Information

The surprising discovery that it is subject to the

same statistical treatment as heat facilitates its

storage and handling in automatic control systems

HE “lifeblood” of automatic con-

I trol is information. To receive and
act on information is the essential
function of every control system, from
the simplest to the most complex. It
follows that to understand and apply
automatic control successfully we must
understand the nature of information
itself. This is not as simple as it may
seem. Information, and the communica-
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tion of it, is a rather subtle affair, and
we are only beginning to approach an
exact understanding of its elusive at-
tributes. s
Think of a thermocouple that records
the temperature of a furnace. The in-
strument translates the temperature in-
to a voltage. This information seems
straightforward enough. But as soon as
we put it into a practical feedback loop

to control the furnace temperature, we
discover that the voltage signal is not a
“pure” translation; it is contaminated
by the heat due to random motion of
the electrons in the thermocouple. The

. contamination is known as “noise.” If

we want to control the furnace tem-
perature within a very small fraction of
a degree, this noise may be sufficient to
defeat our aim. In any case, the situa-

BRAILLE is a binary code system (dot equivalent to
1, no dot to 0). Arrangement of six digits in two col-
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umns offers 63 combinations, providing for numbers,
punctuation, diphthongs, etc., as well as the alphabet.



tion illustrates a fundamental property
of information: in any physical system,
it is never available without some noise
Or error.

Information can take a great variety
of forms. In a thermocouple the voltage
is a continuous signal, varying as the
temperature varies. But information
may also be conveyed discontinuously,
as in the case of a thermostat, which
either does or does not make an elec-
trical contact. It gives one of two dis-
tinct signals—“on” or “off.” The signals
used in control may be numbers. The
financial structure of the country is to
a large extent controlled automatically
(but not, as yet, mechanically) by the
messages sent on ticker tape to hun-
dreds of brokers, whose reactions affect
the capital structure. Railway traffic is
controlled by means of information
transmitted on a teletype tape. Auto-
matic control may include the human
mind in the feedback loop, and in that
case information takes the form of lan-
guage messages, which may control the
actions of people and nations. All litera-
ture, scientific or otherwise, represents
messages from the past, and a literature
search is a form of feedback loop which
controls further thought and action.

During the past decade mathemati-
cians have discovered with surprise and
pleasure that information can be sub-
jected to scientific treatment. Indeed, it
meets one of the strictest requirements:
it can be measured precisely. Informa-
tion has been found to have as definite
a meaning as a thermodynamic func-
tion, the nonpareil of all scientific quan-
tities. It has properties like entropy. Re-
cently the mathematical physicist L. N.
Brillouin has shown that information is,
in fact, negative entropy. For the mo-
ment, however, we shall merely state
that information is something contained
in a message which may consist of dis-
crete digits and letters or of a varying
but continuous signal. Signals convey
information only when they consist of
a sequence of symbols or values that
change in a way not predictable by the
receiver.

UMAN BEINGS have developed a
number of systems, using sets of
discrete symbols, for communication.
These can be analyzed in quantitative
terms. To keep track of a bank account
of less than $1,000.00, for example, re-
quires five “places” in a counting ma-
chine: units, tens and hundreds for dol-
lars, units and tens for cents. Experience
seems to have shown that 60 letters or
places (12 words) are sufficient for
most telegraph messages. In the deci-
mal system we do all our counting with
10 digits; in the English language we
use 26 letters. And there are many other
sets of symbols, such as the dots and
dashes of the Morse code, and so on.
In a control system, however, such

Uniform Purity?

B&A Reagents are always uniform, for
their purity is predetermined. They are al-
ways made to meet or exceed established
ACS specifications . . . the strict, impartial
purity requirements set up by the chemical
profession itself for careful analytical work.

Superior Packaging?
uperior Packaging?
B&A Reagents are “quality” packaged.
Baker and Adamson conducts a continuous
packaging research program, directed to-

What do you
look for
when you buy

Reagents?

Wide Selection —
Prompt Service?

B&A offers over 1,000 purity products of
Reagent, ACS, C.P., U.S.P., N.F. and Tech-
nical grades. To supply your needs prompt-
ly and efficiently, B&A has its own well-
stocked distributing stations located in key
industrial centers from coast to coast.

Just tell your nearest B&A office what
your particular reagent requirements are;
they will be glad to build stocks to meet
your special needs.

ward developing safer, more efficient and
more economical containers for all its prod-

ucts. Many of these containers are exclu-
sive B&A developments which are recog-
nized as some of the most important ad-
vancements in chemical packaging today.
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FINE CHEMICALS
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for when you use
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For Your Product Development Program . . . INVESTIGATE

B:A SULFUR HEXAFLUORIDE

The Remarkable New Dielectric Gas

For Use in Transformers, Capacitors and Condensers, X-Ray

Apparatus, Electronics and Nuclear Research.

One of the many
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For RESEARCH, PILOT PLANT and PROCESS USE
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Only time and creative
master-work build stat-
vre in industry. Sound
design and manufactur-
ing skill develop the
recognized leaders.

P & B, thru a whole generation of
people devoted to expression of tech-
nical skill in electro-mechanics, has ac-
quired imposing stature in the relay field.
Today, POTTER & BRUMFIELD stands
as the leading supplier of relays to indus-
try and to our armed forces. The accumu-
lated effort has established our ability to
design and produce relays for every elec-
trical and electronic application.

OFFICES IN PRINCIPAL CITIES

Take advantage of our engineering
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sets of symbols may be too complex and
cumbersome. The simplest type of com-
ponents that we can use in a control
loop is the kind of device (e.g., a relay
or thyratron tube) that can assume only
two states—“on” or “off.” This means
that it is most convenient to express
message symbols on a binary scale,
which has only two symbols: 0 and 1.
Communication consists essentially in
the progressive elimination and narrow-
ing of the totality of all possible mes-
sages down to the one message it is
desired to convey. If we visualize a re-
cipient looking at a teletype awaiting
the next symbol, we appreciate that
each symbol reduces the number of pos-
sible messages by a factor proportional
to the number of different symbols that
might be sent. In the binary notation
each symbol represents a simple choice
between just two possible ones, and this
has many advantages for expressing in-
formation.

