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Shell Chemical Corporation 
Chemical Partner of Industry and Agriculture 

NEW YORK 

"Timber"in the tall corn 
YOU'LL FIND no lusty-lunged woodcutter to 

warn farmers of danger in their cornfields. 
Soil pests such as corn rootworms do their dirty 
work in secret, feasting underground on tender 
young roots. And when the anchoring roots are 
cut, the plant tumbles in the first brisk wind. 

But today, farmers have aldrin-a potent in
secticide that destroys corn rootworms, wire
worms, seed corn maggots, white grubs, and 
other cornfield soil pests. Applied before or 
during planting, aldrin kills underground pests 
when they touch, taste, or breathe it. The ex
pense of replanting "spotty" stands is elimi
nated. Corn can grow straight and tall for easy 
mechanical picking. 

Helping farmers grow bigger crops with 
higher quality yields by controlling insects is one 
of many ways Shell Chemiqll serves the farmer. 
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Synthane laminated plastics report for work 
A turn of the ignition key and the thou
sands of parts which make up your car 
go to work as a team. Under the dash or 
under the hood are dozens of parts made 
of Synthane laminated plastics. They 
may seem insignificant but they're as 
necessary as an owner's license. 

Take away Synthane laminated plastics 
and you have a car that won't start, a 
generator that won't run, lights that 
won't light, or a silent radio or motion
less fan-which may give you some idea 
of the importance of a product like 
Synthane in the automotive industry. 

Breaker Arms for !ractors and outboard motors 
are cut from lengths of molded laminated. Breaker \I?k\ , ft --:fl.:.... ." �, .. ' .... ,., 

.. 
,'.' �: � arm bushings ond rubber angles are important .\", � � �  ignition components. 

EASILY MACHINED DIELECTRIC STRENGTH 

Synthane laminates are excellent elec
trical insulators-they resist moisture
smile at oil-are easy to machine and 
mechanically strong. Synthane laminated 
plastics are available in sheets, rods and 
tubes or as parts completely fabricated 
to your designs and specifications. 

For more information about the many 
properties of Synthane laminated plas
tics and how you can benefit by using 
Synthane materials and fabricating serv
ices, write for our latest product catalog. 
Synthane Corporation, 2 Riyer Road, 
Oaks,Pa. 

OIL RESISTANCE DIMENSIONAL STABILITY [SYN11IANID . . .  industry'. un.een essential 

�t----' 
SYNTHANE CORPORATION, 2 RIVER ROAD. OAKS. PA. 
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INSTRUMENTATION 

I RESEARCH I .. DEVELOPMENT � 

I 
I 
I 
• 
L ____ � APPLICATION 1..0IIII 

1 I 
ICINE METALWORKING AERONAUTICS 

plethysmograph 
pulse oscillograph 

sphygmomanometer 

electronic comparator 
capacitive micrometer 
thickness measuring 

systems 

vibration pickups 
gyro rotor preload 

micrometer 
altimeter 

Decker Aviation is a company of ideas. 

Not long ago, for example, Decker 
took the idea of an ionization transducer 
a�d brought the idea to reality ... then 
used it imaginatively to solve pressing 
problems in any number of far flung 
fields. 

In medicine, Decker applied the trans
ducer to the improvement of such basic 
instruments as the plethysmograph ... 
giving medical researchers a new magni
tude of sensitivity in their explorations. 

For geophysical research, Decker 
ideas made possible instrumentation 
that, mounted in the nose of an Aerobee
Hi rocket reaching an altitude of 125 
miles, continuously and accurately meas
ured both ram and ambient atmospheric 

'" 

I I 
PROCESSING COMMUNICATIONS SCIENTIFIC 

micro balance weighing 
humidity measurements 
electronic manometer 

light beam modulation 
signaling devices 

RESEARCH 

vacuum measurement 
vibration measurement 
pressure measurement 

pressures at speeds in excess of a mile 
per second. . 

Applying new ideas to the micrometer 
comparator, Decker gave the production 
line an instrument for measuring an ob
ject without physical contact to within a 
few millionths of an inch. 

All the examples listed on this page 
hardly begin to show the extent of 
Decker accomplishments. For one prob- . 
lem after another, we have found the 
idea ... developed it into a solution ... 
built prototypes ... even manufactured 
finished instruments. 

We would honor an opportunity to 
evaluate your problems. Our ideas may 
very well be their solution. 

DECKER AVIATION CORPORATION 

PhUad.elphla 
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SCIENTIFIC 
Established 1845 AM E RI CAN April, 1957 

ARTICLES 

Volume 196 Number 4 

45 THE OVERTHROW OF PARITY, by Philip Morrison 

The breakdown of a fundamental "law" has raised physicists to an excited state. 

54 EXPERIMENTS IN HYPNOSIS, by Theodore X. Barber 

They show that there is very little difference between the hypnotic state and sleep. 

62 SKIN TRANSPLANTS, by P. B. Medawar 

Grafting skin from one animal to another illuminates the immunological reaction. 

80 THE AGE OF THE SOLAR SYSTEM, by Hal'l'isoll BrowlI 

Studies of rocks and meteorites indicate that the earth is 4.5 billion years old. 

96 "THE WONDERFUL NET," by P. F. Scholander 

On an arrangement of blood vessels by which animals conserve heat and oxygen. 

III THE WHISTLED LANGUAGE OF LA GOMERA, by Alldre Classe 

Canary Islanders have developed a form of speech which carries three miles . 

. 125 PLANT GROWTH SUBSTANCES, by Frank B. Salisbury 

Their discovery has opened up new horizons in plant physiology and agriculture. 

138 SUN CLOUDS AND RAIN CLOUDS, by Wallet· Orr Robel'ts 

Electrically charged particles from the sun strongly influence the weather. 
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. . •  never fails 

Accuracy 
unaffected by 

tube size or shape 
Regardle$$ of any differ· 
ence in the size or shape of 
U·Type manometer legs, the 
difference between column 
heights will always be a 
true indication of the un· 
known pressure. More de· 
tails in Bulletin G·14. 

MERIAM 

A manometer is operated by the force 

of gravity. Its perfect reproducible 

accuracy depends on nothing else. 

That is why a manometer is always 

accurate ... today, tomorrow and forever. 

Calibration is never required ... never 

subject to question. 

This unfailing accuracy is the reason why 

manometers are the primary standard 

by which other instruments are judged, 

calibrated and verified. 

Accuracy and dependability go hand in 
hand in the broad'line of Meriam 

Manometers. For this reason, they are 

being specified foi" an ever increasing 

number of industrial as well as laboratory 

applications ... wherever dependable, 

low cost, low maintenance 

instrumentation is desired. 

NEW 
. . . complete and informative guicle to 

manomeler Iheory and practice a. weI/ 

a. manomeler model. for planl, field and 

laboratory "'e. JII.' a.1e for SIII/elin G-/4· 
The Meriam Inslrllmenl Company, 10920 

Madison Avenlle, Cleveland 2, Ohio. 

MANOMETERS 
. . .  � � 

THE COVER 

The painting on the cover depicts a 
collection of objects used to deter
mine the minimum age of the solar 
system (see page 80). At bottom 
center are two samples of uraninite, 
the upper from New Mexico and the 
lower from the Belgian Congo. The 
yellow stone above them is' bec
(luerelite from the Belgian Congo. 
At lower left is a sample of lepido
lite from Sweden; at lower right, a 
sample of granite from Germany. 
At upper right is a metallic meteor
ite found in Arizona; one of its faces 
has been cut and etched. In the left 
background is a red trace on the 
record of a mass spectrometer. 

THE ILLUSTRATIONS 

Cover painting 
by John Langley Howard 
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This bank of Brush Direct Writing Oscillographs is 
just a portion of 100 units in operation at the U. S. 
Naval Air Missile Test Station, Pt. Mugu, Calif. 

"MISSILE TO EARTH: 
FLIGHT ACCORDING TO PLAN" 

On Brush Oscillographic Systems, tele
metered data from test missiles are instan
taneously recorded, providing an immediate, 
accurate record of acceleration, pressure, 
pitch, yaw, and scores of other variables. This 
information is essential to keep pace with the 
advanced requirements for missile progress. 
Here is another critical application where 
Brush equipment was chosen. When you 
select instrumentation remember- there are 
more channels of Brush industrial direct 
writing oscillographs in use than all other 
makes combined. 

BRUSH ELECTRONICS 
BRUSH 

COMPANY 
3405 Perkins Avenue, Cleveland 14, Ohio DIVISION OF 

lUCTROM'(S 
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A child's rubber ball, chilled to -320° F., shatters when dropped. Electronic flash tripped 
by microphone 1.035 milli·seconds after contact. Photographed by Ralph Bartholomew, Jr. 

When rubber shatters like pottery • • • 

It happens right before your eyes. 
Still you can hardly believe the fan
tastic things that take place at deep 
sub-zero temperatures. 

Rubber breaks like a clay flower
pot. Mercury freezes so hard you 
can hammer nails with it. Hammer 
a frozen orange with it, and the 
chips of fruit fly off like bits of 
granite. The very air itself turns 
into a bluish liquid that pours like 
boiling water. 

You feel as if you had awakened 
in some dizzyiug space-man world. 
And when you see metals like 
tough structural steel crack up 
under a blow as if they were glass, 
you realize the puzzle confronting 
men who have to work with tern· 
peratures reaching down into the 
depths near Absolute Zero. 

An oxygen vaporizer, for exam· 
pIe, has to withstand a bursting 

6 

pressure test of more than two tons 
per square inch at -300°F. A 
helium liquefier works at 4550 be
low zero Fahrenheit. 

How in the world do they make 
equipment to stand such pressures 
and temperatures without break· 
ing up or bursting? 

Strangely enough, the practical 
answer to this difficulty is an easy 
one: IN CO Nickel Alloys. One of 
the many peculiar advantages of 
nickel alloys is the fact that these 
sub-zero temperatures have little or 
no effect on their inherent toughness 

and ductility. They simply become 
still harder, still stronger. 

(By the way, if you would like 
more data on this subject you are 
welcome to a copy of "High Prop
erties at Low Temperatures" by our 
Director of Technical Service.) 

The point is, maybe you are be
ing bothered with some metal prob. 
lem in your product or plant that 
would be just as easy to solve with 
one of these INco Nickel Alloys. 
The first step is to outline the trou· 
ble and send it along for study to 
The International Nickel Company, 
Inc., 67 Wall St., New York 5, N. Y. 

/At.. )NCO, INTERNATIONAL NICKEL 
r I • D, ... I • Nickel Alloys Perform Better, Longer 
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Beta Gauge 
measurement, control 
and recording units. 

r -

"ltis nuclear "mike" measures and controls 
I \ moving sheet materials 

Nuclear system measures 
materials during production, 

sounds alarm at any deviation 
from specifications, 

eliminates stoppages. 

Systems Frieseke & Hoepfner 

� Though it never touche
s
s the material, Curtiss-YV

gh
righ

l
t's . 

• Nuclear Measurement ystem measures or wei s p ashes, 
metals, paper, textiles, etc. far more accurately than has ever 
been possible before ... and does it during production. 

A radiation source no larger than a grain of salt 
transmits beta rays through the sheet which "read" 
its precise thickness ... trigger corrective measures ... 
provide a continuous record of product uniformity. 

Curtiss-Wright Nuclear Measurement Systems are adaptable 
to many industries. Curtiss-Wright engineering is 
ready to plan a system which meets your control needs. 
Write for a more complete story. 

Nuclear Measurement by 
ELECTRONICS DIVISION 

CURTISS=tNRIGHT � 
CORPORATION • CARLSTADT, N. J. 

Divisions and Wholly Owned Subsidiaries of Curtiss-Wright Corporation: 
WRICRT AERONAUTICAL DIVISION. JP'ood.Rid,e. N. J . •  PROPELLER DIVISION. Caldwell. N. I • •  PLASTIC! DIVI510N. QuehaRna. Po • • ELECTRONIC! DIVISION. Carlstadt. N. 1. 
METALS PROCESSINe DIVISION, Bu/lakJ. N. Y • • SPECIALTIES DIVISION. Wood-Ridse. N. J • •  UTICA-BEND CORPORATION. Utica. Mith . •  EXPORT DIYI!UON. New York. N. Y. 
CALDWELL WRICIIT DI"UION. Caldwell. N. / • •  AEROPHYSICS DEVELOPMENT CORPORATION. Santa Barbara. Cali/ . •  RESEARCH DIVISION. Clifton. N. J. &: Quehanna. Po. 

INDUSTRIAL AND SCIENTIFIC PRODUCTS OIVHIION. Coldwell. N. / • •  CURTISS-WRICHT EUROPA. N. Y •• A.m�terdom. The Nelherland� • TURBOMOTOR DIVISION. Princeton. N. J. 
MARQUETTE METAL PRODUCTS DIVISION. Cleveland. Ohio • CURTlSS-WRICHT OF CANADA LTD •• Montreal. Canada • PROPULSION RESEAItCIi CORPORATION. Santa Monica. Coli/ .. 
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Precision ring .. . Facilities ... Quality 

FOR AIRCRAFT AND MISSILES 

A complete power plant in a small package. This A.P.U. 
uses mono-propellant fuel to drive hydraulic and electrical 
accessories for a guided missile. For engineering career 
opportunities, write to Dr. J. D. Stanitz, Chief Engineer, 

J'. " AcccssOrics:l)iviS'O}f 
7hompson 

I 
PI"oduct's 

CLEVELAND 17, OHIO 

Specialists in the deSign, development and manufacture of aircraft and missile fuel systems and pumps, small gas 

turbines, power packages and turbi ne- driven accessories. 
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Photo courtesy American Hard Rubber Company, New York, N. Y. and Udyiite Corporation, Detroit, Michigan 

New Answer to a Barrel of Hot Problems 

Hot problem for a leading supplier of electroplating barrels was finding the 

right material for the cylinders. In the face of repeated exposure to heat, hard 

wear and corrosive plating solutions, these cylinders had to keep rolling without 

contaminating the baths. After many tries, they found the answer-a new, 

clean-running hard rubber with three times longer life. 

The major advance of this new material over its predecessors springs from the 

fact that it's made with CHEMIGUM nitrile rubber. Its manufacturer uses 

CHEMIGUM for a combination of strength plus resistance to high temperatures, 

chemicals and solvents never before achieved in hard rubber. 

Besides better barrels for plating, CHEMIGUM as hard rubber has wide applica

tions as pipe fittings and other equipment for handling chemicals at high 

temperatures. In other forms, CHEMIGUM finds use in many other 

products requiring unusual resistance to oils, solvents and chemi
cals over a wide range of temperatures. 

If you have a need for an unusually versatile oil

resistant rubber of high quality, be sure you have 

the full story on CHEMIGUM. It's easy to get. Just 

write to: Goodyear, Chemical Division, Dept. D-9457, 
Akron 16, Ohio. 

Chemlgum, Plioflex, Pllolite, Pllo-Tur, Pliovlc-T. M.'s The Goodyear Tire & Rubber Company, Akron, Ohio 

CHEMIGUM • PLIOFLEX • PLiOLITE PLIO-TUF • PLIOVIC 

CHEMIGIJM 
oil-resistant 

rubber 

DEPARTMENT 

WING-CHEMICALS 

High Polymer Resins, Rubbers, latices and Related Chemicals for the Process Industries 

© 1957 SCIENTIFIC AMERICAN, INC



PARSONS is perforn1ing 
Nu.clear Engineering Projects 

FOR INDUSTRY an.d GOVERNM:ENT 

ELECTRIC 
PO"1MER 

Nuclear reactor systems 

support faci l ities for power 

generation and transmission. 

XNDUSTRIAL 
PROCESS 
HEATING 

Systems for space heating; 

petroleum 

cessing. 

CONTROL 
AND SAFETY 

Hazards analysis, site selection, 
instr umentation, process and 
quality control, safetyengineer

ing, radi oactive materials ha nd· 
ling, and waste disposal. 

RADIATION 
RESEARCH 

Weapons environmental re

search; l a bo ratories and test 
facilities for c he m ical, biologi

cal and industrial stud ies. 

CHEMICAL 
MANUFAC TURE 
Pla nts for uranium ore pro
cessing; and for manufacture 
of new chemicals, fuels. plas
tics, a nd petroleum products
uti lizing nuclear energy and 
assoc i ated technics. 

THE RALPH M. PARSONS COMPANY NEWVORK 

PASADENA 

WASHINGTON 

ENGINEERS' CONSTRUCTORS 
LOS ANGELES 

ANKARA 

BAGHDAD 

BE I RUT 

JEDD.6.H 

KARACHI 

NEW OELHI 

PARIS 
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Now available •.
•• direct to you from the Publisher 

BRAND NEW EDITION OF THE WORLD FAMOUS 

ENCYCLOPAEDIA �v�¥ja� BRITANNICA ., I 'U v 
�1',<\ Nt"' 

On Easy . . .  Book a Month Payrrlent Plan 
• Yes, the latest edition of Britannica-the 
greatest treasure of knowledge ever pub
lished-is now being offered on a remark
able, direct-from-the-publisher plan that 
puts this world-renowned reference library 
within reach of every family. All 24 volumes 
will be placed in your home NOW ... you 
pay for it later on convenient budget terms. 
It's as easy-and as inexpensive---as buy
ing a book a month. 

You may wonder how we're able to make 
this truly amazing offer. First, because of 
the great demand for this magnificent set, 
we have ordered a tremendous printing. 
Also, by offering this set Direct from the 
Publisher, we have saved many distribution 
costs. These savings are passed on to you. 

Thousands of Subjects of Practical Value 
In the brand-new edition of Britannica you 
will find thousands of subjects that you and 
your family will refer to in' the course of 
your normal day-to-day affairs. For example, 
you'll find special articles on household 
budgets, interior decorating, medicine and 
health, home remodeling, child care, adoles
cent problems, rules and regulations for all 
sports, every kind of hobby ... plus a treas
ure house of knowledge on all subjects. U se
able information that can save you many 
dollars. 

New Edition in Profusely Illustrated 
The new Britannica almost "televises" the 
information to you by means of 23,494 mag
nificent illustrations. But it does not merely 
show "attractive" pictures-it is the work 
of 5,565 of the world's �eatest authorities 
on all information sigmficant to manldnd. 
Britannica is the largest and most com
plete reference set published in America
containing over 38,000,000 words. Its accu
racy and authority are unquestioned-it is 
even accepted as evidence in courts of law. 

Britannica Often Called Key to SucceS5 
The brand-new Britannica-the biggest and 
greatest edition in our almost 200-year pub
lishing history-is expressly designed to 
help you enjoy a richer and fuller family life, 
aid you in achieving greater financial re
wards and success in your business or trade, 

Preview Booklet Offered FREE! 
Simply fill in -l'nd mail the coupon to
day, and we will send you ... without 
cost or obligation ... a copy of our 
beautiful, new booklet which contains 
an exciting preview of the latest edi
tion of Encyclopaedia Britannica. 
Send no money-not even for post
age. It's yours, absolutely free! 

In its pages, you will see the most 
significant scenery on the North 
American Continent. You'll go on a 
cruise to France---to the mysterious 
Orient-to a Pacific Island-or by 
rocket to the moon! In color so beau
tifully etched it gives the illusion of 
a third dimension, you will see art 
treasures of famous museums, world 
landmarks ... and scientific wonders. 

Yes, you'll find 
stimulating ma
terial in many 
fields 'of know
ledge---presented 
in the most en
t e r ta i n i n g  a n d  
informative man
ner possible. 

Just as soon as we receive your 
coupon, we will send your illustrated 
free booklet, so that you can read 
and enjoy it at your leisure, in the 
privacy of your home. No obligation, 
of course. However, since this offer is 
necessarily limited, please mail the 
c0.upon today before it slips your 
mInd. 

FREE Research Service help your children in school, and enable you 
to speak factually and intelligently on the 
widest range of subjects. Yes, Britannica 
will assure every member of your family 
the constant companionship of the world's 
greatest minds as your consultant or teacher . 
It will enable parents to work more closely 
with their children at home---helping them 
build a more solid foundation in today's 
highly competitive society. Leading educa
tors say: "Too many parents leave the entire 
educational job up to the school teachers." 

