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All of the fabrics that go into your clothing, blankets, and
home furnishings are made of fibers. Whether plant, animal,
or man-made, these fibers are chemical structures.

Through the years scientists have developed processes
that increase the strength, beauty and durability of many of
nature’s fibers. They also have done much to overcome the
effects of weather, insects, and disease that often make these
materials scarce when they are most needed.

SCIENCE TO THE RESCUE—But scientists are restless—never
satisfied. From new sources of supply, they sought to cre-
ate fibers with special qualities. The result has been an ex-
citing variety of textiles that meet our various needs better
than they were ever met before. And the chemicals that go
into the new ones come from such plentiful materials as
coal, salt, gas—and even air.

DYNEL IS AN EXAMPLE—Nowhere have these achievements
been better shown than in dynel — Union Carbide’s new
fiber that’s made of acrylonitrile and vinyl chloride, chemi-
cals produced from natural gas.

hy man-made textiles?

Today’s man-made textile fibers bring you thrilling

UCC’s Trade-marked Products of Alloys, Carbons, Chemicals, Gases, and Plastics include

new qualities for clothing and home furnishings

Sturdy, yet soft and friendly to the touch, dynel is now
available to you in the form of blankets, underwear, socks
and many other products that are mothproof and fire re-
sistant. Also, they have shape retention, are easily washed,
and are resistant to shrinkage.

UCC AND TEXTILE PROGRESS — Dynel is the latest contribu-
tion to textile progress by the people of Union Carbide.
More than 20 years ago their mass production of raw mate-
rials for acetate and rayon helped bring early man-made
fabrics within the reach of all. And today a variety of UCC
chemicals serve industry in the production and finishing of
all forms of textile materials.

FREE: If you would like to know more about dynel, write for a copy
of “Meet Dynel.” Please ask for booklet H.

Union CARBIDE

AND CARBON CORPORATION

30 EAST 42ND STREET [I[HM NEW YORK 17, N. Y.

DyNEL TEXTILE FIBERS . BAKELITE, KRENE, and VINYLITE Plastics . LINDE Oxygen . SYNTHETIC ORGANIC CHEMICALS

ELECTROMET Alloys and Metals « HAYNES STELLITE Alloys . PREST-O-LITE Acetylene

. PyROFAX Gas

EVEREADY Flashlights and Batteries « NATIONAL Carbons « ACHESON Electrodes . PRESTONE and TREK Anti-Freezes
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FASTER ANALYSIS WITH X-RAYS
Chemical analysis by x-ray absorption is
now successful on a commercial scale
with the G-E X-Ray Photometer, saving
hours of valuable laboratory time, and
freeing the analytical chemist from tedi-
ous routine work. Petroleum refiners slash
time and cost determining tetraethyl lead
in gasoline, and sulphur in oils.

See bulletin GEC-412A%*,

L2
NEW MERCURY VAPOR DETECTORS
Users of mercury compounds can now
determine harmful concentrations of
mercury vapor with the new, completely
redesigned G-E Mercury Vapor De-
tectors. Electronic and chemical detectors
provide either instantaneous or continu-
ous indication. Electronic detector pic-
tured being used to check curing oven in
laboratory of silicone rubber plant.

See bulletin GEC-312*.

MEASURES MOISTURE IN GASES
G-E Dewpoint Recorder gives continuous
indication and record of dewpoint tem-
perature in gas streams from ambient to
minus 90 deg. F. Manufacturers and
distributors of gases measure moisture
content at different stages of manufac-
ture and various transmission points.
See bulletin GEC-588*.

*To obtain these publications, contact
your nearest G-E Apparatus Sales
Office, or write General Electric Co.,
Section 687-101, Schenectady, N. Y.

Operator observes cracking pattern of natural gas sample with G-E Mass Spectrometer.

NEW ELECTRONIC INSTRUMENTS
SPEED CHEMICAL ANALYSIS

Research and production chemists
benefit by better results—faster

Rapid chemical analysis, by electronic means, makes
the G-E Mass Spectrometer an important tool for the
modern chemist. Because it measures a basic funda-
mental unit—mass—it does not suffer from many of the
limitations of physical methods. For basic research and
routine process control of most gaseous and liquid
mixtures the G-E Mass Spectrometer is ideally suited.

It automatically records peaks at mass numbers
ranging from 1 to 600, and separation of a dozen or
more compounds is common practice. Immediate re-
sults save time in the identification of common im-
purities and traces of rare isotopes. High resolution
permits complete separation of high-mass elements.

Here is another example of G-E research and de-
velopment—Ilinked to produce more and better in-
struments for modern industry. See bulletin GEC-587*.

Convenient sample system facilitates
introduction of unknown gas mixture,

GENERAL @3 ELECTRIC
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bngineers and is the largest builder of coordinated and
phic control panels. They give the operator not just an indication
of process variables, but the overall picture necessary to take positive

corrective action.

PANASCAN produces®i

auvtomatic supervision of any number of process variables measurable

*point scanning systems: Effectively,

by transducers.

PANALARM PRODUCTS manufactures puckofged annunciator systems
. . the guardian of process variables. When conditions go ‘“‘off-
normal’’, the PANALARM system directs the attention of the operator.

.+ . These companies are building the push-button plant of

today . . . and planning the push-button plant of tomorrow.

General Offices: PANELLIT, INC.,, 6312 North Broadway, Chicago 40, Ill.
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THE MOST IMPORTANT BOOKS

in the Sciences . . . ‘ nellcs e

5.00 Members”
Members’ L Price
Price -85

1.89
|

Members’ Members’
Price Price
1.89 1.89

s Ptqudm
Hawkes

. .. in Literature

I .
rie RIS The Book Find Club was started about eleven years ago “to select the very
OF Mt 'Hm“ | best books—and at the same time to realize substantial savings for its members.”

,l ! 150 ]h\.f How well we have succeeded in our aim can be seen by noting the quality of the
1 I 44 books pictured and listed on this page. These include such notable works as WHEN
b DOCTORS ARE PATIENTS, edited by Max Pinner, M.D. and Benjamin F.
Miller, M.D., in which thirty-three eminent physicians write medical and psychic
case histories of their own experience with shattering illness; PATTERNS OF
SEXUAL BEHAVIOR by Clellan S. Ford and Frank A. Beach, one of the most
comprehensive studies ever made of the sexual behavior of human beings and
animals, and based on a detailed analysis of one hundred and ninety contemporary
The 1.89 List societies; OEDIPUS-MYTH AND COMPLEX by Patrick Mullahy, a brilliant

. Price analysis of all the major psychoanalytic theories from Freud to the present; and
[RY lution GENETICS AND THE RACES OF MAN by Dr. William C. Boyd, characterized

Physics . as “the best book on race ever published.”

... at only $1.89 yegardless of list price

Now for a word about the substantial savings our members realize—and how you,
too, can save on each book purchased.

You will readily note that the publishers’ list prices of the books pictured and
listed on this page range up to $6.00, but as a member of the Book Find Club you

Members’
Price

List

g"_-fg pay only $1.89 (plus 24¢ postage and handling) per book, regardless of higher
Members' publishers’ prices. Actually, this means an average saving of more than 50% on
';’_(,‘; the books you buy.
List
Price SPECIAL INTRODUCTORY GIFT OFFER
Maiabars? And now, as your introduction to the Book Find Club, you may select any two
Price books from those pictured or listed on this page—one as your Introductory
1.89 Gift Book and the other as your first selection. You can thus receive UP TO
$12.00 RETAIL COST OF BOOKS FOR ONLY $1.89.
List
Price
5.00 §
Members
i THE BOOK FIND CLUB [] ANNE FRANK: Diary of a Young Girl

LAMENT FOR FOUR VIRGINS
215 Fourth Avenue, New York 3 WHEN DOCTORS ARE PATIENTS

Price Please enroll me as a member and [] A LAND

3.75 send me the Introductory Gift Book [T] MAIN STREAM OF MATHEMATICS
Members’ and first selection | have indicated. % PATTERNS OF SEXUAL BEHAVIOR

Price (Check any 2 books listed at the WHERE WINTER NEVER COMES

1.89 right.) | am also to receive each [] GENETICS and the RACES of MAN

month the Club’s literary magazine, [] MALE AND FEMAL

the Book Find News. | understand [J] OEDIPUS-MYTH AND COMPLEX

| may accept as few as 4 books a [] LISTENING WITH THE THIRD EAR
year at the SPECIAL MEMBERSHIP [] MATHEMATICS and the IMAGINATION
PRICE OF ONLY $1.89 A BOOK (plus [] MEANING OF EVOLUTION

24¢ postage and handling) and may [] BALLAD OF THE SAD CAF

cancel my membership at any time RISE OF SCIENTIFIC PHILOSOPHY
after purchasing 4 selections. EVOLUTION OF PHYSICS

(J THE AMERICAN MIND

It costs you nothing to belong to the
Book Find Club. You pay only for the
books you want and you may take as few
as four (from the more than 25 offered)
in the entire membership year. Since it is
almost certain that you will read at least \

four Book Find Club selections during

the year anyway, why not get them from 6.00 NAME (Please print)
the Club at the tremendous savings we Members’
are able to effect through our large print- Price ADDRESS.
ing orders. 1.89
CITY. ZONE. STATE

(Prices slightly higher in Canada) D-21-10
FILL OUT THE COUPON AND MAIL ‘L -
L 1 0 J (1 ' 1 J 1 1 1 J | [ |
SCIENRIRIC \“”’I( AN SCIENTIFIC AMERICAN is published monthly hy Scientific American, Inc.. at 2 West 45th Vol. 187
September, Stred New York 36, Y. Entered as second-class matter at the Po. Om('( in New York, N. No. 3
Tamnry S8 T80  Gnder the met of Aareh Brde 3R B T et on 85 00 vear i the .74, %
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Electrical,
Mechanical and Computer
Engineers

« « « plan your future around
revolutionary projecis at RCA

Here is an unusual opportunity for Immediate Openings In:
mechanical and computer engineers QUALIFICATIONS :
who enjoy tackling problems that RADAR Must be first-class engineers experienced
X . . in research, development or design. We
call for creative talents and imagi- PRECISION GEAR DRIVES have openings which will challenge the
nation not provided in ordinary  GEAR TRAINS ter wpecialios of many. yeare: experr
engineering assignments. SYSTEMS PLANNING —Analog and Digital Pro- ence. Opportunities also exist for qualified
. . ing Devices engineers w'ell-launched on Ob?lr careers.
RCA is embarkmg on several gramming There are still other opportunities for men
new projects which are still con- STORAGE TECHNIQUES —Magnetic Recording, High who have only recently left :olleg'e.'
fdential r luti rv that Speed Memories "lThese ulf‘e INOT temporary positions.
ential—so revolutionary that We  gepvo MECHANISMS —Instrument and Power ey are lifelong-career opportunities.
can’t give detailed information in Servos, Feedback Amplifiers and Power Amplifiers

a publlc advertisement. They will CIRCUITRY —Video and Pulse, Coding and Decoding,

require the best from outstanding Integrating and Differentiating Techniques At RCA you enjoy congenial associates,
3 ) many of whom have records of outstand-
engineering talents for many years LIGHTWEIGHT, SHOCK- and VIBRATION- ing, distinguished accomplishments; un-

to come. The end products have RESISTANT STRUCTURES —to house electronic excelled laboratory facilities; an atmos-
ilit 11 ial equipment phere conducive to really creative work.
military as well as commercial ap- ANTENNA STRUCTURES You live in pleasant suburban or country

plications. These new products will
have a marked effect in the spheres
of technology, in commerce, and in

homes. Hospitalization, accident and life
KINEMATIC PROBLEMS insurance is company-paid. Up-to-date re-
FIRE CONTROL tirement plan. Plus all the opportunities
for advancement and income which the

their social implications. MISSILE GUIDANCE first-class man requires.
MAIL RESUME Send résumé to:
If you qualify for any of the positions listed above, MR. ROBERT E. McQUISTON, Manager
send us a complete résumé of your education and ex- Specialized Employment Division, Dept. 1111
perience, also state your specialized field preference. Radio Corporation of America
INTERVIEWS ARRANGED IN YOUR CITY. 30 Rockefeller Plaza, New York 20, N. Y.

RADIO CORPORATION of AMERICA
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MODEL M-2

e ’ gy \
marion s
NEW MEASURES
ke SENSITIVITY AND RESISTANCE

II‘IEtel'teStel' for testing and calibration of D. C. instruments in the

laboratory and on production lines

Marion’s New Metertester (Model M-2) retains proven Marion fea-
tures but increases application flexibility. In addition to improved
circuitry for sensitivity measurement it also measures internal resist-
ance of sensitive instruments without exceeding full scale rating of
the instrument under test.

FEATURES SPECIFICATIONS
* Regulated Power Supply ACCURACY: Overall better than Y of 1%
o Stepless Vacuum Tube Voltage Control RESISTANCE RANGE: 0-5000 ohms
¢ Illuminated 81," Mirror-Scale Standard POWER SOURCE: 115V A C 60 cycles

Instrument, Hand Calibrated CASE SIZE: 15%" x 104" x 5%
® Marion Ruggedized Null Indicator WEIGHT: 15 Ibs.
movement for bridge balance indication
® Decade of .1% accurate Manganin SENSITIVITY RANGES
Wire Wound Resistors 0-25UA 0-200UA 0-800UA 0-10 MA
o DirectReading Bridge Circuit using Helipot 0-S0UA 0-400UA 0-1 MA  0-100 Volis
e Complete. No accessories required 0-100UA 0-500UA 0-5 MA

The New M-2 Model can also be used for additional purposes,
such as a precise source of DC current and voltage and as a pre-
cision Wheatstone bridge in the 0-5000 ohm range.

For further information write Marion Electrical Instrument Co.,
416 Canal Street, Manchester, N. H.,, U.S. A.

ma'lon .I -

Reg. U.5. Pat, OR

MANUFACTURERS OF RUGGEDIZED, HERMETICALLY SEALED AND STANDARD PANEL INSTRUMENTS

i
1

5
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BUSINESS IN MOTION

{M {4%7«“4 e ;%Wmn Doctineiw ...

There is a kind of steam unit heater known as the
tube-within-a-tube type. In this, the inner tube
is perforated, and uncondensed steam passes
through the holes to join the condensate. Such a
design is largely used in industrial heating sys-
tems. Some time ago a manufacturer made studies
to determine if the efficiency could be incfeased,
in order to get more heat out of the steam at the
point where heat is needed. His engineers came up
with the idea that an appreci-
able improvement would re-
sult if the steam could be
ejected fromtheinner tubein
a jet having the same direc-
tion as the flow of the con-
densate. ‘It was found that
this rather simple idea was
effective; it improved heat
transfer materially.

However, when it came
time to reduce the new de-
sign to practical production
methods, a severe problem
arose. The tubes were made of copper, which has
highest heat conductivity of any commercial metal.
To use any other metal would sacrifice most or
even all the advantages of the development. But,
the orifices had to be shaped carefully in order to
assure the desired directional jet, and to produce
them a combination of shearing and flaring was
necessary. It was felt that rather soft copper
would be required for these operations, perhaps
so soft as to make it difficult to maintain the neces-
sary straightness to keep the inner tube concentric
with the outer one.

-

We at Revere were asked if we would like to sit
in on this problem. Indeed we would, and did.
Representatives of the Technical Advisory Service
met with the manufacturer’s engineers and pro-
duction men, for a thorough mutual study of the
last link in the chain leading to an improved de-
vice. It was developed that the engineers were right
when they said some copper was too soft to main-
tain straightness after shearing and flaring. How-
ever, we pointed out that cop-
per tube is available in vari-
ous tempers, and that surely
among them there must be
one or two that would meet
the needs of production proc-
esses, and at the same time
remain straight. The physi-
cal characteristics of the vari-
ous tempers were examined,
tests were run, and finally a
temper was selected that was
both workable and strong.
This has now been proved by
several years of use.

The Technical Advisory Service is part of
Revere’s contribution to the efficiency of Ameri-
can industry. If you have a problem concerning
the specification or fabrication of copper and cop-
per alloys, or aluminum alloys, Revere will be
glad to collaborate, confidentially, of course. Just
get in touch with the nearest Revere Sales Office.

And by the way, do not forget that no matter
what you buy, there are suppliers who, like
Revere, can give you helpful assistance and liter-
ature.

REVERE COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801
Executive Offices: 230 Park Avenue, New York 17, N.Y.
SEE REVERE'S “/MEET THE PRESS’” ON NBC TELEVISION EVERY SUNDAY
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Westinghouse Water Cooler

gives longer, better service with

SPONGEX Cellular Rubber

Corrosion . . . deterioration . . . mechanical failure . . . repairs and
parts replacement—an inevitable sequence wherever moisture con-
densation collects. It’s a problem particularly troublesome in re-
frigerating equipment—but not in this Westinghouse water cooler!

Westinghouse has given its cooler a wardrobe of Spongex cellular
rubber. Exposed cold surfaces—tubing, valves, even the waste
water drain—are covered by custom molded Spongex parts. These
Spongex parts not only prevent condensation but their insulating
qualities increase refrigerating efficiency. For this cooler, Spongex
means a longer, better, more efficient life.

The Westinghouse Wardrobe of SPONGEX

1. Tube insulator—
covers cold water tubing that supplies the drinking bubbler.

2. Basin drain seal —

forms a water tight seal between bottom of the water cooler basin
and top of the drain. The compressibility of Spongex compensates
for variations in the clearance between basin and drain.

3. Basin drain insulator—
covers exposed end of the waste water drain.

4. Regulator valve cap—
covers the cold surfaces of valve. Elasticity and flexibility of cap
makes it easily removed for valve adjustment.

5. Water valve cap—
covers shut off valve controlling water flow to bubbler.

6. Door gasket—

forms an air tight seal for the door opening into the cold storage
compartment. The gasket also seals off the insulating air space
between the inner and outer panels of the door.

Perhaps Spongex can help better your product, too, We would be
happy to hear from you.

® Cellular used for cushioning, insulating, shock absorp-
tion, sound and vibration damping, gasketing,

g, 8 g

Rubber sealing, weatherstripping and dust proofing.

THE SPONGE RUBBER PRODUCTS COMPANY 575 Derby Place, Shelton, Conn.

7
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You can do it y.ourself with THIS WAt |
these Telecomputing Instruments

' ‘Today you can reduce and analyze film and oscillo-
graph data faster than ever before. Telecomputing
N Instruments, in conjunction with electronic com-
b puting equipment, have made this possible.

P

e

R

3 # The following sequence of automatic data analysis
. % is typical:
= |
‘ The Universal Telereader measures
records ranging from 16 and 35 mm film to 12”
oscillograph records. Speed: up to 50 measure-

ments per minute.

' ¥
+1 |
H

™
II
L

‘ The Telecordex records the Telereader
measurements in decimal form electronically on
its own electric typewriter, transmits the data to
an IBM Summary Punch for card punching.

The IBM card punch receives the data from the
Telecordex, punches it and continues the cycle.

All necessary calculations, including linear and

non-linear calibrations, are performed on IBM or
other electronic computers.

‘ The Teleplotter plots the data electroni-
callyfromIBM cards or a manual keyboard. Speed:
up to 70 points per minute.
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i1 dota analysis

OR THIS WAY Let Telecomputing do it for you
: | in its Computing Division

Your computing problems, large or small, can be
handled quickly and efficiently by
Telecomputing's staff of computing specialists.

A trained staff of engineers, physicists

and mathematicians can process your problems
on a round-the-clock basis, using IBM,
Telecomputing and other electronic equipment.

The Computing Division handles data
reduction problems from all types

of record sources, as well as engineering
and scientific mathematical problems

of the widest scope.

Clients include major research and
industrial organizations and technical
government activities throughout the country.

Time and cost estimates will be presented
if youwill send information defining
your computing and data reduction problems.

The coupon below is for your convenience in
requesting information on the Computing Division
and the Telecomputing Instruments shown at left.

o i e e e e e e e e e e s s e i e o

Mr. Preston W. Simms, Engineering, Dept. SA-9
Telecomputing Corporation, Burbank, California.

Dear Sir: Please send me:

O Universal Telereader Technical Bulletin TC 101
O Telecordex Technical Bulletin TC 102

O Teleplotter Technical Bulletin TC 103

O Information on your Computing Service

TELECOMPUTING

CORPORATION, BURBANK, CALIFORNIA

— o c——— —— — —— ———

(In requesting information on the Computing Service, you
are invited to send information defining your data reduc-
. .. . . . tion and computing probiems.)
You are cordially invited to visit Telecomputing’s

demonstration at the National Instrument Exhibit, Name I
Booth 829, 831, in Cleveland, Sept. 8-12. Company }
Street Address |
Electronic and mechanical engineers can build their . |
future with Telecomputing. Write for information. City and State |
e — e s e e e e 4
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We've | been solving automatic control problems

/

Controlling guided
missiles in fiight

Knowing your whereabouts
under all circumstances

Stobilizing the guns
on bouncing fanks

Shooling down jet planes
An opporfunity for fram the unstoble decks of ships
able engineers

Build a future for yourself as
an engineer at Ford. If you
qualify there’s a lifetime
opportunity on automatic
equipment design with the
top name in automatic con-
trol. Write for our informa-
tive, illustrated brochure.

Hitting inlond targets
from bhottleships

Ior67years

Take one part of the fantastic, mix thoroughly
with Ford’s engineering and production ability, and
you’ve got the answer to another “impossible”
automatic control problem. That has been the

sum and substance of the Ford Instrument Company
since 1915.

Stabilizing a gun on a bouncing tank or a ship’s
plunging deck; governing the unique movement of
a torpedo; keeping a pilot informed of his
whereabouts at all times and in all weather —
Ford found the answer!

From the more than 16 acres of floor space that
make up the engineering and production facilities
of the Ford Instrument Company, come the
mechanical, hydraulic, electro-mechanical and
electronic instruments that bring us our
“tomorrows” today! Research, development,
design and production are being applied to control
problems of both Industry and the Military.

FORD INSTRUMENT COMPANY

DIVISION OF THE SPERRY CORPORATION
31-10 Thomson Avenue, Long Island City 1, N. Y.

Directing torpedoes ogainst surface croft
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\REGORM
REGOHM

This compact, electro-mechanical controller provides sensi-
tivity, speed of response and system stabilization under severe
operating conditions. Its design and operating features have
made Regohm useful for automatic control systems in which
heavier, more expensive and complex, but less accurate
equipment had previously been the only available solution.

m SMALL SIZE - Regohm is a compact, plug-in device; light-
weight, extremely rugged and position-free. The unit’s small
size does not limit its power-handling capacity. This makes
Regohm a “natural” where economy of space and weight
are your major considerations.

£22 POWER AMPLIFYING - Regohm is a high-gain electro-me-
chanical power amplifier. Milliwatt variations in signal
energy can control energy changes millions of times greater.

@ IMPEDANCE MATCHING - Signal and controlled circuits are
isolated, both electrically and structurally. Signal coils may
have ratings from 0.01 to 350 amperes. Controlled resistors
on a panel in which Regohm is plugged, can have values from
zero to infinity, depending on the controlled system.

(4 ) SYSTEM STABILIZING - A thoroughly reliable, sturdy dash-
pot aids in system damping. It can easily and readily be
adjusted over a wide range to match the dynamic character-

'REGOHM |-

7 Reasons why
Regohm is a natural for

your control system

istics of the Regohm to those of your present system.

Q ANALYTICALLY DEFINABLE + The response of Regohm is in-
dependent of the rest of the servo system. Its response char-
acteristic can be expressed in terms of conventional “transfer
functions.” Regohm acts as an integrating error-rate pro-
portional controller. No appreciable steady-state error can
occur. Regohm’s effect can be calculated in advance, sim-
plifying design and facilitating prediction of performance.

@ CONTINUOUS CONTROL - In “closed loop” systems a high-
speed averaging effect occurs as Regohm’s armature oscillates
over a small amplitude. This provides intermediate values
between step resistances and results in continuous, stepless
control in systems operating at power frequencies and below.

ﬂ LONG LIFE - In properly engineered installations,
Regohm’s life is measured in years. Plug-in feature simplifies
replacement and maintenance—there are no parts to renew
or lubricate. Shelf life is substantially unlimited.

Our engineering and research facilities can help vou apply
Regohm to your servo system or regulator problem. Write
for Bulletin 505.00, containing a complete discussion of
Regohm’s characteristics and applications. Address Dept. C,
ELecrric Recurator Core., Norwalk, Conn.

CONTROL COMPONENT IN: Servo systems + battery chargers ¢ air-
borne controls « portable and stationary generators * marine radar
inverters « locomotive braking systems + mobile telephones + guided
missiles * signal and alarm systems - telephone central station equip-

ment ¢ magnetic clutches * railroad communication systems.
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Now BT brings you

A Pneumatic Tube System
that’s Fully Avtomatic

Simply “Dial” the destination—

electro-mechanical switching does the rest!

Here is the answer to economical, unattended, 24-hour
pneumatic tube service. Within seconds, dial-controlled
“carriers” are sped from station to station—automatically

routed by a mechanism employing the principles of

modern dial telephone switching. The number of
stations is virtually unlimited—and each has direct access
to every other. Developed by International Telephone
and Telegraph Corporation, this system is now

available—for the first time—in the U.S.A.

INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION, NEW YORK

For information on Automatic Selective Pneumatic Tube Systems,
address International Standard Trading Corporation, 67 Broad St., New York 4, N. Y.
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« « » Because we have a glass fiber product
with unique properties that may be just
what you product designers and men of science
have been seeking.

It’s Ultralite, the only long textile-type glass fiber

insulation available. It won’t rot, ‘burn, absorb moisture,

or support insect life. It won’t chip, dent, flake, break or
deteriorate with age. Most important of all, Ultralite is r-e-s-i-l-i-e-n-t.

You can compress it, shake it, bend it, bump it — yet Ultralite

springs back immediately into original shape and thickness,

Ultralite comes compressed in lightweight blanket-like rolls in a
number of widths, lengths and thicknesses. You’ll find the
various “K” factors and N.R.C. ratings impressive. You’ll
also approve the wide choice of vapor barrier facings available,
already adhered to the insulation.

Whatever your problem with heat, cold or sound, our engineers,
research men and field representatives work hand-in-hand
to help you solve it. Write today for full details on this truly
unique thermal and acoustical insulation, pioneered and
developed by Gustin-Bacon’s Glass Fiber

Division.

GUSTIN-BACON MANUFACTURING cO.
212 W. 10th ST. « KANSAS CITY 6, MO.

New York = Chicago = Philadelphia ® Sap Frangisco * Los Angeles e Houslon = Tulsa & FL Worth

Keeping pace with the Nation's industrial requirements through research and development—our 54th year.
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A \= MS-A-
INSTRUMENTS

/7
Continuoys

OTHER M.S.A. INSTRUMENTS
FOR PROCESS CONTROL

Continuous Carbon Monoxide Detec-
tors and Recorders—Portable Instru-
ments for appraising various gas and
dust hazards.

MINE SAFETY APPLIANCES COMPANY

Braddock, Themas and Meode 5ts., Pittsburgh 8, Pa.

Our years of know-how in process control our 3 8 Brdach Offices

instruments is at your service. \Well_la‘ve MINE SAFETY APPLIANCES CO

complete and experienced research facilities : OF CANADA, LIMITED (

to apply to your particular problem. Let us 'N:"'“ “°'"";:' C‘glﬂ""- """‘r:';ﬂ-

know what you need. We’ll be happy to i i el

f Representatives in Principal Cities in

ollow through. Mexies, Conitral and South America Cali the M.5.A. Man on your every salety

o Addreiws “TMINSAFT Pittiburgh problem . . . his job is to help you.
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Electronic equipment...radar...gun,
rocket and camera compartments —
these as well as aircraft cabins must
be air conditioned in modern, high
altitude, high speed planes.

To meet such specialized cooling
problems AiResearch offers two
major lypes of temperature controls:
(1) pneumatic; (2) electronic. Each
has specific advantages.

Newest development in pneumatic
temperature control isthe AilResearch
unit shown ahove.

Outstanding features are:

1. Extremely lightweight...under
2 pounds.

2. Small size...smaller than a
man’s fist.

3. Low first cost —low mainte-
nance.

4. Requires no electric power...
operates on bleed air.

5. Extremely rapid response.

This advanced unit is now being used
successfully for air temperature
control on the Super Constellation.
Itis also being employed in auxiliary

equipment on many types of turbo-
jet and turbo-prop aircraft where the
advantages of pneumatic power can
be fully utilized.

Years of experience in the develop-
ment and manufacture of pneumatic
equipment for the aircraft industry
are behind this newest AiResearch
creation in air temperature control.

Would you like to work with us?
Qualified engineers, scientists and skilled
craftsmen are needed now at AiResearch in
both Los Angeles and Phoenix.

AiResearch Manufacturing Company-
A DIVISION OF THE GARRETT CORPORATION

LOS ANGELES 45, CALIFORNIA « PHOENIX, ARIZONA

DESIGNER AND MANUFACTURER OF AIRCRAFT EQUIPMENT IN THESE MAJOR CATEGORIES

& B

Air Turbine Refrigeration

W8

(v o8

Cobin Pressure Cantroh

Reat Transfer Equipment

Electric Actuators

Gas Turbines  Cabin Superchargers  Pneumatic Power Units Electronic Controls Temperature Cantroks
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Adventurers
in Research..

Dr. J. A. Hutcheson

SCIENTIST-ENGINEER

Director of the Westinghouse Research Labora-
tories. After graduation from the University of
North Dakota in 1926, he came directly to the
Westinghouse graduate student training course. In
1940 he was named Manager of the Radio Engi-
neering Department, three years later Associate
Director of the Research Laboratories, and in 1949
was appointed to the Director’s post. In 1950 he
became Vice-President.

In a conversation with Dr. J. A. Hutcheson about
research, you will hear him express his guiding philoso-
phy, “The more we know about a subject, the more
intelligently we can deal with it”. This philosophy
probably explains why he is head of one of the world’s
largest industrial research laboratories—a position
reached via engineering instead of test tubes.

Dr. Hutcheson’s career was launched in radio engi-
neeriné in the design of radio telephone and broadcast
transmitters. He developed radio, radar and other
electronic equipment that played a vital part in the
successful completion of World War II.

Both during and after the war, Dr. Hutcheson was in
intimate contact with the nuclear research program. He
was one of the civilian observers at the postwar atomic
tests at Bikini.

Dr. Hutcheson’s outstanding ability to guide the
work of others, in addition to his brilliant engineering
and research record, made him ideally suited for
the job of directing a large research institution. One
might think that with a background predominantly

engineering, he would emphasize applied rather than
fundamental research. Such has not been the case.
His years as a designer made him keenly aware of
the limitations placed on the engineer by lack of funda-
mental knowledge.

An example illustrates this. Many devices involve the
passage and extinction of current in gases. An enormous
amount of research effort has been spent to improve
switches, fuses and breakers with considerable success.
But Dr. Hutcheson, following his premise of the value
of knowing more about a subject, decided that was not
enough. Without disturbing the group concerned with
improving existing devices, he set up another whose
sole function is to study the fundamental mechanism of

current conduction in gases.

Under the dynamic leadership of Dr. Hutcheson,
Westinghouse research is opening new horizons for
industrial progress. This research enables Westinghouse
and industry as a whole to deal more effectively with
their problems. Westinghouse Electric Corporation,

Pittsburgh, Pennsylvania. G-10239

you cAN BE SURE...IF 1Ts Westinghouse
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INDICATORS ¢ RECORDERS * CONTROLLERS
TRANSMISSION SYSTEMS ¢ CONTROLLED VALVES

Reg. U. S. Pat. Off.

Converting a new laboratory development into
full-scale production is almost olways a problem
which can be solved only by the correct use of
instrumentation for the measurement and control

of the process variables,

In pilot plant.or completed project, highly-
odvanced Foxboro instruments constitule a modern
“catalyst” for speedily converting research
developments into efficient and quality production,

Foxboro Engineers, of long experienca in the
process industries, are availoble to assist you
in the selection und application of the correct
instruments for any process involving Temperature,
Pressure, Flow, Humidity, Liquid Level, Density,
Speed, pH, Conductivity. The Foxboro Company,
Foxboro, Massachusetts, U.S.A.

For over 40 years, specialists in measurement and control instrumentation

FACTORIES IN THE UNITED STATES,
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Hica VortAGE ENGINEERING C
CAMBRIDGE 38, MASSACHUSETTS

18

7 UNIVERSITY ROAD

£

THE HomoGENEOUs PrRoTON BEAM necessary for successful
acceleration” to more than two billion electron volts with the
Brookhaven Cosmotron is furnished by a Van de Graaff positive-ion
accelerator — one of the largest single components in this new

‘research installation.

Chosen as the injector because of its very stable
voltage, excellent beam-collimation, and precise con-
trol of the beam, the Van de Graaff accelerator has’
fulfilled all performance expectations.

This unit, designed and built by HicH VoLTAGE ENGINEERING
CORPORATION to meet the special requirements of Brookhaven
National Laboratory, is a modification of the Type D Model H
Van de Graaff accelerator which has these characteristics:

Operating range ..., 1.0 to 4.0 MeV
Analyzed proton intensity (pulsed) ............... 1.0 ma,
Proton energy stability .......c.cccoeunnee. =+1 part in 1000
Pulse length ............. controllable from 1 to 100 pusec.

Our smaller Van de Graaff accelerators, in the 0.5—2.0 MeV range,
are used in many of the world’s largest laboratories as precisely
controlled sources of electrons, x-rays, positive ions, and neutrons.

© 1952 SCIENTIFIC AMERICAN, INC
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on gun FOR THE COSMOTRON

Photographs courtesy Brookhaven National Laboratory.

Research accelerators . . . Bulletins H and AK. High-
voltage electron-beam sterilization . . . Bulletin D.

Super-voltage x-ray equipment for radiation therapy,
and industrial radiography . . . distributed exclusively
by Keleket X-Ray Corporation.



IF he has the will to succeed, there is no reason why any
man of normal intelligence should suffer the smart of
failure.

“Forging Ahead in Business” tells you why!

This inspiring, 64-page book explains how you can
bridge the gap between your present job and the one
above—how you can prepare now to meet the challenge
of future opportunities. It examines the popular fallacies
about business that have stalled the progress of so many
men, and points the way to new and exciting avenues of
aclu.e\'ement. And it outlines the Alexander Hamilton
Institute’s executive-training program which has sparked
thousands of men to highly-paid executive positions.

There is no charge for “Forging Ahead in Business”
because the use you make of the information it contains is
the only gauge of its value. Nor is there any obligation
nvolved other than the obligation to read it thoughtfully,
and to decide for yourself whether or not you feel the

Institute can help you. To obtain your copy, simply sign
and return the coupon below. It will be mailed to you
promptly.

ALEXANDER HAMILTON INSTITUTE
Dept 837, 71 West 23rd Street, New York 10, N. Y.

*LEXANIEE HAMILTON INSTITUTE
Dept. 837, 71 West 23rd Street, New York 10, N. Y.
In Canada: 54 Wellington Street, West, Toronto 1, Ont.

Please mail me, without cost, a copy of the 64-page book—
“FORGING AHEAD IN BUSINESS”

Home Address....oovvennnineniiioininiaennns
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COMPLETE

WITH

‘Bendix-Pacific
TELEMETERING

SYSTEMS

Bendix-Pacific telemetering
facilities can provide you with any phase
of a complete instrumentation service.

These include:

@ The standard FM/FM subminiature
telemetering components which re-
motely measure and indicate accelera-
tion, motion and position, pressure,
strain, temperature, vibration, velocity,
voltage and current. Transmitters up
to 15 watts of power are available.

® Application engineering to adapt
Bendix-Pacific systems to each specific
problem.

® Installation and calibration services.

® Aircraft and missile antenna design
and radiation analysis.

® Complete receiving stations including
decommutation; flight testing and re-
duction and analysis of data.

ENGINEERING DATA
WILL BE GLADLY
SUPPLIED TO
QUALIFIED COMPANIES

hy.

?aci/ic Division

“8Bendix Aviation Corporation

NORTN WOLLYWOOD CALIF

<0 WMEASURE..To WARN, .10 |upICATE-- ATADISTA Nee
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Recently the Stockton Astronomical
Society was given the privilege of being
the first to make public the announce-
ment that Albert G. Ingalls, of your
staff, had been honored by having a
crater on the Moon named after him by
H. P. Wilkins, at the suggestion of Al-
bert H. Johns of Larchmont, N. Y.

I am one of the many amateurs who
have been deeply grateful through the
years for the guidance received from
Mr. Ingalls’ personal correspondence, as
well as from his books on telescope mak-
ing, and his columns on this subject in
your magazine. There is nothing that
could have given so much satisfaction to
so many amateurs as this recognition of
his lifework on their behalf, for it has
expressed our appreciation while he is
still alive. Crater Ingalls justly gives
credit to a pioneer in the dissemination
of knowledge about telescope making.

C. P. CUSTER, M.D.

Stockton Astronomical Society
Stockton, Calif.

Sirs:

The article in your July issue entitled
“The Umbilical Cord” is of absorbing
interest.

The author, Samuel R. M. Reynolds,
makes the statement that an “artery does
not swell as it pulsates.” Data are gen-
erally available, however, to show that
the arteries must swell and contract as
the blood pressure varies with each
heartbeat. Moreover, these data show
the order of magnitude of the swelling.
It is very small, too small to be detected
easily by the methods the author de-
scribes.

Consider the case of the adult human.
It has been stated that a given unit of
blood passes through the circulatory sys-
tem in about 30 seconds. From this and
a heart rate of, say, 72 beats per minute,
and some other approximate informa-
tion, the changes in the volume and the
diameter of the arteries may be roughly
determined. During a single contraction
of the ventricle, the volume of blood in
the circulatory system is increased by
1/36. If we assume that the arterial sys-
tem contains half of the blood (the cor-
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rect figure is less than this), the volume
of blood in the arterial system is in-
creased about 1/18 of itself, and dimin-
ished by what passes from the arteries
to the veins during that time. If we as-
sume that the rate of departure is fairly
uniform (it must be), and that the con-
traction of the ventricle occupies 1/3 of
the total time of one heartbeat, we find
that the volume of blood in the arteries
varies by 2/3 X 1/18=1/27, or a little
less than 4 per cent. This must be com-
pensated by the increased diameter
and/or the increased length of the blood
vessels.

The length of the vessels in the limbs
must be pretty definitely controlled by
the dimensions of the skeleton, but the
internal vessels, particularly the aorta,
may increase in length enough to accom-
modate a portion of this expansion. In a
pipe having isotropic walls not re-
strained by surrounding bodies, only 20
per cent of the expansion in volume pro-
duced by an increase of pressure could
be accommodated by the longitudinal
expansion. The other 80 per cent is ac-
commodated by radial expansion. Thus
we may say that the amount of volume
change to be accommodated by radial
expansion is of the order of 4 per cent—
which requires a change of diameter of
only 2 per cent. It is at once obvious why
the volume change was not observed
even by careful measurements of the
sort described by Dr. Reynolds.

It is important to realize that the vol-
ume change of the artery during the
pulse beat, small as it is, is of tremendous
importance to life. Were the arteries not

Scientific American, September, 1952, Vol. 187,
No. 3. Published monthly by Scientific American,
Inc., 2 West 45th Street, New York 36, N. Y.;
Gerard Piel, president; Dennis Flanagan, vice
president; Donald H. Miller, Jr., vice president
and treasurer. Entered at the New York, N. Y.,
Post Office as second-class matter June 28, 1879,
under act of March 3, 1879. Additional entry at
Greenwich, Conn.

Editorial correspondence should be addressed to
The Editors, ScienTiFic AMERICAN, 2 West 45th
Street, New York 36, N. Y. Manuscripts are sub-
mitted at the author’s risk and will not be returned
unless accompanied by postage.

Advertising correspondence should be addressed
to Charles E. Kane, Advertising Manager, SciEn-
TIFIC AMERICAN, 2 West 45th Street, New York 36,
N. Y.

Subscription correspondence should be ad-
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cAN, 2 West 45th Street, New York 36, N. Y.

Change of address: Please notify us four weeks
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SORENSEN

ELECTRONICALLY REGULATES

Powern

FOR CONTROLLING AUTOMATIC PROCESSES

Sensor
Whether you’re thinking in terms of fully integrated automatic
Collatar systems, or particular phases of control, measurement, or remote
handling, remember this . . . complicated and delicate electronic
Process . . . .
controls do not operate satisfactorily on erratic power input.
Then remember that the Sorensen line of standard isotronic*
instruments is designed to fulfill extreme and unusual as well
Effector Memeory

as ordinary requirements for regulated power.

What's Your Requirement?

AC LINE REGULATION? Standard Sorensen units are accurate to==0.1%
in capacities from 150VA to 15000VA. A super-accurate model provides
regulation accuracy of #+0.01%.

LOW-VOLTAGE, HIGH-CURRENT DC? Standard Sorensen Nobatrons**
supply DC at 6 to 200 volts, 5 to 350 amperes, regulated *+0.2%.

HIGH-VOLTAGE, LOW-CURRENT DC? B-Nobatrons** provide up to
1000 VDC at 500 Ma, regulated to =#0.5%. Six models range from
0-325 VDC to 200- 1000 VDC.

FREQUENCY CONVERSION? Sorensen has in design instruments con-
verting 50-60 cycles to 400 cycles, or 50-G0 cycles to highly stabilized
50-60 cycles. Frequency stabilities of *=1.09% or #*=0.01% according
to your application needs. Output voltage regulation to 1.0% with dis-
tortion held to 5% maximum. 250VA to 1000VA capacities.

Sorensen instruments are being widely used in the sciences and industry
for purposes too divergent and numerous to be listed here. Why not
familiarize yourself with them? Your request for literature or specific
information to meet your particular problems will receive prompt

attention. Nobatron-Ranger Model
SR-30. Output adjustable

*Isotronic=regulation and control

of woltage, current, frequency, and **Reg. U.S. Par. Off. by 3-30 VDC at 3-30 amperes.
power by electronic means. — Sorenten & Co., Inc.
5
SPECIFY SORENSEN & COMPANY, INC.
375 Fairfield Avenue

Stamford 7, Conn.
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Whierne WALITY Coeenels

A ; m v R o
eries 400 | _m""lm,r” o h
WL L FX- I8 * Built-in preamplifier for 2
e ; microphone or bridging.

AMPEX ELECTRIC CORPORATION o Redwood City, California
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to vary in volume by this seemingly iy
significant amount and thus change the
pulsating flow of blood from the heart
into a nearly steady flow through the
capillaries and veins, the pressure which
the heart would need to exert durin
systole would be more than doubled.

It is interesting to consider, in the
light of the above, Dr. Reynolds’ discys.
sion of what a doctor feels when he takes
the pulse. The explanation Dr. Reynolds
suggests is probably pertinent. But ip
addition to displacing the artery by ap-
plying the pressure of his finger, the doc-
tor partly flattens the vessel, as one
flattens a hose by stepping on it. Just as
a hose which is not under pressure is
flattened and tends to become round
again when water under pressure is let
into it, so also the flattened artery must
tend to become round as pulse pressure
increases. This tendency to change
might well be felt by a pressing finger.

I offer these comments to show how
the thinking of the engineer and the
physicist can be applied to the observa-
tions of the physiologist. Dr. Reynolds’
report is for the most part novel and
convincing, and it is for this reason that
I have commented in so much detail on
this one part of it.

R. W. ATKINSON

Director of Research
General Cable Corporation
Bayonne, N. J.

Sirs:

The criticisms and comments of Mr.
Atkinson are penetrating and thought-
ful. They deal with points which have
concerned us, particularly our mathe-
matical colleague F. W. Light, Jr. It is
difficult in a short nontechnical article
to discuss sufficiently for critical readers
all the points which would need to be
covered for their special information.
Since Mr. Atkinson’s calculations are
reasonable for the information available
to him, it would be well to point out why
his assumptions are inadequate, and why
any simple arithmetical approach will
not yield final answers.

In the first place, the primary assump-
tion that the entire arterial system be-
haves uniformly to intermittent filling
with blood from the heart is wrong. We
have made observations by direct cine-
angiography of the entire aorta and we
have found, as did the German physi-
ologist Timm, that the ascending aorta
and the arch (i.e., that part nearest the
heart) does indeed expand enormously.
We found the aortic diameter just out-
side the heart to increase 44 per cent, a
figure confirming the data of Timm. In
short, during one-third of the pulse cy-
cle, the largest part of the arterial tree
does dilate, enormously. At the same
time, and during the diastolic part of the
cycle, the volume of blood is distributed




How would YOU control costs here?

POOR PRINTING can be costly to newspapers. It may cause
paper waste . . . free ad repeats . . . even circulation losses.
Faulty temperature control in the lead alloy metal pots of
linotype machines can cause fuzzy, broken type. But not
with the control manufactured by Linotype Parts Company,
Inc.,, using accurate Fenwal THERMOSWITCH®
thermostats.

A FENWAL THERMOSWITCH CONTROL* may cut your costs,
too. Its external, single-metal shell expands or contracts
wnstantly with temperature changes, making or breaking en-
closed electrical contacts. Compact, highly resistant to
shock and vibration, Fenwal THERMOSWITCH units have
solved hundreds of otherwise costly problems.

*Junction Box Type lllustrated.

HIGH CORROSION SPECIFICATIONS must be met by Armed
Forces products. A salt-fog and humidity testing cabinet,
made by Industrial Filter & Pump Mfg. Co., Chicago, makes
sure corrosion resistance specs are met before costly deliv-
eries are made. Tests involve close control of temperature
...achieved by a Fenwal Junction-Box THERMO-
SWITCH thermostat, in each cabinet.

SEND FOR THIS NEW CATALOG for complete explanation of the
unique THER MOSWITCH unit. Also ask for more detailed,
illustrated discussions of the problems above. Fenwal
engineers will be glad to help you solve your temperature
control problems involving heat, humidity, radiant heat,
pressure and other variables. Write Fenwal, Incorporated,
309 Pleasant Street, Ashland, Massachusetts.

THERMOSWITCH"

Electric Temperature Control and Detection Devices

SENSITIVE... but only to heat
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=—— AmericAaN CHEMicAL Paing Company
CHEMICALS

AMBLER PENNA.

PROCESSES

Technical Service Data Sheet
Subject: IMPROVING PAINT ADHESION ON
STEEL WITH GRANODINE®

INTRODUCTION

“Granodine” is a zinc phosphate
coating chemical which im-
proves paint adhesion on steel,
iron and zinc surfaces. In the
Granodizing process, a non-
metallic crystalline coating is

formed on the treated metal.

This bond holds and protects

Official Dept, of Defense Photograph

An F4U Corsair with the Navy's new air-
craft anti-tank rocket, the "RAM”. A Grade I
zinc phosphate finish (JAN-C-490) protects
the entire external surface of this rocket and
provides a durable bond for the specification
paint finish.

the paint finish and thus pre-

serves the metal underneath.

‘*GRANODINE” MEETS SERVICE SPECIFICATIONS

JAN-C-490, CLEANING AND PREPARATION OF FERROUS METAL
Grade | SURFACES FOR ORGANIC PROTECTIVE COATINGS
JAN-F-495 FINISHES FOR EQUIPMENT HARDWARE

FINISHES, PROTECTIVE, FOR IRON AND STEEL
PARTS

PAINTING AND FINISHING OF FIRE CONTROL IN-
STRUMENTS; GENERAL SPECIFICATION FOR

U.S.A. 57-0-2C
Type 1l, Class C

U.S.A. 51-70-1,
Finish 22.02, Class C

MIL -V -3329 VEHICLES, COMBAT, SELF-PROPELLED AND TOWED;
GENERAL REQUIREMENTS FOR
A MANY
GRANODIZING DAT APPLICATIONS

Granodizing is an easily applied chemical process. Depending

on the size, nature and volume of production, Granodizing can
be carried out by spraying the parts in successive stages of a
power washing machine, by dipping the work in the cleaning,
rinsing and coating baths contained in tanks, or by brushing
or flow coating the work with portable hand equipment. Typi-
cal process sequence and equipment requirements are shown
below:

MULTI-STAGE POWER

WASHER FOR SPRAY
GRANODIZING

PROCESS
SEQUENCE
. Clean
. Rinse
. "Granodine’’
. Rinse
. Final Rinse

IMMERSION
TANKS FOR DIP
GRANODIZING

AW -

NOTE: Equipment can be of mild steel throughout, except in
the Granodizing stage, where nozzles, risers, and pump im-
peller should be of acid-resistant material.

Automobile bodies and
sheet metal parts, re-
frigerators, washing ma-
chines, cabinets, etc.;
projectiles, rockets,

bombs, tanks, trucks,
jeeps, containers for
small arms, cartridge

tanks, 5-gallon gasoline
containers, vehicular
sheet metal, steel drums
and, in general, prod-
ucts constructed of cold-
rolled steel in large and
continuous production
are typical of the many
products whose paint
finish is protected by
“Granodine”.

CHEMICALS

PROCESSES

WRITE FOR FURTHER INFORMATION ON ‘“GRANODINE”

AND YOUR OWN METAL PROTECTION PROBLEMS.
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with pulsating flow, and, as far ag the
descending aorta, renal arteries and um-
bilical arteries (all studied by us)
without significant arterial dilatation
To judge this, excellent movies and en:
largements of individual frames by
some 8 to 12 diameters are available,
Slight shifts in the position of the entjre
vessel are easily seen with pulsation
but no sign of arterial dilatation. Thjg
dilatation is largely—I do not say en.
tirely—confined to the large arteriq]
structure nearest the heart. This, i,
recovering from the expanded state
while the heart relaxes, rests and flls
during diastole, propels blood through-
out the vascular tree during the entire
pulse cycle. In this way the flow of
blood in the arteries is equalized to a
large degree. Our movies show, how-
ever, that the flow is strongly pulsatile,
that the stream lines are reflected from
curved parts of the arteries, and that at
these points the vessel may be displaced
by as much as 0.2 millimeters.

Study of the architecture of the dis-
tended arterial wall shows, too, that the
stresses are mainly to resist extension.
The muscles are intertwined spirals,
partially extended, and the tough elas-
tic tissue of the wall is in layers, all
oriented longitudinally. In collapsed
arteries the spiral muscles shorten, the
elastic tissues re-coil and take random
positions, and in undergoing radial re-
duction, the vessel shortens by 16 to
17 per cent and the thickness of the wall
increases by 6 to 7 times. I might point
out that the skeletal structures do not
determine arterial length, not only in
the umbilical cord, which lacks bones,
but even in the body proper. The as-
sumption that it is so, as Mr. Atkinson
states, is unsupported by evidence, and
pictures exist which show appreciable
increase in length of the aorta, with the
development of part of a spiral. This
happens in rabbits receiving an injec-
tion of adrenalin, when the blood pres-
sure increases to about 200 mm. of mer-
cury.

I should like to take this opportunity
to correct some errors in the illustrations
of the article. The two sections showing
the blood vessels of the umbilical cord
collapsed and distended are from the
same cord, and not from two cords, as
the caption states. It should be men-
tioned that some photographs have
been omitted from the sequences show-
ing the flow of blood in the umbilical
vessels. It should also be stated that the
interval between the photographs ©
the second sequence is 0.5 second. The
final illustration shows the pulsation of
blood in the sheep’s umbilical cord, and
not the human.

S. R. M. REYNOLDS

Department of Embryology
Carnegie Institution of Washington
Baltimore, Md.




Servos serve them Al

Precision instruments and systems for the control of ships,

aircraft, gunfire and missiles . . . that’s Sperry’s business.

Much of this complex instrumentation stems from the
gyroscope. Most of it employs the wonders of

electronics and radar. All of it incorporates many types of
servomechanisms in automatic controls.

Sperry development of servos has kept pace with the
growing complexity of problems to be solved by precision
instrumentation. Fundamental research in this field today is
anticipating and solving the control problems of tomorrow.

[HHY GYROSCOPE COMPANY

DIVISION OF THE SPEARY CORPORATION

GREAT NECK, NEW YORK + CLEVELAND ¢ NEW ORLEANS e LOS ANGELES ¢ SAN FRANCISCO ¢ SEATTLE + BROOKLYN
IN CANADA ¢ SPERRY GYROSCOPE COMPANY OF CANADA LIMITED ¢ MONTREAL, QUEBEC
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where text books leave off...

THE VOCABULARY of the control scien-
tist has advanced far beyond the every-
day reference to primary elements,
indicators, recorders and controllers. It
now includes such expressions as “mul-
tiple-feed closed loop” and “‘propor-
tional plus rate plus reset” . . . repre-
senting investigations that begin where
text books leave off.

Research scientists at Honeywell’s In-
dustrial Division are engaged in activi-
ties aimed at solving technical prob-
lems of real importance to the users of
industrial instruments and controls.
Fundamental as well as developmental

HONEYWELL PRIMARY ELEMENTS
LABORATORY. Accelerating the re-
sponse of primary elements keeps
pace with demands of modern, high-
speed processes.

Further information on these specific

activities may be obtained by address-
ing correspondence to The Director of
Research at the address listed above.

26

© 1952 SCIENTIFIC AMERICAN, INC

studies in the Honeywell laboratories
are being translated into revolutionary
controls for the further improvement
of products and processes . . . for the
practical realization of the automatic
factory.

Perhaps the effectiveness of your own
laboratory, pilot plant or full-scale
operation can be materially improved
through the cooperation of Honeywell
... "First in Controls.”

MINNEAPOLIS-HONEYWELL REGULATOR
Co., Industrial Division, 4580 Wayne
Ave., Philadelphia 44, Pa.




HONEYWELL PRECISION MEASUREMENT
LABORATORY. Investigqtlng hysteresis
of high pressure measuring elements sets
the stage for increasingly accurate control.

HONEYWELL NUCLEAR ENGINEERING
LABORATORY. Research in the meas-
urement of physical characteristics
of Uranium-238 is facilitated by the
machining of a clean surface.

v

HONEYWELL SERVOMECHANISMS
LABORATORY. A new closed loop
control system isstudiedwith the aid
of an automatic Nyquist plotter.

v

Honeywell

BROWN INSTRUMENTS

NQNEYWELL TRANSISTOR

toneering in the plotting
o/_ll’e Mminute cells sets ¢
utilization,

RESEARCH LABORATORY.
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ANTIFOAM A

Foam wastes time; takes

space; invites fire.

Kill foam with Dow Corning Antifoam A,
the most efficient and versatile de-
foamer on the market. This silicone de-
foamer is also most economical to use
because only trace quantities are re-
quired to quell many of even the most
violent and persistent foamers.

Tar and asphalt, for example, are ef-
fectively defoamed during processing as
well as during application by concen-
trations of Antifoam A as low as 4
parts in 10 million.

Ten ounces of Antifoam A added to a
40,000 gallon batch of crystallizing
sodium bromide prevented foaming in
that batch and in the next 21 batches
as well. Here the effective concentra-
tion works out to about 1 part in
10 million.

If cost, contamination, or full use of
process equipment are prime consider-
ations in your operations, try Antifoam
A. Practically odorless, tasteless and
non-toxic, Antifoam A is safe, fast and
by far the most economical and versa-
tile defoaming agent on the market.

See for Youursel]

Send for trial sample
of Antifoam A

I B;w Corning Corporation
i Dept. CW-21

[ Midland, Michigan

: [] Antifoam A or [] Antifoam Emulsion
1 Name
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I

I
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DOW CORNING CORPORATION
Midland, Michigan
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time in its history the American
Navy possesses a battleship with a
speed of 18 knots and over. The distinc-
tion belongs to the new Maine, which,
on August 23, was sent over the Cape
Ann course for her official speed trials.”

SEPTEMBEB, 1902. “For the first

“Senator Berthelot, the well-known
French chemist, has published an inter-
esting paper anent the chemical synthe-
sis of aliments, in which he foresees, in
the difficulties it still presents, the eco-
nomical emancipation of the human
race, and the transformation of this
planet into a vast pleasure ground. The
more the conquest of electrical energy
advances, the nearer it appears to M.
Berthelot that mankind approaches to-
ward the substitution of chemistry for
agriculture. It is not long since the pos-
sibility of creating by synthesis all the
organic matters was held to be chimeri-
cal; now the possibility has been dem-
onstrated so often as to render it unde-
niable. Alimentary stuffs may be broadly
divided into three fundamental classes—
fats, sugars and albuminoids. As early as
1854 M. Berthelot by chemical synthesis
created bodies exactly similar to natural
fats. Sugar can now be produced in the
chemist’s laboratory. Chemical synthesis
has not yet created the albuminoids,
which are more complex and more liable
to spoil. There is no doubt, however, but
this feat will shortly be accomplished.
M. Berthelot, however, utters a note of
warning against the illusion of thinking
that food can be condensed into lozenges
and pills, and that one’s meals can be
carried in a small chocolate box in one’s
waistcoat pocket.”

“After having vanished from view for
more than a year, the planet Eros has
been rediscovered. The planet was first
observed in 1898 by Witt, of the Urania
Observatory, Berlin, and given the name
which it bears. Until 1898, as far as tele-
scopes could show, Mars came nearer to
the earth than any other planet, but after
Witt’s discovery it was found that Eros
reached a point a little more than a third
of the distance from earth to Mars. The
honor of the rediscovery belongs to Pro-
fessor G. D. Long, of the Chamberlin
Observatory in Colorado.”

“On September 5, Professor Rudolf
Virchow, the Nestor of German patholo-
gists, passed away. Only on October 13
last he had celebrated his 80th birthday.
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20 AND 100
YEARS AGO

Virchow’s greatest discovery was the
self-propagating power of the cells in
animal tissue, showing that whatever
acted upon a cell from without produced
a change, either chemical or mechanical,
in the cell structure. These changes were
the cause of disease. When Pasteur first
made his startling discoveries of the bac-
teriological origin of disease, it was
thought for a time that Virchow’s theory
was unfounded. But later research
showed that the two doctrines really
supplemented each other. Pathology as
we know it today is Virchow’s work.”

“Although Lieutenant Peary returns
to us once more without having reached
the Pole, his expedition has not been in-
glorious. He has at least succeeded in
outstripping all previous American Arc-
tic explorers by penetrating to latitude
84 degrees 17 minutes. It cannot be de-
nied that this is by no means the most
northerly point ever reached, for the in-
trepid Nansen worked his way over the
ice to latitude 86 degrees 14 minutes,
and the Duke of Abruzzi forced his way
to latitude 86 degrees and 33 minutes.
The careful surveys made by Lieutenant
Peary, however, the elaborate meteoro-
logical and geological studies undertak-
en, and the wealth of information col-
lected fully compensate his failure to
reach the Pole.”

“At the annual meeting of the British
Association for the Advancement of Sci-
ence, Professor Dewar made a stirring
appeal for the improvement of the na-
tional system of scientific education. As
an instance of the importance of science
to a country, he pointed out that the
German chemical industries, which have
grown up during the last 70 years, are
worth £ 50,000,000 annually. Curiously
enough, these chemical industries are
founded on basic discoveries made by
English scientists. ‘It is in an abundance
of men of ordinary plodding ability,
thoroughly trained and methodically di-
rected, that Germany at present has s0
commanding an advantage. It is the fail-
ure of our schools to turn out, and of the
manufacturers to demand, men of this
kind, which explains our loss of some
valuable industries and our precarious
hold on others. The really appalling
thing is not that the Germans have
seized this or that industry, or even thﬂt
they may have seized a dozen industries:
It is that the German population has
reached a point in general training and
specialized equipment which will take
us two generations of hard and intelli-



The Bell Telephone Laboratories Series of books is published

by D. Van Nostrand Company. Other technical books by Lab-

oratories authors have been published by John Wiley & Sons.
Complete list of titles, authors and publishers may be obtained from
Publication Dept., Bell Telephone Laboratories, New York 14.