In a message consisting of binary
digits, each digit conveys a unit of in-
formation. From “binary digit” the
mathematicians John Tukey and Claude
Shannon have coined the portmanteau
word “bit” as the name of such a unit of
information. It is almost certain that
“bit” will become common parlance in
the field of information, as “horsepower”
is in the motor field.

The number of bits in a message is a
measure of the amount of information
sent. This tells us exactly how much we
are learning, and how much equipment
is needed to handle the messages ex-
pected. Take as an example the recent
suggestion that the contents of books be
broadcast by television from a central
library, thus doing away with the need
for regional libraries. It takes seven bits
to identify one letter or other character;
on the average there are five letters in a
word and 300 words on a page. Thus it
would take only about 10,000 bits to
transmit each page as a coded message.
To televise a page, however, would re-
quire a great many more bits than that.
In order to make the page legible, the
screen would have to carry at least
250,000 black or white spots (corre-
sponding to 500 lines vertically and
horizontally ). The image would have to
be repeated 300 times, to allow the
reader 10 seconds to read a page. Hence
the required number of bits would be
75 million (300 X 250,000) instead of
10,000. Since an increase in the amount
of information sent requires an increase
in the bandwidth of the broadcasting
channel, it is clear that the televising of
books is not an efficient method.

AN information in the form of a
continuously changing voltage be

of the same nature and be measured in
the same units as numbers from a count-
ing machine or words in a communica-
tion network? At first sight this does not
seem possible, for it has long been con-

What kind of insulation will they use

in the push-button plant of tomorrow ?

® The “automatic plant” of tomorrow
will be operated round the clock. The
insulation for vessels and piping must
be durable enough to reduce or elim-
inate the phenomenal cost of shut
downs due to insulation failure.

This insulation of the future is on
the market now and you can buy it.
It’s FOAMGLAS, the only rigid, all-glass
insulation. FOAMGLAS is a light weight
block of cellular glass containing mil-
lions of tiny air bubbles. It will not
absorb water. It will not transmit

vapor. When properly installed, FOAM-
GLAS may be considered impervious
to the No. 1 destroyer of ordinary in-
sulation—moisture.

If your insulation must operate in a
corrosive atmosphere, never forget
that FoaAMGLAs has the chemical re-
sistance of a true, inorganic glass.
And it contains no organic fillers or
binders.

Send the coupon. We’ll mail you a
free sample of FoAMGLAs and a copy
of our latest booklet.

PITTSBURGH CORNING CORPORATION - PITTSBURGH 22, PA.

I

glass. The only cellular glass insu-
lation is FOAMGLAS. This unique
material is composed of still air,
sealed in minute glass cells. It is
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' FOARMGLAS

_CORNING

Pittsburgh Corning Corporation
Dept. AM-92, 307 Fourth Avenue
Pittsburgh 22, Pa.

Please send me, without obligation, a sample of FOAMGLAS and
your FREE booklets on the use of FOAMGLAS for: Normal Temperature
Commercial, Industrial and Public Buildings [] Refrigerated Structures [
Piping and Process Equipment []
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sidered axiomatic that a record of a
continuous variable contains an infinite
amount of significant information. Ac-
tually that is not so, for the reason that
no physical measurement can resolve
all of the information. The resolving
power of a microscope, for example, is
determined by its aperture, which is
finite and therefore sets a limit on the
fineness of discrimination. This theorem
can be generalized to all instruments.
Now Shannon, in his famous theorem
on communication theory, has shown
that when such a limitation exists, one
can collect all the available information
in a continuous signal by sampling it
at certain finite intervals of time. Con-
versely, it can be proved that the con-
tinuous signal can be exactly recon-
structed from the finite points, provided,
of course, they are taken at the required
frequency, determined by the aperture.
A series of numbers, or of amplitudes
sampled periodically, will completely
specify the signal. Hence a message of
this kind can be expressed as a series
of binary digits.

So far the most extensive application
of the principle has been the recording
of infrared spectra in digital form on
punched cards. With the information in
this form, a spectrum can be read and
interpreted by means of automatic com-
puting machinery, much more rapidly
than one could read the conventional
graphic record by visual inspection. The
diagrams on page 134 illustrate a simple
case. They show a conventional record-
ing of the infrared spectrum of solid
cyclopropane, and the same spectrum
as recorded in digital form on punched
cards on the basis of 500 sample read-
ings. The recording, however, includes
the spectrum of water vapor in the air
within the spectroscope, which must be
subtracted to get the true spectrum of
the compound under study. The sub-
traction would be very tedious to do
by hand on the graphs, but it is easily
done by a computer from the punched
cards. It reveals that the infrared spec-
trum of the compound has two distinct
peaks. By certain numerical treatments,
suggested by communication theory,
we can reduce “noise” in the record and
smooth the curve to show the peaks
more clearly. In short, the computing
machine extracts more information from
the record than we could otherwise ob-
tain.

O FAR we have used “message” and
“information” interchangeably, but
there is a distinction between them. The
information content of the signals is
reduced by the noise that comes with
the message. The central problem of
information theory, now undergoing
investigation, is to determine the best
methods of extracting the sender’s mes-
sage from the received signal, which
includes noise. A magnetic storm can
garble the telegram “I love you” into

Here’s how the BECKMAN EASE COMPUTER

e,o<da

simplifies jet plane
design for a leading
aircraft manvfacturer

cto‘S r

8a = aileron deflection

about trim
8 r = rudder deflection
about trim =
Y= yaw
= rate of yaw -
@ = roll
@ = rate of roll
B = sideslip

k = roll coupling constant

To minimize the high costs of designing
controls through actual flight tests, a
major aircraft builder now employs the
new Beckman EASE Computer to pre-test
designs while still on the drawing board.

A Typical Problem . . .To design automatic
stability that would eliminate yaw or side-
skidding oscillation in piloting a jet fighter
from a standing position into near-vertical
flight to an altitude of 9 miles.