As a Britannica owner, you would be en
titled· to free research reports on subjects of 
your choice. These comprehensive and au
thoritative reports are prepared for you by 
members of the world-famous Britannica 
Research Staff, and cover any subject of 
important interest to you: buying a new 
home, preparation for retirement, starting 
your own business, sports, politics, world 
affairs, family life, music, art-or any other 
subject of your choice. 

Mail 
Coupon 
Now for 

Free 
Booklet 

ENCYCLOPAEDIA BRITANNICA, Dept. 66-F 
425 N. Michigan Avenue, Chicago 1 t, Illinois 
Please send me, free and without obligation, your colorful Preview Booklet which 
pictures and describes the latest edition of ENCYCLOPAEDIA BRITANNICA 
in exciting full detail. Also include complete information on how I may obtain this 
magnificent set, direct from the publisher, all the Book a Month Payment Plan. 

lVame' ------------------'(-p'le-a-s e--p-r�m't7) ----------------------

Address _________________ ________ _ 

City ZOne ____ State, ___ _ 

In Canada, write E. B. Ltd., Terminal Bldg., Toronto, Onto 

II 
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the unique properties of 

PRECIOUS METALS 

Precious metals are finding extraordinary 
applications in industry and the laboratory, 
even to the extent of providing answers for 
many long·standing problems. Electroplat
ing offers an efficient method of exploring 
and exploiting such characteristics as the 
unique and diverse properties of gold, 
which are not found in combination in any 
other form. Technic Inc. equips you with 
controlled electroplating apparatus and 
solutions that eliminate variables, assure 
precise perfonnance reproducible as of teD 
as required. 

TECHNIC ENGINEERING 
Technic engineers consult on" exploratory 
projects and collaborate in problem solving. 
They design and install controlled electro
plating equipment, stand by until pertONn' 
ance is assured. 

TECHNIC PRODUCTS 
Potassium Gold Cyanides, Concentrated 
Aqueous & Dry • Rhodium, Platinum & 
Palladium Electroplating Solutions • Im
mersion Tin • Protectox Anti-Tarnish • 
Flame Flux 

TECHNIC EQUIPMENT. 
Electroplating Systems • Germanium Diode 
Rectifiers • Turbomatic Agitators • Electro-
plating Barrel Units • Automatic Techni 
Timers 

TECHNIC BIBLIOGRAPHY 
"Electroplated Gold"; "Precious Metal 
Electroplating Data: Gold, Rhodium, Pal· 
ladium, Platinum, Silver, Nickel"; "Electro
plated Platinum"; "Electroplated Palla .. 
dium"; HElectroplated Rhodium"; "'Anal· 
ysis of Gold & Gold· Alloy Solutions". 

Write for authoritative Tech
nic publications, many con
faining data assembled no
where else. We serve as 
consulfanfs on experimental 
projeds as well as on reg
ularized operations. Consult 
us wUhouf obligation. 
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LETTERS 
Sirs: 

The fascinating article by B. Rensch 
on the intemgence of the elephant 
[SCIENTIFIC AMERICAN, February] 
makes an interesting case for the pro
boscidian brain. But what about the 
nose? The ancients, mindful of the skill 
and intelligence of the elephant in peace 
and war, remarked on this: " ... a great 
nose, thin and crooked, which men call 
the proboscis. That is the hand of the 
beast; with it they easily do whatsoever 
they will" [Oppian in the Cynegetica, 
Book II, page 478]. " ... They breathe, 
drink and smell with the proboscis, 
which is not inaptly termed their 'hand' " 
[Pliny, in The Natural History, Vol. II, 
Book VIII, Chapter 10]. " ... The animal 
itself regards his trunk as a hand and 
uses it to hurl weapons" [Philostratus, 
Book II, Chapter XII]. 

In more recent studies on the evolu
tion of the elephant, Richard S. Lull 
[American Journal of SCience, Vol. 25; 
March, 1908] stressed the signiRcance of 
the Rnger-like projections of the ele
phant trunk and the ability of the animal 
to bring objects before its eyes, inferring 
a causal relation between "manual" pre
hension and mental comprehension. 

Very recently, in SCientific American 
[May, 1956], Julian H. Steward, the 
University of Illinois anthropologist, ex
tended this same reasoning to man's cul
tural evolution: " . . .  there may have 
been an intimate relation between the 
development of a flint weapon held in 

Scientific American, April, 19S7; Vol. 196, No. 
4. Published monthly by Scientific American, Inc., 
415 Madison Avenue, New York 17, N. Y.; Gerard 
Piel, president; Dennis Flanagan, vice president; 
Donald H. Miller, Jr., vice president and treasurer. 

Editorial correspondence should be addressed to 
The Editors, SCIENTIFIC A MERICAN, 41S Madison 
Avenue, New York 17, N. Y. Manuscripts are 
submitted at the author's risk and will not be 
returned unless accompanied by postage. 

Advertising correspondence should be addressed 
to 1\'Iartin M. Davidson, Advertising Manager, SCIENTIFIC A MERICAN, 41S Madison Avenue, New 
Yo,k 17, N. Y. 

Subscription correspondence should be ad· 
dressed to Circulation Manager, SCIENTIFIC AMERI. 
CAN, 41S Madison Avenue, New York 17, N. Y. 

Change of address: Please notify us four weeks 
in advance of change. If available, kindly furnish 
an address imprint from a recent issue. Be sure to 
give both old and new addresses, including postal 
zone numbers, if any. 

Subscription rates for U.S.A. and possessions: 1 
year, 85; 2 years, 89; 3 years, 812.S0. Canada and 
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the hand and the receding of the apelike 
jaw and the protruding canine teeth . 
. . . There were other consequences of 
this development. The brain centers that 
register the experiences of the hands 
grew larger, and this in turn gave the 
hands greater sensitivity and skilL" 
Whether we like to admit it or not, could 
it not be that the grasping of objects may 
have been basic to the grasping of ideas, 
and in turn to the intelligent contempla
tion of the nature of nature? 

And are not the genes controlling 
man's dexterity still asserting themselves 
in the "do-it-yourself " spirit of modern 
man, in the handicraftsman ship of a 
Winston Churchill and other great intel
lectuals-whether labeled manual work, 
hobbies or cultural pursuits-and in the 
application of similar skills to the health 
and welfare of man in medicine and 
dentistry? In the Rna.l analysis it may 
have been the superiority of the human 
hands-freed for action by an erect pos
ture-which "outwitted" the elephant, its 
formidable tusks, its versatile trunk, and 
its enormous brain notwithstanding. 

REIDAR F. SOGNNAES 

Harvard School of Dental Medicine 
Boston, Mass. 

Sirs: 
Problem 4 of Martin Gardner's col

lection in the February Scientific Ameri
can can be given an additional twist. 
Suppose the logician knows that "pish" 
and "tush" are the native words for "yes" 
and "no" but has forgotten which is 
which, though otherwise he can speak 
the native language. He can still deter
mine which road leads to the village. 

He points to one of the roads and asks, 
"If I asked you whether the road I am 
pointing to is the road to the village 
would you say pish?" If the native re
plies, "Pish," the logician can conclude 
that the road pointed to is the road to the 
village even though he will still be in the 
dark as to whether the native is a liar or 
a truth-teller and as to whether "pish" 
means yes or no. If the native says, 
"Tush," he may draw the opposite con
clusion. 

JOHN MCCARTHY 

Hanover, N. H. 

Sirs: 
The compilation of problems by Mar

tin Gardner in the February issue of your 
magazine is most interesting to me. It is 
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FOR YOUR. 

� nylon milk bottles 
� farming fish 
� paper coating 

Nylon milk bottles 
\Vhen you're looking to labora
tory-stage plastics for new 
developments, it is somewhat 
startling to realize that a new 
raw material has come from 
one of the better established 
plastics, nylon. 

For nylon-first a synthetic 
fiber and more recently a new 
molding compound-is now ex
trudable as well. The extrusion 
industry can, for the first time, 
utilize PLASKON nylon with 
standard equipment and stand
ard techniques. 

The impo.rt of this develop
ment is underlined by the 
products made possible. Tough, 
transparent milk bottles and 
packaging films. Strong, steri
l i z a b l e  b a b y  b o t t l e s  a n d  
aerosol bombs. Flexible, high
burst-strength lubricating sys
tems and speedometer cables. 
Abrasion-resistant wire cover
ing and automotive scuff pads. 

A 5 mil extruded sheet, for 
example, is remarkably tough 

and transparent. Other impres
sive properties are high impact 
.resistance over a wide tempera
ture range, good chemical re
sistance, ease of colorability 
with a penetrating dye or by 
pigmentation of pellets. 

Several grades of PLASKON 
nylon - polycaprolactam-type -
generally known as "nylon 6" 
- are available for extrusion: 
PLASKON 8201 for general pur
pose extrusion; a heat-stabilized 
form for high temperature and 
wire covering applications; 
special high viscosity and flexi
ble grades. 

Farming lish 
We \vere going to say, "Don't 
forget to give your fish their 
fertilizer this year." 

What we mean is this: don't 
forget to give your algae their 
fertilizer this year. Well-fertil-

ized algae make better meals 
for plankton, which make better 
food for insects, upon which 
feed small fish, which in turn 
end up on the menus of large 
fish. 

You can improve fishing 
within a single year by apply
ing plant food to ponds. Fish 
in fertilized ponds can become 
five times larger, both fatter 
and longer. 

Applying the fertilizer is al-
PLASKON and ARCADIAN are Allied Chemical 
trademarks. 

Banett 
Genellli Chemical 
Natilnal Aniline 
Nitrogen 
Semet-50tlay 
SotAy I'Iocess 

=;....;;= __ �lnle .. ma .• lilI1al 

most as easy as pulling the fish 
out on the end of a line. You 
can either spread it from the 
side of a boat or, on larger 
ponds, use the newest tech
niques of aerial application. 
Free-flowing ARCADIAN ferti

.lizers can be quickly and easily 
spread on a pond by conven
tional dusting planes. 

. 

The best fertilizers for fish 
ponds have a high nitrogen 
analysis. Their nitrogen-phos
phorus-potash (N-P-K) ratio 
should be at least 2-2-1 or 1-1-1. 
Like ARCADIAN 12-12-12. 

Paper coating 
A key problem in coating paper 
on today's fast machine coaters 
is viscosity control. The aim: 
to increase total solids content 
(for better coating) without 
increasing viscosity. 

Experimental data prepared 
by the Nitrogen Division re
search group indicate that small 
amounts of urea give large vis
cosity reductions and drastical
ly lower the rate of viscosity in
crease on standing. Urea also 
lowers thixotropic index and 
permits use of adhesive disper
sions with higher solids content. 

A paper titled "Viscosity 
Control of Paper Coating Ad
hesives" contains 15 substan
tiating graphs. We'd be pleased 
to send a copy. 
r------------------, 

Information Service 
ALLIED CHEMICAL 
61 Broadway, New York 6, N. Y. 
Please send me further information: 

o Extruded nylon 
o Fertilizing fish ponds 
o Urea for viscosity control 

Name' _________________ __ 

Company' _________ _ 

Addre .. ' ______ -'-__ _ 

Position' _________ _ 

Remarks _________ _ 

L __________________ � 
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+l'71�Nrl'l� I) 
A FIX 

"Where am I?" 
The success of the mission, the 
safety of both pilot and plane 
depend upon the correct answer 
to this question. 

Supplying that answer 
instantaneously is the vital 
function of automatic ground-based 
radio direction finding and 
airborne navigation systems. 

The newest multi-engined radar. picket 
planes are guided with

' 
a course 

continuously plotted by automatic, air-borne 
navigation systems designed and 
manufactured by Servo Corporation 
of' America. Radio direction finding systems 
produced by Servo Corporation 
of America range from compact, mobile 
systems to permanent, reinote-controlled 
direction finding stations. 

Information on Servo Corporation 
of America's automatic radio direction. 
finding· systems, and automatic navigation 
systems is available to you: Simply rt:''1U':lit, 
on your company letterhe:1I.Q, RB 

• 
• 

Servo Corporation of America, 20-20 Jericho'Turnpike, New Hyde Park, LI., N.Y. 

realized that authorship of such prob
lems is very difficult to establish. How
ever, I claim priority on Problem 7, 
which was published over my name (as 
Number Q-12) in Mathematics Maga
zine for September-October, 1950, Leo 
Moser of the University of Alberta pro
posed a generalization of the problem 
in a later issue of the same journal .. . . 

FRANK HAWTHORNE 

Supervisor of Mathematics Education 
State Education Department 
Albany, N. Y. 

Sirs: 
Mr. McCarthy's pish-tush variation on 

the logic problem is delightful. Several 
other readers also called attention to this 
ultimate (or is it the ultimate?) twist. 

As Mr. Hawthorne's letter indicates, 
1944 seems to mark the first publication 
of the problem about the hunter who 
circles the South Pole, though other let
ters suggest that many people thought 
of it independently and before that date. 

A IUlmber of readers seemed to think 
that Problem 8, about the suburban com
muter, requires that the wife normally 
arrive at the station exactly in time to 
meet her husband's train. Further reflec
tion should make clear, however, that it 
does not matter in the least if the wife 
usually arrives early and waits at the 
station for the train. It is only necessary 
that on this particular occasion she leave 
home at such time that she will meet her 
husband on his trek home. 

MARTIN GARDNER 

New York, N. Y. 

Sirs: 
"A recent survey of teen-agers in 

Africa shows that, given a free choice, 
almost half the boys would like to be 
birds and almost half the girls would 
like to be boys" ["Science and the Citi
zen," SCIENTIFIC AMERICAN, January J. 

Skins gleamed as satin, black and gold, 
Beside our forest blaze, 

And braggart hunting tales were told 
Of breathless hunting days. 

We ate the little roasted quail 
That, spitted, dripping, turned; 

And tale was piled on vaunted tale 
As branch on branch was burned. 

They came from far across the sea 
To ask which we preferred-

© 1957 SCIENTIFIC AMERICAN, INC



© 1957 SCIENTIFIC AMERICAN, INC



LINDE's Flame·Plating gun is oper· 
ated entirely by remote controL At 
control panel (below) is operator, 
who observes process through sale
ty.glass window. At right, Flame· 
Plating gun is seen as workpiece 
is secured in fixture (top), as gun 
is brought into range (center), and 
at the instant of a blast in the plat. 
ing action (bottom). 

Not all guns shoot BULLETS 
Visit us in Booth No. 1005, 

. this one gives metal parts Design Engineering Show, 
May 20-23 

EXTRA WEAR RESISTANCE 

A dramatic and useful coating proc
ess for metal parts has been devel
oped by LINDE engineers' to provide 
extra resistance to wear and abrasion. 
This method, called Flame-Plating, 
utilizes a special, rapid-fire gun to 
apply an extremely hard coating of 
tungsten carbide or aluminum oxide 
on precision parts subject to unusual 
wear or fretting corrosion. 

The Flame-Plating gun consists of 
a barrel and a mechanism for load
ing precise amounts of powdered 
coating material and explosive gases 
into a firing chamber. The powder
tungsten carbide or aluminum oxide 
-remains suspended in the gases 
until a controlled spark ignites the 
mixture. 

The resulting detonation creates 
heat and pressure waves of tremen
dous force. These waves rip through 
the gas-and-powder mixture at su
personic velocity. The particles are 
hurled against the work with terrific 

impact. They fuse together and build 
up until the desired thickness is ob
tained. 

The temperature of the workpiece 
seldom exceeds 400 degrees F. Thus 
precision parts can be Flame-Plated 
without risk of changes in physical 
dimensions or metallurgical proper· 
ties. Coatings can be Flame-Plated 
in thicknesses from .002 to .010 inch, 
and finished to 0.5 microinches rms. 
Practically all metals can be Flame
Plated. 

The extra resistance of Flame·Plated parts 
to wear, abrasion, and fretting corrosion 
has been proved in actual service. Vital 
parts in aircraft and automotive power 
plants, hydraulic systems, and heating units, 
as well as textile and canning machinery, 
plug and ring gages, bearings, and seals 
have all had their useful life greatly ex· 
tended-and economically, too-with Flame· 
Plating by LINDE. Find out how Flame· 
Plating can help you improve your own de· 
sign. Write for a free copy of the booklet, 
"Flame.Plating." F8065. Address "Flame 
Plating," Department R-4. 

LINDE AIR PRODUCTS COMPANY 
A Division of Union Carbide and Carbon Corporation 

30 East 42nd Street !!II! New York 17, New York 
In Canada: Linde Air Products Company, 

Division of Union Carbide Canada Limited, Toronto 

The term "Linde" is a trade-mark of Union Carbide and Carbon Corporation. 
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Which creature would we rather be? 
Each lad replied, "A bird." 

By river and by track they came 
To ask each maiden coy. 

Each giggling girl replied the same
"A boy," she said, "A boy." 

And so they learned a simple truth. 
From dawn of Man to doom, 

We all aspire, in surging youth, 
To what we would consume. 

RALPH A. LEWIN 

Marine Biological Laboratory 
Woods Hole, Mass. 

Sirs: 
With the article "Anesthesia" [SCIEN

TIFIC AMERICAN, January] you pub
lished a chart showing the levels of anes
thesia and their correlates, such as vari
ous reflexes. Another correlate of con
siderable significance and clinical value 
is the brain wave. 

The electroencephalographic signal 
has been found to be closely correlated 
with depth of anesthesia. In fact, it has 
even been used in a feedback loop, con
trolling an anesthesia machine to main
tain a constant level of anesthesia. This 
system has been used in at least fifty ab
dominal operations at the Mayo 
Clinic ["Electroencephalographically 
Controlled Anesthesia in Abdominal Sur
gery," Journal of the American Medical 
ASSOciation, Vol. 144, pages 1,081-
1,083; 1950]. 

As an anesthesia monitoring device it 
is valuable not only in determining level 
of anesthesia but in detecting Circulatory 
and respiratory malfunction, since the 
electroencephalographic pattern is very 
sensitive to brain anoxia .... 

JOHN H. BORROWMAN 

Stanford, Calif. 

ADDENDUM 

The article "Heart Metabo
lism" [SCIENTIFIC AMERICAN, 

February] mentioned a tech
nique whereby small spheres 
were injected into the coronary 
artery of experimental animals. 
This technique was developed by 
Clarence M. Agress of the Uni
versity of California at Los An
geles. 
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Deep cooked • • •  and always uniform in color and flavor 

A horizontal vaporizer (above) is used 
by the Wise Potato Chip Co. Low 
pressure performance (144 p.s.i. at 
750°F.) of Dowthenn permits the use 
of compact, thin-walled equipment. 

Wise Potato (hip (ompany solves uniform process heating problem 

with Dowtherm, Dow heat transfer medium 

Faced with the unique problem of deep 
cooking uniform color, taste and crisp
ness into their chips, a few years ago 
the Wise Potato Chip Company, Ber
wick, Pennsylvania, sought the answer 
to maintaining a constant temperature 
with varying heat loads. 

Intense examination of many heating 
systems led the Wise Potato Chip 
Company to select an entirely closed 
heating system using Dowtherm® as 
a vapor heating medium. 

These results were soon apparent: 
Now heating efficiency is very greatly 

improved. Fuel costs are reduced. 
Fire hazards are reduced because with 
Dowtherm the heating source is placed 
far from the processing area. Quality 
is controlled more easily by the use of 
Dowtherm. 

For your own peace of mind, if you 
have a process heating problem rang
ing from 3500 to 7500 F., we advise 
you to talk with us. We might have 
the answer that will improve your prod
uct-and save your company money. 
THE DOW CHEMICAL COMPANY, Mid
land, Michigan, Dept. BD 845L. 

YOU CAN DEPEND ON 4.a ... � 
17 
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BASIC ELECTRONIC RESEARCH INSTRUMENTATION 

Over 100 separate Kay-designed instruments are presently being 

used as basic research tools in industrial, governmental and edu

cational laboratories. 