In their work to improve your telephone
service, Bell Laboratories make discoveries in
many sciences. Much of this new knowledge is
s0 basic that it contributes naturally to other
fields. So Bell scientists and engineers publish
their findings in professional magazines, and
frequently they write books.

Most of these books are in the Bell Telephone
Laboratories Series. Since the first volume was
brought out in 1926, many of the books have be-
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List of Subjects: Speech and hearing, mathematics, transmission
and switching circuits, networks and wave filters, quality control,
transducers, servomechanisms, quartz crystals, capacitors, visible
speech, earth conduction, radar, electron beams, microwaves, wave-
guides, traveling wave tubes, semiconductors, ferromagnetism.

come standards. . . classics in their fields. Twenty-
eight have been published and several more are
in the making. They embody the discoveries and
experience of one of the world’s great research
institutions.

Bell scientists and engineers benefit greatly
from the published findings of workers else-
where; in return they make their own knowledge
available to scientists and engineers all over the
world.

BELL TELEPHONE LABORATORIES

Improving telephone service for America provides challenging opportunities
for individual achievement and recognition in scientific and technical fields.
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S SEVERAGES

IS AN EXCITING WORD

VERSENE*—VANGUARD OF ACHIEVEMENT

Explorers of old have been replaced by today’s researchers.

The vast unexplored areas that now remain are not far away.

In fact, they are close at hand and quite within your own grasp.
Equipped with the new chemistry of chelation and the Versenes
(the most powerful chelating agents known) a whole new world of
discovery lies before you.

VERSENE*—FAMED FOR VERSATILITY

Because the Versenes can control cations in solution with mathematical
precision, these are some of the things that they can do:

preserve “‘goodness’” in wet-packed foods; increase detergency in soaps;
prevent metal stains in textiles and papers; stabilize latex, and
cosmetics; control metal impurities in plating; clean boilers and heat
exchangers; help purify drugs and stabilize pharmaceuticals; stabilize
whole blood; promise cure for lead and other metal poisoning; scour
Orlon to minimize crocking and bleeding of dyestuffs; control enzymes;
remove heat-coagulable proteins from hides to increase usable yield;
clean food process equipment.

DISCOVER VERSENE* YOURSELF

When you want to explore the new chemistry of chelation and
embark on your own era of ‘‘discovery’’ investigate the Versenes.
Unduplicated in quality and guaranteed for uniformity of complexing
(chelating) power, they are made only by the Bersworth

Chemical Company, under patents and processes originated and
developed by F. C. Bersworth. Exceptionally stable at elevated
temperatures and throughout the pH range, the Versenes are
available by gram or carload. Ask for Technical Bulletin #2 and
samples, Chemical Counsel on special request. Write Dept. J.

WWM/M chemicaly”
BERSWORTH CHEMICAL (0.

FRAMINGHAM, MASSACHUSETTS
*Trade Mark Registered
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gently directed educational work to gt
tain; it is that Germany possesses a 1.
tional weapon of precision, which must
give her an enormous advantage in every
contest depending upon disciplined ang
methodized intellect.” ”

“The use of the automobile in connec.
tion with military service for mountin
light artillery in this country originated
with Major R. P. Davidson, Comman.
dant at the Northwestern Military Acaq.
emy of Highland Park, Ill. Twice he has
essayed to make a record trip from Chj.
cago to Washington with an automobjle
carrying a gun crew of four men and 5
rapid-fire gun. Owing to the wretched
condition of the highways, which was
further aggravated by rainy weather
each time the trip has been abandone(i
when partly completed. This year, the
Cadet Corps of the Academy has been
organized to include a bicycle and auto-
mobile gun detachment, which is prob-
ably the only military organization of its
kind in the world. The motor vehicles
are operated by 10 horsepower engines
utilizing gasoline, giving a speed of 23
miles an hour on a country pike.”

“If the reports of the daily press are
to be credited, Alexander Graham Bell
is the inventor of an airship which is
shortly to be tested. As usual, no one
but the inventor knows anything of the
structural features of the contrivance.”

ceived a communication from a

highly respected subscriber and
correspondent, in New Orleans, about
such an Institution as the ‘Ecole Cen-
trale,” at Paris, where young men are
educated in the theory and practice of
engineering, manufacturing, and gen-
eral machinery. He says if he cannot get
his sons instructed at home in their own
land, as he desires them to be, he must
send them to France. He requests us to
call the attention of our people to this
subject. He has no desire to send them
to a workshop or foundry, to serve an
apprenticeship, as they would not be
under the same general admonition and
instruction as if under tutors. It would
be a good thing for our country if some
complete school of this kind were insti-
tuted; at present there is not one, s0 fﬂ'r
as our information extends. A new Chair
of Civil Engineering, under P1-ofe§80f
Norton, has been established at ii}le
College; this is a judicious and wise
movement of the Yaleites, and it shows
they are awake to the improvements 0
this age.”

SEPTEMBER, 1852. “We have re-

“The motion of comets strikingly il-
lustrates the almost absolute voidness @
space. If they experienced any resistance
while moving, their passage woult })e
checked, although that resistance was
many thousand times less than the han
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PRODUCT

CONTROL

BY INFRARED ANALYSIS

|

How Six Leading Firms Cut Costs with Infrared

MERCK & COMPANY
For assay of penicillin G in fermentation
broths. Cost $3.50/assay. Time: 2 hours.
Faster, cheaper and less tedious than
other methods.

A. B. DICK COMPANY
For selection and control of raw
materials; control of finished graphic
arts products. Most tests completed
in 2 minutes compared to 2 days for
conventional methods.

n

Perkin-Elmer Spectromet.er .a’t A.B. Dick Company

E.l. du PONT de NEMOURS & CO., INC.

For rapid, accurate determination of
small amounts of water in Freon. Five
minutes per determination-accurate
to 1 ppm.

SMITH, KLINE AND FRENCH LABORATORIES

Assay khellin and visnagin, two new
drugs, in seed extracts. Drugs are diffi-
cult to distinguish by conventional meth-
ods because of chemical similarity. It is
a 20-minute routine for infrared.

-

, Kline and French

Spectrophotometer at Smith

HOOKER ELECTROCHEMICAL CO.
Concentration of gamma isomer in benzene
hexachloride. Infrared routine completed
in 10 minutes, at a fraction of cost
and time by other means.

L ST e ea .
Perkin-Elmer Spectrometer at Hooker Electrochemical

JULIUS HYMAN & COMPANY

Production control for insecticides, raw
material specification, etc. Two instru-
ments run 24 hours a day on 8-hour shifts
for 4000-5000 analyses per month. Less
than 3% down time.

Perkin-Elmer Spectrometers at Julius Hyman & Co.
—._

Bulletin #100 containing complete details on these case
histories will be sent on request. Our laboratory is at
your service for complete evaluation of infrared methods
to your problems. For additional information write to:
The Perkin-Elmer Corp., 875 Main Ave., Norwalk, Conn.

For Optical Design and Electro-Optical Instruments

PERKIN @¥ ELMER
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EDISON

AUTOMATIC CONTROL COMPONENTS

EDISON THERMAL TIMING RELAYS. Complete range of
time delays from 2 seconds to 300 seconds within tol-
erance of £ 159 guaranteed for full life of relay.

| Standard RMA heater voltages. Both standard size and

miniature relays meet shock, vibration and environ-
mental requirements for aircraft application. Ask for
free bulletins #3007 and 3027.

e

EDISON SEALED THERMOSTATS. Sealed-in-glass types break
115 volt 8 ampere direct current load with practically
no contact arc. Type S1-1A holds control point within
=+ 0.1° over years without drift or apparent wear. Con-
tacts cannot film or become contaminated even after
years of inactivity as in fire alarm service. Write for
free bulletin #3009.

EDISON SENSITIVE MAGNETIC RELAYS. SPST or SPDT
contact arrangement—operate directly from d.c. current
as low as 75 micro-amps. Contacts carry 13 amp non-
inductive load. Copper-wound coils absorb overload to
10,000 times rated power. Separate coil leads to pins
permit series or differential hookup. Send for free
bulletin #3004.

EDISON ELECTRICAL RESISTANCE BULBS include the stand-
ard MIL approved types for aircraft and a wide variety
of bulbs for industrial temperature alarm systems, hot
bearing detection and process control applications.
Latest bulbs are permanently sealed, require no main-
tenance. Free bulletin #3016.

EDISON RATIO MOVEMENT. A sensitive, rugged moving-
magnet fixed-coil galvanometer developed primarily
for use with the EDISON bridge as a temperature indi-
cator free of voltage error. It may be used wherever an
indication proportional to the ratio of two quantities,
transferable into electrical terms, is required. For fur-
ther information, write details of your requirements.

feels when waved in the air. It is found
that Encke’s comet does indicate the
presence of some such resistance—it goes
slower and slower with each circujt
Upon the basis of this retardation, Pro.
fessor Nichols has adopted the theory
that there is a planetary ether, §llin

the space between the spheres, so that
in the course of time Encke’s comet wil]
disappear. Whether it will do so or not
the future alone can tell. The idea of,
the ether filling all space was entertained
by Euler in other days, but the cauge
of the retardation may not be an ether
but some heavenly body.” ’

“Some of the members of the British
Association for the Advancement of Sci-
ence, recently made an ascent in a bal-
loon for scientific purposes. They took
up various instruments with them, and
went up 19,200 feet. They had ex-
hausted tubes and took down air in them
from that height, in order to analyze it.
No cloud was seen above them; all was
clear and cold, 25 degrees below the
freezing point.”

“The steam frigate, San Jacinto,
which received a very bad character at
home, was sent abroad, not for the pur-
pose of showing what the people could
do in the way of building steamers, such
as those of the Collins Line, but as a
sample of the work of that distinctive
body, the Government. It arrived at
Constantinople on the 15th of last July,
and a correspondent of the New York
Times, writing from the City of the
Turks about her, says: ‘Aware of the
usual reputation and abilities of Ameri-
can ships, a party of us were proudly
waiting to see our national ship rapidly
sweeping into the harbor, but after she
hove in sight around the point of the
Seraglio, and was in the presence of the
three Cities of Constantinople, and of
the whole Ottoman fleet stationed in
the Bosphorus, what was our mortifica-
tion to see the steamer unable to stem
the current, and gradually disappear-
ing again behind the point. The offi-
cers say the reason was, that, in obedi-
ence to orders of the Navy Department,
they were so economical of coal.” This is
humiliating, but the fact is, we have a

very small number of steamers in our
Navy, and a miserable lot they are.

MANUFACTURERS OF
Instruments & Fire Detection Systems

for Military & Commercial Aircraft “In Congress last week Senator Bor-

land moved to appropriate $100,000 for
Dr. Morton’s ether patent. This was the
means of eliciting a long debate, M
which the claims of Drs. Jackson, Mor-
ton, and Wells to the discovery weré
distinctly presented. In our opinion, th€
claims of Dr. Wells are the strongest; W€
have seen no evidence to nullify them.

a&lioon.
INCORPORATED

INSTRUMENT DIVISION
22 Lakeside Avenue, West Orange, New Jersey

YOU CAN ALWAYS RELY ON EDISON
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“Colonel Colt has received a si]v(?l‘
medal from the Institution of Civil Engl
neers, in England, for a paper read be-
fore that body, on revolving fire-arms:
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Businessmen, engineers, and scientists now are solving
problems in scientific and industrial data processing which,
a few short years ago, would have been considered well-
nigh infinite.

IBM Electronic Business Machines are making an im-
portant contribution to this progress. These machines
accomplish once-overwhelming tasks with incredible speed
and accuracy . . . freeing thousands of valuable minds for
creative effort.

m ELECTRONIC BUSINESS MACHINES
International Business Machines
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A New Era

inm Medicine

Upjohn scientists have discovered a
new method for producing cortisone
synthetically. The most important
step 1s performed by a common mold
similar to bread mold. This process
will produce cortisone in abundance

and make it available to more people.

The crystals to the left and right are
pure cortisone magnified a thousand
times. The brilliant color is due to the

crystals being photographed under a

polarizing microscope.

Medicine... Produced with care
Designed for health
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Avtomotive Insulation

I Reinforcament for
| Plastic Decoralive Panels

Building Insulation

Electrical insulation

[Pre—,

Reinforcemaent for Paper Reinforcament for Plastics

Produets from A to Z beneti¥
#rom LOF Frber-Glass

Libbey-Owens-Ford’s 50 years’ experience in glass manufacturing is
your guarantee of top-quality Fiber-Glass

Whether you make automobiles, zipper bags
or any of a hundred other items, your product
stands to benefit from L-O-F Fiber-Glass. It
is available now in the form of insulating
blankets, textile yarns or reinforcements for
plastics, paper and other materials.

The exceptional thermal and acoustical in-
sulating properties of L-O'F Fiber-Glass offer
advantages for a wide variety of applications.
Lightweight, fire-resistant Fiber-Glass resists

moisture, will not mildew or rot. Fiber-Glass
yarns and strands have enormous tensile
strength. Libbey-Owens-Ford can now supply
you with top-quality Fiber-Glass...and deliver
it right on schedule!

Chances are Fiber:-Glass can improve your
product. Why not investigate the possibilities?
Contact the nearest L-O‘F office (district
offices in 24 major cities), or Libbey-Owens-

Ford, Dept. F-G 392, Nicholas Bldg., Toledo 3, O.

LIBBEY-OWENS-FORD GLASS COMPANY
FIBER-GLASS DIVISION

FIBER-GLASS
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“FEEDBACK ?”

asked RUTH WARD...

-

SHE'D NEVER HEARD OF IT
...and of course it isn’t particu-
larly important that she should.
It’s just one of the simpler scien-
tific principles, not particularly
new, and not nearly as exciting to
her as nuclear fission, the cath-
ode ray tube, and X rays...things
she has heard of, even if she
doesn’t know much about them.

FEEDBACK is just one of the
hundreds of relatively simple
ideas that has been developed,
and refined until an entire indus-
try has grown up around it...an
industry that by serving hundreds
of other industries, has helped
make thousands of separate prod-
ucts available to Ruth Ward...
uniformly high quality products

... for less money.

AND the application of the feed-
back principle to automatic proc-
ess control is over 50 years old!

Back IN 1905, we were one of
the first companies to offer indus-
try an automatic temperature con-
trol instrument, embodying the
feedback principle. Today, this
same instrument, modified only
slightly, is recommended and
purchased for a wide variety of
the more simple process control
applications.

SINCE ITS INTRODUCTION,
the idea of automatic control has
been snowballing. We, together
with others in our industry, have
been striving to make automatic
control applicable to more and
more process variables . . . tem-
perature, pressure, fluid flow,
liquid level and others . . . and
finding ways to control these vari-
ables more precisely. Taylor has
pushed back established fron-
tiers in the speed of response in
controlling . . . and the necessary
accompanying measurement,
transmission, indication and re-
cording of process variables . .
has transformed laboratory exper-
imentation into practical mass
production. Without these ad-
vances in instrument research and
precision manufacturing facilities,
the synthesis of many of our mod-
ern fibres, miracle drugs and the
separation of U-235 from uranium
could not have been possible.

AND RUTH WARD doesn’t un-
derstand a single bit of it. She

Tm//or Tnstruments

MEAN

ACCURACY FIRST

IN HOME AND INDUSTRY
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doesn’t have to, in order to enjoy
the countless material goods that
automatic control. . . an outgrowth
of the feedback principle...has
helped make possible.

OF COURSE, we’re proud that,
in this highly specialized instru-
ment industry, we have been a
pacemaker since the beginning.
From our first simple processing
thermometers in 1851, we count
many milestones, including the
introduction of that early temper-
ature controller (1905); produc-
tion of one of the first recording
thermometers (1910); line of
completely adaptable Furscope*
Controllers (1939); wider appli-
cation of the force-balance prin-
ciple; and, since World War II,
the development of our three-part
TraNseT* Control System which
has created new standards for
measurement and control.

FOR INFORMATION on how we
can help improve product quality,
while cutting production costs, in
almost any process industry,
write: Taylor Instrument Compan-
ies, Rochester, N.Y. and Toronto,
Canada.

% Reg. U. S. Pat. Off.

Instruments for indicating, recording and
controlling temperature, pressure, flow, liquid

level, speed, density, load and humidity.
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What keeps automatic controls

UNDER CONTROL?

BRUSH RECORDING ANALYZERS

Industry is making giant strides forward with automatic control systems.
And these strides are kept “on the beam” when controls are checked
periodically the precision way . . . with Brush Recording Analyzers!
It’s simple!

These Brush Instruments measure and record variables . . . give
written proof of the calibration and accuracy of the entire control system
or any part of it. Chart records, which are instantaneously available,
show the magnitude and timing of any factors involved . . . voltages,
currents, strains, displacements, light intensities, temperatures, pressures
and other static or dynamic conditions. Find out how you can simplify
checking of your automatic controls with Brush Recording Analyzers.
Brush representatives are
located throughout the
U. S. In Canada: A. C.
Wickman, Ltd., Toronto.

For complete informa-
tion, write The Brush
Development Company,
Dept. B-38, 3405 Perkins
Ave., Cleveland 14, Ohio.

EXAMPLE: Brush Recording
Analyzer being used to check
automatic control variables of
a Sciaky 3-phase resistance
welder. The dual chart records
welding current and electrode
force . . . shows contact gage
settings, precompression force,
welding force, forge force and
timing in milliseconds. Here is
written proof of accuracy and
an instant clue to any flaws.
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“Bradl

DEVELOPMENT COMPANY

Piezoelectric Crystals and Ceramics
Magnetic Recording Equipment
Acoustic Devices

Ultrasonics

Industrial & Research Instruments
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THE COVER

The painting on the cover shows
one of the earlier automatic con-
trol devices: the flyball-governor.
It is mounted on a replica of one
of James Watt’s steam engines in
Philadelphia’s Franklin Institute,

THE ILLUSTRATIONS
Cover painting by Walter Murch
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The Univac Fac-tronic System processes both numeric and alphabetic data from metallic
tape without special coding...delivers results in typewritten form ready for immediate use.

sensational new “fact-power”
unleashed by Remington Rand UNIVAC

Yesterday, “impossible”. .. today, an accomplished
fact —

Now, for the first time, a commercial or indus-
trial firm can have — first thing any morning —
complete facts and figures, analyzed and sum-
marized, on its previous day’s performance...in
production, in sales, in procurement or any other
major or minor activity.

The almost unbelievable feats of Remington
Rand Univac in computing, sorting, classifying
and reporting business data enable management
executives to formulate “fact-powered” decisions
in the merest fraction of the time previously re-
quired. Also, highly pertinent analyses and fore-
casts that were never even attempted before, are
now easy and almost completely automatic. Univac
has cleared the way for phenomenal improvements

The First Name in Business Electronics

in the coordination of business facilities.

And the same versatile Univac equipment helps
management multiply clerical productivity many
times over in every phase of record keeping and
accounting. Univac is just as effective in a job like
payroll preparation or cost distribution as it is in
complex statistical and mathematical projects.

A Complete Range of
Electronic Computing Systems
In addition to Univac, the universal electronic
computer, Remington Rand manufactures a com-
plete range of electronic computing instruments
to meet the requirements, large or small, of both
business and science. For details, please write on
your business or professional letterhead to Room
1381, 315 Fourth Ave., New York 10, N.Y.

Fomington Rand
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““These Theories on
Avutomatic Feedback Control

are Interesting ... but...

When can | use them
in my plant?”’

The answer is: Plans can be started just as
quickly as you can phone us or write us.

Here at Ultrasonic is a skilled staff already trained in diverse applications

of automatic control — -

... with many years of actual experience in using digital and analog feed- ULTRASONIC
back control on machine tools and process industry equipment. CORPORATION
If this issue of Scientific American stimulates your thinking . . . if it makes

you want to get the benefits of an early start in this new field for your CAM:AR;;’:E 42
company ... then, get in touch with us. Ultrasonic Corporation, 61 Rogers X

Street, Cambridge, Massachusetts.
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' about permanent alnico magnets

automatic control—permanent magnets
are partners in industrial progress

One important part of the “automatic” factory is there-
quirement that measuring devices be accurate, rugged
. .. and because of their use in such great volume they
have to be low cost. Itis a credit to instrumentmanufac-
turers that these meter miracles are being accom-
plished. Not only are the meters more sensitive, lower
cost . . . but specialized problems in measurement are
solved everyday with new and different instruments.

Former design of
magnet assembly
using Alnico II.

before

Note how rede-
signed magnet is
made lighter be-
cause of reductions
in area. The change
from Alnico II to
Alnico V with this
design improved
flux density.

after
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Midland Works, Midland, Pa. . Spaulding Works, Harrison, N. J.
National Drawn Works, East Liverpool, Ohio
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Sanderson-Halcomb Works, Syracuse, N. Y,

Marion Meter,
Model 53RN.

here’s how Marion cut magnet costs 1/3
...and built a better meter!

Marion Electrical Instrument Company, prominent meter
manufacturer, embarked on a plan of redesigning their
meters to give improved service. The Marion Meter,
Model 53RN shown here, is a good example of what is
being accomplished.

In redesigning their instruments, Marion worked
closely with Crucible magnet specialists. The recom-
mendation was made to change from Alnico II to Alnico
V for the magnetic alloy used in the meter’s D’Arsonval
movement. Then the magnet itself was redesigned. The
overall effect was to reduce the weight of the magnet by
35%, cut the cost 14 ... and increase the gap flux density
which resulted in a 15% increase in the torque of the
movement. The illustration shows the old and new design.

This development is typical of how Crucible is work-
ing to increase measuring efliciency with permanent alnico

magnets. Have you a magnet application we can cut costs
on by 147?

magnet data

book available

Since the advent of the
alnico market in 1936,
Crucible has pioneered in
the design and develop-
ment of special magnet
alloys. Send for your copy
of Crucible’s “PERMANENT
MAGNET DESIGN”. This booklet points out design
factors in the selection of alnico magnets. CRUCIBLE
STEEL CoMPANY OF AMERICA, Chrysler Building,
New York 17, New York.

first name in special purpose steels

. Park Works, Pittsburgh, Pa. o Spring Works, Pittsburgh, Pa.

Trent Tube Company, East Troy, Wisconsin
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Preface

N THE COVER of this issue of ScienTIFIC
() AMERICAN is a painting of the flyball-gov-
ernor invented by James Watt in 1788. Al-
though the governor has been a commonplace to
engineers for a century and a half, it has renewed
significance today. Watt devised the governor to
control the speed of his steam engine. The engine
rotated the shaft in the center of the painting,
causing the two iron balls to move outward and
lower the arm at the upper left. The arm was
linked to the throttle of the engine. When the en-
gine went too fast, the balls tended to close the
throttle and slow it down; when the engine went
too slow, they tended to open the throttle and
speed it up. In short, the engine was made to
control itself.

The title of the painting, and of this issue, is
“Automatic Control.” The reader might well ask:
“Automatic control of what?” The answer is the
control of all things that are self-regulating or
capable of self-regulation. Such control always in-
volves the simple principle which is so admirably
demonstrated by the flyball-governor. A portion
of the output of a system is fed back to control the
input; the familiar chain of cause and effect is
closed in a loop of interdependent events. Life it-
self is such a self-regulating process. The principle
can be seen at work in the ebb and flow of human
affairs. This issue, however, is primarily con-
cerned with the self-regulation of machines that
do men’s work.

Many such machines exist today. What is more
significant is that the tempo of their evolution is
quickening. A new kind of engineer thinks not
only of automatic machines but also of automatic
factories. It is not beyond the bounds of reason-
able imagination to think of automatic industries:
even now large sectors of the communications
industry control themselves. This acceleration of

tempo amounts to a technological revolution that
must powerfully influence the future of man.

What is the origin of this revolution? In his
introductory article Ernest Nagel points out, and
Watt’s governor reminds us, that self-regulating
machines are not new. It is only recently, how-
ever, that we have come to appreciate their fun-
damental principle. Arnold Tustin describes this
principle; Gordon S. Brown and Donald P. Camp-
bell discuss its present and future application.

Although the fully automatic factory is not yet
with us, many impressive examples demonstrate
its imminence. Eugene Ayres tells how automatic
control is used in a modern petroleum refinery;
William Pease describes a recently developed
fully automatic machine tool. The realization of
the automatic factory awaits further progress in
computing machinery and the handling of in-
formation, covered, respectively, by Louis N.
Ridenour and Gilbert W. King. Wassily Leontief
considers the economic and social impact of
automatic control.

The last is the primary reason for the publica-
tion of this issue. Some readers will doubtless be
depressed by the prospect of more automatic ma-
chines; it may seem that they can only furthe:
complicate man’s existence and diminish his cre-
ative powers. Such possibilities are considered
by the authors. But automatic control, like the re-
lease of atomic energy, is an inevitable outcome
of history, and it is here. The central question is
not whether it is good or bad, but how we may
best use it. Fortunately the outlook is encourag-
ing. Like every development in man’s ability to
harness the energy of nature, automatic control
will further liberate him from the routine tasks of
mere survival. It can only give him more time
for the creative enjoyment of life and for the
exploration of the universe.
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AUTOMATIC
CONTROL

An introduction to seven articles about self-regulating

machines, which represent a scientific and technological

revolution that will powerfully shape the future of man

new thing in the world. Self-regu-
lative mechanisms are an inherent
feature of innumerable processes in na-
ture, living and non-living. Men have
long recognized the existence of such
mechanisms in living forms, although,
to be sure, they have often mistaken
automatic regulation for the operation
of some conscious design or vital force.
Even the deliberate construction of self-
regulating machines is no innovation:
the history of such devices goes back at
least several hundred years.
Nevertheless, the preacher’s weary
cry that there is nothing new under the
sun is at best a fragment of the truth.
The general notion of automatic control
may be ancient, but the formulation of
its principles is a very recent achieve-
ment. And the systematic exploitation
of these principles—their subtle theo-
retical elaboration and far-reaching
practical application—must be credited
to the 20th century. When human intel-
ligence is disciplined by the analytical
methods of modern science, and forti-
fied by modern material resources and
techniques, it can transform almost be-
yond recognition the most familiar as-
pects of the physical and social scene.
There is surely a profound difference
between a primitive recognition that
some mechanisms are self-regulative
while others are not, and the invention
of an analytic theory which not only ac-
counts for the gross facts but guides the
construction of new types of systems.
We now possess at least a first ap-
proximation to an adequate theory of
automatic control, and we are at a point
of history when the practical application
of that theory begins to be conspicuous
and widely felt. The future of automatic
control, and the significance for human
weal or woe of its extension to fresh
areas of modern life, are still obscure.
But if the future is not to take us com-

3. UTOMATIC CONTROL is not a
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by Ernest Nagel

pletely by surprise, we need to survey,
as this issue of SCIENTIFIC AMERICAN
does, the principal content of automatic
control theory, the problems that still
face it and the role that automatic con-
trol is likely to play in our society.

HE CENTRAL ideas of the theory

of self-regulative systems are sim-
ple and are explained with exemplary
clarity in Mr. Tustin’s essay which fol-
lows. Every operating system, from a
pump to a primate, exhibits a character-
istic pattern of behavior, and requires a
supply of energy and a favorable en-
vironment for its continued operation. A
system will cease to function when var-
iations in its intake of energy or changes
in its external and internal environment
become too large. What distinguishes
an automatically controlled system is
that it possesses working components
which maintain at least some of its typi-
cal processes despite such excessive var-
iations. As need arises, these compo-
nents employ a small part of the energy
supplied to the system to augment or
diminish the total volume of that energy,
or in other ways to compensate for en-
vironmental changes. Even these ele-
mentary notions provide fruitful clues
for understanding not only inanimate
automatically controlled systems, but
also organic bodies and their interrela-
tions. There is no longer any sector of
nature in which the occurrence of self-
regulating systems can be regarded as a
theme for oracular mystery-mongering.
However, some systems permit a
greater degree of automatic control than
others. A system’s susceptibility to con-
trol depends on the complexity of its
behavior pattern and on the range of
variations under which it can maintain
that pattern. Moreover, responses of
automatic controls to changes affect-
ing the operation of a system are in
practice rarely instantaneous, and never
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absolutely accurate. An adequate sci-
ence of automatic control must there-
fore develop comprehensive ways of
discriminating and measuring variations
in quality; it must learn how signals (or
information) may be transmitted and
relayed; it must be familiar with the
conditions under which self-excitations
and oscillations may occur, and it must
devise mechanisms which will antici-
pate the probable course and sequence
of events. Such a science will use and
develop current theories of fundamen-
tal physico-chemical processes. It is de-
pendent upon the elaborate logico-
mathematical analyses of statistical ag-
gregates, and upon an integration of
specialized researches which until re-
cently have seemed only remotely re-
lated. Our present theory of self-regu-
lative systems has sprung from the soil
of contemporary theoretical science. Its
future is contingent upon the continued
advance of basic research—in mathe-
matics, physics, chemistry, physiology
and the sciences of human behavior.
Automatic controls have been intro-
duced into modern industry only in part
because of the desire to offset rising la-
bor costs. They are in fact not primarily
an economy measure but a necessity,
dictated by the nature of modern serv-
ices and manufactured products and by
the large demand for goods of uniform-
ly high quality. Many articles in current
use must be processed under conditions
of speed, temperature, pressure and
chemical exchange which make human
control impossible, or at least imprac-
ticable, on an extensive scale. Moreover,
modern machines and instruments them-
selves must often satisfy unprecedented-
ly high standards of quality, and beyond
certain limits the discrimination and
control of qualitative differences elude
human capacity. The automatic control
of both the manufacturing process and
the quality of the product manufactured
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THE LANGUAGE OF AUTOMATIC CONTROL

“When I use a word,” Humpty Dumpty said in rather a scornful tone,
“it means just what I choose it to mean—neither more nor less.”

“The question is,” said Alice, “whether you can make words mean
so many different things.”

The uninitiate may sometimes feel, with this issue of SCIENTIFIC
AMERICAN, that he is playing Alice to the Humpty Dumpty of the
control engineers. Part of their specialized vocabulary, to be sure,
is openly and obviously technical, and here the reader will realize
that he must find out what they are talking about. Some of their
terms, however, will look like ordinary English, and the reader is
warned that these everyday words have been made to mean just what
the engineers choose them to mean. And where no word can be bent
to their purpose, new ones have been invented. Special terms have
been defined as they occur in each article; the most important are
collected here for reference and as an introduction to the language of
automatic control.

AUTOMATIC CONTROL: As used in this issue, automatic self-reg-

ulation by means of feedback (see below).

BINARY SCALE (OR BINARY SYSTEM): A numbering system
based on 2, as the decimal system is based on 10, using only the digits
0 and 1.

BIT: Combined from binary digit. The unit of information. Infor-
mation, as we will see below, is a choice hetween possibilities. Since
a binary digit specifies a choice between only two possibilities:
“zero or one,” “yes or no,” it is the least amount of information that
can be imparted.

ERROR: In control systems, the difference between the actual value
and the desired value of a controlled quantity. In communications
theory, a mistake in a message (below).

FEEDBACK: This is the heart of the matter—the basic mechanism
of all self-regulating systems. Information about the output at one
stage of a process is returned, or fed back, to an earlier stage so as
to influence its action and hence to change the output itself.

HUNT: To oscillate back and forth about a desired value. A charac-
teristic of all feedback systems, which good design attempts to mini-
mize or eliminate.

INFORMATION: What is transmitted in any communications sys-
tem. The modern theory of communication considers information to
be a measure of freedom of choice between possible messages, and
shows it to have the properties of entropy.

MESSAGE: Information sent or received. The two may not be iden-
tical because of noise (below).

NOISE: Originally from radio engineering, where it had its usual
meaning. Now any element in any message that was not put there in-
tentionally by the sender. Thus “snow” on a television screen is noise.

SERVO-MECHANISM: An expert in the field has said “It is nearly
as hard for the practitioners of the servo art to agree on a definition
of a servo as it is for a group of theologians to agree on sin.” A defi-
nition which, notwithstanding, many practitioners accept is: a feed-
back, power-amplifying control system.
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is therefore frequently indispensable.
Once the pleasures of creating and
contemplating the quasi-organic unity
of self-regulative systems have been
learned, it is only a short step to the
extension of such controls to areas where
they are not mandatory. Economic con-
siderations undoubtedly play a role in
this extension, but Messrs. Brown and
Campbell are probably at least partly
correct in their large claim that the
modern development in automatic en-
gineering is the consequence of a point
of view which finds satisfaction in
unified schemes for their own sake.

OW LIKELY is the total automati-
zation of industry, and what are
the broad implications for human wel-
fare of present tendencies in that direc-
tion? Crystal-gazing is a natural and
valuable pastime, even if the visions be-
held are only infrequently accurate.
Some things, at any rate, are seen more
clearly and certainly than others. If it
is safe to project recent trends into the
future, and if fundamental research in
relevant areas continues to prosper,
there is every reason to believe that the
self-regulation of industrial production,
and even of industrial management, will
steadily increase. On the other hand, in
some areas automatization will never
be complete—either because of the rela-
tively high cost of conversion, or because
we shall never be able to dispense with
human ingenuity in coping with unfore-
seeable changes, or finally because of
certain inherent limitations in the ca-
pacity of any machine which operates
according to a closed system of rules.
The dream of a productive system that
entirely runs itself appears to be un-
realizable.

Some consequences of large-scale
automatic control in current technology
are already evident, and are noted by
several contributors to this series of ar-
ticles. Industrial productivity has in-
creased out of proportion to the increase
in capital outlay. Many products are
now of finer quality than they have ever
been before. Working hours have been
generally reduced, and much brutaliz-
ing drudgery has been eliminated. In
addition, there are signs of a new type
of professional man—the automatic con-
trol system engineer. There has been
considerable conversion and retraining
of unskilled labor. A slow refashioning
of educational facilities, in content as
well as in organization, in engineering
schools as well as in the research divi-
sions of universities and industries, is in
progress. In the main these develop-
ments contribute to human welfare.

However, commentators on auto-
matic control also see it as a poten-
tial source of social evil, and express
fears—not altogether illegitimate—con-
cerning its ultimate effect. There is first
the fear that continued expansion in this
direction will be accompanied by large-



scale technological unemployment, and
in consequence by acute economic dis-
tress and social upheaval. As Mr. Leon-
tief points out in his article, the possi-
bility of disastrous technological unem-
ployment cannot be ruled out on purely
theoretical grounds; special circum-
stances will determine whether or not it
occurs. But, as he also notes, the brief
history of automatic control in the U. S.
suggests that serious unemployment is
not its inevitable concomitant, at least
in this country. The U. S. appears to be
capable of adjusting itself to a major in-
dustrial reorganization without uproot-
ing its basic patterns of living. Large-
scale technological unemployment may
be a more acute danger in other coun-
tries, but the problem is not insurmount-
able, and measures to circumvent or to
mitigate it can be taken.

There is next the fear that an auto-
matic technology will impoverish the
quality of human life, robbing it of op-
portunities for individual creation, for
pride of workmanship and for sensitive
qualitative discrimination. This fear is
often associated with a condemnation
of “materialism” and with a demand for
a return to the “spiritual” values of
earlier civilizations. All the available
evidence shows, however, that great
cultural achievements are attained only
by societies in which at least part of the
population possesses considerable world-
ly substance. There is a good empirical
basis for the belief that automatic con-
trol, by increasing the material well-
being of a greater fraction of mankind,
will release fresh energies for the culti-
vation and flowering of human excel-
lence. At any rate, though material
abundance undoubtedly is not a suffi-
cient condition for the appearance of
great works of the human spirit, neither
is material penury; the vices of poverty
are surely more ignoble than those of
wealth. Moreover, there is no reason
why liberation from the unimaginative
drudgery which has been the lot of so
many men throughout the ages should
curtail  opportunities for creative
thought and for satisfaction in work
well done. For example, the history
of science exhibits a steady tendency
to eliminate intellectual effort in the
solution of individualized problems, by
developing comprehensive formulas
which can resolve by rote a whole class
of them. To paraphrase Alfred North
Whitehead, acts of thought, like a caval-
ry charge in battle, should be introduced

08 O3

only at the critical junction of affairs.

There has been no diminution in op-
portunities for creative scientific activ-
ity, for there are more things still to be
discovered than are dreamt of in many a
discouraged philosophy. And there is no
ground for supposing that the course of
events will be essentially different in
other areas of human activity. Why
should the wide adoption of automatic
control and its associated quantitative
methods induce a general insensitivity
to qualitative distinctions? It is precise-
ly measurement that makes evident the
distinctions between qualities, and it is
by measurement that man has frequent-
ly refined his discriminations and gained
for them a wider acceptance. The ap-
prehension that the growth of automatic
controls will deprive us of all that gives
zest and value to our lives appears in
the main to be baseless.

HERE IS finally the fear that an

automatic technology will encourage
the concentration of political power;
that authoritarian controls will be estab-
lished for all social institutions—in the
interest of the smooth operation of in-
dustry and of society but to the ruin of
democratic freedom. This forecast is
given some substance by the recent his-
tory of several nations, but the dictator-
ships differ so greatly from the Western
democracies in political traditions and
social stratifications that the prediction
has dubious validity for us. Neverthe-
less, one element in this grim conjecture
requires attention. Whatever the future
of automatic control, governmental reg-
ulation of social institutions is certain to
increase—population growth alone will
make further regulation imperative. It
does not necessarily follow that liberal
civilizations must therefore disappear.

To argue that it does is to commit a
form of the pathetic fallacy. Aristotle
argued that political democracy was
possible only in small societies such as
the Greek city-states. If our present com-
plex governmental regulations in such
matters as sanitation, housing, trans-
portation and education could have
been foreseen by our ancestors, many
of them would doubtless have concluded
that such regulations are incompatible
with any sense of personal freedom. It
is easy to confound what is merely
peculiar to a given society with the in-
dispensable conditions for democratic
life.

The crucial question is not whether
control of social transactions will be
further centralized. The crucial ques-
tion is whether, despite such a move-
ment, freedom of inquiry, freedom of
communication and freedom to partici-
pate actively in decisions affecting our
lives will be preserved and enlarged. It
is good to be jealous of theserights; they
are the substance of a liberal society.
The probable expansion of automatic
technology does raise serious problems
concerning them. But it also provides
fresh opportunities for the exercise of
creative ingenuity and extraordinary
wisdom in dealing with human affairs.

e ——

Ernest Nagel is pro-
fessor of philosophy at
University.
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The computing machine of the future gives birth to its kind
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FEEDBACK

It is the fundamental principle that underlies all

self-regulating systems, not only machines but also

the processes of life and the tides of human affairs

ples of true automatic control sys-

tems have been known. A very early
one was the arrangement on windmills
of a device to keep their sails always
facing into the wind. It consisted simply
of a miniature windmill which could
rotate the whole mill to face in any di-
rection. The small mill’s sails were at
right angles to the main ones, and when-
ever the latter faced in the wrong direc-
tion, the wind caught the small sails and
rotated the mill to the correct position.
With steam power came other automatic
mechanisms: the engine-governor, and
then the steering servo-engine on ships,
which operated the rudder in corre-
spondence with movements of the helm.
These devices, and a few others such as
simple voltage regulators, constituted
man’s achievement in automatic control
up to about 20 years ago.

In the past two decades necessity, in
the form of increasingly acute problems
arising in our ever more complex tech-
nology, has given birth to new families
of such devices. Chemical plants needed
regulators of temperature and flow; air
warfare called for rapid and precise
control of searchlights and anti-aircraft
guns; radio required circuits which
would give accurate amplification of
signals.

Thus the modern science of automatic
control has been fed by streams from
many sources. At first, it now seems

I YOR hundreds of years a few ‘exam-

by Arnold Tustin

surprising to recall, no connection be-
tween these various developments was
recognized. Yet all control and regulat-
ing systems depend on common princi-
ples. As soon as this was realized, prog-
ress became much more rapid. Today
the design of controls for a modern
boiler or a guided missile, for example,
is based largely on principles first de-
veloped in the design of radio amplifiers.

Indeed, studies of the behavior of
automatic control systems give us new
insight into a wide variety of happen-
ings in nature and in human affairs. The
notions that engineers have evolved
from these studies are useful aids in un-
derstanding how a man stands upright
without toppling over, how the human
heart beats, why our economic system
suffers from slumps and booms, why the
rabbit population in parts of Canada
regularly fluctuates between scarcity
and abundance.

The chief purpose of this article is
to make clear the common pattern that
underlies all these and many other
varied phenomena. This common pat-
tern is the existence of feedback, or—to
express the same thing rather more gen-
erally—interdependence.

We should not be able to live at all,
still less to design complex control sys-
tems, if we did not recognize that there
are regularities in the relationship be-
tween events—what we call “cause and
effect.” When the room is warmer, the

thermometer on the wall reads higher.
We do not expect to make the room
warmer by pushing up the mercury in
the thermometer. But now consider the
case when the instrument on the wall is
not a simple thermometer but a thermo-
stat, contrived so that as its reading goes
above a chosen setting, the fuel supply
to the furnace is progressively reduced,
and, conversely, as its reading falls be-
low that setting, the fuel flow is in-
creased. This is an example of a familiar
control system. Not only does the read-
ing of the thermometer depend on the
warmth of the room, but the warmth of
the room also depends on the reading
of the thermometer. The two quantities
are interdependent. Each is a cause, and
each an effect, of the other. In such
cases we have a closed chain or se-
quence—what engineers call a “closed
loop” (see diagram on the opposite
page).

In analyzing engineering and scien-
tific problems it is very illuminating to
sketch out first the scheme of depend-
ence and see how the various quantities
involved in the problem are determined
by one another and by disturbances
from outside the system. Such a dia-
gram enables one to tell at a glance
whether a system is an open or a closed
one. This is an important distinction,
because a closed system possesses sev-
eral significant properties. Not only can
it act as a regulator, but it is capable of

O-O-O-0

OPEN SEQUENCE of control is illustrated by a sys-
tem for regulating the temperature of a room. Ty is
a variation in the temperature outdoors. Th is the
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variation of a thermometer. F is the fuel control of a
furnace. T is the variation of the temperature in the
room. In such a system of control there is no feedback.



various “self-excitatory” types of be-
havior—like a kitten chasing its own tail.

The now-popular name for this proc-
ess is “feedback.” In the case of the
thermostat, the thermometer’s informa-
tion about the room temperature is fed
back to open or close the valve, which
in turn controls the temperature. Not all
automatic control systems are of the
closed-loop type. For example, one
might put the thermometer outside in
the open air, and connect it to work the
fuel valve through a specially shaped
cam, so that the outside temperature
regulates the fuel flow. In this open-
sequence system the room temperature
has no effect; there is no feedback. The
control compensates only that disturb-
ance of room temperature caused by
variation of the outdoor temperature.
Such a system is not necessarily a bad
or useless system; it might work very
well under some circumstances. But it
has two obvious shortcomings. Firstly,
it is a “calibrated” system; that is to
say, its correct working would require
careful preliminary testing and special
shaping of the cam to suit each particu-
lar application. Secondly, it could not
deal with any but standard conditions.
A day that was windy as well as cold
would not get more fuel on that account.

The feedback type of control avoids
these shortcomings. It goes directly to
the quantity to be controlled, and it cor-
rects indiscriminately for all kinds of
disturbance. Nor does it require calibra-
tion for each special condition.

Feedback control, unlike open-se-
quence control, can never work without
some error, for the error is depended
upon to bring about the correction. The
objective is to make the error as small
as possible. This is subject to certain
limitations, which we must now con-
sider.

The principle of control by feedback
is quite general. The quantities that it
may control are of the most varied kinds,
ranging from the frequency of a na-
tional electric-power grid to the degree
of anesthesia of a patient under surgical
operation. Control is exercised by neg-
ative feedback, which is to say that the
information fed back is the amount of
departure from the desired condition.

NY QUANTITY may be subjected
to control if three conditions are
met. First, the required changes must
be controllable by some physical means,
a regulating organ. Second, the con-
trolled quantity must be measurable, or
at least comparable with some standard;
in other words, there must be a measur-
ing device. Third, both regulation and
measurement must be rapid enough for
the job in hand.

As an example, take one of the sim-
plest and commonest of industrial re-
quirements: to control the rate of flow
of liquid along a pipe. As the regulating

organ we can use a throttle valve, and
as the measuring device, some form of
flowmeter. A signal from the flowmeter,
telling the actual rate of flow through
the pipe, goes to the “controller”; there
it is compared with a setting giving the
required rate of flow. The amount and
direction of “error,” i.e., deviation from
this setting, is then transmitted to the
throttle valve as an operating signal to
bring about adjustment in the required
direction (see diagram at the top of
page 53).

In flow-control systems the signals
are usually in the form of variations in
air pressure, by which the flowmeter
measures the rate of flow of the liquid.
The pressure is transmitted through a
small-bore pipe to the controller, which
is essentially a balance piston. The dif-
ference between this received pressure
and the setting regulates the air pres-
sure in another pipeline that goes to
the regulating valve.

Signals of this kind are slow, and
difficulties arise as the system becomes
complex. When many controls are con-
centrated at a central point, as is often
the case, the air-pipes that transmit the
signals may have to be hundreds of feet
long, and pressure changes at one end
reach the other only after delays of some
seconds. Meanwhile the error may have
become large. The time-delay often cre-
ates another problem: overcorrection of
the error, which causes the system to

oscillate about the required value in-
stead of settling down.

For further light on the principles
involved in control systems let us con-
sider the example of the automatic gun-
director. In this problem a massive gun
must be turned with great precision to
angles indicated by a fly-power pointer
on a clock-dial some hundreds of feet
away. When the pointer moves, the gun
must turn correspondingly. The quan-
tity to be controlled is the angle of the
gun. The reference quantity is the angle
of the clock-dial pointer. What is needed
is a feedback loop which constantly
compares the gun angle with the point-
er angle and arranges matters so that if
the gun angle is too small, the gun is
driven forward, and if it is too large, the
gun is driven back.

The key element in this case is some
device which will detect the error of
angular alignment between two shafts
remote from each other, and which does
not require more force than is available
at the fly-power transmitter shaft. There
are several kinds of electrical elements
that will serve such a purpose. The one
usually selected is a pair of the minia-
ture alternating-current machines known
as selsyns. The two selsyns, connected
respectively to the transmitter shaft and
the gun, provide an electrical signal
proportional to the error of alignment.
The signal is amplified and fed to a gen-
erator which in turn feeds a motor that

M

CLOSED SEQUENCE of control is illustrated by a system for regulating
the temperature of a room by means of a thermostat. Here Th is a ther-
mostat rather than a thermometer. In such a system there is feedback.
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EARLIEST KNOWN DRAWING of the flyball-gov-  ter are the words: “Two of these legs—1 on each side.”
ernor was made in 1788. The governor was invented by Later Watt attempted to prevent the oscillation of the
James Watt. At the upper left appear the date and the governor by fitting it with stops for the balls, one

name of Watt’s associate Matthew Boulton. Only half of  to keep them from coming too close together and the
a governor is shown in the drawing, but below the cen- other to prevent them from “opening too wide asunder.”
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drives the gun (see diagram on the

next page). m m
HIS GIVES the main lines of a prac-
ticable scheme, but if a system were M M

built as just described, it would fail. The

gun’s inertia would carry it past the

position of correct alignment; the new
error would then cause the controller

to swing it back, and the gun would REGULAR OSCILLATORY VARIATION of a quantity put into a feed-
hunt back and forth without ever set- back system (black curve) is followed by a similar variation in the
tling down. output quantity (gray curve). The gray rectangle indicates the time-delay,

This oscillatory behavior, maintained
by “self-excitation,” is one of the prin-
cipal limitations of feedback control. It
is the chief enemy of the control-system
designer, and the key to progress has
been the finding of various simple means
to prevent oscillation. Since oscillation
is a very general phenomenon, it is
worth while to look at the mechanism
in detail, for what we learn about os-
cillation in man-made control systems
may suggest means of inhibiting oscil-
lations of other kinds—such as economic
booms and slumps, or periodic swarms
of locusts.

Consider any case in which a quantity
that we shall call the output depends on
another quantity we shall call the input.
If the input quantity oscillates in value,
then the output quantity also will os-
cillate, not simultaneously or necessarily
in the same way, but with the same fre-
quency. Usually in physical systems the

output oscillation lags behind the input.
For example, if one is boiling water and
turns the gas slowly up and down, the
amount of steam increases and decreases
the same number of times per minute, - !
but the maximum amount of steam in
each cycle must come rather later than
the maximum application of heat, be-
cause of the time required for heating,

If the first output quantity in turn af-
fects some further quantity, the varia-

tion of this second quantity in the SECOND TYPE OF OSCILLATION occurs when the feedback (black
sequence will usually lag still more, and cur‘ve) of a system is less than and opposed to the error (gray curve).
so on. The lag (as a proportion of one This set of conditions tends to damp the disturbance in the system.
oscillation) also usually increases with
frequency—the faster the input is varied,
the farther behind the output falls.
Now suppose that in a feedback sys-
tem some quantity in the closed loop is
oscillating. This causes the successive
quantities around the loop to oscillate
also. But the loop comes around to the
original quantity, and we have here the
mechanism by which an oscillation may
maintain itself. To see how this can
happen, we must remember that with
the feedback negative, the motion it
causes would be opposite to the original
motion, if it were not for the lags. It
is only when the lags add up to just half
a cycle that the feedback maintains
the assumed motion. Thus any system
with negative feedback will maintain
a continuous oscillation when disturbed
if (a) the time-delays in response at THIRD TYPE OF OSCILLATION occurs when the feedback (gray
some frequency add up to half a period curve) of a system is greater than and opposed to the error (black curve).
of oscillation, and (b) the feedback ef- This set of conditions tends to amplify the disturbance in the system.

ONE TYPE OF OSCILLATION occurs when the feedback (gray curve)
of a system is equal and opposed to its error (black curve). Here the term
error is used to mean any departure of the system from its desired state.
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ELEVATION OF A GUN is controlled by an elec-
trical feedback system. The closed sequence, or closed
loop, runs from the position of the gun through the feed-

fect is sufficiently large at this fre-
quency.

In a linear system, that is, roughly
speaking, a system in which effects are
directly proportional to causes, there are
three possible results. If the feedback,
at the frequency for which the lag is
half a period, is equal in strength to the
original oscillation, there will be a con-
tinuous steady oscillation which just
sustains itself. If the feedback is greater
than the oscillation at that frequency,
the oscillation builds up; if it is smaller,
the oscillation will die away.

This situation is of critical importance
for the designer of control systems. On
the one hand, to make the control ac-
curate, one must increase the feedback;
on the other, such an increase may ac-
centuate any small oscillation. The con-
trol breaks into an increasing oscillation
and becomes useless.

O ESCAPE from the dilemma the
designer can do several things. First-
ly, he may minimize the time-lag by
using electronic tubes or, at higher pow-
er levels, the new varieties of quick-
response direct-current machines. By
dividing the power amplification among
a multiplicity of stages, these special
generators have a smaller lag than con-
ventional generators. The lag is by no
means negligible, however.
Secondly, and this was a major ad-
vance in the development of control sys-
tems, the designer can use special ele-
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ments that introduce a time-lead,
anticipating the time-lag. Such devices,
called phase-advancers, are often based
on the properties of electric capacitors,
because alternating current in a capaci-
tor circuit leads the voltage applied to it.

Thirdly, the designer can introduce
other feedbacks besides the main one,
so designed as to reduce time-lag.
Modern achievements in automatic
control are based on the use of combi-
nations of such devices to obtain both
accuracy and stability.

So far we have been treating these
systems as if they were entirely linear.
A system is said to be linear when all
effects are strictly proportional to causes.
For example, the current through a re-
sistor is proportional to the voltage ap-
plied to it; the resistor is therefore a
linear element. The same does not ap;
ply to a rectifier or electronic tube.
These are non-linear elements.

None of the elements used in control
systems gives proportional or linear de-
pendence over all ranges. Even a re-
sistor will burn out if the current is too
high. Many elements, however, are
linear over the range in which they are
required to work. And when the range
of variation is small enough, most ele-
ments will behave in an approximately
linear fashion, simply because a very
small bit of a curved graph does not dif-
fer significantly from a straight line.

We have seen that linear closed-se-
quence systems are delightfully simple
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back selsyn, the transmitter selsyn, the amplifier and
the generator to the motor. The selsyn is an electrical
device which transmits position or speed of rotation.

to understand and—even more impor-
tant—very easy to handle in exact
mathematical terms. Because of this,
most introductory accounts of control
systems either brazenly or furtively as-
sume that all such systems are linear.
This gives the rather wrong impression
that the principles so deduced may have
little application to real, non-linear, sys-
tems. In practice, however, most of the
characteristic behavior of control sys-
tems is affected only in detail by the
non-linear nature of the dependences.
It is essential to be clear that non-linear
systems are not excluded from feedback
control. Unless the departures from
linearity are large or of special kinds,
most of what has been said applies with
minor changes to non-linear systems.

ONG BEFORE man existed, evolu-
tion hit upon the need for anti-
oscillating features in feedback control
and incorporated them in the body
mechanisms of the animal world. Signals
in the animal body are transmitted by
trains of pulses along nerve fibers. When
a sensory organ is stimulated, the stimu-
lus will produce pulses at a greater rate
if it is increasing than if it is decreasing.
The pattern of nerve response to an os-
cillatory stimulus is shown in the dia-
gram on page 54. The maximum re-
sponse, or output signal, occurs before
the maximum of the stimulus. This is
just the anticipatory type of effect (the
time-lead) that is required for high-
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RATE OF FLOW IN A PIPE is controlled by a pneumatic feedback
system. Here the closed loop runs from the flow of fluid in the pipe through

the flow meter and the recording

accuracy control. Physiologists now be-
lieve that the anticipatory response has
evolved in the nervous system for, at
least in part, the same reason that man
wants it in his control mechanisms—to
avoid overshooting and oscillation. Pre-
cisely what feature of the structure of
the nerve mechanism gives this remark-
able property is not yet fully under-
stood.

Fascinating examples of the conse-
quences of interdependence arise in the
fluctuations of animal populations in a
given territory. These interactions are
sometimes  extremely  complicated.

controller to the flow-control valve.

Charles Darwin invoked such a scheme
to explain why there are more bumble-
bees near towns. His explanation wus
that near towns there are more cats;
this means fewer field mice, and field
mice are the chief ravagers of bees’
nests. Hence near towns bees enjoy more
safety.

The interdependence of animal spe-
cies sometimes produces a periodic os-
cillation. Just to show how this can hap-
pen, and leaving out complications that
are always present in an actual situation,
consider a territory inhabited by rabbits
and lynxes, the rabbits being the chief

| — e

food of the lynxes. When rabbits are
abundant, the lynx population will in-
crease. But as the lynxes become abun-
dant, the rabbit population falls, be-
cause more rabbits are caught. Then as
the rabbits diminish, the lynxes go hun-
gry and decline. The result is a self-
maintaining oscillation, sustained by
negative feedback with a time-delay
(see diagram below).

Curves of variation such that when R
is large L is rising, but when L becomes
large R is falling must have the periodic
oscillatory character indicated. This is
not, of course, the complete picture of
such phenomena as the well-known “fur
cycle” of Canada, but it illustrates an
important element in the mechanisms
that cause it.

HE PERIODIC booms and slumps

in economic activity stand out as a
major example of oscillatory behavior
due to feedback. In 1935 the economist
John Maynard Keynes gave the first
adequate and satisfying account of the
essential mechanisms on which the gen-
eral level of economic activity depends.
Although Keynes did not use the termi-
nology of control-system theory, his ac-
count fits precisely the same now-
familiar pattern.

Keynes’ starting point was the simple
notion that the level of economic activity
depends on the rate at which goods are
bought. He took the essential further
step of distinguishing two kinds of buy-
ing—of consumption goods and of capi-
tal goods. The latter is the same thing
as the rate of investment. The money
available to buy all these goods is not
automatically provided by the wages
and profits disbursed in making them,
because normally some of this money is
saved. The system would therefore run
down and stop if it were not for the
constant injection of extra demand in
the form of new investment. Therefore
the level of economic activity and em-
ployment depends on the rate of invest-

VANVIAN

RABBIT AND LYNX population cycles are an exam-
ple of a feedback system in nature. Here a fall in the
relatively small population of lynxes (black curve) is
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followed by a rise in the large population of rabbits
(gray curve). This is followed by a rise in the lynx
population, a fall in the rabbit population and so on.
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FEEDBACK IN THE NERVOUS SYSTEM has a sophisticated fea-
ture: the anticipation of the input signal by the output. The bhlack curve at
the top of this diagram represents the input signal. The row of vertical lines
in the middle indicates the number of nerve pulses in a given time. The
gray curve at the bottom translates these pulses into an output signal.
The gray rectangle indicates how much the output signal leads the input.

ment. This is the first dependence. The
rate of investment itself, however, de-
pends on the expectation of profit, and
this in turn depends on the trend, pres-
ent and expected, of economic activity.
Thus not only does economic activity
depend on the rate of investment, but
the rate of investment depends on eco-
nomic activity.

Modern theories of the business cycle
aim to explain in detail the nature of
these dependences and their character-
istic non-linearities. This clarification of
the mechanisms at work immediately
suggests many ways in which, by proper
timing of investment expenditure, by
more rational business forecasting, and
so on, a stable level of optimal economic
activity may be achieved in the near

- future. The day when it can unequiv-
ocally be said that slumps belong to
the past will certainly be the beginning
of a brighter chapter in human history.

HE EXAMPLES of feedback given
here are merely a few selected to
illustrate general principles. Many more
will be described in other articles in this
issue. In this article on “theory” I should
like to touch on a further point: some
ways in which the properties of auto-
matic control systems or other complex
feedback systems may be investigated in
detail, and their performance perfected.
Purely mathematical methods are re-
markably powerful when the system
happens to be linear. Sets of linear dif-
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ferential equations are the happy hunt-
ing ground of mathematicians. They can
turn the equations into a variety of
equivalent forms, and generally play
tunes on them. For the more general
class of non-linear systems, the situation
is quite different. There exact determina-
tion of the types of motion implied by a
set of dependences is usually very la-
borious or practically impossible.

To determine the behavior of such
complex systems two principal kinds of
machines are being used. The first is the
“analogue” computer. The forms of this
type of computer are varied, but they all
share a common principle: some system
of physical elements is set up with rela-
tionships analogous to those existing in
the system to be investigated, and the
interdependence among them is then
worked out in proportional terms. The
second kind of aid is the new high-speed
digital computer. In this type of machine
the quantities are represented by num-
bers rather than by physical equivalents.
The implications of the equations in-
volved are explored by means of arith-
metical operations on these numbers.
The great speed of operation of these
modern machines makes possible calcu-
lations that could not be attempted by
human computers because of the time
required.

