gases in the earth’s atmosphere. Watching the
television image on ground monitors, observers will be
able to control the telescope and train it in any direc-
tion desired by radio signals,

A prime function of today’s electronic research is
to provide knowledge that can be translated quickly
into useful products. svstems and services — and into
military “hardware” by development, design and prod-
uct engineers.

DEVELOPING DEFENSE AND SPACE PRODUCTS

“In any future war,” savs General Carl Spaatz,
former Air Force Chief of Staff, “superior electronics
would be decisive.”

Thus the need to extend and transform the findings
of research into effective military tools, swiftly and at
reasonable cost, has become imperative,

Out of RCA’s radar rescarch, for instance, has
come the most accurate radar in the world, together
with a system to trace the path of @ space-bound mis-
sile and evalnate its performance by means of a digital
computer. This tracking radar is now in nuse at Cape
Canaveral, Florida, and other major military missile
ranges where it observes and records to an accuracy
of less than two inches per mile,

From television research has emerged a special
miniature TV camera for pickups from an earth satel-
lite in orbit. At a height of 15,000 miles, this camera
an cover an immense area, equal in fact to almost half
of the United States. To assure delivery of the image
back to carth when the satellite is out of range of
ground stations, development engineers have devised a
TV tape recorder for this system, permitting storage
of images until a station can be reached directly,

Rescarch on automatic methods in connection with
countdown and checkout procedures for the Tulos De-
tense Unit has led to development of an electronic
launching system that helps to make the Atlas Inter-
continental Ballistic missile ready for firing virtually
immediately after warning of impending enemy at-
tack. This new system is designed to reduce substan-
tially the countdown period, which in some instances
has required as long as ten to fifteen hours.

Another clectronic system essential to defense is
the radio and color TV system used by the Strategic
Air Command. By means of advanced radio communi-
ations techniques and equipment, command head-
quarters at Omaha can maintain constant touch with
our bombers all around the globe. Briefings at the
home base are conducted with the aid of color TV.

16 Backstrut for long-runge radar goes into place
at BMEWS installation in the Far North.

Under development for the Air Force is a Data-
Link program to provide automatic ground-to-air com-
mumnication of commands for intercept, tactical con-
trol, traffic control, and other air operations. This sys-
tem makes use of digital computer techniques for data
transmission and reception, facilitating the control of
large numbers of aircraft.

Now under construction is America’s Ballistic Mis-
sile Larly Warning System (BMEWS). This system,
started carly in 19538, is being built to provide an carly
warning of a mass intercontinental ballistic missile at-
tack upon the United States and Canada. RCA, as
weapon systems manager to the Air Force for BMEWS,
is responsible for planning, system design, production
supervision, installation, and initial operation.

Giant projects like BMEWS are taken in stride by
systems engineers, who have grown used to the mount-
ing challenges of defense and space electronics.

When the Air Force’s Atlas missile blasted into
orbit on December 18, 1959, it carried the world’s first
successtul satellite communications relay svstem, de-
signed and produced by RCA’s new Astro-Electronic
Products Division, in cooperation with the Army Sig-
nal Corps. This “talking” satellite brought the voice of
President Eisenhower to earth from outer space.

By the time the history-making satellite relay
ceased functioning with the exhaustion of its power
supply after nearly two weeks, it had shown the way

www americanradiohistorv com


www.americanradiohistory.com

[\ LA~ |

Tracking camera on San Salvador collects missile flight data during a test firing at Air Force Missile Test Center.

to an era of world-wide communications in which tele-
vision and radio microwaves will span oceans and
continents in international service.

SATELLITE COMMUNICATIONS SYSTEM

Engineers at Astro-Electronic Products have pro-
jected plans for an “orbital post office” employing satel-
lite relavs to transmit messages by radio around the
world. The satellite postal svstem would use standard
forms like World War II V-Mail, which would be con-
verted to radio signals, transmitted via the satellite
repeating stations, and reconverted to letter form at
the receiving end. Each space station would he manned
bv a crew of engineers who would live aboard and
commute to and from the earth by rocket.

The cover of this issue of Electronic Age shows the
form that such a communications space station might
take. Conceived by Astro-Electronic Products engi-
neers, the vehicle would be a so-called “synchronous
satellite,” rotating in orbit with the earth so that it
would remain constantly in a fixed position 22,000
miles above the equator. Each of its narrow-beam,
microwave antennas would be aimed at a specific city
on the side of the earth facing the station. Three or
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four such satellites, equally spaced around the earth,
would be able to relay microwave heams to cover the
entire globe. They could handle all the world’s com-
munications, and would make possible simultaneous
round-the-world television reception.

Much of the work of RCA Astro-Electronic Prod-
ucts is highly secret, involving projects for the military
services and the Government’s top space agencies. In
cooperation with the National Aeronautics and Space
Administration, a comprehensive scientific study pro-
gram has been formulated to improve man’s knowledge
of what lies beyond earth’s atmosphere. Much of the
work of the division is in this area. The broad cate-
gories of activity include: earth-space exploration;
satellite meteorology and weather forecasting; cloud
information systems; early warning svstems, commu-
nications relay systems; navigation svstems for space
vehicles.

Devices such as these which do man’s bidding in
millionths of a second — with the speed of the elec-
tron — are essential to the success of new weapons and
new warning systems, and to the advancement of
peaceful technology. Only electronics can meet these
challenges of the Space Age. o
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RO MORSE

N A NEw YORK cotton brokerage office a secretary
types a message on her RCA Communications tele-
S