These units, designed and precision manufactured by Kay 
Electric Company, serve a wide variety of fields by providing 
extremely accurate test, measurement and analytical data from 

sub-audio to microwave frequencies. 

for Complete Details Regarding These and 
Other 8asic Kay Research Instruments, Write: 

SA-4 
KAY ELECTRIC COMPANY 

!lJtU�uu/� 
of Precision Electronic Test and Measuring Instruments 

14 Maple Avenue, Pine Brook, New Jersey 

KAY 

Sona-(jrapk 
8asic Research Tool for 

Sub-Audio & Audio Frequencies 

A sound spectrograph which produces permanent 
visual records of complex audio and sub·audio 
frequency waves. Three different recorded 
analyses of the waves are provided: the first reo 
'ates frequency and intensity to time; the second 
relates intensity to frequency at any selected 
time; and the third relates average available 
amplitude to time. 

The Sona·Graph is presently being used for 
phonetic studies, speech education of the deaf, 
speech Impediment correction a n d  foreign 
language instruction. Non·speech uses include 
stUdies of noise, vibration, shock and impulse
type waves. The Sona·Graph is particularly ap
plicable to the Fourier analysis of waves of short 
duration. 

Modified forms of the Sona·Graph are also being 
used for the study of cardiographic, encephala· 
graphic and subsonic waves. Range: 5·8,000 cps. 

Price: $1995.00 f.o.b. plant 

KAY 
CALIBRATED 

vUellll-Sweep 
Wide Range, Wide Band Sweeping Oscillator 

The Basic Sweeping Oscillator in 
Industry for Over A Decade 

• CONTINUOUSLY TUNABLE THRU VIDEO VHF 
AND UHF FREQUENCIES, 50KC·950MC RANGE 

• SWEEP WIDTHS TO 40 MC 
• SINGLE DIAL TUNING 

Used with a standard cathode ray oscilloscope, 
the Kay Calibrated Mega·Sweep will display the 
response characteristic of wide band circuits 
over the frequency range of approximately 50 kc 
to 950 mc. It features a calibrated dial indica· 
tion of the approximate output frequency. The 
center frequency of the sweeping output voltage 
may thus be set to an accuracy of about 10%. 
The calibrated Mega·Sweep is the ideal instru· 
ment for use in alignment of amplifiers and 
filters . • .  also as an FM source of wide range 
for' instructional and laboratory purposes. 

SPECIFICATIONS 

Freq. Range: 50 kc to 950 mc. 
Freq. Sweep: Sawtooth, adjustable to 40 mc. 

Repetition rate, 50 to 100 cis. 
RF Output: High, approx. 100 mv max. into open 

circuit. Low,S mv into open circuit. 
RF Output Control: Microwave attenuator can· 

tinuously variable to 26 db. 
Output Waveform: Less than 5% harmonic 

distortion at max. output. 
Meter: Provides crystal detector current for 

peak output. 
Regulated Power Supply: 105·125 v., 50 to 60 

cps. Power Input, 100 watts. 
Price: $495.00 f.o.b. Plant 

KAY (;rIlJlsi/ier 
MODEl 126A 

First Transistorized Audio-Video Amplifier 

The Kay Transifier is the first sub·miniature 
broad band audio·video amplifier. The unit is 
portable, has no hum and is a modular plug·in 
amplifier with a built·in feedback circuit for 
stabilized signal gain. 

The unit is completely self·contained in a cast
aluminum housing with standard banana plug in· 
put and output. Long life battery power is ob· 
tained by using low drain, low voltage transistors. 

The Transifier is ideal as a low cost unit for 
extending the gain of video, audio and other 
instrument amplifiers; vacuum tube voltmeters, 
cathode ray oscilloscopes and tape recorders. 

Price: $85.00 f.o.b Plant 
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They search so that Y.ruI may fi nd 

WRITE TO.,AY 
For These Publications 

1. SPECIAL STEELS FOR INDUSTRY 
. . . 16 pages of essential data on the proper 
selection and application of principal AL 
special alloy products: stainless, tOol and 
electrical steels and sintered carbides. 

2. PUBLICATION LIST . • .  a complete 
listing of all AL publications, both technical 
and non-technical (over 100 in all), with a 
handy order. form for your convenience, 

ADDRESS DEPT. SC-88 

The technician above, in the last-word Research Laboratory 
recently built near our Brackenridge, Pa., plant, is running an 
involved analytical test on apparatus of our own devising
developed because we wanted more accurate answers on special 
alloy steel problems than we could get in any other way. In all 
of the A-L plant laboratories, the hunt for alloy steels of improved 
properties and greater value is always at full speed, so that you 
can have the materials you need to cut your costs or improve 
the competitive position of your products . •  Whenever you're 
trying to take a step ahead in resisting corrosion, heat, wear or 
great stress, or in securing special electrical characteristics, call 
on us. Allegheny Ludlum Steel Corporation, Oliv(lr Building, 
Pittsburgh 22, Pa . 

PIONEERING on the Horizons of Steer 

Allegheny Ludl'!..� 
Stocks of Allegheny Stainless carried by all Ryerson Steel warehouses 
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Correct Lubrication in Action ... 

R • achining of Crank 

Ingots of up to 200 tons are poured, forged 
and machined at Erie Forge & Steel Corpo
ration. One of the world's largest forging com
panies, this Erie, Pennsylvania, concern covers 
113 acres ... uses some of the biggest and most 
unusual machines found in industry. 

Mobil 
""""--�....-"". SOCONY MOBIL 

Leader in Lubrication for over 91 years 
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in the Forging Industry 

shaft Pins Eliminated 
-$30,000 SAVED! 

One of many ways Erie Forge & Steel Corp�ration has cut 

production costs over $100,000 through the help of Socony Mobil 

At Erie Forge & Steel Corporation, where the 
world's largest crankshafts are produced, equipment 
and methods are constantly scrutinized for ways to 
increase production and reduce maintenance costs. 
Plant records show how Socony Mobil has helped. 

A Mobil lubrication engineer analyzed the opera
tion .. , recommended a special Mobil cutting oil. 
Rough finish trouble disappeared, resulting in savings 
of $30,000 in one year This one saving alone more 
than paid for the plant's annual cost of lubricants. 

For example,' During machining of Diesel crank
shaft pins, metal particles welded to cutting tool tip. 
This excessive build-up resulted in rough finish of 
pin surfaces. Thjs necessitated re-machining of up 
to 18 crankshaft pins a day. 

This is Correct Lubrication in Action-the only pro
gram that combines 91 years of lubrication knowledge 
with the most experienced lubrication engineers and 
quality products. Why not find out how it can cut 
your operating costs? 

This complete cost-cutting service can be yours! 

After a Mobil representative thoroughly analyzes your 
plant's lubrication needs, a program of Correct Lubrica-

lion is put into action. Here are some of the ways this 
program benefited the Erie Forge & Steel Corporation. 

World's Greatest Lubrication Knowl
e{�e-Since 1866, Socony Mobil has 

�worked with every type of industry, 
on every kind of machine operation. 
This vast experience enabled Mobil to 

suggest a cleaning method to Erie 

Forge that eliminated monthly dis

mantling of hydraulic and circulating 

systems ... saved $49,719 in four years. 

Continuous research and product de
velopmellt-Socony Mobil products 
are continually improved . . . new 
products developed to meet industry's 
latest needs. A new Mobil extreme

pressure gear lubricant was recom

mended for Alliance 75-ton craneS< It 

cut wear under overload conditions ... 

prolonged gear life ... saved $1,500 in 

labor and material cost. 

Periodic product analyses-This serv
ice provides a thorough check on 
lubricant and machine performance 
. . .  can detect trouble before it reaches 
the serious stage. Analyses of samples 

taken from central coolant system at 

Erie Forge indicated bacterial contam

ination. Steps were taken to arrest 

condition, thns avoiding shutdown of all 

boring and �awing operations. 

Experiellced ellgineers-Mobilengi· 
neers work closely with plant per
sonnel ... can call on years of practi
cal experience to cut plant production 
costs. At Erie Forge & Steel Corpora

tion rams on hydraulic presses had to 
be repacked every two weeks due to 

high-temperature operation. Recom
mendation by Mobil engineer greatly 

extended packing life . . . cut labor 
costs ... saved $20,000 in four months. 

Correct Luhrlcation A proved program to reduce 

maintenance costs 

SOCONY MOBIL OIL COMPANY, INC., and Allili"es: MAGNOLIA PETROLEUM CO� GENERAL PETROLEUM CORP., MOBIL OVERSEAS OIL co., INC. 

2 1  
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In the physics department of the 
Armstrong Research and Devel
opment Center, intensity and 
duration of noise are measured 
and charted by sensitive elec
tronic equipment. Graphs pro
duced are similar to those shown 
in the diagram on facing page. 

IN THIS PHOTOMICROGRAPH, light-colored 
band is blur caused by movement of a thin 
line drawn on edge of untreated vibrating 
metal panel. Width of this band indicates 
how much panel moves during vibration. 

NARROW BAND in this photomicrograph 
shows greatly reduced vibration after as
phalt-saturated felt paper is bonded to panel 
surface. Part of vibrational energy is 
turned to heat as felt flexes with the paneL 
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sound into heat 
helps tnake tnetal products quiet 

Noise can be a real problem when metal panels 
are used in a product. Take the sheet metal roof 
of your car, for instance. It would produce 
enough noise to make your ears ring ... would, 
that is, if science had not found a way to convert 
noisy vibration into harmless heat. 

This quieting is done most often by bonding 
soft, fibrous materials, such as asphalt-saturated 
felt paper, to the underside of the car roof. 

To understand how these materials work, 

think first of what happens when you rapidly 
bend a piece of wire back and forth. It gets hot. 
Some of the energy you put into bending it is 
converted to heat as tiny particles in the metal 
are forced to rub against each other. 

The same sort of thing takes place in a sheet 
of saturated felt paper bonded to a vibrating 
metal panel. As the felt flexes back and forth in 
unison with the panel, the felt fibers rub against 
each other. The friction developed by these 
rubbing fibers soaks up a large part of the panel's 
vibrational energy, turning it into heat. Since 

the vibration is deadened or damped, much less 
noise is produced. 

Fortunately, you can suppress a lot of noise 
and make only a little bit of heat. It has been 
estimated, for instance, that the heat generated 
in an hour by the felt on a typical, continuously 
vibrating panel would not be enough to raise the 
temperature of a teaspoon of water 2° F. Yet 
the amount of sound eliminated in such a case 
could make the difference between an automo
bile ride you would enjoy and one you wouldn't. 

The principle of vibration damping is simple and work
able. It quiets ... and makes products seem more sub
stantial, less "tinny." And it's adaptable to all sorts of 
products ... household appliances, metal furniture and 
cabinets, automobiles, and many others. Of course, the 
specific variables involved must be properly evaluated 
before top efficiency can be achieved in any particular 
case. That's why the many years of Armstrong experi
ence and research in vibration damping and related 
sound control problems can be so valuable to manufac
turers. For suggestions about your vibration damping 
problems, write to Armstrong Cork Company, Industrial 
Division, 8204 Inland Road, Lancaster, Pennsylvania. 

ADHESIVES 

@mstrong Industrial Produots 
CORK COMPOSITION 
CORK�AND·�UBBER 
FELT PAPERS 
FRICTION MATERIALS • • • USED WHEREVER PERFORMANCE COUNTS 

1\ 1\ 
1\ 
I \ VIBRATION i \ DAMPING �� MATERIAl 

�v-=J 
o 5 10 15 

DURATION OF �OISE IN SECONDS 

TO DEMONSTRATE.how Hexing of felt changes 
vibrational energy to frictional heat, inter
lock fingers, then move wrists down. 
Tangled felt fibers rub against each other 
developing friction just as your fingers do. 

CURVE AT LEFT shows what happens when an 
untreated metal panel is "shock-excited " as 
bv a hammer blow. Noise rises to instanta
neous peak, then diminishes slowly as vibra
tion continues for relatively long period. 

WITH IDENTICAL SHOCK, level of noise 
created by the panel after being treated with 
vibration damping felt is lower at peak and 
dies out faster (curve at right). Both ampli
tude and duration of vibration are reduced. 

23 
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WEATHER WATCHER 
AT WORK 

HE KEPT an eye on the humidity-said 

when it would be safe to run and 

when to shut down. Operations were 

pretty sketchy during humid summer 

days, until they discovered that a Lectro

dryer makes them independent of the 

weather. Now they work every day, 

regardless of the humidity. 

Their dewpoint 
recorder now 

shows con
stant DRYness 

This is a true story-happened in a candy 

factory in Chicago. But it's one that's been 

repeated hundreds of times all over the 

world-in every type of plant where 

unwanted moisture is present in air, gases 

or organic liquids. 

Air-drying Lectrodryer 

If you're tired of seeing high humid

ity gum up your production, send for 

the booklet Because Moisture Isn't 
Pink. It tells how other weather 

watchers solved their moisture prob

lems. Write Pittsburgh Lectrodryer 

Division,McGraw-Edison Company, 

336 32nd Street, Pittsburgh 30, Pa. 

Lect�.�.r.yer 
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50 AND tOO 

YEARS AGO 

APRIL, 1907: "Commander Robert E. 
Peary has definitely decided to make 
another attempt to reach the North Pole. 
He stated that he would sail from New 
York as near July 1 J;lext as possible. Suf
ficient money has been raised, he said, 
for repairing his ship, the Roosevelt, and 
a fund of $100,000 necessary to equip 
the expedition would be available before 
July 1. Commander Peary said that he 
expected to arrive among the ice fields 
by the middle of July. His equipment 
and crew, he said, would be practically 
the same as on his recently completed 
expedition. He will buy 200 dogs when 
he arrives in Greenland. He expects that 
the trip may be made in about the same 
length of time as the 1905 trip, which 
required 16 months." 

"The possibility of the construction of 
a 30-knot liner, capable of crossing the 
Atlantic in four days, has recently been 
made the subject of discussion by the 
naval architect who was responsible for 
the design of the battleship Oregon. This 
gentleman states that the plans are prac
tically finished for the construction of a 
torpedo-boat destroyer of 625 tons dis
placement and 12,000 horse-power, 
which is expected to be able to maintain 
a sea speed of 30 knots an hour. This 
will be sufficient to carry such a vessel 
over the transatlantic course of 3,000 
knots in about four days' time. The 
interest in this destroyer lies in the fact 
that it is to be furnished with producer
gas engines, and that it will represent 
the first attempt to apply this system of 
propulsion to a high-speed vessel. Ac
cording to the deSigner, the machinery 
will weigh only 210 tons, or about 35 
pounds per horse-power." 

"Jamestown, described as a 'Colonial 
city beautiful' has sprung up at Sewell's 
Point, on the shores of Hampton Roads, 
and Norfolk and the towns that nestle 
about this historic body of water are 
prepared to receive the throngs of visi
tors to the Jamestown Exposition, which 
will be formally opened by President 
Roosevelt April 26. The Exposition is 
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What kind of men develop 
• 

microwave highways? 
The great microwave systems that relay telephone conversations along with 

television programs from coast to coast will have to work harder than ever to meet 
growing demands for service. But at Bell Laboratories scientists have been making 
important advances in the art of microwave communication. These advances are 
being applied in the development of a new and more efficient system in which 
single beams of microwaves will carry simultaneously many more telephone con
versations and television programs than is now possible. 

The development of the new system demands the varied skills of men in many 
fields of science and engineering. Just a few of the specialists necessary are ... 

PHYSICISTS like J. A. Weiss, Ph.D. in Physics, Ohio State, to harness the 
properties of ferrites in new ways for better control of the transmissioH of 
microwaves. 

MICROWAVE ENGINEERS like P. R. Wickliffe, M.S. in E.E., M.I.T., to 
design new circuitry. Microwaves must be conducted, controlled and ampli
fied through waveguides which resemble pipes. 

MECHANICAL ENGINEERS like W. O. Fullerton, B.S. in E.E., Iowa State, 
to embody new principles in designing the many structures and devices used 
in microwave telephony-with all parts feasible to manufacture, practical to 
install and easy to maintain. 

SYSTEMS ANALYSTS like J. P. Kinzer, M.E., Stevens Institute, for over-all 
system planning and prediction. Mr. Kinzer works with numerical quantities 
and characteristics to predict on paper the performance of an operating 
system. What will it do? How must it perform to meet the needs? 

ELECTRONIC ENGINEERS like B. C. Bellows, B.S. in Engineering, Cornell, 
for the development of "watch-dog" equipment to protect against failure. 
Protective devices must operate automatically in split seconds to maintain 
uninterrupted service. 

BELL TELEPHONE LABORATORIES 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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Which is the key 

to economical nuclear power? 

IN any reactor, economical power pro
duction depends a great deal upon the 
design, composition and construction 
of the fuel element itself. Shape size 
mechanical structure and degree �f en� 
richment all play a part in the extrac
tion of maximum energy with minimum 
fuel cost. 

Sylvania was a pioneer in the de
velopment of efficient reactor fuel 
elements and practical reprocessing 
techniques. During more than eight 
years of successful experience in solv
ing advanced technical problems in 
atomic energy, Sylvania has built up a 

unique and highly specialized research 
organization. Staffed with top-ranking 
scientists and engineers, working in 
well-equipped laboratories, Sylvania 
carries on a constant program of re
actor fuel research in four basic fields: 
materials development, fabrication de-

velopment, test methods development 
and prototype model production. 

Particular stress is laid upon the de
velopment of test methods-both in and 
out of reactor. For only by means of 
satisfactory test methods can new de
signs and materials be evaluated. To 
this end, Sylvania has perfected a num
ber of unique methods of reliable 
projective evaluation. 

If you are wondering which type of 
element will prove most effective in 
your own reactor, we will be glad to 
make recommendations on the basis of 
our long and specialized experience in 
nuclear fuels. Write for a booklet on 
Sylvania Nuclear Fuel Elements. 

SYLVANIA ELECTRIC PRODUCTS INC. 
Atomic Energy Division, Bayside, New York 

In Canada: Sylvania Electric ( Canada) 'Ltd., 
Shell TQwer Building, Montreal 

Sylvania Intematio�al Corporation, 
22 Bahnhofstrasse, Coire, Switzerland. 

�SYLVANIA 
ATOMIC ENERGY �IVISION 

LIGHTING • RADIO • ELECTRONICS • TELEVISION • ATOMIC ENERGY' 
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in celebration of the tercentenary of the 
establishment of the first permanent 
English settlement in the New World at 
Jamestown. Unquestionably the most 
imposing feature connected with the 
opening of the Exposition will be the 
long lines of battleships and cruisers 
which have gathered from all parts of 
the world to do honor to the occasion. 
Of the 67 ships of importance there as
sembled, 27 fly the flags of friendly 
foreign nations, and the balance that of 
the United States. The visiting ships, in
cluding those of the larger size, are 
mainly of the armored-cruiser type, the 
remainder consisting of protected cruis
ers and a few gunboats. To be exact, 
there are 14 armored vessels, 9 pro
tected cruisers, 2 gunboats, and 1 train
ing ship. In

, 
the main, the foreign ships 

are representative of the latest ideas of 
the powers in the various types that are 
represented, up to the close of what 
might be called the ante-bellum period, 
or the period which closed with the 
Russo-Japanese War. There is, however, 
one important exception, which is furn
ished by the Japanese themselves, who 
have sent over, in that splendid ship the 
Tsukuba, the first of a new type-the 
cruiser-battleship-to make its appear
ance on the high seas, In dispatching the 
Tsukuba to Jamestown, the Japanese 
have at once paid us the compliment of 
sending their latest and finest ship of 
its class, and, incidentally, they present 
to the United States concrete evidence 
of the fact that they are now entirely 
independent of foreign ship-builders," 

APRIL, 1857: "The New York Trib
une very properly contends that the 
great value of artichokes has never been 
understood generally by American farm
ers. They will produce a thousand bush
els per acre with little or no cultivation, 
upon a moist rich soil, and the roots 
will keep undug through the winter; or 
they may be plowed out and used for 
fodder in the fall, and hogs may be 
turned in upon the grounds in the spring 
to root up the small roots (this gives 
the land an excellent preparation for 
any other crop), The same roots have 
been long grown in all the New England 
states in little patches, for the amusement 
of the pigs and pleasure of the boys, 
who are fond of digging and eating them 
raw in early spring. Sometimes they are 
used for pickles but seldom cooked in the 
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UNI-RING offers a tremendous saving in installation time over any previous method of tapping 
or terminating shielded or coaxial cable. As the inner ring slides under the shielded braid, the 
tap wire is held between the braid and the outer ring. Single or multiple taps, from either the 
front or back of the connector, can be accommodated ... A single crimp, using the same basic 
HYTOOLS used for installing HYRINGS, completes the uniform, secure, and insulated assembly. 