The theory of control systems is now
so well understood that, with such mod-
ern aids, the behavior of even extremely
complex systems can be largely pre-
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dicted in advance. Although this is a
new branch of science, it is already in a
state that ensures rapid further progress.

T THE commencement of this ac-
count of control systems it was nec-
essary to assume that the human mind
can distinguish “cause” and “effect” and
describe the regularities of nature in
these terms. It may be fitting to conclude
by suggesting that the concepts re-
viewed are not without relevance to the
grandest of all problems of science and
philosophy: the nature of the human
mind and the significance of our forms
of perception of what we call reality.

In much of the animal world, behavior
is controlled by reflexes and instinct-
mechanisms in direct response to the
stimulus of the immediate situation. In
man and the higher animals the opera-
tion of what we are subjectively aware
of as the “mind” provides a more flexi-
ble and effective control of behavior. It
is not at present known whether these
conscious phenomena involve potentiali-
ties of matter other than those we study
in physics. They may well do so, and we
must not beg this question in the ab-
sence of evidence.

Whatever the nature of the means or
medium involved, the function of the
central nervous system in the higher
animals is clear. It is to provide a bio-
logically more effective control of be-
havior under a combination of inner and
environmental stimuli. An inner ana-
logue or simulation of relevant aspects
of the external world, which we are
aware of as our idea of the environment,
controls our responses, superseding mere
instinct or reflex reaction. The world is
still with us when we shut our eyes, and
we use the “play of ideas” to predict the
consequences of action. Thus our activ-
ity is adjusted more elaborately and ad-
vantageously to the circumstances in
which we find ourselves.

This situation is strikingly similar in
principle (though immensely more com-
plex) to the introduction of a predictor
in the control of a gun, for all predictors
are essentially analogues of the external
situation. The function of mind is to
predict, and to adjust behavior accord-
ingly. It operates like an analogue com-
puter fed by sensory clues.

It is not surprising, therefore, that
man sees the external world in terms of
cause and effect. The distinction is
largely subjective. “Cause” is what might
conceivably be manipulated. “Effect” is
what might conceivably be purposed.

Man is far from understanding him-
self, but it may turn out that his under-
standing of automatic control is one
small further step toward that end.

e —

Arnold Tustin is professor
of electrical engineering at
the University of Birmingham.
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FEEDBACK IN AN ECONOMIC SYSTEM is blocked
out in this diagram by the author. The scheme of de-
pendence is based upon the ideas advanced by the late
J. M. Keynes. Total incomes arise from disbursements
for consumer goods on the one hand and capital goods
on the other. But each of these is dependent in turn, via
its subsidiary closed loop, upon total incomes. Keynes
was especially concerned with the factors which de-
termine the relationship between the two loops and the
relative flow of money into them from total incomes. He
showed this to be a highly sensitive relationship, since a
comparatively small increase in the flow of money

around the capital-goods loop is amplified via the con-
sumer-goods loop into a much larger change in total in-
comes. This is precisely analogous to the behavior of
similarly coupled electrical feedback circuits. Pursuing
the analogy, the author has entered on the diagram
some symbols for values that would have to be defined
to design a complete electrical analogue for the eco-
nomic system. K, for example, is Keynes’ “propensity
to consume”; Fy (t) represents the time-lag between the
decision to invest and the purchase of capital goods; N,
and N. stand for non-linear functions which curtail in-
crease in production as unemployment approaches zero.
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the top is an instrument that records the information
from the meter. At the lower left is a pneumatic ac-
tuating device which operates a valve beneath it.

PNEUMATIC LOOP controls the flow of petroleum
in the refinery of the McMurrey Refining Co. near
Tyler, Tex. At the lower right is the flowmeter. At
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CONTROL SYSTEMS

Many machines already run themselves by feedback. A new

species of engineer is now required to orchestrate a whole

technological process and its controls in a unified system

by Gordon S. Brown and Donald P. Campbell

EEDBACK control systems have
Fbecome our servants in many more

ways than most of us realize. In
the U. S. we now have tens of millions
of them at work—in industry, in the
military establishment, in offices and in
the home. We are increasingly depend-
ent upon this great army of robots. They
minister to our comfort, protect our
health and safety, relieve us of drudg-
ery and operate difficult and dangerous
enterprises which we would not dare
undertake without them.

Everyone knows about the thermo-
stat, which keeps radiators hot and the
refrigerator cold. Most of the other con-
trols are less familiar. A governor at
the power station makes our electric
clocks keep correct time. Electrical and
electronic governors stabilize the per-
formance of our radio and TV sets. A
series of relays keeps the auto generator
from overcharging the battery. Robots
set the pitch of airplane propellers and
trim the control surfaces to extract maxi-
mum performance from the engines
and smooth the flight for the passen-
gers. Process controllers supervise the
manufacture of plastics, synthetic fibers,
drugs, the whole range of products of
the chemical industry. Intricate net-
works of instruments run our great
petroleum refineries. Our communica-
tions system is one vast feedback cir-
cuit. Throughout industry the conver-
sion of energy, from the process of com-
bustion to the rotating of the shafts of
heavy machinery, is conducted under
automatic control. In sum, if the con-
trols already operating in our economy
were suddenly shut off, there would be
chaos. The robots are here.

And this is only the beginning. The
fully automatic factory is not yet here—
but coming. The self-guiding missile
Is an inevitable prospect. One’s imagi-
nation need not be restricted to indus-
trial and military possibilities. We can
look forward to feedback controls in
homemaking, salesmanship, education,
research, medicine and even contract-
writing, designing and entertainment. If
we can have feedback circuits in our
radio and TV sets, why not an auto-

matic program discriminator which
could tell classical from popular music,
if not Democratic from Republican
orators? The thermostat suggests the
possibility of a year-round program for
the automatic heating and cooling of
houses, responsive to the outdoor cycle
of weather and season. Businessmen
and administrators will think of ways
to employ feedback circuits in such
functions as inventory control and sales
strategy. Physicians, who already use
the feedback principle to control an-
esthesia and X-ray and diathermy treat-
ments, will learn to extend the body’s
principle of homeostasis to control oth-
er aspects of therapy. In the sciences,
we can look forward to probing the
star-filled skies, the depths of the sea
and the micro-dimensions of time and
space with automatically controlled in-
struments.

ROBOT simulates the functions of

a human being, and to understand
how it works this is where we must
start. Modern industry began with man-
ual and semi-automatic controls. A
human operator read the instruments
and applied corrections to a process.
He detected deviations of the actual
performance from some desired stand-
ard and performed a corrective manip-
ulation of valves, levers or rheostats.
The human operator served as the feed-
back link, the error-detector, the con-
troller and corrector. He decided what
the reading was, what it meant, what
should be done about correcting the
process and whether or not the last
correction was sufficient. This is the
essence of control: measure, compare,
correct and check the result.

As the tempo and complexity of tech-
nology rose, human operators began to
fall behind: they could not keep up with
the demands of the machine. It became
necessary to give the instruments, which
had merely measured and indicated, the
function of control as well. Power am-
plification was added to them, to re-
place the service of human muscles.
Mechanisms were devised to approxi-
mate some elementary abilities of the
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human brain—proportioning, anticipat-
ing and integrating. For many specific
operations these devices closed the
feedback control loop and made the
human link unnecessary.

This liberation of technology from the
limitations of the human system has
already had great practical conse-
quences—far greater than the labor-
saving resulting from the reverse libera-
tion of human beings from control jobs.
It is revolutionizing the controlled proc-
esses themselves. Instead of merely
hanging the new instruments on old
plants, industry is redesigning the plants
to take advantage of the opportunities
offered by automatic control. Entirely
new processes which deal with matter
and energy in terms of quantum me-
chanics and probability, can now be
engineered for control by feedback
loops. This new approach is the pro-
vince of a new and growing profession—
feedback system engineering.

Servo-mechanisms, regulators and
process controllers will thus play in-
creasingly important roles. Simple con-
trollers, which measure and control but
one variable (e.g., temperature), are
giving way to complex controllers which
scan many variables, compute and gov-
ern the total plant performance. The
robot specialists are being organized to
function in teams. Combinations of
automatic controllers and their respec-
tive processes function more and more
as systems in the broadest sense—in en-
ergy conversion, transportation, com-
munication, mechanized computation,
the processing and synthesis of materials
and the manipulation of machinery.

Let us consider three typical control
circuits.

RED-HOT ingot of steel as big as a

ranch-house kitchen, moving pon-
derously down the ways from an oven,
is suddenly caught by giant rollers.
They whip it back and forth three or
four times, pressing it down into a slab
100 feet long and six inches thick. The
slab moves on to the trimming and cut-
ting machines, and another ingot comes
down the ways. Two men, sitting com-
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DIRECT-CURRENT SERVO-MECHANISM is wide-
ly used in the control of heavy industrial motors and
current-control circuit the am-

generators. In this
fortably in leather chairs high above
the heat and sparks, handle it all with
levers. The rotating armatures of the
electric motors that drive these mills
are as big as an automobile; they de-
liver 5,000, sometimes 10,000, and next,
perhaps, 25,000 horsepower. Yet these
machines are lightning-fast. They zip
the ingot from almost standstill to full
speed in about one second; they stop it
just as quickly.

The system “feels” the resistance of
the ingot to the squeezing of the rolls
and summons an exactly sufficient surge
of current to keep the rolls turning at
the speed demanded by the operator’s
hand on the lever. This is accomplished
by a feedback circuit employing the
direct-current  servo-mechanism illus-
trated above. The circuit is closed at
the control lever. Here the actual speed
of the mill-rolls, continuously reported
back by a tachometer on the spinning
drive-shaft, is compared with the speed
set by the operator’s hand. Any error
is transmitted to the drive as a tiny elec-
trical signal and is amplified through a
cascade of dynamos, each larger than
the last, until it becomes the force
needed to turn the rolls as directed.
The human operator still controls oth-
er factors; he knows just how much to
squeeze down the ingot at each pass
through the rolls, and just how many
times it must be passed to develop
the metallurgical properties desired.
But control engineers think that a
feedback loop could take over these
functions also. The equations for this
“quality” loop will some day be writ-
ten, bringing control of product quality
and control of process together in a
single system.

A radar dish tirelessly sweeps a beam
of tiny electromagnetic pulses across
the sea and sky. A target is discovered.
The reflected pulses close a feedback
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circuit and freeze the radaron the target.
Now the tracking of the dish puts com-
puters to work, integrating the target
position with weather and ballistic data.
The solutions to these equations, fed
through feedback circuits, start guns
tracking the point in the sky where the
trajectory of the shells and the course
of the target will intersect. The final
link in the system is a proximity fuse,
which explodes a shell as it nears the
target. This is diverse control, cutting
across a half-dozen fields of engineering.
Signals are translated with limitless
virtuosity from discrete digital to con-
tinuous analogue statements, from elec-
tric and electronic impulses to mechan-
ical and hydraulic action. But already
these achievements in control technol-
ogy are shaded by more recent develop-
ments in guided missiles.

The third illustration is a feedback
loop which will control the ruling of
diffraction gratings by a ruling engine
(ScienTiFic AMERICAN, June). In a
ruling engine a tiny diamond cuts
a series of grooves in the aluminized
surface of a small square of glass. The
grooves, so close together that they are
individually imperceptible to the human
eye, must be exactly parallel, and they
must be spaced accurately with a tol-
erance of less than a millionth of an
inch. The problem of ruling a large
grating (12 inches or more wide) with
such accuracy has so far defied the ma-
chine and its human operators. But in
the spectroscopic laboratory at the
Massachusetts Institute of Technology
a new automatically controlled engine
is on the verge of achieving this objec-
tive. The measuring instrument in its
feedback loop is an interferometer,
which accurately measures distances as
short as a wavelength of light. As the
carriage on which the grating lies is
shifted into position beneath the dia-
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plifying generator compares any deviation in the out-
put of the main generator to the input set point and
generates a correcting current in its exciting field.

mond for the ruling of each successive
groove, the interferometer continuously
measures its travel. If the carriage is
more than one-50 millionth of an inch
from the correct position, a signal is
fed back to the motor that turns the
screw that shifts the carriage, and it
makes the necessary correction.

N AN automatically controlled sys-

tem, as in the human organism, the
whole is far greater than its parts. The
instruments, circuits, tubes and servo-
mechanisms are but the hardware of the
grand design. In the present state of the
art there is a growing recognition among
engineers and scientists that they cannot
deal with control systems part by part,
but must design each system as a uni-
tary whole. Automatic control as we
wish to speak of it here means the
svnthesis of product, process, plant and
instruments. This implies designing the
plant for control as much as designing
controls for the plant. System engineer-
ing therefore calls for the pooled re-
sources and efforts of professionals in
many fields—mathematicians, scientists,
engineers and administrators. It must
integrate information and art from
many branches of technology: mechani-
cal, electrical, hydraulic, pneumatic,
electronic, optical and chemical. Con-
sidering the specialization and complex-
ity of each field, this is a formidable
challenge. But the first generation of
teedback system engineers—men who
can grasp and synthesize the whole pic-
ture—is emerging. They have already
left their mark on the chemical and
electronics industries, in terms of better
products and better coordination of
plant operation.

IKE MANY ideas which seem novel
it we choose to ignore history, the
system idea has a past. It began, in
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ALTERNATING-CURRENT SERVO-MECHANISM is
used in systems requiring high sensitivity. Here two
selsyn motors compare the speeds of the input and out-

fact, with Watt’s flyball-governor. This
device betrays an inherent weakness of
all feedback systems: a tendency to os-
cillate, or hunt, as Arnold Tustin ex-
plains in the preceding article. It was
the mathematician who began to build
the theory to bridge this difficulty. He
showed how both oscillation and the
damping of oscillation could be ex-
pressed in differential equations. By
1900 the theorems of Laplace and Fou-
rier, the studies of Routh in analytical
dynamics, the work of Kirchhoff in cir-
cuit analysis, the physical studies of
Lord Kelvin and Heaviside and others
had laid the foundations for a theory
of control. But not until the 1920s did
the exploitation of theory by practice
really get under way.

During World War II great numbers
of men were brought together from
different fields to pool their abilities for
the design of weapons and instruments.
As a result, the specialists of engineer-
ing and science found themselves talk-
ing to one another for the first time in
generations.  Mechanical  engineers
exploited techniques of circuit theory
borrowed from the communications en-
gineers; aeronautical engineers extended
the use of electrical concepts of meas-
urement and of mathematical presenta-
tion; mathematicians working with
engineers and experimental scientists
discovered entirely unsuspected prac-
tical uses for forgotten theorems. The
enforced collaboration soon focused at-
tention on the essential principles that
apply to all control systems. The gen-
eral theory of control systems which
now emerged was enriched in turn with
the lore of experience from many dif-
ferent technologies. With the theoretical
means at hand to write the equations
for motors, amplifiers and hydraulic
transmissions, it became possible to de-
sign control-system components with
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put motor shafts

entirely new properties to meet pre-
determined needs. Moreover, these new
parts could be used in many different
types of control systems, and they could
be manufactured in quantity.

IT IS ONE thing to design a system,
and quite another to make it oper-
ate true to the theory. Its performance
has to be tested and tuned. There were
few precedents to guide the develop-
ment of adequate testing methods. Ear-
lier control systems had accepted some
looseness in performance; their users
were satisfied if equipment could be
described as “fast” or “instantaneous,”
without more precise definition. In a
radar feedback system, however, de-
signers had to find ways to measure the
dynamic, instant-by-instant behavior of
each element to be sure that control
signals would travel undistorted around
the circuit. To accomplish this they de-
veloped various methods, borrowing
ideas from half a dozen fields, particu-
larly electrical and communications en-
gineering.

The simplest way to test the behavior
of the components in a circuit is to apply
a sudden increase or decrease of voltage
to the system. The shock produces dif-
ferent reactions in the various elements
of the circuit, and measurement of the
transient variations in voltage in the
individual components provides impor-
tant information about the performance
of those parts and about the layout of
the circuit as a whole. This so-called
“step-function” test proved a valuable
method of testing feedback circuits.
Moreover, an analogous method can be
used to test non-electrical systems. A
disturbing force or a hammer blow ap-
plied to the proper point sets up tran-
sient vibrations, corresponding to the
voltage variations in a circuit. Plotting
of these vibrations and of the time re-
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MOTOR

(dotted lines). Deviation in speed

sets up a corresponding current in the selsyn linkage
to bring the output motor back to desired speed.

quired for their decay can help the
mechanical engineer to determine the
mechanism’s natural modes of vibration
and the damping forces inherent in the
system.

Another test for feedback circuits
was based on one used in communica-
tions work. A radio or telephone mes-
sage, transmitting music or a voice, is
made up of a certain range of fre-
quencies. In testing an amplifier, it is
important to measure its performance
in amplifying each of those frequen-
cies. Communications engineers do so
by applying a modified, distinguishable
signal at each frequency and observ-
ing how the amplifier handles that fre-
quency. Thus they can find out what
will happen to a complex message in
terms of what happens to the individual
frequency components of the message.
In the same way it is possible to test the
behavior of equipment in a feedback
circuit at various frequencies, and there-
by to map the behavior pattern of the
whole system. The frequency-response
test opened the way to precise study
of the dynamic behavior of such mech-
anisms as hydraulic transmissions and
motor-generator sets. It defined the abil-
ity of these machines to transmit mes-
sages over wide ranges of operation—
fast or slow, at low-power and high-
power levels. Is it strange that high-
power units such as hydraulic drives
should be appraised in terms of their
message-transmitting ability? Not at all,
for in all feedback control systems the
performance depends uniquely upon
how the signals are acted upon by each
and every mechanism operating in the
closed path—individually and in unison.
The practical bearing of this fact was il-
lustrated vividly during the war: there
were times when it was found that the
entire performance of a $50,000 anti-
aircraft gun-director was ruined by the
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PNEUMATIC SERVO-MECHANISM is often found
in chemical plants, where the use of electrical equip-
ment has heen prohibited to prevent fires. In this dia-
gram the measuring element (left) moves the flapper

(right) by way of a recording instrument. When the flap-
per is lifted, air escapes from one side of a diaphragm in
the control relay and admits air from the air supply to
the other side. This air actuates the control valve.
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HYDRAULIC SERVO-MECHANISM is used for me-
chanical drives such as that of an anti-aircraft gun. In
this diagram a pilot piston (lower right) moves a pow-
er piston (to right of pilot piston) by admitting fluid
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to one side of it or to the other. The power piston then
moves the slide block of a constant-speed hydraulic
pump (upper right) in such a way as to vary the flow of
fluid to a variable-speed hydraulic motor (upper left).
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faulty behavior of just one $50 torque
motor in the system.

ORLD WAR II was fought with

servo-controlled turrets, servo-
steered torpedoes, radar eyes and
closed-loop missiles like the V-1, carry-
ing a black box of automatic guidance.
After the war the momentum of auto-
matic control did not slacken but
speeded up. The fever is still rising. We
seem to be rushing forward both in
practice and in the state of the art. Men
excitedly speak of the robot factory, of
the remotely controlled spaceship, of
giant submarines that will respond to
the touch of a little finger, of incredible
new industrial processes. New indus-
tries are springing up every month to
build heretofore unheard-of mechan-
isms. Older industries have shifted over
to new lines of equipment. Researchers
are probing new frontiers. Their work
is not focused solely on iron mechan-
isms. We have taken a sudden new in-
terest in the feedback mechanisms of the
human system—chemical, physiological
and psychological. Already we have
the artificial feedback kidney and the
mechanical heart.

It is not hard to view the race to-
ward automatization with alarm. Can
we realize all the dreams with a rea-
sonable chance of avoiding economic
chaos and without reducing the hu-
man nervous system to a state of un-
controlled oscillation?

The problems of system engineers
grow steadily more difficult. They have
encountered physical systems which do
not respond to conventional mathemati-
cal treatment: for example, short-lived
happenings in the atomic nucleus, new
chemical processes, new types of ma-
chines such as the jet engine. Processes
which formerly appeared to be linear
are now recognized to be complicated
non-linear ones. Thus the search goes
deeper into advanced physics and
mathematics. The system engineer must
study non-linear systems, matters re-
lated to probability theory and statis-
tics, and the new mathematics that is
associated with sampling, the handling
of discontinuous data and number
theory.

ET us take the main parts of the
system in order. The problem of
measurement is always first and fore-
most. A few years ago we wanted tem-
perature and pressure measurements to
accuracies of one part per hundred;
now it is one part per thousand or per
ten thousand. A thermocouple which
responded in one second was fast; now
we wish to measure temperatures fluc-
tuating at several thousand cycles per
second! And we shall need to measure
entirely new things.
Up to now we have usually measured
the variables in the production process,
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MOISTURE METER (center) senses moisture in textile yarn by elec-
trical conductivity and controls the speed of drying drum by feedback.

PHOTOCELL looks for pinholes in fast-moving strip of tin plate and in-
structs the shear table ahead to chop out and reject a defective segment.
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TUBE REHEATING FURNACES in the Gary plant of
the United States Steel Corporation’s National Tube Di-

such as flow, temperature and pressure,
rather than the character of the product
itself. The trend in the future will be
toward more emphasis on primary
measurements. Instead of measuring the
molecular weight of a substance by its
viscosity, we are beginning to measure
the molecular weight directly, with in-
struments such as the mass spectrograph
(see diagrams on pages 88 and 90).
But as we seek finer and finer resolu-
tion in our measurements, we shall have
to cope with the interference of noise.
Moreover, how shall we measure
product quality? The sales department
may have different ideas from the engi-
neers. It may be difficult to correlate
a customer’s satisfaction and pleasure
in a chemical product with the molec-
ular weight, the shape of the molecule
and possibly the odor. Finally, there
is the tough technical problem of
measuring quantities in a way that will
enable a human or automatic controller
to make decisions, e.g., as to which
valve to turn.

Basically control is no better than the
intelligence we give it, and this applies
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to human as well as to automatic con-
trol. But the engineers are not being
caught napping. They have on their
drafting boards designs for yet more
discerning primary detectors, faster-
responding instruments, plants capable
of swifter and steadier production. And
these engineers are conscious that qual-
ity of product is the ultimate objective,
even though we may lack as yet the
instruments with which to measure it
fully.

At the next link in the control loop,
the controller itself, equally fundamen-
tal changes are on the way. The typical
industrial controller today is a simple
analogue computer. It can deal only
with one variable. The analogue device
compares the measuring instrument’s
report on this variable with a set point
fixed by the human operator, and gen-
erates a correcting signal proportional
to the error. In the future, as Louis
Ridenour explains in this issue, the ver-
satile digital computer will take over
master control, perhaps supervising
analogue devices assigned to specific
jobs. The digital computer can handle
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vision are controlled by radiation pyrometers, one of
which is mounted on the left side of the front furnace.

many variables and provide continual
solutions of complex groups of equa-
tions.

The controllers will have the prob-
lem of processing and translating the
messages from the measuring instru-
ments. For example, a message from an
analogue device, say a voltage, must
be translated into pulses to be handled
by a digital computer, and the pulses
in turn must be converted to another
form of energy to jog a valve. Again,
before the error signal can reach an ap-
propriate valve or switch, the message
may have to be sent long distances over
pipelines, wires, radio links or even tele-
vision channels. Single messages and
multiple messages must be transmitted.
And often they must be coded, among
other reasons in order to avoid fouling
one another. Certainly it would be un-
fortunate if two guided missiles tuned in
on each other’s data systems and fell to
gyrating around instead of closing in
for a hit.

Redesign is also in store for the
actuator elements, the muscles of the
feedback loop. Many present control



BLOOMING MILL in the Lorain Works of the National

Tube Division is operated by a direct-current servo-

systems use pneumatic energy, especial-
ly where the fire hazard from electric
sparking is great. An air-pressure signal
comes from the controller to a big
diaphragm, which huffs and puffs to
move the valve-stem. In control sys-
tems of the future the valve-actuators
will need more zip. New motors of all
types, tiny in size, but with greater
power, are required. Already there are
miniature flow-valves, no thicker than
a lead pencil, which can control hy-
draulic motors of one to five horse-
power. By proper study of the heat-
dissipation problem and by addition of
cooling, such systems may become
small enough to be carried in a coat
pocket. At the other extreme, we shall
need actuators of perhaps as much as
200,000 horsepower.

FEEDBACK control-system engineer-
ing is a rapidly growing profession.
The proper use and training of this
new kind of talent demand a new type
of thinking, both on the part of en-
gineering management and of engineer-
ing schools. Every level of our industrial

force, from the financial managers down
to the maintenance workers, must be
prepared to become acquainted with
the benefits, operation and limitations
of automatic control. Compromises
must be made between costs and per-
formance. Old methods of process de-
sign may be forced to yield to new
ones, taking into account the limits of
instruments rather than the cost and
strength of steel tanks.

Control-system engineers will need a
broad engineering education, an under-
standing of both the theory and prac-
tice of automatic control and an en-
vironment in which people are not
afraid to experiment.

The training of such men offers edu-
cators a real challenge. Engineering
schools will have to organize a new kind
of program for them. The schools are
usually organized in departments, such
as mechanical and electrical, and within
these divisions specialties like thermo-
dynamics, electronics and circuit theory
may be isolated areas of activity. A sys-
tems engineer cannot be trained by
simply adding together the old special-
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mechanism. Here two men in the
ingot to the size required for the manufacture of pipe.

“pulpit” reduce an

ties. What is wanted is not a jack-of-all-
trades but a master of a new trade, and
this will require a new synthesis of
studies. It will call for advanced work
in the fields of mathematics, physics,
chemistry, measurements, communica-
tions and electronics, servo-mechan-
isms, energy conversion, thermodynam-
ics and computational techniques. The
control engineer will need to know the
mathematics of differential equations,
functions of a complex variable, statis-
tics and non-linear techniques, and to
have a thorough grounding in modern
physics and chemistry. He will also
need to be familiar with computational
aids, such as differential analyzers and
computers.

Industrial management also must
raise its thinking to the system level.
Its technical staff, headed by a qualified
system engineer, will have to work as a
team; the chief electrical engineer can-
not have exclusive control over all mat-
ters electrical, nor the mechanical en-
gineer over all things mechanical.

Many schools are now offering short
concentrated programs on feedback
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controls, computers, advanced mathe-
matics, information theory and statisti-
cal communication theory for engineers
in industry and research centers.

Most businessmen, understandably,
have forgotten their calculus and ad-
vanced mathematics. They may never-
theless want to know what the system
engineer means when he speaks of
“process lags” and “time constants’—
what he says may have a great deal to
do with production, sales and profits.
These expressions refer to the ratio be-
tween the volume of material held in a
processing plant at any instant and the
rate of production. The “hold-up” of
material may have great significance,
even in terms of minutes or hours. Too
much hold-up means unnecessary capi-
tal outlay for the processing equip-
ment. At the other extreme, a small
amount of hold-up with a tremendous
through-put may mean that too much

is being spent on the control system.
We cannot build the plant first and hang
the controls on later and expect the best
results. What we need is the best com-
promise between all plant and no con-
trol, and all control and no plant.

HAT ABOUT the men who will

operate and maintain these plants?
Even in the most robotized of the auto-
matic factories there will be many men,
and they will have interesting and re-
sponsible jobs. They will be freed from
the tiring, nerve-racking or even boring
jobs of today’s mass manufacturing. To
win this freedom, however, they will
have to upgrade themselves in skill and
sophistication. The new controllers and
instruments will call for a higher level
of precision of repair and maintenance.
A $50,000 controller cannot be hit with
a hammer if the shaft doesn’t fit into
the hole on the first try. Men who have
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heretofore thought of electronics equip-
ment as merely a metal chassis with
tubes will become conversant with
switching, flip-flop, peaking and other
circuits. They will have to judge when
to repair and when to throw away rather
than stop production. We have here a
paradox: today we cannot afford not to
have lots of control, because a half-day
shutdown of a plant may mean a
$100,000 loss in potential sales.

These robots are not hurting the work-
man—they merely coax him none too
gently into taking more responsible
jobs, making bigger decisions, studyin
and using his mind as well as his hands.

————

Gordon S. Brown is professor of electri-
cal engineering at the Massachusetts
Institute of Technology. Donald P.
Campbell is associate professor of elec-
trical engineering at the same institution.
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FREQUENCY RESPONSE of two hoilers with high
(left) and low (right) heat-holding capacity is here
contrasted. When the heat input to the two systems is
varied regularly at the same frequency (black curves
in the center charts), the temperature in each boiler
(gray curves in the center charts) responds differently.
The temperature in the high-capacity boiler varies with
smaller amplitude and lags further behind the input
frequency than that of the low-capacity system. A simi-
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lar contrast between the two systems is developed by
an abrupt increase in the heat input, as from the base
line to the dotted line in the lower diagrams. In the
high-capacity boiler, the temperature ascends slowly
and oscillates gently above and below the set point be-
fore it levels off. The temperature curve in the low-
capacity boiler shows a steeper increase, oscillates at
higher frequency and damps out sooner. Response tests
are made to determine performance of control systems.
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IDEA-CHEMICALS

. .. from Du Pont Polychemicals Department

| CRYSTAL UREA

takes the stiffness out of ordinary starch

Washable summer suits once had to be
starched stiff as a board to stay pressed.Then
one starch maker found he could produce a
far better laundry finishing agent by chemi-
cally combining starch with Du Pont Crys-
tal Urea. This new product, called starch
carbamate, gives an elegant drape and finish
to washable suits, doesn’t impact . . . and
doesn’t close the air space between the fibers,
but lets the garment ‘“‘breathe’” and remain
cool. New starch carbamate is also finding
applications in other fields as an ingredient
in water-base wall paints . . . and as a binder
for glass fibers in the molding operation.
This is an example of the many product
and process improvements made possible by
the versatility of Du Pont Crystal Urea. Be-
cause of its high chemical reactivity, it’s
used in the synthesis of dyes and pharma-
ceuticals. In addition, it is used in the treat-
ment of green lumber to promote even dry-
ing, and as a softener for paper and cellulose.

Du Pont Crystal Urea is important, too, in
cosmetics, explosives, dentifrices, plastics
and adhesives.

You, too, may find opportunities for profit-
able uses in Du Pont Crystal Urea or in
many of the other Du Pont Polychemicals
products for industry. There are more than
a hundred of them—plastics, organic acids,
amides, esters, resins and solvents.

/

Write for technical booklet on Polychemicals products for your industry

Technical bulletins on Crystal Urea and the ch

‘ ‘ / emicals and plastics used
In your industry are available. Each product bulletin in the booklet

: 1 ch scription, specifications,
uses and possible applications, bibliography and other data. Write us on

bresents physical and chemical properties, de:

your business letterhead for your copy. We will gladly

You on any application for chemicals or plastics you woul

tigate. E. I. du Pont de Nemours & Co., (Inc.),
ment, 159S Nemours Bldg., Wilmington 98, Delaware.

DISTRICT OFFICES:

818 Olive Street, St. Louis 1, Missouri

350 Fifth Avenue, New York 1, New York

7 S. Dearborn Street, Chicago 3, lllinois

845 E. 60th Street, Los Angeles 1, California

cooperate with
d like to inves-
Polychemicals Depart-

u. 4, eat OFF

««s THROUGH CHEMISTRY

B® Ammiversaryy
BETTER THINGS FOR BETTER LIVING

Polychemicals
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CHEMICALS » PLASTICS
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Bendix makes scores of products in this field alone

Whether you are seeking the ultimate
ceiling of flight or sounding the depths of
the seas . . . whether your interests are
faster transportation or factory automation
. . . whether you are forwarding industrial
progress or national defense, electronics and
Bendix can speed you to your goal. Bendix
produces electronic devices and compo-
nents for industries of every type—and
Bendix engineers are constantly revealing
new applications of this immensely useful
science. Here are a few suggestive ex-
amples from a constantly lengthening list.

Aviation — Modern planes and guided
missiles typify the peak advancements of
electronics—and Bendix is deeply engaged
in both fields.

BENDIX-BUILT BRAINS
control aircraft, guided missiles

Pioneer in the use of VHF radio for
aviation, Bendix builds a complete line of
airborne transmitting and receiving equip-
ment. Bendix electronic navigation aids in-
clude radio compasses, a wide range of
remote indicating instruments and controls,
ILS bad weather landing systems, and
Omni-Range equipment. Other electronic
muscles and brains for this field are exem-
plified by the Bendix automatic pilot and
by the OMNI-MAG, which automatically
solves complicated orientation, navigation
and landing approach problems and gives
the answer to the pilot as a single pointer
reading.

In the kindred field of guided missiles
Bendix-built brains include even more ad-
vanced electronic guidance and navigation
devices, and electronic maneuvering, sta-
bility and fuel system controls. And for

SEE

Brilliant Bendix TV

The Finest Piclure Science
has ever Produced.

closely allied work in meteorology, Bendix
radiosonde equipment is carried aloft by
balloon or rocket to transmit and record
vital facts about upper air conditions.

Radar—Active in radar from its very in-
ception, Bendix engineers have developed
a whole range of search and surveillance

BENDIX RADAR
safeguards the nation

radar equipment from the smallest air-
borne models to the largest fixed stations,
as well as mobile trailer and portable field
units. Over the years, Bendix GCA radar
has guided aircraft to thousands of safe
landings at airports closed in by bad
weather.

Industry — The knowledge gained in
these advanced operations has been used
by Bendix to forward progress in many
other fields. Bendix experience has evolved
the VHF railroad radio which speeds
freight on leading lines, and the new Cen-

BenDIX CRC SYSTEMS
add to railroad efficiency

tralized Radio Control that links the entire
communication facilities of a railroad into
a system enabling dispatchers or operators
to talk to conductors of any train over any

distance or any terrain.

The same outstanding quality and per-
formance is available in a mobile radio
unit for taxicabs, police and fire vehicles,

BEeNDIX MOBILE RADIO
speeds transport and commerce

buses, trucks and factories. Featuring ex-
clusive Clear Channel Construction, this
unit produces better selectivity, sensitivity
and watt output for current input than any
other mobile radio.

A further example of the wide utility
of Bendix electronic equipment is supplied
by the electronic depth recorder. Originally
produced as a navigation aid to show a
constant visual picture of the ocean floor,
it has also proved invaluable for locating

N eI

BENDIX DEPTH SOUNDER
makes fishing pay

schools of fish—and is in world-wide use
by commercial fishermen. A smaller model
finds fishing holes for week-end fishermen.
Other Bendix electronic actuating, com-
puting and remote indicating devices have
equally practical potentials limited only by
the ingenuity of the users. To guarantee
Bendix quality, Bendix builds most of its
own electronic components, such as elec-

PRINCIPAL DIVISIONS l BENDIX RADIO: auto, railroad, mobile, aviation radio; radar. BENDIX
RESEARCH LABORATORIES. ECLIPSE MACHINE: Stromberg™ carburetors; electric fuel pump; starter drives; coaster brakes:

instruments. RED BANK: dynamotors; inverters; special vacuum tubes. PACIFIC: telemetering; hydraulic and electrical
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- MAGNETO: aviation and small engine magnetos; diesel fuel injection; electrical connectors. BENDIX ECLIPSE OF CANADA,
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trical connectors, a wide range of ruggedized |
electronic tubes, servo-mechanisms and dy-
namotors. All are available to other manu-
facturers for the production of electronic
devices for use in the rapidly expanding
electronic-mechanical applications.

Entertainment—Bendix electronic expe-
rience reaches the general public in the
form of superior home radio, automobile
radio, and television. As you would expect,
Bendix auto radios set new standards for
fidelity and trouble-free operation, while
Bendix Television offers the finest picture
science has ever produced and brings to

BENDIX TELEVISION
sums up TV progress

fringe areas a new concept of television
performance.

This considerably abbreviated list will
suggest that if electronics enter your picture
in any way you ought to know more about
Bendix. For this purpose Bendix offers you
a 40-page book *Bendix and Your Busi-
ness,” which discusses Bendix electronic
devices and also tells about the hundreds
of additional products which are helping
industry to improve present lines, create
new products, speed production and cut
manufacturing costs. A copy is yours for
the asking.

Learn how Bendix can better any business,
including yours. Write on your letterbead
for a free copy of the informative 40-page
. book, ""Bendix and
Your Business,” to
Bendix Aviation
Corporation, Fisher
Building, Detroit 2,
Michigan.

(AVIATION CORPORATION

THE NAME MILLIONS TRUST

PRODUCTS: outomotive brokes; power steering; carburetors; aviation brakes; landing geary fuel metering. BENDIX AVIATION
. MARSHALL ECLIPSE: brake blocks; broke lining, ECLIPSE PIONEER: aviction instruments and occessories; foundry. FRIEL: weaother

Sttuatory, depth recorders. ZENITH® CARBURETOR: heavy duty and small engine carburetors, SKINNER PURIFIERS: Alters. SCNTILLA
E A0, Windsor, Ontario: JENDIX INTERKATIONAL—72 Fifth Ave,, New York 11, N. Y. Cable “Bandixint” New York. *sss, us. v, or,

_l'
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Put new "HOOK" in your
product's new LOOK...

with DUREZ phenolics,
custom-molded

HOUSEHOLD
ELECTRIC SPRAYER
Handicraft Div.
Burgess Battery Co.

SALT TABLET
DISPENSER
Morton Salt Co.

WIRE INTERCOM
TURNTABLE
Crescent Industries, Inc.

A “new look” in anything you sell is good for

business. But you need something more to
get a second look from buyers these days.

That’'s why many manufacturers turn to the
versatile phenolics—our specialty at Durez—
when products go into redesign. With these
plastics the something more can be lower
cost, longer service, lighter weight—often all
of these plus greater visual appeal.

By redesigning, Burgess ended the need for
assembly with jigs, got self-insulation the for-
mer material lacked, and a sprayer nozzle of
wider utility. Morton reduced the number of
parts in its salt dispenser from 29 to 9. The
Crescent “Steno” recorder turntable ended re-
ject trouble and cost 30% less, installed.

In Durez we have developed the mechani-
cal, electrical, and chemical properties of
phenolics in many combinations of industrial
importance. Your custom molder can help you
to put more “hook” in your new products.
Durez technical counsel is freely available.

Our monthly ‘‘Durez Plastics News” will
keep you informed on industry’s uses of
Durez. Write, on office letterbead, to

DUREZ PLASTICS & CHEMICALS, INC.
809 Walck Road, North Tonawanda, N. Y,

PHENOLIC PLASTICS that fit the job
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Frankenstein, Q.E.D.
IS it possible to build a “real” brain—

a machine that will produce clever-
ness of its own and not just give
back the ingenuity put into it? The an-
swer, says a British scientist, is yes. W.
Ross Ashby, writing in The British
Journal for the Philosophy of Science,
presents a theoretical analysis of the
problem and offers some general prin-
ciples for building a chess-playing ma-
chine that would outplay its designer.
Ashby points out that evolution is
an example of a “machine” which puts
out more design than goes into it. “Take
a planet with some carbon and oxygen;
irradiate it with sunshine and cosmic
rays; leave it alone for a few hundred
million years”—and it produces a com-
plex design such as a bird. It does so by
the comparatively simple process of
natural selection, operating according
to the rules of the machine’s construc-
tion upon random data (mutations).
Ashby proposes a chess-playing ma-
chine built on the same “Darwinian”
plan. It will be provided by its designer
with a certain scheme of selection.
Then it will be fed a large amount of
“unorganized” or “chaotic” data, such
as thermal noise or the output of a
Geiger counter under random bom-
bardment by cosmic rays. By applying
its rules of selection it will create new
and highly organized entities (i.e.,
chess strategies) from its chaotic input
in the same way as natural selection
evolves new forms of life.
The British scientist is the designer of
a well-known little self-regulating ma-
chine called the “homeostat.” It is a
simple system designed to maintain its
own stability, like the human body, in
the face of varying conditions. The ma-
chine consists of four interconnected
computer units, each with an indicator
needle. The object is to keep the needles
at the equilibrium “zero” position on the
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dials. The behavior of the needles is
governed by 16 variable components in
the machine, and the values of these
variables in turn are determined by
numbers taken by the machine at ran-
dom from a table of numbers hooked up
to the mechanism. Whenever any nee-
dle deviates from the “zero” position by
more than a certain amount, the ma-
chine automatically takes a new set of
figures from the table for the values of
the adjustable components. Thus the
device tries one after another random
configuration until it finds one that will
give it stability. If new design condi-
tions are imposed, say by changing the
polarity of a connection or hooking two
of the needles together, the machine
will again start a hunt through the table
for a stable combination under the new
conditions.

Thus the homeostat demonstrates
how a machine might use unorganized
data. Ashby concedes that it does not
put out nearly as much information as
has been used in its design. He believes,
however, that it points the way toward
a true thinking machine, and, apparent-
ly undaunted by the fate of Mary Shel-
ley’s Frankenstein, he proposes eventu-
ally to build one.

Feedback and Life

N evolution the feedback loop oper-
ates so crudely and slowly that it is
hard to see in operation. But at the Cold
Spring Harbor Biological Laboratory,
Vernon Bryson has succeeded in setting
up a quick-acting closed loop in which
organisms control the environment as
well as vice versa.

Bryson is studying the ability of bac-
teria to develop new strains resistant to
antibiotics or other germicides. In an
apparatus called the “turbidostatic se-
lector,” he reports in Science, bacteria
are grown in a colorless nutrient broth.
As the colony multiplies, the culture be-
comes more and more cloudy. A light-
beam and photocell arrangement meas-
ures its turbidity, and whenever the
cloudiness reaches a certain value, it
trips a relay and lets more broth flow in-
to the test tube.

The added broth contains a little an-
tibiotic or other poison. In each suc-
ceeding cycle the process automatically
brings in a higher concentration of the
poison. Thus the bacteria are exposed to
a more and more rigorous environment.
Eventually it becomes too poisonous for
any of the original strain of bacteria to
survive. But meanwhile new mutant
strains that thrive on the poison have
developed. As they grow, they auto-
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matically change the environment so
that it contains more and more of the
originally harmful substance. This in
turn brings further changes in the bac-
terial colony. Thus the system auto-
matically controls its own evolution.

Mach 2

AT a recent show for aviation writers
a military officer inadvertently dis-
closed the frontier of speed at which air-
planes are now operating. The Douglas
Skyrocket, he said, has flown in level
flight at more than 1,300 miles per
hour. This is nearly twice the speed of
sound, or, in the parlance of aeronauti-
cal engineers, Mach 2. The plane also
went to the unprecedented altitude of
79,494 feet—15 miles.

To avoid cooking its pilot the Sky-
rocket must carry about 500 pounds of
refrigerating equipment—enough to air-
condition a large theatre. At its top
speed the friction between the skin of
the plane and the atmosphere generates
a temperature of more than 200 de-
grees. This is hot enough to weaken
aluminum allovs by 10 per cent. At
Mach 3 the temperature would be over
500 degrees, and the loss in strength of
aluminum about 90 per cent. Thus
before aircraft can push much farther
into supersonic regions, better materials
and more efficient cooling systems will
have to be developed.

Fastest Electrons

NEW synchrotron at the California

Institute of Technology has ac-
celerated electrons to an energy of 460
million electron volts, it was announced
last month. Racing around their cir-
cular track at almost the speed of light
(one-tenth of a mile per second slower),
the electrons weighed more than 900
times as much as when at rest.

Like the recently completed cosmo-
tron at Brookhaven, Caltech’s synchro-
tron speeds up its particles by boosting
them periodically with a radio frequency
oscillator as they circle the evacuated
core of a huge circular magnet. The
machine is expected soon to be oper-
ating at 500 million electron volts, and
in about a year its output will be in-
creased to a billion electron volts. Its
purpose is to produce extremely ener-
getic X-rays for research work.

Resources
IN 25 years the U. S. will need nearly

twice as much minerals as it uses
now, two and a half times as much wa-

DOW CORNING SILICONE NEWS

EDITION
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Tall Talg . NEW FRONTIER EDITION

"

They tell of the time it rained
cats and dogs for a full fortnight
before the Fourth of July. Made
Paul Bunyan boil because he'd
just invented fireworks, and you
couldn’t even fire a flintlock in a
deluge like that. So he walks to
where the rain comes down in a
solid stream. Swam up that stream
like a salmon 'til he got to
the top, and plugged up the
holes in the clouds. The
fireworks Paul set off that night
made the Northern Lights look like
a firefly’s ghost.

to Fabulous Fact

Wecan'tplugtheclouds, but we have
invented a whole group of silicone
products to take the wetness out of
rain:invisible umbrellas to keep your
clothing dry; invisible rubbers to LY

A
-
.’

. . —~ 7 —
keep your feet dry; invisible rain- ({::b p = NN\ )
coats to keep brick, concrete block, 4 @N";Y?;’\“ N\ ./é_
and other masonry buildings dry. @5 /v, A =R

Take the product we supply to
the manufacturers of silicone-based,
water repellent treatments for above-
grade masonry walls. It keeps rain
from soaking in and seeping through
the walls; keeps walls clean and free
from that ugly white deposit called
efflorescence. Yet these silicone
water repellents are completely in-
visible. They do not fill the pores
or prevent ‘‘breathing.”” They're
easy and economical to apply; re-
main effective for years.

This and many other fabulous facts
are described in our new publica-
tion, “‘What's A Silicone?”” We'll
be glad to send you a copy.
Simply address your request to
Dow Corning Corporation, De-
partment W-21, Midland, Mich.

DOW CORNING
CORPORATION

MIDLAND, MICHIGAN

ATLANTA « CHICAGO « CLEVELAND . DALLAS « NEW YORK - LOS ANGELES . WASHINGTON, D.C.
In Canada: Fiberglas Canada Ltd., Toronto ¢ In England: Midland Silicones Ltd., London
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a reliable highly-sensitive colorimetric instrument
for fully automatic process control
or indication by lz'ght measurement

Bﬂlorede provides ;nethods of processing and control

heretofore impossible, and permits marked
advances in production techniques.

Continuous measure-
ment, indication and/or
. process control by pre-
cise measurement of
light in the visible
spectrum.

® Measurement of liquids
by transmission or dis-
persion; detection or
measurement of minute
concentrations of gases;
measurement of solids
by reflection — precise
quantitative results.

® Continuous duty, highly
stable, moisture and ex-
plosion-proof.

Typical industry users:

Chemical Process Industry

Special Coating Industry
® Direct connection to

standard recorders and

Textiles
Printing and Lithography

Public Health controllers,

thog-mphy o Exceptional versatility.
Ceramics

Foodstuffs ® Direct ratio measure-

Application engineering services ment if desired.

can be made available to Colorede

l\alqrchasers through cooperation of ® Proven electronic
itro Corporation of America. 5
circuitry.

N RVRLOPMENT
LABORATORIES, INC. BT PR TR TN

Research °

Engineering °

Development
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ter and twice as much energy. This is
the gist of a comprehensive report by
the President’s Materials Policy Com-
mission, headed by William S. Paley,
The five-volume report, entitled Re-
sources for Freedom, has been analyzed
in recent issues of Chemical and En-
gineering News.

“Consumption of almost all materials
is expanding at compound rates and ic
thus pressing harder against resources
which, whatever else they may be
doing, are not similarly expanding,”
says the report. The Commission adds
that the U. S. must resign itself to im-
porting an increasing share of its raw
materials. Their cost, it points out, is
bound to rise. In the case of some ma-
terials the shortage is already world-
wide. The U. S. military services have
laid out a jet-plane program, for ex-
ample, which calls for more cobalt than
is available in the world.

The Commission urges research on
mineral-finding techniques, on exploi-
tation of the oceans as a source of min-
erals and water, on corrosion of metals,
on recycling of materials in process in-
dustries, and on uses of new materials
such as titanium and zirconium.

AEC Report

URING the next few months three
per cent of the entire construction
labor force in the U. S. will be working
on atomic energy installations. In its
12th semiannual report, released last
month, the AEC gave some details of
its enormous expansion program.

Its appropriation for the fiscal year
1953 has been raised to more than
$4 billion—nearly four times the original
budget for the year. A considerable
portion of the additional funds will be
for new production facilities for fission-
able materials. Some $2 billion will be
spent for additions to the gaseous dif-
fusion plants at Oak Ridge, Tenn., and
Paducah, Ky., and a third gaseous
diffusion installation will be started,
probably in the Ohio River Valley. Plu-
tonium production will be expanded
through additional reactors to be built
at Hanford and at the Savannah River
project now under construction. Shortly
after it issued its semiannual report the
Commission announced a contract for
a new power reactor. The Westing-
house Electric Corporation will build
one “suitable for propulsion of large
naval vessels, such as aircraft carriers.”

Reporting on research developments,
the Commission disclosed that the fis-
sion of a plutonium atom releases three
neutrons (uranium 235 yields 2.5), and
that the radioactive fission product
xenon 135 is a “remarkably effective
absorber of thermal neutrons,” which
may make it useful in reactor control.

Four workers at the Argonne National
Laboratory who were exposed 1o dan-
gerous levels of radiation during a
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" NEW IDEA for
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the key to all these advantages:

¢ Single Seat Construction

® .001" Positioning Accuracy
® Faster Response

* Unmatched Simplicity

o Lighter, more compact design

plus=—
» Greater interchangeability
«Inventories reduced 50% to 75%
In-line, lower maintenance

o Low first cost!

* The DOMOTOR Controls Forces to 2 TONS with Hairline Accuracy-

Opens new fields of application for modern instrumentation

The Annin DOMOTOR operator offers unmatched performance and their many cost-reducing features,
power, stability and accuracy of valve positioning. The but less known is the fact that they cost no more than
advantages of single seat valve construction now are ordinary valves—and often cost less/!

made possible for applications where corrosive and
erosive liquids must be accurately controlled under ex-
tremes of temperature and pressure (From—325°F to
1000°F, and to 6500 psi).

Whether you want to solve a knotty instrumentation
problem, reduce operating costs, or improve perform-
ance, write and give details. Annin engineers will be
glad to make a recommendation. Annin General Cata-

Annin DOMOTOR Valves are noted for their superior log 1500BA gives the full story. Write for it today.
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More Sugar from the Cane

Over more than four centuries of production from cane, many
mechanical improvements have been made in the sugar refining
process. Some of the more perplexing chemical aspects of the
problem are now being solved by VaNoL—trade name for

‘“Virginia” Sodium Hydrosulphite.

“Virginia” VANOL successfully copes with the organic colloidal
substances which contaminate the sugar solution. These colloids

are very hard to handle—to filter,

coagulate and remove. They

congeal and form sticky, resinous massecuite on repeated boilings.

SODIuMm
A romnrOSULRHIrg
Winny, "“"Cmo‘
o ronx 0Nt
wing, Blsg,

whi
*nd Chamig e S

o Redyer ™

LLT]

Field Offices

NEW YORK
BOSTON
DETROIT
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PHILADELPHIA
ATLANTA

VIRGINIA

The proper use of VANOL
(“Virginia” NasS,0,;) makes
themassecuitemore filterable;
the molasses separates more
easily from the sugar crystals.
Thus the molasses may be
more completely discharged
—more sugar extracted from
a given amount of cane.

For over 30 years, ‘Vir-
ginia’’ research has been mak-
ing significant advances in
industrial processes and prod-
ucts with its SO; Na:S:04,
ZnS:04 and ZnSO;. Our tech-
nical staff will be glad to dig
into your problems with a
view to developing efficient,
economical applications of
“Virginia” Chemicals in your
plant. Call or write us today,
outlining your needs.

VIRGINIA SMELTING COMPANY
Dept.SA, West Norfolk, Virginia

SINCE 1898
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chain-reaction experiment last June
have suffered no ill effects from their
brief exposure, the Commission said.
All have returned to work.

Pauling and Passport

FTER having rejected his applica-
LA tion three times, the State Depart-
ment has issued a “limited passport” to
Linus Pauling, Chairman of the De-
partment of Chemistry and Chemical
Engineering at the California Institute
of Technology. The passport expires
October 1 and is good for travel only
to France and the United Kingdom.
The Department stated that its action
was taken after considering “new evi-
dence” and “re-evaluating” the whole
case, and after Pauling had filed a state-
ment that he is not now and never has
been a member of the Communist Party.

Isolationism

ORE and more U. S. scientists are

losing touch with research done
outside this country’s borders, accord-
ing to a joint committee of the National
Research Council and the U. S.
National Commission for UNESCO.
“Studies of literature citations in scien-
tific publications in the U. S. show an
increased trend to mention only U. S.
research reports,” the committee de-
clares. “Ignorance of foreign literature
leads to wasteful duplication of work,
slowing up the progress of science, and
failure to utilize discoveries for use-
ful practical purposes.” The committee
suggests that UNESCO develop more
efficient abstracting and indexing serv-
ices for international scientific literature
and call the trend toward scientific isola-
tionism to the attention of college and
university teachers.

The Chloromycetin Problem

CLOUD of suspicion has fallen on

chloromycetin, one of the most
widely used antibiotics. Reports on 11
patients who developed fatal anemias
after treatment with the drug appeared
last month in The Journal of the Ameri-
can Medical Association. The U. S.
Food and Drug Administration is now
conducting a nationwide survey to as-
sess the effects of chloromycetin on the
blood.

Several million people have been suc-
cessfully treated with chloromyecetin,
the Food and Drug Administration
points out, and it has probably saved
thousands of lives. Until recently there
had been virtually no evidence of harm-
ful effects. Although it contains nitro-
benzene, a substance known to be toxic
to the blood, extensive toxicity tests had
indicated it was safe. One death at-
tributable to the drug was reported in
1950, however, and 12 this year. In all
the cases the patients had taken the



Photography makes it easy
to see why it is hard

The pattern in this photomicrograph of etched molybdenum carbide (X 1000),
having a microhardness of 1740 to 2122 Vickers pyramid number, is the result
of crystal orientation. The hardness varies with orientation and the photograph pro-
vides a permanent, indisputable record of the structure.

The metallurgist finds photomicrography a valuable tool in many ways. He uses it
to study the results of abrasion, corrosion, and thermal treatment—to compare
quality with specifications and check machining, welding, and cutting properties.

This is but one of the fields in science and industry where the speed, simplicity,
and accuracy of photography are daily solving problems and finding answers quickly
and conclusively. To learn about the special films, plates, and pellicles available for
photographic techniques, send for the new booklet, “Kodak Sensitized Materials
for the Scientific and Industrial Laboratory.” It gives detailed information, in-
cluding transmission curves for 23 Kodak Wratten Filters and filter combinations
commonly used in photomicrography. For your copy, write to Eastman Kodak
Company, Industrial Photographic Division, Rochester 4, N. Y.

PHOTOMICROGRAPHY

... an important function of photography
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Phase discriminating

AC AMPLIFIER

aids in servo design and testing.

o

Sanborn Direct Recording Systems have been used
for some time to measure and record error voltages,
pick-up voltages and control voltages in the design
and development of DC servo-mechanisms as well
as in testing their performance.

Now, for the first time, a packaged phase discrimi-
nating AC amplifier which is ideally suited for
measurements in AC Servo Systems will soon be
available separately for integration in present
recording equipment or as a part of a complete
Sanborn recording system.

NOW.. | \
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v

¥
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Sanborn Direct Recording Systems offer other ’) 1O CHANNEL

important advantages including;

1. Complete 1-, 2- and 4- 4. High Torque Movement
channel systems or
separate unit instruments 5. Wide Choice of Paper
Speeds

2. Permanent inkless records

6. Code & Time Markings
3. Rectangular Coordinates readily introduced

7. Interchangeable Amplifiers
and Preamplifiers

Write for details of this new am- SAN BURN
plifier and for complete Catalog co.

of Sanborn Recording Systems CAMBRIDGE, MASS.
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drug for a long period. According to
one of the reporting physicians, the ad-
verse effects of chloromycetin are prob-
ably limited to a small minority of peo-
ple who happen to be unusually sensi-
tive to this chemical. The physicians
agree that chloromycetin should be
used less freely.

New Antibiotic

PROMISING new broad-spectrum

drug has successfully passed its
early clinical tests. Isolated from a
Streptomyces mold in a Philippine soil
sample by chemists of Eli Lilly and
Company, the substance has been found
effective against a wide variety of bac-
teria, particularly the gram-positive
group, and some viruses. It also has low
toxicity. The substance is called ery-
thromyecin, and the Lilly drug is trade-
named Ilotycin.

Obese Mice

NEW genetic strain of house

mouse, predestined to become fat,
is helping researchers learn more about
some problems of metabolism and dis-
ease. At a recent conference on obesity
held at the Roscoe B. Jackson Memorial
Laboratory in Bar Harbor, Jean Mayer
of the Harvard Medical School outlined
the results of a two-year study of the
corpulent mice.

They eat only a little more than their
normal fellows, but grow some two and
a half times heavier. Mayer believes
that all animals adjust their food intake
so as to keep the level of glucose in their
blood nearly constant. These mice have
an unusually high level of blood glu-
cose, and it is exceptionally sensitive to
lack of food, falling greatly after a period
of fasting. Thus the mice seem to need
more food to keep up the glucose level,
and they put on weight. Glandular dis-
turbance, often blamed for overweight,
does not appear to be a factor in their
hereditary obesity, for removal of the
thyroid or adrenal glands has no effect
on their weight.

When offered a free choice among
fat, carbohydrate and protein foods, the
animals pick a high-fat, low-carbo-
hydrate diet. Their choice reminded
Mayer and his co-workers of a diet pre-
scribed for diabetics. Further investi-
gation showed that the obese mice do
develop diabetes and that their disease
is resistant to insulin. Doses of the drug
which would kill ordinary mice did not
even reduce their blood sugar. This
finding interests clinicians, because
some human diabetics also are resistant
to insulin.

The obesity mutation in the mice was
discovered three years ago by Margaret
M. Dickie of the Jackson Laboratory.
Breeding of the new strain was held up
by the fact that the obese individuals
do not mate, and the gene is recessive.
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4 Continuous-balancing electronic cir-
cuit responds instantly to minute changes
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San Francisco 7, Seattle 9, Toronto (Canadn), Tulsa 6, Washington 6. DISTRIBUTORS IN PRINCIPAL CITIES
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But the laboratory is now. producing 75
fat mice a month by artificial interven-
tion: the egg of an obese female is trans-
planted into a normal female, and it is
then fertilized by a male carrier of the
obese gene. Half of the offspring are
obese.

Mayer does not go so far as to assert
that fat people who have an irresistible
urge to reach for a bonbon are victims
of a heredity like that of the high-
glucose mice. But he is inclined to think
that human obesity may sometimes be
inherited.

Normal Children

ABNORMAL children get plenty of
attention, but psychologists seldom
study normal boys and girls. For 24
years a University of California research
team headed by Jean Walker MacFar-
lane has been concentrating on normal
youngsters in an effort to learn “the facts
of development” and “the problems, baf-
flements and satisfactions” that beset
children (and their parents) in the proc-
ess of growing up. The psychologists
have studied the children of 250 fam-
ilies, tracing their development from
birth to adulthood.

The group has now reported some of
its findings. Dr. MacFarlane said that
the most rewarding part of the study has
been “to see how sturdy and tough and
adaptable the human organism is, and
how much punishment it can absorb and
utilize in the process of developing into
a mature person.” Growing up in a pe-
riod of depression and wars, the children
in general have come through as “sub-
stantial, mature and zestful adults.”