How the EASE Solved It...The diagram
above shows how the Beckman EASE
Computer was used to quickly solve the
problem without costly flight experimenta-
tion. A control-system mockup was de-
signed which generated voltages propor-
tional to aileron and rudder deflections
made by movement of mockup stick and
pedals. These voltages were fed into the
EASE, which was internally connected by
an easily changed plug-in system so that
its electrical response was analagous to the
known characteristics of the plane in flight.

The output voltages, varying in proportion
to the flight-path characteristics of the ac-
tual plane under similar stick and rudder
variations, provided data on the rate of
yaw and roll. Varying these two operating
conditions during the simulated perform-
ance was merely a matter of turning knobs
on the EASE, with conversion to the final
airplane made by means of a rate gyro.

Airborne performance completely con-
firmed the design as developed with the
Beckman EASE Computer!

BECKMAN INSTRUMENTS

control modern industries

RUDDER

YAW | |HYDRAULIC
DAMPER [7| ACTUATOR

400",
CHOPPER

WHAT ABOUT YOUR DESIGN PROBLEMS?

The Beckman EASE Computer is cur-
rently being used to solve design problems
on such products as guided missiles, sub-
marines, railroad cars, automobiles, mili-
tary vehicles—and has many other time
and money-saving applications in industry
and research. It is not only, by far, the
lowest priced quality instrument in the
field . . . but its unitized design, employing
compact rack-mounted components, per-
mits the user to select a custom computer
which meets his exact requirements—
whether as equation solver, simulator, or
tester. Let us study your design problems
and make helpful suggestions on applying
the EASE to your operations!

Get complete details on this new
Beckman advancement by
writing for Data File 18 — 48

'ELECTRONIC ANALOG SIMULATING EQUIPMENT,

Special Products Division

BECKMAN INSTRUMENTS, INC.

SOUTH PASADENA, CALIFORNIA
Factory Service Branches: New York— Chicago —Los Angeles

Beckman Instruments include : pH Meters and Electrodes — Spectrophotometers — Radioactivity Meters — Special Instruments
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Success stories of

CARBOLOY

SCREATED -METALSE

S

To save space and weight,
new aircraft magnetos by
Scintilla Magneto Division,
Bendix Aviation Corpora-
tion, now feature rotors made
with Carboloy Permanent
Magnets. Figure A shows
old-style rotor weighing 4
lbs. 9 ozs. Figure B shows
newly designed Carboloy
Permanent Magnet rotor
weighing only 2 lbs. 4 ozs.
Another instance of product
improvement with a famous
Carboloy created-metal.

Magnets that spark smaller magneto designs

Designing fast-sparking magnetos for new, high-output aircraft engines
is tough. Performance must be stepped up. Yet, size and weight must be
reduced to dovetail with modern plane design.

That’s why you’ll find magneto rotors now made with Carboloy Per-
manent Magnets. For extremely high energy is packed into the small
Carboloy Permanent Magnets, and motor size and weight are slashed.
Result? A smaller rotor does a bigger, better job.

Carboloy Permanent Magnets are powerful, independent, self-contained
sources of energy that never fail. They contribute to design improvement
today in controls, switches, machines, motors, generators, instruments . . .

. wherever size, weight, adaptability, improved performance are a challenge
to process and product betterment, lowered costs.

MASTERS IN METALS

Perhaps Carboloy Permanent Mag-
nets can_ help improve, simplify
your products or production meth-
ods. Or, it may be that another of
the famous Carboloy family of
created-metals can serve you:
Carboloy Cemented Tungsten
Carbide for cutting tools, dies, wear
resistance; new Grade 608 Chrome
Carbide for high resistance to cor-
rosion or erosion, combined with

good abrasion resistance; or Hevi-
met for better balance weights,
radioactive radiation screening.
For complete data, application
techniques, get in touch with a
Carboloy engineer, or write for
technical literature. And look to
Carboloy metallurgists for con-
tinued pioneering in even broader
fields of use for these and other
Carboloy created-metals.

*“Carboloy’’ is the trademark for the products of Carboloy Department of General Electric Company.

CARBOLOY

DEPARTMENT OF GENERAL ELECTRIC COMPANY

11199 E. 8 Mile Blvd., Detroit 32, Michigan
Plants at Detroit, Michigan; Edmore, Michigan; and Schenectady, New York

FIRST
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ALNICO PERMANENT MAGNETS

for lasting magnetic energy

CEMENTED CARBIDES

for phenomenal cutting, forming, wear resistance, including

CHROME CARBIDES for exceptional resistance

to abrasion with erosion or corrosion

HEVIMET for maximum weight in minimum space,
and for radioactive screening

IN MAN-MADE METALS FOR BETTER PRODUCTS

W it %ym‘?“

MICROCARD makes room for 60

average book-size pages on 3-by-5

“I hate you.” In fact, there is absolutely
no way of being certain of transmitting
a given message. Nothing is certain ex-
cept chance.

One method of reducing the proba-
bility of error is to repeat the message.
This does not improve the reliability
very much and is expensive in band-
width. The amount of “snow” in a tele-
vision picture, for instance, could be
halved by repeating each picture four
times in the same interval of time, but
this would demand four times the chan-
nel width. And the band available for
television channels is limited and valu-
able. On the other hand, to get more
information through a given bandwidth
usually requires more hardware in the
transmitter and the receiver, the amount
increasing exponeritially.

A more economical procedure for
reducing the probability of error is to
use redundancy. For instance, the mes-
sage could be sent as “I love you, dar-
ling.” This increases the chances of
correct reception of the meaning with-
out requiring as much extra time or
bandwidth as mere repetition of the
message would.