The protecting nylon insulation extends beyond both ends of the UNI-RING, eliminating metal
to-metal contact and preventing harmful wire-chafing in tight locations. The UNI-RING is 
color-coded to indicate conductor sizes. 

UNI-RING'S one-piece design insures electrical integrity, prevents heating, and eliminates 
noises caused by isolated metal parts. 

For samples and complete detaUs, write: OMATON DIVISION 

Norwalk, Connect • •  Toronto, Canada. Other lIactorl •• :New York, Calif., Toronto. Export: Philip. Export Co. 
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Wollensak FASTAX CAMERAS 
are boon to Industrial Engineers 

28 

• • •  quickly pinpoint design and 

engineering problems 

" ... If you think high speed movie photography 

is of interest only to businessmen of the Buck Rogers 

type, think again. It has fascinated some down-to

earth folk at (both) ends of the American economy: 

Television ad men ... factory managers ... engineers. 

"Factory managers are using the time machines 

to find for the first time what is really going on in 

their plants. 

" ... For example Paper Mate Manufacturing Co., 

Burroughs Corp., Ethyl Corp., General Mills, General 

Motors, Ford are just a few corporations using high 

speed photography to stop time ... freeze motion." 

FASTAX cameras are the most widely used high 

speed motion picture and oscillographic cameras be

cause they are the most versatile ... have the widest 

speed ranges . .. offer the most complete line. 

WRITE and see how high speed photography can help 

save engineering time • • •  cuts down on development time 
because it enables your engineers to pinpoint problems more 

readily • . •  helps picture the answer. Wollensak Optical Com
pany, Rochester 21, New York. 

WOLLENSAK 
OPTICAL COMPANY 
ROCHESTER 21, NEW YORK 

Northern states, while in the South they 
make a common dish upon many tables." 

"It is a well-established fact that the 
yellow fever-a disease formerly con
fined to the cities and districts of the 
far South-has, within a few years, be
come quite serious in Northern seaport 
places. The introduction of the yellow 
fever into the garrison on Governor's 
Island; harbor of New York, is attributed 
to the arrival of invalid soldiers from the 
forces in Florida. The illness and death 
.of their comrade at Morris Island is sat
isfactory on this point, and shows that 
the rigorous execution of the quarantine 
law excluded at least one case from the 
city. We have every reason to believe, 
if it be capable of excluding one source 
of disease, it is capable of excluding 
many, and may finally arrive at that state 
of executive perfection as to exclude all. 
When that happy period shall arrive, 
merchants as well as citizens will believe 
that there is some virtue in well-regu
lated and vigorously executed quaran
tine laws." 

"From the number of communications 
which we have received on the 'divining 
rod,' we cannot question the honest be
lief of a number of our readers in its 
virtues. There are many phenomena in 
nature which are yet sealed up to us, and 
the divining rod may be one of these; 
still, we must say that we are skeptics in 
the powers or virtues which are attrib
uted to it. We believe that any man of a 
reflecting al'ld observing mind can guess 
where water may be obtained by boring, 
without a divining rod, as well as an
other person with one. Our opinion may 
be wrong, but we cannot come to any 
other conclusion by reasoning on the 
subject from scientific data. If, however, 
we are at any period of time after this 
convinced by ocular demonstration that 
there is scientific virtue in the divining 
rod, we will frankly make the change of 
our views known." 

"M. von Humboldt has written to the 
Astronomical Society of Berlin on cer
tain appearances connected with the 
zodiacal light, drawing attention to new 
facts connected with that phenomenon, 
from which it appears that this remark
able light is not confined to the west, as 
was supposed, but has been seen by 
himself and others in the east, at the 
same time. The conclusion drawn from 
the various observations made in regard 
to this phenomenon is that the earth is 
surrounded by a nebulous ring lying 
within the moon's orbit, confirming the 
views of Rev. G. Jones." 
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Refractories . .. forreally high temperature insulation 

The problem of heat insulation at extreme temperatures is solved 
by two of Carborundum's refractories: 

One is made of fused alumina "bubbles" or hollow spheres, 
bonded and high fired. These selected bubbles give proper bal
ance between the number of surface temperature drops and total 
pore space (about 65% porosity) to effectively decrease heat 
flow between hot and cold faces. The alumina imparts high hot 
strength to the finished refractory, trade-marked ALFRAX BI. 
Under a load of 12Y2 psi and a temperature of 2732° F held for 
1 % hrs., less than 1 % coimaction occurred. No contraction 
whatever developed in 5 hour reheat tests at 3092° F. This com
bination of properties makes ALFRAX BI refractories unique in 
their ability to insulate at temperatures where other materials 
are impractical. 

The other is FIBERFRAX® ceramic fiber, produced by blowing 
an alumina-silica fusion. Among its properties are high insulat
ing values, light weight, resiliency, and corrosion resistance. All 

CARBORUNDUM 
Registered Trade Mark 

are retained at 2300° F. In some cases, this fiber can be used suc
cessfully up to 3000° F. It is supplied in long and short staple, 
rope, board, paper, block, blanket, etc. 

These products are but two of the many super refractories 
pioneered by Carborundum. Among them you are almost certain 
to find answers to your refractory and high-temperature prob
lems. For help, fill in and mail this coupon today. 

r--------- MAIL THIS COUPON TODAY -------

t 
Refractories Division, 
The Carborundum Company, Perth Amboy, N. J., Dept. Q47 

Please send me: 

o Forthcoming issue of Refractories Magazine 

o Bulletin on Properties of Carborundum's Super Refractories 

D Here is a description of my high temperature problem. 

Can you help me? 

Name ______________ Title _______ _ 

Company ____________________ ___ 

Street ______________________ _ 

City, ___________ Zone __ State _____ _ 
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Life 
... on the 

Chemical Newsfront 

SINCE ITS FIRST APPEARANCE IN 1954, the spotted alfalfa 
aphid has spread like wildfire and now poses a threat to every 
alfalfa-growing region of the U. S. Unless controlled, this prolific 
pest can ruin fields. Since alfalfa is fed to cattle, and sprays often 
are needed as close as seven days to harvest, the insecticide must 

HIGH-FREQUENCY ELECTRODES are encased in mineral-filled 
CYMEL@ Melamine Molding Compound in a new electrosurgical 
instrument manufactured by the Birtcher Corp. of. Los Angeles. 
Used in the removal of tonsils, cervical cysts and surface growths, 
this instrument benefits from the excellent insulation and precision 
molding characteristics of CYMEL by insuring proper spacing and 
action of the electrodes. Handles and cord tips are molded of alpha 
cellulose-filled CYMEL, also an excellent insulator. All surfaces are 
exceptionally hard and chip resistant, and can be sterilized easily. 

(Plastics and Resins Division) 

30 

be effective yet not leave toxic residues. Cyanamid's malathion is 
the only recommended insecticide which fits both these speci
fications ... and also offers safety in handling. Light area in photo 
shows complete destruction of alfalfa by aphids where the spray 
plane missed a comer of the field. (Phosphates and Nitrogen Division) 

SMOOTH, PERFECT SURFACES on molded plastic products depend 
in part on a clean, even coating of mold lubricant. Stearates are 
commonly used for mold lubrication, and new processing equip
ment has been installed at Cyanamid's stearates plant to insure 
freedom from contamination at each manufacturing step. The 
resulting grades of aluminum, zinc, calcium and magnesium 
stearates can be counted on for trouble-free application where 
quality is critical. Molders of MELMAC® quality melamine dinner
ware, for example, can count on Cyanamid stearates to obtain the 
characteristic fine surface finish. (Industrial Chemicals Division, Dept.A) 
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LASTING FRESHNESS CAN NOW BE "BUILT IN" to clothing, 
linens, and other textiles normally subject to perspiration-based 
odors. Having no significant odor itself, perspiration is subject 
to attack by certain bacteria which produce objectionable by
products. Cyanamid's new CYANA® Purifying Agent controls 
these bacteria, keeping the garments fresh indefinitely. Applied 
easily to textiles at the mill, CYANA Purifying Agent is unusual 
in its ability to maintain protection through repeated launder
ings, in many cases for garment's life. (Organic Chemicals Division) 

c: 

VACUUM PACKING OF RUBBER ACCELERATORS is now carried 
out in Cyanamid's new MBTS (benzothiazole disulfide) plant. The 
new bagging process applies suction through the bag walls during 
filling, densifying the contents. The smaller, neater bag of Cyanamid 
MBTS is easier to handle, more efficient to unit-load and store. Free
Howing characteristics are not affected. Cyanamid is the first to apply 
this packaging technique to high-grade rubber chemicals. 

(Organic Chemicals Division) 

c.� CI-I. cca, C1N 
�. 

Ce Cf.\, Cit.. I.':-OC\.\.- �Ct 

BETA-CHLOROPROPIONITRILE combines the reactivity of an ali
phatic nitrile with that of an alkyl chloride, leading to many reaction 
possibilities including application in certain polymers. For example, 
a mixture of ethylenic compounds copolymerized in the presence 
of beta-chloropropionitrile leads to interesting elastomers. Extensive 
data on the reactions of beta-chloropropionitrile and many other 
promising intermediates and experimental samples of this reactive 
compound are available on request from Cyanamid. 

(New Product Development Department) 

AMERICAN CYANAMID COMPANY 
30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y. 

Helping America Make Better Use of its Resources 

For further information on these and other chemicals, call, write or wire American Cyanamid Company 
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Here's an unusual picture -the blazing inferno of an open hearth furnace "boil." Taken 
in the merest "fraction of a second by a high-speed movie camera, it gives a rarely intimate 

glimpse of the process by which furnace iron, ore and scrap are transformed into refined steel. 
Such revealing pictures of the boiling bath of steel and slag disclose to the furnace operator 

and plant metallurgist significant action hitherto only vaguely perceived-enable the scientist 

to better understand the kinetics of heat transfer and chemical reaction at temperatures 
approaching 3000 degrees F. 

Exposure time-1/6000 of a second! 

M
OTION PICTURES like this, taken 120 
times faster than a lightning flash,make 

it possible to observe-in slow motion-char
acteristic actions and reactions in the steel
making process so violent and instantaneous 
that they have hitherto defied analysis. 

For, by the use of a high-speed camera that 
can take up to 3000 frames per second, one 
second of action filmed, when projected at 
the usual 16 frames per second, takes almost 
4 minutes to be viewed. 

Such a tremendous magnification of time 
has enabled the scientists at United States 
Steel's Fundamental Research Laboratory 
not only to see clearly, but to' study care-' 
fully, phenomena that occur far too fast for 
the eye even to distinguish. It has helped to 
clear up and record many significant happen-

ings that formerly were merely guessed at
has provided us with data that promise to be 
of important assistance in the development 
of ever better steels. 

Already the information obtained with the 
high-speed camera has led to a clearer under
standing of some of the complex mechanisms 
operative in blast furnaces and open hearth 
furnaces, and has shed additional light on 
such diverse processes as arc welding, quench
ing procedures and impact testing. 

Fundamental research of this kind is typi
cal of the painstaking steps by which United 
States Steel is constantly striving to meet 
the most exacting steel requirements of to
day and to anticipate those of tomorrow. 
United States Steel Corporation, 525 Wil
liam Penn Place, Pittsburgh 30, Pa. 
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ALUNDUM 
High-Purity 

Fused Alumina 

... has many important 
advantages that may benefit 

your own operations 
ALUNDUM fused alpha alumina, one of many 

electrochemically refined materials produced by 
Norton Company, is gaining increased preference 
for many industrial uses. 

It is available in a number of forms. Of these, .'38 
ALUNDUM grain has proved particularly successful 
in applications demanding high purity. Electrically 
fused from Bayer-processed alumina, this white 
grain is 99.49% pure AI20s. It is insoluble in com
mon solvents, extremely resistant to reduction and 
is an amphoteric refractory with high dielectric 
strength. Other characteristics include: 

Melting point. ............. about .'3600°F. 
Specific gravity ..................... .'3.94 
'Crystal structure ........ hexagonal system 

(rhombohedral division) 
Hardness ................ 9.0 Mohs' scale 
Index of refraction ............. 1.76 mean 

Norton Also Electrochemically Refines 
CRYSTOLON* silicon carbide, MAGNORITE* magne
sium oxide, NORBIOE* boron carbide, FUSED ZIRCONIA 
and many others, including a number still under 
development. Having varied applications in many 
fields,. these high-melting materials are also basic 
ingredients of the famous Norton Refractory �'s 
- refractories engineered and prescribed for the 
widest range of uses. 

For Your Own Requirements 
Norton Company not only supplies these materials 
in crude form but is ready to work with you in proc
essing or fabricating them to your own particular 
requirements. The new booklet, Norton Refractory 
Grain - Electrochemically Refined, brings you de
tailed information. Write for your copy to NORTON 
COMPANY, Refractories Division, 543 New Bond 
Street, Worcester 6, Massachusetts. 

-Trado-Morks Reg. U. S. Pat. Off. and Foreign Countries 

* 
Thanks to the inherent hardness, chemical stability 
and high density of Norton high-purity fused alumina, 
engineers in various fields are finding it widely usefuL 
For example: 

For Catalytic Reactions 

Norton fused alpha alumina carriers are outstanding 
for chemical stability and resistance to abrasion and 
erosion. Available in the form of spheres, rings and 
pellets they are u,sed in fixed bed oxidation reactions 
where the application requires a low surface area (less 
than Im2jgm) carrier. Inert, dense ALUNDUM spheres 
are also available for space filler applicatioils. Other 
types of ALUNDUM catalyst carriers having surface areas 
in the range 5-60 m2/gm are also available. 

In Thermal Cracking ,Reactors 

Particularly in Wulff Process Generators for cracking light hy
drocarbons to produce acetylene gas and Koppers-Hasche Gen
erators for cracking light hydrocarbons to produce a variety of 
gases and petrochemicals - checkers made of Norton ALUNDUM 
high-purity fused alumina provide definite advantages. Their 
excellent heat transfer properties, high refractoriness and resist
ance to erosion caused by hot gases are important. Their ability 
to withstand the thermal stresses of intermittent operation as
sures long life. And their purity prevents side reactions with the 
reacting gases, thus safeguarding product quality. 

In Pebble Heaters 

ALUNDUM heat exchange pebbles are giving excellent results in 
pebble heaters for heating gases above operating temperatures 
permissible in conventional tube furnaces. Their great resistance 
to abrasion, impact and repeated heating and cooling make them 
the ideal heat transfer medium in these devices. Also, their high 
refractoriness prevents them from the softening and "bridging" 
together that causes stoppages in the heater's moving bed. 

In Gas Synthesis Generators 

ALUNDUM fired shapes, backed up with ALUNDUM insulating cast
able, provide ideal linings for generators of this type because of 
their high-purity, high refractoriness, chemical stability, and 
inertness to reaction with contacting atmospheres. 

Many Other Uses 

for Norton high-purity fused alumina materials include: pure 
oxides and sintered refractories, refractory cements, wear
resistant parts, laboratory ware, etc. 

(NORTON. 
REFRACTORIES 

Engineered . . .  1{ . . . Prescribed 
trl4ldnf( 6dfer prorlucfs • • • frJ mt1ke your prrxlucls 6elfer 
NOITON 'ROOUCTS: Abra ...... ' • Grinding Wh •• I, • Grindino Machin., • ..froctOti., 
IEHR·MAHHIHG PRODUCTS, Coated Abra,i ... , • Silarp ... inv Stone, • • .... -.:ot To .... 
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PRECISION 

PRODUCTION 

PR'OBLEMS? 

NEW! ALIGNMENT 
INTERFEROMETER 
Accurately measures 
sma l l  changes i n  
angle over a range 
of 30 seconds of arc 
(± 15 seconds). Easy 
direct scale read
ings to 0.2 seconds 
(0.000006"). 

BENCH 
COMPARATOR 

Exclusive under· 
stage illumination
no complex set-ups, 
no holding fixtures 
for most work. Mag. 
nified silhouettes 
show errors instant· 
ly. Reads to 0.0001" 
with optional mi· 
crometer stage. 

CONTOUR 
MEASURING 
PROJECTOR 

Shows magnified silo 
houettes or surface 
views. Simple opera· 
tion, highest precl· 
sian measurements: 
to 0.0001", linearj 
to 1 minute of are, 
angular. 

NEW 
TOOLMAKER'S 
MEASURING 
MICROSCOPE 

Qui ckly measu res 
opaque or transpar· 
ent objects of any 
contour. linear, ac
curate to 0.0001"; 
angu lar, to 1 minute 
of arc. 

STEREO· 
MICROSCOPES 

Magnified 3-D views 
of tiny parts. Dust· 
proof, shockproof, 
can be mounted 
right In machine or 
fixture. Speeds as· 
sembly, inspection. 
Most complete line, 
widest field of view. 

OPTICAL AIDS 
CATALOG 
Time-and-money·sav· 
ing data on Surface 
Comparators, Indus· 
trial Magnifiers, Ma
croscopes, Micro· 
scope Bodies, Mi· 
crometer Discs, Wide 
Field Tubes, Brinell 
Microscopes, ShOll 
Microscopes. 

'" 

MAil COUPON TODAY FOR VALUABLE DATA 
• BAUSCH & LOMB OPTICAL CO. • 
• 78116 St. Paul St., Rochester 2, N. Y. • 
• Please send literature on optical production • • aids checked below. • • D Alignment Interferometer D Bench Com· • 

parator D Contour Measuring Projector • D Toolmaker's Microscope D Stereomicro· • 
• scopes D Optical Aids Catalog • 

NAME ................................................................ . 
TITLE ............................................................... . . . • 
COMPANY . ..........................................•............. • 
ADD.ESS ......................................... ................... I CITY ................................ ZONE ........ STATE .......• 

..... _________ .. 

THE AUTHORS 
PHILIP MORRISON ("The Over

throw of Parity") is associate professor 
of physics at Cornell University, where 
he has done pioneer work applying phys
ical theory in a number of fields, includ
ing microbiology. He graduated from 
the Carnegie Institute of Technology in 
1936, then studied theoretical physics 
under J. Robert Oppenheimer at the 
University of California, where he re
ceived his doctorate in 1940. When 
World War II broke out, Morrison left a 
lectureship at the University of Illinois 
to join the Metallurgical Laboratory of 
the University of Chicago, and later be
came a group leader at the Los Alamos 
Laboratory of the Manhattan District. 
Morrison joined the Cornell faculty in 
1946. His article "The Neutrino" ap
peared in the January, 1956, issue of this 
magazine. 

THEODORE X. BARBER ("Experi
ments in Hypnosis") is associated with 
Harvard University's Laboratory of So· 
cial Relations. He is at present conduct
ing experiments in hypnosis and psycho
somatic medicine under a grant from the 
National Institute of Mental Health. He 
was trained in the classics at St. John's 
College in Annapolis, Md., then spent 
two years studying philosophy and com
parative literature at the New School for 
Social Research. After that he turned to 
science; studied zoology and physiology 
for three years at George Washington 
University and went on to take a doc
torate in psychology at American Uni� 
versity in Washington, D. C. Barber's 
middle initial stands for Xenophon. 

P. B. MEDAWAR ("Skin Trans· 
plants") is J odrell Professor of Zoology 
and Comparative Anatomy at University 
College London. He studied anatomy 
and morphology under H. W. Florey at 
the University of Oxford, where he was 
awarded several prize fellowships at 
Magdalen and St. John's colleges. After 
10 years as a lecturer at Oxford, he went 
to the University of Birmingham as 
chairman of the department of zoology 
from 1947 to 1951. Medawar became 
interested in skin grafts 15 years ago 
when the British Medical Research 
Council asked him to investigate the 
reaction to these transplants. He has 
been studying this topic on and off ever 
since, with time out for work on several 
other problems of cellular and quantita
tive biology. Besides his academic du-
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SPECIAL SERVICES 

Scatter communication, which is ordinarily 
hampered by fading, can be made reliable by 
diversity reception. 