Among the specific findings: Intelli-
gence tests are an unreliable measure
of children’s mental capacities, particu-
larly at preschool age. Even at the later
ages, between 6 and 18, 85 per cent
of the children varied in scores by more
than 10 points on different tests, and
one out of three fluctuated by 20 points
or more. Performance on a particular
test varied with the child’s mood, health,
desire to do well on the test and his in-
terest at that stage of his development in
intellectual achievement as opposed to
other spheres, such as social or athletic
activities.

Physical development is more pre-
dictable. On the average the height of
a boy at 26 months is just half of what
it will be when he is full-grown, and a
girl reaches half her final height at 20
months. The final height of 7 out
of 10 boys and girls can be predicted ac-
curately on this basis.

At adolescence the average girl is two
years more mature physically than the
average boy, and the spread may be as
much as seven years. Dr. MacFarlane
points out that the disparity unsettles
children. When junior high school girls
begin, with “biological appropriate-
ness,” to turn their charms on their male



CONTROLLERS

Is there a Missing Link
in your Conirol Loop?

In exploring the possibilities of automatic con-
trol as applied to any process, operation or ac-
tivity, may we remind you that Raytheon has an
established position in this rapidly expanding
field. Raytheon is now producing digital and
analogical computers and other data processing
systems, tape handling mechanisms, transducers,
microwave links, telemetering systems, pro-
gramming devices, and servomechanisms.

Raytheon also produces such basic compo=
nents as electronic tubes, cathode ray tubes,
transistors, transformers, magnetic amplifiers
and voltage stabilizers. Above all, Raytheon
offers you the combination of specialized and
diversified talent, experience and facilities essen-
tial for the successful solution of any automatic
control problem.
Your inquiries are invited,

RAYTHEON

MANUFACTURING COMPANY

Technical Sales Department

Excellence en Edeclionics

148 CALIFORNIA STREET, NEWTON 58, MASSACHUSETTS
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He mounted his horse and ...

“Let’s modernize our process”’—‘‘make it continuous”’—‘‘automatic’’
—*‘you design a control system”—‘‘we’ll re-design the piping layout”
—*“I prefer a centrifugal clarifier’””—“what about a filter?”—*“we can by-
pass the evaporator”’—*the solids phase in our slurry must be roughed
out”’—*“the lab says our new samples are inconsistent”’—*‘re-design

the controls”—"how’d we get into this mess anyway?”’

An exaggeration perhaps, but nearly everyone has experienced such
thinking in technical discussions.

There is another approach, based on sound reasoning and experience.
By taking this course, Sharples process engineers have developed

such eminently successful automatic continuous processes as soap
making, vegetable oil refining, tar dehydration, purification of residual
oils for use as a diesel fuel, and many others.

... rode off in

all directions

o

New developments in your process may lie

in the proper choice and application of one of

the seven different basic types of Sharples Continuous

Centrifuges—or it may involve research testing in the Sharples Process
Laboratories, and design of an integrated centrifugal process, complete
in every detail . . . material balance, economic balance, instrumentation
and controls, piping, equipment specification, installation, and training
of your personnel.

The use of Sharples centrifuges and centrifugal processes reach into
practically every industry; chemical, steel, food, pharmaceutical,
petroleum, metal working, marine, and a host of others.

You can achieve your aims and save time and manpower,

by coming to Sharples for an unbiased recommendation
on problems involving clarification, separation
and crystal dehydration.

G;um:s

dAssociated Companies and Representatives throughout the World
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THE SHARPLES CORPORATION

2300 Westmoreland Street + Philadelphia 40, Pennsylvania

schoolmates, the boys become uncom-
fortable. The boys’ rebuffs in turn make
the girls nervous and unsure of them
selves.

Boys and girls also show differences
in personality development. Girls are
amenable to toilet training at an earlier
age. Girls usually get over temper tan-
trums by the age of 7, boys not until
about 13. At the age of 4 most girls
learn to side-step trouble by lying; boys
do not hit on this device until the age
of 6.

Open, direct and expressive parents
promote more stability in their children
than do quiet, patient ones who are
always well-behaved. A young child has
trouble divining a stoical parent’s moods
and attitudes toward himself, and, in
baflement, may become anxious.

A Plague on the Rabbits

URING the past two years a great
rabbit plague has run like a scared
rodent across the length and breadth of
Australia. It has killed tens of millions
of rabbits. The epidemic was man-made,
and Australia thinks that it has finally
found the answer to its century-long
struggle with the fabulously prolific
bunny.

In 1859 two dozen rabbits were im-
ported into Australia by one Thomas
Austin, who intended to breed them for
game. But their reproductive powers
proved mightier than the shotgun. Six
years later the unhappy hunter had
slaughtered 20,000 rabbits, and esti-
mated that 10,000 were still ravaging
his estate. Today the continent is over-
run with their descendants, who eat
enough grass to support 40 million
sheep.

Australian farmers have tried hawks,
weasels, snakes and whatnot; the Gov-
ernment put a bounty on rabbits; their
warrens were attacked by bulldozers;
thousands of miles of costly wire fence
were built; strychnine poison was
broadcast—all to little avail. Then some-
one thought of myxomatosis, a virus
disease which is fatal to rabbits but does
not affect farm animals or people. In-
fected rabbits develop symptoms like
those of a very bad cold and die in 10 to
12 days. The early attempts to plant the
disease in the rabbit population failed.
But two years ago the Australians dis-
covered that mosquitoes and other in-
sects spread the disease from one ani-
mal to another. That was the key.

The rabbit-exterminators round up
a large number of rabbits, inoculate
them with a preparation of the myxo-
matosis virus and shave their coats to
provide bare patches on which mos-
quitoes can easily feed. The greatest
success in propagating the disease has
been near swampy areas, where mos-
quitoes breed best. Australia does not
expect the disease to kill all the rabbits,
but it hopes to keep them under control.
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ALCOA

Activated Alumina

If the compressed air in your automatic instrument and
process-control lines holds moisture, rust or oil, your
business has “hardening of the arteries.” Instrument
readings can go haywire . . . air-line valves can stick . ..
controls can be faulty .. . almost anything can happen

. and it all costs money!

It’s unhealthy economics to install an elaborate remote
process control system and then not keep the pressure
air clean and dry. Dry air can’t freeze . . . can’t form
rust! That’s why the ALCOA Activated Alumina cure is
so effective. This reliable desiccant works efficiently to
prevent moisture and oil from entering the system.

ALCOA Activated Alumina is abundantly available for
your dehydrating system. Numerous manufacturers can
supply you with drying equipment using ALCOA
Activated Alumina.

Thorough conditioning of air with ALCOA Activated
Alumina puts new life into process-control systems . . .
reduces maintenance and operating hazards. Write us
today for details.

Write to: ALuminuM CoMPANY OF AMERICA, CHEMICALS
Division, 6293 Gulf Building, Pittsburgh 19, Pa.

Don’t forget UTILITUBE—ALCOA’s instrument air-line
tubing in long lengths.

cslleon Chemicals

[AlCOA' ALUMINAS and FLUORIDES

| ACTIVATED ALUMINAS + CALCINED ALUMINAS ¢ HYDRATED

ALUMINAS * TABULAR ALUMINAS * LOW SODA ALUMINAS

. ALUMINUM FLUORIDE » SODIUM FLUORIDE * SODIUM

& . 4 ACID FLUORIDE + FLUOBORIC ACID * CRYOLITE ¢ GALLIUM
-
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AMERICAN

A0 CONTOUR
PROJECTOR

A quality control in-
strument for optical
gauging of precision
parts against master
chart. Choice of 10X,
20X, 314X, 50X 2
and 6214 X magnifi-
cations are offered.
Errors as small as
1/10,000 of an inch
can be read and 'this
accuracy extends to
outer edges of screen.

A0 GRAVURE
MICROSCOPE

A special instrument
for maintaining qual-
ity control of print-
ing plates. Accurately
measures depth and
width of minute cells
) etched in flat or curved
printing plates. Accu-
rate to within plus or
"minus 1 micron.

A0 METALLURGICAL
MICROSCOPES

An AO bench type
microscope with focus-
able stage suitable for
examination of opaque
and metallurgical
specimens. Effective,

mcool vertical illumina-
. tor furnishes sufficient

A0 POLARIZING
MICROSCOPE

The New P45 Polar-
izing Microscope is a
lower cost instrument
for chemical and crys-

tallographic analysis.
Simple to use, it has light for all wvisual
built-in light source, examinations. Either

rotatable stage and ac-
commodates ‘standard
AO compensators.
Other models for
advanced laboratory
work and research are
available.

quick - change nose-
piece or rotary objec-
tive turret with par-
focal objectives may
be selected.

A0 OPTICAL
MEASURING
INSTRUMENTS

By comparison of color
densities concentration
in liquids can be deter-
mined with the Direct
Result AO Color-
imeter. Other useful
AO instruments for
measuring optical
properties include re-
fractometers and spec-
trometers.

A0 PHASE
MICROSCOPE

Reveals details in
living organisms and
tissues, slightly pig-
mented or faded prep-
arations, emulsions,
plastics and other
material too trans-
parent to be seen
with the bright field
microscope.

A0 STEREOSCOPIC
MICROSCOPES

Countless industries
use stereoscopic bino-
cular microscopes for
production control and
critical inspection.
They furnish three
dimensional erect im-
ages, Long working
distance enables work-
"ers to perform manu-
facturing operations,
assemble and inspect
minute parts with
greater accuracy right
under the microscope.
Magnification from 9X
to 90X available.

A0 STEREOSCOPIC
SHOP MICROSCOPE

A quality control
instrument for inspec-
tion, manufacturing
and assembly opera-
tions. This binocular
microscope  produces
threedimensional erect
images. Head can be
removed  to attach
- directly to machine.
! Magnification of 9X,
27X, and 50X are
available. Standard
monocular shop-type
microscope with meas-
uring reticules can
also be supplied.

OPTICAL COMPANY .
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AO Desk-Type Metallograph No.24004
A modern instrument for the metal working
industry. For routine control, all operation
functions are performed by the metallog:
rapher from a sitting position. Parfocality
of visual and photographic systems assures
photomicrographs without the need for focus:
ing the image on the ground glass screen:
Infinity corrected Americote ‘‘Apergor
objectives are parfocal on revolving tun:‘e;-
Photographic eyepieces on positioning slide
expedite changing magnifications. All opti®
and camera settings are engraved in terms
of standard ASTM magnifications. A choi¢®
of motor driven carbon arc, zirconium ar¢
and ribbon filament lamps is- offered: =
second metallograph #2400P, for metallurg
ical research, has recently been announce®

INSTRUMENT 0IVISIE



Throughout industry, new and newsworthy
American Optical Company Scientific Instru-
ments are solving difficult inspection and
control problems. Even the indispensable
microscope and other standard optical instru-
ments are now more convenient and easier to
use as a result of AO developments. In preci-
sion production control, parts inspection, and
in the fields of education, medicine, basic
research, etc. — you’ll find superb AO Instru-
ments performing a thousand and one
vital functions. Whatever your needs,
consult AO for the optical answer.

IT'S
COMPLETELY
NEW !

AO Rapid Scanning Spectrophotometer . . .
Measures percentage of transmission or reflectance
in the visible spectrum

This is the first kinetic spectrophotometer for the instantaneous
display of the whole visible spectrum. It plots wave length
against percent transmittance or reflectance on the face of a
cathode ray tube. It scans the spectrum at 1/180 of a second
and 60 times per second. Extremely rapid color changes are
clearly visible and can be recorded by an oscilloscope camera.
It is a valuable tool for research and for process control.

! |
: - ! AMERICAN OPTICAL COMPANY « INSTRUMENT DIVISION !}
AO Special Optical Instruments [ DEPT. 1178, BUFFALD 15, NEW YORK i
8¢ illustration shows a special remote control AO | |
search metallograph built for the Knolls Atomic Power 1 Please send me information on... |
‘1:‘"!- Radio-active materials are safely viewed 1

;:uhg Ia 3-foot. concrete wall and ‘recorded photo- | [J Rapid Scanning [C] Stereoscopic Shop |
o ically. AO is constantly developing special optical Spectrophotometer Microscope I

[fpm'“' for manufacturers and institutions®in_ all ! [ Desk-Type Metallograph
s of activity. : ] R iy O Gravure Microscope |

[C] Special Optical Instruments A i
| [ Contour Projector (0 Metallurgical Microscope |
e | [0 Polarizing Microscope { Colorimeter I
\\ | [ Phase Microscope [J Stereoscopic Microscope |
: » ! !
. L l LT T R S TR ] AR bR s T P |
AIL COUPON TODAY | :
1} Organizalion ... .occemmansan I
! I
I Address.... ..........ccoooeiie e <
! Gty e smrenancsremiind e e pasnsnnnseenseasnons Zone.......... State.........occceeee . =
|

§

BUFFALO 15, NEW YORK |
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An Automatic
Chemical Plant

The art of feedback control has attained its highest development

in the modern petroleum refinery. Such refineries are not quite

fully automatic, but in them we see the shape of plants to come

Asia employed a U. S. contracting

firm to design a modern oil re-
finery. The firm submitted a design for
a $50 million plant, and it included the
usual array of control instruments. After
studying the plans, the officials of the
country, which has an embarrassing sur-
plus of manpower, asked the designers

IAST YEAR one of the countries of

by Eugene Ayres

to eliminate all automatic controls from
the plant. The country could provide
any number of thousands of men to
record measurements and to control
processes, and it was prepared to pay
the price of lower efficiency and poorer-
quality products to create this oppor-
tunity for employment. The contracting
firm gave sympathetic consideration to

the request, but its engineers finally de-
cided that under no circumstances could
control instruments be eliminated from
the design. It was not just a question
of operating costs or efficiency: with-
out suitable control instruments a mod-
ern refinery simply could not operate at
all.

If the 50,000 control devices in the

il T !-
L I LD
’ - 8

: At
=i

CONTROL PANEL for the petroleum refinery of the  represents the operation of the refinery. Each silhou-

McMurrey Refining Co. near Tyler, Tex., graphically  ette represents an actual unit of the refinery. Mount-

82

© 1952 SCIENTIFIC AMERICAN, INC



oil refineries of the U. S. should go
“on strike,” we would be faced with
social disaster. The refineries would
become lifeless industrial monuments.
If we undertook to replace them with
old-fashioned, manually operated re-
fineries to supply our present motor-fuel
needs, we would have to build four or
five times as much plant, cracking and
some other modern chemical processes
would have to be eliminated, yields of
motor fuel from crude petroleum would
drop to a quarter of those at present,
costs would skyrocket, and quality
would plummet. Automobile engines
would have to be radically redesigned
to function with inferior fuel. And be-
cause of lower motor-fuel yields, we
would need to produce crude petrole-
um several times as rapidly as we pro-
duce it now. Technology in refining
would be set back to the early 1920s.

In a sense the prediction that the
machine age is now about to be fol-
lowed by the age of automatic control
is an oversimplification. Mechanical
controls came in with the very beginning
of the machine age, and made it pos-
sible. What we are now seeing, and
shall see increasingly in the future, is
a rapid extension of such control. Ma-
chines, processes and combinations of
machines and processes will become
more and more automatic.

The role that automatic control al-
ready plays in technology can be seen
by considering the unhappy situation
of Great Britain. One measure of a
country’s industrialization is its capacity
for consuming fuel. This capacity de-
pends largely upon the quality of
mechanization, which in turn depends
upon automatic control. In fuel-con-
sumption capacity Britain’s industries
have declined steadily, in relation to the
rest of the world, ever since 1875. This
has happened in spite of her abundant
coal resources (until recently) and the
fact that she has some of the world’s
best-informed technologists. Her in-
dustrial leaders in the main have failed
to understand the philosophy of auto-
matic control. Little more than a tenth
of the textile looms in Lancashire, for
example, are automatic. Lancashire
textiles cannot compete in world mar-
kets, and a business depression is un-
der way. Some other British industries
show the same backwardness in ap-
plication of automatic control. In the
U. S., by contrast, the intense competi-
tion in cost, yield and quality has driven
us steadily toward more and more
automatization.

HE petroleum industry is a leading

example. Excluding taxes, the price
of motor fuel today is little higher than

[ - )

— -
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ed on the silhouettes are the appropriate instruments.
The second panel represents a catalytic cracking
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in 1920, in spite of the shrinking dollar
and rising costs, and almost the sole rea-
son is improvement in process equip-
ment made possible by automatic con-
trol. Automatization has reduced costs
in two ways: by yielding more produc-
tion per dollar’s worth of equipment
while the plant is running, and by re-
ducing shutdown time. When a plant
is not operating, fixed charges go on
just the same. Ten years ago, when
cracking units were reasonably well
equipped with control devices, the units
could be counted on to operate an aver-
age of 87 per cent of the time. Today
they are more likely to operate 93 per
cent of the time. About half of this re-
cent six per cent gain has come from
improvements in the control systems
themselves—development of new de-
vices and more intelligent use of old
ones. Most of the other half has come
from changes in operation and design
made possible by improvements in auto-
matic control.

When the gain in operating factor is
translated into dollars, it seems that
the extra cost of control systems and the
changes in process equipment that the
control systems have made possible,
have in general been amortized in less
than a year of plant operation—a per-
formance that far surpasses normal in-
vestment in refinery equipment. And

$ 00800

unit; the third, a fractionating unit; the fourth, a gas
concentration unit; the fifth, a polymerization unit.
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AUTOMATIC
CONTROL SYSTEMS
for all applications

INDUSTRIAL and MILITARY

SERVOMECHANISMS, Inc., divides
the servomechanism into standard,
basic functional components or *'building
blocks" . . . servo amplifier,
power supply, modulator, positioning
mechanism .and neatly
packages these components forready-
use in a multiple of applications. This
“building block™ technique pro-
vides a fast and economical means
of synthesizing the pre-design
components into automalic con-
trol systems and instrumenta-
tions.
Servo instrumentation by the
“building block® technique
provides the industrial
designer with:
* Installation Flexibility
* Ease of Maintenance
* Interchangeability

REFINERY controlled by the panel

on the preceding two pages is shown

the gain in operating factor is only part
of it: there has been a much more im-
portant gain in the production capacity
of our refineries.
A refinery is a model case of the kind
- of manufacturing operation known as
| Typical SMI servo 3 continuous process, in contrast to the
systems and com- . INC. discontinuous step-by-step operation of,
ponents are illustrated. avoan oy i =
! WESTBURY, L. 1., NEW YORK say, an automobile assembly-line. Crude
. petroleum feeds in at one end of the
\'lrh.' to Dept. CLO for infor- p]iint, fﬂofvé Contin}l fouﬂy. t‘hrolug'h a
on on s pecific. ation : series or treatment chambers and pipes,
-

A - o and pours out a variety of finished
= products at the other end. Such an
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at sunset. The panel is behind the window at right cen-
ter. Behind it is the catalytic cracking unit. Here the

operation is particularly amenable to
automatic control. Let us look at a
typical refinery as an example of the
application of machine control to a con-
tinuous process.

T IS A bewildering kind of factory,

with metallic towers rising 20 stories
high, hundreds of miles of pipe, and
only an occasional modest building. A
few lonely men wander about the
spectral monster doing supervisory or
maintenance tasks here and there. The
plant is almost noiseless, all but devoid

of visible moving parts. Despite its ap-
parent inertness, however, the plant is
throbbing with internal heat and mo-
tion. Every day a quarter of a million
barrels of oil flow unobtrusively into its
maw, and about as many flow out in the
form of dozens of finished petroleum
products—all profoundly and specifical-
ly altered by processing. Forty tons of
catalyst are being circulated every min-
ute of the day and night. Great volumes
of chemicals are being consumed in
processing, and greater volumes of
chemical intermediates are being

© 1952 SCIENTIFIC AMERICAN, INC

catalytic unit is at the right; on the control panel it is at
the left so that the operator canread it from left to right.

manufactured. Scores of unit processes
are interlocked, with a meticulous bal-
ance of energy distribution.

The nerve center of this mechanical
organism is the control room with its
control panel. Here are ensconced the
human operators—attendants upon the
little mechanical operators of the plant.
The human operators watch, they some-
times help or correct the instruments,
but only occasionally do they take over
the major part of operating responsi-
bility. Barring emergencies, they take
over completely only when the plant is
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PERPETUAL ENERGY

can work for you!

Magnetizing Foree

Normal magnetization curve and hysteresis loop.

Juct as the earth’s gravity is constant,
so is the force produced by permanent
magnets. A properly designed magnet is
truly permanent — its energy perpetual!

By design variations — in magnet
shape, size or type of material — it is
possible today to cancel out the demag-
netizing influence of stray electrical fields.
In addition, today’s permanent magnets
are almost impervious to temperature,
shock and vibration.

For example, the ac-
curacy of a watt hour
meter is assured because
of a magnet’s constant
calibration under all for-
seeable conditions of
temperature, vibration and stray elec-
trical fields. These meters, because of the
magnet, perform indefinitely with un-
varying accuracy, with no maintenance,
no attention.

Perform Three Ways

There are three major ways permanent
magnets perform as mechanical or electro-
mechanical transducers. They transform
mechanical energy to electrical — elec-
trical energy to mechanical — or produce
a tractive force.

Permanent magnets — the world’s
most available source of permanent po-
tential energy — can serve us to the very
limits of our mmaginations. Although re.
sourceful engineers have already created
tens of thousands of applications for this
constant source of energy, this just marks
the beginning.

INDIANA

PERMANENT
MAGNETS
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Specialists In Packaged Energy Since 1908

Complete Engineering Service

Why not make use of permanent mag-
nets — and their perpetual, low cost
energy — in your products? INDIANA
engineers, backed by years of research
and experience gained in the develop-
ment of over 30,000 magnetic applica-
tions, will be happy to help you. They
will properly design the magnet and select
the best permanent magnet material. This
service involves no obligation on your
part whatsoever.

Indiana Hyflux Alnico V

INDIANA is the only manufacturer
supplying INDIANA Hyflux Alnico V—
the permanent magnet material that offers
an energy product averaging 54 million
BH max or more, with 5}4 million guar-
anteed. It costs not a penny more than
regular Alnico V.

INDIANA is the only manufacturer
producing all commercial permanent
magnet materials — Alnico, Cunife, Steel,
Cast, Sintered, Ductile, Formed.

Write for Catalog

Many types and sizes of INDIANA
HYFLUX Alnico V permanent magnets
are immediately avail-
able from stock for your

experiments. For a list- ﬁ -

ing of these magnets, <~
—

plus design data, write ' s
for Catalog No. 11 H. %
e O

CWs

THE INDIANA STEEL PRODULTS CO.
VALPARAISO, INDIANA. . . . Sales Offices Coast to Coast
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starting up or shutting down—normally
only about once a year in a catalytic
cracking plant. ’
Some of the automatic control instru-
ments are mounted on the control panel;
some are tucked away behind it; most
are located in the refinery yard near the
jobs they have to do. On the control
panel are many things—indicators of
measurements, indicators of valve posi-
tions, indicators of settings of controllers,
knobs for changing these settings, fa-
cilities for shifting from automatic to
manual control, knobs for effecting man-
ual control, alarms and safety devices,
recordings of measurements for opera-
tion analysis, and recordings of measure-
ments for accounting. The restful ap-
pearance of the control panel and the
refinery is deceptive. Five hundred con-
trollers, 400 motor-operated valves,
1,500 indicators and 800 recorders are
in slight but significant motion at all
times—like the steering wheel of a speed-
ing motorcar on a straight road. But
while the little compensatory move-
ments (this way and that) of the steer-
ing wheel have only direction to control,
instruments on a refinery panel board
must control a hundred variables—many
of them dependent upon others.
Indicating instruments are merely to
be observed. Like the clinical ther-
mometer, they call for action only when
the indication is abnormal. Some little
thing may go wrong with one of the con-
trollers. Some unpredictable variation
may occur in the flow of fluids or in the
strength of materials. Corrosion may
start a leak in a pipeline. A fuse may
blow out in an electric circuit. A storm
may cause structural damage. Like a
physician, the human operator becomes
sensitive to abnormalities and promptly
seeks to apply corrective measures. All

-

CONTROLLERS are mounted on
the back of the McMurrey Refining
Co. panel on pages 82 and 83. These



factors for correction are on the control
panel.

ERIODICALLY the operators re-

ceive reports from analytical labora-
tories, where chemists are testing the
composition and quality of the prod-
ucts. The operators must know how to
make manual adjustment of controller
“settings” to conform with analytical
trends.

While the operator stands guard over
his mechanical helpers, automatic con-
trollers reciprocate by standing guard
sleeplessly over the safety of the oper-
ator and the plant. Any out-of-the-way
event touches off a visible or audible
alarm, warning the operator of trouble
to come. And automatic controls imme-
diately set in motion the first necessary
steps for safety, more quickly than the
operator could.

Refineries and other mechanically
controlled continuous processes have be-
come so complex that control panels of
the types used just a few years ago
would today be too large and too difhi-
cult to learn to understand. Long steps
have been taken in the direction of de-
veloping smaller instruments and bring-
ing the pattern of the flow of materials
and energy within the ready compre-
hension of the operator. One important
step has been the design of graphic in-
strument panels in which instruments of
greatly reduced size are placed at ap-
propriate locations on a simplified flow
diagram of the plant. Even with small
instruments, however, such a diagram
sometimes would be 100 to 200 feet
long, so that compromises must be made
to bring the instruments into more com-
pact arrangement. Flow lines on the

panel are given distinguishing colors to
make interpretation as easy as possible.

units are a more elaborate form
of the pneumatic servo-mechanism
that appears at the top of page 60.

a NEW degree of freedom

in CONTROL SYSTEM DESIGN
ELECTRICALLY CONTROLLED INDUCTORS

MECHANICALLY DRIVEN

K
RELAYS

CAPACITORS SWITCHES

REACTANCE INDUCTORS
TUBES RESISTORS Y
| 4 2

INCREDUCTOR"
CONTROLLABLE INDUCTORS

Although only recently available, this new component has resolved
problems in the military and industrial fields more economically
and efficiently than by conventional means. It has provided effec-
tive solutions in several situations where previously known tech-
niques were inadequate. There are already so many types and appli-
cations of Increductor controllable inductors now utilized that only

essential highlights can be presented here.

_ GENERAL TYPICAL e
DESCRIPTION FUNCTIONS

® electrically controlled—no moving

Modulation—amplitude, phase,
parts

frequency
Resonant frequency control
Automatic amplitude control
Automatic frequency control
Automatic phase control
Switching circuits
Pulse time modulation

® controllable over a useful range of
several hundred to one

® control rates up to several mc

® available from audio frequencies up
to 100 me

® small control power—from .01 to |
watt in typical low level units

® low loss—typical @'s from 20 to 150

e compact (2" x 1%” x 17/1,"). light ..
weight Compressor circuits

® electrostatic and electromagnetic
isolation between signal and control
windings

Variable filter elements
Wide range frequency sweeps

Typical end uses to date have included telemetering equipment,
computers, industrial control and automatic measurement, and
communications equipment.

Write on your company letterhead for engineering
data and technical information on standard types. We
will be glad to give you our recommendations regard-
ing your specific problems.

*Trademark

C.G.S. LABORATORIES, INC.
391

LUDLOW STREET, STAMFORD, CONN.
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you can’t measure
surface temperatures
accurately with a Toy

—

Ever look inside a shiny mechanical
toy? Inside—where the ""Work” is
done—you don’t find the quality that
says craftsmanship, performance
and durability.

Ap%ly the same test of quality when
you choose a surface temperature in-
strument . . . look inside!

Hold an Alnor Pyrocon in your
hand . . . feel the fine balance . . .
notice the all-metallic case and shat-
ter-proof glass. These things speak
of quality design and particular at-
tention to detail. BUT that isn’t
enough to judge performance of a
Pyrocon—or any instrument. Look
closely at a Pyrocon!

Look at the Yoke . . . where the thermo-
couples are attached. Notice that
neither plate connection is grounded.
With plates of chromel and constantan
alloy...afeature developed by Alnor.

Look at the Movement . . . and see why
we guarantee accuracy of +29% under
allambient temperatures and all com-
binations of arms and couples. High
circuit resistance and low current de-
mands produce a movement of ex-
treme sensitivity and high, constant
accuracy.

Look at the Magnet . . . Alnico, of
course. Its large size creates high flux
density that directly affects sensitivity.
Notice too the machined pole pieces
that also increase accuracy through-
out the scale range.

« .. And you'll see why the Alnor
Pyrocon is the recognized leader in
the field of surface temperature indi-
cation. These Alnor features are the
result of years of manufacturing expe-
rience...pioneering design and con-
tinuing research.

ILLINOIS TESTING LABORATORIES
Rm. 548, 420 N. La Salle,
Chicago 10, lil.
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MASS SPECTROMETER, which can be used to analyze the stream of
molecules in-a petroleum refinery, operates on the principle shown in
this drawing. The ionized molecules of a sample are accelerated from
upper left to lower right. As the molecules pass through the field of a magnet
(light red area), the lighter ones are curved more than the heavier.

The diagram of the catalytic cracking
process alone requires more than a
dozen colors, for we are concerned with
flows of several different systems and
materials—hydrocarbons, water, steam,
air, electric power, catalysts and other
chemicals.

OW LET US look into this maze
and see what we are trying to con-

trol. If we could set up an unvarying
set of conditions and depend on the
system to operate constantly at the same
rate of flow, temperature, pressure, and
so on, we would need no control de-
vices. But physical factors are imper-
fect. Mistakes are made by pumps as
well as by people. The composition of
the charge flowing into a process is likely
to vary. Deposits may form in a valve.
The heat losses from equipment will not
be the same on cool nights as on hot
afternoons. A shift in wind direction or
velocity may alter the draft in a chimney.
We have two kinds of variables to
control. First there are the conditions
that determine the yield and quality of
the product; these must be kept constant
at optimum levels. Then we have an-
other group of conditions which can be
made to vary widely. The formidable
job of the control devices is to keep
changing the latter conditions in such
ways as may be required to keep the de-
termining conditions nearly constant.
In other words, inanimate devices are

© 1952 SCIENTIFIC AMERICAN, INC

charged with the responsibility of cor-
recting inanimate mistakes.

The relationships among the variables
are bewilderingly complex. Consider a
fluid catalytic cracking plant. Essen-
tially the process involves converting
petroleum to gasoline and other products
by heating it in the presence of a solid
catalyst in the form of a fine powder;
the catalyst makes it possible to operate
at lower temperature and pressure than
in simple thermal cracking. The main
reactions take place in a large chamber
called a “reactor,” which is charged with
a mixture of crude oil, steam and hot
powdered catalyst. The heating in the
reactor drives off oil vapors and steam
to a fractionating column. The powdered
catalyst flows to a “stripper” for strip-
ping off oil vapor trapped in it, then
to a “regenerator” for burning off
residual carbonaceous material, and fi-
nally is returned to the reactor to be
used again. In the fractionating column
gasoline fractions from the top of the
column are subjected to various other
fractionating operations to provide a
product of desired boiling range, and the
heavier oil in the column may be re-
cycled for further breakdown.

Thus the catalytic cracking operation
is a combination of several distinct proc-
esses. In a modern plant they are
indissolubly linked together through
control mechanisms. In the past 12
years about 70 fluid catalytic cracking



Me...an AIRCRAFT
Engineer? And live
in California, too?

YesS, LocKHEED cAN TRAIN
YOU —AT FULL PAY !

A great new career can be yours—as an Aircraft Engineer at
Lockheed, in Southern California.

The step up to Aircraft Engineering —and better living in
California —isn’t as steep as you might expect. Lockheed takes
your knowledge of engineering principles, your experience in
other engineering fields,your aptitude and adapts them to air-
craft work.

ENGINEER TRAINING CENTER— An Engineer Training Center
helpsyou convert to Aircraft Engineering quickly, easily, at full
pay.Top engineers teach you “the language.” Youlearn to work
with closer tolerances, you become more weight-conscious. You
may attend classes in the Training Center for three days—or six
weeks. It depends on your experience and background. But,
always, you receive full pay.

On-the-job training follows while you are on your regular
assignment. It helps prepare you for promotion.

YOUR CAREER GOES UP—Lockheed’s policy of developing its
own executives gives you a head-start toward management
posts. Under this program, Lockheed holds management-train-
ing classes on company time and Lockheed also helps you ad-
vance your education at major universities in the Los Angeles
area. The result: 95% of all Lockheed management openings
are filled by promotions from within the plant.

What’s more, Lockheed has augmented top pay with a far-
reaching system of employe benefits. An outstanding retirement
plan, low cost insurance, social activities are only a few.

BETTER LIVING IN CALIFORNIA —Your way of lifeimprovesas
well as your work when you join Lockheed.Living conditions
are better in Southern California. The climate is beyond com-
pare: cooling breezes day and night in the summer, sunshine in
the winter. Golf, fishing, motoring, patio life at home are yours
the year 'round. Beaches, mountains are only an hour from
Lockheed. And your high Lockheed salary enables you to enjoy
life to the full.

NOTE TO MEN WITH FAMILIES: Housing conditions are excellent in
the Los Angeles area. More than 40,000 rental units are available.

Thousands of homes for ownership have been builtsince World War II.
Huge tracts are under construction near Lockheed.

Send today for illustrated brochure describing
life and work at Lockheed in California.
Handy coupon at right is for your convenience.

Special courses
help you convert
to Aircraft
Engineering,
prepare you for
promotion.

Lockheed
engineers enjoy
swimming and
boating at
beaches such as
Balboa and
Laguna.

Patio life
prevails the
year ’round in
Southern
California.

ENGINEERING TRAINING PROGRAM
Mr. M. V. Mattson, Employment Mgr., Dept. SA-9

LOCKHEED
AIRCRAFT CORPORATION

Burbank, California

Dear Sir: Please send me your brochure describing life and
work at Lockheed.

My Name

My Field of Engineering

My Street Address

My City and State
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units have been built in the U. S. Sig-
nificantly, each unit has had more in-
strumentation than the one before. The
earliest units had about 100; one of the
most recent has about 500. Many of
these are simply indicating or measuring
instruments, but about 150 are for auto-
matic control, and many of the control
instruments also make records of meas-
urements. A diagram showing all the
linkages between the controllers and the
process equipment looks as complicated
as a blackberry bramble, and it takes a

SAMPLE FROM
PROCESS STREAM

full-sized book to list the controllers
with concise descriptions of their func-
tions and linkages.

CAN mention here only a few of the

more interesting aspects of the con-
trol system in such a plant. One of the
chief problems, of course, is control of
the temperature. Part of the heat may
be generated by combustion of fuel in a
furnace. The rate of heat generation is
one of the secondary conditions that may
be made to vary within certain limits to

1

compensate for changes in the flow of
oil or for variations in heat losses. Now
combustion itself has its own determin-
ing variables for efficiency. Naturally we
want to get the maximum yield of heat
from a given amount of fuel. Automatic
control has increased combustion effi-
ciency in a cracking plant roughly five-
fold since 1930.

The temperatures of the components
in the cracking process are all related to
one another, and their nerve center is
the reactor. The reactor temperature is
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APPLICATION of the mass spectrometer in a refinery

is shown in this diagram. If the spectrometer were used

90

ANALYZER ol
PUMP

to analyze a final product of the refinery, its data
could be fed into the controls of the refining process.
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STANDARD

HIGH-SPEED
UNITS SPECIAL
HIGH-SPEED
UNITS

GEAR DRIVES

custom engineered or standard SPECIAL

Complete services by Western Gear Works AIRCRAFT
include the design, production, testing, ACCESSORY DRIVES
and application of all types of
gear drives for all industries.

WESTERN GEAR

“Good Gears Since 1888”

STANDARD

SPEED-REDUCERS +.

New Catalog Available —
Send for general bulletin
5200, or request specific
product information if

you wish.

'WESTERN GEAR WORKS 5 :-:.

s Belmont
Mmeanutacrurers of PACIFIC-WESTERN Geer produets Peninsula)

Lynwood

“Pacific Gear & Tool Works  “"~....0..
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Modified Polystyrene
—Koppers MC 401 —
bridges the gap!

HIGH KOPPERS REGULAR
IMPACT MC 401 POLY-
PLASTIC STYRENE

H ERE is a thermoplastic which combines
the toughness and shock resistance
of “high impact” polystyrenes with the
desirable characteristics of regular poly-
styrene . . . Koppers Modified Polysty-
rene MC 401. Initial applications of this
new Modified Polystyrene are being re-
ceived enthusiastically.

Good shock resistance, toughness and
finish suggest Koppers MC 401 for toys,
refrigerator parts, household appliances
and housewares as well as for battery
cases and a wide variety of packaging ap-
plications. It is available in standard and
special opaque colors.

Koppers Modified Polystyrene MC 401
may be either injection-molded or ex-
truded, and its molding characteristics,
like its physical properties, combine the
qualities of both regular and shock re-
sistant polystyrenes.

WRITE FOR BULLETIN C-2-161-T
which details the molding character-
istics, physical and chemical properties
and other data about Koppers MC 401.
This bulletin also contains information
about Koppers Modified Polystyrenes MC
185 and MC 301. Our technical staff is
anxious to help you develop new prod-
uct applications for all Koppers Plastics.
Phone, write or wire, and a Koppers
representative will gladly call to discuss
your problem.

Koppers Plastics make Many Products Better
and Many Better Products Possible

» Koppers

Plastics

KOPPERS COMPANY, INC.
Chemical Division, Dept. SA-9, Pittsburgh 19, Pa.
Sales Offices: New York * Boston - Philadelphia
Chicago - Detroit - Los Angeles
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MASS SPECTROMETER RECORD shows how the instrument is used
to record a change in the process stream after a change of operating con-
ditions. The record at the far left shows that the stream contains 14.5
per cent of ethylene, 20.5 per cent of ethane and 10 per cent of methane.

one of the determining conditions for
the yield and quality of gasoline. It de-
pends not only on the temperature of the
preheated oil fed to the reactor but also,
to a greater extent, on the temperature
and the amount of hot catalyst recycled
into the chamber. The reactor tempera-
ture is thus sensitive to the rate at which
regenerated catalyst is recycled. This
rate must be controlled by the reactor
temperature. The amount of regener-
ated catalyst is another determining var-
iable, but this is not controlled; at least
one degree of freedom must be provided
in any continuous system. The tempera-
ture of the regenerated catalyst is con-
trolled largely by the rate of circulation
of some of it through a cooler. The flow
of air to the regenerator, for burning
carbon off the catalyst, is varied to take
care of combustion requirements—
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sometimes by the composition of the
spent combustion gas.

Many other controllers are required
for this part of the process. Some are in
the steam system. Steam, generated by
the catalyst cooler and by whatever
other waste heat is available, forms
part of the mixture flowing to the reac-
tor and also serves to remove hydro-
carbon material from spent catalyst be-
fore regeneration. All these operations
require mechanized control to maintain
thermal and material balance. The ex-
tensive air system requires controls to
blow air at proper rates to proper points.
The flow of recycled oil from the frac-
tionating columns must be controlled.
Spent catalyst must be replaced by fresh
catalyst as fast as it deteriorates. These
and many other details (such as inter-
mediate storage-tank levels and gravity
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The proportion of methane is de-
creasing. The record at the right,
made after resetting the instrument,
shows how all proportions changed.

separators) require appropriate controls.

Compared with other continuous
processes, fluid catalytic cracking is
unique in several respects. Vapor con-
taining abundant, finely divided solid
catalyst acts like a liquid instead of a
gas. For example, levels may be deter-
mined by pressure differentials. But to
maintain the hydraulic properties of the
mixture, it must be kept continuously in
motion at a certain minimum rate. The
automatic controls must operate massive
equipment: the slide valves that control
the flow of catalyst, for instance, some-
times weigh 10 tons.

The fractionating towers present an-
other set of control problems. The tem-
perature and pressure at the top of the
tower control the rate at which vapor
Is pumped into the tower. The level of
liquid in the bottom of the tower (orin

Autosyn*

Precision-Built by

ECL/IPSE-PIONEER ,

P~
Y

For more than 18 years, Eclipse-Pioneer has been a leader in the devel-
opment and production of high precision synchros for use in automatic con-
trol circuits of aircraft, marine and other industrial applications. Today,
thanks to this long experience and specialization, Eclipse-Pioneer has
available a complete line of standard (1.431” dia. X 1.631” Ig.) and
Pygmy (0.937” dia. X 1.278" Ig.) Autosyn synchros of unmatched preci-
sion. Furthermore, current production quantities and techniques have re-
duced cost to a new low. For either present or future requirements, it will

pay you to investigate Eclipse-Pioneer high precision at the new low cost.
*REG. TRADE MARK BENDIX AVIATION CORPORATION

AVERAGE ELECTRICAL CHARACTERISTICS—AY-200 SERIES**

Rotor Stator
Input Voltago Input Input Input Stator Output | Resistance | Resistance | Maximum
Typo Nominal Current Power | Impedance Voltages SDG) DC) Error Spread
Number Excitation  |Milliamperes | Watts Ohms Line to Line hms hms Minutes
AY201-1| 26V, 400~, 1 ph. 225 1.25 25+ij115 118 | 9.5 35 15
Transmitters
AY201-4 | 26V, 400~, 1 ph. 100 0.45 | 45+j225 118 16.0 6.7 20
Receivers | AY201-2 | 26V, 400~, 1 ph. 100 045 | 45+j225 1.8 | 160 6.7 45
AY201-3 | From Trans. I ; | 420 10.8 15
PR Autosyn Dependent Upon Circuit Design
Trans-
formers AY201-5 F'%'I"'J;;:s' Dependent Upon Circuit Design 250.0 63.0 15
AY221-3 | 26V, 400~, 1 ph. 60 0.35 | 108+-j425 118 53.0 12.5 20
Resolvers
AY241-5 | 1V, 30~,1ph. 3.7 - | 240+j130 0.34 239.0 180.0 40
Differentials | AY231-3 Fm‘{l:l (’:;;r:‘s. Dependent Upon Circuit Design . 14.0 10.8 20
**Also i High Freq Y s designed for use up to 100KC (AY251-24)
AY-500 (PYGMY) SERIES
Transmitters| AY503-4 | 26V, 400~, 1 ph. 235 [ 22 45+j100 118 25.0 10.5 24
Receivers AYS503-2 | 26V, 400~, 1 ph. 235 | 22 45+-j100 11.8 23.0 10.5 90
AY503-3 | From Trans. - ; 170.0 45.0 24
Dependent Upon Circuit Design
Co]rg(rol Autosyn P! P 8!
rans-
formers | AY503-5 F'ﬂ':‘;';:s' Dependent Upon Circuit Design 5500 1880 30
| AY523-3 | 26V, 400~, 1 ph. 45 | 05 |290+j490 118 2100 | 420 30
Resolvers | t
AY543-5 | 26V, 400~, 1 ph. 9 | o1 [w0+iz200 | 118 5600 | 1650 30
Differentials | AY533-3 F'roAmmgsv;:s. Dependent Upon Circuit Design 45.0 I 93.0 30

For detailed information, write to Dept. S.

ECLIPSE-PIONEER DIVISION of

TETERBORO, NEW JERSEY AVIATION CORPORATION

Export Sales: Bendix International Division, 72 Fifth Avenue, New York 11, N. Y.
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-
Stop oxidation

in oils, fats,

waxes with
DBPC

® The oxidation of oils, fats and waxes
causes rancidity and discoloration and
frequently impairs the usefulness of a
product. Koppers DBPC (Di-tert-butyl-
para-creosol) after careful testing and
Jong usage, is now recognized as a most
practical and economical answer to this
problem. In many cases, by controlling
oxidation and preventing waste, it more
than pays for its cost. Actually, many
users have claimed that it’s too expensive
not to use DBPC.

In Transformer Insulating Oils
DBPC cuts oil and maintenance costs,
reduces sludge and peroxide formation.

In Wax Paper and Paper Board
Fractional percentages of DBPC (0.01
to 0.05) prevent oxidation and increase
stability of color and odor.

in Petroleum
DBPC inhibits the formation of gums
and acidic products.

in Rubber
DBPC is useful as a “non-coloring” and
a “non-staining” rubber antioxidant.

A phone call or a letter will put you in
touch with one of our technicians who
will be glad to consult with you on your
problem, and will demonstrate the effec-
tiveness of DBPC in solving it.

We will also be glad to send you Kop-
pers Technical Bulletin C-9-115. It de-
scribes the properties and reactions of
DBPC.

KOPPERS COMPANY, INC.

— Chemical Division

T Dept. SA-92

' KOPPERS Koppers Building

L v ! ® Pittsburgh 19, Pa.
lr—— N—— S e e e e -
i Koppers Company, Dept. SA-92 :
1 Pittsburgh 19, Pa. 1
i Please send Technical Bulletin C-9-115. |
: Name .. ..., I
] Company....................... |
: Address. . ..., {
R s e e S ———————————— —
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a “reboiler”) is controlled by the outflow
of oil recycled to the catalyst reactor and
of oil sent to a “stripper” for separation
of its light hydrocarbons. The tempera-
ture at the bottom of the tower is con-
trolled by the temperature pressure con-
dition at the top or by the flow of charge
or by both. Various side streams are
withdrawn from the tower at controlled
(usually constant) rates. Liquid levels
in the “stripper” are controlled by rates
of flow to storage and to other parts of
the plant.

An interesting thing about fraction-
ating-tower control is that its control in-
struments must be designed to function
slowly and deliberately. They must not
change secondary conditions more rap-
idly than the tower achieves equilibrium
—otherwise the operation of the tower
will be uneven or impossible. The tower
attains equilibrium slowly because of its
relatively large volume of liquid. Hence
the tower-controls must respond to sig-
nals slowly and adopt for their slogan
“easy does it.”

INCE 1920 oil refineries have been
revolutionized by three basic ad-
vances in design, which have brought a
sensational increase in production ca-
pacity per ton of equipment steel. All
three were made possible only by auto-
matic controls. The first was the replace-
ment of the shell-still, in which large
batches of oil were heated like water in
a teakettle, by tubular heaters, in which
oil is passed continuously and rapidly
through pipes in a furnace. The tubular
heating system, which speeded up the
flow of oil and decreased the volume of
liquid “in process,” brought drastic re-
ductions in operating hazards and costs.
The second development was a change
in furnace design to supply heat by ra-
diation from flames or hot brickwork in-
stead of depending upon actual contact
with hot vapors of combustion. This
brought about a sixfold increase in the
rate of heat transfer—from 2,000 to
12,000 British thermal units per square
foot per hour. The third advance was
the improvement of furnace combustion
efficiency that I have mentioned.
Within a decade, between 1930 and
1940, these contributions of automatic
control doubled the plant capacity that
could be built at a given cost. And aside
from cost, improvements in automatic
controls and consequently in equipment
design have probably been responsible
for the conservation of 100 million bar-
rels of petroleum per year in the U. S.
Yet we have gone only part way along
the road. There will be further improve-
ments in the control devices and in the
design of equipment to take advantage
of them. And we are certain to see the
one capping major advance that will
make the refinery almost fully automatic
—end-point control. What this means is
simply a master controller which will
continually analyze the end products,
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FEEDBACK

HAS NO MYSTICISM
FOR USERS OF OUR
FAST, ELECTRONIC

Analog Computor

sz de L

Perhaps you need an assemblage this
size for solving 36th-order differential
equations, or possibly the equipment in:
the left-hand rack alone will suffice.
In either case your “building blocks”
are provided by our standard Computing
Components. Shown below in order are
the Adding, Coefficient, and Integrating
Components (A, C, and J]), the three most:
popular units in the GAP/R K3 Series:

Even with these types alone
you can synthesize, and display solutions.
for, any linear structure or problem,
whether in mechanical vibrations or
electric circuitry. In fact, your block
diagrams will come to life, whatever
the job. For example, note here the
typical usage of A, C, and ] Components:
to represent operational elements in an
important form of recurrent structure:
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Beside these basic types, there are fen
others in the K3 Series, and five of the
larger and more specialised K4 models.
Taken in combination, the components
of these versatile assortments can embody
any conceivable dynamic effect. Full data

on GAP/R analog techniques are
available in our latest catalog.

Investigate!

These little “black boxes”, and the
computing systems easily assembled from
them, can magnify your brainpower and
diminish your time scales They are fast,
accurate, economical, and ready &
willing to work (on your problems).

George A.Philbrick Researches, Inc.

230 Congress Street, Boston 10, Mass.
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compute what changes must be made in
the process conditions, and signal in-
structions back to appropriate points.

At first thought this may seem an un-
necessary refinement. If the determining
variables within the process are held
constant by controllers at each point,
will not the composition of the product
be constant? In many cases it may. But
for some processes the most important
criterion is the concentration of some
specific component in the product. An
example is the catalytic cracking of dis-
tillate oil to get a maximum yield of
butenes, needed for aviation fuel. To
maintain the concentration of such de-
sired products at constant optimum lev-
els, we must have electronic instruments
which can continually change certain
secondary variables.

THE petroleum industry is at the very
beginning of development of such
end-point control. Certain preliminary
steps have been taken. Among the most
important of these has been the develop-
ment of methods of continuous stream
analysis by infrared spectroscopy, mass
spectrometry and X-ray photometry. In-
frared methods are being applied to con-
tinuous determination of various ole-
fines, carbon dioxide, carbon monoxide,
sulfur dioxide and methane. The mass
spectrometer can make almost continu-
ous determinations of eight hydrocar-
bon components at once. The X-ray
photometer can make continuous de-
terminations of tetraethyl lead in the
range of concentrations used in motor
fuel.

The next step, now being prosecuted
vigorously, is the incorporation of con-
tinuous analytical equipment in process
control systems. Up to now there has
been little incentive for any general ap-
plication of end-point control to motor-
fuel manufacture, because no one has
succeeded in finding analytical criteria
for the quality of motor fuel. But some
petroleum processes are even now being
controlled by a single property of the
product, such as its viscosity, its refrac-
tive index, its density or its pH. And
end-point control is being applied to
supplementary  motor-fuel processes
such as catalyst regeneration, isobutane
recovery and de-ethanization.

Automatic is a relative term. The so-
called “push-button” factory, into which
category a modern refinery falls, is of
course not completely automatic—peo-
ple still have to push the buttons. And
even when button-pushing or valve-set-
ting is replaced completely by impulses
from end-point controllers involving
continuous analysis, a refinery will still
not be fully automatic. Some unpredict-
able variable is always likely to remain
to tax the minds of human operators.

With all the help that science and art
can give, rehnery operators must possess
a high order of intelligence. Automatic
controls have not and never will substi-

AUTOMATIC ELECTRIC—A GREAT NAME IN COMMUNICATION AND ELECTRICAL CONTROL

help the plln’r

A0

A PILOT WHO COULD ‘‘HAND-OPERATE” THE COUNTLESS MECHANISMS IN A

The Automatic Electric story

is of special significance for
two other important reasons:

1. Automatic Electric control
components are an outgrowth of
the automatic exchange equip-
ment we supplytothe Independ-
ent telephone companies which,
together, serve two-thirds of our
nation’s land area. ‘‘Independ-
ents’’ pioneered the use of auto-
matic telephone systems, and
they form a vital part of our
nationwide telephone network.

2. Electric control components
by Automatic Electric are basic
also to our P-A-X Business
Telephone Systems, the user-
owned equipment for faster,
easier, internal communication.

sltu;n::‘j'

MODERN PLANE WOULD INDEED BE A MIRACLE MAN! ...
Pilots need help—and they get it from a “crew”’
that includes many Automatic Electric control
devices. Signaling when landing gear is locked—
selecting radio pulse beats that cut through fog—
controlling the operation of various other equip-
ment on board —thesedependable control devices
work (and all but think!) for the men who fly.

Automatic Electric control components are
specified also for scores of applications in many
other fields which require utmost reliability. To
all these fields they bring the dependability and
long life developed through years of use in exact-
ing commercial telephone service. Here are com-
ponents of the very highest grade—the products
of 60 years’ experience in communication and
electrical control.

For information about any Automatic Electric
product or service for industry, address Auto-
matic Electric Sales Corporation, 1033 West
Van Buren Street, Chicago 7, Illinois.

Write for the booklet ““An Industry Serving
Industry” which tells in detail how Automatic
Electric can serve you. Send for it today.

ELECTRIC

®
ORIGINATORS OF THE AUTOMATIC TELEPHONE
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tute 1or mtelligence. Indeed, they have
raised the quality of personnel require-
ments to new high levels. The fact that
robots can be devised to do nearly any
routine operation performed by maﬁ,
and much more besides, does not mean
that our minds are to become less nec-
essary. On the contrary, in a collective
sense our minds are being taxed more
seriously. The maintenance and opera-
tion of automatic systems calls for clarity
of mind and technical intuition. And
controllers have no intelligence except
that which mathematical and engineer-
ing genius builds into them. The design
of controlled systems to accomplish tasks
that have no precedent in experience re-
quires the utmost in imagination and
inventiveness.

One of the most serious problems in
automatic control has been the lack of
men with an over-all understanding of
the control system and the plant and
process to which it is applied. This prob-
lem of management has retarded the
progress of mechanization. There are
many qualified specialists in instrumen-
tation, but their specialization hampers
communication and the integration of a
plant. So someone has invented the term
“system engineering” to include not only
the control system but the plant itself.
For in a very real sense the whole plant
is a huge instrument, and the control
devices are merely component parts.
The system engineer must be distin-
guished in electronics, pneumatics,
cybernetics—and common sense. The
system engineer, if he can be developed,
will have a great future.

EN HAVE ever regarded the ma-

chine as a mixed blessing. Machine-
made goods are to many a synonym for
inferior goods. Will automatization re-
move the last drops of human creative-
ness and variety from man’s products?
Such a fear is ill-founded. To be sure,
textiles made by the machine-loom have
lacked the traditional charm of those
woven by hand. But the shortcomings
of the machine are not inevitable. With
modern automatic controls, machine-
made textiles can approach the beauty
and quality and individuality of the
“hand-made.” Machines can now be de-
signed not only to surpass the regulari-
ties of careful hand-manipulation but
also to duplicate faithfully the irregulari-
ties of the artist’s inspiration. Similarly,
the immense standardized output of mo-
tor fuel from controlled refineries is ap-
proaching equality with the best “hand-
made” laboratory fuels that technolo-
gists have been able to devise. It is
becoming more and more practicable to
translate subtle improvements in func-
tional quality from the research labora-
tory to commercial production.

SR —

Eugene Ayres is a chemist

with the Gulf Research

and Development Company.



Miniature Precision Ball Bearing

are used in aviation instruments, railway and
marine indicating and recording

devices, cameras,

medical appliances, and

many other fine mechanisms.

4 RADIAL SERIES ¥
Deep-groove, fulliroce, rodicltype bearings of

2 ' heovy duly design, combining large lood capa.
[ J' city with a minimum of friction
| Bearing No. 100 2 W k3 kWA %YS |
(00 W) 100" | 12507 | .15625” | .1875” | .2500" | 3125
I Bore ®) 0250”7 | 04007 | 04687 | .0550” . .07812” | .09375"
I wiath (W) 03125 Bt 052" Bz 09375 10337
{ Balls 7-.65mm | 8-1/32” | 10-1/32” | &-3 £4 81 1E 1041, 16
Load Rating {1bs.15000 rgm 1.5 2.1 3.5 46 8.0 g3

| TOLERANCES (D) -+ .0000” — .0002” (B) -+ .0000" — .0002” (W) + .000” — .001”
Eccentricity .0002” Max.

e CONRAD SERIES e
For applications of medium speed. light load,
low torque ond mini «f . Staial
steel snap retainers.
| Bearing No. * 4C * 5C % 518C % 5632C
lob [{1)] 25 1 125 .3125”
| Bore (B} 078172 03375 .1250” 1875”
| width (W) 09375” 1093 10937” 10937”
| Balls 5.1/ 1¢ 5-1/16" 6116 7-3/64”
' Load Rating {Ibs.) 1000 rpm 115 11.5 13.2 8.2

| TOLERANCES SAME AS STANDARD RADIAL SERIES —
| ABOVE BEARINGS ALSO AVAILABLE WITH FLANGE OR GROOVE

.. . PIVOT SERIES
gix \|" A heavy duty series to withstand heavy loads
T Ti"] and shock in applications where jewel bearings
.I.E_s'L do not have sufficient strength. Self-aligning
F== within 4 degrees.
Bearing No. 1.5P 3P * 4P * V5P *V712P %V10P
0.D. ®) .0590” .1181” 1573 1958 3 .3937”
Width (W) .0472” .0709” .0945” .1181” 17727 .2362”
Shafi (S) Min. .020” .030” .040” [ .075” 1
Balls &/68 400327 4.3.89° | 4 I A
Load Rating R & T 1000 rpm .55 2.7 10.8 25.0 41.0
TOLERANCES (D) + .0000” — .0002” (W) + .002”
ECCENTRICITY DEPENDS ON SHAFT, RACEWAY AND 0.D. CONCENTRIC WITHIN 0004

Prefixes indicate material: Standard [no prefix] is chrome bearing
V¥ Indicates also available in 25 beryllium. Order with prefix "NM

MPB ball bearings

are available in ten series and more than 120
different types and sizes which normally can
be supplied from stock. The variety of MPB
bearings provides a ready solution to some of
the most difficult miniaturization projects.
Manufacturers and users of small precision
mechanisms can now enjoy all the well known
advantages of anti-friction bearings (accurate
alignment, long wear, freedom from attention)
universally accepted in larger
quality equipment.

Miniature

Incorporated

‘“’Pioneer Precisionists to the World’s Foremost Instrument Manufacturers’’

SUPER-LIGHT RADIAL SERIES
To u:::mmu?n!u larger shofts than obave, while

’ 8 e.d, dimensions for utmost
reduction ol beoring space requirements,
Bearing No. * 418 *W518 4 5537 & 5631 % 57327 K 614
. 0.D. (D) 25007 | 3125" | 3125 | 312 T .3750”
Bore (B) 12507 | .1250 " | .15625” .187 .2500”
Width (Wi .09375” 337 10837 109 .1250”
Bal 15-1 mm 1f 153 637 163 64 25-1 mm
Load Rating £1bs.15000 rum 4.9 1.2 7.2 4.2 6.5

TOLERANCES SAME AS STANDARD RADIAL SERIES

SEPARABLE MAGNETO SERIES

L
'g " Detigned for certoin oscillating movements, com.
1 {* bining radial lood ond single direction thrust.
! ﬁ Conwllt  us  concerning application  of these
! bearings.
Bearing No. * 3M * 4M * 5M * 518M
QC ()] 1875 3125 .3125”
Baore {8) .0550” .07812” .09375” 125
Width w) .07812” .09375” .10937” .10937”
Ball 5.3 64 5-1/16" 7-1/16” 116"
Load Fating (1t: ) 5000 rpm 3.8 Bf 8.2 9.5

*Subject to variations with non-metallic retainers.
TOLERANCES SAME AS STANDARD RADIAL SERIES

; -~ ANGULAR CONTACT SERIES
@ Has self-retaining feature eliminating need for
j retainer or cap. For radial and thrust loads.
. Greater load capocity than pivot serios. For cone
or straight through shaft

Bearing No. * 2A * 3A *V4A *V6A 6A7B
0.D. (D) 1250”7 .1875” .2500” .3750” .3750”
Width (Wi 04687” .0700” .09375” .14062" .1406”
Shaft (SE) Wtax (without caney .032” .048” .063” .094” .1250”
P Shaft (S) Min. .042” .0850” 1247 .150”
Cone (C) Max. 60° 60° 60° 60° 60°

TOLERANCES (D) + 0000” — .0002” (W) + .000” — .002” Eccentricity same as for Pivot
Series Consult Engineering Department for other angles and speeds

steel. [SAE 52100] % Indicates also available in 440 stainless. Order with prefix /SS".,

For more than 20 years MPB bearings have
contributed to the operation of precision mech-
anisms. A pioneer in designs and dimensions
now being internationally standardized, MPB
has also originated many precision manufac-
turing techniques. All MPB bearings are ground,
honed, lapped and/or burnished in accordance
with highest quality practice for optimum oper-
ating characteristics.