One of the cleanest examples of auto-
matic control is the solution of a mathe-
matical problem by such a procedure on
a computing machine. A computing ma-
chine is a communications network in
which messages (numbers) are sent
from one part to another. The reduc-
tion of errors, naturally, is most impor-
tant. However carefully the machine is
constructed, errors inevitably creep in.
Now usually there is no redundancy—
the number 137 means one thing, and
138 distinctly another. But we can add
redundancy, say by the method of car-
rying along the digit left after casting
out nines, and can test these extra digits
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inch surface. A single library catalog
tray can hold as many as 72,000 pages.

after each arithmetic operation. This
requires more equipment (or bandwidth
in a general sense), but a 20 per cent
increase is sufficient to handle enough
redundancy to reduce the possibility of
overlooking an error to one part in 100
million.

The classic device for reducing ex-
traneous noise in ordinary signals is a
filter. For example, by cutting out high
frequencies in a radio signal we can
eliminate the high-pitched hissing com-
ponents of noise without loss of message
content, for the original message seldom
contains such high frequencies. But to
reduce the noise within the frequency
range of the message itself is more diffi-
cult. Noise is universal and insidious,
and elaborate devices are needed to
overcome it. A wide variety of ap-
proaches, collectively called “filter the-
ory,” has been considered. The most
fascinating is in the direction of suitable
coding of messages with the aid of com-
puters.

]’_JET US examine a simplified illustra-
tion based on the problem of using
radar for “Identification of Friend or
Foe.” We can send out a radar pulse of
a specific pattern, which a converter in
a friendly plane will change to another
pattern but which an enemy plane will
reflect unchanged. At long range, how-
ever, noise may confuse the pattern so
that we cannot tell friend from foe. The
question is: What is the most suitable
pulse shape, and to what shape should
it be converted, to give the smallest
chance of making a mistake? Let us as-
sume that the pulse wave can be above
or below or at the zero level. We can
therefore express the information in a
ternary (instead of binary) notation of
three digits: —1, 0, 1. We shall also as-
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Here's a tape recorder so sensitive
that it catches research data which
human ears frequently miss. Much
valuable time is saved in exploring
production secrets, vibration
tests, telemetering, computing,
automatic control and develop-

ment programs.

This new “audio notebook’ catches
the sound once — but you can
listen to it over and over again,

professional

égé/l‘d/f/lb’
mag?zefz'c
recorders

using this “on-the-spot’” report for
further engineering reference.

Manufacturers,

many on govern-

ment classified work, use
Magnecorder to solve their
knottiest problems. Magnecorder
is their choice, just as it is the
3 to 1 choice of radio engineers
throughout the country.

Use the MagneCordette
(the world’s lowest
priced professional tape
recorder) in your office
or home. Record your
business conferences,
sales reports and meetings
with absolute true-to-life
accuracy for later
reference. Ideal for
perfect home recording
— radio or microphone.

. & }
W for descriptive literature or

refer to your classified telephone directory
under ‘‘Recorders’’ for a demonstration

INagnecord wc. ou. sns

225 W. Ohio St., Chicago 10, III.




esistors

For over twenty years
producers of the largest,
most complete line of
types with innumerable
shapes, sizes, mount-
ings, and characteristics
for JAN, MIL, and com-
mercial uses.

THERE’S NO
SUBSTITUTE...

in exacting mod-
ern circuitry for
precisely made, ac-
curately calibrated,
fully stabilized
precision “wire
wounds’’!

and Components

Rotary Selector Switches « Audio
Attenuators + Decade Resistances ¢
Voltage Dividers * Resistance Stand-
ards * Low-Resistance Test Sets ¢
Wheatstone, Kelvin-Wheatstone,
Wheatstone-Megohm, Percent Limit
and Fault Location Bridges « High
Voltage Measuring Apparatus
Telephone Transmission Test
Equipment+Galvanometers
« Custom-Built Electric-

Electronic Specialties.

Write for Catalog DC-9

Shalicross Mfg. Co.

COLLINGDALE, PA.
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sume (as often happens in practice)
that a noise pulse of 1, added to a signal
pulse of 1, gives 1 in our limited detec-
tion equipment. Now it is easy to see
that if we merely used a positive pulse
for “friend” and a negative pulse for
“foe,” one would frequently be con-
verted into the other when the noise-
to-signal ratio was high. Let us then
introduce some redundancy by using
a double pulse.

There are nine possible signals. They
can be represented as vectors in two di-
mensions (see diagram on page 146).
Now of the nine vectors we need only
two for our message. Which two should
be chosen to give the least chance of
error due to noise? It turns out that the
best choice is the pair of vectors directly
opposite to each other, because the
noise patterns required to convert one
to the other would in these cases be the
least frequent.

Messages as a rule can be mapped
with a great number of dimensions. And
in such cases it proves to be feasible to
select the vectors entirely at random
rather than by definite rules (which are
too complicated to work out). Now a
random signal, by definition, is noise.
In other words, we have the paradox
that the best way to encode a message
is to send it as a typical noise pattern.
The selected noise patterns correspond

Revival v Light

MICROFILM holds 1,500 8.5-by-11
inch pages per 100-foot 35-millimeter
reel, yielding a 99 per cent reduction
in the cubic library space required.

otentiometers

Linear and functional output,
rugged construction, ball bearings,
small size, low torque,
syncro-type mount.

CAl o
C/?K(?‘//ﬂ/
Push-pull motion, linear and functional

output, high resolution,
rectilinear potentiometer.

C/yk//// A
.
Functional and linear outputs,

coils independently adjustable,
variety of flexible assemblies.

@///m/(-;y//g

Linear output, minimum torque,
potentiometer and selsyn outputs,
most ultra sensitive of them all.

These potentiometers are available in
a variety of resistance values

and circuits. For details on these

and other fine instruments, write:

G. M. GIANNINI & €O., INC.
Pasadena 1, Calif,




MIDWESTERN HYDRAULIC
SERVOVALVE

e HIGH PERFORMANCE . . . Servo-
system natural frequencies up to
100 cps are feasible.

® DEPENDABLE . . . The servovalve
operates on unfiltered oil.

e NO EXTERNAL LEAKAGE . .. A
small, separate drain line returns
slight leakage to the sump.

® BALANCED DESIGN . . . The
symmetrical twin-piston design
assures smooth operation under
adverse vibration conditions.