This calls for two or more receivers operating 
independently and simultaneously from the 

same signal. Originally, an automatic 
switching arrangement selected the stronger 
of the receiver outputs. Even the near
instantaneous act of switching often upsets 
teletype reception, and an improved method 
was needed. 

REL achieved the solution with the first 
successful combiner, which continually 
couples the output of all receivers in a 
diversity system. In addition, the combined 
signal is always stronger than that of any one 
receiver alone. The compact REL combiner 
(right) remains unchallenged in simplicity 
and reliability. 

The same imagination and facilities which so 
brilliantly served in this case are also 
available for the solution of your specialized 
radio problem. 

@ Radio Engineering laboratories ·Inc. 
36·40 37th st . Long Island City 1, N Y 

STillwell 6-2100 . Teletype: NY 4-2816 
Canadian repre.entative, AHEARN 8. SOPER CO • BOX 715 • OTTAWA 

Creative careers at RE L await a few exceptional engineers. Address resumes to jallles W. Kelly, Persollftei Director .. 

j5 
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Conquering Man's Conquest of Man 
Today the great scientific brains of the world are engaged in pursuits whose 
fruits are the miracles of technological advancement. Comfort, safety, heaJth, 
security -in all areas, great forward strides are being made by industry, by 
science and by (sigh) engineering. 

At Sigma there has not been lack of awareness of the manifest destiny 
of man to free himself from the shackles of retrogression. The same Sigma 
thinking (we call it Sigmagineering) that gave Sigma Sensitive Relays to the 
world has now been directed toward the more serious problems of saving 
mankind from self-destruction. Our part is small, but perhaps it will be the 
little ocorn that will prevent the great aches from getting mightier. 

Sigma's contribution to this worthy cause is the Aurelius P. Zindbasky 
Do-it-yourself Kit #1 'ror Finder Fixing (named for the Sigmagineer who 
invented it). It is instantly available, cost reasonable, benefits immeasurable. 
In less than one -half hour you can remove, with an A. P. Z Kit #1, the 
unsightly fins on the rear finders of your late model car. Here are actual 
photographs of the results before (left) and after (right) use of an A. P. Z #1: 

BE fO RE AFTER 

Although not a standard Sigma product, we are prepared to supply A. P. Z Kit #l's on 

receipt of 78c (78c) in late model coins. Don't delay - this may be the turning point of 

your life. 

SIGMA INSTRUMENTS, INC. 
40 Pearl St., So. Braintree, Boston 85, Massachusetts. 

ONE OF A SERIES OF ONE ADVERTISEMENTS DEPICTING SIGMA'S PLACE IN THE AMERICAN SCENE 

AND REPORTING ON ADVANCES IN FIELDS, THOUGH NOT EXACTLY BILATERAl. TO SIGMA'S 
REGULAR FIELD/ NEVERTHELESS. 

ties, Medawar serves on the British Agri
cultural Research Council and on the 
University Grants Committee, which ad
vises the British Treasury on the distri
bution of funds to all of Britain's univer
sities. He was elected to the Royal 
Society in 1949. 

HARRISON BROWN ("The Age of 
the Solar System") is professor of geo
chemistry at the California Institute of 
Technology. He graduated from the Uni
versity of California in 1938 and took 
a Ph.D. at the Johns Hopkins University 
in 1941. After wartime service in the 
Clinton Laboratories at Oak Ridge, 
Tenn., where he was assistant director 
of the chemical division, he returned to 
a post at the University of Chicago's In
stitute for Nuclear Studies. He trans
ferred to Cal Tech in 1951. At present 
he is studying the distribution of ele
ments in meteorites. Brown is the author 
of two popular books on science, Must 
Destruction Be Our Destiny? and The 
Challenge of Man's Future; a third, The 
Next Hundred Years, written in collabo
ration with his colleagues John Weir and 
James Bonner, will be published this 
year. Brown reviewed Immanuel Veli
kovsky's Earth in Upheaval in the 
March, 1956, issue. 

P. F. SCHOLANDER ("The Won
derful Net") heads the new Institute of 
Zoophysiology at the University of Oslo. 
When the Institute was established some 
months ago, its first project was an expe
dition to Barro Colorado Island in the 
Panama Canal Zone to study the physi
ology of blood-vessel nets in the sloth. 
Scholander was born in Orebro, a 
town in Sweden, and later moved to 
Norway. As a student at the University 
of Oslo, he says, "I found an intellectual 
outlet from medical studies in music and 
lichenology, which took ine on expedi
tions to Greenland and Spitsbergen. In 
1932 I undeservedly received my degree 
in medicine, and in 1934 a Ph.D. in 
botany was bestowed upon me. I then 
turned to the study of diving in seals, 
whales and penguins, and have worked 
in comparative physiology ever since." 
Scholander came to the U. S. in 1939 as 
a Rockefeller Fellow to study diving 
with Laurence Irving of Swarthmore 
College. During World War II he was 
an aviation physiologist for the U. S. 
Air Force and became a naturalized U. S. 
citizen. He later studied climatic adapta
tion in the Arctic Research'Laboratory 
at Point Barrow in Alaska, did research 
on cell respiration at the Harvard Medi
cal School and worked at the Woods 
Hole Oceanographic Institution, where 
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Too much insulation can be just as wasteful as too little. 
Every insulation-dollar you spend, which is not amor
tized by fuel-savings, represents needless investment. 
But, until UNARCO developed "]" Factor Tables, en
gineers had no easy way to determine the most eco
nomical thickness. 

With today's "]" Factor Tables - and knowing the cost 
of fuel, hours of operation, life expectancy of the in
stallation, pipe sizes and temperatures, and the cost of 
insulation, installed-it's merely a matter of ready refer
ence to pick out the right thickness to use. 

T ime-saving UNARCO "]" Factor Tables should be 
in every engineer's file. Everything is condensed into 
five simple charts covering pipe temperatures up to 
1200oF. and insulation thicknesses from I" to 601". 
T his, and much other pertinent data, is included in 
UNARCO'S free new 40-page book. 

If you are involved in the design or operation of power 
plants, atomic developments, petroleum or chemical 
processing, or any other matter requiring conservation 
of BT Us, mail the coupon today. 

• 

All-round dependabi l i t y ,  h i g h  
thermal efficiency, and unmatched 
ease of installation, make single
layer UNIBESTOS the world's finest 
pipe insulation. 

•••••••••••••••••••••••••••••••••••••••••••• 

UNION ASBESTOS & RUBBER COMPANY 
1111 West Perry Street, Bloomington, Illinois 

Please send me your free 40-page Insulation Booklet containing "J" 
Factor Tables. 

Individual ____________________ _ 

Company' ____________________ __ 

Street: ___________________ __ _ 

City, Zone, State' __________________ _ 
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WARNING -- Radar Trap ! 
One way to get a ticket that can't be fixed is to try a high
speed sneak attack past the line of "Texas Tower" 
radar sentinels now guarding our shores. 

When a'n intruder approaches, his range, bearing, course and 
speed are instantly flashed to our Air Defense Command, 
along with voice and intercept command signals. This information, 
"multiplexed" by Lenkurt single-sideband carrier equipment, 
rides ashore on a microwave radio beam. 

The carrier picked for this application is standard Lenkurt 
Elquipment - the same that is in daily use by America's 
telephone compaJlles. Its adaptability, proved reliability and 
ease of maintenance have made it the logical first choice for 

• many vital defense installations. It offers frequency economy, 
saves installation space, provides a maximum number of 
channels at a minimum unit cost. 

To carry forward your own communications projects, join the 
. growing list of commercial and government users who 

look to Lenkurt for leadership in telecommunications. 

San Car/os, Calif • •  Mexico, D.F . •  Vancouver, B.C. 

Lenkurt products are distributed to public utilities by ,."'UJqSii •• '1j.J+i.U+ 
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"I had three wonderful years studying 
my pet subject, gas secretion in the 
swim bladders of fishes, and stretching 
the limits of oceanography to include 
such problems as the rise of sap in tall 
trees and the canned meteorology frozen 
in glaciers." Scholander adds: "I have 
two great hobbies in life. One is science, 
stretching from whales to single cells, 
from the tropics to the arctic and from 
the tops of trees to the depths of the 
ocean. The other hobby is playing the 
violin in the laboratory." 

ANDRE CLASSE ("The Whistled 
Language of La Gomera") is a lecturer 
on phonetics at the University of Glas
gow. He was born in France and gradu
ated from the SOl·bonne. After receiving 
a Litt.D. from the University of Glasgow 
in 1939 (his thesis was a book entitled 

• The Rhythm of English Prose), he 
taught French for several years, and 
published works on the pronunciation of 
French and English. Classe associates 
his love of phonetics with a deep interest 
in music and an amateur interest in elec
tronics. "My ambition," he says, "is to 
find another novel subject like the 
whistled language which will take me to 
a pleasant part of the world like the 
Canary Islands." 

FRANK B. SALISBURY ("Plant 
Growth Substances") is assistant profes
sor of botany at the Colorado Agricul
tural and Mechanical College, which on 
May 1 will become Colorado State Uni
versity. He was born in Provo, Utah, and 
graduated from the University of Utah 
in 195 1. After taking an M.A. there, he 
went to the California Institute of Tech
nology for his Ph.D. He studied plant 
physiology under James Bonner and 
minored in geochemistry under Harrison 
Brown (whose' article "The Age of the 
Solar System" appears in this issue). 
Most of Salisbury's research work has 
been on the chemistry of flowering. 

WALTER ORR ROBERTS ("Sun 
Clouds and Rain Clouds") directs the 
High Altitude Observatory of the Uni
versity of Colorado. He began his career 
in astronomy as an amateur telescope
maker under the tutelage of Albert 
Ingalls' department on the subject in 
this magazine. Roberts has received 
three degrees from Harvard University, 
including a Ph.D. in solar astrophysics. 
He went to the High Altitude Observa
tory in 1940 to help set up its corona
graphic station. He was the author of an 
earlier article on sun clouds ("Corpus
cles from the Sun") in the February, 
1955, issue of SCIENTIFIC AMERICAN. 
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. 
The proof of any guided missile is its 
performance. Not only is it necessary 
to provide accurate trajectory data in 
order to determine its effectiveness, but 
this must be made immediately available. 

To meet both requirements is the pur
pose of the ANjFPS-16 instrumenta
tion radar. This is the first radar 
developed specifically for Range Instru
mentation. It has demonstrated its 

a b ility to track with accurac y  in 
darkness, through clouds-under any 

. atmospheric conditions-over extended 
ranges, and to yield data that can be 
reduced almost instantaneously to final 

form. This unit can also be assigned to 
plot performance of missile, satellite, 

drone and other free space moving 
targets. 

In the past, this data has depended upon 

optical devices, triangulation systems 
with long base lines and precision limi
tations, modified radar equipment and 
data reduction methods often requiring 
months for computation. The immediate 
availability of data evaluation provided 
by the ANjFPS-16, now being built by 
RCA under cognizance of the Navy 
Bureau of Aeronautics for all services, 
is a great forward step in Range 
Instrumentation. 

� • RADIO CORPORATION 
.) Deien" Elee',onie P,odue', 

Tmk (S)®� Camden, N.J. 
of AMERICA 
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You will find that Revere Aluminum 
Sheet passes smoothly and economically 
through your processes, that it brings 
to your products all the advantages you 
expect from fine aluminum. 

Three Revere plants, located 'in the 
East, the Mid-West and on the Pacific 
Coast, can bring mill service and technical 
consultation close to your own doorstep. 
These plants will have the backing of 
Revere's primary aluminum operation, 
scheduled to begin production in 1958. 

It will pay you to tie the growth of 
your business to the most dependable 
sources of supply-such as Revere, which 
is in aluminum in a BIG WAY. Revere 
Copper and Brass Incorporated. Founded 
by Paul Revere in 1801. Executive Offices: 
230 Park Avenue, New York 17, N. Y. 

Revere Aluminum Mill Products include coiled 
and flat sheet, both plain and embossed, circles, 
blanks, Tube-In-Strip, extruded products, seamless 
drawn tube, welded tube, rolled shapes, electrical 
conductors. forgings, foil and frozen food containers. 

Proiected for 1957: New Revlr. Aluminum Sh ••• Mill 
Santa Ana, Colif. 
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breaking the barriers 
with Utica Vacuum Metals 
N ow that supersonic flight has become routine, today's challenge lies 
in developing metals and means of cracking the thermal barrier. 

The metals problem has already been partially solved by superalloys 
produced through Vacuum Melting. This process, as developed 
by Utica, has yielded such super refractory alloys as Udimet 500-
a clean, pure alloy combining unsurpassed stress-rupture life 
with superior high tensile strength in the 1200° F to 1800° F range. 
At 1600° F, Udimet 500 has a tensile strength of over 100,000 PSI. 
In addition to the development of new and superalloys, 
Utica specializes in upgrading the quality of existing alloys. 

VACUUM MELTING 
provides these 
properties 

• High temperature corrosion resistance 
• Increased ductility 
• Extreme cleanliness 
• Precise chemical control 
• Longer stress-rupture life 
• Increased tensile strength 
• Better fatigue resistance 
• Greater yield strength 
• Greater impact resistance 
• Greater creep properties 

UTICA METALS DIVISION OF KELSEY-HAYES 
UTICA D ROP FORGE & TOOL DIVISION � KELSEY-HAYES CO., UTICA 4. NEW YORK 

A \,.  ... 0 v s 

42 

© 1957 SCIENTIFIC AMERICAN, INC



DAYSTROM REACTOR TRAINING CENTER 

� 
TOMORROW'S NUCLEAR RESEARCH 

� 
TWO PHASE �T. PROGRAM OFFERS COMPLETE RESEARCH REACTOR CONSTRUCTION AND TRAINING 

"THIS REACTOR IS THE OAYSTROM 
CONCEPT OF THE MUCH 
PUBL.ICIZED ARGONAUT DESIGNED 
BY PERSONNEL. OF THE 
ARGONNE NATIONAL LABORATORIES 
FOR SPECIFIC USE AS 
A T'RAINING REACTOR. 

Practical nuclear training for selected industrial personnel and university faculty members is 
offered by Daystrom at the new Training Center in West Caldwell, New Jersey. 
This two phase program encompasses: 

D. A. R. T. REACTOR TRAINING 
This specialized curriculum is designed to include lectures and training in: 
1. Basic reactor technology and theory 
2. Operation of an actual D.A.R.T. Reactor 
3. Applications of nuclear research reactors 
4. Maintenance of reactor controls and instruments 
5. Preparation to qualify for licensing by the A.E.C. as a reactor operator capable of instructing 

others in the operation and use of the D.A.R.T. Reactor. 
D. A. R. T. REACTOR INSTALLATION 

Low-cost D.A.R.T. Reactors capable of producing 10 thermal kilowatts, will be manufactured in 
quantity by Daystrom. The following comprehensive list of services is offered in support of a 
D.A.R.T. installation on any university campus or selected industrial site: 
1. Technical Consultation - to determine and design 

facilities most suited to the client's requirements. 
2. Site Investigations - to evaluate and select 

the best available location. 
3. Preparation of Reports - toiulfill all 

existing A.E.C. permit requirements. 
4. Training - of several months duration to prepare 

personnel for the A.E.C. license examinations. 
5. Manufacture and I,nstallation -

of the D.A.R.T. Reactor. 
6. Preparation - of normal and emergency 

operating procedures. 
7. Supervision - of initial loading, 

starting up and criticality. 

NUCLEAR 
Division of Daystrom, 'nc. 
WEST CALDWELL. N. J. 

Additional informatio�t all phases 

of Daystrom's new D0T. Program 

can be obtained by writing to 

Mr. A. Stanton, Director, Domestic Sales 

or Mr. K. Kirchholtes, Director, 

Foreign Sales. 

SEE DAYSTROM AT BOOTH 404 ATOMIC EXPOSITION AND NUCLEAR CONGRESS . . .  BOOTHS 2907-2915 MARCH IRE SHOW 
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... on the engineer and national security 

"With our national security at stake. engineers have 
responsibilities greater than in any preceding age. They 

face two vital questions: What military posture will 
ensure greatest security? What means,.... what weapon 
systems 0-' will provide the desired military posture? 
These questions cannot be answered in purely technical 
terms; in addition to those factors with which engineers 
are at home. social. political. strategic. tactical. and oper-

ational factors must be considered. Today their inRuence 

on national policy decisions must be understood if we 
are to build and deploy a military capability that can 
deter war. In choosing weapon systems it is no longer 
enough to maximize speed. power. altitude. and payload. 
As more and more powerful weapons become attainable 

it is imperative that their use be increasingly determined 

by the real needs of our civilization." 

- E. J. Barlow. Head of the Engineering Division 

THE RAND CORPORATION SANTA MONICA. CALIFORNIA 
A nonprofit organization engaged in research on problems related to national security and the public interest 
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SCIENTIFIC 
Established 1845 AME RI CAN" April, 1957 Volume 196 Number 4 

The Overthrow of Parity 
Conservation of parity was a law of quantuln physics which said 

that there lS no absolute distinction In nature between right 

and l�ft. ExperiTnents now show that such a distinction exists 

I
n the days when philosophprs, acute 

in observation but as yet unaided 
by the tools of modern science, were 

primary founts of insight into the nature 
of the physical world, the philosopher 
Gottfried Wilhelm von Leibniz formu
lated a "great principle" which was to 

PI AND MU MESON DECAYS are process· 

es in which parity is not conserved. This 

photograph records an example of both 

events. It shows bubble tracks made by par· 

ticles from the Brookhaven Cosmotron in a 

chamber of liquid propane. As shown in the 

drawing at right, a pi meson (7T+) enters at 

left and decays into a mu meson (p. +) about 

halfway across the chamber. The mu meson 

then decays into a positive electron (e + ) • 

by Philip Morrison 

bear greater fruits than he knew. It was 
a proposition which at first thought 
seems absurdly simple and self-evident: 
namely, that "two states indiscernible 
from each other are the same state." 
Leibniz argued it on grounds which to
day we would find theological rather 

than scientific. Yet it has become one of 
the firmest pillars of modern physics. It 
underlies the theory of relativity and 
those laws of conservation-of energy, 
momentum and so on-upon which our 
understanding of nature is built. And it 
is now given deeper and sharper mean-

-.:'It�t_-7':::: �_----7. (�� 11 + 
, 

, , 
, 

,
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TAU PARTICLE (T+) dec�ys into three pi 

mesons. The one shown here enters at the 

left and travels almost to the right·hand end 

before bursting into a three·pronged path. 

The lower prongs represent positive pions, 

the upper prong a negative one. The ex

periments shown were performed by Donald 

A. Glaser, J. L. Brown, D. I. Meyer and 

M. L. Perl of the University of Michigan. 

THETA PAltTICLE (rr) decays into two 

pi mesons. The theta in this photograph, 

being 'neutral, forms no bubbles and cannot 

be seen until it decays into a double prong. 

The tbeta decay is the lower of the two dou· 

ble.prong events shown in the drawing. This 

photograph also shows the birth of the theta 

particle. It was formed from the collision of 

a pi meson with a proton in the chamber. 
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ing than ever by the amazing event in 
physics which is the topic of this article 
-the overthrow of the "parity principle" 
and the unraveling of the nature of left 
and right. 

The important word in Leibniz's 
axiom is "indiscernible." Modern physics 
has been profoundly concerned with 
what is discernible and what is not. One 
Q[ its strongest and most fruitful assump
tions has been that among the indiscern
ibl66 are absolute space, time and direc
tion. It is not hard to present examples. 
Think of the conventional world map. To 
€ach place are assigned a latitude and a 
longitude-a pair of numbers. The num
bers are of great utility and convenience, 
but they are in no sense real attributes 
()f the places; they have no physical sig
nificance. If the starting point for count
ing were to be shifted from Greenwich 
to Timbuklll, the numbers would change 
but no mountains would be moved. The 
numbers are merely arbitrary labels. And 
this is the manner in which space in gen
€ral is treated in physics. The coordi
nates specifying positions in space de
scribe only relative positions. We try to 
formulate our physical laws by the use 
of mathematical schemes in which abso
lute positions in space never enter. 
Whatever our frame of reference, we 
:say, space remains invariant. 