Complete specifications are given in our new
engineering bulletin #52 B, Your copy will be
mailed immediately.

recision Bearings

eene ew Ha shire
K + N mp save

space
weight
friction
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Often this research demands answers

that no standard test machine can give.
Then we build our own. Often years are
Spent on a single phase of research, such
as improving a piston’s deflection under
load or controlling its expansion at high
engine temperatures. Invariably, each
New design requires long hours of dyna-
mometer testing to determine its wear
resistance and endurance.

This is the kind of research, test and
fabrication help that Alcoa offers you,
Whether your interest in aluminum is
Pistons or building products . . . jewelry
O machine tools. If you are looking at
aluminum for the competitive future,now

IS the time to make use of these facilities.

May Solve Your Produet’s
Problems
Imagineering not only means thinking
of a lighter, longer lasting, better looking
product—properties that aluminum
offers. It also means solving the hard,
commercial questions of price, manu-

facture and performance.

Specialists in Alcoa’s Development
Division will help you with the answers.
Their knowledge gained from hundreds
of such problems will help solve yours.

If basic research and testing are need-
ed, your project will be handled by the
world’s greatest aluminum research lab-
oratories. And for help in creating a

pilot model or finding low-cost ways of

ROAD MAP
TO A BEYTTER
PRODUCT

"’-' throngfy
¥

manufacture, you’ll use Alcoa’s Process
Development Shops. Here you’ll find
advanced techniques in welding, casting,
finishing, forming, machining and heat
treating.

You’ll get a detailed picture of these
facilities from our booklet, “Road Map
to a Better Product.” It can be your first
step toward putting 64 years of alumi-
num experience to work on a long-range
project that could effect a major change
in your company’s competitive position.
May we send you several copies?

*
ALUMINUM COMPANY OF AMERICA

2182-J Gulf Building,

Pittsburgh 19, Pa. ALCOA

/
A

ALUMINUM COMPANY OF AMERICA VY.
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Increasingly important to the nation’s
defense, guided missile research and de-
velopment has been a vital project at
Douglas for more than ten years.
During this time, Douglas engineers
have helped develop missiles for hoth
Army Ordnance and Navy—for all basic

Douglas Guided Missiles

uses. Some to be fired from planes at
planes . . . some from planes at surface
targets . . . from the ground at aircraft

.. and from the ground at surface tar-
gets. Douglas has contributed to the
science of automatic control, guidance,

propulsion, and supersonic aerodynamics

© 1952 SCIENTIFIC AMERICAN, INC

—and has developed automatic com-
puters needed in guided missile design.

Development of new guided missiles
is further evidence of Douglas leader-
ship, and now that the time to produce
missiles in quantity has come, Douglas
manufacturing skill is ready for the job.

PRODUCTION FOR FREEDOM
Week of September 7-13

First in Aviation




An Automatic

Machine Tool

Feedback control has begun to advance in the working of metals.

Presenting the first account of a milling machine that converts

information on punched tape into the contours of a finished part

field in which automatic control

has been late in arriving. The
speed, judgment and especially the
flexibility with which a skilled machinist
controls his machine tool have not
been easily duplicated by automatic ma-
chines. Only for mass-production op-
erations such as the making of automo-
bile parts has it been feasible to employ
automatic machinery. New develop-
ments in feedback control and machine
computation, however, are now open-
ing the door to automatization of ma-

THE metal-cutting industry is one

by William Pease

chine tools built to produce a variety of
parts in relatively small quantities.
The problem will be clearer if we
first review briefly the history of ma-
chine tools and their relationship to
manufacturing processes. The story be-
gins in the last quarter of the 18th cen-
tury. Prior to that time the tools of the
millwright, as the machinist of that day
was called, consisted chiefly of the
hammer, chisel and file. His measure-
ments were made with a wooden rule
and crude calipers. His materials were
prepared either by hand-forging or by

rudimentary foundry casting. Crude,
hand-powered lathes were already in
existence, but they were used only for
wood-turning or occasionally for mak-
ing clock parts.

The first machine tool in the modern
sense of the word was a cylinder-boring
device invented in 1774 by John Wil-
kinson. Wilkinson is by no means as
well-remembered as James Watt, but it
was his invention that enabled Watt to
build a full-scale steam engine. For 10
years Watt had been struggling vainly
to turn out a cylinder true enough for

SAMPLE PRODUCT of the automatic machine tool

aescers . . . . o
€scribed in this article is the cam shown at right.

© 1952 SCIENTIFIC AMERICAN, INC

The instructions which direct the cutting of the cam
from a square blank are encoded on paper tape.

101



the job. After one effort he reported in
discouragement that in his cylinder of
18-inch diameter “at the worst place
the long diameter exceeded the short
by three-eighths of an inch.” But in 1776
Watt’s partner, Matthew Boulton, was
able to write: “Mr. Wilkinson has bored
us several cylinders almost without
error; that of 50 inches diameter, which
we have put up at Tipton, does not err
the thickness of an old shilling in any
part.” The importance of Wilkinson’s
boring machine cannot be overesti-

LR

MACHINE AND CONTROL are shown here in entirety.
For details of the control panels (left) see pages 104 and
105. The machine has universal motion: the “head,”
holding the cutting tool, moves vertically; the “cross

102

mated. It made the steam engine a com-
mercial success, and it was the fore-
runner of all the large, accurate metal-
working tools of modern industry.
Another productive Englishman of
the same period was Joseph Bramah.
His inventions included one of the most
successful locks ever devised, the hy-
draulic press, various woodworking ma-
chines, the four-way valve, a beer pump
and the water closet. To manufacture
his inventions he and an associate,
Henry Maudslay, created several metal-

© 1952 SCIENTIFIC AMERICAN, INC

cutting machines. The most significant
of these was a screw-cutting lathe with
a slide rest and change gears remark-
ably like our modern lathes.

THE NEXT great step forward in
machine technology was pioneered
by Eli Whitney. Although he is re-
membered mainly as the inventor of
the cotton gin, his greatest contribution
was an innovation of much more gen-
eral import: interchangeability of man-
ufactured parts. In 1798 Whitney, hav-

slide” moves the head back and forth across table; the
table moves from side to side under tool. The control
system coordinates all three motions simultaneously to
perform the operations shown on the opposite page:
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CONTROL-SYSTEM panel at left
distributes commands to banks of re-
lays in three panels at right, one for

ing made little money from the cotton
gin, set up in New Haven as a manu-
facturer of muskets for the U. S. Govern-
ment. He employed on this contract the
interchangeable system of manufac-
ture which was at that time still con-
sidered impractical by most experts. In
fact, two years later it was necessary
for Whitney to go to Washington to
reassure the Secretary of War and offi-
cers of the Army that his idea was
sound. Displaying 10 muskets, all
tooled as nearly alike as he could make

104

each motion of the machine. An elec-
tronic oscillator “clock” at top of
second panel generates steady flow

them, he showed that the gun parts
could be interchanged among all 10
without affecting the guns’ operability.
He went on to prove in his New Haven
shop that precision machinery operated
by relatively unskilled labor could
make parts accurately enough for in-
terchangeability, so that expensive
handwork was no longer required.
Whitney’s idea was received with
skepticism, but it eventually won out.
Interchangeable manufacture is a fun-
damental principle of all quantity pro-

© 1952 SCIENTIFIC AMERICAN, INC
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of pulses. These are blocked or
passed on by flip-flop switches in
data-interpreting system below clock,

duction as we know it today. Auto-
mobiles and washing machines, type-
writers and egg beaters—every common
machine we use is manufactured with
interchangeable parts.

The two primary tools of inter-
changeable manufacture are the lathe
and the milling machine. The modern
lathe owes its form mainly to Maudslay,
but about 1854 the addition of the tool-
changing turret equipped the lathe and
its cousin, the automatic screw-cutting
machine, for interchangeable manu-
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In accord with commands stored in
relays. Now coded in pulses, com-
mands flow to decoding servo-mech-

facture. The first milling machine suit-
able for interchangeable manufacture
was .bui]t by Whitney. In 1862 the
Providence inventor Joseph R. Brown
developed the universal milling ma-
chine, the type in common use today.
To these basic tools the 19th century
if(ld_Ed machines for drilling, punching,
Sawing and shaping metal.

‘)th:r "(11 sense th(? guides, tracks and
. ev1ces. buﬂt into machinery to
Ty Its precision level are a kind of
“Womatic control. This type of autom-

EARAARRRERARRRRAD

bt o

i

Ta,

&
>

anisms in three panels at right. These
convert pulses into continuously
varying signals that drive machine.

atism is no new concept in the metal-
cutting industry. From the beginning
machine tools were created to reduce
the amount of human skill required in
manufacture. These automatic aids to
proficiency, always adhering to the
double principle of accuracy for inter-
changeability and speed for economy,
have increased through the years.

LEXIBLE MACHINES, capable of

manufacturing a wide assortment of
parts, are an essential part of modern

© 1952 SCIENTIFIC AMERICAN, INC

HIGH SPEED

ELECTRONIC COUNTERS

INDISPENSABLE TO THE

YTOMATIC
3P 4 FACTORY

FOR
. \
- OUN

MACHINE AND PROCESS CONTROL

Potter High Speed Predetermined Electronic
Counters are being applied to automatic
control of a wide variety of machines and
processes. The Counters are used to provide
control action after a measure of Quantity,
Dimension, Time, Revolution—or any count-
producing action. The program, representing
a sequence of predetermined counts, is set
up on digital dial switches. Where a large
number of steps is involved, the program of
predetermined counts and control action can
be sent from punched tape, cards or mag-
netic tape. Potter Electronic Counters are
inertialess, there is NO MECHANICAL
WEAR! Counting at rates over 1,000,000 per
second—with absolute accuracy—is possible.

PRODUCTION AND INVENTORY
CONTROL

The Potter Instrument Company also supplies
complete PRODUCTION AND INVENTORY
CONTROL SYSTEMS utilizing a radically new
Random Access Memory (RAM), electronic
computer circuitry and a high speed printer
(Flying Typewriter).

FOR AN ENGINEERING OR SYSTEMS APPRAISAL
OF YOUR PROBLEM, WRITE OR CALL DEPT. 9A

POTTER
INSTRUMENT COMPANY

INCORPORATED
115 CUTTER MILL ROAD, GREAT NECK, L. I.
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COMMAND PULSES

—
\\ —DIRECTION
T

+ DIRECTION —_—

SUMMING REGISTER
DECODER AND AMPLIFIER

FEEDBACK PULSES

+ DIRECTION
~ —DIRECTION

\&

SERVOMOTOR ’
dO0s / -
| '!:29/0

TRANSMITTER
SELSYN

POSITION CODE CONVERTER

DECODING SERVO-MECHANISM ensures that com-
mands are correctly translated from pulse form into
the analogue form of a varying shaft angle. Pulses from
amplifier cause servomotor to rotate the transmitter

shaft one degree per pulse. Rotation is sensed by brushes
on position coder, which feed back one pulse to ampli-
fier for each degree of rotation. Transmitter selsyn
converts shaft motion into varying electrical signal.

RECEIVER
SELSYN

TRANSMITTER ¢
SELSYN

L 00—
oooo

\l

AMPLIFIER

\.

CONSTANT
SPEED
MOTOR

VARIABLE SPEED
HYDRAULIC TRANSMISSION

J

MACHINE-DRIVE SERVO-MECHANISM ensures that
commands in the form of a varying electrical signal
from decoding servo-mechanism transmitter are cor-
rectly reproduced by the motions of the milling ma-

106
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chine. Receiver selsyn under table at right feeds back to
amplifier a signal corresponding to the motion of the
table. This signal is compared with the transmitter
signal and a corrected signal is sent to the table drive-

© 1952 SCIENTIFIC AMERICAN, INC



manufacturing technique. The reason
Jhy they have thus far been untf)uche@
; . qutomatic control can be given in
g)grms of the concepts of information
fow and feedback control.

A rough measure of the cost of auto-
matic control is the amount and na-
ture of the information the automatic
machine must handle. To perform a
complicated operation such as manu-
facturing a metal part, we must build
into the machine a great deal of in-
formation-handling capacity, for it has
to carry out a whole complex of in-
structions. This initial equipment is
expensive. If the machine is to man-
ufacture only a single product, say an
automobile crankshaft, in large quan-
tities, the investment is spread over
many items and the cost of each crank-
shaft is small. In such a case the auto-
matic machine is worth its cost.

But suppose we want an automatic
machine which will make not one par-
ticular product, or part, but a number
of different kinds of products, and only
a few of each—as the versatile machine
tool must do. Now the machine must
handle a different set of instructions for
each product, instead of the single set
of instructions for the crankshaft. In
other words, it must be able to deal with
more information. And the cost of the
information-handling capacity needed
for each product is spread over only a
few items instead of many. This is the
essential problem in automatizing ma-
chine tools.

Obviously one way to attack the
problem is to economize in the infor-
mation requirements of the machine
for the various operations. What are
these requirements? To begin with, the
machine tool must orient itself con-
tinuously toward the material on which
it is working; if it is to drill a hole in a
piece of metal, it must drill the hole in
the right place and to the right depth.

Early in their history machine tools
began to acquire automatic feed mech-
anisms, Maudslay’s screw-cutting lathe,
which controlled precisely the distance
that the cutting tool was advanced for
each revolution of the work piece, was
an expression of this principle. An-
other step toward automatization was
Thomas Blanchard’s invention in 1818
of the “copying” lathe for turning gun-
stocks—the first of a class of tools now
l'\’ll(?Wn as “cam-following” machines.
This type of tool is automatically ori-
ented to machine irregular shapes. The
information required to specify the ir-
regular shape is stored in a cam built
:i’)e‘l'ipresent that shape. . An .important
: tlfness of these machm.e.s is that all
u: :’rcle.requn‘.ed to position the: cut-
It g tool is fur111§he(1 by the cam itself.
i costly to build a mechanism strong
and accurate enough to transfer motion
Yom the cam to the work piece, and the
tam wears out,

Feedback control made its first sig-

VENUS FLY TRAP
NORL

=

... AND SIGMA SENSITIVE RELAYS

Many control systems use relays to perform a switching function responding
to electronically computed problem solutions. Sigma makes relays that will
do a good job as slaves in such systems.

A Sigma specialty, however, is the design of relays to perform an integral
part of the computation. Here are some of the ways that Sigma Sensitive
Relays may be used in such a manner.

MEASUREMENT OF ONE VARIABLE
Sigma Sensitive Relays can measure the fluctuations in system variables
(when the variables can be converted into changing voltage or current) and
initiate proper response.
Example: In the control of boiler water salinity, Sigma Relays are used
to measure changes in current flow between two electrodes. When
salinity exceeds certain limits, the relay notes the resultant drop in
electrical resistance and initiates corrective measures.

COMPARISON OF TWO VARIABLES

Sigma Sensitive Relays with two coils may be made to respond to the difference
of two variables (expressed electrically), regardless of their magnitude.

Example: In the control of aircraft cabin temperature, Sigma Relays
receive signals from a number of different temperature pickups and
compute the required heat delivery to provide stable and constant
temperature.

MODULATION=AMPLIFICATION

Sigma Sensitive Relays can be used to convert an electrical variable into a
variation in width of continuously transmitted pulses of high power level.

Example: In servo systems a polarized relay is energized with a small
AC signal and vibrates to close first one then another circuit. A separate
DC signal controls closed-time ratio, thus total power ratio. A motor
may thus be controlled as to speed and direction.

If you have a problem where a “discriminating” relay would help, be sure
to let us know about it.

SIGMA INSTRUMENTS, INC.
40 PEARL ST., SO. BRAINTREE, BOSTON 85, MASS.

© 1952 SCIENTIFIC AMERICAN, INC
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for Automatic Process
Control and Research

Stabilized voltage is essential for proper
performance of most electronic equipment.
Sola Constant Voltage Transformers provide
secondary voltage stabilized within +1%
with primary voltage variations as great
as 30%.

They are static-magnetic regulators . . .
+1% regulation completely automatic and
continuous . .
adjustments .

.. no tubes, moving parts or
. . response time 1.5 cycles or
less. Twenty-nine standard sizes are available
in capacities from 15va to 10kva . . . seven
harmonic neutralized types from 30 va to
2kva. Special transformers to meet specific
requirements can be designed and produced
for on a quantity basis.

The entire line of Sola regulators is de-
scribed in a 24-page catalog. Data covers
electrical and mechanical specifications, op-
erating data, special custom designs and
applications. Write for Bulletin AA.CV.142,

SOLA

SOLA ELECTRIC CO.
Chicago 50, Ill.

4633 W. 16th St.
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nificant entrance into the machine-tool
field in 1921, when John Shaw, working
in the shop of Joseph Keller, invented
the Keller duplicating system. In this
system the information source is not a
cam but a plaster-of-paris or wood
model of the part to be machined. An
electrical sensory device traces the
model shape and transfers the informa-
tion to the tool. By permitting the use
of soft, easily fabricated models, the
method reduces the cost of information
storage. Modern versions of the dupli-
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TAPE READER transfers commands from paper tape to relays in control
system. Each punch hole closes a relay. Paper tape is not subject to
dimensional instability which afflicts cams and other analogue controls.

cating system are embodied in the die-
sinking machines of the Pratt & Whitney
Division of the Niles-Bement-Pond
Company. An hydraulic form of it was
originated by Hans Ernst and Bernard
Sassen at the Cincinnati Milling Ma-
chine Company in 1930. Since World
War II a number of manufacturers have
developed systems of this kind, em-
ploying a variety of electrical, mechani-
cal and optical devices.

A further step in the reduction of
the cost of information storage and

POSITION CODER translates the continuous rotation of the decoding
servo-mechanism shaft back into pulse code. As the wheel spins, electri-
cal contacts around its rim close circuits with brushes mounted above.



wransfer is promised through the use of
digital information processes. A num-
ber of applications of digital processes
to machine-tool control are currently
being made. Let us look in detail at one
of the most ambitious of these com-
p]eted this year at the Massachusetts In-
stitute of Technology.

HE M.LT. system combines digi-

tal and analogue processes under
feedback control to govern a milling
machine whose cutting tool moves in
three planes relative to the work piece.
In this case the “model” of the object to
be fabricated is supplied to the ma-
chine in the form of a perforated paper
tape similar to that used in teletype sys-
tems. For a typical operation, 10 feet
of tape will keep the machine busy for
an hour.

The components of the M.LT. sys-
tem are grouped into two major as-
semblies. The first of these, called the
“machine,” comprises the milling ma-
chine itself, the three servo-mechanisms
employed to operate its moving parts,
and the instruments required to meas-
ure the relative positions of these parts.
The second assembly, called the “direc-
tor,” contains all the data-handling
equipment needed to interpret the in-
formation on the tape and to pass it on
as operating commands to the machine.
The director contains three major ele-
ments—a data-input system, a data-in-
terpreting system and a set of three
decoding servo-mechanisms.

The purpose of the data-input system
is to take the original instructions off
the tape and feed them into the inter-
pretive and command elements of the
director. It consists of a reader, whose
metal fingers scan the tape and report
the presence or absence of holes by elec-
trical signals, and a set of six relay reg-
isters (two for each of the basic ma-
chine motions) which store and trans-
mit this information in numerical form.
The registers are supplied in pairs, so
that while one of them is in control
f’f the machine, the other can receive
information from the tape. At the end
f)f each operating interval, command
is transferred instantaneously from one
register to the other.

The data-interpreting system picks
up the numerical instructions stored in
the registers and transmits them as
pulse instructions to the decoding servo-
mechanisms, These pulses are gener-
ated 13’)’ an electronic oscillator, the
clock,” which acts as the master time
relerence for the entire system. By
means of a series of flip-flop switches,
:tr;iel:l] i:ilcct;)lrdanc.e with the instructions
. e registers, these pulses are
Mt on to each of the three decoding
S€rvo-mechanisms.

OUP to this point in the process, in-

"Mation has been handled in digital
C‘:)Tm- The three servo-mechanisms now

vert the instructions to the analogue

b
THE “IMPOSSIBLE"
L4 [ 2
oeoin modern avtomatic control
Fit the component to the application— a broad, versatile line of basic
not the application to inflexible, component designs has played a big

standardized components! part in advancing the automatic con-
This Transicoil policy of matching trol art. Control engineering horizons
electrical and mechanical have been broadened. The difficult
specifications exactly by  hasbeen accomplished rapidly, and the

: skilled adaptation from ‘“impossible” steadily whittled down.
1 11
SRANSICNLY |
T \ 74(4 goaélet . .+ . a complete guide to Transicoil
2 ::::.'.-:u .~ components and services—is yours on letterhead request.

Control
Motors

%

Motor and Gear
Train Assemblies

Motor-Generator
and Gear Train
Combinations

Special
Transicoil Control
Assembly

TRANSILUIL

PRECISION COMPONENTS
TRANSICOIL CORPORATION, 107 Grand St., New York 13, N. Y,
ENGINEERING -SALES REPRESENTATIVES IN:

Boston, Mass.; Buffalo, N.Y.; Chicago, Ill.; Cleveland, Ohio; Kansas City, Mo.; Los Angeles, Calif.; Minneapolis, Minn.;
Netcong, N.J.; Philadelphia, Pa.; Phoenix, Ariz.; San Francisco, Calif.; Seattle, Wash.; Syracuse, N.Y., and Washington, D.C.

Servo
Amplifiers
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BETTER

DIRECT

READING MEANS...

DIRECT savines

IN FURNACE CONTROL
ANALYSIS WITH...

BAIRD ASSOCIATES - DOW
DIRECT READING

SPECTROMETER

COMPLETE and precise
analysis of complex alloys in
seconds provides astonishing
savings in production control.
Send for Bulletin No. 34.

*x Kk %

Baird Associates serves industry and
science with a wide range of instruments
for research and production control anal-
ysis. Discussion of your problems by
letter or by personal interview is invited.

‘Baird Associates. L.

33 UNIVERSITY ROAD
CAMBRIDGE 38, MASS.
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WORK LAYOUT breaks down cam-cutting operation into separate steps
for encoding on instruction tape (below). Instructions for each motion
of the machine may be computed directly from the engineering drawings.

form required by the machine tool.
Pulses from the data-interpreting sys-
tem are translated into the rotation of
a shaft—one degree of rotation for each
pulse. The shafts are connected to syn-
chro transmitters which are themselves
connected to the drive servo-mechan-
isms of the machine. A feedback circuit,
inserted at this point in the director,
makes certain that the conversion from
digital to analogue information has been
accurately carried out. It works as fol-
lows:

The mechanical element of each de-
coding servo-mechanism consists of the
shaft connected to the synchro trans-
mitter, a unit called a “coder” and a
small two-phase induction servo-motor
with appropriate gearing. The coder
generates a feedback signal in the form
of one electrical pulse for each degree
of shaft rotation. The number of these
feedback pulses is then compared with
the number of pulses emanating from
the data-interpreting system by a device
called a “summing register.” If the two
counts agree, the summing register is at
zero; if they do not agree, an electric
voltage is generated and the two-phase
servo-motor rotates the shaft to bring
the count to zero. Thus a feedback path

makes certain that the output shaft po-
sition faithfully corresponds with the
series of command pulses from the fre-
quency divider. Information, coded first
on tape, converted to digital and then
to analogue form, is now transmitted to
the working elements of the machine.

Each motion of the machine is ac-
complished by a lead screw driven by
a hydraulic servo-mechanism (see dia-
gram on page 106). The motor converts
electrical commands received from the
decoding mechanisms into the me-
chanical motions of the machine. Feed-
back is again introduced at the point of
actual cutting to make certain that each
element moves according to the instruc-
tions of its own decoding mechanism. A
standard synchro receiver is coupled
to each of the moving elements of the
mill in such a way that each .0005
inch of tool travel causes the shaft of
the synchro receiver to rotate one de-
gree. The feedback signal derived from
this shaft position is compared with the
shaft position of the synchro transmitter
at the decoding mechanism. Any dif-
ference of position between the two
shafts appears as an alternating-current
voltage which controls the speed of the
hydraulic transmission. Thus the ma-

¢ © 006 060 060 ¢ 0 ¢ & 0 0000

TAPE encodes commands in punch holes. The three lower horizontal rows
contain commands for cross-slide, head and table motions, from top to
bottom. Small holes in center engage sprocket drive of tape reader; four
upper rows contain checking signals. The vertical line of four holes at
either end and middle are “block” signals dividing commands 1into
steps as shown in work layout above. Commands are for steps 6 and 7-
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DIGITAL
COMPUTER

TECHNIQUES

Applied to the Design and Development of

—> Automatic Data Handling Systems
—> Industrial Process Control Systems

—> Aircraft Control and Navigation Systems for
Military and Commercial Applications

Logical Design

Component Development Our Technical Staff is interested in knowing of your

Programming )

Magnetic Recording particular automatic control problem, and would be happy
Circuit Design to investigate with you the possibility of the application
Input & Output Devices of computers and controls to your business.
Systems.Analysis

Address correspondence to: CHARLES T. PETRIE

HUGHES RESEARCH AND DEVELOPMENT LABORATORIES

J Culver City, Los Angeles County, California

HUGHES’ developments in this field are creating new positions within the
BUGHES Research and Development Laboratories. Physicists and Engineers who are interested
are cordially invited to inquire regarding openings on our staff. Assurance is

required that the relocation of the applicant will not cause the disruption of an urgent military project.
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WHAT'S INIT

Imagine an electronic instru-
ment that would enable you to see
into the very heart of materials and
compute the exact percentages of
each chemical element present, re-
cording it on multiple copy sheets
for your permanent records. Finally,
if such a machine could analyze up
to 20 elements of your choice simul-
taneously and give you the answer
in less than two minutes you might
well consider it miraculous.

Is there such a scientific instrument
that will accomplish this for you?

Yes! Applied Research Labora-
tories, pioneers in direct-reading
spectrochemical instruments, have
such equipment for you now. Just
think of the laboratory time and
money that could be saved in rou-
tine control of production materials
alone.

All types of industries and lab-
oratories are successfully using
ARL equipment today with sub-
stantial savings in production and
control costs. Write today for in-
formation on the complete ARL line.

ARL Production
Control
Quantometer®

ARL Raman
Quantometer*

ARL products include: Production Control
Quantometers*, Raman Quantometers*, 1.5
and 2-meter Spectrographs, Source Units ond

related accessories.
*Trade Mark

ﬁ ﬂpp[ie(l Kesearch

Laboratories
SPECTROCHEMICAL EQUIPMENT

3717 PARK PLACE < GLENDALE 8, CALIFORNIA
New York . Pittsburgh . Detroit . Chicago - Los Angeles
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chine element follows continuously the
rotations of the synchro transmitter in
the ratio of .0005 inch of linear travel
to each degree of rotation.

OW ARE the instructions for the

machine’s job put on the tape? The
desired path of the cutting tool over
the work is reduced to incremental
straight-line segments; the segments
are specified by numbers, and these are
then translated into a code which can
be punched on the tape.

The cutting path and the speed at
which the work is to be fed to the ma-
chine are based on a number of factors:
the amount of stock to be removed, the
sequence of the machining operations,
the setup of the work on the machine,
spindle speeds, and so on. After the
human operator determines the locus
of the cutter center which will produce

R ’

KELLER MACHINE shapes die for an auto top. Via a feedback loop, con-

tour follower on surface of model at top guides cutting tool on work below.

© 1952 SCIENTIFIC AMERICAN, INC

the desired cutting path, he divides the
locus into a series of straight-line seg-
ments. They should be as long as possi-
ble without differing from the ideal
tool-center locus by more than the ma-
chining tolerance. The dimensions of
each straight-line segment are then re-
solved into components parallel to each
of the three directions of motion of the
machine. For each straight-line seg-
ment, a time for execution is chosen to
produce the desired feed rate. All this—
the cutter motions and the time—is
tabulated in a predetermined order to
form a single set of control instructions.
A separate set of instructions is made
for each segment, in the order in which
they will be used by the machine. The
instructions, translated into patterns of
holes, are punched in the paper tape
by a special typewriter keyboard.

By inserting a new reel of tape for



S ilicon carbide refractories by CARBORUNDUM—sold

CONDUC:

...as rapidly as

chrome-nickel steels

In addition to various bricks and cements, Super
Refractories are also available in a wide variety of
special shapes, molded to close tolerances, including
fitted joints, tubes, etc.

Super Refractories by

CARBORUNDUM

Trade Mark
“Carborundum’” and “Carbofrax” areregistered trademarks
which indicate manufacture by The Carborundum Company

Here's a refractory that

under the trade mark, CARBOFRAX — possess many
properties not usually associated with refractories.
In certain respects, they are actually more akin to
heat resisting metals. They are very strong (crushing
strength of over 10,000 psi at 2460 F); very hard
(one of the most abrasion-resistant materials avail-
able commercially) ; and highly durable (often out-
lasting alloy parts, 5 or 10 to 1). Plus the fact, that
they can be used at temperatures up to and exceed-
ing 3000 F .. . roughly 1000 degrees over the upper
limits for metals.

But, most important, at elevated temperatures
they conduct heat approximately as fast as chrome-
nickel steels — or, 11 to 12 times faster than standard
fireclay refractories! Thus, they are ideal for radiant
tubes, muffles, hearths, and other furnace zones where
indirect heating is used.

Their ability to transfer heat speedily also fits
them perfectly for heat-exchange equipment, such
as checkers and recuperator tubes. CARBOFRAX
checkers, for example, absorb 2 to 5 times as many
BTU’s per second as fireclay checkers! And con-
versely, these refractories play an equally important
role where heat must be dissipated (e.g. arc shields,
pot linings, etc.)

These distinctive properties classify CARBOFRAX
refractories as uniquely different materials. They do
a great variety of jobs more efficiently — and at
lower cost.

Of course, they are no universal cure-all. There
are times when they should be applied with caution.
Under such conditions, possibly some other Super
Refractories selected from the wide variety produced
by CARBORUNDUM may prove better fitted.

For a brief description of /‘\_\

these unusual materials, with / m
examples of applications, send a

for our 20 page booklet. No

charge, of course. a
('-
{
_______________ pe s ==l “s
Dept. T-92 Refractories Division |
The Carborundum Company, Perth Amboy, N. J. |

Send complimentary copy of Super Refractories booklet to:

NAME

POSITION.

COMPANY.

STREET

CITY ZONE STATE.
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BAUSCH & LOMB
TOOLS for

REFRACTOMETER

The world's fastest refractometer,
accurate to = .0001. Saves time,
materials and money by quicker
readings — complete refractometric
analyses in seconds. Sturdy design
assures ample protection for precise
optics, even under most unsatisfac-
tory on-the-spot working conditions.
Scales ‘“‘tailor-made” to seven spe-
cific ranges industry requires.

Write for Catalog D-258.

NEW! wousn,

STEREOMICROSCOPE

Steps up production and increases ac-
curacy in small parts assembly, and in
inspection of tools and finished parts.
Images are as natural-looking as though
seen with the unaided eye—but magni-
fied. Optional mountings for use in ma-
chine tools and inspection setups. Sturdy,
dustproof, for practical use.

Werite for Catalog D-1029.

MONOCHROMATOR

Efficiently produces intense monochromatic
light of high spectral purity—less than .19
of stray light at 2650A. Choice of Certified-
Precision Gratings, blazed for first order
ultra-violet, and providing linear dispersion
as high as 16A/mm. 2,000-14,000A range
in first order. Adjustable slits. Available in
250mm and 500mm focal lengths.

Write for Catalog DD-259.

WRI TE for complete information on how these three im-

portant optical aids can help solve your problems
of analysis and production. Address Bausch & Lomb
Optical Co., 78109 St. Paul St., Rochester 2, N.Y.

Bausch & Lomb W “ lnifrumenis

114

© 1952 SCIENTIFIC AMERICAN, INC

AUTOMATIC TOOLS in DeSoto

engine line are designed to produce

each job to be performed, the milling
machine can be converted from one
manufacturing task to the next with lit-
tle more effort than is required to
change a phonograph record. And for
every job that a given machine has ever
performed, there is left a permanent
record, in the shape of a tape containing
full instructions. Another great advan-
tage of the machine is that it produces
continuously; unlike a machine tool run
by a human operator, it does not need
to be stopped for periodic measure-
ments and adjustments.

HE PERFORMANCE of this M.I.T.

model shows that fully automatic
machine tools are not only possible but
are certain to be developed in practi-
cable form. It is surely startling (how
much more startling it would have been
to Maudslay and the other pioneers!)
to think of versatile machine tools which



single product. Huge investment must
be wriften off on mass production.

will perform any kind of work without
the guidance of a human hand. The pos-
sible economic effects of such machines,
on many industries besides metal-cut-
ting, are beyond prediction. Automa-
tized general-purpose machine tools,
combined with high-production special-
purpose tools, would make possible the
automatic metals-fabricating factory.
Nor are we restricted to metals. With
digital machines in control we can con-
ceive of factories which will process,
assemble and finish any article of manu-
facture.

It is unlikely that the automatic fac-
tory will appear suddenly. Like the ma-
chine tool itself, it will just grow by
steps until eventually it is here.

e ——

William Pease is associate professor
of electrical engineering at the Mas-
sachusetts Institute of Technology.

e P} Eteetnonce -
FLOWNEIEREY A ACH O I ER
Improved design eliminates

* BEARING MAINTENANCE
* HIGH PRESSURE DROP
* BEARING FRICTION

The impraved Poftter Elecironic Flowmeter (pat-
ent pending) combines extreme accurocy with free-
dom from maintenance. This new design eliminates
thrust bearings, high pressure drop, and bearing
mainfenange.

The Poiter Flowmeter comprises a flow sensing
unit having o hydraulically balanced rotor and
magnet rotating within o compact non-magnetic
housing, and an external pickup coil connected 1o
an electronic integrator or totalizer, or both

ACCURATE within £, %

Since the novel, high-efficiency rolor spins in a freely balanced position
within o venturi, its blodes operate with practically no slippage. Fluid viscosity,
pressure, temperature, ond specific grovity only slightly affect the volumetrie
flow rote. Accuracy is maintained within +'%%,. Electric impulses from the
rolor can be conducted to a combination electronic integrator and totalizer or
other instrumentation, Rate of flow can be read or recorded either directly or re-*
motely, and total flow is indicoted on o resettable magnetic Veeder-Root counter:

Equipment is avaoilable with specific gravity compensation adjustment.

POTTER Airborne FLOWMETER

Pattes Single Range Airbarne type Flowmeter invtulie.
thon i compart ond light in weight. Telal weight of
Yy o senning elamant, integrator with dust covier,
ond Indicator eperating on 115 volis of, 400 cytler,
in only 47 i Equipment opercting on 14.78 volty
de alse owoilohle.

APPLICATIONS

Potter Flowmeters accuralely meo-
sure flow. Especially suitable for highly
carrosive liquids, goses, acids, and liquid
oxygen. We will glodly help you solve
your flow measuring problems.

SEND FOR NEW
BULLETIN 1050

which gives full
information, pres-
wre drop chart,
ranges, sizes,and
operational data

POTTER AERONAUTICAL CO. 87 Academy Street, Newark 2,N.J.
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- THE ROLE
OF THE COMPUTER

The multifarious control loops of a fully automatic

factory must be gathered into one big loop. This can

best be done by means of a digital computing machine

by Louis N. Ridenour

COMPUTER OF THE FUTURE is suggested by this
experimental machine built by J. H. Felker of Bell Tele-
phone Laboratories. Instead of vacuum tubes or relays
it uses germanium diodes as its logic elements. It also
uses the germanium triode, or transistor, as an ampli-
fier. Because these germanium devices are about the
size of a pea, a computer utilizing them is much smaller

16

UNIT

ARITHRETIC

than an equivalent machine employing vacuum tubes
or relays. The germanium diodes and triodes also use
very little power; the entire computer draws only 5
watts. The machine is capable of multiplying 4,000
16-digit binary numbers a second. One of its inter-
esting features is that each of its 80 transistors is part
of an identical plug-in unit (see pages 124 and 125).

© 1952 SCIENTIFIC AMERICAN, INC
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mentary example of the principle

of automatic control, the computer
is its most sophisticated expression. The
thermostat and other simple control
mechanisms, such as the automatic pilot
and engine-governor, are specialized
devices limited to a single function. An
automatic pilot can control an airplane
but would be helpless if faced with the
problem of driving a car. Obviously for
fully automatic control we must have
mechanisms that simulate the general-
ized abilities of a human being, who can
operate the damper on a furnace, drive
a car or fly a plane, set a rheostat to
control a voltage, work the throttle of an
engine, and do many other things be-
sides. The modern computer is the first
machine to approach such general
abilities.

Computer is really an inadequate
name for these machines. They are
called computers simply because com-
putation is the only significant job that
has so far been given to them. The name
has somewhat obscured the fact that
they are capable of much greater gen-
erality. When these machines are ap-
plied to automatic control, they will per-
mit a vast extension of the control art—
an extension from the use of rather sim-
ple specialized control mechanisms,
which merely assist a human operator in
doing a complicated task, to over-all
controllers which will supervise a whole
job. They will be able to do so more
rapidly, more reliably, more cheaply and
with just as much ingenuity as a human
operator.

To describe its potentialities the com-
puter needs a new name. Perhaps as
good a name as any is “information ma-
chine.” This term is intended to dis-
tinguish its function from that of a
power machine, such as a loom. A loom
performs the physical work of weaving
a fabric; the information machine con-
trols the pattern being woven. Its pur-
pose is not the performance of work but
the ordering and supervision of the way
in which the work is done.

There are in current use two different
kinds of information machine: the ana-
logue computer and the digital com-
Puter. Several excellent popular articles
have discussed the characteristics of
these two types of computer; here we
shall briefly recall their leading prop-
erties and then consider their respective
Possibilities as control mechanisms.

IF THE thermostat is a prime ele-

HE ANALOGUE machine is just

what its name implies: a physical
ﬂ}l‘dlogy to the type of problem its de-
Signer wishes it to solve. It is modeled
on the simple, specialized type of con-
troller, such as a steam-engine governor.
Information is supplied to the machine
In terms of the value of some physical
(}uantity—an electrical voltage or cur-
rent, the degree of angular rotation of
a shaft or the amount of compression

#Simplicity&lieliality

EREC2ES

BALL & DISC
INTEGRATOR

For totalizing, rate determination
and differential analyzer applica-
tions.

HOLLOW SHAFT
DIFFERENTIAL

For addition and subtraction of con-
tinuous variables.

SINE MECHANISM

For trigonometric solutions and
harmonic analysis.

ST ; = UT IR SRR

LINKAGES

For addition, subtraction, multipli-
cation, division and generation of
arbitrary functions.

of Industrial

CONTR O‘lllslputi“g

Magnetic Amplifiers

X-Y Recorder

Square Root Planimeter

Tristimulus Computer for General Electric Spectrophotometer
Direct Reading Dilution Computer for Baird Spectrometer

Digital and Analog Computers for Industrial Applications

I B R g SCO PB’ EST. 1937

TRADE -MARK

LIBRASCOPE INCORPORATED, GLENDALE, CALIFORNIA

A Subsidiary of General Precision Equipment Corporation
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3010 600 POWER

15 Combinations! Professional

MICROSCOPE
29.95 "

Model #635

At last! The FIRST instrument with
this range of performance ever
offered under $125. Every
feature needed for advanced
university, pre-med and
medical school use.
Triple revolving turret
containing 10X, 20X
and 40X achromatic
objective lenses. Ach-
romatic condenser,
6-aperture revolvnng
iris. Two-side plano
and concave substage
mirrors. Solid base,
excellent precision
construction. Complete
with fitted hardwood
case. With 15X eye-
piece (giving 150X,
300X, & 600X) less
mechanical stage.

SET OF EXTRA EYEPIECES $9.95 Ppd.

For above model #635 microscope. 4X, 5X, 8X, 12X
interchangeable eyepieces in hardwood case, giving a
total in all of 15 different powers from 40X to 600X.
Camplete set of 4 in case.

MODEL #400 MECHANICAL STAGE
$14.95 Ppd.

Shown on model #635 microscope. Made only for this
instrument. This is an optional accessory which allows
you to move the slide microscopically right, left, up or
down without touching slide. This calibrated stage can-
not be duplicated for less than $45. (If microscope is
ordered without mechanical stage, we will fit your in-
strument with fine spring steel, clip-type slide holders.)
Shipped in fitted hardwood case.

100 200 300 POWER
Triple Turret MICROSCOPE

$14.95 Ppd.

Laboratory Model — The instrument
that amazed biology instructors.
Excellent optical qualities, adjust-
ment, solid construction. A lifetime
bargain for students, schools, labs,
amateur researchers. Anyone can
now own one! (Performance can-
not be duplicated for $75. USES:
animal, plant and mineral research.
Study plant cells, microscopic ani-
mal life, crystal structure. See the
complex anatomy of tiny insects,
larvae, eggs. An absolute necessity
in hundreds of fascinating fields.
Shipped in hardwood cabinet.

NAVY TYPE MARK XX
20 POWER TELESCOPE
$9.95 Ppd.

$30 value. Fine optically ground achromatic lenses, fully
coated. Same power as standard artillery observers
spotting scope. Precision all metal construction. Rust
and salt spray resistant. A valuable ship and boat own-
er's possession at a price everyone can afford. Excel-
lent scope for rifle range or huntln% Shipped in choice
of pigskin case or hardwood cabine

UNIVERSAL SWIVEL HEAD
SURFACE MICROSCOPE
$26.95 Ppd.

Model #£630—4 eyepieces included:

5X, 10X, 20X, 30X. A beautiful finely

made instrument for inspection of

GEMS, CRYSTALS, ORES, MINERALS,

METAL SURFACES, MACHINED

PARTS, FABRICS, STAMPS, COINS,

BIOLOGY SPECIMENS (dlssectlng),

ENGRAVINGS. For WATCH and IN-

STRUMENT REPAIR. Plenty of room

beneath lens for fine work of all

kinds. Swivel head allows allover inspection without
moving object. Micro-focus adjustment at rear. Com-
plete with removable hand rests, hardwood case and
interchangeable eyepieces. Two sided mirror: clear and
milk side for anti-reflection. A $100 value.

FREE CATALOG: WORLD'S GREATEST VALUES IN QUALITY
OPTICS. MICROSCOPES, ACCESSORIES, PREPARED SLIDES,
MAGNIFYING GLASSES, LOUPES, BINOCULARS, EVERY ITEM
A nAchle SENT ON REQUEST OR INCLUDED WITH YOUR
OROI
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of a spring. The machine transforms
this physical quantity into another
physical quantity in accordance with
the rules of its construction. And since
these rules have been chosen to simulate
the rules governing the problem, the
resulting physical quantity is the answer
desired. If the analogue machine is
being used as a control device, the final
physical quantity is applied to exercise
the desired control.

Consider, as an example, the flyball-
governor pictured on the cover, whose
purpose is to hold a steam engine to
a constant speed. We notice, first, that
information on the engine speed reaches
the governor in the form of the speed
of rotation of a shaft, while the output
of the governor is expressed as the mo-

!

tion of a throttle which is closed or
opened as the whirling balls rise or fall.
Second, we notice that the relation be-
tween these two physical quantities is
determined by the actual construction
of the governor. The design of the con-
troller has been dictated by its function.

In contrast to the analogue machine,
a digital machine works by counting,
Data on the problem must be supplied
in the form of numbers; the machine
processes this information in accordance
with the rules of arithmetic or other
formal logic, and expresses the final re-
sult in numerical form. There are two
major consequences of this manner of
working. First, input and output equip-
ment must be designed to make an ap-
propriate connection between the log-

STEP
IN — "| CONTROL
PROCESS ‘T
]
STEP
IN — | CONTROL [< — | COMPUTER
PROCESS —
STEP n
IN — ™| CONTROL
e -«
PROCESS
PRODUCT
ANALYSIS |*

}

ROLE OF THE COMPUTER is shown in block diagram. Computer receives

information from product analysis and feeds it into the various control loops.
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HOW SHELL MOLDING CAN CUT YOUR COSTS!

The shell molding process is cur-
rently cutting costs for many pro-
ducers of foundry castings, both fer-
rous and non-ferrous. Pictured here
is the “heart” of the process, a thin-
shell sand mold, backed with steel
shot for reinforcement and heat dis-
sipation as molten metal is poured.

Made of fine-grained sands bond-
ed with BAKELITE Phenolic Resins,
such molds yield castings with ex-
tremely fine detail, almost pattern-
Smooth surfaces, and tolerances as
close as .003 to0 .005 inches per inch.

How can this process help you?

By producing castings to closet
dimensions and with smoother sur-
faces, it reduces costly machining
and finishing operations. Properly
applied to your needs, it can speed
output, lower manufacturing costs,
and break production bottlenecks.

Your foundrymen can tell you
how you can benefit from shell
molding. Consult with them before
your plans reach the blueprint stage.
Or, write Dept. EI-42 for further
information on the BAKELITE Phe-
nolic Resins developed expressly for
the process.
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BAKELITE

TRADE-MARK

PHENOLIC
BONDING RESINS

/B\
vun.l@?ﬂu

BAKELITE COMPANY

A Division of
Union Carbide and Carbon Corporation

30 East 42nd Street, New York 17, N. Y.

In Canada:
Bakelite Company (Canada) Ltd., Belleville, Canada
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* plots speeds up to 20 cps...

* permits instant manual
pen positioning . . .

THE NEW

LOGRING
Digital Graph Plotter

ANALOGUE DEVICE integrates

variables with two disks. One variable

ical world of the digital machine and
the physical world of the problem being
solved or the process being controlled.
Second, the problem to be solved must
be formulated explicitly for the digital
machine. In the case of the analogue
machine, the problem is implicit in the
construction of the machine itself; con-
struction of a digital machine is de-
termined not by any particular problem
or class of problems but by the logical
rules which the machine must follow in
the solution of any problem presented.

Thus far the need for specialized in-
put and output equipment, more than
any other factor, has restricted the role

THE LOGRINC DIGITAL GRAPH PLOTTER automatic- of digital information machines to com-
ally plots one variable against another algebraically in puting. In a computation, both the in-
incremental steps, in response to electrical impulses. It is
ideally adapted for use as a read-out device for electronic
digital computers, especially digital differential analyzers,
and for use in connection with such problems as aircraft
tracking and automatic data reduction.

d

® plots at speeds up to 20 steps per , in incr tal steps of
1/64 of an inch.
® simult mov t on both axes in either direction.

® can be controlled electronically or by external or remote switches
or relays.

o will make several carbon copies or duplicating stencil.
® instant | positioning of pen and drum.

® takes 12" x 18" paper or continuous 12" strip. " - J ﬂf' | ulr‘“
Mechanical simplicity .. high reliability.. digital accuracy = ¥ NCL goc C
..quick pen cartridge change..self-contained power supply. '

Additional information supplied on request.

v aegt - R
LOGISTICS RESEARCH COMPANY E.° F‘ " B
; : i . . = TR
‘ 141 South Pacific Avenue o Lt [ B ) [11
Ladifd Redondo Beach, California
SR Y DIGITAL DEVICE such as the relay

does not measure but counts. Shown
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NEW and ADVANCED

EQUIPMENT for
Science and Industry

L

Now commercially available from
the Mechanical Division of

ARTHUR D. LITTLE, INC.

Low Pressure Helium
Liquefier. Produces 4
liters liquid helium
per hour. Maintains
temperatures down
to —271°C. Liquefies
other gases, such as
0O:, H2, N,. Available
as proven equipment.

ADL Collins
Helium Cryostat

Compact, Multipur-
pose Research Elec-
tromagnet. Weighs
‘4# only 2 tons. Produces
*| field strength up to
40,000 gauss with 20
4 KW.Providesvariety
J of field patterns —
interchangeable pole
pieces. Available as
proven equipment.

ADL
Electromagnet

Self-contained, Gas-
eous Helium Cycle
Refrigerator. To pre-
vent evaporation loss
from tanks contain-
ing liquefied gases
such as liquid oxygen
and liquid hydrogen. -
ADL Helium Refrigerator

A safe, convenient
method for liquefy-
ing hydrogen or prac-
tically any other gas.
. Based on ths proven,
.. low-pressure, gaseous
helium refrigerating
cycle used so success-
fully in our ADL Col-
lins Helium Cryostat.

ADL Hydrogen
Liquefier

These are but a few examples of Arthur
D. Little Mechanical Division’s services
in developing specific items from the
idea through the complete manufactured
unit,

WRITE FOR BULLETIN SP-1

A
-2/
Wechanical Disition,

—

U
ARTHUR D. LITTLE, INC. I
Mechanical Division |

30 MEMORIAL DRIVE, CAMBRIDGE 42, MASS, '

RESEARCH ¢ ENGINEERING ® TECHNICAL-ECONOMICS

ADVANCED EQUIPMENT l

-

LARGE ANALOGUE COMPUTER is exemplified by the machine of Proj-

ect Typhoon, built by the Radio Corporation of America to simulate the

typewriter, which can translate the sig-
nals generated by the machine into the
printed numbers intelligible to men.
Even this simple requirement, however,
has not always been well met by the
designers of information machines.

When a digital information machine
is to be used as an instrument of con-
trol—and we can confidently expect that
this will eventually be its major role—
the design of input and output equip-
ment becames a more formidable task.
While it is true that the structure of the
machine itself depends on principles
of logic rather than on the nature of its
application, this is by no means true of
the input and output elements. The
input devices, or receptors, can use
standard elements for receiving the pro-
gram of instructions, but they must also
receive data specifying the state of the
particular process being controlled, and
for this the detailed design will vary
widely from one application to another.
Similarly the effectors, which exercise
the machine’s control, must be designed
in terms of the rature of the process or
device being controlled.

© 1952 SCIENTIFIC AMERICAN, INC

In comparing digital and analogue
machines as instruments for auto-
matic control, we observe, first, that for
simple control applications the analogue
machine is almost always less elaborate
than a digital machine would be. Even
the most elementary digital machine re-
quires an arithmetical (or logical) unit,
a storage unit, a control unit, receptors
and effectors. For simple problems, this
array of equipment is wastefully elabo-
rate. In contrast, an analogue machine
need be no more complicated than the
problem demands. A slide rule, for ex-
ample, is a perfectly respectable in-
formation machine of the analogue type.
The analogue machine’s ability to do
simple work by simple means explains
its current predominance in the field
of automatic control. The whole con-
trol art is so new and so little developed
that most of the problems thus far
tackled have been of a rather elementary
nature.

As the control task becomes more
complex, however, the analogue ma-
chine loses its advantage, and we begin
to see a second fundamental difference



A
GENERAL PURPOSE
DIGITAL COMPUTER

to meet all your

COMPUTING NEEDS
Price $62,500

complete with tape drive and typewriter
Available 120 days*

ELECOM 110—SPECIFICATIONS

MEMORY—magnetic drum, 512 word capacity.
WORD LENGTH—30 binary digits and sign.
ARITHMETIC OPERATIONS— Addition; Subtraction; Multiplication (with

round-off); multiplication (complete product); Division (with round-off);
division (with remainder).

LOGICAL OPERATIONS —extraction: shift right; shift left; tally;

overflow branch; conditional transfer of control (branch); halt; input
and output operations.

MAGNETIC TAPE UNIT—single unit, using 2" plastic

tape on 1200 ft. reels. Data recorded in four channels in-
cluding sprocket channel; 64 words per block, 1500 blocks
(96,000 words) per reel. Programmed operations:
read one block; record one block; move tape back-
ward one block without reading or recording.

TYPEW RITER—Flexowriter fully con-

trolled by machine. Programmed output
operation calls for typing out blocks
of 64 words on eight lines with auto-
matic carriage returns and
spaces between words, using
octal representation, or typing
out any number of words
using decimal and alphabetic
representation. Manually
initiated input of single
word to any desired ad-
dress, or sequences of
words with any desired
starting address. In-
put may be either
octal or decimal and
alphabetic.
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SPEED OF OPERATION—

basic pulse rate 120 kcs., average
time for internal operations 40 milli-
seconds, tape instructions approximately 1%
seconds per block, typing out operation at rate
of 10 characters per second.

performance of guided missiles, air- | EQUIPMENT SPECIFIC ATIONS—approximate-
craft, Sllips, submarines and so on. ly 200 tubes and 2000 crystal diodes; power consumption
approximately 3 kva., 120 volts AC. Main computer & ft.
high, 16 sq. ft. floor area, mounted on casters. Control desk
between the two types of machine. The | (34" x 60"”) holds typewriter, tape drive and control panel.
analogue machine is a physical analogy
to the problem, and therefore the more | EASE OF MAINTENAN CE—Construction
complicated the problem, the more | is chiefly of flat chasses mounted on racks freely
Fompli(‘ated the machine must be. If it | accessible on both sides making parts convenient-
i mechanical, longer and ever-longer ly accessible for maintenance. Extensive use of
trains of gears, ball-and-disk integrators | standardized plug-in components permits rapid
and other devices must be connected to- replacement and test and repair if needed of
gether; if it is electrical, more and more suspected components without shutdown of ma-
amplifiers must be cascaded. In the me-
chanical case, the inevitable looseness in
the gears and linkages, though tolerable
n simple setups, will eventually add up
to the point where the total “play” in the
machine is bigger than the significant
output quantities, and the device be-
comes useless. In the electrical case, the
};‘dndom electrical disturbances called
noise,” which always occur in electrical
tircuits, will similarly build up until | *“PRESENT SCHEDULE  F.0.B. PLANT
they overwhelm the desired signals.

chine. Various manual controls are provided for
the convenience of maintenance personnel includ-
ing operation for one cycle or one instruction at
a time, repeat of one operation, synchronization
of test oscilloscopes, etc. Tape operation is
checked continually by use of an auxiliary channel
using the so-called "odd" pulse check per charac-
ter.

§1i)lllce :n;)ise” iSl far lless obtru;ive than Inquiries should be addressed to the Development Department

ay, electrical analogue machines can

be more complicatedgthan their me- ELECTRONIC COMPUTER CORPORATION

?;}E;mca] equiva!ents, but there is a lim%t. Executive Offices: Founded 1949 Laboratory and Plant:
3 lgreat mz.ichlne.called. Typhoon, b‘?llt 160 Avenue of the Americas 265 Butler Street
Y the Radio Corporation of America New York 13. N. Y Brooklyn 17, N. Y

for the simulation of flight performance
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Type 46139—small size, light-
weight, 1'uggcd construction, made of

materials to give long life.

Type 46129 —small size, fluid
filled, vibration proof, for corro-

sive or non-corrosive media.

Standard Ranges and Resistance Value
Absolute and differential 0-100 P.S.I. Min. to
0-600 P.S.I. Max., Gage 0-100 P.S.I. Min,

0 0-6000 P.S.1. Max. Resistance 2000 ohms. Other
ranges and resistance values are available.

G. M. GIANNINI & €O., INC.

PASADENA 1, CALIF.

EAST ORANGE, N. J.
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AMPLIFIER for the Bell Laborato-
ries computer on page 116 is a stand-
ard unit an inch and a half wide.

in guided missiles, closely approaches
that limit. It is perhaps the most com-
plicated analogue device ever built, and
very possibly the most complicated that
it will ever be rewarding to build.

The digital machine, on the other
hand, is entirely free of the hazards of
“play” and “noise.” There is no intrinsic
limit to the complexity of the problem
or process that a digital machine can
handle or control. The switching system
of our national telephone network,
which enables any one of 50 million
phones to be connected to any other, is
a digital machine of almost unimagin-
able complexity.

HE THIRD important difference

between analogue and digital ma-
chines is in their accuracy potential. The
precision of the analogue machine is re-
stricted by the accuracy with which
physical quantities can be handled and
measured. In practice, the best such a
machine can achieve is an accuracy of
about one part in 10,000; many give
results accurate to only one or two parts
in 100. For some applications this range
of precision is adequate; for others it is
not. On the other hand, a digital ma-
chine, which deals only with numbers,
can be as precise as we wish to make it.
To increase accuracy we need only in-
crease the number of significant figures
carried by the machine to represent
each quantity being handled. Of course
in a control operation the machine’s
over-all precision is limited by possible
errors in translating physical quantities
into numbers and vice versa, but this
does not alter the fact that where high
precision is required, a digital machine
is usually preferable to the analogue

type.
There is a fourth respect in which the
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preswl'es'
For ACCURACY
TEST WITH Tenney

. for Tenney Test Chambers are precision-
engineered for maximum efficiency and can
be designed to simulate the complete range of
temperature, atmospheric or pressure condi-
tions found anywhere on earth—or above it to
altitudes of 120,000 ft. plus! They attain sub-
zero temperatures quickly, maintain them effi-
ciently and provide full instrumentation for
accurate evaluation
of test data.

ALTITUDE
CHAMBERS

Designed to
simulate global
conditions of
pressures, tem-
peratures and humidities. Altitudes, sea
level to approx. 80,000 ft. Temperatures
+200°F to —100°F. Relative humidity,
20% to 95%.

SERVO UNIT

Portable air con-
ditioning unit
which may eas-
ily be attached
to various types
of laboratory en-
closures — impact machines; tension ma-
chines; torsion testers; cold boxes and
similar equipment. Articles undeérgoing
testing, aging or weathering can be sub-
jected to wide variations of humidity, heat
and cold. Photo shows servo attached to

companion chamber +ﬁl

TEMPERATURE
AND HUMIDITY
CHAMBER

Designed for
positive control
of temperature,
humidity and air
circulation. Per-
mits the accurate
checking of physical quality, fragility, ten-
sion, other factors. Also built for extreme
low temperatures, to —100°F,
S — "
‘ A

metals, radios,

instruments,

plastics, liquids, chemicals and pharma-

ceuticals. Temperature ranges of —40°F,
—G60°F, —95°F and —150°F are standard.

For further information on these and
other Tenney test equipment, write to
Tenney Engineering, Inc., Dept. W,
26 Avenue B, Newark 5, New Jersey.

SUB-ARCTIC
INDUSTRIAL
CABINETS

Designed for
low-temperature
testing of

O Femney

Engineers and Manufacturers of Automatic
Environmental Test Equipment



RELIABILITY

MAGNETIC DRUM
STORAGE SYSTEMS

Ruggedly designed to rigid specifications,
operationally proved by tens of thousands
of hours of operation in a variety of ap-
glxcanons. ERA Magnetic Drum S!_orafe

ystems are fully engineered, operationally
reliable systems.

Large storage capacity, proven depend-
ability, alterable yet non-volatile storage,
and high speed are among the important
characteristics which make these systems
the optimum choice for many high-speed
data-handling problems.

ERA’s experienced engineers will be
Eleased to asgxstgou in the application of
RA Magnetic Drum Storage Systems to

your particular system requirements.