@ SAFE...Both pistons are readily
accessible for separate mechani-
cal actuation and may be utilized
for safety limit stops in servo-
systems.

Only four watts of input power are

required for precise control of ten

horsepower. The servovalve will
operate at pressures ranging from

200 to 3000 psi, delivering from

% to 10 hp to the load at those

respective pressures. By utilizing

Midwestern’s  versatile electronic

servoamplifier with this servovalve,

a complete servosystem can quickly

be put into operation. Write for

complete specifications.

s AAANNNANANDA,
Il MIDWESTERN

GEOPHYSICAL LABORA

I

to an ambassador’s code book. The pat-
terns can be decoded mechanically at
high speed in a computing machine.
Methods of this type seem to be the ul-
timate in maximizing the rate of trans-
mittal of information.

Every system of communication pre-
supposes, of course, that the sender and
the receiver have agreed upon a certain
set of possible messages, called “mes-
sage space.” In the Western Union sys-
tem this message space consists of all
possible strings of English words of
reasonable length, but it does not per-
mit foreign words. Wall Street has a
more restricted set of messages. A read-
er of ticker tape could expect the mes-
sage “Ethyl 24-1/4” but would be taken
aback by “Ethel pregnant.”

Messages used in technological ap-
plications of automatic control also are
restricted to a definite space. For exam-
ple, a thermocouple used to control
furnace measures temperatures only
within certain limits, and if the mes-
sage came through as “one million de-
grees,” one could legitimately expect
the whole feedback system to throw in
its hand. If information is to be used for
automatic control, the message space
must be defined, and safeguards such as
fuses or switches must be provided to
eliminate all messages outside the es-
tablished message space. This prevents

RAPID-SELECTOR film has key
words encoded in control track at
the left for scanning by photocell.

COMBINATION STARTERS

for SAFER

more compact installations

Bulletin 713
Automatic
Combination
Starter with
circuit breaker.

Bulletin 712
Avutomatic
Combination
Starter with
fused discon-
nect switch.

® Simplify your wiring jobs . . . make
safer, neater installations . . . with
Allen-Bradley Bulletin 712-713 Combi-
nation Starters that have all units—dis-
connect switch, fuses, and motor starter
—in a single cabinet. There is greater
safety to personnel since the interlocked
disconnect lever must be in the OFF
position to open cabinet.

Allen-Bradley combination starters
are compact units . . . ideal where
starter space is at a premium.

For trouble free combination starters,
install these Allen-Bradley units, today.

ALLEN-BRADLEY
| MOTOR CONTROLS
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made to

your order for

resistance values
size

temperature
coefficient

mountings

TELETYPE five-column tape offers
63 different combinations of bits
(punch or no punch) per row.

quality

Typical application
in capsule form for
temperature sensing

obiadaiiic of. the control from going wild. For in-

stance, in a given process certain quan-
tities may be known to be never nega-

Widely useful as temperature measuring elements and as tive, and the control program must
FEE ¢ ; provide that if a test does show a minus
liquid level sensors, these temperature responsive resistors sign, the process is stopped or repeated.

are built by Bendix-Friez under a system of quality controls UTOMATIC control requires the

set up to meet exacting military standards of accuracy. You storage of information received
from the system’s sensory instruments.

can count on them as the very best obtainable, whether pur- For this a digital device, which simply

chased from stock or made to your own specification. Ask stores numbers, is better than an ana-
: s logue device. And the binary system is

for a list of apphcatlons. especially convenient. The most efficient
known mechanism for the retention of

STANDARD TYPES TMMEDIATELY AVAILABLE information is the human brain. Recent

physiological experiments suggest that

the brain operates not with continuous
Size (inches) @ +30°C. @ 0°C. (@ —30°C. signals but with sampled digital infor-
mation, probably on a binary system;
.140 x % 45 ohms 86 ohms 194 ohms nerves seem to transmit information by
the presence or absence of a pulse. The
040 x 1.5 12,250 ohms 26,200 ohms 65,340 ohms brain, with its ability to store vast
amounts of information in a tiny space
018 x 1.5 35,000 ohms 82,290 ohms 229,600 ohms and to deliver specified items 'onl de-

mand, is the model which automatic
Write for details to Dept, A control design strives to imitate.
Among artificial memory devices the
most efficient is the photographic emul-
sion. Not only can it pack a great deal

FRIEZ INSTRUMENT DIVISION of : of information into a small area, but

1324 Taylor Avenue « Baltimore 4, Maryland ~e=mwfigo o l each spot is capable of recording about
Export Sales: Bendix International Division, 72 Fifth Ave., N. Y. 11, N. Y. AVIATION CORPORATION 10 distinguishable levels of intensity.
Microfilm in particular is a very effec-

tive means of storing printed or pictorial
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‘¢ | NEED HIGH PERFORMANCE

If you need high performance in servocontrols, you need
Askania Hydraulic Control. Askania combines all the

desirable characteristics that add up to high performance:
high power output; high ratio of torque to inertia; high

starting torque; high damping; non-compressible me-
_ dium; heavy construction for dependability and long life.

| NEED HIGH RESPONSIVENESS "%

Unusually good frequency response (in some cases flat ¥
amplitude ratio up to 20 c.p.s. with 60 c.p.s. carrier) is

a built-in characteristic of Askania control. Askania sig-

nal systems, both mechanical and electrical, are made to

respond to minute signal changes.

THEY

BOTH NEED ASKANIA CONTROL

Werite for information about Askania automatic control with

the exclusive Jet Pipe relay. For analog computer service,
servo design, and special electronic manufacturing, address

Special Devices Division.

ASKANIA REGULATOR COMPANY, CHICAGO 11, ILL.