�t us take a more dramatic and com-
prehensive example. Suppose that a 

skilled director is going to produce on 
a stage before you some physical event 
or phenomenon-any whatever-without 
offering you clues to the date of the 
event, the directional orientation of the 
stage or the location of the theater. 
Could you determine any of these by any 
certain evidence? Indeed not. You may, 
of course, date the performance as lying· 
within your lifetime, but. this is clearly 
a subjective (i.e., relative) time. (In
deed, Rip van Winkle could not succeed 
even in that.) You can judge which di
rection within the theater is up and 
which down, but "up" and "down" are 
merely relative to the earth; consider 
that you are in a theater in Australia and 
you will begin to realize the problem of 
attempting to determine the absolute 
orientation. A sharper test would be to 
use a compass to find "north," but this 
fails too, for the director can falsify the 
magnetic field, and in any case locating 
"north" on the earth tells you nothing 
about your absolute orientation in space. 
Nor can you locate the theater, even if 
you can look out a window and see a 
familiar landmark or a familiar star. The 
earth itself moves, and so do all the ex-

+ + 

RIGHT·HAND RULE relating the directions of an electric current and its resulting mag· 

netic field (thumb points with current, fingers point with the north.seeking pole of a test 

compass needle) becomes a left·hand rule when the experiment is reflected in a mirror. 

In this drawing, the "real" experiment is seen at the left and its mirror image at the right. 

t 

t 

MIRROR REFLECTION of a spinning ball could not be detected if tbe ball ejected par· 

ticles equally in both directions along its axis. Image at top right looks just like the real 

ball turned upside down. Reflection can be detected if there is a preferred direction for 

the ejection of particles. Thus the image at bottom cannot be mistaken for the real thing. 
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SPINNING NUCLEI of cobalt 60 (gray circles) emit electrons (large dots) preferentially 

in one direction along their spin axes and anti·neutrinos (small dots) in the other. The effect 

is ordinarily undetectable (top) but can be seen when spin axes are aligned (bott,om). 

WU·AMBLER APPARATUS detects electrons from aligned cobalt nuclei. Vertical black 

cylinder is the coil which furnishes aligning field. Horizontal tube is a photomultiplier. 
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ternal reference pOints. No, in principle 
and in practice absolute location in time 
or space and absolute direction are all 
indiscernibles. 

These facts are of basic importance in 
physiCS. The indiscernibility of absolute 
coordinates lies at the basis of Albert 
Einstein's construction of the speCial 
theory of relativity, as is emphasized by 
the very name of his theory. And the fact 
that physical equations cannot refer to 
absolute time, space or orientation leads 
logically, by mathematical reasoning 
which we need not review here, to the 
classical laws of the conservation of en
ergy and momentum . 

T he conservation "law" that concerns 
us now is the conservation of "par

ity," which rests upon the assumed in
discernibility of right from left. The 
indiscernibility principle can be put this 
way: there is no absolute distinction be
tween a real object (or event) and its 
mirror image. A right-hand glove and a 
left-hand glove are surely different, but 
if accurately made they are precise 
counterparts; looking at a right-haud 
glove in a mirror, you cannot tell from 
its properties that you are not loo�ing 
at a left-hand glove. The looking-glass 
world of people is admittedly unusual. 
Your mirror image is badly brought up: 
it offers to greet you with its left hand 
instead of its right, and it writes oddly. 
But the curiousness of the mirror world 
is largely conventional. There is no rea
son to doubt that such a world could 
exist. Indeed, any good director could 
set and coach a performance so that you 
could not distinguish it from the mirror 
image of a conventional performance. 

The physical principle of the indistin
guishability of right and left implies that 
for every scene, every experiment, an 
exact mirror counterpart is possible. It is 
true that nature seems to favor a specific 
orientation (right-handed or left
handed) for the spiraling shells of snails 
and other animals, and for molecules of 
living matter. But this provides no con
clusive evidence for the physicist: he 
sees that the molecule would function 
exactly the same way were it mirrored, 
and he can envision a world of living 
beings just like our own in which the 
"handedness" was simpJy reversed. The 
looking-glass world of life could func
tion exactly like the actual world. 

Until the startling events of the past 
few months, it seemed that the invari
ance of left and right was as unassailable 
as the invariance of time or space. All 
experience had buttressed the idea that 
no intrinsic difference could be found to 
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distinguish physical phenomena in a 
looking-glass world from the real world. 
All the seeming guides for distinguishing 
left from right failed on analysis to do 
any such thing. A student of electricity 
might cite the famous right-hand rule 
for telling the direction of an electro
magnetic field: if you grasp a wire with 
your right hand so that the thumb points 
in the direction of the current's flow, 
your finger tips point in the direction in 
which a north pole moves in the magnetic 
field around the wire. But not so fast. 
What distinguishes a north pole from a 
south pole? True, you may refer me to a 
compass needle. The "north" -seeking end 
of the needle is colored blue and stamped 
with a big N. But this convention could 
be reversed without the least difficulty. If 
we switched the label N to the other 
end of the needle, the experiment would 
work with the left hand. So only conven
tion distinguishes our experiment from 
its mirror counterpart. No intrinsic phys
ical distinction, either in the macroscopic 
or the microscopic world, exists between 
a north magnetic pole and a south. All 
our right-hand rules are pure conven
tion: there is nothing in the laws of elec
tromagnetic fields that permits an abso
lute distinction between right and left. 

The power of this idea of spatial sym
metry ought now to be clear. If we begin 
by postulating mirror invariance, we can 
infer the indistinguishability of magnetic 
north and south poles. The latter in turn 
is an important principle in the micro
world of particles, permitting us to give 
an orderly account of certain phenomena 
in that world. It implies the principle of 
the conservation of "parity," just as the 
invariance of space and time implies 
the conservation of energy. 

"Parity" is a mathematical concept, 
impossible to define in physical terms. It 
is a property of the so-called wave func
tion by which quantum mechanics de
scribes the wave characteristics of a par
ticle and represents its position in space. 
The variables of a wave function are 
just those coordinates that we use to lo
cate spatial positions. Now it is not hard 
to see that if we change the sign of one co
ordinate (i.e., from plus to minus) , this is 
equivalent to reflecting the system in a 
mirror. Parity is the term that describes 
the effect of such a reversal upon the 
wave function. If the wave function re
mains unchanged when the sign of one 
of its three spatial variables is reversed, 
we say that the function has "even" par
ity. If reversal of the sign of the variable 
reverses the sign of the wave function, 
we call its-parity "odd." In short, parity 
has one of two values-even or odd. And 

RE-ENTRANT VACUUM 

MUTUAL INDUCTANCE 

THERMOMETER COilS 

SODIUM IODIDE CRYST 

PUMPING TUBE 

FOR VACUUM SPACE 

ANTHRACE�E CRYSTAL 

CERIUM MAGNESIUM 

NITRATE CRYSTAL 

V ACUUM CHAMBER for cobalt experiment is diagrammed above. The cobalt layer is 

deposited on the top of the cerium magnesium nitrate crystal. Anthracene crystal flashes 

when electrons strike it. Sodium iodide crystals count gamma rays from the cobalt, and 

indicate the degree of alignment. The large finger above the anthracene is a lucite rod 

which conducts the light of anthracene scintillations to amplifying and counting system. 
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all our experience, as well as theory, has 
indicated that in an isolated system pari
ty never changes its value-i.e., parity is 
always conserved. 

Or rather, almost all. We are now con
fronted with a flat failure of parity 
conservation. The story goes back to 
about a year ago, when two extremely 
imaginative and ingenious investigators 
of the newly discovered "strange" parti
cles of the atomic world made a really 
novel suggestion. 

The two-Tsung Dao Lee of Columbia 
University and Chen Ning Yang of 

the Institute for Advanced Study-were 
absorbed in what was perhaps the most 
baffling paradox in this new realm of 
strangeness: the so-called "tau-theta 
puzzle." There were two mesons, called 
tau and theta. Tau, in the course of time, 
uisintegrated into three pi mesons; theta, 
into two pi mesons. What was baffling 
was that in every property except the 
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SCREW DIRECTION could theoretically 
be specified by an aluminum disk, mounted 

10 rotate around vertical axis, and coated 

on underside with cobalt 60. Electrons eject

ed downward have predominantly one spin, 

and impart opposite spin to disk. Upward 

electrons are absorbed by aluminum. Thus 

the disk always spins in direction shown. 

The device was snggested by J. R. Zacharias 

of the Massachusetts Institute of Technology. 
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mode of decay, tau and theta were iden
tical twins. Could they be one and the 
same particle? Decay of a particle by 
two different modes was certainly per
mitted by theory and precedent, but in 
this case the principle of conservation of 
parity stood in the way. Tau decayed to 
a set of pions of odd parity, theta to even
parity pions. The law of unchanging par
ity said that tau and theta must have dif
ferent parity and therefore be different 
particles. 

Yet the undownable question re
mained: Why were tau and theta exactly 
alike in every respect except this one? 
Lee and Yang boldly faced up to an em
barrassing but insistent possibility: per
haps the parity-conservation law simply 
broke down in the realm of particle de
cays like tau's and theta's! 

Their boldness was not rash. They 
could take the stand that while mirror 
invariance, from which the parity-con
servation idea was derived, might hold 
in all other realms, it need not neces
sarily apply in the world of tau and theta. 
For the decay of tau and theta belongs 
to a very special class of reaction known 
as "weak interactions." The forces in
volved in them are very weak indeed
much weaker even than the forces which 
bind electrons in atoms. The forces are 
measured by the time it takes, with a 
given amount of available energy, for 
a particle emission to occur. By this 
measure the force entailed in a weak in
tcraction such as the decay of tau or 
theta is smaller by a. factor of 100 billion 
than the binding force on an atomic elec
tron. Yang and Lee felt that the previous 
tests of mirror invariance in other fields 
of phenomena might have no validity in 
this untested realm of weak and subtle 
interactions. 

They proposed an experiment to test 
whether right and left could or could not 
be distinguished in this realm. Tau and 
theta particles themselves were poor 
candidates as subjects for such a tcst, 
for their lifetime is short-only about a 
billionth of a second. But the beta-decay 
(emission of beta particles) of radio
active atomic nuclei also belongs to the 
family of weak interactions, and these 
decays, taking place at much lower 
levels of available energy, have con
veniently long lifetimes-measured in 
seconds or even years (e.g., the beta-de
cay half life of cobalt 60 is 5.3 years). 
In essence Yang and Lee's proposal for 
the test experiment was simply to line 
up the spins of beta-emitting nuclei 
along the same axis, and then see whether 
the beta particles were emitted preferen
tially in one direction or the other along 

the axis. Neither direction would have 
any significance, conventional or other
wise: there is no arrowhead on the axis. 
But the preferred direction of beta
emission by the spinning nuclei would 
in fact define an arrowhead-the direc
tion of advance of a right-hand or left
hand screw-and its mirror image would 
be discernibly reversed from the real 
thing. The experiment should leave no 
doubt about a distinction between left 
and right in beta-decay. 

A powerful team of laboratory experi-
menters took up the challenge. 

Chien Shiung Wu of Columbia con
tributed her art in designing experiments 
and her experience in beta-decay work. 
A team at the National Bureau of Stand
ards under Ernest Ambler undertook the 
task of lining up the nuclei. Ambler's 
job was to provide the straight line; 
Wu's, to look for the tip of the arrow 
(i.e., the preferred direction of beta
emission) . 

Nuclear alignment is a new art, no 
more than three or four years old. The 
sole handle by which the nuclei of atoms 
can be manipulated is their magnetiC 
moment. No laboratory generator can 
produce magnetic fields strong enough 
to align these tiny moments; only within 
atoms themselves do sufficiently strong 
fields exist. So special atoms are lined up 
to produce a field, and their field in turn 
lines up the magnetic nuclei. But to 
make orderly alignment possible at all, 
thermal agitation of the atoms must be 
reduced to a minimum, which means 
cooling the system to very low tempera
ture-considerably less than one degree 
above absolute zero. Shielded by the 
best sort of vacuum bottle, cooled by 
streams of liquid helium, the cobalt 60 
atoms which served as the beta-emitters 
were kept aligned for 15 minutes or so 
at a time. 

Six months to design, prepare and 
carry out the 15-minute experiments
these times proved just long enough to 
settle the issue beyond doubt. The beta 
particles emitted by the lined-up cobalt 
nuclei went predominantly in the direc
tion against the magnetiC field. This 
meant that, from the standpOint of beta
emission, the nuclei had an intrinSically 
left-handed spin. Left could be distin
guished from right. Mirror invariance 
was dead. However valid it was else
where, in the realm of weak interactions 
it unambiguously failed. 

Within a few weeks after that first 
test in December, 1956, the conclusion 
was again unequivocally confirmed by 
another experiment. This time the weak 
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MESON DECAY EXPERIMENT, also showing lack of mirror sym· 

metry, was done at the Columbia University cyclotron. Experimen· 

CLOSE·UP OF EXPERIMENT shows wire·wound carbon block in 

which mu mesons are brought to rest. The block is in the rectangu· 

tal setup is at center, between the small stepladder and the tall pile 

of concrete blocks. The cyclotron itself is behind shield at right. 

lar frame supported by a brick and a coffee can. To the left of the 

frame is a triple counter which detects the emitted electrons. 
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interaction tested was the decay of the 
mu meson. The experiment rested on a 
hypothesis which seeks to explain the 
failure of mirror invariance in beta-de
cay. The theory assumes that in the de
cay of a mu meson both a neutrino and 
an anti-neutrino are emitted, along with 
the beta particle, and that the neutrino 
always has a right-handed spin while the 
anti-neutrino's is left-handed. It was rea
soned that when a pi meson decays into 
a mu meson and an anti-neutrino, the 
mu meson must be emitted with a left
handed spin to balance that of the 
anti-neutrino. As a consequence, when 
aligned mu mesons, under suitable con
ditions, decay with emission of electrons, 
the electrons should come out in a pref
erential direction. The theory was tested, 
first by a group at Columbia and later in 
other laboratories, and the preference for 
the specified screw direction was verified. 
The Columbia group have used the ef
fect very ingeniously to measure the 
magnetic moment of the mu meson, and 
thus already have made a useful appli
cation of the failure of mirror invariance. 

T heoretical physicists have only begun 
to speculate about the more general 

implications of this profound overthrow 
of a basic principle in the world of weak 
interactions. But there is an over-all les
son which can be put simply: The great 
invariance principles of nature may be 
relied upon within the domains of their 
application, but they are not a priori self
evident or necessarily of universal appli
cation. It is worth while to test to higher 
and higher precision the great founda
tion principles, including the conserva
tion of energy. So far as we have gone, 
even in weak particle interactions, en
ergy conservation appears to hold, but 
does it still hold for the weakest inter
actions of all, those involving the weak 
force of gravity? Here one thinks of the 
hypothesis that matter may arise spon
taneously from a space containing no 
energy, and the possibilities are exciting. 
It may also be that there is some connec
tion between the two major asymmetries 
we now see in the physical world-the 
right-left asymmetry of weak particle 
reactions and the fact that our world 
is overwhelmingly made up of one kind 
of matter, to the near-exclusion of anti
matter. Perhaps this lead could forge a 

bridge between the microphysics of the 
fundamental particles and the physics of 
the great distances-that is, cosmology. 
It is fair to say that the discovery of 
the limitations of the mirror invariance 
principle is not a setback but an oppor
tunity. We have entered an exhilarating 
time. 
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ASYMMETRICAL MESON DECAY detected in the Columbia 

experiment is illustrated schematically. Pi mesons from the cyclo

tron decay into mus, and the mu mesons turn out to have their 

spins lined up with respect to their flight direction. They are 

stopped in a carbon bLock. Their alignment in the block is repre

sented symbolically in the diagram by a single rotating sphere. A 

coil around the bLock produces a magnetic field which turns the 

spinning mll mesons. The field is allowed to act for about as long a 

• 

time as it takes the average mu meson to decay into an electron. 

The decay electrons, shown as small dots, go off in all directions, 

but only those traveling in a particuLar direction from the block 

are counted. The experiment is repeated for different values of the 

magnetic field, which give different amounts of turning. The 

electron counts vary as shown in the curve at the bottom of the 

opposite page. This shows that more eLectrons are emitted along 

one direction of the mesons' spin axis than in any other direction. 
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Experiments in Hypnosis 

In which experimental subjects are found to be suggestible 

while hypnotized or while in a light sleep, delnonstrating 

that there lS very little difference between the two states 

T
here is a blare of trumpets: the 
great man enters, bows and calls 
for volunteers from the audience. 

A number walk up to the stage. He fixes 
them with his eyes and intones that they 
are becoming drowsy and sleepy, their 
eyes are closing, they are coming com
pletely under his power. Soon one of the 
subjects begins to run on all fours like a 
dog. Another becomes a "human plank" 
-the hypnotist lays the body across two 
chairs and stands on it. A third is told 
that when he hears the word "now" he 
must sing "Auld Lang Syne"-obediently 
he sings. 

What is the real meaning of this per
formance? Is the hypnotist endowed 
with some strange power? Hardly. Are 
his subjects stooges? Sometimes they are. 
But there can be no doubt that hypnosis 
is a genuine phenomenon. The prime 
question is: What, exactly, is the hyp
notic state? 

Hypnosis has been known for thou
sands of years, but scientific attempts to 
understand it have begun only wi1hin 
the last century. In the 19th century 
students of the phenomenon, principally 
James Braid in England and Hyppolyte 
Bernheim and A.-A. Libbault in France, 
found that the tricks and hocus-pocus of 
the stage hypnotist-such as the piercing 
eye, the hand-waving and the command
ing manner-were not at all necessary to 
induce a trance. Basically all that is 
needed is to repeat a certain relaxing 
patter over and over. In fact, even a 
phonograph record of the patter will in
duce hypnosis, and it is possible for a 
person to learn to hypnotize himself. 
(Among the Balinese, self-hypnosis is a 
common accomplishment.) 

About 30 years ago a group of young 
men under the leadership of Clark L. 
Hull at the University of Wisconsin be
gan a systematic investigation of hyp
nosis with controlled experiments. They 
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by Theodore X. Barber 

found that practically everyone is sug
gestible to some extent-"suggestible" in 
this sense meaning not gullible but re
sponsive to the hypnotic type of sug
gestion. For example, if a group of peo
ple on their feet are asked to close their 
eyes and are told over and over that they 
are falling forward, practically all will 

sway at least a few inches, and many 
will lose their balance. Hypnosis in
creases this normal suggestibility, but 
not as much as is usually supposed. If a 
subject is very suggestible during hyp
nosis, the odds are pretty good that he 
will also be found to be very suggestible 
when awake. 

ANESTHESIA under hypnosis is shown in the first three of these pictures made in collabo

ration with the author. The experimenter suggests to the subject : "Your right hand is becom-

UNBREAKABLE HAND CLASP in hypnosis is brought about by the experimenter's sug

gestion: "Clasp your hands together. The hands are as solid as a rock . • • •  It is impossible 
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Moreover, it has recently been dem
onstrated that many of the feats per
formed by hypnotized subjects seem 
"amazing" only because we underesti
mate what people can do when they are 
fully awake. Even the "human plank" 
feat can be duplicated by an unhypno
tized subject if he is properly motivated. 
Offer a subject a hundred dollars to make 
his body rigid, and he will be surprised 
to find that he can keep it rigid enough 
to support your weight; in fact, you will 
seem to weigh no more than a few 
pounds. The investigator A. M. Weitzen
hoffer of the University of Michigan, 
who has himself performed this demon
stration, believes that from the physical 
standpoint it "is nowhere near the feat it 
appears to be." 