Write today
for
descriptive brochure.

meamy' s eaichh

Department $-1, 1902 West Minnehaha Avenue
St. Poul 4, Minnesota

Digital Computerse Data-Handling Systems® Magnetic
Storage Systems @ Instruments @ Analog Magnetic
Recording Systems ® Communications Equipment.

REFINEMENT of amplifier on op-
posite page is only 3/4 inch wide,
suggesting even smaller computers.

two machines differ. An analogue ma-
chine works in what is called “real time.”
That is, it continuously offers a solution
of the problem it is solving, and this
solution is appropriate at every instant
to all the input information which has
so far entered the machine. If the ma-
chine is doing a mathematical problem,
for example, it need not formulate ex-
plicitly the equations to be solved and
then go through the steps of solving
them, as a digital machine would have
to do. The equations are inherent in the
very structure of the machine, and it
solves them by doing just what it was
built to do. It can thus respond promptly
to changing input data, and offer an up-
to-date solution at every moment. This
property of working in “real time” is
very important in most problems of au-
tomatic control. An autopilot flying a
plane must respond at once to an atti-
tude change resulting from a gust of
wind; the most precise information on
how to adjust the flight controls will be
worthless if it comes 30 seconds too late.

Since a digital machine works by for-
mulating and solving an explicit logical
model of the problem, it can work in
“real time” only if the time it requires to
obtain a solution, given new input data,
is short compared with the period in
which significant changes can take place
in the system being controlled. Present-
day digital machines can achieve this
speed for many important problems—
flight control of aircraft, for example—
but they are not yet fast enough to han-
dle all the “real-time” problems that we
should like to turn over to them. It has
been estimated that the fastest existing
digital machines are some 20 times too
slow to deal with the problem of simu-
lating the complete flight performance

of a high-speed guided missile—the
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Are you working with a

HEAT SENSITIVE
BIOLOGICAL
PHARMACEUTICAL
CHEMICALS

the PROCTOR
vacvum-radiant heat

FREEZE DRYER

will answer your drying problem!

Here is a patented method for drying heat
sensitive materials while frozen that is
finding wide application in drying prod-
ucts which must remain unchanged chem-
ically or biologically after drying.

This Proctor system uses infra-red radia-
tion in the range of 2 to 9 microns, where
it is absorbed selectively by different mate-
rials depending upon the chemical com-
position. The frozen product may be in
vials, bottles or on transparent trays. It is
placed in a vacuum chamber and exposed
to wires glowing in a selected tempera-
ture range, thereby causing moisture to
sublime off without going through the
liquid state. It is especially suited to
products where quality control is an abso-
lute requirement.

Available in sizes ranging from a research
unit to full scale commercial installations.

PROCTOR & SCHWARTZ - INC-

PHILADELPHIA 20 « PA »

[ e —— ——— ——
I PROCTOR & SCHWARTZ, INC. |
680 Tabor Road, Philadelphia 20, Po.
I Please send me additional information on the Proctor I
I Vacuum-Radiant Heat Freeze Dryer. I
: Name......oiiiiiiiii it it iectaerannsanns :
I COMPANY . vt ittt tiiiienernesescencanscnnns ]
l Address. ....iviiiiiii ittt I
l Lo P l
l Our product is. oo vvven it ieneinenensnans l
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INSTRUMENT CORFPORRTION

REEVES ELECTRONIC ANALOG COMPUTER

REAC

IS AIDING INDUSTRY IN SUCH FIELDS AS:

ELECTRONICS .

AIRCRAFT DESIGN .

AERODYNAMIC ANALYSIS .

JET & ROCKET ENGINE DESIGN -
AUTOMATIC INDUSTRIAL CONTROLS .
CIVIL ENGINEERING . HYDRAULICS.

For assistance in your research problems

REAC

is now available on lease
For details write

REEVES INSTRUMENT CORP.

215 E. 91st Street, N.Y.C.
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When Cime is
Unimportant

Its - control is anybody’s job. But when it involves an
intricate problem, the concern that may be depended upon -
to correctly solve it is the A. W, Haydon Company

Thoroughly experienced timing engineers assure prompt, accurate

solutions to the most difficult of proposed applications.
The

A VV-HMAYDON

COMPANY }

243 NORTH ELM STREET 4

WRITE FOR CATALOG

WATERBURY 20, CONNECTICUT

Design and Manufacture of Electrical Timing Devices |
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problem that Typhoon was built to han-
dle. As development proceeds, the op-
erating rates of digital machines can be
expected to increase rapidly.

WE SEE, then, that both analogue
and digital machines can be used
for automatic control, and each has ad-
vantages in its own sphere. For simple
applications in which no great precision
is required, an analogue controller will
usually be preferable. For complex prob-
lems, or problems in which high preci-
sion is required, a digital controller will
be superior. Where “real-time” compu-
tations must be made, analogue ma-
chines are almost always used now,
though digital machines are beginning
to achieve speeds that fit them for this
type of application.

All this refers to the present state of
the art of automatic control. What can
we guess about the developments to
come?

The simple specialized analogue con-
trollers already in use will surely be ex-
tended to wider application. But the
most significant and exciting prospects
reside in the digital machine. We can
expect that it will soon open up a new
dimension of control. The meaning of
this prediction can be admirably illus-
trated in terms of the highly instru-
mented catalytic cracking plant which
Eugene Ayres has described in a preced-
ing article.

Mr. Ayres tells us of a plant in which
there are some 150 different analogue
controllers, each governing some aspect
of the continuous process that the plant
performs. Several hundred indicators on
a central control panel offer the most
detailed information on system perform-
ance. Many of these indicating instru-
ments also provide continuous record-
ings. Manual controls which can over-
ride any automatic controller are present
for use in emergency. The instruments
and controls have been arranged on a
flow diagram which simulates the or-
ganization of the plant and helps the
human operator to find his way through
the complexities of instrumentation. And
the most important process-controls are
adjusted manually according to the re-
sults of a periodic product analysis.

Clearly the human operator is still the
master of this “automatic” plant. How-
ever elaborate the instrumentation, the
readings of the instruments are still pre-
sented to men; however competent the
automatic controllers, provision for hu-
man veto of their action is built into
every one of them. Men are expected to
meet emergencies, and to take control
under “conditions of unstable equilibri-
um such as starting up or shutting
down.” The cracking plant is automatic
only when the unexpected is not hap-
pening; in times of stress it falls back
on human control, and its whole design
is dictated by this necessity.

To this scheme there will soon be
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Converter’s job in Speedomax instruments
# to receive the (often very small) direct
current stgnal which is related to the tem-
perature, stress pH or other condition
being measured, and produce an alternat-
ing voltage. This output is amplified, and
then directs the balancing system to meas-
ure, record, and if desired control.

o g res

Good engineering shows in this Amplifier’s
thorough filtering, high impedance, and
plug-in connection to the rest of the
Speedomax.

Good engineering
shows in this Slide-
wire’s non-induc-
tive winding and
in absence of any
flexible leads

which might form
inductive loops.

Good engineering
shows in this bal-
ancing motor’s
small size, and in
its torque ample
to operate acces-
sory control and
signalling fitments.
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and every Speedomax user benefits by it!

® The operating precision of the thousands
of Speedomax Recorders and Controllers
which serve industry and science begins with
the engineering of components like this Con-
verter. Our specifications apply at all stages—
all the way back to the plants which make
metals, insulation materials, etc., for us. These
specs represent also the best thinking of our
suppliers’ engineers. The resulting materials are thus quality-
controlled for us—and us alone.

From these materials our engineers tell our factory how to make
converter parts to truly tight specifications. Some parts require prin-
cipally flatness, or elasticity, or dimensional stability. Reeds need
correct natural frequency. Many parts of course combine various
needs; each gets its requirements.

Life tests show Fidelity and Stamina. Ingenious and often orig-
inal design creates from these parts a converter with noise level
equivalent to only 0.2 microvolt in an emf potentiometer circuit. And
this fidelity promotes accurate measurement and control.

Running on life tests since 1948, present-model converters are today
still well inside performance tolerances. Such a run equals 21.9
years of 8-hours-a-day, 200-days-a-year-service—or 1.9 years more
than the present age of the first Speedomax.

This kind of engineered performance is also built into the amplifier,
slidewire, motor and scores of other exclusively Speedomax parts.
It’s at your service whether you want to control a laboratory furnace,
plot an X-Y function, or record the facts about atoms or molecules.
Call on L&N application engineers in selecting the range (from
among thousands) and measuring circuit (from among over 2300)
to meet your needs. Write our nearest office, or 4935 Stenton Avenue,
Philadelphia 44, Pa.

I.EEDSNOR'I’HRUP

Widely-

i d . i
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VIBRATION AND
STRESS ANALYSIS SYSTEM

The Century Vibration and Stress Analysis System provides all of the necessary equipment
to amplify and record vibration and stress-strain phenomena over a frequency range from
0 to 2000 cps.

Two modes of measurements are used in covering this system: (a) a carrier amplifier system
to measure phenomena in the range of 0-500 cps, utilizing externally excited pick-ups as the
sensing element; and (b) a linear-integrating amplifier system covering the range of 3-2000
cps, utilizing self-generating pick-ups, or d.c. excited strain gages employed dynamically.
Both of these modes utilize either the Century Model 408 or 409 Oscillograph.

Write for Bulletins,

REGISTER and VOTE—it's YOUR country

GEOPHYSICAL CORPORATION
TULSA, OKLAHOMA

1505 Race Street 238 Lofayette St, EXPORT OFFICE:
Philadelphia, Pa. Dayton, Ohio 149 Broadway, Mew York

Send for this
new booklet
on industrial

process control

“Fundamentals of Instrumentation for the Industries”

tells briefly and concisely how modern instruments are
contributing to industrial progress.
128 illustrated pages cover the ever-broadening field of
measurement and control . . . explain fundamental con-
cepts of primary elements, instruments and control
systems.

Write for your copy to MINNEAPOLIS-HONEYWELL
REGULATOR COMPANY, Industrial Division, 4580 Wayne
Ave., Philadelphia 44, Pa.

Honeywell

BROWN ‘NSTRUMENTS
:
Fout i Coitrals-

See Honeywell advertisement on pages 26 and 27 of this issue.
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added end-point control—continuous ad-
justment of the main process-controls on
the basis of a continuous product anal-
ysis within the system itself. This modi-
fication will improve performance, but
it will leave the situation essentially as
it was before: more routine responsibil-
ity will be given to machinery, but the
human supervisor will still be vital to
proper operation.

HE DIGITAL information machine,

employed as an instrument of super-
visory automatic control, can change this
picture radically. Since such a machine
can be instructed to perform any set of
logical operations, however complicated,
it can be programmed at the outset to
react in emergencies precisely as would
a well-instructed human operator—and
it can react at least a thousand times
faster. Further, the machine can be
given a set of criteria for appraising the
relative success of its various acts, and
can be enabled to alter its own program
of instructions in the light of experience
on the job. Hence it will be capable of
“learning” and of finding a better way to
perform its operations than the one pre-
scribed in the original instructions. And
this universally adaptable machine can
encompass the tremendous job of or-
chestrating the joint behavior of the
hundreds of individual analogue con-
trollers built into a modern cracking
plant. The same machine can regulate
the performance of the factory and keep
the necessary accounting records.

The replacement of human operators
in a refinery by a control machine would
probably result in substantial economies,
both in first cost and in operating cost
per unit of product. Most of the saving
in first cost would come from the elimi-
nation of the costly display and record-
ing instruments that human operators
require. In a machine-controlled plant,
display would be unnecessary. The
measurements vital to the process
would be communicated directly to the
control machine and processed there.
The machine would issue the necessary
commands to the specialized controllers
which served it, and would print out in
fully digested form the summary rec-
ords of plant performance.

The saving in operating cost would
come, not from eliminating the salaries
of the few displaced operators, but sim-
ply from the fact that the machine
could do a more efficient job. A human
operator, even one of the greatest
virtuosity, is a bottleneck in modern
plant performance. Mr. Ayres has told
us how the modern cracking plant
simply cannot be operated, even by
throngs of men, if its individual auto-
matic controllers are left out. The crack-
ing plant of tomorrow, controlled by a
suitable information machine, will sim-
ilarly be beyond the powers of human
operators, even skillful ones equipped
with all the control instrumentation—of
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® Threading its way through a gi-
gantic continuous-annealing furnace
at speeds up to 1000 feet per minute,
steel strip behaves erratically. It
tends to wander and weave. It fouls
the rolls. Sometimes it breaks. Then
production on a multi-million-dollar
unit, designed for high-speed opera-
tion, slows down or stops dead . . . a
very costly business.

To solve this problem—to keep
stripfrom running crooked —all sorts
of schemes have been tried; crowned
rolls, higher tension on the strip,
side guides. None of them worked as
hoped for. Each merely added new
problems of its own. To make mat-
ters worse, with recent trends to
longer strip, to higher speeds and
longer processing lines, these track-
ing and aligning difficulties were fur-
ther aggravated.

But the answer has been found.
In the development of the Lorig
Aligner, United States Steel has
come up with a novel, yet surpris-
ingly simple solution. For these rolls,
named for the inventor—a U. S.
Steel engineer—are automatically self
centering. Set in the continuous-
annealing line shown here, they now
track the strip—no matter what its
speed—relentlessly toward the cen-
ter of the roll. These remarkable rolls
even anticipate trouble and realign
wayward strip 30 feet before it
reaches the roll.

The result? Clean, bright strip,
flat and undamaged, uniformly and
perfectly annealed, reeling off the
delivery end at the rate of 1000 feet
per minute.

THE U'S-S LORIG ALIGNER consists of a divided roll (conical effect exaggerated
at the right) with each conical half running on a common rotating axle that is
slightly deflected in the center so that the upper surfaces of the cones form a straight
surface. As the strip passes over the roll, strongly converging lateral forces are
set up to exert a powerful centering action on the strip that immediately corrects
any deviation and keeps the strip running straight and true.

The U'S'S Lorig Aligner—a bril-
liant application of basic engineering
principles—is full of promise not
only for continuous strip lines of all
kinds, but wherever production de-
pends on accurate tracking of the
material. In other words, if centering
and alignment is the problem, the
Lorig Roll is literally the key to con-
tinuous high-speed production.

The Lorig Aligner is another ex-
ample of United States Steel’s active
research program which has enabled
countless manufacturers to improve
their production methods and make
better products in the bargain. If
you would like to study the principle
of this development, a technical pa-
per is available. Simply write United
States Steel, Room 2804P,

525 William Penn Place,
Pittsburgh 30, Pennsylvania.
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PRECISION IN A SMALL PACKAGE.. .

D-13820

This precision component is used
to provide accurate trigonometric
functions of a given input voltage or
a change from rectangular to polar
coordinate data.

By use of a built-in compensating
(feedback) winding having a 1:1
voltage ratio, accurate data is ob-
tained over a wide range regardless
of variations in voltage or tempera-
ture. A specially-designed high gain
feedback amplifier is required for
use with this type of resolver.

The accuracy of this resolver
synchro is specified in terms of de-
viation from a theoretical sine wave
and the deviation from perpendicu-
larity of the stator and rotor
phases.

Better than 1/10 of 1%
angular accuracy

Army—Navy Size 15

Manufacturing Corporation

555 Broadway * New York, N. Y,

STAINLESS STEEL
HIGH PRESSURE

VALVES

W These Exclusive Features

® Special locking device secures gland nut
Always im-
. vital in remote operations.

against danger of unscrewing.
portant . .

® Cland nut redesigned with rounded corners.

No scuffing of knuckles.

@ Safety shoulder of stem eliminates possibility

of blow-out.

® Stem threads isolated from flow of charge.

No gumming or corrosion.

@ Effortless finger tip control at all rated pres-

sures.

@ Pressure rating and direction of flow clearly

marked on each valve.

SHIPPED FROM STOCK o

WRITE FOR CATALOG

AUTOCLAVE ENGINEERS, INC.

860 EAST 19th STREET o
EXPORT DEPT. @ 751 DREXEL BLDG.

ERIE, PENNSYLVANIA

® PHILADELPHIA 6, PA.

LABORATORY & PILOT PLANT HIGH PRESSURE EQUIPMENT
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the present variety—that can be devised.

The difficulty of designing a control
room which will not baffle the operators
is already substantial in present plants.
This means that designers cannot in-
crease the complexity of the plant, or its
speed of operation, even though such
changes might enhance efficiency. Re-
moval of the limitations of human super-
visors will open the way to vast design
improvements. The information machine
can remove them.

OME CHEMISTS think that a big

new development in industrial chem-
istry lies just ahead, a development
based on exploiting certain new types of
reactions. These are fast reactions which
take place within microseconds, reac-
tions of gases flowing at velocities above
the speed of sound, and reactions that
will make it possible to capture valuable
but fleeting intermediate products in a
chemical system by preventing the sys-
tem from reaching equilibrium. The en-
thusiasts say that the jet engine is the
model of the chemical plant of the fu-
ture. A supersonic chemical plant of the
kind envisioned cannot be operated by
men in white overalls reading carefully
arranged gauges in an elaborate control
room; the speed of nerve impulses from
eye to brain to muscle is just too slow for
that. Reactions occurring in microsec-
onds must be controlled by machines
that can respond in microseconds. Men
will design these machines, build them
and give them instructions, but men will
never be able to compete with their per-
formance.

If this last assertion seems outrageous,
it is not more outrageous than it
once was to assert that a man could
design and build a derrick which
would lift a load no man could ever
budge. We are familiar with power ma-
chinery, and we take for granted its su-
periority to human muscles. We are not
yet familiar with information machinery,
and we are therefore not prepared to
concede its superiority to the human
nervous system. Nevertheless, a digital
information machine can surpass human
capabilities in any task that is governed
by logical rules, no matter how compli
cated such rules may be.

Man’s machines are beginning to op-
erate at levels of speed, temperature,
atomic radiation and complexity that
make automatic control imperative. As
an instrument of over-all automatic con-
trol the digital information machine has
a great but as yet untouched potential.
In the next few years this potential will
begin to be realized, and the results are
certain to be dramatic.

e ——

Louis N. Ridenour, physicist,
was formerly Chief Scientist
of the Air Force. He is now
vice president of the Interna-
tional Telemeter Corporation.



For Engineering, Science and Business

Entirely new circuit designs have enabled CRC to produce a com-
plete line of relatively small, low cost, highly reliable, digital
electronic computers.

They may be purchased outright, or leased with the option to
buy. A complete parts and service warranty, including both pre-
ventive and special maintenance will be included with lease if
desired.

THE CRC 107
Avutomatic High-Speed Digital
Data Reducing System

The new CRC 107 is far more than a computing device. Because of its
important data-processing features it can be used economically by such
organizations as: large accounting firms, insurance companies, depart-
ment stores, mail order houses, air lines and railroads, government
bureaus, or in accounting and tabulating departments of any large firm.

t can sort information in a large file from random order to alphabetical

or numerical sequence, collate sorted information into proper position
in a large file, reproduce copies of filed information for printed records
or future use in magnetic tape or punched card storage, automatically
print, at very high speeds; results of data sorting, collating and comput-
ing, answer inquires put to it in a random order about information stored
in a large file, and perform complicated mathematical computations on
an almost infinite variety of problems. All of these operations can be per-
formed automatically, one after the other, in any order, without human
Intervention.

Read-in, read-out media includes punched cards, magnetic tape, flexo-
Wriier typewriter with punched paper tape and high speed printer capable
Of printing 10 lines a second.

If you would like complete information on

THE CRC 105
Decimal Digital Differential Analyzer

In response to demand by users, many fea-
tures have been built into the CRC 105 for
maximum ease in programming and opera-
tion. It has 60 integrators, is filled from a
simple decimal keyboard, stores initial condi-
tions separately, has constant multiplier chan-
nels and automatically types all integrands
on single typewriter at points selected by
programming.

THE CRC "CADAC” 102-A

Electronic Digital General Purpose Computer

The Cadac 102-A is a small, low cost, ex-
tremely reliable, electronic digital general
purpose computer designed primarily to solve
engineering problems. It has a 1024-word
memory, and uses a three-address code.
The decimal system is used for filling and
printing. Available commands are: addition,
subtraction, single or double precision multi-
plication and division, shift, compare, overflow,
extract, scale factor, logical shift, print deci-
mal, print octal, block search, tape read, tape
write, card punch and card read.

CRC computational equipment, _ Mm
write to the Director of Applications. ﬁ
CORPORATION OF CALIFORNIA

A
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3348 W. El Segundo Blvd., Hawthorne, Calif., OSborne 5-1171
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Information

The surprising discovery that it is subject to the

same statistical treatment as heat facilitates its

storage and handling in automatic control systems

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-

THE “lifeblood” of automatic con-

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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by Gilbert W. King

tion of it, is a rather subtle affair, and
we are only beginning to approach an
exact undérstanding of its elusive at-
tributes.

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

© 1952 SCIENTIFIC AMERICAN, INC

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-

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

What do you
look for

when you buy
Reagents?

Uniform Purity? Wide Selection —
B&A Reagents are always uniform, for

.
their purity is predetermined. They are al- Prompf SerV|ce?

ways made to meet or exceed established

ACS specifications . . . the strict, impartial B&A offers over 1,000 purity products of
purity requirements set up by the chemical Reagent, ACS, C.P.,U.S.P.,N.F. and Tech-
profession itself for.careful analytical work. nical grades. To supply your needs prompt-

ly and efficiently, B&A has its own well-

H H tocked distributi tati located in k
Superior Packaging? ol

Just tell your nearest B&A office what

B&A Reagents are “quality” packaged. your particular reagent requirements are;
Baker and Adamson conducts a continuous they will be glad to build stocks to meet
packaging research program, directed to- 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- You get everyih"lg You IOOk

nized as some of the most important ad-

vancements in chemical packaging today. for When vou llse/

BAKER & ADAMSON ‘Reayeris:

GENERAL CHEMICAL DIVISION
ALLIED CHEMICAL & DYE. CORPORATION
o o o e e 40 RECTOR STREET, NEW YORK 6, N, Y. o o oo e om mmom

REAGENTS

Offices: Albany o Adanta o Baltimore® o Birmingham® e Boston o Bridgeport® s ‘Buffalo® « Charlote®
Chicago® o Cleveland® o Denver® o Detroit® « Houston® « Jacksonville « Los Angeles® . Minncapolis
New York® o Philadelphia® o Pi rgh® o i o St. Louis® « San Francisco® « Seactle « Yakima (Wash.)
In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis.

Ta Canada: The Nichols Chemical Company, Limited o Montreal® o Toronto® o Vancouver®
SETTING THE PACE IN CHEMICAL PURITY SINCE 1382

®Complete stocks are carried herey

FINE CHEMICALS

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

BAKER & ADAMSON Zoe Ghemicits

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.
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P & B, thru a whole generation of
people devoted to expression of tech-

nical skill in electro-mechanics, has ac- HIE PEENREER 0 OF R B REB:BREIM OB ain M
quired imposing stature in the relay field. BRI IIE 1l s 1fTn f MU onn
Today, POTTER & BRUMFIELD stands
as the leading supplior of relays to indus- T [ UL T L TR T L I T Lo N T A TR
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lated effort has established our ability to
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trical and electronic qpplicqﬁon. nnmun BRRONRRNRRNRARYEND NRNEDRRDERRDDDAMIRN

OFFICES IN PRINCIPAL CITIES

Take advantage of our engineering
knowledge and experience. P & B Sales
Engineering Offices, located in 29 prin- , ’ crreTTRITIYE e s
cipal U. S. and Canadian cities, stand
ready to provide prompt, skilled assist-
ance upon request.
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Write for 26 page catalog describing 11 TBRRE
numerous standard relay models. Send i T
specifications for recommendations, sam-
ples and quotations.
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Potter &

Brumfield |
RELAYS PLANTS TO SERVE YOU

Capacity 10,000 Relays Per Day INFRARED SPECTRA are shown in analogue (curves) and digital (punch-
(Pﬁﬁe/" % M card entries for 80 points on each curve between vertical lines) form. At top
& is a compound plus water; the second is water alone. Subtraction of the

second from the first yields the third spectrum of the pure compound.

PRINCETON, INDIANA This, and the smooth, “noiseless” curve at the bottom, can more easily

be derived from information on punched cards than from plotted curves.
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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
Fhe 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

PITTSBURGH CORNING CORPORATION -

PITTSBURGH

it

CORNING
®

glass. The only cellular glass insu-
lation is FOAMGLAS. This unique
material is composed of still air,

-
I
|
I
The best glass insulation is cellular |
|
sealed in minute glass cells. It is I

I

|

|

1

light weight, incombustible, ver- Name...........
minproof. It has unusually high
resistance to moisture, chemicals Address.........
and many other elements that
cause insulation to deteriorate. City.oeennnnns .
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vapor. When properlyinstalled, 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 FOAMGLAS 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 22, PA.

FOAMGLAS

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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empirical
data or
-implicit
functions

Precision Potentiometers
by Technology Instrument

Corporatlon are designed for
application in computing devices,
instrumentation, electronic control
and servo mechanisms — wherever
extreme electrical and mechanical
precision is an essential requirement.

As a result of years of custom
manufacturing a complete line of
standard sizes is available, ranging
from 7 inches in diameter to the sub-
miniature 74" in diameter.

Type RVP3
tapped hole
and precision
pilot mounting'

Servo mounting

Custom design both mechanical
and electrical is a featured TIC
service. Precision non-:linear pots
may be designed to meet customer’s
requirements from either *empirical
data or implicit functions. Taps and
special winding angles anywhere up
to 360° continuous winding can be
incorporated into both linear and
non-linear precision potentiometers.
Greatly expanded facilities plus mass
production techniques meet customer
volume needs yet maintain precision
tolerances in both linear and non-
linear potentiometers.

Engineering Representatives
Cleveland, Ohio — PRospect 1-6171

Chicago, Ill. — UPtown 8-1141
Rochester, N. Y. — Monroe 3143
Canaan, Conn. — Canaan 649

Dayton, Ohio — Michigan 8721
Arnprior, Ont,, Can, — Arnprior 400
New York, N. Y. — MUrray Hill 8-5858
Cambridge, Mass. — ELiot 4-1751
Hollywood, Cal. — HOllywood 9-6305
Dallas, Texas — DIxon 9918

ETE TecHNoLoGY

INSTRUMENT
GoRrp.

530 Main Street, Acton, Mass.
Telephone: Acton 600
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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-
tration 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
Fhe 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 “T love you” into

Here’s how the BECKMANEASE COMPUTER

e,o<ba

simplifies jet plane
design for a leading
aircraft manvfacturer

.zm&r

8 a = aileron deflection

about trim
8 r = rudder deflection

about trim

¥ =yaw

Y = 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

Beckman Instruments inciude : pH Meters and Electrodes — Spectrophotometers — Radioactivity Meters — Special Instruments
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HYDRAULIC
ACTUATOR

-

400" YAW
CHOPPER |"| DAMPER

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
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Succass stories of

CARBOLOY
SCREATED - METALS S

Tu save space and weight,
A = new aircraft magnetos by
T "'-I Scintilla Magneto Division,

=7 - 47 Bendix Aviation Corpora-
tion, now feature rotors made
with Carboloy Permanent
FIG. A Magnets. Figure A shows
old-style rotor weighing 4

== lbs. 9 ozs. Figure B shows
newly designed Carboloy

Q—-'»—_,_l { D Permanent Magnet rotor
L— weighing only 2 lbs. 4 ozs.
FIG. B 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
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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

=R FIRST IN MAN-MADE METALS FOR BETTER PRODUCTS
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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 exponentially.

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
tascinating is in the direction of suitable
coding of messages with the aid of com-
puters.

ET 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-

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.

professional
high fodeliity
//zdg)zdz}:'
recorders

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

e

0
W for descriptive literature or

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

INagnecosd wc. v sns

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

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 Name .
accuracy for later
reference. Ideal for Firm
perfect home recording
— radio or microphone. City ...
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Resistors

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”’!

.

~¢fA\
Shallcross Precision Instrun?énts
and Components

Rotary Selector Switches +« Audio

Attenuators » Decade Resistances @

Voltage Dividers « Resistance Stand- \

ards « Low-Resistance Test Sets e {:'

Wheatstone, Kelvin-Wheatstone, é/
{/

Wheatstone-Megohm, Percent Limit

and Fault Location Bridges « High
Voltage Measuring Apparatus =
Telephone Transmission Test /™2
Equipment«Galvanometers
o Custom-Built Electric-
Electronic Specialties.

Write for Catalog DC-9

Shallcross 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 oniy
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

a=
The Farthis | russsns

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

( :/Xfrz?/// =

Push-pull motion, linear and functional
output, high resolution,
rectilinear potentiometer,
+ %z

¢ -;/(;'/iy/f// =

Functional and linear outputs,
coils independently adjustable,
variety of flexible assemblies.

EAfir wtirgue

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.




HIGH

/PERFORMANCE
SERVO CONTROL

MIDWESTERN HYDRAULIC
SERVOVALVE

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

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

® 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

horsenower. 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.

AR AAAANNANNN R,

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 a
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.
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COMBINATION STARTERS

for SAFER

more compact installations

Bulletin 713
Avtomaltic

# Combination

g Starter with
circuit breaker,

Bulletin 712
Automatic
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
DU

Allan - Bradiey Co.
134 W. Greenfield Ave.
Milwoukee 4, Wi,

Gentlemen:

Please send me latest information on the
Allen -Bradley Bulletin 712-713 Combination
Starters.

e Title.

Company.

Address.

City.  Zone State.

.---------..'
A e
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HIGH PRECISION
ﬁ ® rs
erm’s,f.gl Source

made to

your order for

resistance values
size

temperature
coefficient

mountings

- .
quality
Typical application
in capsule form for
temperature sensing
of hydraulic oil.

Widely useful as temperature measuring elements and as
liquid level sensors, these temperature responsive resistors
are built by Bendix-Friez under a system of quality controls
set up to meet exacting military standards of accuracy. You
can count on them as the very best obtainable, whether pur-
chased from stock or made to your own specification. Ask
for a list of applications.

STANDARD TYPES IMMEDIATELY AVAILABLE

Size (inches) @ +30°C. @ o°C. @ —30°C.

140 x Y% 45 ohms 86 ohms 194 ohms
.040 x 1.5 12,250 ohms 26,200 ohms 65,340 ohms
018 x 1.5 35,000 ohms 82,290 ohms 229,600 ohms

Write for details to Dept. A

FRIEZ INSTRUMENT DIVISION of

1324 Taylor Avenue ¢ Baltimore 4, Maryland
Export Sales: Bendix International Division, 72 Fifth Ave, N. Y. 11, N. Y.

— a'gf

AVIATION CORPORATION
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TELETYPE five-column tape offers

63 different combinations of bits

(punch or no punch) per row.

the control from going wild. For in-
stance, in a given process certain quan-
tities may be known to be never nega-
tive, and the control program must
provide that if a test does show a minus
sign, the process is stopped or repeated.

UTOMATIC control requires the
storage of information received
from the system’s sensory instruments.
For this a digital device, which simply
stores numbers, is better than an ana-
logue device. And the binary system is
especially convenient. The most efficient
known mechanism for the retention of
information is the human brain. Recent
physiologicul experiments suggest that
the brain operates not with continuous
signals but with sampled digital infor-
mation, probably on a binary system;
nerves seem to transmit information by
the presence or absence of a pulse. The
brain, with its ability to store vast
amounts of information in a tiny space
and to deliver specified items on de-
mand, is the model which automatic
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
of information into a small area, but
each spot is capable of recording about
10 distinguishable levels of intensity.
Microfilm in particular is a very effec-
tive means of storing printed or pictorial



EJJ&I 2"20’ Isotope-

Ratio Mass Spectrometer, a
special purpose instrument
for measuring ratios of sta-
ble isotopes in gases.

mﬂde’ 21-401 serves os a combination

analytical and isotope-ratio mass spec-
trometer. -

CONSOLIDATED Model 21-401, the newest member of Consoli-
dated’s family of mass spectrometers, is a compact, medium-price
instrument, ideal for those laboratories having moderate analytical
loads. It provides (1) automatically recorded mass spectra for
quantitative analyses of gaseous or light-liquid mixtures, and (2)
precise, recorded ratios of stable gaseous isotopes. Like the widely
used Model 21-103, it is exceptionally accurate and incorporates
many automatic, time-saving features. For the multitude of indus-
trial and scientific applications not requiring extremes of mass
range, sensitivity, and operating speed, the Model 21-401 is of
maximum value. Write for Bulletin CEC-1821.

Consolidated Engineerin

CORPORATION Aﬂnufyﬁmf
300 North Sierra Madre Villa, Pasadena 15, California [ ETUlEITS

Sales and Service through CEC INSTRUMENTS, INC. f{)f stence
a subsidiary with offices in: Pasadena, Philadelphia, ﬂnd fndUSf ry
Chicago, Dallas.

mass
spectrometer

priced right
for laboratories

having moderate
analytical loads

ANALYTICAL SERVICE—here to serve you if your
analysis requirements do not justify the purchase of an
instrument. This precision analytical laboratory service
has been operated at the Consolidated factory in Pasa-
dena since 1949—utilizing mass spectrometry under
the supervision of Consolidated’s experienced staff. For
cost, handling of samples and other details, request
Bulletin CEC-1813.
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;e- | 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.

s

=

| NEED HIGH nzspouswmssg

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.

_/%'em ac

PRECISION CAMERAS

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
application and operation of both
the Model 1013 Aremac Data
Camera and the Model 1015 Aremac
Recordoscope Camera is available.
Aremac Associates are engineering
specialists in the design and
production of precision optical
equipment and instrumentation.
Write today for literature and
complete details.

_/4er ac _/455 ociales

MFORS, OF MECHANICAL & OPTICAL INSTRUMENTS
329 West Washington Street, Pasadena 3, Calil.
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MAGNETROL

LI 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

e 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
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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 hut 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 wvarious 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 635” x 973" x
1234". Weight 33 Ibs. 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 1bs. Single speed. Paper width
2”-100’ long. Available for 12 volt or 24
volt D.C. operation without battery pack.

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.

12 channels

6 channels

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

SUPERMAN of

in control of your PI.ANT PROBLEMS

TuE Greeks had the word . . . CYBERNETES (Steersman or Gov-
ernor). But only now—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

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.

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. =

525 N. NOBLE STREET

Cylernnetics

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.

PHONE TAylor 9-6606

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

« Boundindarkgreen library fabric,
gold leaf stamped, holds 12 issues.
Q€ 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:
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G AUTOMATIC

GONTROL
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, etc.

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.

TACO @ WEST

CORPORATION
Instruments of Precision
529 N. Noble St. Chicago 22, Il
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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 émployed
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!
Years of expensive  CHECK THESE PLUS PERFORMANCE FEATURES!

basic research eliminated.
Inexpensive package e Speed accuracy —%% to .00?
unit available to e Zero droop—no load to full load.
prove performance e Time constant adjustable to prime mover.
on YOUR equipment. e Response is dead beat —non-overshooting.
e Speed, torque, acceleration interlocking possible.

o Unfailing one parameter stability. (not affected by load)

Jor the solution to your problem write to:

W. C. ROBINETTE CO.

802R Fair Oaks Avenve
South Pasadena, California
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Integro-Differential Am:ly:er

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

20 U itted Amplifiers: perform any computing function; and any required
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-Convenient Compactness: 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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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.

168 COLUMBUS AVE., NEW HAVEN 11, CONN.

kﬂmrucms, COPPER OXIDE AND SELENIUM REDTIFIERS/
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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 card 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.

L ——

Gilbert W. King is a physi-
cal chemist associated with

Arthur D. Little, Inc.
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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
fulfillthe 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 furtherinformation, write Dept. SA

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

LEITZ MICROSCOPES
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ARISTOPHOT PHOTOMICROGRAPHIC CAMERA
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MACHINES AND MAN

What about the economic and social impact of automatic

control systems? Can industry afford to buy them, and

will they cause widespread technological unemployment?

the study of nature ceased to be

solely a servant of philosophy and
became a patron of applied arts and a
source of practical invention. The eco-
nomic development of the Western
world has since proceeded at an ever-
increasing pace; waves of technological
change, driven by the surge of scientific
discoveries, have followed one another
in accelerated succession. The develop-
mental lag between pure science and en-
gineering application has progressively
shortened. It took nearly 100 years for
the steam engine to establish itself as
part and parcel of the industrial scene,
but electric power took less than 50
years and the internal combustion en-
gine only 30. The vacuum tube was in
almost every American home within 15
years of its invention, and the numerous
progeny of Dr. Baekeland’s synthetic
plastics matured before we learned to
pronounce “polyisobutylene.” At the
turn of the 20th century it was said that
“applied science is pure science 20 years
later”; today the interval is much shorter
—often only five years and sometimes
but one or two.

From the engineering standpoint the
era of automatic control has begun.
Some of the fully automatic “factories of
the future” are already on paper; they can
be described and studied. Engineering,
however, is only the first step; what au-
tomatic technology will mean to our eco-
nomic system and our society is still
decidedly a thing of the future. In judg-
ing its probable impact all we have to
go by is tenuous analogy with past ex-
perience and theoretical deductions
from our very limited information on
the new techniques. And it is no help
that some of the crucial facts and fig-
ures are veiled in secrecy.

Important new inventions are tradi-
tionally held to presage the dawn of a
new era; they also mark the twilight of
an old. For some observers they contain
promise; for others, fear. James Har-

S-PPROXIMATELY 500 years ago
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by Wassily Leontief

greaves constructed the first practical
multiple spindle machine in 1767, and
one year later a mob of spinners invaded
his mill and destroyed the new equip-
ment. The economists of the time (the
golden age of “classical economics™ was
about to begin) came to the defense of
the machines. They explained to labor
that the loss of jobs in spinning would
be compensated by new employment in
machine-building. And for the next
hundred years England did indeed pros-
per. Its labor force expanded both in
textiles and in textile machinery, and
wage rates by the end of the 19th cen-
tury were at least three times as high as
at its beginning.

But the men-v.-machines controversy
blazed on. Karl Marx made of “techno-
logical unemployment” the cornerstone
of his theory of capitalist exploitation.
The conscientious John Stuart Mill came
to the conclusion that, while the intro-
duction of machinery might—in most
cases would—benefit labor, it would not
necessarily do so always. The answer
depended on the circumstances of the
case. And today that is still the only rea-
sonable point of view one can maintain.

We are hardly in a position to reduce
to detailed computation the effects that
automatic technology will have on em-
ployment, production or our national
standard of living. Aside from the pauci-
ty of our information on this new de-
velopment, our understanding of the
structural properties of our economic
system itself is still incomplete. We must
therefore rely on reasonable conjecture.

HE ECONOMY of a modern indus-

trial nation—not unlike the feedback
mechanisms discussed throughout this
issue—must be visualized as a compli-
cated system of interrelated processes.
Each industry, each type of activity, con-
sumes the products and services of other
sectors of the economy and at the same
time supplies its own products and ser-
vices to them. Just as the operating prop-
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erties of a servo-mechanism are deter-
mined by the technical characteristics of
the measuring, communicating and con-
trolling units of which it is composed, so
the operating properties of an economy
depend upon the structural characteris-
tics of its component parts and on the
way in which they are coupled together.
It is not by coincidence that in some ad-
vanced phases of his work the modern
economist resorts to systems of differen-
tial equations similar to those used by
the designers of self-regulating ma-
chinery.

The services of labor constitute one
important set of inputs into the national
economy. That it is the largest one is
reflected in the fact that labor receives
in wages some 73 per cent (in 1950) of
the nation’s annual net product. But
labor is not the only type of input that
goes into all other sectors. Certain natu-
ral resources, machinery, equipment and
other kinds of productive capital feed
into almost every branch of agriculture,
manufacture, transportation and distri-
bution. In the chart at the top of the
opposite page, depicting the growth of
our total national product since 1880,
is a breakdown of the share going into
salaries and wages on the one hand and
into non-labor income (profits, interest,
rents and so on) on the other. The ratio
between these two has been generally
stable, but labor’s share has steadily
gained. Behind these figures lie the intri-
cate processes of our economic develop-
ment, influenced by such factors as pop-
ulation growth, the discovery of new and
the exhaustion of old natural resources,
the increase in the stock of productive
plant and equipment and, last but not
least, a steady technological progress.

A better insight into the nature of that
progress is given by the charts on page
154. The number of man-hours required
for an average unit of output has gone
down steadily since 1880. In the first 30
years of that period the saving of labor
seems to have been accompanied by a
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cui.esponding increase in capital invest-
ment. Between 1880 and 1912 the
amount of machinery and of other so-
called fixed investment per unit of out-
put rose by 34 per cent, while the man-
hour input fell 40 per cent. Then the
ratio of investment to output began to
drop. We introduced more efficient ma-
chinery rather than just a greater quan-
tity of it. That it actually was more effi-
cient can be seen from the fact that labor
productivity rose apace. In 1938 a unit
of output consumed only about half as
many man-hours as would have been
spent upon its production in 1918.

SUCH IS the stage which the new
technology—the technology of auto-
matic control—has now entered. The
best index we have of how far automati-
zation has gone is the annual U. S. pro-
duction of “measuring and controlling
instruments.” The trend of this produc-
tion is outlined in the chart at the left.
After hesitation during the depression
and the war years, it now rises rapidly.
In part this rise mirrors the recent ac-
celerating pace of industrial investment
in general, but the chart shows that the
instrument production curve is going up
more steeply than that of plant invest-
ment as a whole. This gain is a measure
of the progressive “instrumentation” of
the U. S. economy. A breakdown of the
relative progress of automatic operation
in individual industries appears in the
table on page 156. The chemical and
machinery industries lead; next come
metal processing (mainly in the smelt-
ing department) and ceramics. In inter-
preting this table one must take into
account the fact that instrumental con-
trol is less costly for some processes than
for others (see table on page 158).

The estimated cost of complete in-
strumentation of a new modern plant to
automatize it as fully as possible today
ranges from 1 to 19 per cent (depend-
ing on the industry) of the total invest-
ment in process equipment. The average
for all industries would be about six per
cent. On this basis, if all the new plants
built in 1950 had been automatized,
some $600 million would have been
spent for measuring and control instru-
ments. Actually the production of such
instruments in 1950 totaled only $67
million. In other words, to automatize
new plants alone, to say nothing of
those already built, would require nearly
10 times as great an investment in in-
struments as we are now making.

Yet six per cent is far from a formid-
able figure. Furthermore, the invest-
ment in instruments would not neces-
sarily mean a net increase in the total
plant investment per unit of output. On
the contrary, the smoother and better-
balanced operation of self-regulating
plants has already shown that they can
function with less capitalization than a
non-automatic plant of identical capac-
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BRING YOUR PROBLEMS TO

BECKMAN

Let Beckman’s Years of Leadership in Instrumentation Assist You

For many years the Beckman name has been
. widely recognized throughout industry as typi-
fying major advancements in the field of modern in-
strumentation. Not so well known, perhaps, is the fact
that the Helipot Corporation—originator and leading
manufacturer of precision potentiometers and similar
components vital to automatic control operations—is a
wholly-owned subsidiary of Beckman Instruments, Inc.
And the recent acquisition of Berkeley Scientific Corpor-

ation by Beckman Instruments adds still another leader
in its field to this pool of experienced “know-how’’ in
the design and development of advanced electronic in-
struments and associated components essential to push-
button process and factory operations.

No matter what your problem is in automatic
control applications, check with Beckman to determine
whether we can supply—possibly already are producing
—the very unit or component you need to solve the
problem. Typical Beckman products include . . .

ANALYTICAL EQUIPMENT

In the “sensory” phase of automatic
control, Beckman provides equipment and
instrumentation for quickly detecting and
measuring variations in chemical compo-
sition, color, acidity and alkalinity (pH),
moisture content and other critical func-
tions in chemical analysis and control, in-
cluding the detection and measurement of
extremely small electrical currents (as
small as 3x10°'2 amperes).

Also, an extensive range of nuclear
instruments—radiation meters, scalers, rate
computers, monitors, scintillation detec-
tors, etc.,—is available to meet varied re-
quirements in atomic research and devel-
opment operations.

PRECISION COMPONENTS

Now widely used in guided missiles,
fire control systems, radar, sonar and
other advanced electronic applications,
such components as precision potentiom-
eters and synchros are vital to virtually all
types of automatic control systems—indus-
trial as well as military.

The Helipot (the original multi-turn
potentiometer) is widely recognized as one
of the vital advancements that have made
today’s precision instrumentation possible,
Its helical principle provides a degree of
precise control not possible in previously
available commercial potentiometers and
its ready adaptability to “ganging” and
other special construction features make
it ideal for automatic control systems.

“Beckman Instruments Control Modern Industries”

BECKMAN

INSTRUMENTS, INC.
South Pasadena, California

Ultraviolet, Visible and Infrared

Spectrophotometers, Colorimeters,

pH Meters and Electrodes, Radia-

tion Meters, Aquameters, Com-

puters, Synchros, and a Wide Range
of Special Products.

HELIPOT

CORPORATION
South Pasadena, California

Single-Turn and Multi-Turn Pre-

cision Potentiometers, Turns-In-

dicating Duodials, and Special
Laboratory Equipment.

BERKELEY

SCIENTIFIC DIVISION

Richmond, California

Electronic Counters, Events-Per-
Unit-Time Meters, Time Interval
Meters, Nuclear Scalers, Counting
Rate Meters and Computers, Pulse
Generators, Radiation Monitors and
Similar Electronic Devices.
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Incorporating years of experience in
mass-producing critical parts to extremely
close tolerances, an extensive range of
Synchros is also in production. These units
—electromagnetic devices for remote trans-
mission of angular data—combine pre-
cision workmanship, compact design and
exceptional accuracy with mass-produc-
tion economies.

COUNTERS AND COMPUTERS

This equipment puts the “control” in
automatic control systems by adding the
coordinating and integrating functions.
Beckman and the Berkeley Scientific divi-
sion have had extensive experience in this
field, also, and are now producing analog
and digital computers as well as time-
interval meters, events-per-unit-time met-
ers, count rate meters and other types of
electronic counters and related devices.
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U. S. PRODUCTION has increased in efficiency. The blue line plots the
decreasing index of plant and equipment required to produce one unit of
output; the black line, the man-hours required to produce one unit.
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MINING AND MANUFACTURE similarly increased in productivity. Labor
savings have been secured largely by expenditure on plant equipment. In-
creasing efficiency of plant is now reflected in declining capital cost.
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AGRICULTURE shows a similar pattern. Here the index of plant and
equipment per unit of output is actually lower in 1938 than in 1880, reflect-
ing the enormous increase in the productivity of agricultural machinery.
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ity. And much existing equipment can
readily be converted from manual to au-
tomatic control. It therefore seems that
the automatization of our industries, at
least to the extent made possible by.
present technology, is likely to advance
rapidly. The mechanization of the 19th
century required heavy capital invest-
ment and proceeded slowly; the new
technology, unhampered by such vast
capital requirements, can be introduced
at a much faster pace.

In transportation and agriculture, ma-
chines by now have practically elimi-
nated the need for human muscle power.
Man has all but ceased to be a lifter and
mover and become primarily a starter
and stopper, a setter and assembler and
repairer. With the introduction of self-
controlled machinery, his direct partici-
pation in the process of production will
be narrowed even further. The starter
and stopper will disappear first, the set-
ter and assembler will go next. The
trouble-shooter and repairman of course
will keep their jobs for a long time to
come; the need for them will even in-
crease, for the delicate and complicated
equipment of automatic control will re-
quire constant expert care. We shall
continue to need inventors and design-
ers, but perhaps not many even of them:
the chief engineer of a large electronic
equipment firm recently expressed to me
his apparently well-founded hope that
before long he would have circuits de-
signed by an electronic machine, elim-
inating human errors.

ALL THIS inevitably will change the
character of our labor force. The
proportion of unskilled labor has already
declined greatly in recent decades; it is
down to less than 20 per cent. Mean-
while the numbers of the semiskilled
have risen, and they now constitute over
22 per cent of the labor force. This trend
has slowed down during the past dec-
ade, however. Now we shall probably
see an accelerated rise in the proportion
of skilled workers, clerks and profes-
sional personnel, who already make up
42 per cent of our working population.

In a country with a less fluid and more
differentiated social structure than ours,
these rapid changes in the occupational
composition of the population might
have brought about considerable strain.
But the celebrated, and often criticized,
uniformity of American living renders
the effects of such transition almost im-
perceptible. For example, recent studies
indicate that the family of a typical
$3,000-a-year clerk spends its money in
very much the same way as the family,
say, of a machine-press operator with a
similar income.

Will the machine-press operator be
able to earn his $3,000 when an auto-
matic controlling device takes over his
job? The answer must depend in part on
the speed with which the labor force is
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Boeing B47, shown in rocket "

assisted takeoff. Powered by |

six G-E jet engines, the

B47 is the fastest jet o o

bomber in the world. o
o

[ )
... a challenging oppontuncty

Jet Engineering means more than a profession — it means pioneering
a new industry.

Only 10 years ago, General Electric produced the first American jet
ngine. Sin hen, j wer has revolutioni aviation, an -
engine. Since then, jet powe s revolutionized tion, and G-E has Cotoway of GE's 147, Amer. .

become one of the largest jet engine builders in the world. ica’s number one production jet.
Among the planes powered
by this engine is the famed

The future of the jet engine is practically limitless. For example, the North  American F86 Sabre. |

market for jet transport aircraft has only been scratched. Today, the
world’s commercial airlines are preparing for the new era of jet power
air travel.

General Electric’s Aircraft Gas Turbine Division offers an engineer
unusual opportunity to shoulder responsibility. Here, an engineer’s
progress is limited only by his own ability.

This is your opportunity for a permanent career in a progressive new
industry. We invite you to match your qualifications with the chal-
lenging assignments listed below.

G-E engineer congratulates Air
Force technician on new engine
performance record. G-E jet en-

POSITIONS AVAILABLE IN JET ENGINEERING gineers maintain close contact

withengine operationin the field

CREATIVE MECH. DESIGN TESTING SERVO MECHANISMS
STRESS ANALYSIS HYDRAULICS
VIBRATION AND DAMPENING HEAT TRANSFER LUBRICATION
AERODYNAMICS ENGINE AND ELECTRONICS
FLUID MECHANICS REACTOR CONTROLS THERMODYNAMICS

Positions are available at West Lynn, Mass., and Lockland, Ohio. Do not
apply if your best skills are being used for vital defense work. Please
send resume to: Technical and Supervisory Personnel, Aircraft Gas
Turbine Division, Dept. C.

G-E engineers examine model

of new turbojet. Group
conferences such as this are

stondard procedure inj§
ENERAL @D ELECTRIC @il

P.O. BOX 196 CINCINNATI 15, OHIO

This modern engineering and administration building is the hub of all activities at G-E’s jet center.
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... nothing like it!
USES ELECTROMETRIC PRINCIPLE

® ELIMINATES indicating solutions,
measurement of sample, and color
matching.

@ ELIMINATES errors due to sam-
pling techniques, turbidity, and pres-
ence of oxidizing or reducing agents.

And Provides—

® INSTANT, continuous, direct read-
ing of pH with no buttons to hold
down or dials to turn.

® CONTINUOUS reading over full
pH range with no change of solu-
tions or adjustments.

REVOLUTIONARY PROBE UNIT
PROVIDES ON-THE-SPOT
pH READING ANYWHERE

® ELIMINATES supports, holders,
beakers, and separate electrodes.

® ELIMINATES trips to the labora-
tory.

Completely self contained in water-
proof ever-ready case with shoulder

strap.
PRICE $125.00
Instrument size: 3x5-7/8 x 2-1/2 inches

Case size: 3-3/4 x 6-1/2 x 4-1/8 inches
Weight with accessories: 3 Ibs.

A e e e e e i i e i

' Ml ANALYTICAL MEASUREMENTS, INC.
B 11] 585 Main st., Chatham, N. J.

Please Send Full Information To:

INDUSTRY 1946 1947 1948 1949 1950 1951
Ceramics 110 113 _ 106 70 102 131 _
Chemicals 125 110 101 62 117 208
Foods 125 107 96 66 103 107
Machinery 107 112 119 61 105 168
Metals 113 98 106 81 134 249
Petroleum 80 90 140 86 98 132
Textiles 106 105 112 75 129 128
Utilities 72 96 122 111 147 222
Total 100 104 115 82 122 192

GROWTH OF INSTRUMENTATION in various industries is shown in this
table, which lists the sales of instruments to those industries by years.
The index of the table: 1946-1949 average sales of instruments = 100.

able to train and to retrain itself. If such
upgrading were to fall behind the de-
mand of the changing technology, semi-
skilled and unskilled workers certainly
would suffer unemployment or at least
sharply reduced earning power. The ex-
perience of the last 20 years, however,
has underlined the flexibility of U. S.
workmen. Under the stimulus of the
general American striving toward social
and economic betterment, they have
been quick to take to vocational training
for new jobs. There has been no surplus
of unskilled and semiskilled labor; in-
deed, wages in these fields have risen
even faster than in skilled and profes-
sional work.

But if automatic machines largely
take over our production, will there be
enough jobs, skilled or otherwise, to go
around? Admittedly the possibility of
eventual unemployment cannot be ex-
cluded on a priori grounds. If the capi-
tal investment were to increase rapidly
while the need for manpower dropped,
the resulting rise in capital’s share of the
national income could cause drastic un-
employment. But as we have seen, the
amount of capital needed for each unit
of output has actually been reduced in
recent years, and the installation of auto-
matic machinery will further reduce it.
Therefore labor should be able to main-
tain or improve its relative share of the
national income. The danger of techno-
logical unemployment should be even

© 1952 SCIENTIFIC AMERICAN, INC

smaller in the foreseeable future than it
was at the end of the 19th century, when
capital requirements were rising.

HILE THE increase in productiv-

ity need not lead to involuntary
idleness, it certainly does result in a
steady reduction in the number of years
and hours that an average American
spends at making his living. The average
work-week has been shortened from
67.2 hours in 1870 to 42.5 hours in 1950.
This reflects a deliberate decision by the
American people to enjoy an ever-in-
creasing part of their rising standard of
living in the form of leisure. If we had
kept to the 67-hour week, we would be
turning out a considerably greater
amount of goods than we actually are.
The difference between this hypotheti-
cal per capita output, computed on the
basis of the well-known Cobb-Douglas
formula, and the actual present output
is indicated in the chart at the bottom
of page 151. This difference represents
the amount of commodities and services
which the average American has chosen
not to produce and consequently not to
consume in order to enjoy shorter hours
and longer vacations. The spread be-
tween the two curves has steadily in-
creased; in other words, we have chosen
to spend more and more of our ever-
increasing production potential on lei-
sure. The temporary shift to a high out-
put of material goods during the last war




A ““CLOUDBURST’ in this 100-foot water tunnel proves the
effectiveness of Chrysler Corporation’s advanced methods of seal-
ing against moisture, dust and drafts. Here complete De Soto

A GARS BODY TELLS A LOT ABOUT
A CAR'S REAL WORTH 10 Y0U

bodies move slowly past high-pressure water jets that douse them
from every angle. This is typical of the thoroughness with which
all Plymouth, Dodge, De Soto and Chrysler cars are built.

Chrysler Corporation engineers, stylists, and production men
work together, so that body and chassis form a perfectly bal-
anced unit — created from the start for your safety, comfort
and driving and handling ease.

The way a door latches and holds . . . the amount of head
and leg room you get . . . the comfort of the seats . . . breadth
of vision . . . ease of getting in and out — all these are easily
read guides to the worth of any car.

In a Chrysler-built car, you get a superior body—and a
superior chassis — engineered to give you the greatest worth
for your money. You can prove this for yourself just by
calling your nearby dealer and driving one of these great cars.

BHHYS[[H EHHP“HA"“N engineers and builds PLYMOUTH, DODGE, DE SOTO, CHRYSLER CARS & DODGE TRUCKS

Chrysler Marine & Industrial Engines e  Oilite Powdered Metal Products o

ENGINEERS' EYES ARE EVERYWHERE. Out
of their laboratories and on to the production
lines go Chrysler Corporation engineers, to follow |
through each step in body construction. Here an  Esa S

engineer studies the double welding of a Dodge
body, one of the many things that mean safer and
quieter cars. with windows that work easily, doors
and panels that stay solid and free from rattles.

Mopar Parts & Accessories

Airtemp Heating, Air Conditioning, Refrigeration e Cycleweid Cement Products

L =i

e o

THE NEW C-200. New advanced body designs are created by Chrysler to learn
from experience practical applications of entirely new concepts of style and
comfort, fabrics and fittings, performance and safety. The Chrysler C-200 is
the prototype of a dramatic new convertible.
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itomatic control

is job‘engine eﬁed for you

J

In over 50 years of

building instruments, we have
adhered to two basic objectives:

(1) job engineering—that is,
adapting our products to

your individual needs (2) producing
results that make your instrument

investment more than worthwhile.

These actual “case histories” tell
what this philosophy has meant
to specific companies— how
marked efficiencies and savings
have been obtained.

Write for them today.
Remember, too, experienced Hays
representatives in every major city
are anxious to “job-engineer”

Hays equipment to meet your needs.
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. in your boiler plant

complete instrumentation
and automatic control in
plants of every size for
steam generation.

.. In your processes

specialized instruments
that measure and control
your products in, process

Automatic Combustion Control

Boiler Panels ¢ Hays-Penn Flowmeters
Veriflow Meters and Veritrol

Gas Analyzers * Draft Gages
Combustion Test Sets © CO:z Recorders

Electronic Oxygen Recorders

CORFORATION

h

MICHIGAN CITY 30,

INDIANA
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only emphasizes this tendency, for we
returned to the long-run trend imme-
diately after the war. In the future, even
more than in the past, the increased
productivity of the American economy
will be enjoyed as additional leisure.

Looking back, one can see that 1910
marked the real turning point in this
country’s economic and social develop-
ment. That was the year when the last
wave of immigration reached its crest;
the year, also, when our rural popula-
tion began to decline in absolute terms.
Between 1890 and 1910 our national
input of human labor had shot up from
28.3 million standard man-years to 42.5
million. Then in 1909 the model-T Ford
began to roll off the first continuous
production line. This great shift to mass
production by machine was immediate-
ly reflected in shorter hours. In the
next decade our manpower input in-
creased by only one million man-years,
and after 1920 it leveled off and re-
mained almost constant until the early
1940s. Even at the peak of the recent
war effort our total labor input, with an
enormously larger population, was only
10 per cent greater than in 1910. Autom-
atization will accelerate the operation
of forces which have already shaped the
development of this country for nearly
half a century.

HE NEW technology will probably
have a much more revolutionary ef-
fect on the so-called underdeveloped

INDUSTRY PER CENT
Meat packing 19
Pharmaceuticals 15
Textile plants 5-12
Soap 3.2-.8.6
Dry ice 6.3
Equipment manufacture for the

chemical and oil refining industry 56
Paper mill 5
Rubber 5
Petroleum refining 3-5
Packaged foods 3-5
Mining and processing of ores 2.5
Chlor-alkali electrolytic plants 3.25
Sulfuric acid (contact method) 3
Pulp mill 3
Carpets 2-3
Rayon and rayon yarn 1-2

RELATIVE COST of instrumental
control in various industries is given
by per cent of total equipment cost.



Ultracentrifuges: 3 Model E analytical units and 5 Model L
preparative units routinely subject research samples of blood
protein materials to 260,000 and 144,000 times gravity.