Aremac Cameras are now concisely
and reliably recording, for
permanent reference, new frontiers
in the fields of science,
engineering and industry ... from
aviation instrumentation flight
data to oscilloscope tracings.
Complete information on the
F A application and operation of both
o the Model 1013 Aremac Data
Camera and the Model 1015 Aremac
Recordoscope Camera is available. =
| Aremac Associates are engineering
e specialists in the design and
.~ production of precision optical
equipment and instrumentation.
Write today for literature and i
complete details

MAGNETROL

L1 QUID
L E V- E L
CONTROLS

for practically
ANY LIQUID

at any TEMPERATURE
at any PRESSURE

Permanent, unfailing magnet-

ic force transmits level travel
to switch mechanism. NO mechan-
ical or electrical linkages.

TANK FLOAT SWITCHES

® TOP MOUNTING
® SIDE MOUNTING
® EXTERNAL FLOAT CAGE

BOILER WATER LEVEL
CONTROLS

FLOW SWITCHES
REFRIGERATION CONTROLS
OIL LEVEL ALARM RELAYS
HIGH PRESSURE — HIGH

TEMPERATURE UNITS
DIFFERENTIAL PRESSURE
SWITCHES

Write for Complete Catalog

® MAGNETROL, inc.

2100 S. MARSHALL BLVD., CHICAGO 23

information. Ultimately every man may
have on microcards a library as large as
he likes.

For the sake of compressing informa-
tion into as small an area as possible,
the ability of emulsions to record de-
grees of brightness is given up, and all
that is asked of a grain is whether it is
black or not. In other words, the tech-
nology of this medium is tending to a
binary system.

The recording of information in the
conventional form of printed matter is
wasteful of space, even when the print
is reduced by photography to micro-
scopic dimensions. The printing of a let-
ter requires a certain area of paper,
which we can imagine as a grid with
certain squares blackened to form the
letter (see diagram below). Some
modern high-speed printers actually use
this method, pushing forward certain
pins from a matrix to mark each letter.
In order to print passably legible letters
the matrix must have at least 35 pins.
In contrast, the binary digit notation
needs only five places (instead of 35)
to record the 26 letters of the alphabet,
and only seven to give all the symbols
of printing, including capitals, numerals
and punctuation. Louis Braille recog-
nized this when he used a binary system

LETTERS need 35 bits (here black
and white squares) for graphic re-
production. Braille uses but six bits.



for his method of recording information
for the blind.

The most efficient means of recording
is by photography and binary digits.
The finest commercial emulsion pro-
vides 32,400 resolvable dots or blanks
per square millimeter. Allowing for the
fact that at present the emulsion has to
be mounted on a glass plate a millimeter
thick, we have a medium which will
store 40 million bits per cubic centi-
meter. If translated to binary code and
recorded as black and white spots on
this emulsion, all the words in all the
books of the Library of Congress could
be stored in a cubic yard.

Storage on photographic emulsion is
not yet practicable because of the diffi-
culties of retrieval: reading microfilm is
not particularly easy or convenient.
There are available, however, other
means of compact storage—punched
cards or tapes, magnetic tape or drums,
electronic storage tubes, printed circuits
with miniature tubes or transistors.

UTOMATIC control requires storage
of information for various pur-
poses. In many cases the fact that in-
formation is stored is not apparent, but
analysis shows that there is a delay dur-
ing which the reported condition of the
system is compared with certain stand-
ards. Discrepancies are discovered and
corrected by feedback to the control
organs. This is often done “instantane-
ously” by voltages stored in condensers,
but more sophisticated control demands
storage of a considerable history. We
have seen that if a serious attempt is
made to reduce noise associated with
the message, sections of the received
signal must be stored for a time to al-
low “filtering” of the signal by com-
parison, with the code book.

This kind of control is “non-linear,”
because the control signals are not sim-
ply proportional to the information sup-
plied by the sensing instruments. Many
aspects of these problems lie in new
fields of applied mathematics, which
when more thoroughly understood will
open up wider fields of automatic control.

Some kinds of automatic control de-
pend on statistical analyses of informa-
tion received and stored in an extensive
memory device. For example, electric-
power companies have to control their
production continuously as the load var-
ies from hour to hour, day to day and
season to season. A feedback loop from
the immediate load is not sufficient, be-
cause stocks of fuel have to be accumu-
lated in advance. The load must be an-
ticipated many hours or even weeks
ahead, and this can only be done with
statistical knowledge. The power com-
panies would be delighted to have good
" weather prediction, particularly for next
winter, in order to increase their stock-
pile of fuel in ample time.

Another area where we can antici-

dependable instruments,,

The Heiland A-500 recorder embodies
many features found only in much larger
instruments...easy loading; four quick
change paper speeds; precision time lines;
trace identification; paper movement in-
dicator; direct monitoring of galvanometer
light spots. Case dimensions 634" x 978" x
1234”. Weight 33 1bs. Paper width 4”-100"
long. Available for either 12 volt or 24
volt D.C. operation.

An 8 volt battery pack provides self con-,
tained power source affording complete
portability and flexibility to the Heiland
A-401 Recorder. Other features are similar
to the A-500. Case dimensions with battery
pack 7” x 915" x 1214”, without 414" x
915" x 1214"; Weight with pack, 39 lbs.,
without, 22 lbs. Single speed. Paper width
2”-100" long. Available for 12 volt or 24
volt D.C. operation without battery pack.

guuptetsly P

Accurate oscillograph records provide data for better product
design and performance. Heiland recorders are being widely
used for numerous aircraft, laboratory and industrial applica-
tions. Write today for Heiland catalog of recorders, galva-

nometers and associate equipment.

A-500 12 channels

6 channels

HEILAND RESEARCH CORPORATION . 130 E. Fifth Avenue, Denver, Colorado
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To Help You Put The

ernor). But only now

and inspection.

One of the few organizations which
consults, plans, designs—and also
BUILDS and INSTALLS a complete
range of Cybernetic controls—In-
dustrial Controls, Inc. was (for ex-
ample) engaged by one of the world’s
greatest industries to design and build
control equipment for aircraft engine
testing.