The same thing holds true for the 
seemingly "amazing" physiological ef
fects under hypnosis. Some years ago 
A. B. Luckhardt and R. L. Johnston of 
the University of Chicago suggested to a 
hypnotized subject the hallucination of 
eating a meal. The subject responded as 
if he were eating. The investigators 

found that the volume and acidity of his 
stomach secretions increased just as if 
he had actually eaten a meal. But when 
they in effect repeated the experiment 
with an unhypnotized subject, speaking 
to him about appetiz(ng foods, this con
versation also was sufficient to cause a 
similar rise in the volume and acidity of 
the gastric secretions. 

I n the department of psychology at 
American University in Washington, 

D.C., we carried out a series of experi
ments to explore the relationship of the 
hypnotic state to ordinary sleep and the 
suggestibility of individuals under vari
ous circumstances. Our first step was 
to select a group of "normal" subjects 
who were not unusually suggestible and 
who had never been hypnotized before. 
In a short time we rounded up 22 suit
able subjects-14 men and 8 women. 
Eight were Federal Government em
ployees and the rest university students. 
Their average age was 24. Examination 
by a well-known personality test, the 
Guilford-Zimmerman Temperament Sur-

vey, showed that they were a more or 
less typical group of young Americans, 
of average sociability and emotional sta
bility. We also determined, by several 
simple tests, that they were no more 
than normally suggestible. (In one such 
test the subject holds a Chevreul pendu
lum-a small metal bob hanging on a 
thread-and the examiner keeps suggest
ing that the bob is swinging, faster and 
faster. The subject's suggestibility is 
measured by the amount of actual swing, 
in inches, at the end of three minutes.) 

Our first experiment attempted to an
swer the much disputed question wheth
er the hypnotic state resembles ordinary 
sleep. With the subjects' advance con
sent, I tested their suggestibility during 
their sleep at night. After a subject had 
been asleep for about three hours, I 
would approach him and, speaking soft
ly, make a suggestion of the kind usually 
given under hypnosis. Each subject was 
tested on seven such instructions. Of the 
22 subjects three opened their eyes when 
I spoke to them and told me that they 
were awake. But the other 19 remained 

ing dead and dull and numb." If the subject can feel the pinch, he 
. is to move his fingers. His.failure to do so indicates that his right 

hand is devoid of sensation. In the last two pictures the subject's 

right hand is being made rigid by further hypnotic suggestion . 

to unclasp your hands. Try it." This subject could not break the 
clasp, though he struggled for one miuute. At the end of the 

minute the experimenter said, "Your hauds ... are eosy to open 
now." His response is typical of half the subjects in this test. 
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either asleep or in a drowsy state. Seven 
showed some sign of partial awakening: 
for example, they moved or changed 
their breathing rate, and afterward they 
reported that they were awake but 
drowsy. The remaining 12 subjects gave 
no indication of disturbance of their 
sleep, continued their slow, somnolent 
breathing rate and .after they awoke did 
not remember or only vaguely remem
bered that I had spoken to them. 

�t us follow the responses of one sleep-
ing subject on these seven tests. He 

is a 34-year-old Federal employee. He 
went to bed about 12:45 a.m. and I en
tered his room at 3: 15 a.m. He appeared 
to stay asleep throughout the experi
ment. First I touched his left hand and 
whispered, "Notice how light this hand 
feels and how it's beginning to rise and 
come up and up. " His hand began rising 
slowly as I kept repeating these phrases. 
At the end of one minute I said, "Your 
hand is now coming back down again to 
its original position. " It came down 
slowly and touched the bed. Next I said, 
"Clasp your hands together." There was 
no response. Again I said, a little louder 
this time, "Clasp your hands together." 
His hands began moving toward each 
other, and in a few seconds they were 
clasped together. I then said, "Notice 
how your hands are becoming hard and 
solid and rigid. They're as solid as a rock 
and as rigid as a piece of steel. It's im
possible to unclasp those hands." After 
repeating these and similar phrases for 
one minute I said, "Try and open them 
now." He tried to unclasp them but 
failed. After a minute I said, "They are 
not hard anymore. They are very easy 
to open now. Try it and see." This time 
he unclasped his hands in two seconds. 

I then went to the third test: "Notice 
how your fingers are as solid and hard 
as a piece of iron. It is impossible to 
move those fingers. " Again, as in the 
hand-clasp test, he was unable to move 
his fingers until after I said, "They are 
not hard any more. They are easy to 
open now." 

N ext I made an "anesthesia" test: 
"Notice how this hand is becoming dead 
and dull and numb. It has become com
pletely insensitive. When I pinch your 
hand, you will not be able to feel it. 
Move the fingers if you feel me pinch 
it-but you will not be able to feel any
thing at all." As in the preceding tests, 
he did not move any of the fingers until 
I said, "The sensitivity is back now. You 
can feel very well now with that hand." 

Finally I gave him the last three tests 
together. For one minute I repeated over 
and over, "Your lips are very dry. You 

56 

HAND LEVITATION occurs during. hypnosis when the experimenter suggests: "Your left 

hand is becoming lighter and lighter . . . .  It is rising up and up . .. faster and faster. " When 

FINGER RIGIDITY occurs in the suhject during hypnosis when the experimenter tells 

him: "The fingers are becoming hard and solid like pieces of metal. ... It is impossible to 

WAKING SUGGESTIBILITY is measured with a Chevreul pendulum in these pictures. 

Without hypnotizing the subject the experimenter tells ber to hold the pendulum and 

HAND LEVITATION test for waking suggestibility is administered in this set of pictures. 

Starting in repose, the subject gradually responds to the experimenter's suggestion: "Notice 
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the subject's hand reaches the limit of levitation, the experimenter 
must bring it down by saying, "Notice how the hand is coming 

bend those fingers . . • .  Try it." J n the middle picture the subject's 
fingers have reached maximum rigidity. Relaxation begins (fourth 

" • . .  notice how the metal bob is beginning to swing all by itself, 
right along the ruler ... faster ... back and forth." As the experi. 

how your right hand is becoming lighter and lighter ... coming up 
and np ... rising and lifting as if it were a balloon." This subject's 

back down now ... coming down to its original position." Some 

subjects raise their hands higher when awake than under hypnosis. 

picture) as the experimenter says: "The fingers are not hard any
more. They are easy to move now." Subject's fingers finally move. 

menter talks the swing actually increases without conscious effort 

on her part. The response shown here is greater than average. 

response is again greater than the average one: the experimenter is 

able to conclude that she would make a good hypnotic subject. 
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ANESTHESIA DURING SLEEP is brought on as in hypno. 

sis. The subject's fingers do not respond to the pinch until 

SUGGESTION is made by the experimenter to a sleeping subject 

that he will get up in five minutes for a drink. Though the subject 

FINGER RIGIDITY DURING SLEEP, as in hypnosis, occurs 

when the subject is told: "Your fingers are hard and solid and 

ANGUISHED SLEEPER struggles to unclasp his hands, but can· 
not do so until the experimenter tells him he can. As in the three 
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he is told, "The sensItIvIty is back now." The subject wore 

glasses because he thought he might awake during the experiment. 

cannot recall upon waking having heard any instructions, he 

follows them. This parallels the post-hypnotic suggestion response. 

rigid. It is impossible to bend your fingers. Try it and see. " In the 

last two pictures the subject tries vainly to move his fingers. 

other experiments pictured on this page, the sleeper's response to 

suggestion does not differ from those observed in bypnotic subjects. 

© 1957 SCIENTIFIC AMERICAN, INC



are becoming thirstier and thirstier. " 
Then for another minute, "You will have 
to get up in exactly five minutes after I 
finish talking and have a cool, wonder
ful, refreshing drink of water. " Finally, 
"You can't remember anything that I 
said or anything that you did. Every
thing is fading away like a dream. " I 
went into another room and waited. He 
did not get llP in five minutes, as sug
gested, but at precisely eight minutes 
he rose from his bed, went to the bath
room and drank two glasses of water. 
The only thing of all these events that 
he recalled after he awoke in the morn
ing was that he had got up to get a drink 
of water. 

Like this subject, all except the three 
who woke up responded to the seven 
tests as if they were in some stage of 
hypnosis. (The depth of hypnosis is con
ventionally measured on what is known 
as the Davis and Husband Scale-see 
table on this page). The seven drowsy 
subjects behaved as under very light 
hypnosis: for example, they had diffi
culty unclasping their hands and moving 
their fingers in the rigidity tests and be
came thirsty in response to the sugges
tion. Of the sleeping subjects, half re
sponded as in a light trance: e.g., they 
could not unclasp their hands or move 
their fingers at all and could not recall 
much of what had happened. The other 
sleeping subjects were in at least the me
dium trance: they obeyed the suggestion 
to get up to take a drink and remem
bered little or nothing of the experiment. 
One subject said: "I was just sleepy 
enough to believe that what you were 
saying is true. I couldn't oppose what 
you wanted with anything else." An
other said: "I remember you talking but 
I don't remember what you said. I re
member your voice-that's about all." 
These are similar to comments subjects 
often make after hypnosis. 

Nout a week after the sleep experi-
ment, the subjects went through the 

same tests under hypnosis. I hypnotized 
each subject with these words: "Lie 
down. Relax. Make yourself as comfort
able as possible. You are going to feel 
more relaxed than you have ever felt 111 

your life. Imagine yourself floating on a 
soft, warm, comfortable cloud. You are 
sinking easily and gently into a soft, 
smooth, relaxing cloud. So relaxed ... so 
comfortable ... so drowsy and comfort
able. Breathing easily and gently and 
softly as you sink into the soft, comfort
abJe cloud. . . Becoming more relaxed 
every moment ... drowsy ... so drow

five you will get drowsier and drowsier 
. . .  sleepier and sleepier. One. You are 
becoming more and more drowsy . . .  . 
Two. Getting sleepier and sleepier. . .  . 
Three. Going sound, sound asleep," etc. 

Immediately after this procedure I 
gave them the seven tests of suggestibili
ty. Their responses were indistinguish
able from those during their normal 
night sleep. Whatever suggestions a sub
ject accepted during drowsiness or 
"sleep," he also accepted during hyp
nosis, and likewise he resisted the same 
ones in both cases. For example, if a 

subject did not get thirsty during the 
sleep experiment, he also did not do so 
during hypnosis. One subject comment
ed after hypnosis: "I felt like going to 
sleep. I guess I was asleep. I can't re
member much. I kind of remember you 
saying I'd get thirsty." Another said: "I 
felt about the same as when I was asleep. 
I felt like I was floating on a cloud." 

k interesting question remained to be 
answered. How does a subject's sug

gestibility when he is wide awake relate 
to his suggestibility during sleep and 
hypnosis? As we noted earlier, Hull and 
other investigators had found that under 
the proper conditions practically every
one gives some response to suggestions 

DEPTH SCORE 

INSUSCEPTIBLE 0 

2 RELAXATION 

even when he is fully awake. Everyday 
observation confirms this: you may have 
noticed, for instance, that you have a 

tendency to yawn when others around 
you are constantly yawning. 

Our 22 subjects submitted to the same 
seven tests of suggestibility in the nor
mal waking state. This time they were 
less responsive to the suggestions, but 
they did respond in greater or less de
gree [see charts on next two pages]. 
For example, on the average the subjects 
kept their hands clasped for 26 seconds 
when hypnotized and for five seconds 
when awake. As a rule there was a close 
relation between an individual's normal 
waking suggestibility and his suggesti
bility during sleep or hypnosis. The sub
jects who were most suggestible when 
awake were also the most suggestible 
during the sleep experiment and were 
also the best hypnotic subjects. Indeed, 
a few subjects were more suggestible on 
some tests (e.g., hand levitation) when 
awake than under hypnosis! 

One subject during the tests of sug
gestibility while awake raised his hand 
16 inches, could not move his fingers 
and became thirsty. Afterward he said: 
"My throat was killing me. My lips got 
dry and tight. I had a hard time opening 
my hands. Did I open them? You told 

OBJECTIVE SYMPTOMS 

3 FLUTTERING OF LIDS 
HYPNO IDAL 

4 CLOSING OF EYES 

5 COMPLETE PHYSICAL RELAXATION 

6 CATALEPSY OF EYES 

7 LIMB CATALEPSIES 
LIGHT TRANCE 

10 RIGID CATALEPSY 

11 ANESTHESIA {GLOVEI 

13 PARTIAL AMNESIA 

15 POSTHYPNOTIC ANESTHESIA 

MEDIUM TRANCE 17 PERSONALITY CHANGES 

18 SIMPLE POSTHYPNOTIC SUGGESTIONS 
20 KINESTHETIC DELUSIONS; COMPLETE AMNESIA 

21 ABILITY TO OPEN EYES WITHOUT AFFECTING TRANCE 

23 BIZARRE POSTHYPNOTIC SUGGESTIONS 

. 25 COMPLETE SOMNAMBULISM 

SOMNAMBU lISTIC 26 POSITIVE VISUAL HALLUCINATIONS, POSTHYPNOTIC 

TRANCE 27 POSITIVE AUDITORY HALLUCINATIONS, POSTHYPNOTIC 

28 SYSTEMATIZED POSTHYPNOTIC AMNESIAS 

29 NEGATIVE AUDITORY .HAlLUCINATIONS 

30 NEGATIVE VISUAl HALLUCINATIONS; HYPERESTHESIAS 

sy . .. . So very tired and drowsy and STAGES OF HYPNOSIS are measured on the Davis and Husband Scale in this chart.. The 
comfortable and sleepy .. .. As I count to experimenters found that half of their sleeping subjects reached the medium·trance stage. 
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HAND-CLASP TEST FINGER-RIGIDITY TEST HAND-LEVITATION TEST ANESTHESIA TEST 

• SLEEP 

D HYPNOSIS 

• WAKING 

SUGGESTIBILITY in the sleeping, hypnotic 

and waking stages is compared in these charts. 

In the hand-clasp and finger-rigidity tests half 

of the sleep and hypnosis subjects were so responsive that they 

could not relax their hands unlil they were told to do so. The figures 

in the charts for these tests give the average length of time the other 

me I'd forger everything. I vaguely for
got for a second. I couldn't think right 
away." It is this type of hypersuggestible 
subject that a hypnotist likes to choose 
for his stage performance; usually such 
a subject is still more suggestible when 
hypnotized. 

l.VT hen we looked back at the subject's 
\,V personality tests, we made a sur

prising discovery. It was the persons 
with the most attractive personality 

traits who were the most suggestible. 
The more suggestible and hypnotizable 
a subject, the more he tended to be a 
leader and to be sociable, emotionally 
stable, happy-go-lucky, not self-centered 
or hypersensitive. It seems that the best 
hypnotic subjects are the ones who are 
secure enough to remain unafraid, re
laxed and cooperative during the hyp
notic procedure. 

The results also indicate that the good 
hypnotic subject may be the individual 
who is both willing and able to go to 

sleep easily and quickly. To check this 
idea Martin T. Orne of the Boston Psv
chopathic Hospital, Ronald Shor �f 
Brandeis University and I hypnotized 34 
psychology students who were very will
ing to be hypnotized. Before the hypno
sis we asked them: "Can you fall asleep 
easily during the day if you lie down 
and close your eyes?" We found that we 
could predict whether a subject could 
be hypnotized deeply by his answer to 
this question. 

In our three-part experiments on the 

THIRST TEST in conjunction with the five-minute rising test is 

given to a hypnotized subject. The experimenter suggests: "Your 

lips are becoming dry . . . .  Y Oll are becoming very thirsty . . . .  " 
Having established a sensation of thirst the experimenter continues, 

POSTHYPNOTIC AMNESIA is shown in these photographs. While 

under hypnosis the subject is told that he is becoming very thirsty, 
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and during this part of the experiment he shows signs of thirst. 

Next the experimenter tells him: "You will not remember anything 
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subjects took to regain control of their hands. The height of hand· 

levitation was nearly the same in each of the three states. The 
scores for the remaining four tests are based on arbitrary numbers 

representing the maximum and minimum levels of response to sug

gestion. On the whole, a response closer to the maximum was 
reached hy the sleeping, rather than hypnotized, subjects. 

effects of suggestion during sleep, hyp
nosis and wakefulness, the subjects had 
no difficulty remembering everything 
that had occurred in the waking tests, 
although they were told, as in the sleep 
and hypnosis tests, that "you will not 
remember anything that I said or any
thing that you did." In the sleep tests 
and the hypnosis tests, equal numbers of 
subjects were unable to recall what had 
happened afterward. This seems to indi
cate that in part the amnesia after hyp
nosis is similar to the amnesia of sleep. 

We are now planning experiments at 
the Laboratory of Social Relations 
at Harvard University to look further 
into comparisons between hypnosis and 
sleep and also to learn what makes some 
individuals hyper suggestible. The find
ings I have discussed open up what 
promises to be a fruitful area of research. 
Most promising are further studies in the 
psychology of sleep. We expect to learn 
much more about the meaning and func
tion of dreams by suggesting to sleeping 
�ubjects that they will dream about some 

particular subject. We would also like to 
give tests of suggestibility to sleepwalk
ers, find out more about people who 
sleep with their eyes open and see if we 
can carry on a conversation with people 
who continually talk in their sleep. At the 
therapeutic level it is possible that sug
gestions given to people while they are 
asleep may help obese persons to reduce, 
heavy smokers to cut down their smok
ing and timid persons to gain in confi

.dence. We look forward to many inter
esting studies. 

"Y ou will wake up in exactly five minutes and be so thirsty . . .  you 
will have to have a cool . . .  drink of water. " The measure of sug· 

gestibility in these tests is based on how close to the five·mim\te 

mark the subject actually rises and how much water he drinks. 

that I said or anything that you did . . . .  Everything is fading 
away like a dream. " When the subject awakes he is asked what he 

remembers about the experiment. Though he tries hard to remem· 

ber, he finally answers: "I don't seem to be able to recall anything:' 

6 1  
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SKIN TRANSPLANTS 

\Vhen skin from one man is grafted onto someone other than his 

identical twin, it soon drops off. The chemical mechanism -which 

interferes \vith the graft - is illuminated by animal experiments 

S kin-grafting was introduced into 
medical practice by Jacques Louis 
Reverdin, a surgeon in Paris, 

about 90 years ago. In principle it is 
quite a simple operation. The skin has 
two layers: an outer epidermis, consist
ing of tiers of cells which are constantly 
replaced from the inside outward, and 
an inner dermis, or corium, consisting 
mainly of a latticework of tough connec
tive-tissue fibers, to which skin owes its 
great strength [see diagmm on page 66]. 
The portion sliced off for grafting is 
made up of the epidermis and the upper 
part of the dermis. Its transplantation 
amounts to little more than laying it in 
place over the area to be repaired and 
holding it there under light but firm 
pressure until the dermis becomes 
knitted to the graft bed below. 

The early plastic surgeons supposed 
that skin could be grafted from one per
son to another; some of them-victims of 
heaven-knows-what enormities of self
deception-convinced themselves that 
even the skin of frogs and rabbits could 
be transplanted to man. It was not until 
1911 that Erich Lexer, in a masterly ad
dress before a conference of German 
surgeons, showed conclusively that skin 
grafts exchanged between different per
sons, even between parents and their 
children, were invariably unsuccessful. 
The truth of what Lexer said was slowly 
and grudgingly conceded. Nowadays 
everyone agrees that skin transplanted 
from one individual to another will not 
survive permanently. After a week or so 
the transplanted skin becomes puffy and 
inflamed, and soon the graft is sloughed 
off or drops away. Ordinarily the only 
kind of graft that will work is an auto
graft-that is, a transplant of an indi
vidual's own skin from one - part of his 
body to another. 