In this room at the Donner Laboratory of the University of

California can be seen perhaps the world’s greatest concen-
tration of usable, controllable centrifugal force. Eight Spinco

Uliracenirifugaiion, both by the optical measurement of moving boundaries and through the
separation of materials under high centrifugal force, is one of the newer and more rapidly ex-
panding techniques for exploration into the characteristics of matter. Throughout the world,

hundreds of Spinco Ultracentrifuges are being used in laboratories for the isolation, purifica-

tion, and characterization of viruses, enzymes, hormones, and other particulate materials.

-Among others, these operations serve the pharmaceutical, chemical, petroleum, food,
plastic, agricultural, atomic energy, metallurgical, and materials testing fields.

Applications of ultracentrifugal forces may hold the answer to some of yoxr unsolved

problems, too. The utility of ultracentrifugal investigations has recently been extended by
thods to obtain measurements on materials from molecular

newly-developed analytical me
weights in the millions to those of a few hundred. You are cordially invited to
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Those light winds, so critical in air-pollution and
microclimatological studies, resist precise record-
ing by conventional meteorological methods. The
new Beckman & Whitley electronic wind-speed
and -direction recorder has been developed
specifically to document air movements in the
range from 30 down to a fraction of one mph.
Portable battery-operated model, as illustrated,
or multiple-location type for telemetering to
a central monitoring station. Send for details.

Beckmar £ v/

meteorological equipment « explosive-actuated mechanisms

INC., SAN CARLOS 2
CALIFORNIA

d N
MARTIN OFFERS

*Greater Career Opportunities
*Greatest Diversity
of Projects
for
ELECTRO-MECHANICAL ENGINEERS
ELECTRONIC TECHNICIANS
PRODUCTION DESIGN ENGINEERS

Developers of:
B-61 Matador Pilotless Bomber
P5M Marlin Anti-Sub Seaplane
B-57 USAF Canberra
Viking World Record Rocket
Plover Navy Target Drone
Automatic Electronic Navigation

Submit strictly confidential résumé ouf-
lining qualifications in detail. Personal

interviews arranged.

THE GLENN L. MARTIN CO.

Personnel Dept.—Baltimore 3, Md.

3 Y,
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DAVE BUSHNELL

CONFUSED
ABOUTY
BINOCULARS|

NEW BINOCULAR “‘Rating Chart’’

Quickly indicates size and model most suitable for 12
most popular uses. 12 different binocular powers “rated”
for you. An invaluable help.

14 PAGE BOOK *‘How to Select Binoculars’’

Explains clearly, honestly...all the facts you need for
judging. Tells what Power, Field of View, Exit Pupil, Coat-
ing, etc. mean. All newest, up-to-the-minute information.

LATEST HUNTING SEASON CATALOG

Illustrates more than 20 of America's most wanted binoc-
ular values—3.5 Power to 16 Power. Newest designs from
$9.95 up. Tells Easy Pay Plan and other facts — latest
optical information,

HUNTERS ! Binoculars are something you buy only once
in a lifetime. Know what you're buying efore you invest!

[ Compare! Compare! Mail coupon today! I'll send you
all 3 of these great binocular helps.

KNOW BEFORE YOU BUY!

- —————————————————
| : Bushnell Binoculars, Dept. SX 49

Bushnell Building, Pasadena 1, Calif. 1

| Genttemen: 1

Please send me ALL 3 absolutely Free. No strings! No obligation! l
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countries than on the U. S. or other old
industrial nations. Shortage of capital
and lack of a properly conditioned and
educated labor force have been the two
major obstacles to rapid industrialization
of such backward areas. Now automatic
production, with its relatively low capi:
tal and labor requirements per unit of
output, radically changes their pros-
pects. Instead of trying to lift the whole
economy by the slow, painful methods
of the past, an industrially backward
country may take the dramatic shortcut
of building a few large, up-to-date auto-
matic plants. Towering up-in the primi-
tive economy like copses of tall trees on
a grassy plain, they would propagate a
new economic order. The oil refineries
of the Near East, the integrated steel
plant built after the war in Brazil, the
giganticfertilizer plant recently put into
operation in India—these are examples
of the new trend in underdeveloped re-
gions of the world. How formidable the
application of modern technology in a
backward country may become is dem-
onstrated by the U.S.S.R.’s recent great
strides in industrialization.

At the outbreak of the First World
War the U. S. suddenly lost its source
of many indispensable chemicals in Ger-
many. Domestic production had to be
organized practically overnight. The
newly created U. S. chemical industry
had no force of experienced chemical
craftsmen such as Germany had. The
problem was solved, however, by the in-
troduction of mechanization and autom-
atization to a degree theretofore un-
known. The American plants were run
with amazingly small staffs of skilled
workers. The same thing is now hap-
pening, and possibly will continue on a
much larger scale, in backward coun-
tries. Advanced design, imported mostly
from the U. S., will compensate at least
in part for their scarcity of high-quality
labor.

Naturally automatization, while solv-
ing some problems, will everywhere cre-
ate new and possibly more difficult ones.
In Western civilization the liberation
from the burdens of making a living has
been going on for some time, and we
have been able to adjust to the new
situation gradually. In the rising new
countries economic efficiency may at
least temporarily run far ahead of prog-
ress toward social maturity and stability.
Much of the stimulus for the educational
advancement of the Western nations
came from economic necessity. Automa-
tization may weaken that powerful con-
nection. It remains to be seen whether
the backward countries will find a driv-
ing force to help them develop the
social, cultural and political advances
necessary to help them cope with the
new economic emancipation.

- —————

Wassily Leontief, professor of econom-
ics at Harvard University, is author
of The Structure of American Economy.
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AUTOMATIC CONTROL

SERVO
AMPLIFIER

A TWO-PHASE
MOTOR CONTROL

THERE IS ONLY ONE
MODEL 1100-A. The Servoscope @R
is a versatile test instrument for SERVOSCOPE \)
use in the development of all types of servo assemblies and process
controls. Saves valuable time in industrial, military, and educational
applications, and eliminates guesswork in the design and synthesis

of controllers, servo systems, regulators and process instrumen-
tation.

MODEL 1120-A. The Servo Amplifier
consists of three amplifier stages, 90°
phase shifter, phase-inverter and
push-pull output stage. Three A.C.
inputs permit operation as a position
servo with tachometer stabilization
or as a rate servo. Output 8 watts
into 1000/2000/4000 ohms. For 115
volt 60 cycle power.
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RELUCTANCE AMPLIFIER
60 AND 400 CYCLE MODELS

MODEL 1121. The Reluctance Amplifier* is a small,
lightweight and efficient amplifier designed for use
with A.C. servomotors. It operates directly from the
A.C. power line. Two A.C. inputs and one D.C. input
may be used in any combination. A unique circuit elim-
inates the necessity for a power transformer. Output
10 watts into 1500 ohms; 18 watts into 735 ohms. Dimen-
sions: 53%"”x3%"”x3%"” (for 400 cps model). *Pat. Pending

SERVOBOARD

MODEL 1110-A. The Servoboard is a set of standard pre-
cision mechanical parts, including gears, shafts, bearings,
hangers and mounting plates, which, when coupled to
the necessary motors, tachometers, synchros, potentiom-
eters and amplifiers, rapidly builds a flexible experimental
mechanical assembly of a servo system, computer or
regulator.

SERVOLAB

MODEL 2300-A. The Servo Laboratory Analysis and Synthesis Equipment
includes a selected list of equipments required in any servo test and de-
velopment laboratory. These equipments are grouped in a carefully ar-
ranged package to permit the designer readily to synthesize a wide variety
of systems from standard components and test them with maximum
efficiency and time economy. Complete flexibility is provided by standard-
ized interchangeable, plug-in electronic components and efficient and
versatile mechanical breadboards. Write for details.

=~ 0 "2 0n

llgm SERVO CORPORATION OF AMERICA
—» DEPT.SA9 e  NEW HYDEPARK,N.Y. e FIELDSTONE 7-2810
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THE MICROSEN BALANGE

AN UNPARALLELED ADVANCE IN THE APPLICATION OF

ELECTRONIC COMMUNICATION

THE MICROSEN BALANCE is a compact, modi-
fied Kelvin Galvanometer structure—operates auto-
matically on the force balance principle. It
transduces mechanical motions into electrical sig-
nals and vice versa—is equally effective for the
stable amplification of electrical signals.

A calibrated spring converts mechanical motion to
force loading of a pivoted beam. The tuning of a
high frequency oscillator coil, adjacent to the
beam, detects the balance conditions of the beam
and varies the current flow in the circuit accord-
ingly. The rectified oscillator output — .5 to 5 milli-
amperes — serves as the transmission signal. A
calibrated portion of this signal is fed back to an
actuator coil, attached to the underside of the
beam, which operates in a permanent magnetic
field. This electrical feedback signal applies a force
opposed to the mechanical input force.

Whenever the two opposing forces become unequal,
equilibrium is immediately reestablished by the
movement of the beam which either increases or
decreases the magnitude of the output current.

TO PROCESS CONTROL

Output current value is constantly compared with
the mechanical input value. Thus, the Microsen
Balance insures a linear current signal propor-
tional to the mechanical input and independent of
the transmission circuit resistance, up to a maxi-
mum of 3,000 ohms.

The Microsen Balance—used in all American Elec-
tronic Instruments—instantly transmits pressure,
temperature, flow and liquid level information to
the panelboard and controller signals to the valve.
It provides these advantages of electric communi-
cation:

1. Virtually eliminates transmission lags by re-
stricting the use of pneumatic lines to control
boards. (The average signal delays over 500
feet of transmission line are 10 seconds for
pneumatic, 5 x 10-7 seconds for electric).

2. Eliminates all distance considerations.

3. Assures superior performance in process con-
trol by high speed response. All changes are
detected and corrective measures are initiated

THE MICROSEN BALANCE

& AMERICAN

@b
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PRESSURE
TEMPERATURE

115 &0C
FLOW NON-REGULATED
LIQUID LEVEL
PROCESS 5-50 MA
ELECTRONIC
TRANSMITTER

315 PSI AIR

AMERICAN ELECTRONIC
COMMUNICATIONS SYSTEM

practically instantaneously. This type of
“tight” control envisions smaller process
equipment for given throughput.

4. Makes all adjustments readily accessible to one
operator in the control room.

5. Eliminates freeze-ups of pneumatic lines.
Climatic conditions can be completely disre-
garded.

6. Replaces four pneumatic lines from the panel
loading station to the controller at the valve
by a simple, two-wire circuit. (Pneumatic con-
trollers must often be located near the valve
in order to reduce response delays.)

7. Reduces signal line maintenance.

8. Permits the utmost flexibility through the cur-
rent type signal. Any number of receiving in-
struments may be located in a single transmis-
sion circuit. Signals are additive for control
function computation using two or more input
signals.

Elements in the American Electronic Communica-

tions System are:

ELECTRONIC TRANSMITTER. Types to transmit pres-
sure, differential pressure, temperature, flow or
liquid level. Produce a .5 to 5 milliampere current
signal proportional to the magnitude of the vari-

|

SURE
TRANSMITTER

e e e e e P i,

e~

115¥ 60C NON-REGULATED

e

able being measured. Constantly compare elec-
trical output with the magnitude of the measured
variables—insure accurate and linear output.

ELECTRO-PNEUMATIC TRANSDUCER. One type utilizes
an electronic amplifier and may be used for very
low-level signal inputs such as derived from ther-
mocouples. Another type incorporates a mechan-
ical or pneumatic type amplifier — is especially
suited for use with the transmission signal of .5
to 5 milliamperes. Both convert electrical input to
proportional pneumatic output. They provide the
means for utilizing pneumatic recorders and con-
trollers now widely used. Constantly compare the
pneumatic output of 3 to 15# of air with the elec-
trical input signal—assure linearity and accuracy.

CONTROLLERS. Pneumatically operated. Widely
used with indicators and recorders of the pneu-
matic type. Some are built integrally with these
units or as separate units in the stacked type.

ELECTRONIC PRESSURE TRANSMITTER. Converts air
output from controller into an electrical signal.

ELECTRO-PNEUMATIC VALVE POSITIONER. Receives .5
to 5 milliampere signal and compares it to the ac-
tual displacement or position of the valve stem—
produces a pneumatic signal which mechanically
operates the valve.

Aproductof MANNING,

MAXWELL & MOORE,

INC. STRATFORD, CONNECTICUT

MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, 'HANCOCK’ VALVES, ‘ASHCROFT’ GAUGES, ‘CONSOLIDATED’ SAFETY
AND RELIEF VALVES. BUILDERS OF “SHAW-BOX’’ CRANES, ‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES.
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What GENERAL ELECTRIC People Are Saying

The three men whose statements appear below are engaged in research and development work on
various types of control in General Electric’s General Engineering Laboratory at Schenectady, N. Y.

J. G. HUTTON

Prant ConNTROL: The control of
processes by remote and automatic
means may be said to have had its
beginning with the birth of the elec-
tron tube and hence the electronics
industry. The almost instantaneous
receipt of an electric signal, even
at a considerable distance from its
source, and the ease with which
many physical and chemical changes
can be converted into electrical
impulses, opened the way for auto-
matic control even in the most
complicated processes.

In the petroleum and chemical
industries many attempts have been
made in recent years to provide
new and improved methods for de-
termining accurately both quali-
tatively and quantitatively the
composition of mixtures in either
gaseous or liquid form.

Perhaps the most versatile, and as
aresult, the most useful of the
methods, is that based on the prin-
ciple that certain materials selective-
ly absorb infrared radiation. By
comparing an unknown mixture
against a standard, analyses can be
made. In the case of hydrocarbon
mixtures the technique cannot be
extended beyond those containing
six or more carbon atoms, however.

The mass spectrometer in con-
trast can be used for the analysis
of most mixtures whose components
are fully vaporized at a pressure of
some 40 microns at normal tempera-
ture. Its range of usefulness may be
extended by heating the sample
introduction system, the upper tem-
perature being limited only by the
thermal properties of the material
of the system. By this relatively
simple expedient, hydrocarbon mix-
tures containing components with
40 carbon atoms, have been an-
alyzed. Except for the high initial
cost, delicacy and bulk, the mass
spectrometer would be directly use-
ful for process control.

Such objections may be overcome
by the use of a mass spectrometer
utilizing the cyclotron resonance
principle. The tube is positioned
m a uniform d-c¢ magnetic field and

an rf voltage applied to suitable
electrodes to produce a periodically
varying electric field whose axis is
perpendicular to the magnetic field.
Ions are produced in the analyzer
region of the tube by bombardment
of neutral gas molecules with an
electron beam whose axis is coinci-
dent with the magnetic field. Under
the influence of the combined elec-
tric and magnetic fields, the ions
are accelerated and have an orbit
of increasing radius—an Archi-
medes spiral. When the natural
period of an ion of given mass is
equal to the periodicity of the elec-
tric field, the particle assumes a
resonant condition and acquires
sufficient radial displacement to be
absorbed or collected by a suitably
placed electrode. Particles of dif-
ferent mass, having a different
natural period, will not resonate.
As a result such particles will be out
of phase with the electric field and
will not gain sufficient energy to
reach the collector. By varying the
electric or magnetic fields, or both,
ions, representative of all molecules

in a gaseous mixture, may be
separated and collected.

C. W. CLAPP

Quarity CoNTROL: Only a few

vears ago, it was common practice
for the operator of a steel rolling
mill to estimate the amount of
tension or stretching force in the
strip being rolled by kicking it with
his foot. Today, the operator
watches the pointer of an instru-
ment called a tensiometer to read
the tension in the strip more ac-
curately than was ever possible by
the old method.

Tensiometers, X-ray thickness
gages, width gages, pin-hole de-
tectors, etc., in the steel industry
are examples of a currently well-
developed trend to augment or re-
place the crude sense perceptions of
the mill operator with more ac-

curate, more rapid, and more re-
liable instrumentation.

As machine speeds increase, and
higher quality of product becomes
essential, it will inevitably become
necessary to instrument many of the
decision functions of the operator
as well. What is needed here is a
machine “brain” to receive data
from sensory instruments concern-
ing the quality of the product, to
interpret this data in the light of
known characteristics of the ma-
chine, and to arrive at the most ef-
fective program of corrective action
to restore the quality of the product.

F. E. CREVER .

Bir WEeicaT ConTrOL: The im-
provements in control components
and techniques of analyzing control
systems in the past decade have
made precise control of power
equipment practical for industry
generally. It is no longer considered
sufficient to provide power equip-
ment to augment man’s efforts;
rather, the convenience of auto-
matic and precise control is often
desired. Typical of this trend is the
General Electric automatic bit
weight control for rotary drilling.
Not only does the system provide a
means of handling the hundreds of
thousands of pounds of piping, but
also it provides an automatic sys-
tem to regulate the weight on the
bit and to limit the speed of the
lowering of the bit. This is provided
through two simple settings of the
quantities involved on knobs pro-
vided for the operator. The system
utilizes the regulating properties
of the amplidyne generator con-
trolling power equipment to per-
form these functions. More recently
amplistats have been developed so
that the advantages of static regu-
lating equipment are being applied
to the many control applications
necessary to continued progress in
industry.

You can pul your confidence in—
GENERAL @3 ELECTRIC

|
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by James R. Newman

THE NeExT MiLLion Years, by Charles
Galton Darwin. Rupert Hart-Davis
(London).

j- BOUT 20 years ago William Olaf

Stapledon, an imaginative Eng-

lish novelist, published Last and
First Men, a projected history of man-
kind from the present to its presumed
finish about five trillion years from now.
His narrative ended with the earth, in-
habited by the 18th species of Homo
sapiens (reckoning ours as the first),
about to be destroyed by a solar con-
vulsion. Last and First Men is a book
not easily forgotten. I returned to it
when reading Sir Charles Darwin’s vol-
ume and found it as engrossing as on
first acquaintance.

Compared to Stapledon’s story the
best science fiction today is vulgar and
paltry. Stapledon’s book derived its
power not from its speculations as to
the marvels of super-science, nor even
from its graphic descriptions of the
cataclysms periodically engulfing the
physical world, but rather from a re-
markable treatment of the evolving na-
ture of man himself. The subject is one
which only the ablest writers ventur-
ing into this sphere of imagination, E.
M. Forster and H. G. Wells among them,
have been able to treat on a serious level.
Stapledon was concerned primarily with
the psychological traits of the successive
human species. In his story one civiliza-
tion after another grows up, flourishes
and crumbles against a background of
climatic changes, geological catastro-
phes, world epidemics, global wars,
Martian invasions and the like. Again
and again the human race is all but
wiped out; then new species arise, often
superior intellectually and physically to
the races that have gone before. But
the recurrent theme is the comedy of
Eden: man is unable to let well enough
alone; sooner or later he becomes bored
and restless even in Paradise. Envy,
curiosity, quarrelsomeness, suspicion,
brutishness—sometimes dormant but
never absent from his nature—reassert
themselves and invariablv encompass
his downfall.

A similar theme runs through Sir
Charles Darwin’s The Next Million
Years. Sir Charles, a distinguished physi-
cist and grandson of the founder of the

BOOKY

Beyond automatic control: A physicist’s

statistical examination of man’s future

evolution theory, has not written a book
of pure fancy and weird conjectures.
His “time machine” is as dependable a
vehicle as scientific knowledge can con-
trive. The million-year journey is con-
ducted under the strict auspices of
rational thought. The journey is no less
interesting for this discipline. Reason
and imagination are blended to provide
a remarkably varied and stimulating
itinerary.

It would be rash, as Sir Charles ac-
knowledges, to predict the history of
the next 10 years. But every insurance
company knows that long-range pre-
dictions are safer. Indeed, it is easier
in some ways to say what will happen
than what has happened. Assuming a
moderate consistency in nature, it is
possible on the basis of present knowl-
edge to make certain fairly reliable fore-
casts over the next million years.

The classic example of large-scale
prediction is Boyle’s Law of gases. We
know almost nothing about the be-
havior of this or that gas molecule en-
closed in a container before us, yet it
is possible to predict the behavior of the
whole ensemble of molecules with pre-
cision. Sir Charles proposes a Boyle’s
Law of human behavior over the long
run. To this end he avails himself of the
same exquisite and paradoxical tool of
prophecy, the theory of probability. To
derive Boyle’s Law it is essential to
know something of the internal condi-
tions of the gas (viz., that the molecules
constitute a conservative dynamical
system, which is to say that “the total
energy of two colliding molecules is
conserved”) and of the external condi-
tions, namely the character of the con-
taining vessel. The analogous law of
human behavior, while not determined
by statistical mechanics, also rests upon
a knowledge of internal and external
conditions. For the “wildly varying and
violently colliding” gas molecules, Dar-
win substitutes the more complex human
molecules, less varied, perhaps, in their
trajectories but no less violent in their
collisions. For the container, he takes the
earth itself. On this foundation he builds
a system of human thermodynamics.

The Next Million Years is not con-
cerned with the trivia of history. The
events historians consider important and
stirring—wars, crusades, political up-
heavals, migrations, the crises of civiliza-
tion, even such phenomena as ice ages—
are passed over as of no consequence on
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this time-scale. What matters is what
will be happening “most of the time”
on the endless train of summer after-
noons. The aim of the book is to “form
an estimate of the normal and not the
exceptional course of the life of man-
kind on earth.”

For the forecasting historian the
crucial question is: who will survive?
This must “override all questions as to
whether future man will be better or
worse than present man, or whether he
will rise to heights we cannot conceive
or sink to levels we should despise.”
A species which dies out has by an in-
exorable principle demonstrated its un-
worthiness to live, however admirable
or noble it may be by moral standards.
“The dead shall not breed” is the dictum
of natural selection; not the meek, but
the survivors shall inherit the earth.

In the long run, says the author,
population must always press upon re-
sources. Malthus’ law is not mathemati-
cally exact and also must be modified
by factors he could not have foreseen.
Nonetheless it is clear that an unchecked
population will outrun its food supplies.
Undoubtedly food production can be in-
creased substantially: tenfold, say, by
bringing more land into cultivation and
by improving agricultural methods; a
thousandfold, perhaps, by ingenuities
beyond present conception; possibly
even a millionfold by intensive cultiva-
tion of the vegetation of the sea. Com-
pare these estimates with reasonable
expectations as to birth rates. It is
plausible to suggest that in a century the
world’s population will have doubled.
Wars are unlikely to arrest this expan-
sion by much or for long. In three and
a half centuries the earth’s population
will have increased by a factor of 10,
in 10 centuries by a factor of 1,000, in
20 centuries by a factor of a million.
Even with everyone munching on sea-
weed, chlorella, sawdust and similar
goodies, there will be barely enough
food to keep the world’s inhabitants
crawling around. Yet 2,000 years is an
insignificant period on the million-year
scale. Even if the rate of population in-
crease has been much overestimated,
this hardly affects the argument, for as-
suming it took 1,000 years instead of
100 to double our numbers, we would
still attain a millionfold increase in pop-
ulation within 20,000 years. We may
take it as axiomatic that men will multi-
ply, that food supply will not keep pace
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with their rate of increase and that a
margin of the population must consist-
ently be sloughed off by starvation,
disease or other natural agents.

Sir Charles dismisses as unlikely any
prospect that the human race will bal-
ance population and subsistence by
deliberate limitation of its own reproduc-
tion. He sees no real chance that indi-
viduals will, in numbers sufficient to
make a difference, practice birth control
so as not to jeopardize the survival of
their great-great-grandchildren. The
processes which must win out on the
long time-scale are those that are spon-
taneous and stable. The voluntary limi-
tation of population, on the other hand,
is a highly unstable process—the term
stability roughly signifying that when
a dynamic system “gets a little above its
average level, by that very fact a force
comes into play to pull it back, while if
it falls below, a force is evoked to raise
it again.” Nations cannot be expected
to accomplish much more by edict than
individuals by voluntary restraint. To
be effective, the limitation of the birth
rate would have to be world-wide, based
on a rational collective policy agreed to
by all states. One need not comment
on the unlikelihood of such a concordat.
Though the majority of men might ac-
cept the policy of limitation on “broad
rational grounds,” one can safely an-
ticipate a good deal of vehement, in-
deed fanatical, opposition based on
creed. The main difficulty lies in en-
forcement, not only within the separate
nations, but among them. A flagrant
breach of the pact by a single country
must disrupt a system which can main-
tain itself only by balancing its re-
ciprocal pressures. Once the system col-
lapses, only mass murder can restore
the man-food equilibrium upon which
survival depends.

We are led to a set of fairly simple
and perhaps obvious conclusions, con-
clusions which the author’s grandfather
well understood. Men need food to sur-
vive; they must compete fiercely to get
it. There are groups among them pos-
sessed of qualities which are likely to
confer an advantage in this competition.
These groups will determine the future
course of history; their descendants will
inhabit the earth a million years from
now. It is hardly necessary to point out
that the qualities destined to win out
in the long run will not necessarily be
those we now admire and seek to pre-
serve.,

What else can be predicted? The cli-
mate of the earth has been roughly the
same for a billion years, and there is
no reason to expect major changes for
many more than a million years to come.
A few ice ages might be disagreeable but
could scarcely prove decisive. The
planets revolve serenely, the sun con-
tinues to shine, and it is improbable
that this harmony will be disturbed in
the period considered. There is a chance,
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Sir Charles concedes, that a dark star
may be moving toward our solar system.
A collision would unquestionably do us
in even if the earth itself were not hit,
but the chance is so small that it need
not concern us.

The problem of fuel resources is more
serious. Our treasury of fossil fuels, ac-
cumulated for us over a period of 500
million years, has already been heavily
depleted. At present consumption rates,
it will be empty in 5 or 10 centuries.
Future man must learn to live on income
instead of on capital, and the standard
of living is bound to fall. Water power
will not fail, but it can contribute only
a small part of world energy require-
ments. Atomic energy, from what is
now known, offers no long-term solution.
However, the potential supply of heavy
hydrogen is in effect unlimited and if
we could find a way to make it “burn”
slowly, the problem would be per-
manently solved. There is scant reason
to believe that ordinary hydrogen can
ever be made to yield nuclear energy;
if it could be, that, too, would yield a
solution—of a kind. A frustrated fuehrer,
or even a well-meaning lunatic bent on
preserving the dignity of man, could set
fire to the sea and to the earth’s hydro-
gen envelope, with the result that the
earth would for more than 10 years
shine “as brightly as the sun does now.”
Such an event “would make the solar
system into a very respectable new star,”
but plants and animals would be missing.
Our descendants must look to other
energy sources—sunlight, wind, tides,
vegetation, the interior heat of the earth,
the cold water at the bottom of the sea—
to eke out their needs. The expectation
is not, in Sir Charles’ opinion, altogether
satisfactory, and mankind will probably
have to learn to get on with a good deal
less energy than our age is accustomed
to.

Besides fuel, many other shortages
will plague our successors. Stocks of es-
sential metals will run out—some of them
very soon. All sorts of ordinary things
today regarded as indispensable, not
merely to comfort but to existence, will
vanish as the raw materials of which
they are made gradually disappear.
Substitutes will be found, but not for
every object we have come to cherish;
nor will the substitutes necessarily be
of comparable quality. Plastic eating
utensils are a devilish invention but sup-
portable; the prospect of plastic surgical
instruments and machine tools is dis-
heartening,

The majority of the earth’s present
inhabitants may be justifiably skeptical
of Sir Charles’ contention that they are
living in a Golden Age. Even the mem-
bers of Western society may be per-
mitted to doubt that this is the best of
times. Yet in the material sense, dis-
regarding certain inequalities of dis-
tribution, man is better off than ever
before and better off than he is likely to
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be in the long-run future. Our period is
marked alike by profligacy and inven-
tion; on balance we squander more than
we discover, and thus over the centuries
the estate diminishes.

I observed earlier that Sir Charles
shares Stapledon’s views as to man’s
essential qualities. In fact his book ad-
dresses itself primarily to the problem
of “internal conditions”: namely, wheth-
er man can be expected to change his na-
ture markedly in the next million years.
For if such changes were to occur, it
would follow that several of the major
inferences already set forth—notably as
to population—would have to be re-
considered. “It was mainly the belief,”
Sir Charles declares, “that there will
be no revolutionary change in human
nature, that emboldened me to write this
essay.”

He argues this proposition strongly.
To begin with, he selects his span of
prophecy, a million years, with certain
geological and biological data in mind.
These data force the conclusion that it
takes a million years to make a new spe-
cies. It matters little, apparently, how
many generations occur in that period;
some species change more quickly, some
more slowly, but this “good rough rule”
applies with general force to most of
the species we know—rats, insects, buf-
faloes or men. For a million years, then,
we shall have to get along with man as
he is now.

It will not be denied, of course, that
man has done much to improve himself
since the species first appeared. How
much more can he do? Sir Charles re-
cites the four revolutions that have taken
place in the development of humanity:
the use of fire, the invention of agricul-
ture, living in cities and the scientific
revolution. The “central fact” of this
latest 1'ev01uti0n which we are still un-
dergoing, “has been the discovery that

nature can be controlled and condi-
tions modified intentionally.” The prin-
cipal limits to such modifications—the
constants and the bounds, in other
words, of “external conditions”—have
been discussed. It remains that the
potentialities of science and technology
stretch far beyond imagination; in this
realm of conjecture the ground on which
the prophet stands is certain to be
treacherous. My feeling is that in these
matters generally Sir Charles is too con-
servative. But I am delighted to report
on his speculations on the use of high-
speed computers as soothsayers. He sees
the possibility of calculators which
could improve on the performance of the
Delphic oracle, not to say poll-takers
and military intelligence experts. It
may come about that such machines in
a short space of time could “explore the
consequences of alternative policies
with a completeness that is far beyond
anything that the human mind can as-
pire to achieve directly.” Still, this
brings us no closer to altering the drives
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impelling the man behind the machine.
One suspects, for example, that a cal-
culator which would reveal the out-
come of a projected war would be dis-
credited, if not banned, by sovereign
states. So long as men believe what
they want to believe, there will be wars.

Granted that no new species, “Homo
sapienter,” will arise spontaneously, does
it lie within our own power to improve
the existing breed of men as we have
done with cattle and corn? Genetics
affords no basis for an optimistic reply.
The traits we regard as contributing to
social good—tolerance, cooperativeness,
rationalism—are “acquired characters”
and do not pass through the sieve of in-
heritance. They are handed on by pre-
cept and example, not by genes; such,
at least, is the authoritative consensus.
It is possible to breed for milk-giving
qualities in cows, for rust-resistance in
wheat, for learning capacity in dogs. It
may be possible to breed men for pole-
vaulting ability, for red beards or for
aquiline features. But it is utterly be-
yond comprehension how permanently
to build into the inheritance machinery
the traits, say, of kindliness or healthy
skepticism. Nor, for that matter, is it
clear that such traits would necessarily
promote the ability to survive. Changes
can be brought about in the germ cells
by means of X-rays which induce muta-
tions. Startling effects have been
achieved in this way with the long-
suffering fruit fly, Drosophila. But this
is no more than a hit or miss method
which “simply stirs things up so that an
arbitrary change results,” usually del-
eterious. Tampering with the delicate
mechanism of chromosomes and genes
is like trying to adjust a fine watch by
banging it on the floor; the treatment is
unlikely to bring about the desired re-
sult.

The future, then, is fairly bleak.
A million years from now the earth will
be poorer, shabbier, more crowded than
it is today. Its population, having been
held in check by starvation, wars and
other Malthusian governors, will be per-
haps three to five times what it is now.
The human species will not look very
different. Its physical characteristics will
change, of course, but “not to a great
extent, since it is not primarily these
qualities that preserve humanity in the
struggle for life.” We may assert with
confidence that men will become
“cleverer,” for intelligence is a determi-
native factor in natural selection. Since
Sir Charles does not share Socrates’
view that wickedness is caused entirely
by ignorance, he regards it as uncertain
that men will become “morally better”
as they become more intelligent. In a
highly competitive world, moreover,
the “sinner has many advantages over
the saint,” and whatever advantage pro-
motes survival is its own justification
and makes its own way.

Science, both pure and applied, will
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continue to advance. Inquisitive men
will strive to know for the sake of know-
ing; others will build machines and
invent practical processes. Sir Charles
conceives of the invention of drugs to
produce a permanent state of content-
ment (very useful for dictators), to re-
move the “urgency of sexual desire” and
so bring about in humanity “the status
of workers in a beehive,” and to control
the sex of offspring. None of these
marvels, however, promises to add sub-
stantially to the sum of human happi-
ness. Happiness, we are reminded, re-
sides not in a state but in a change of
state; eternal bliss is so tedious a pros-
pect that one might prefer, given the
choice, everlasting torment. Fortunately
the dilemma is not thrust upon us. Life
will continue to fluctuate between
pleasure and pain.

The Next Million Years is a readable
and honest book, packed with challeng-
ing ideas. The author speaks with au-
thority on many matters, always with
an attractive diffidence and in good
temper. His explanations are clear, so
clear that there is no difficulty in know-
ing where one disagrees with him and
why. It is prudent to reject the notion
that man is perfectible, but on the other
hand it may not be overoptimistic to
hope that he is capable of bettering him-
self before he vanishes from the earth.
The Mendelian laws do not lock men
into a groove of predestination; the sci-
ence of inheritance, moreover, is not
immutable. Man cannot be domesticat-
ed, says Sir Charles; he is a wild animal.
In this wildness is his undoing, but also
his glory.

YMMETRY, by Hermann Weyl.
Princeton University Press ($3.75).

Dr. Weyl presents a masterful and fas-
cinating survey of the applications of
the principle of symmetry in sculpture,
painting, architecture, ornament and de-
sign; its manifestations in organic and
inorganic nature; its philosophical and
mathematical significance. In the every-
day sense symmetry carries the meaning
of balance, proportion, harmony; in ge-
ometry it connotes a much more precise
concept, that of bilateral symmetry. “A
body, a spatial configuration, is sym-
metric with respect to a given plane E
if it is carried into itself by reflection in
E.” The mathematical concept lends it-
self to remarkable elaborations. Simple
forms, when subjected to translatory and
rotational motions, are transformed into
marvelously intricate designs; these de-
signs in two and three dimensions are
encountered in art, biology, chemistry,
astronomy, physics and crystallography.
In mathematics the ruling principle of
symmetry is applied to forms and proc-
esses of every conceivable variety; that
is to say, the forms and processes are
defined in terms of the combination of
motions which gives birth to them. Weyl
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shows how symmetry establishes a ridic-
ulous and wonderful cousinship between

objects, phenomena and theories out-
wardly unrelated: Greek statues, ter-
restrial magnetism, women’s veils,

polarized light, natural selection, group
theory, the work habits of bees in the
hive, vase designs, quantum physics, cell
division in sea urchins, X-ray interfer-
ence patterns, Romanesque cathedrals,
snowflakes, music, the theory of rela-
tivity. Many excellent illustrations sup-
port the text, and the publishers have
done their share by making a handsome
volume. But the reader must be warned
that this is not an easy book.

ToMIC PowEeRr: AN Ecoxomic AND
SociaL AnaLysis, by Walter Isard
and Vincent H. Whitney. The Blakiston
Company ($4.75). This comprehensive
survey deals with the costs of atomic
power, consequences for specific indus-
tries, location theory, regional aspects,
cultural resistances, indirect effects. The
authors, two of the most thoughtful stu-
dents of the subject, traverse ground
partly covered in the pioneer study by
the Cowles Commission, but they have
made a fresh and independent appraisal
which merits careful attention. On bal-
ance they are conservative in their ex-
pectations. They do not think it likely
that the advent of atomic power will
revolutionize the present social and eco-
nomic structure of the world; they offer
an impressive array of “technical, hu-
man and cultural obstacles in the way of
the establishment of commercially feasi-
ble atomic power.” They concede that
limited use of it may come fairly soon in
certain industries, glass and aluminum
as examples, and in some industrialized
areas where hydroelectric power is not
available. A case study of Brazil leads to
the conclusion that for various reasons
atomic power would not bring an indus-
trial renaissance in regions of that type.
The authors argue that the nation which
has “the most to gain in the long run”
from atomic power is the U.S.S.R., with
energy resources inferior to ours, a mo-
bile labor force, a rapidly expanding
market and considerable technological
experience. “It is not merely that Russia
can; it is also that the believed necessity
to do so is greater.” Obviously, as Isard
and Whitney point out, the national con-
siderations in Russia’s case have far-
reaching implications for international
control schemes.

THE APOLOGIE AND TREATISE OF AM-
BROISE PARE, edited and with an in-
troduction by Geoffrey- Keynes. The
University of Chicago Press ($3.50).
Ambroise Paré was the greatest surgeon
of the 16th century. This selection from
his writings portrays successfully the
man and his achievements: his “voyages
made into divers places” in the role of
military surgeon for kings and nobles of
France, and case histories of his pa-
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enjoyable melodies, important music for the
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the most famous orchestras, conductors, solo-
ists, chamber groups are performing this
music for delighted audiences.

And now an outstanding musical organiza-
tion has embarked on a program of creat-
ing high fidelity recordings of 200 years of
American music! Every form of musical ex-
pression is included in this program — sym-
phonic, choral, instrumental and chamber
works, folk-music, theatre music ... music of
America at work and at play; music of Amer-
ica growing, laughing... music born of .the
love of liberty and the love of fun, the love
of good living and the love of God. What-
ever your tastes—here is music for you!

HOW THIS MUSIC CAME TO BE RECORDED
Recently, the directors of the renowned Alice
M. Ditson Fund of Columbia University
awarded a substantial grant which made pos-
sible the founding of the American Record-
ing Society, whose sole purpose is to record
and release each month a new full-frequency
recording of American music, on Long Play-
ing records.

ARE THE RECORDS EXPENSIVE?

No, to the contrary. These recordings which
are pressed for the Society by the custom
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The deeply expressive Pulitzer Prize-
winning work by one of America’s
foremost composers. Since its first per-
formance on Dec. 3, 1943 by the Boston
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as ‘‘one of the
American’’ (Serge Koussevitsky).

department of RCA Victor are priced below
most L.P.’s of comparable quality—only $4.35
for 10” records, and $4.95 for 12” records.
The American Recording Society Philhar-
monic Orchestra engages the finest available
conductors and artists, and all recordings are
made with the latest high-fidelity equipment,
and pressed directly from a limited number
of silver-sputtered masters.
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American Recording Society recording by a
famous American composer, at the special
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tients. Paré’s treatments were a strange
mixture of medieval hocus-pocus and
common sense based on observation. He
rejected the quaint notion that the pa-
tient would recover only if the surgeon
first administered his entire repertoire
of torture. He devised enlightened sub-
stitutes for the prevailing method of
treating gunshot wounds with boiling oil
and red-hot irons. He made notable ad-
vances in the use of the ligature in am-
putations. He regarded it as essential
that patients be kept in clean beds, have
adequate sleep, a balanced, moderate
diet and, where possible, pleasant dis-
traction to occupy their minds. And
there are excerpts here giving his de-
tailed instructions on the diagnosis and
treatment of hernia and fractures, on
how to “couch” cataracts and to cut for
the stone (the patient in this operation
had not only to be trussed up—as shown
in a woodcut—but held down by “foure
strong men at hand”), on how to mend
dislocations and perform amputations,
on wounds made by gunshot, “other
fierce engines and all sorts of weapons.”

FACTS rFroM FIGURES, by M. ]J. Mon-
roney. Penguin Books ($1.25). A
general reader’s introduction to statistics
by an English statistician and industrial
consultant. Mr. Monroney is a steady
and knowledgeable guide in advancing
from the simple elements of probability
through the mathematics of the distribu-
tion of brunettes, floods, soccer goals
and horse kicks, the problems of corre-
lation, sampling, goodness of fit, qual-
ity control, ranking methods, variation
and kindred topics. Numerous exercises
are provided—with answers, fortunately.
For all Monroney’s skill and patience,
one soon comes to realize—if this truth
was ever forgotten—that gaining an un-
derstanding of statistics is not a com-

fortable downhill glide.

ECHNICAL REPORTING, by Joseph N.

Ulman, Jr. Henry Holt and Company
($4.75). A handbook of elementary
principles for writing scientific articles
and technical reports. It is based on a
course in writing for science and engi-
neering students, but the need for such
manuals is not limited to students; a
glance at any professional journal makes
abundantly clear that communication is
a neglected art in the scientific com-
munity. Mr. Ulman’s precepts are sensi-
ble and helpful; his examples of how
not to write are well chosen. Unfortu-
nately his own writing and his attempts
to rewrite the horrible examples fall a
good deal short of the goals of clarity
and brevity that he sets up.

SYCHOANALYTIC EXPLORATIONS IN
Art, by Ernst Kris. International
Universities Press, Inc. ($7.50). This
group of essays applies aspects of Freud-
ian theory to the creative process and its
results. Dr, Kris has a broad clinical and
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5. PHILOSOPHICAL ESSAY ON PROBABILITIES by Laplace.
Truscott and Emory,
viii+ 196pp.
Paper, $1

Translated from sixth French ed. by
Introductory note by E. T. Bell. Unabridged.
538 x 8.

6. LAWS OF THOUGHT by George Boole.
53 x 8. Unabri
7. OPTICKS by Sir Isaac Newton. Unabridged re-issue of
this ramoue classic. Foreword by Albert Einstein. Introduc-
tion Whittaker, Preface by 1. Berpard Cohen,
Tdex 100 cnvi 4 415D A1k Paper, $1.90
Cloth, $3.95
8. DE RE METALLICA by Georgius Agricola. Translated by
Herpert and Lou Henry Hoover.” Unabridged edition of thiz
mining classic of 16th century. 672 pp. All 289 original
woodcuts, Indexes. Intro. Facsimile pages. Preface. 634 x
1034, Cloth, $10.00

MATTER AND MOTION by James Clerk Maxwell. An
illuminating glimpse of a great mind’'s approach to funda-
mental subjects. Considered by educators to be one of the
finest general scientific_treatises ever written. Notes by
Larmor. 17 diagrams. 178pp. 534 x 8Va. Paper, $1.25

Cloth, $2.50

Quantities limited—mail coupon today.

to cover cost of handling and mailing.) TEN-DAY
CASH-BACK GUARANTEE.

| Dover Pubns, Dept. 123, 1780 B'way. N. Y. 19 |
l Send cloth editions of books circled: 1 23567 89 I
' Send paper editions of books circled: 4 57 9 '
| NAME .. |
: ADDRESS l
| TXenclose $ in full payment. (Add 10c per title I

e - -
YOU are an
EARTHMAN

YOU EXIST IN THAT
Exciting INTERPLANETARY
WORLD of TOMORROW!

Here are the newest and best books

on ROBOTS by the publishers of the
most popular novels in Science-Fiction.
by Isaac Asimov  $2.50

A truly great book written
by one of the finest science

| ROBOT

fiction writers of our time. Based on the authors
famed POSITRONIC ROBOT in a dramatically
warm and exciting novel of thinking machines.

by Clifford D. Simak $2.75

This is the unusual story of one

family, the Websters . . . and

the Webster ROBOTS and dogs——for the next
10,000 years. Immense in scope, yet closely knit
and poignantly human. It is also the future his-
tory of Man . . . and his ever-present city.

ROBOTS Have No TAILS

by Lewis Padgett $2.75
Galloway Gallegher was an inventor, a genius, Then
there was Joe the ROBOT with the Narcissus com-
plex. A riotof escapades framed in humor
That will long be remembered, Crammed
full of chuckles and startling gadgets.
- - - — -
E GNOME PRESS INC.
80 East Iith Street, N. Y. 3, N,
Please rush books I have listed on
separate sheet enclosed with my
remittance.

NAME....




cultural background, and his essays,
though somewhat disconnected and of
varying quality, are carefully and orig-
inally thought out. The art of the insane,
an ever intriguing subject, is studied on
the hypothesis that creative spells in psy-
chotics are an attempt at restitution.
Kris” essays on comic drawings and cari-
cature discuss the history and function
of humor and laughter in the Western
personality. He develops with brilliance
the idea that the comic is only successful
when it has become a safe defense
against anxiety and when magic con-
cepts no Ionger operate. His essay on
Prince Hal’s conflict should take its place
with Ernest Jones” study of Hamlet; both
are enrichments of literary criticism by
psychodynamic insight.

N~  INTRODUCTION TO PROJECTIVE
TECHNIQUES AND OTHER DEVICES
FOR UNDERSTANDING THE DDYNAMICS OF
Hunzax BEHAVIOR, edited by Harold H.
Anderson and Gladys L. Anderson.
Prentice-Hall, Inc. ($6.75). An excel-
lent book for the professional psycholo-
gist and for the interested psychiatrist.
It is also valuable for the layman who
has heard much but knows little about
projective techniques. Extreme state-
ments now current about a number of
the tests have led people to think that
they are the 20th-century substitute for
fortunetelling. Actually, although many
of the techniques are still in the experi-
mental stage, some of them have already
become useful diagnostic tools and even
therapeutic devices. The best-known are
the Rorschach, the Thematic Appercep-
tion and the Wechsler-Bellevue Tests.
But projective tests also include finger-
painting, drawings, block building, mo-
saic structures, play activity, classical
word association, handwriting and re-
sponses to structured and non-structured
pictures. This book, intelligently edited,
consists of articles by authorities in each
of the techniques described.

PSYCIIOTIIERAPY WITH SCHIZOPHREN-
ics, edited by Eugene B. Brody and
Fredrick C. Redlich; introduction by
Robert P. Knight. International Univer-
sities Press, Inc. ($4.00). For a long
time it was believed that psychotherapy
could not deal successfully with psy-
choses, the severe mental diseases. By
now it has been shown that it not only
can help but occasionally can cure
schizophrenics. This symposium, by a
group of clinicians and theoreticians,
discusses the various methods of psycho-
therapy used with these patients. Among
the outstanding papers are those of Dr.
Frieda Fromm-Reichmann and Ruth
and Theodore Lidz.

TIIE YEARBOOK OF PSYCHOANALYSIS,
Volume VII, edited by Sandor Lo-
rand. International Universities Press,
Inc. ($7.50). The 1951 edition of this
well-known annual on psychoanalytic

Jet Aircraft Equipment Opens

YOU ARE NEEDED NOW TO WORK ON:

Turbine Engine Starters « Turbine Engine Fuel Controls
Air-Cycle Refrigeration Units  Hydraulic Pumps
Auxiliary Drives and Controls for Guided Missiles

OR many, many years Hamilton

Standard propellers have been
the most widely used item of air-
craft equipment in the world. But
with the advent of jet and turbo-
prop engines, propellers are only
one of many fields in which we
use our modern facilities for re-
search, design, development and
manufacture.

Already we are setting the lead in
the jet aircraft equipment field.
This field presents a variety of fas-
cinating challenges for the engi-
neering mind.

To meet the new, and largest, re-
search and development program in
our 32 year history, we have just
completed a 10 million dollar per-
manent plant in Windsor Locks,
Connecticut—in the heart of beau-
tiful New England.

Our new location offers excellent
living and working conditions. It is
near enough to major Eastern cities,

held in strictest confidence.

IMMEDIATELY
WE NEED 97 EXPERIENCED
ENGINEERS AND DESIGNERS

Design, development and test engineers with initiative and
resourcefulness will find full opportunity at Hamilton Standard
because of the newness of the jet equipment field itself. The
company’s extensive facilities—its staff of youthful, yet ex-
tremely high calibre men—its policy of recognizing talent and
idea—its practice of quickly assigning responsibility—and its
continuous habit of promoting from within—~may well be the
conditions you have in mind for a satisfying lifetime career.

Simply send your resumé to the Engineering Representative,
Personnel Department, at the address listed below. It will be

sea and mountain resorts, to give
you every cultural and recreational
advantage. Yet it is rural enough
to offer country-side comfort where
you can work in peace and content-
ment.

We want men who would like to
pioneer in new fields of endeavor—
do creative engineering—enjoy
freedom of decision and responsi-
bility—and want to build a sound
career with other young-minded
men in an industry with a future.

Our employee benefits include
group health, accident, hospitaliza-
tion and life insurance, retirement
income plan, paid vacations, and
liberal sick leave policy. Our pro-
gressive program will provide am-
ple opportunity for your future
growth. Actually, our technical
engineering staff has continu-
ously grown since the beginning
of the Hamilton Standard or-
ganization.

HAMILTON STANDARD

DIVISION OF UNITED AIRCRAFT CORPORATION
WINDSOR LOCKS, CONN.

© 1952 SCIENTIFIC AMERICAN, INC

173



Yes, a Du Pont
engineering career may

now be within

your reach—offering
excellent opportunities

in Wilmington, Delaware
and other desirable locations,
including the Atomic

Energy Commission’s
Savannah River Project,
now working a 54 hour week.

Positions are now open for:

INSTRUMENTATION
ENGINEERS

DESIGNERS AND
DRAFTSMEN

For design and consulting work
in Wilmington, Delaware.

INSTRUMENTATION
INSPECTORS

TRAINEES AND
TECHNICIANS

For inspection of installation,
testing and calibrating of
instruments at Savannah River
near Augusta, Georgia.

—_—

Numerous other opportuni-
ties exist with Du Pont
in all fields of engineering.

Take your first step toward a career
with  Du Pont! Mail your resume to-
day — together with coupon below.
Receive by return mail the informative,
illustrated brochure, “Working With

Du Pont.”

sEuEn ‘
Mr. M. Burke, Jr.
Engineering Dept. -
E. I. du Pont de Nemours & Co. (Inc.)
Wilmington, Del. .
Yes, please send me the brochure, “Working
With Du Pont.”” My resume Is enclosed. .

Name
Address
City ..
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thought presents papers on the usual
wide range of subjects, from Freudian
exegeses t() such curiosities as the “pre-
pubmt) trauma in girls,” the “unsus-
pected connection between spiders,
hanging and oral sadism” and the psy-
chopathology of that unhappy Venetian
troublemaker, Iago.

HE Facrs oF LirFE, Froat BIrTH TO

DeaTH, by Louis 1. Dublin, in col-
laboration with Mortimer Spiegelman.
The Macmillan Company ($4.95). Here
are questions and answers on vital statis-
tics of interest to the morbid, the curi-
ous, the hypochondrial, the amateur, the
professional—in short, to almost every-
one. Am I too fat (or too thin)? What is
my life expectancy, aged 47, with a
heart murmur? What is the chance of
my dying of cancer if I am a farmer liv-
ing in Nebraska, or of coronary throm-
bosis if I am a lawyer practicing in New
York? What are the most common occu-
pations of women? Is diabetes inherited?
What are the chief defects disclosed by
school health examinations? What coun-
try has the lowest death rate? What are
the chances that a marriage will end in
divorce? What is the satest mode of
travel? What are the chances of being
struck by lightning? How many children
were orphaned in both world wars? The
answer to the last question, if you should
care to hear it, is of the order of 20
million.

THL DESIGN AND ANALYSIS OF EXPERI-
MENTS, by Oscar Kempthorne. John
Wiley & Sons, Inc. ($8.50). The author,
professor of statistics at Iowa State Col-
lege, presents a comprehensive treat-
ment of this important discipline, devel-
oped largely by R. A. Fisher and F.
Yates. His purpose is to describe the de-
swn of experiments and to relate its theo-
ry “to the general theory of statistics and
to the general problem of experimental
inference.” For statisticians and biologi-
cal scientists.

HE Z0OLOGY OF TAPEWORMS, by
Robert A. Wardle and James Archie
McLeod. University of Minnesota Press
($12.50). A monumental treatise on
the tapeworms of the world. It sum-
marizes what is known about their classi-

fication, structure, physiology, life
cycles, relationship to the host, origin,

evolution from “free-living” worms. Pro-
fusely illustrated and accompanied by
an up-to-date bibliography, this is an
indispensable reference work.

COMPENDIUM or METEOROLOGY, ed-
ited by Thomas F. Malone. Ameri-
can Meteorological Society ($12.00).
This encyclopedic survey of the current
state of meteorology, prepared under the
supervision of the American Meteorolog-
ical Society, contains more than 100
contributions by leading meteorologists
and atmospheric physicists from all over
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KNOWLEDGE

is the equipment of the scientist. Do
you know all you want to know*—
about subjects that we might be able
to help you with? Subjects such as—

Computers o Robots
Symbolic Logic  Language
Mathematics o Statistics
Operations Research

Plant Culture o Etc.

1. PUBLICATIONS

We offer 18 publications, brief, filled with
scientific—Returnable
15¢ to

information, clear,
within week for full refund. Cost,

$5.50. Partial list below.

2. COURSES OR GUIDED STUDY

We offer 24 courses by mail—Beginning or
advanced—Individual or study-groups—
Fitted to your interests and needs—Cost,
$9.00 to $35.00. Scholarships. We have en-

rollments in 38 states, 10 countries. Partial
list of subjects above.

EDMUND C. BERKELEY & ASSOCIATES
19 Milk St., Boston
Makers of Simon, the Miniature Mechanical
Brain, and Squee, the Robot Squirrel—see
covers and articles Oct. 1950 and Dec.
1951 Radio Electronics—Berkeley is author
of Giant Brains or Machines that Think,
Wiley, 1949, and many articles and papers.

Edmund C. Berkeley & Associates
19 Milk St., R 39, Boston 9. Mass.

|. Publications: Please send me:
] I‘l Construction Plans for Simon—:

] T2, Roster of Organizations in th icld of Auto-
£ Machinery (1952 sub.)—$3.50
Plans for Squee—$4.00
0()f Symbolie Logic and its I’ractical

C mnpm ing

chm (1he 'l‘uhnmnc for \mmpuldl-

to_Insurance—$1.20
O unslru«ung Plulru ].rm S

CO000a

’16 \\mhulu Loeu——"hwnl\ l’rohlems md SUIU
ns—§1.8

Above roturnuh]e in seven d
not satisfactory. I enclose §...
payme Add 10e per item to cover of handling
and mailing.) Send me free information on all your
publications.

AN

for full refund if
in_full

| 2. Courses: Send free information on all courses.

| I am inter-
ested in:

I . O Please explain dia

l Name

|
Address
|




Could You Handle a
$20,000-a-year Job?

If you think you could, reading this may help
you get one—because today there are plenty
of these jobs just waiting for the right man.

For some time now business papers have been
pointing out that management is having great
difficulty finding high-salaried executives. Actu-
ally, management is always looking for such
men—because they are the ones who mean the
difference between profit and loss.

But just what do these men have that makes
them worth so much money ? First, it’s a point of
view. The executive must understand the broad
principles of business procedure He must know
the methods and practices that have proven
profitable for other companies and be able to
apply them to his own business.

Does this seem easy ? Frankly it isn’t—the way
to the top is never easy, but if you are really
serious about becoming a $20,000-a-year, or
more, executive, Funk & Wagnalls Company in-
vites you to send for a free booklet by Carl
Heyel. This new booklet gives you a complete
outline of the famous Heyel Course in which 45
famous business executives describe their work-
ing methods and explain, clearly and simply,
how you can make use of their combined knowl-
edge and experience to qualify for the great op-
portunities in modern business. There is abso-
lutely no obligation, no charge for this booklet,
simply mail the coupon below.

[c————————————————

I FUNK & WAGNALLS CO., Dept. SA-225 I
153 East 24th St., New York 10, N. Y. |

I Please send me the free booklet that tells all about

I the new Heyel Course in Executive Technique. |

: Name ... .. N — :

| Address |

I City . Zone ........ State. I

End drudgery of long-hand-
copying and proof-reading
notes? Contoura-copied
manuscripts and documents
are letter-perfect, need no
checking.

Capy B1:" % 14" graphs,
charty, maps. prints  or
parts of pages, stamps,

signatyres fram books that
can't be taken fram |-
brary?

Replace missing or dam-
aged pages from duplicate
volumes? Copy passages
from rare or single copy
editions for reserve book
shelf?

Copy excerpts, or entire
pages from non-circulat-
ing books without lugging
heavy volumes to photo
copy company?

YOU CAN ... with the new
Contoura

Portable PHOTO-COPIER

Fits in briefcase. Copies anything, anywhere!
Saves time, money, effort, errors! Accurate.
Guaranteed. As little as $39.

Write for folder SA-31

F. G. LUDWIG Associates

31 Pease Rd. Woodbridge, Conn.

the world. Among the subjects treated
are radiation, atmospheric electricity,
cloud physics, the upper atmosphere,
weather forecasting, tropical and polar
meteorology, clouds, fog and aircraft
icing, tornadoes, thunderstorms, marine
meteorology, aerobiology, atmospheric
chemistry, atmospheric pollution, radio-
meteorology. Excellent bibliographies,
numerous illustrations.
PREFACE T0o Eucenics, by Freder-

ick Osborn. Harper and Brothers
($4.00). A revised edition of a book
well-received on its first appearance in
1940. Osborn explains for the general
reader what is known about the effects
of heredity and environment, present
population trends, efforts (in Europe
mainly) to control population, the im-
portance of a rational, world-wide eu-
genics program. It appears that the U. S.
is the only “technically advanced coun-
try in the modern world” without an
explicit and officially formulated popu-
lation policy.

INTELLIGENCE AND CULTURAL DIFFER-
ENCES, by Kenneth Eels, Allison
Davis, Robert ]J. Havighurst, Virgil E.
Herrick and Ralph W. Tyler. University
of Chicago Press ($5.00). One of the
major conclusions of this investigation
is that conventional intelligence tests
unduly penalize children in the lower
economic strata. They overemphasize
verbal ability and motivations and kinds
of knowledge characteristic of the mid-
dle class. The writers argue that the
tests, developed primarily to predict
school success, are inadequate as guides
to estimating the ability of children of
the lower economic class to solve prob-
lems at home, on the street or anywhere
else in their culture. Intelligence tests
have been criticized on similar grounds
for years, but critics have so far been
unable to suggest what criteria, other
than some aspect of school performance
or achievement, could be used to vali-
date an intelligence test. The finding
that lower-class children are handi-
capped by the verbal and abstract char-
acter of present tests is a legitimate rea-
son for not using such tests to compare
the “intelligence” of class and racial
groups. But non-verbal tests will be no
better as a measure of intelligence until
someone finds a standard for judging
the validity of the scores.

ELECTRONIC AnD Jonic InmpacT PHE-
NOMENA, by H. S. W. Massey and
E. H. S. Burhop. Oxford University
Press ($14.00). A survey, in the Inter-
national Series of Monographs of Phys-
ics, of the theoretical and experimental
aspects of collision phenomena. Among
the topics considered are the passage of
electrons through gases, the experimen-
tal analysis of the cross sections for im-
pact of electrons with atoms, electron
collisions with atoms and molecules,
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PEERLESS

CAMERA STORES

SCIENTIFIC DEPT.

For e FIVEST...
I LONEST PRICES”

...BUY from PEERLESS!

New, Used & Demonstrator Models,
of Every Famous-Make

MICROSCOPE

SAVE $155.50! BRAND NEW!

SOLAR s1s00xJ]

List $355.00!

e 1500 POWER

® 4-Objectives

o 3-Eyepieces

® Mechanical
Stage

® 1500 POWER

® 4-Objectives

o 3-Eyepieces
List $329.50

3—YASHIMA. YDN, 3 0

2—OFFICINE GALILEO,
Model L, Binoc.

Binoc. (New)
2—LEITZ, B. S.,

21-B&L, BRAS

SAVE $150.00! BRAND NEW!