525 N. NOBLE STREET o

SUPERMAN of (@ybernetics

in control of your PI.ANT PROBI.EMS

T ue Greeks had the word . . . CYBERNETES (Steersman or Gov-
with electronic, isotopic and other “automatic”
means of sensing, evaluating and controlling variables—is CYBER-
NETICS taking the driver’s seat in industrial operation, production

Industrial Controls, Inc. may help you
to: (1) Vastly Improve Quality by new
control refinements; (2) Minimize
Human Error in manufacturing processes
and the safeguarding of product and
equipment; (3) Provide Factors of Cost
Reduction, and Material, Labor, Equip-
ment and Time Conservation that may
be revolutionary.

In Cybernetics may lie the key to leadership in your industry. The sooner

Industrial Controls, Inc. can begin work with you—preferably in the unit

planning of new operations—the greater your advantage. We will gladly
help you explore your controls situation if you will write or telephone. Write
for “CYBERNETICS”, an engineering discussion for industrial leaders.

INDUSTRIAL CONTROLS, INC.

CHICAGO 22, ILL.

PHONE TAylor 9-6606

A Library Binder

SCIENTIFIC
for | AMERICAN
Sl

€ A handsome and durable library
binder in which to keep your copies
of SCIENTIFIC AMERICAN.

€ Bound indarkgreen library fabric,
gold leaf stamped, holds 12 issues.
« Copies in binder open flat, may
be inserted or removed separately.

Address your order, enclosing check or
money order for $2.50 for each binder, to:

r————-——————-——————-i
Department B | SCIENTIFIC AMERICAN |

I

I

|
: 2 West 45th Street, New York 36, N. Y.

AUTOMATIC
CONTROL
INSTRUMENTS

Used extensively to control temperature of
plastic moulding machines, furnaces and
kilns, these fine precision instruments also
control other variables=—vacuum, torque,

pressure, resistance, ete.

Model JP (Shown) Proportioning controller
for fine control in exacting applications.
Price $185. Write for Bulletin JP-1.

Model J Two position on-off controller. Re-
liable control with no tuning or adjustment.
Price $165. Bulletin J-3.

Model JL Combined high limit and on-off con-
troller. Price $177. Bulletin JL-1.

Also indicating pyrometers and stepless controllers.

CORPORATION

Instruments of Precision

529 N. Noble St. Chicago 22, IiI.
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SIMPLE CODE system shows how
redundancy can help secure trans-
mission of “yes” and “no.” Pulse
wave can be at, above or below zero—
1, 0 or -1. But noise might easily
distort 1 to -1. With double pulse,
as shown, 11 is less liable to be dis-
torted to -1-1. Message 11 is like “yes,
please”; -1-1 is like “no, thanks.”

pate a substantial degree of automatic
control based on statistical analyses is
in the recently developed inventory ma-
chines used by stores. As each sale is
made, a record is sent to a central com-
puter, which in its most elementary form
merely subtracts one from the inventory
of the item sold. When the stock is re-
duced to a certain level, the machine
prints instructions to replenish it.

This field of control comes under the
head of operational analysis, which sub-
stitutes precise formulations for human
opinion. It attempts to describe a busi-
ness phenomenon by a working model,
usually in the form of a set of equations.
It is not difficult to visualize the possi-
bility of using these formulas for auto-
matic control of the routine part of a
store’s business. For example, the num-
ber of items to keep in stock depends on
the probable sales, the profit and the
cost of storage. After an operational
analysis has yielded an answer to this
complex problem, the solution can be
inserted in an inventory type of com-
puting machine as simple control num-
bers. A more complicated situation arises
in judging when to fill stocks of several
items which are interchangeable to a
certain degree, e.g., shirts of different
styles. The inventory machine now has
to do a little arithmetical manipulation
of the numbers of the various inter-
changeable items in its storage. A fur-
ther elaboration comes when the inven-
tory machine has to take into account
the effect on sales of the onset of Christ-
mas or of a competitor’s sales promo-
tion.

A working demonstration of the pos-
sibilities in this field is provided by
the addressing machines now employed
by large mail-order houses. Out of a



list of, say, 15 million names, it has
been customary to choose about half
for the semiannual mailings of the cata-
logue. The selection of names, in the
past, was made manually by rule-of-
thumb procedures, such as any mer-
chandizer might be expected to develop
over a lifetime of experience. Today the
names are processed on stencil plates in
which a considerable variety of infor-
mation bearing on the customer’s prior
sales history is encoded. With such in-
formation available to mechanical ma-
nipulation, it is possible to bring a high
order of sophistication to bear upon the
task of selection. In fact, fairly compli-
cated equations are employed, with gen-
eral economic and market trends fac-
tored into the weighting of the informa-
tion on the stencils. The result has been
to improve the net return on catalogue
mailings by many millions of dollars.

We can expect to see in the future
automatic machines which will make
decisions in business and military opera-
tions by the application of the theory
of games, developed by John von Neu-
mann and others. One can readily im-
agine the inventory machines of two
large department stores waging a battle
for domination of a market. It is known,
for example, that a sales campaign by
one store sometimes stimulates sales in
a competitor. One inventory machine
may suspect, from a spurt in the sale of
shirts by the store during an ordinarily
quiet period, that the competitive store
is in short supply of shirts. If it finds
that its own store has a large stock of
shirts, it will automatically suggest a
sales campaign to put the competitor in
an embarrassing position.

Explorations in the field of machine-
devised game strategy are already being
made. It is rumored that a computing
machine in the U. S. will play a machine
in England at chess. These machines
will not attempt to play by arithmetic
evaluations of all possible plays. They
will have to learn to play the game and
develop their own strategies. Learning
is to a large extent the putting of infor-
mation into a memory and the develop-
ment of an ability to recognize connec-
tions. Appropriate or even ingenious ac-
tions may then be taken on the basis of
the learned and stored experiences.
Computing machines are capable of
these processes.

HE game-playing performances of

machines will serve as valuable
guides to the art of control in more im-
portant fields of endeavor. Research in
science or engineering, for example, in-
volves elements of automatic control.
New experiments done in the labora-
tory, or new designs, are controlled by
the success or failure of what has been
done in the past. But the feedback is
sadly incomplete. So much information
is being produced that no research work-

ELECTRONIC GOVERNORS FOR PRIME MOVERS

ADJUSTABLE TO STOP STROBOSCOPIC IMAGE!
CHECK THESE PLUS PERFORMANCE FEATURES!

e Speed accuracy —%% to .00?

e Zero droop —no load to full load.

e Time constant adjustable to prime mover.

e Response is dead beat —non-overshooting.

e Speed, torque, acceleration interlocking possible.
e Unfailing one parameter stability. (not affected by load)

Years of expensive
basic research eliminated.
Inexpensive package
unit available to
prove performance
on YOUR equipment.

MOTRON

Jor the solution to your problem write to:

W. C. ROBINETTE CO.

802R Fair Oaks Avenue
South Pasadena, California

SERVO

USE ON ELECTRIC MOTORS, GAS OR DIESEL ENGINES, MECHANICAL OR HYDRAULIC VARIABLE TRANSMISSIONS
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Integro-Differential Analyzer
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6666060 -.

Leading design and research engineers have
found that one IDA computer does the work of
2 ordinary computers — because of such ahead-
of-the-field features as those outlined below:

DDA DOD

DA ODID

Interchangeable Set-up Boards: permit problem change-over
in minutes; thus IDA is always at work, there's no lost set-up time!

20 Uncommitted Amplifiers: perform any computing function; and any required
I scale factor may be used for any number of inputs to any amplifier.

Hold Control: usually found only in most expensive computers, permits introduc-
tion of gross non-linearities.

8 Initial Conditions: once fixed, are automatically restored after each solution.

New Extra-Conveni Compact with the IDA you can actually sit at your
desk while you compute!

Read for yourself the complete story on the truly advanced IDA computer. See how its twofold greater
efficiency boosts your own. Just write for Catalog SA. Includes theory, set-up, typical examples.

Distributed Nationally by Burlingame Associates, 103 Lafayette Street, New York 13, N. Y.

IDA is manufactured by COMPUTER CORPORATION of AMERICA
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SIMPLIFIED
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CONTROL

BRADLEY PHOTOCELLS

@ Direct conversion of light into elec.
trical energy—without external volt-
age

@ Operate meters and meter relays
without bulky amplifiers

@ Hold rating under vibration, shock,
and temperature changes

BRADLEY LUXTRON® PHOTO-
CELLS are self-generating. They
simplify control circuits, while
making- them more precise. Light
in weight, rugged and true to rat-
ing, they give long life under the
severest operating conditions. In
addition to the housed model
shown, Luxtron photocells are
available in wide variety of shapes,
sizes and mountings.

Our Engineers will be glad to advise
on best type for your purpose. Please
write for our catalog.

BRADLEY
LABORATORIES, INC.

PHOTOCELLS, COPPER OXIDE AND SELENIUM lEﬂIﬂEﬂS/
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er or engineer can be aware of all that is
pertinent to his problem. In other words,
the feedback loop is terribly congested.
It is hoped that the new ideas of infor-
mation theory will help to clear up the
congestion and make the needed infor-
mation more accessible.

We have seen that it is relatively easy
to store library information for mechani-
cal handling, say by recording on micro-
film. The difficulty arises in locating
quickly the information desired. Some
progress has been made in this direction
by Vannevar Bush and Ralph Shaw,
who have developed a machine called
the Rapid Selector. Printed matter is
photographed on a large reel of micro-
film in the order in which it is received.
The information content of each frame is
described by an abstract consisting of
some 12 words. These words, called de-
scriptors, are recorded in binary form
as black and white spots on the margin
of the frame. The coded words can be
recognized by a photocell. When a re-
search worker wants to extract from the
microfilm all the material bearing on a
certain item of information, he punches
the descriptors defining this item on a

card and inserts the ‘ud in the machine.
The photocell searches the microfilm for
these words at a speed of 5,000 pages a
minute. Whenever the words on the
card match the coded words alongside
a frame, the machine makes a duplicate
of the frame.

The Rapid Selector has not come into
widespread use. One reason is that it
takes time to assign descriptors to each
page as it is microfilmed, and this con-
stitutes a bottleneck. Another is that a
mere dozen descriptors is too few to
provide an adequate abstract. The re-
cording problem might be made easier
by using a reading machine to scan
printed pages and translate their infor-
mation into bits, which would then be
recorded on the film. To retrieve infor-
mation, however, a user would have to
think of all the possible words and
phrases that might have been used in
describing the ideas for which he is
searching. To design an efficient auto-
matic library will require a good deal
of thought and study.

Information is the most human of all
the problems that the exact sciences
have yet tackled. We shall need instru-
ments like those of the human body—
memory devices like the brain and con-
trol devices like the reflex networks in
the nervous system—to handle informa-
tion for automatic control. Progress is
being made, and one of the most useful
concepts developed so far is the “bit,”
by which information can be measured,
stored, processed and transmitted most
efficiently.

Gilbert W. King is a physi-
cal chemist associated with
Arthur D. Little, Inc.

Whatever your field of endeavor

... whatever your demands on a
microscope, Leitz has an instrument
designed for your precise require-
ments. From simple laboratory
models, to elaborate research micro-
scopes, there is a Leitz microscope
for every application in science,

industry and medicine.

The microscopes shown on the
facing page are just a representa-
tive cross section of a line remark-
able for its completeness. And no
matter which type instrument you
choose, the name Leitz is your
assurance of supreme mechanical

and optical precision.

Synonymous with outstanding
quality for more than a full cen-
tury, Leitz microscopes have helped
to open up broad new horizons in
scientific achievement. Still moving
forward in the same tradition today,
advanced Leitz optics now are pio-
neering nuclear frontiers in atom
research. .. where only the best can
fulfill the exacting needs of govern-

ment and research laboratories.

Follow the example of distin-
guished specialists the world over,
and equip yourself with the finest
in microscope precision and quality.

Demand nothing less than Leitz.

For further information, write Dept. SA

E. LEITZ, Inc.
304 Hudson St., New York 13, N. Y.

LEITZ MICROSCOPES