MAGNA M1500X

NEW & USED OPTICAL VALUES!

QUAN. MAKE AND MODEL
Cond. Mech. Stage(New)$240 00 $199.50

Research, 3 Obj., (New) 540.00 339.50
4—GALILEO, TCT, App., US
Govt., Medical, 3 0Obj.,

Research
Binoc. 3 Obg (L|keNew) 486.00

179°

LIST
PRICE

SALE
PRICE

369.50
439.50

Trade'ins 2 and 3 Obj
Most with Condensers
and Bell Jars (Used).
7—SPENCER, Same as
above (Used .
3—SUTER, Portable 20X-
70X, with Case ...........
2— LEI‘I’Z BRASS & BLACK
3 0bj. (Used)
1—CARL ZEISS LUMIPAN
(Demons.) ...
1-GALILEO, Phase
Contrast (Demons.). .

295.00

89.50
89.50
27.95
149.50
1558.00 1398.00
..1300.00 1098.00

2—TIYODA, BINOC.,

1-STIASNE, Miniature
Med. (Used)
1—REICHERT,
4 Obj.

Mention Your Scope
11—-CAMERA LUCIDA,
with Case (New) .

(amera Stores

Research, (New) ........

(Used)
24—-SUB- STAGE LAMPS, (New)

Highest Cash Trade-in Allowances
for Used Equipment!

;ﬂm{ Euml I:lmml

775.00 449.50
99.50
129.50

12.95

375.00
22.95
39.50 22.50

Write 12 Dept. 58

11§
Commer ﬂrd St.

"IIHT ] 00
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Applied Mechanics

CAMBRIDGE
UNIVERSITY PRESS

| An Introduction to the

THEORY OF CONTROL

Mechanical Engineering
By R. H. MACMILLAN

“This book ... is one of the first devoted to the theory of auto-
matic control and written from the viewpoint of a mechanical
engineer. . . The book is well written; is adequately illustrated
with clear sketches and diagrams; and is supplemented with
numerous problems. It should prove to be more easily read by
novices in the field than most existing texts.”—Journal of

“Moreover, it is a book of enduring value, notwithstanding the
rate at which the subject is developing, because Mr. Macmillan
is concerned with fundamental concepts and basic theories, and
with the methods and philosophy of control...”—FEngineering

LEFAX * *x x

POCKET SIZE TECHNICAL
® pata BOOKS S1 EACH

Printed on loose leaf, six hole, 6%:” x
3%4” bond paper, each book contains
about 140 pages of technical data, pre-
senting condensed, accurate and essential
data for the student, engineer, technical
worker and business man.

[ X N ]
Architecture Transformers,
Home Heating Relays., Meters
Illumination Hydraths
Electrician’s Data Surveying

Builder’s Data Mech. Drawing
Machine Design
Machinists’ Data
Piping Data
Surveying Tables

Lumber Data
Air Conditioning
General Math.
Math. Tables

Physics Trig-Log Tables
Chemical Tables Metallurgy
Metals Analytic
Gen’l. Chemistry Chemistry
Reinforced Highway
Concrete Engineering
Building Mechanics of Materials
Construction Power Trans. Mach’y.

Radio Thermodynamic Tables

Television & FM & Charts

Electricity, AC Phys. & Thermo-

Electricity, DC dynamic Data

AC Motors and Phys. & Org.
Generators Chemistry

Write for FREE catalogs (over 2000 listings).
See for yourself how helpful LEFAX can be to
you. Send $1 for each book, or §5 for any six
books listed above, to:

LEFAX, Dept. SA-11, Philadelphia 7, Pa.
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ENGINEER!

e IS YOUR WORK
STIMULATING?

e ARE YOU CHALLENGED
BY YOUR JOB?

e ARE YOU RECEIVING
PROFESSIONAL
RECOGNITION?

SYLVANIA

believes in building men

The company now in its Blst year is
expanding rapidly. Net sales this year
exceed 1938 by 16 times. Additional
high caliber men are needed with train-
ing and experience in all phases of elec-
tronics, physics and mechanics.

Write us about yourself, if your experi-
ence and future plans fit into this picture.

William B. Seiniger
Department E

SYLVANIA ELECTRIC PRODUCTS, INC.

Radio & Television Division
254 Rano Street, Buffalo 7, New York

© 1952 SCIENTIFIC AMERICAN, INC

electron collisions involving emission of
radiation, the passage of homogeneous
beams of positive ions or neutral atoms
through gases and the collisions of these
particles with surfaces. This book is a
companion to Theory of Atomic Colli-
sions by Massey and N. F. Mott.

PROCEEDINGS OF THE SECOND BERKE-
LEY SYMPOSIUM ON MATHEMATICAL
StaTISTICS AND PROBABILITY, edited by
Jerzy Neyman. University of California
Press ($11.00). The subjects dealt with
at this meeting in 1950 include physics,
astronomy, econometrics, probability,
mathematical statistics, traffic engineer-
ing, biometry, wave analysis.

PaiLosopHICAL Essay ox ProBa-

BILITIES, by Pierre Simon, Marquis
de Laplace; translated by Frederick
Wilson Truscott and Frederick Lin-
coln Emory. Dover Publications, Inc.
($1.25). A reprint of Laplace’s famous
essay with an introductory note by E. T.
Bell. This is one of the great books of
semi-popular science, a by-product of
Laplace’s Théorie analytique des proba-
bilités and other researches in probabili-
ty. It has long been out of print in the
English translation and is much sought
by students of the subject.

ATTER AND MoTION, by James Clerk
Maxwell, with notes and appen-
dices by Sir Joseph Larmor. Dover Pub-
lications, Inc. ($1.25). A paper-bound
reprint of Maxwell’s little classic intro-
ducing the subject of physical science in
general. The exposition is elegant but
austere; not for the average reader.

CONTRIBUTIONS TO THE FOUNDING OF
THE THEORY OF TRANSFINITE NUM-
BERS, by Georg Cantor. Dover Publica-
tions, Inc. ($1.25). A reissue of P. E. B.
Jourdain’s translation of the two path-
breaking memoirs by Cantor on the the-
ory of the alephs. The book has been
hard to find, and students of the philoso-
phy and foundations of mathematics
will be well pleased to lay hands on it
at so moderate a price.

HEGEL’S SciENCE oF Locic, translated

by W. H. Johnston and L. G. Stru-
thers. The Macmillan Company ($6.50).
A reissue of a noted work in Muirhead’s
Library of Philosophy. Hegel wrote this
massive, and of course turgid, essay at
Niirnberg in 1812 and was engaged in
revising it at the time of his death in
1831.

HE CLASSIFICATION OF ANIMALS, by

W. T. Calman; Tue EcoLoGYy OF
Anmmacvs, by Charles Elton; MENDELISM
anp Evoruriox, by E. B. Ford. John
Wiley & Sons, Inc. ($1.25 each). First
American issue of a group of manuals
in the series of Methuen “Monographs
on Biological Subjects.” Designed for
research workers, teachers and students.
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note these recent and basic books from the UNIVERSITY OF ILLINOIS PRESS

Bibliography in an Age of Science

by LOUIS N. RIDENOUR, RALPH SHAW, and ALBERT G. HILL

An illustrated analysis, in terms of the potential uses of modern mechanical,
electrical, and electronic devices, of the research library’s cataloging and
storing dilemma, by two prominent physicists and a research librarian. An
almost fantastic, yet an almost certain solution to one of our greatest com-
munication problems by the application of automatic control. 90 pp., 18
illus. $3.00

The Mathematical Theory of Communication

- - @
m"m by CLAUDE SHANNON and WARREN WEAVER ®

2 E?J . ~ The now-classic Shannon theory, as originally published in the Bell System '
' ﬁ Technical Journal, plus a non-mathematical, interpretive summary of the &
3 9# : main concepts and results of Shannon’s theory by Warren Weaver, showing

- l ) its applications to the whole problem of communications, thus linking the

\ physical and cultural sciences. 117 pp., 12 figs. $2.50

Calculating Instruments and Machines by boucLas R. HARTREE

The designer and builder of the first differential analyzer to be made in
England, and one of the first scientists to use the ENIAC for the solution of
a problem in mathematical physics, here gives an up-to-date summary of
progress in the development of high-speed electronic calculating devices
and their use. 138 pp., 48 figs. $4.00

o - ORDER THROUGH YOUR BOOKSTORE
SOME RELATED BOOKS Or use this coupon for a 10-day free examination

4 SEMANTICS AND THE PHILOSOPHY OF LAN- @

GUAGE, edited by Leonard Linsky. For the first time, TO:THE UNIVERSITY OF ILLINOIS PRESS, Urbana, Ill.

an integrated collection of the basic papers on philo- Please send an examination copy of each of the

sophic semantics, by Alfred Tarski, C. L. Llewis, books represented by the numbered squares checked

Nelson Goodman, Willard V. Quine, Bertrand Russell, below. | understand that | will not be billed until |

Benson Mates, Paul Marhenke, Carle G. Hempel, have had the books for 10 days, and | may return

Rudolph Carnap, Arne Naess, and Morton G. White. the books within the 10-day period if | wish.

320 pp., $3.75 (Available Sept. 10) mk 02 03 04 0Os &%
i please print &
w SPACE MEDICINE, edited by John P. Marbarger. A -

serious investigation of space travel and its potential HAME )

effects on humans, by six Air Force experts: Surgeon
5 General H. G. Armstrong, Dr. K. Buettner, Dr. P. A. ST. AND NO._ e e e s et \\\\§

Campbell, Dr. H. Haber, Dr. H. Strughold, and Dr.

W. von Braun. 83 pp., 18 illus. $3.00 (3d Printing) Ty ZONE STATE &

This Spring — The MARS PROJECT (SAVE! If you want one of these books without &

examination, save shipping charges simply by in-

by Werner von Braun, in which an Air Force scientist cluding your payment with your order.) ]

reveals data supporting the current possibility of a [J Please put me on the list to receive further infor-

round trip to Mars. mation about THE MARS PROJECT. @
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a NEW standard for grating spectrographs

3.4 meter

Stigmatic Grating Spectrograph

High reciprocal linear dispersion ® Maximum resolution ¢ Fully automatic

Handsome new cabinel design compliments
any loboratory ! compartments provide
vieful storoage ond filing spoce. Spectrograph
shown with JAco Vorisource the new
agll-in-one excitotion source

OUTSTANDING FEATURES

High Concentrational Sensitivity — result
of good resolution, low level of scattered
light and high dispersion (5.0 A/mm Ist

order, 2.4 A/mm 2nd order, 1.6 A/mm

3rd order).

6 in. Diameter 15,000 line/inch grating .

produced on the precision JAco Ruling JAco technologists thought of your needs first and
Engine — one of two in the entire world then designed this new model 3.4 Meter Stigmatic
capable of such precision. Spectrograph to fill them. Thus, this exceptional
Stigmatic Image — exclusive Wadsworth instrument includes many features you have always
stigmatic mounting. wanted — but never before could get. Regardless of
Bilateral Symmetrical Slit — precision where you g.pply it...in the analysis of high alloy‘
construction . . . electro-magnetic shutter. steel . . . mineral and high temperature alloy analysis . . .
Fast Wave Length Change—simple toggle in any research or control spectrochemical problem., ..
switch operation. you will acclaim this great JAco Spectrograph.
Self-feeding Plateholder — moves auto-

matically to avoid double exposure.

A twelve page illustrated catalog describing the
L JAco Stigmatic Spectrograph has just been published.
A copy will be sent on request — write today.

JARRELL-ASH COMPANY

165 NEWBURY ST., BOSTON, MASS.

DETROIT I EL CERRITO, CAL. ‘ CHATTANOOGA | QUEENS VILL,, N. Y.

SALES OFFICES: 13580 Capital Ave,

1344 Devonshire Drive 1431 Broad Street 8056-230th St.
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Conducted by Albert G. Ingalls

equipment a scientist really needs

is a pencil, a piece of paper—and
a brain. James Clerk Maxwell and Al-
bert Einstein managed to push back
the frontiers of knowledge without a
cosmotron to their name. For experi-
mental research in nuclear physics to-
day a pencil is not quite enough, but a
resourceful amateur can put himself in
business with a capital investment of
less than a dollar. For this sum he can
build a cloud chamber to trap atomic
particles. The chamber will stage a
show more fascinating than a 100-gal-
lon tank of tropical fish, and in a few
sessions will display more nuclear tracks
than the observer can analyze in a life-
time.

This simple, recently invented work-
shop version of a basic physicist’s tool is
called the diffusion, or “continuously
sensitive,” cloud chamber. It can be
built in 10 minutes by anyone with a
dime’s worth of dry ice, some alcohol,
even the rubbing kind, and a glass jar.
Within a few minutes it will begin re-
cording tracks, provided it has been set
up properly. The project requires care,
close attention to the instructions and
some knowledge of cloud-chamber
principles. The background and in-
structions are supplied in the following
discussion by I. Clyde Cornog of the
University of Pennsylvania’s Randal
Morgan Laboratory: of Physics.

“Toward the end of the last century,”
says Dr. Cornog, “a few persons here
and there were studying the condensa-
tion of supersaturated vapors. It was
known that water vapor could be cooled
well below its dew-point without con-
densation, provided no dust particles
were present. In 1896, C. T. R. Wilson
of Cambridge University discovered
that the ions formed in gases by X-rays
could, like dust particles, act as centers
of condensation in supersaturated water
vapor. Later he showed that ions pro-
duced by ‘rays’ emitted from radio-
active substances would likewise cause
condensation. In a supersaturated
chamber moving particles produced a

SOMEONE once said that all the

About home-made cloud chambers and the

fine telescope of a Portuguese navy officer

visible trail of ionization. The apparatus
Wilson developed to carry on this work
became known as the Wilson expansion
cloud-chamber,

“The phenomenon of radioactivity
also was discovered in 1896, and the
radiations emitted from radioactive sub-
stances were soon identified as of three
kinds: negative particles (electrons),
positive particles (alpha particles) and
gamma rays. Wilson and a colleague,
P. M. S. Blackett, found that all three
kinds of emission caused ionization, and
they saw in the cloud chamber a way
of investigating the properties of these
emissions—their velocity, energy, charge
and so on. They published their first
expansion-chamber photographs, show-
ing the white trails produced by par-
ticles, in 1912,

“The construction and operation of
a simple Wilson cloud chamber is shown

in the accompanying diagram. The
chamber is a glass cylinder with a glass
top. Its floor is a movable piston, cov-
ered with black velvet as a background
against which to see the tracks. The
chamber is illuminated by a flat, wide
pencil of light. A little water on the
velvet serves to keep the water vapor
in the chamber saturated (not super-
saturated). And a battery is wired to
the top and bottom of the chamber; its
function is to create an electric field to
keep the chamber swept clean of all
ions except when it is expanded to show
the passage of particles.

“The chamber operates as follows:
The piston is pulled down suddenly, in-
creasing the volume of the chamber by
about 25 per cent. This cools the vapor
and causes it to become supersaturated.
Now a particle traveling through the
chamber will leave a thin white trail of

The physicist’s expansion cloud-chamber, showing particle tracks
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pressure
transducer

pressure transducer
weighing less than 1 ounce
provides the accuracy and
stability of the familiar
unbonded strain gage, unaf-
fected by reduction in size.
The design allows flush
mounting of the % inch dia-
meter diaphragm. Natural
frequencies, depending on
range, extend to several kilo-
cycles per second, yet the
accuracy of = 1% of full
scale holds for static as well
as dynamic measurements.
The electrical output of the
four active arm transducer
bridge will operate oscillo-
graph galvanometers directly.

The Model PEI
Subminiature Pretsure
Transduter Ix deseribed
fully in Bulletin

Neo. 3.4, available
upon requesl.

LABORATORIES
* Los Angeles 64, Calif.
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Loger Aapmard

Expansion chamber with magnets (top) ; diffusion chamber (bottom)

vapor globules, each representing the
condensation of an ion. As a source of
particles we can use a speck of some
radioactive material which continuously
emits beta-particles, or electrons. Close
examination of the photograph of the
track of such a particle will show that
numerous pairs of ions have been
formed. When an alpha-particle, which
is considerably heavier, passes through
the chamber, we see that its track is
much thicker than that of an electron,
indicating that a great many more ions
per centimeter of path have been
formed. Gamma rays produce numerous
short paths throughout the chamber, in-
dicating that the rays have not only
ionized gas molecules but have also
given the ions sufficient energy to form
tracks of their own.

“If a magnetic field is directed ver-
tically through the chamber, the fast-
moving charged particles will follow
curved paths. By measuring the curva-
ture of these paths it is possible to de-
termine the speed and energy of each
particle.

“Wilson cloud chambers have var-
ious forms, horizontal or vertical, and
range in diameter from 4 to 36 inches.
Practically all of them today are auto-
matic, making expansion after expansion

© 1952 SCIENTIFIC AMERICAN, INC

(two to four per minute), hour after
hour. A photograph of the tracks is
usually taken at each expansion. The
investigator hunts carefully through
thousands of photographs for significant
peculiarities in the tracks which may
lead to clearer understanding of what
has happened.

“As a recorder of events the Wilson
expansion chamber is very inefficient.
Even taking a photograph every 20
seconds (with an exposure of .001 sec-
ond), it is operating only one-20,000th
of the time. Its efliciency can be im-
proved by having the events one wants
to observe trigger the camera. Specially
designed Geiger counters, for example,
can be coupled to the camera’s shutter
through a suitable amplifier so that the
arrival of particles trips the shutter
automatically. The chamber then resets
itself in readiness for the next event.
But even with this improvement hun-
dreds of events may occur unrecorded
between successive expansions.

“Therefore physicists have for some
time been working to develop a continu-
ously sensitive cloud chamber. One
problem with this modification of Wil-
son’s idea is to devise a way of wiping
out old tracks without interfering with
the new ones. Great strides have been



made recently in the design of sweep
fields and other accessories that improve
the diffusion chamber’s operation.

“In its basic form the continuously
sensitive chamber is very simple to make
and operate. Almost every laboratory
now has one or more. Some operate
continuously for the benefit of visitors;
some are set up by students; some are
used in research projects of the highest
importance. Any person can set up such
a cloud chamber by carefully following
the instructions.

“The basic principles are these: Sup-
pose that a closed vessel is arranged
so that the top is warm and the bottom
quite cold, and so that a vaporizing
liquid is at the top, inside the vessel.
This produces a sharp change of tem-
perature inside the vessel, the liquid at
the top being near room temperature,
and that at the bottom about 70 degrees
below zero Centigrade. After a time the
vapor formed at the top is found to be
continuously diffusing downward, be-
coming colder and more saturated as it
moves. Near the bottom of the vessel it
becomes supersaturated, and in that
zone the path of an ionizing particle will
show up just as it does in the expansion
chamber. If these conditions are main-
tained, and if the sensitive region near
the bottom is properly illuminated, radi-
ations entering the vessel will be con-
tinuously observable.

“The simplest sort of continuous dif-
fusion chamber consists merely of
large glass beaker, about eight inches in
diameter and ten incheshigh. Inside, on
the bottom, is a piece of black velveteen
to increase the visibility of the tracks.
Across the top of the jar is placed a sheet
of cardboard, which is kept saturated
with alcohol. The jar is set on a cake of
‘dry ice. Tracks appear in the sensitive
region near the bottom a short time after
the device is placed in operation.

“The diagram on the opposite page
shows a somewhat more elaborate setup.
The bottom of the glass cylinder here is
an aluminum plate 1/8 inch thick. It is
covered with black velveteen inside and
fixed to the cylinder with electrician’s
tape. The top is a similar plate, with a
sheet of sponge rubber about the same
size as the cylinder fixed to the under-
side with screws. It is saturated with
alcohol. A metal pan of warm water
sitting on the top plate keeps the alcohol
warm. This apparatus is connected to
a battery of 100 to 300 volts which sup-
plies a sweep field. Lights illuminate
the sensitive section—a region near the
bottom from 1/2 to 2 inches deep.

“To operate the chamber you soak
the sponge rubber in alcohol, set the
chamber on the cake of dry ice and fill
the pan on top with water at room
temperature. At this point enters the
well-known ‘first law of research’—some-
times called “Murphy’s law.” The law
may be stated roughly as follows: ‘If
anything can go wrong, it will.” The
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his variable frequency capacitor induc-
Y o b SPECIFICATIONS

tion motor driving LR#2 blower (single
phase—self cooled) is dynamically balanced
in a die cast housing finned for maximum
heat dissipation.

The winding unit has been designed with
silicone insulation and specially impreg-
nated for operation in humid atmospheres,
high ambient temperatures, and is used to
cool a high power vacuum tube requiring
a maximum of air speed over the entire fre-
quencv range in particular over an altitude
range of sea level to 50,000 feet.

2183 JACKSON AVENU!

Conform-to NEMA Standards
and other Gov’t specifications.
Continuous duty

WEIGHT ........22 oz.
CFM 22 Average
RPM 6250 Average
VOLTS 115
CYCLES 320-1000

can be supplied CW and CCW
suitable for 50 to 60 CPS

SEAFORD, L. L. N. Y,

MAKE YOUR OWN ASTRONOMICAL TELESCOPE

’\RFX
POI ISHH\G PITCH—8 ASSO:!

Ll}:cluded)—l‘ IRST
Order Kit accordmg tO ‘mirror dia. desired:

Stock # Size Pstpd. Price

e 70,003-S 4Ya" ... ..$ 7.00
= 70,004-S 6" 11.00
| 70,005-S . . ... 8” 18.00

_ -) 70,006-S ... 107 .. 28.00
¥ 70,007-S 122" .. 49.00

200 POWER IMPORTED MICROSCOPE

1

Pexfmmance equals $50 to $75 instrument!
Stock #70,000-S

POCKET MICROSCOPEAdjustable to 20, 40, 60 power!
Stock 30,0055 s

Imported 20X Telescope

Pr eclslon machined threaded
ti

712 —ounces;
length,
Achromatic
low reflection coates
Stock No. SD,gOG

SIMPLE LENS KITS!—rHE LENS CRAFTER'S DE-
Fu

pldlnly written, illustrated booklet showing how
build lots of optlcal items. Use these lenses in photography,
for cop}m" ULTRA C

for
Reflex View
Viewer,
for dozens of other uses in experimental optics, building
TELESCOPES, low power Microscopes, etc.

Stock #2-S—10 lenses
Stock #5-S—45 lenses........
Stock #10-S—80 lenses......

HAND SIGHTING LEVEL Handy!

Projects
drains, ditches, foundations, gaxdcns for contour plowing

We have Literally Millions of WAR SURPLUS LENSES
AND PRISMS FOR SALE AT BARGAIN PRICES

I%‘w = ment, easily car-
ried yet gives as-
tounding sharp

EDMUND SCIENTIFIC CORP.

UNUSUAL |
OPTICAL BARGAINS

uild a_telescope worth up to $600. Our kits include
MIRROR BLANK—PLATE GLASS TOOL——TEMPFRED
RTED TRA FINE ABRA-
IN SHAKER TOP CONTAINERS (Rouge also
\URFACF MIRROR FOR DIAGONAL—
EYEPIECE—MAGNIFYING LENS.

ular, 1 objective lens, micromatic type adjustment.

$12.50 postpaid

2.95 postpaid

80X Baby Mlcroscope

Ideal small instru-

ngs throughout. Weighs
6347 closed
1514” open length.
objectwe lens

definition. Only 5”
high. Has excel-
lent optical quali-

ties.
Stock #50,000-S
8.95 Postpaid $4.00 postpaid

n for adults! Fun for children! Kits include
you can

LOSE-UP SH
}\()dachlun’u \le“er,
: meras,

focusing

OTS, Microphotography,
Detachable
Stereoscopic
aids. And

“‘Dummy Cunera"
Finder for
ground glass and enlaxgmg

.$1.00 Postpaid
$5.00 Postpaid
10.00 Postpaid

Simple to Use!
of sight—invaluable for layout of

a level line

st be LS[abhﬁhLd or level line
uable distance u‘e(.tlons included.
% Postpaid

Order bJ Qrock Vo.—Send (*herk or M 0 |
Satisfaction Guaranteed!

Write for Catalog '"'S""—SENT FREE!

BARRINGTON, NEW JERSEY
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ACHROMATIC TELESCOPE OBJECTIVES—Perfect
Magnesium Fluoride Coated and cemented Gov’t
Surplus lenses made of finest Crown and Flint op-

with 14" F. yepieces. Guaranteed well suited
for Aitlonomlt ll Telescopes, Spotting Scopes, etc.
Original Gov’t cost approximately $100.00 each.

PTICS l

Diameter Iocal Length Kach
54m/m (2%%") 300m/m (11.811")
54m/m (2%"”) 330m/m (13”)...
54m/m (2%") 390m/m (15.356”)
54m/m (2%") 508m/m (20”)...
54m/m (21%") 600m/m (23%")

381m/m (15”)...
622m/m (24%")

78m/m (3%")
81m/m (3:%")

83m/m (314"} 660m/m (26”)
83m/m (3%4") 711m/m (28”)
83m/m (314") 876m/m (34%
83m/m (3%"”) 1016m/m (40”).. ..$30. 00

SYMMETRICAL EYEPIECE LENS SET—These sets
consist of two Magnesium-Fluoride coated and ce-
mented achromats, exact Gov't spacing diagram.
Gives wide flat field.

%" E.F.L. (20X) Lens Set 13m/m Dia..
%" E.F.L. (13X) Lens Set 18m/m Dia..

MOUNTED EYEP!ECE has 2 perfect .lenses 29mm

in dia. med in order to give good eye relief.

Cell fits 11/4” tube. 114" E.F. L. (8X).cersessaeas $4.5
RIGHT ANGLE PRISMS

8-mm face ea. $ .75 28-mm face ea. $1.75

e

4-

12-mm face ea. .75 38-mm face ea. 2.00
23'mm face ea. 1.25 47-mm face ea. 3.00
EINOCULARS, beautiful imported binoculars, pre-
cision made, at a low low price within the reach

of every man's po G ekotbook, Complete thh carrying
case and straps. *Plus 209%p Excise Ta

0\] 5 Individual Focus Coated..
x25 Center Focus ..
0 Center Focus .
5 Center IFocus Coated .......
0 Individual Focus Coated
50 Center Focus Coated
x50 Individual Focus Coated.
16x50 Center Focus Coate

Free Catalogue
“MILLIONS’ of Lenses, etc.

\/

—
;«-1*:&00

'y

We pay the POSTAGE—C.0.D.’s you pay postage
—Satisfaction guaranteed or money refunded if
returned within 10 days—Due to military priori-
ties, delays of 6 to 8 weeks on some items.

691A W. Merrlck Road
A. JAEGERS LYNBROOK, N. Y.
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THE CAROMETER

peak_readiﬂg

ble
a portd METER

ACCEI.ERO

The Carometer is a port-

able, battery-operated
instrument designed to measure
the peak amplitude of transient
accelerations directly in g's. The
instrument has been designed to
obtain quantitative data by those
engaged in blasting operations,
It is ideally suited for those en-
gaged in vibration analysis on
such things as buildings, ma-
chinery, bridges, ships, aircraft,
road deterioration, or research.
The Carometer will perform a
number of other services by the
use of appropriate transducers
to measure transient peaks of
displacement, velocity, light,
sound, line voltage, etc.

Development of this instru-
ment has been a joint effort with
the John Carroll Seismological
Conservatory.

The Carometer incorporates a
peak-reading voltmeter circuit
which retains the maximum
signaldeveloped by an accelera-
tion-measuring transducer. The
meter is reset to zero by depress-
ing a button on the cover. Sim-
plicity of operation is featured
together with three ranges of
sensitivity to cover the most use-
ful ranges of measurement: 0.1,
1.0, and 10 g's. The instrument
contains a filter designed to dis-
criminate against frequencies
outside of the seismic range of
7 to 70 cycles per second. The
Carometer willmake a measure-
ment unattended by the operator
and hold it for several hours.

Intended for field use, the in-
strument is housed in a splash-
proof, laminated fiber-glass case
and uses standard batteries. The
9 by 4 by 4 inch case weighs
only four pounds.

5806 HOUGH AVE, CLEVELAND 3, OHIO

BETTER COMPONENTS
Make Better Instruments

alcohol bottle will upset, the chamber
will crack, or something else will hap-
pen. At any rate, you wait and hope for
the best. After a time the temperature
gradient is established, the dust particles
disappear and you begin to see tracks
as you look down into the vessel toward
the side where the light originates.

“These tracks are from random near-
by radioactivity or from cosmic rays. For
a more regular source of radioactivity
you may use a little piece of the hand
from a luminous watch or clock; the
‘Westclox” hands are said to show con-
siderable radioactivity and can be had
from watchmaker supply houses. Coat
a small piece of hand with a varnish
not affected by alcohol and suspend it
by a thread in the sensitive region.
[SciexTiFic AMErIcAN will supply a
speck of radium, suitably mounted, free-
of-charge to any reader upon receipt of
a self-addressed, stamped envelope.]
The alcohol can be either ethyl or
methyl; even denatured (wood) alcohol
will serve,”

This department has built several suc-
cessful diffusion chambers based on Dr.
Comog’s description, but in every case
only after some sharp tussles with Mur-
phy’s law. Many things can go wrong—
and they do. The interval between com-
pleting a chamber and the time it starts
to work will be shortened considerably
if the builder gives some attention to
these details:

1. The vessel should be reasonably
airtight. A wide-mouthed jar fitted with
a screw top of metal and turned upside
down works better than one which
merely sits on a metal plate. If the latter
arrangement is used, wet the metal plate
with alcohol to form a liquid seal.

2. The importance of side-lighting
cannot be overemphasized. The beam
from a home movie or slide projector
makes an ideal lighting arrangement.
The important point is to light the indi-
vidual droplets brightly in comparison
with their surroundings.

3. The experimenter must learn to
recognize the trails of droplets as they

E.C Silva
20 inch
Reflectoy

= Ao Fapward

A Portuguese amateur’s telescope
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Keep Up (month after month
with Advances in
Automatic Control

BY SUBSCRIBING TO

[nstruments

THE MAGAZINE of MEASUREMENT
AND AUTOMATIC CONTROL

Physically, Instruments is a magazine of the same page-size as this
one you now are reading. It is a monthly. The current issues average
150 pages. In a non-physical sense, however, Instruments is an excep-

tionally useful SERVICE.

REGULAR DEPARTMENTS

(1) “The Month’s New Instruments”—
Concise descriptions of all new commercial
devices for measuring, inspecting, analyz-
ing, testing, computing and automatic con-
trol—all edited or rewritten with infinite
care, all factual. Current average, 90 per
issue.

(2) “Manufacturers’ New Literature”—
Factual descriptions of ALL received:
about 100 each month.

(3) “Instruments on The March”—
Non-commercial developments, new appli-
cations, new principles, etc.

(4) Announcements and reports from
societies, committees, etc.

(5) Reviews of books related to the
field of instrumentation.

ARTICLES

The cream of the crop of writings by and
for instrument men. Many important
methods were disclosed for the first time
in exclusive Instruments articles.

SERIALS

These authoritative (and always timely)
texts have been an educative influence in
the past and will render equally valuable
services in future.

SPECIAL ISSUES

Each devoted to a single subject of vital
importance to American industry or of
timely interest to the majority of subscrib-
ers.

“THE INSTRUMENTS INDEX”

The only who-makes-what directory and
buyer’s guide in the field. Mailed without
extra charge to all subscribers in U.S. and
Canada.

In its twenty-four years of service, Instruments has won international

recognition as the first (sometimes the only) periodical to disclose im-
portant advances in Automatic Control. Thus it has become more than
a magazine: it has won renown as an institution, a voice, an influence,
of benefit to various sciences and industries as well as to individual
subscribers.

Subscription Rates. U. S., U. S. p and C da: one year $4.
INSTRUMENTS PUBLISHING CO., 919 Ridge Ave., Pittsburgh 12, Penna.

Enter my subscription to Instruments. Enclosed is $

PRIt MMttt st a e bbb b e b e bt e bRt e b b e e be s st e e e bbb eesba e sraen
Print address........cccccovviiniiiiiinniinininiinicniinn

Company name and position

Products manufactured

© 1952 SCIENTIFIC AMERICAN, INC



3 INCH EQUATORIAL

Ideal for amateur astronomical research.

Objective: Coated 78mm (3”) diameter,
1200mm (47.2") focal length. f/16.
Eyepieces: 200x, 133x, 96x, 67x, 45x.
COMPLETE with equatorial mounting and
slow-motion controls, setting circles, tripod,
eyepieces, sun projecting screen, view finder,
star diagonal, erecting prism system etc., fitted
wooden cabinets, wooden case.

Express collect Only $435
OTHER UNITRON REFRACTORS

2.4 INCH EQUATORIAL.. .$225.
2.4 INCH ALTAZIMUTH..
1.6 INCH ALTAZIMUTH

PHOTOMICROGRAPHY
SET

Use your present camera
(35 mm., No. 120, etc.) to
take photos with any stand-
ard microscope. lllustrated
with 35mm. camera and
laboratory microscope de-
scribed below. Focusing tele-
scope permits critical focus-
ing and continuous observa-
tion of specime

539.3-5 Postpaid

50-1500x MEDICAL and

LAB. MICROSCOPE
Outstanding value in an in-
strument made to highest
professional standards. Com-
pletely equipped with me-
chanical stage, Abbe con-
denser and iris diaphragm,
rack and pinion substage, 3
evepieces, 3 objectives, in-
cluding  oil immersion,
wooden™ cabinet etc. (Four
objective model available.)

$2 Express collect.

PHASE CONTRAST ACCESSORIES

A $550 value! No finer '
quality at any price. Com- -
plete outfit for any stand- ’
ard laboratory or research -
microscope includes: 4
phase objectives (10x, 20x, b
40x, 100x); rotatable tur- ’

-

-
-

ret-type changer; iris dia-
phragm; Abbe condenser;

centering telescope; filter; w
wooden cabinet. Choice of 4
4 contrasts. - v 4
$349 prenaid s
STEREOSCOPIC

MICROSCOPE

A superior instrument for bio-
logical or industrial use at far
below the usual price. Paired
objectives: 2X, 4X, 10X. Wide
field eyepieces: 5X, 10X, I5X.
Interpupillary and diopter ad-
justments. Detachable base for
low stand work. Arm rests.
Wooden cabinet and acces-
sories.

$269. Express collect

UNITRON STUDENT MICROSCOPES

200x, rack and pinion focusing......

300x, research type, revolving turret. 21.50
100x-250x, double revolving nosepiece 22.50
300x set, with lamp and accessories........ 29.95
80x-500x, triple revolving nosepiece... 49.95

Wooden cabinets. Postpaid except on C.0.D.’s.

ALL INSTRUMENTS FULLY GUARANTEED
25% deposit required on C.O.D. Shipments.
Send check or money order

or write for illustrated literature to:

UNITED SCIENTIFIC CO.

204-6 Milk St., Dept. S-9, Boston 9, Mass.
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Telescope drive and governor

appear. Soon after the apparatus is set
up, clouds will form two or three inches
above the bottom of the vessel and
“rain” will begin to fall from them. This
micrometeorological phenomenon will
be enhanced if the velveteen carpeting
on the floor of the chamber is moistened
with alcohol. The rain is easy to recog-
nize and the tracks appear as thin,
silvery threads in its midst. They last for
only a split second, then drift away like
miniature wisps of smoke.

4. If you use an up-ended jar as the

chamber, it is advisable to cement the
alcohol pad to the inner surface at the
top and the velveteen covering to the
inner surface of the metal lid. The ce-
ment must be allowed to dry thoroughly,
else it may contaminate the alcohol and
thus ruin the experiment. Another, and
better, way to hold the parts together is
to use a wire expansion ring or some
similar device.

5. Remember that there must be a
sharp difference of temperature between
the top and bottom of the chamber. The

Messier 33 photographed by the Silva reflector. Exposure 215 minutes
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ENGINEERS &
SCIENTISTS

You are invited to write or call
regarding positions in new, long-range
projects at Northrop Aircraft, Inc.

Engineering and scientific personnel

are carefully selected by our organization.
If you qualify for a position,

you can be proud of your place on an
engineering team that has made
aeronautical and scientific history over

a period of many years.

Our work is both interesting and
diversified. Exceptional opportunities
now exist in aircraft design and
development, aircraft production,
and certain vitally important,
guarded projects.

If you possess engineering or
scientific training or skill . . . if you
wish to participate in and grow
with the progress of pilotless and
3 manned flight, electronics, optics, and

" servo-mechanics. . . if you wish to
locate permanently in Southern
California, write today for further
information. Please include an outline
of your training and experience.

Travel allowance for
qualified personnel.

Address correspondence to:
DIRECTOR OF ENGINEERING

Northrop Aircraft, Inc.

1013 E. Broadway, Hawthorne
(Los Angeles County)
California

Pioneer Builders of Night and All-weather Fighters

503

185

© 1952 SCIENTIFIC AMERICAN, INC



RESEARCH
MICROSCOPES
mmm-—--—--_"

Ideal for Phase
Contrast Work

A distinguished
instrument fulfilling
the most critical
requirements. Built-in
light source and triple
condenser turret.
Pancratic illuminating
system especially adaptable
for phase contrast
microscopy. Incomparable
Zeiss optics. Circular P
or square stage.

ILLUSTRATED
MODEL LGOG

with low positioned
adjustment controls for ease
of manipulation. Quick
change device for easy
interchange of tube
attachments. Square mechan-
ical stage has 75 x 50 mm.
range of movement, making
it especially adaptable

for the exploration

of large specimens.

(el P - —— ——==—=—=

STEREOSCOPIC
Dissecting

New model of an
instrument originally
introduced by Carl Zeiss.
Built-in quintuple
magnification changer.
Unusually long 4-inch
viewing distance remains
constant for all magnifi-
cations from 4X to 100X.
Large field of view.
Unique laterally and
vertically adjustable
illuminator for incident
and transmitted light.

PRECISION MEASURING INSTRUMENTS
Laboratory Interferometer

A Y
FOR GAS AND LIQUID ANALYSIS
— With considerable higher
measuring accuracy than °
the most exacting &
refractometers — in the most _:‘/
favorable cases by one A g

thousand times. e

Microscope

Also Available:

Refractometers ~ Astronomical Instruments
Polarimeters Industrial Measuring Instruments
Photometers Ophthalmic Instruments

Consult your dealer or write for information.
Special optical problems welcomed.

ERCONA CORP.
527 Fifth Avenue, New York 17
Sole American Distributors for Carl Zeiss, Jena.
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The Great Nebula in Orion. Exposure 170 minutes

assembly should rest directly on the
block of dry ice. A metal bottom, be-
cause of its superior heat conductivity,
works better than one of glass or plastic.
The dry ice should stand on some in-
sulating material such as corrugated
cardboard, and the uncovered portion
of the top of the ice should be covered
with a bit of cloth to prevent frozen
vapor rising from it from interfering
with observation.

6. A well-soaked pad holds enough
alcohol to keep the chamber going for
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The Trifid Nebula. Exposure 180 minutes

about eight hours. As previously men-
tioned, the metal plate at the bottom
should be moistened, but not flooded,
with alcohol, as a thick layer of alcohol
tends to reduce the depth of the cham-
ber’s sensitive region.

7. It is easy to paralyze the cham-
ber with overly “hot” radioactive ma-
terial. The amount of luminescent
material in the minute hand of a West-
clox can stop the chamber’s activity at
a distance of 18 inches! Use only a tiny
chip of it. However, in most localities




Your Business is in the

|

Age of Ele

i

Electronic measuring equipment |
offers hetter, faster research—today!

Every year finds a greater number of industries turning to
modern electronic measuring equipment for more exact answers
to complex engineering and research problems. In almost every
field, leading manufacturers find electronic instruments save
laboratory time, make research more productive at lower cost.

The Hewlett-Packard Company is a recognized leader in the
manufacture of electronic test instruments— basic measuring
tools your engineers apply or adapt to your specific problems.
These instruments are used in research and manufacturing
throughout the world, and are distributed through the world’s
largest organization of electronic engineer-salesmen.

CATALOG 20-A /ists data and uses of over 100 major -hp- ME As
instruments. Request it on your Company letterbead, please.
-

ENTS
HEWLETT-PACKARD COMPANY

2404-S PAGE MILL ROAD ¢« PALO ALTO, CALIF.
Export: FRAZAR & HANSEN, LTD. San Francisco * Los Angeles *« New York 2404

for speed and accuracy
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Sicon*

*A PRODUCT OF THE SILICONES

Sicon Protects
Gas Heater

Combustion
¥ Chambers at 875°

Sicon in COLORS
Preserves
Appearance of

# Heating Equipment
Indefinitely

CENTRAL GAS HEATER
Mfg'd by the JOHN ZINK CO., TULSA

For years the protection of com-
bustion chambers and outer cov-
erings of heating equipment has
been a problem.

The John Zink Company, a lead-
ing manufacturer of gas heaters,
solved this problem with SICON.

SICON protects their combus-
tion chambers against extreme
high heats of 875° without powder-
ing or losing its color.

SICON, in attractive colors, also
preserves the outside appearance
of their products, adding greatly to
sales appeal, and prolonging life.

The John Zink Company now
uses SICON forall hotapplications.

Inside and outside—SICON is
the finish that can often do the
job where all others fail.

WRITE FOR LATEST TECHNICAL
DATA TODAY

Sico

Silicone-Base Finish is

manvufactured exclusively by

MIDLAND

INDUSTRIAL FINISHES CO.

Waukegan, Hlinois

ENAMELS
LACQUERS

SYNTHETICS
* VARNISHES
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The Silva housetop observatory

tracks induced by cosmic rays will pro-
vide enough excitement to reward the
amateur’s effort in constructing the de-
vice.

N 1946 Lieutenant Commander Eu-
genio Conceigao Silva, of the Bairro
dos Oficiais, Alfeite, Portugal, wrote to
this department that, after building sev-
eral reflecting telescopes from 4 to 12
inches in diameter with the help of
Amateur Telescope Making, he wanted
to “try his hand and elbow grease” with
a 20-inch and needed a glass blank from
which to make the concave mirror. Since
then we have exchanged numerous let-
ters, and the following account brings
Commander Silva’s project up to date.
It took him 18 months to obtain a 20-
inch blank; he finally purchased one for
£36 (about $90) from Chance Brothers,
Limited, of Birmingham, England.
While awaiting its arrival and, as he
writes, “working backward in the good
old fashion set up by ATM,” he first
prepared on the roof of his house an
18-foot, metal-roofed, wood-lined dome
turning easily by hand on 13 ball bear-
ings.

Four years later Commander Silva
wrote that he had finished his telescope
and had it in working order, “ready for
star-gazing, variable-star-observing and
photography.” He sent a collection of
photographs made at its Newtonian
focus. Three of these are reproduced on
pages 184 and 186. That the telescope
gives a high-grade optical performance
is shown by the small round star images
in the corners of the photographs. (Some
of the images lose their roundness in the
halftone engraving process.)

“I chose the double-yoke English type
of mounting,” Commander Silva writes
in his perfect English, “because of its
sturdiness and ease of construction and
despite its one limitation, the inaccessi-
bility of the Pole. Yet it can be pointed
as far as 75 degrees north declination.”
The yoke of the telescope is built of
half-inch oak plywood. The octagonal
tube is built of the same material re-
inforced by iron ribs. The focal length
of the mirror being 10 feet, the focal
ratio is f/6. A coudé Cassegrainian sec-
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CALCULATIONS
of all kinds can be easily solved on the

BINARY CIRCULAR SLIDE RULE

This rule will quickly solve the simplest as well as the
more difficult problems involving calculations in Arith-
metic, Algebra and Tngonometm Any number of fac-
tors can be handled in long and difficult calculations.
The C scale of the Binary is 25 inches long with gradu-
ations 25% further apart than those of a 20-inch slide
rule. The CI, A, K, & Log scales are divided as closely
as a 20-inch slide rule. Log-Log scale extends from
1.0015 to 1,000.000. Gives Trig. functions from 0 to 90
degrees on back. Engine-divided scales yellow and black
on white coated aluminum. Permanently accurate. Dia.
8%"”. Price $7.25 in case, with instructions. Approved
at leading Univ. Used by many large firms in the U. S.

ATLAS SLIDE RULE

The Atlas Slide Rule will quickly solve problems in
Multiplication, Diwision, and Proportion and give re-
sults with a maximum error of less than 1 in 36,000.
The Atlas has two C scales. One is 25” long and the
second one is a spiral of 30 coils. This is equivalent to
a straight rule 60 ft. long and gives answers to 5
figures.

Chemists, Physicists and Engineers have found this
rule invaluable for its great accuracy. Dia. 8%"”. Easily
portable. YWhite coated aluminum with legible blde and
yellow scales. Price $9.00 in case with instructions.

Combination Aflcs -Binary Slide Rule
Has Atlas scales on one side, with 2 indicators, Binary
scales on reverse side with 2 indicators. Made of metal,
Dermanentl\ accurate. Price $12.00 in case with in-
struction:

Descr lp(lve circulars free. Satisfaction guaranteed.

GILSON SLIDE RULE CO.
Box 993 SA, Stuart, Fla.
Slide Rule Makers since 1915

No matter what recording
instruments you use, you
can get ALL your roll and dial
charts from one source . . . Technical

Imagine the savings in time and expense
. consider how more efficient your order-

mg will become . ..when you order all

your chart needs from TECHNICAL.

8000 wax-engraved plates...worth
more than half a million dollars.....
bring you the most accurate charts avail-
able. Two miles of shelving hold an inven-
tory of many million charts for immediate
shipment—awhen you need them !

Consult TECHNICAL when in need of
“special” charts for new instruments. Our
staff will gladly assist in
your chart problems.

SEND FOR STOCK LIST

Just published . . . TECHNICAL’S
simplified, eaiy-to-read catalog. Send

for your free copry.

TECHNICAL CHARTS, INC.
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ondary mirror, when used, converts this
to f/18 for visual observing with powers
up to 800. There are identical screw-
capped openings on four sides of the
tube for insertion of the eyepiece-di-
agonal unit, and four in addition for the
coudé unit.

Commander Silva continues: “The
mirror blank, originally 3 by 21% inches,
was worked throughout face up with a
12-inch subdiameter glass tool on which
I had previously made two 12-inch mir-
rors, and thus it was worn down finally
to only one-half-inch thick. The strokes
used were those described in Amateur
Telescope Making—Advanced. 1 found
the instructions adequate when supple-
mented by thought and the usual will-
ingness to experiment, fail, try again and
maybe fail again but keep on learning
until results are attained. The sub-
diameter tool method permits a larger
element of personal idiosyncrasy than
the conventional method. The job was
easier than I had expected. The most
tedious part was the roughing out, but
the grinding went very well with the tool
on top. Astigmatism was avoided by
walking as regularly or, rather, as ir-
regularly around the mirror as possible.
It was always supported on the nine-
point equalizing system later installed
in the telescope. Polishing and zonal
correcting were done with honey-comb
foundation, but final figuring was done
on a pitch lap since HCF gives bad
contact. By the subdiameter lap method
the work advances very rapidly, and
frequent testing is necessary. Raised
zones were treated by pressure on the
edge of the lap a little outside of their
crest. I used cerium oxide because I
was unable to get scratch-free rouge.

“Parabolization with the subdiameter
lap proved easier than with full-size
laps. By the Foucault test, the mirror
was found to be a little undercorrected.
I let it stay and called it a job. Having
caught chronic ‘mirroritis, I should en-
joy making a 30-inch mirror by the sub-
diameter tool method.

“I am satisfied with the telescope’s
performance. Visually it easily reaches
its theoretical magnitude, 15.5.

“The drive is powered by a fan motor
and drives the sector attached to the
polar axis through a train of reducing
gears and a nut and a screw which may
be run back with a hand crank. Here at
Alfeite the electric power is not syn-
chronized and the voltage, nominally
220, often changes more than 10 per
cent; hence I built an automatic cen-
trifugal regulator or governor to control
the drive. The motor is belted directly
to the regulator. The belt is not tight
and may slip if the motor turns too fast.
I had to calculate the position of the
points of suspension of the two rotating
masses so that for three revolutions per
second they would be in equilibrium in
any position, but if they turned faster
they would suddenly rise and bring the

THE

CONVAIR
OPPORTUNITY

FOR EXPERIENCED

SERVO
ENGINEERS

Convair has attractive positions for experi-
enced servo engineers to work on the analysis,
synthesis and design of complex automatic

aircraft and missile control systems.

At Convair, the servo engineer has the opportun-

ity to follow servo systems work from conception

through drawing board development, to testing,

to its incorporation in the finished devices. You

become an integral part of the Convair develop-
ment team — working with outstanding men in
your own and other fields — working with the
most modern equipment available,

The variety and challenge of Convair’s projects
give you opportunity for professional advance-
ment.

Are you interested? Please write Mr. H. T,
Brooks for living facts about San Diego

and complete information on servo work
at Convair Engineering Department 850.

CONVAIR

3302 Pacific Hiway

San Diego 12,
California
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EMPLOYMENT
OPPORTUNITIES
AT

SPERRY

ENGINEERS

Electrical
Mechanical
Aeronautical
and
Physicists

for design, development and
product engineering work with
previous experience in any of
the following fields: Electronics,
microwave techniques, micro-
wave tubes, gyroscopics, com-
puting mechanisms, servo me-
chanisms, radar, fractional H.P.
motors, pulse transformers, elec-
tro-mechanical devices and
communication equipment.

TECHNICAL
WRITERS

unlimited possibilities in a new
field for graduate electrical
engineers with aptitude for
writing manuals and engineer-
ing reports.

FIELD
ENGINEERS

Graduate Engineers with elec-
tronic or radar background to
supervise installation and to
field test air borne and ground
electronic radar and gyroscopic
equipmenf.'

HERE AT SPERRY, over 40 years of
pioneering in engineering firsts, and
association with top men assures you of
the opportunity to advance in your
field. In addition Sperry offers top
rates, cost of living adjustment, liberal
employee benefits including unusual
pension plan.

See Our Product Ad This Issue

PLEASE SUBMIT RESUME TO
OUR EMPLOYMENT OFFICE

SPERRY
GYROSCOPE CO.

DIVISION OF THE SPERRY CORP.
GREAT NECK, LONG ISLAND, N. Y.
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Hand switches and circuit

rotating disk against a fixed disk at the
top. To obtain this result accurately
they should theoretically rise in a parab-
ola instead of a circle. This being dif-
ficult to arrange, the points of suspen-
sion of each mass must be made to coin-
cide with the center of a circle tangent
to the middle of the parabola.

“It was a pleasure, and perhaps a
surprise, after the regulator was built,
to test it and, counting the revolutions
made in one minute, find the designed
180; for I must confess that I was a little
doubtful about the results of my geo-
metrical lucubrations. It is, however,
possible to change the critical velocity
a little if necessary by screwing the two
masses up or down on their rods. This
is the Young isochronous governor, not
the Silva, and it works very well.

“The flow of current may be con-
trolled by two resistances, which may
be either taken out or put in the cir-
cuit by two buttons held in the hand
during photographic exposures. In this
way it is possible to drive the motor
faster or slower than its normal speed
and, notwithstanding the governor, the
driving mechanism obeys.”

Commander Silva, whose chapter on
a double-star micrometer is included in
Amateur Telescope Making—Advanced,
is a professor of ballistics in the Portu-
guese Naval Academy and director of
the Naval Laboratory of Explosives. He
mentions that his hobby resembles his
vocation—both consist of aiming hollow
cylinders at the sky. “A few months
ago,” he says, “I wrote some articles on
telescope-making in a Portuguese pop-
ular science magazine. As aresult there
are now seven fellows grinding glass
disks and hoping to see the moon at
arm’s length.”

Instructions for calculating the design
of the isochronous governor, with a
worked-out example, which Commander
Silva kindly supplied by request, are
held over for later publication for lack
of space, as are descriptions of his solar
eyepiece, his method of making Rams-
den eyepieces, and his solar prominence
spectroscope with a Thollon (carbon
disulfide) prism.
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HOW ABOUT THOSE
MELETRON SWITCHES?

Records of MELETRON pressure
actuated switches have proved
their dependabilty and unfailing
performance under the most dif-
ficult conditions. Isn’t this the
kind of reliability you have been
seeking?

MELETRON pressure actuated switches
provide automatic control of any system
by sensing changes in pressure.

MELETRON

EORPORRTION

Tt

950 NO. HIGHLAND AVENUE
LOS ANGELES 38, CALIFORNIA
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OHMITE

—

e+« PROVIDE DEPENDABLE ELECTRICAL CONTROL

More manufacturers have standardized on Ohmite high-current

tap switches than any other make on the market. This
industry-wide preference is a result of the unmatched depend-
ability built into every one of these sturdy units.

One-piece ceramic construction . . . self-cleaning, silver-to-
silver contacts . . . positive cam-and-roller mechanism pro-
vides “‘slow-break, quick-make’ action particularly suited to
a. c. . . . unusual compactness and high current capacity.

Investigate Ohmite tap switches for your product, today.
Write on company letterhead for catalog and
engineering manual No. 40.

Ohmite Manufacturing Company
4809 Flournoy Street, Chicago 44, lllinois

OHMITE,

RHEOSTATS e+ RESISTORS . TAP SWITCHES

Ohmite tap switches are available in
five sizes—10 to 100 amp a. ¢. Tandem
assemblies and special features are also
provided.
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fully
automatic

Today’s complex business processes require the utmost aid which technological
advances can render. The Olivetti Printing Calculator is a true contemporary
of modern business. It provides fully automatic multiplication, division, addition
and subtraction, and a permanent tape record of all calculations and results,
including credit balance. lts simplified operation requires no special training.
Your business will benefit through Olivetti efficiency. A demonstration under
your own conditions can be arranged with your nearest Olivetti representative
— there are sales and service offices in over 300 cities throughout the United

States. Olivetti Corporation of America, 580 Fifth Avenue, New York 36..

olivetti
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COLLIMATOR 1
X-RAY
TUBE OPAQUE VESSEL AMPLIFIER

FILLED WITH CdS CRYSTAL 1
HOMOGENOUS MATERIAL
ACTUATING DEVICE
e §
% 3

Tiny x-ray beam passes through the object to be inspected. Minute
P differences in absorption are signalled by the cadmium sulphide crystal
detector. This signal in turn is amplified to control a relay that can
operate a meter, chart a graph, work a rejection apparatus to remove
the product from the line, ring a bell or actuate some other mechanism.

X—ray Nnow acts

as an “electric eye”

for industry

New GE non-contact gauge detects flaws
as small as 0.010 inch in opaque objects

Just as the so-called “electric eye” opens doors or turns on
drinking fountains — so the new General Electric non-
contact x-ray gauge performs many tasks for industry here-
tofore impractical. Because it makes constant process con-
trol automatic, this new GE development brings closer the
prospect of the fully automatic factory.

Inspecting the height-of-fill of more than 700 cans per
minute . . . determining the absence or presence of hidden
assemblies . . . checking the concentricity of the copper
core in electric cables — these are feasible functions which
may be performed automatically, economically by this new
GE x-ray detector.

The non-contact gauge is another example of how Gen-
eral Electric adapts the magic of x-ray to the needs of in-
dustry. If you have the problem of inspecting opaque
objects for hidden conditions, x-ray may provide the answer.

Our broad research and engineering facilities are at
your disposal. To find out whether there’s a place in your
plant for non-contact gauging or other x-ray applications,
send an outline of your inspection needs to X-Ray Depart-

ment, General Electric Company, Milwaukee 1, Wisconsin,
Room TT-9.

Like other sem1 -conductors, cad-
mium sul % ide crystals open
new possibilities for industry.
The group shown is about 2.3
cm high, but match-head-size
individual crystals may be lo-
cated in normally inaccessible
places, thereby extending the
application of these non-contact
X-ray gauges.

b
LY
.‘\

You can put your confidence in —

' GENERAL @3 ELECTRIC
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Solving a dynamics problem with the Boeing Computer; oscilloscope af right shows result.

Nhat’s it like to be a Boeing engineer?

Boeing engineers enjoy many ad-
antages — among them the finest re-
2arch facilities in the industry. These
iclude such advanced aids as the
ioeing-designed, Boeing-built Elec-
‘onic Analog Computer shown above.

This is part of the stimulating back-
round that helps Boeing men main-
ain the leadership and prestige of an
ingineering Division that’s been grow-
ng steadily for 35 years.

If you measure up to Boeing stand-
rds, you can share that prestige. And
ou’ll work with renowned engineers
n such vital projects as guided

96

missiles, the still-classified B-52, the

record-shattering six-jet B-47, and

other outstanding developments.
There are excellent opportunities,

right now, for experienced and junior
engineers for aircraft

* DESIGN e RESEARCH

e DEVELOPMENT < PRODUCTION
e TOOLING

also for servo-mechanism and elec-
tronics designers and analysts and for
physicists and mathematicians with
advanced degrees.

You can work in Seattle, in the
Pacific Northwest, or in Wichita, Kan-
sas. You will receive a generous mov-
ing and travel expense allowance. And

as a Boeing engineer, you'll enjoy pay
that is good and grows with you.
You'll be proud to say, “I'm a Boeing
engineer!”
Write today to the address below, or use
the convenient coupon.

JOHN C. SANDERS, staff Engineer— Personnel
Dept. c-9

Boeing Airprane Company, Seattle 14, Wash.
Engineering opportunities at Boeing inter-
est me. Please send me further information.

Name

Address

City and State

BOLSING

Fm—————————
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Buttoned-up and

Operating tanks with full effectiveness in feature-
less arctic or desert terrain presents a new
problem in “blind” navigation.

Dead reckoning and navigating under such
conditions requires electronic and electro-
mechanical systems that are highly complex yet
simple to operate and maintain.

This growing field of vehicular navigation is

navigating blind

another place where Arma is a leader in basic
research, design, development and production.
Over 34 years of close cooperation with the
Armed Forces—and more recently the Atomic
Energy Commission—stand behind Arma’s rep-
utation. Arma Corporation, Brooklyn, N. Y.;
Mineola, N. Y.; Subsidiary of American Bosch

Corporation.
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rhotograph by Bradley Smith

ke finding 4 neec“e, na hgygﬁck

Everyone knows that finding a needle in a haystack is nearly impossible, but
the chemist has shown how to do a comparable job quickly and easily in finding
and removing contaminating metals from solutions.

To find these “needles in haystacks” the chemist uses yellow prussiate of
soda, produced by American Cyanamid Company. This chemical promptly
seeks out unwanted metals and inactivates or removes them from solution.

For example, it removes traces of copper present in certain refined gasolines, and
is used to remove contaminating iron from tin-plating solutions. Also, yellow
prussiate of soda helps acid pickling solutions produce cleaner surfaces and
brighter finishes on certain steels. Current research indicates its use in the surface
treatment of sheet steel to assure stain-free porcelain enamel finishes on
refrigerators and other household equipment.

Thus yellow prussiate of soda, well known in the production of iron blue and
chrome green pigments and in textile printing, presents to the chemist a new aid
in removing contaminants in many industrial processes. It is one of many
Cyanamid chemicals that are solving little-known problems for the industries
that serve you.

AMERICAN WCHMPANV

30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y.

Supplying Clemicals for the Process Industries is one of Cyanamid’s Basic Services
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