One exception to this rule is that 
skin can be exchanged between identical 
twins. This test has provided crucial evi-
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dence in cases of disputed or uncertain 
parentage, as two stories . will illustrate. 
The first story, which has the makings 
of an operatic libretto, is about three six
year-old boys called Victor, Pierre and 
Eric. Victor and Pierre were supposedly 
twin brothers, and would still be so re
garded if their father (as he imagined 
himself to be) had not had his attention 
called to a third boy, Eric, who was the 
very image of his Victor. Inquiry showed 
that Eric had been born in the same ma
ternity clinic and on the same night as 
Victor and Pierre. It seemed likely that 
Eric was Victor's real twin and that 
Pierre had been substituted for Eric by 
mistake. A very careful physical com
parison (including a study of finger
prints, eardrum patterns and X-rays of 

the hands) made it virtually certain that 
Eric and Victor were identical twins. 
However, the mother to whom Eric had 
been allotted did not take kindly to the 
view that the boy whom she had brought 
up to the age of six was not in fact her 
son. Blood-group tests failed to exclude 
the possibility that Eric might be her 
son (though they did prove that Pierre 
could not be Victor's mother's son) . It 
was agreed that a skin-grafting test 
would be decisive. A surgeon, Sir Archi
bald McIndoe, transplanted small 
squares of skin between Eric and Victor 
and between Victor and Pierre. The 
grafts exchanged between Pierre and 
Victor were sloughed off. But Eric and 
Victor accepted the grafts from each 
other, a result which proved that they 

SKIN GRAFTS were made to determine' whether two Swiss boys who closely resembled 
each other had been accidentally interchanged at birth. At left is the arm of Victor; on it 
are two square skin grafts, one from Eric (top) and the other from Pierre (bottom). 
The graft from Pierre has begun to slough off; the graft from Eric has "taken," indi
cating that Eric and Pierre are twins. In the middle is the arm of Pierre with a graft from 
Victor; the graft has not taken. At right is the arm of Eric Wit}1 a graft from Victo�; the 
graft has taken. The study was made by A. Franceschetti, F:' Bamatter and D. Klein. 

,-
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must be identical twins. So Eric and 
'Pierre were restored to their rightful and 
now satisfied parents, and the story ends 
happily (whioh makes it unsuitable for 
an operatic libretto after all) . 

The second story is about a mother 
and daughter and a question of "virgin 
birth." Members of the staff at Univer
sitv College in London often give lunch
hour lectures which may be attended by 
the press and the public, and in the 
course of one such lecture a geneticist 
gave certain reasons for supposing that 
parthenogenesis (development of the 
egg without fertilization) occurred in 
guppies and might not inconceivably oc
cur in man. (Later evidence indicated 
that the guppy births were probably a 
case of self-fertilization.) A section of the 
press, no doubt animated by a sense of 
public duty, instituted a campaign to 
find an authentic example of virgin birth 
in human beings. In response to an ap
peal 19 mothers presented themselves 
with daughters-daughters they must be, 
for genetic reasons-of allegedly pat·the
nogenetic birth. Eleven who had not 
quite grasped the import of the idea of 
virgin birth were at once eliminated; 
seven more were disqualified by differ
ences between the mother's and daugh
ter's blood types. But there remained one 
mother whose daughter qualified on 
blood grouping and certain other 
grounds. To clear the matter up, skin 
grafts were transplanted from the 
mother to the daughter and vic.e versa. 

Al Al 
M N 

Both grafts broke down and were 
sloughed away in a matter of weeks. The 
failure of the graft transplanted from 
the daughter to the mother proved that 
the child must have had a father. 

The reaction which causes one indi
vidual to reject a graft from another is 
not a peculiarity of human beings. With 
the mysterious exception of the hamster, 
every species of vertebrate so far tested 
has exhibited this reaction against homo
grafts (i.e., transplants between differ
ent individuals of the same species) . Nor 
is the reaction confined to skin, though 
no other tissue shows it so clearly. W. J. 
Dempster of the Postgraduate Medical 
School of London has shown that it ap
plies to a graft of a whole kidney, and 
it has also been shown to apply to the 
heart, the lung and even to grafts of 
tumor tissue. Some parts of the body 
will accept homografts-for example, 
the cornea of the eye and the brain-but 
in these cases special factors are at work. 

p lainly the reaction against a graft is 
an immunological one; i.e .. a reaction 

of the same general kind as that pro
voked in the body by foreign proteins, 
foreign red blood cells, or bacteria. This 
is easily demonstrated by experiments. 
After a mouse has received and rejected 
a transplant from another mouse, it will 
destroy a second graft from the same 
donor more than twice as rapidly, and in 
a way which shows that it has been im
munologically forearmed. This height-
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ened sensitivity is conferred upon a 
mouse even when it merely receives an 
injection of lymph-node cells from a 
mouse that has rejected a graft. 

In most immunological reactions the 
body employs antibodies as the destroy
ing agent-e.g., in attacking foreign pro
teins, germs and 

'
so on. Antibodies are 

formeQ in response to a homograft, but 
there are reasons to doubt that these are 
normally the instruments of the reaction 
against such a graft. Paradoxically 
enough, a high concentration of circulat
ing antibodies seems if anything to 
weaken the reaction: it allows the graft 
to enjoy a certain extra lease of life. 

The actual agents of attack on the 
graft seem to be not antibodies but cells 
produced by the lymph glands. Some 
skillfully designed experiments by C. H. 
Algire, J. M. Weaver and R. T. Prehn at 
the National Cancer Institute in Bethes
da certainly point in that direction. In 
one experiment they enclosed a homo
graft in a porous capsule before planting 
it in a mouse which had been sensitized 
by an earlier homograft from the same 
donor. When the pores of the capsule 
were large enough to let cells through, 
the mouse destroyed the graft. But when 
the experimenters used membranes with 
pores so fine that they kept out cells and 
let through only fluid, the graft survived. 

The hypothesis that the action against 
a graft is carried out by cells explains 
why grafts in the cornea are merci
fully exempted from attack. The cornea 
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DIAGRAMS OF FAMILIES of the interchanged boys show the 
blood types of each person involved. The four major blood group
ings (A, B, 0; M, N; P, pp; and the Rh factors D, d, C, c, E. e) 
are indi('ated, with capital letters for dominant traits and small 
letters for recessive. Pierre could not have inherited dominant 
trait P from his supposed parents who both show the recessive pp. 
nor could he have the cc factor if he were the son of the mother 

Al Al Al 
MN MN MN 
pp P pp 
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(black circle) with two genes for the C trait. Pierre's blood groups 
are consistent with those of Eric's supposed mother (shaded circle. 
top center) and with what is known of the .father. Eric's father 
had died, but certain of his blood factors were deduced from those 
of Berthe, his daughter by a previous maniage. Eric's factors fit 
with what is known of his supposed parents, but his blood groups 
are the same as Victor's and fit as well with those of Victor's parents. 
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NORMAL WHITE MOUSE (left) which receives a skin graft 
from a brown mouse will reject it. The foreign skin disintegrates 

in about 10 days' time and falls off (right). Grafted skin from any 
other animal not an extremely close relative will also be rejected. 

MOUSE WHICH HAS HAD A GRAFT will also reject a second 
one from the same donor. The second transplant and subsequent 

ones will disintegrate even more rapidly than the first. This 
occurs even when many months have passed between grafts. 

> 

INJECTION OF LYMPH CELLS obtained from mouse which had 
. earlier rejected a gralt ,is admini�tered to a n�rI\lai mouse. �f 

this mouse later receives a graft from a brown mouse, it will reo 
o ject the graff as rapidly as the mouse which' had hlld two 'grafts. 

has no blood vessels; consequently 
blood-borne cells cannot reach the graft. 
In the brain, on the other hand, the con
verse of this situation obtains: the brain 
lacks a lymphatic drainage system, so 
that any antigens released by a graft 
there may not be able to travel to cen
ters where they can stir up an immuno
logical response. This probably explains 
why homo grafts can often be trans
planted successfully into the brain. 

For some years past at University Col-
lege in London R. E. Billingham, L. 

Brent and I have been studying the 
cause of the reaction against homo grafts 
and steps that can be taken to prevent 
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it. Following up a clue provided by the 
work of R. D. Owen at the California 
Institute of Technology, we discovered 
that the power to react against homo
grafts could be prevented from develop
ing if we injected an animal at a very 
early age with cells from the donor strain 
-most conveniently cells of the spleen. 
In adult mice the injection of such cells 
increases the mouse's resistance to a 
graft from the donor. But if the spleen 
cells are injected in a mouse in the fetal 
stage or very shortly after its birth, the 
opposite happens: the mouse becomes 
tolerant of grafts from the strain that 
provided the spleen cells, though it re
mains intolerant of homografts from 

mice of other strains. A tolerant mouse 
can be recalled to a sense of the fitness 
of things by injecting it with lymph
node cells from a normal mouse of its 
own strain. Its tolerance then slowly dis
appears. The operation seems to equip 
the tolerant mouse with cells which are 
competent to recognize and react against 
foreign substances issuing from the pre
viously tolerated homograft. 

This experiment, among others, 
shows that the tolerance of a homograft 
is due to absence of specific reactivity 
in the host, rather than to any change, 
in the properties of the grafted tissue. 
The antigens are present in the graft, 
but the animal cannot react to them. The 
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NEWBORN WHITE MOUSE is injected with spleen cells obtained 

from a brown mouse. If it is grafted later with skin from a brown 
nlouse, the graft will "take" and renlain intact for weeks or months 

just as if it had been taken from another part of the same mouse. 

TOLERANT MOUSE, i.e., a mouse which has accepted a graft 

after having been injected with spleen cells very shortly after 

birth, is injected with spleen cells from a normal mouse of its 

own strain. The mouse now rejects the graft it had accepted earlier. 

SEVEN·DAY·OLD MOUSE does not become tolerant when 

injected with spleen cells from a brown mouse. On the con· 

trary, it rejects grafts from the brown mouse more rapidly than 

usual. Adult white mice react in the same way to the injection. 

phenomenon of tolerance of antigens 
cannot yet be explained by any chemical 
theory of the immunological reaction. 
No future theory will be acceptable un
less it can take tolerance in its stride. 

" That are the tissue antigens that 
cause an animal. to reject a homo

graft? �Then we began our work, it was 
known onlv that they are very numerous 
and that thev are u�der the' most exact 
genetic control. \Vhile the antigens could 
not be identified chemically, they could 
be separated by genetic methods, i.e . . bv 
a combination of breeding and grafting 
tests. E. J. Eichwald and C. R. Silmser 
at the Deaconess Hospital in Montana 

have just made the remarkable discovery 
that, within certain inbred strains of 
mice, a female will accept a skin homo
graft from a female, a male from a male 
and a male from a female, but a female 
will not take a graft from a male. The 
discovery raises the possibility that the 
Y chromosome of male mice, hitherto 
thought to be concerned only with sexual 
differentiation, may actuallv control the 
formation of an antigen. 

The study of the nature of the anti
gens that cause the homograft reaction 
is difficult and laborious. Their action 
cannot be investigated in the test tube 
but only by effects on living animals. 
Moreover, the antigens are highly un-

stable. Cells which have been frozen and 
thawed or dried in the frozen state or 
heated to about 120 degrees Fahrenheit 
are no longer capable of eliciting a ho
mograft reaction. Fortunately we have 
discovered ways of disintegrating cells 
without destroying their antigenic pow
er. For example, with judicious use of 
ultrasonic radiation we have broken 
down cells into nuclear and cytoplasmic 
fractions and found that the antigenic 
power lies only in the nuclear material. 

The antigenic substances in the nu
cleus are not soluble in water of the 
same salinitv as the body fluid (i.e., 
about 1 per cent sodium chloride). But 
thev can be coaxed into solution in dis-
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SKIN FOR GRAFTING is sliced off above the root of the hair, through the elastic fibrous 
tissue of the dermis. The graft then consists of the horny protective epidermis, the layer 
of growing cells and part of the connective tissne. The main portion of the sweat glands, 
the hair follicle and fatty tissue remain, and missing parts regenerate from them. 

C�) 
LUCITE 

POROUS MEMBRANE 

CELLS ON 
POROUS MEMBRANE 

� 
LUCITE 

PERMEABILITY CHAMBER to test the size of graft·rejecting substances is essentially a 
three-layered sandwich. Cells are placed between membranes of known pore size. Glue made 
of lucite and acetone holds the membranes together and fastens them to lucite rings. Cross 
section is shown at bottom left. The chamber is placed in the mouse's abdomen. If antago
nistic substances in the mouse pass the membranes, the clllls in the chamber are destroyed. 
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tilled water. After we learned the trick 
of dissolving them, we found by centri
fuging tests that the active substances 
either were very large molecules or very 
small particles or were firmly attached 
to a large molecule or particle. The ac
tive matter can be precipitated from the 
water solution by adding a very small 
amount of magnesium chloride to the 
solution. It can be partly redissolved by 
raising the concentration of magnesium 
chloride and can then be precipitated 
again simply by adding water to dilute 
the solution. I mention these reactions 
because they have the crispness and 
clarity that one usually associates with 
schoolroom chemistry, and because of 
the commendable frugality of the re
agents which we use-water and a num
ber of simple salts. 

Our experiments suggest, but do not 
yet prove, that the antigens responsible 
for the homograft reaction are com
pounds of desoxyribonucleic acid and 
protein-that is, chromosomal matter. 
Tests on the breakdown of the antigenic 
substances by specific enzymes support 
this interpretation. Furthermore, the 
idea that these antigens are chromosomal 
matter fits well with evidence that the 
antigens are present in all the tissues of 
the body, in embryos and (so it has been 
said) even in sperm. 

Desoxyribonucleic acid itself does not 
act as an antigen. It is active only in 
combination with protein. Perhaps the 
protein part, like the protein coat of a 
bacterial virus, simply helps the nucleic 
acid to get into the cells from which it 
elicits a reaction-in this case, the lymph
oid cells of the host. If that is so, the nu
cleic acid may be the part of the antigen 
that is specifically responsible for its 
power to sensitize an animal against the 
cells of a foreign graft. We have not yet 
proved this, but the evidence that de
soxyribonucleic acid is the chemical em
bodiment of heredity makes it a plausi
ble guess. 

If our interpretation turns out to be 
true, the study of the antigens that 
cause the homograft reaction could be of 
decisive importance in working out the 
chemical structure of chromosomes, for 
it would provide a test to determine 
whether a chromosomal extract has been 
damaged by the process of extraction. 
At present no one can be sure, for only 
in microorganisms do we have biological 
tests that can guarantee that the nucleic 
acids are in working order. Our hypothe
sis has many other deeper and more 
exciting implications also, but there will 
be time enough to consider these when 
we have assured ourselves that the hy
pothesis is correct. 
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___ Kodak reports to laboratories on: 
a photoresistor 20}l wide ... a hydrocarbon among hydrocarbons 

Thin receptor 

The thin black line is 20}l wide and 
0.2 mm long. In the dark, d-c re
sistance across the .0008/1 of lead 
sulfide is a few hundred ohms. 
When radiant energy shines on the 
line, the resistance drops. A mani
festation, obviously, of the cele
brated Kodak Ektron Detector. The 
wavelength of the energy can be 
from 3.5}l in the infrared, * right 
through the visible and on to at 
least 250m}l in the ultraviolet. 
Imagine an infrared spectrometer 
that could afford to image its exit 
slit down to .0008/1! Might provide 

*That would make a receptor less than 6 wave· 
lengths wide, wouldn't it? 

some molecular structure data to 
think about. Or what about putting 
one in an image plane inside some 
optical system? 

For $23.50, paid to Eastman Kodak 
Company, Apparatus and Optical Di
vision, Rochester 4, N. Y., anybody can 
have one. If the eloquence of these words 
gets us swamped, delivery may be a bit 
delayed. If you wanted to wait, it's not 
unlikely the price will drop: But thell 
you might not be first all your block. 

That 01' shark oil [CH'CH(CH')'CH(CH')'CH(CH')] 6H, 6H, tH, 
, 

This looks like a tedious concatena
tion of 30 carbon atoms and 62 hy
drogen atoms, but oh, how wrong 
you would be to say that! 

This is Squalane. (Note the "a.") 
We hereby announce our readiness 
to sell it as Eastman 7311 at $15.60 
per 100 grams. Squalane is hydro-

This is one of a series of reports on the many products 

and services with which the Eastman Kodak Company and 

its divisions are • • •  serving laboratories everywhere 

gena ted Squalene (Eastman P6966). 
We can distill squalene (Note the 
"e.") in our unique molecular stills 
from the oil found in the gigantic, 
oily liver of the mighty but leisure
loving basking shark. Squalene is 
being added to at least one brand of 
cattle feed on the strength of certain 
findings by the manufacturer about 
cholesterol and sex hormones. The 
merest soupfon of it in dog food is 
said to bring utter bliss to the canine 
palate. 

The latest is that Squalane has a 
contribution to make to gas chro
matography, which is booming. 
This is an analytical technique 
whereby a volatile sample mixture 
is swept by an inert gas through an 
adsorbing column and resolved by 
virtue of the different times it takes 
each component to make its way 
through against the adsorption 
forces. Squalane is reported (Anal. 
Chem. 28,303, March '56) to modify 
the adsorbing characteristics. of a 
commercial carbon black in a man
ner that shuffles the order of emer
gence from what it is with other 
adsorbents, thus providing a good 
fix on the proportions of each dif
ferent C5, C" and C, saturated hy
drocarbon present. One of our own 
plants tried it out and forthwith 
contributed further to the burgeon
ing art by discovering that Squalane 
is very good at separating hydro
c �:... as from oxygen-bearing com
pounds close to them in physical 
properties. They found, for ex
ample, that n-heptane emerges later 
than n-butanol, even though n
butanol is the higher boiling sub
stance. 

Will we reveal more about this? Will 
other experiments 1I0W ill progress wilh 
Squalane turn out to be as interesting as 
the preliminary results promise? Don't 
wait for the next gripping chapter, if 
any. We s.ell Squatane with which YOIl 
call go to work yourself. (You won't filld 
it in our Eastmall Organic Chemicals 
List, No. 40. It's too new. You will find 
some 3500 other organic compounds, 
though. If you haven't a copy, drop us 
a 1I0te.) Distillation Products Indus
tries, Eastmall Organic Chemicals De
partment, Rochester 3, N. Y. (Division 
of Eastman Kodak Company). 

Prices quoted are subject to 
change without /lot ice. 
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AMPLIFIERS 
pn� 
PURPOSE 

You can get DuKane amplifiers 
in quantity for any purpose in 

any size built to highest precision 
standards inherent in all 

DuKane products since 1922. 
Reliable DuKane amplifiers are 
performing in many of the mili
tary's toughest assignments . .. 
evidence of the customer's con-

fidence in DuKane's ability to 
engineer and produce quality 

products on time. 

A I-ounce ampli

fier like this can 

IImove a mountain 

of metal" in a 

bomber control 

'syst em. By con

trast, DuKane has 

built amplifying 

systems we ighing 

well over a ton! 

DuKane's d e p enda bl e  commercial ele ctronic 

products are serving industry, schools, hospitals 

and offices across the nation I Details upon request! 

Industrial and School 
Sound Systems 

Micromatic Sound Private Telephone 
Slidefilm Projector Systems 

r----------------� 
I for information on OuKan.'. capabilities, write I I DuKan. Corporation. Dept. H-4 I I St. Charles. Illinois 
I I 
I Name I 
I Address I 
I I 
I City State I 
I Firm I 

I 
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Euratom 

I
n 10 years a cooperative group of 

six nations of Western Europe may 
be the world's largest producer 

of atomic power. These countries-Bel
gium, France, West Germany, Italy, 
Luxembourg and The Netherlands-are 
setting up an international pool, called 
Euratom, for the development of nuclear 
power. Their goal is three million kilo
watts of atomically generated electricity 
by 1963 and 15 million by 1967. Of the 
other potentially major producers, the 
U.S.S.R. has announced plans for 2.5 
million kilowatts by 1960, Great Britain 
for six million by 1965. The U. S. has 
no fOlmal goal, but the estimate is about 
one million kilowatts by the early 1960s. 

Under an agreement concluded last 
month by the heads of state of the Eu
ratom countries, an agency of the union 
will own all the fissionable material to 
be used in power reactors. Individual 
countries retain the right to withdraw 
material for military purposes, in which 
case they will assume ownership. Most 
of the fuel, at least in the early years, 
will be purchased from the U. S., which 
has indicated that it can supply the 
necessary amounts. This country has also 
promised technical assistance. 

Von Neumann 

Few scientists have left as wide an im
print on their time as did John Von 

Neumann, who died of cancer last 
month at the age of 53. The Hungarian
born mathematician made timely contri
butions to fundamental knowledge in 
several fields. His great energy and 
breadth of interests, together with his 

SCIENCE AND 
prodigious mental speed, enabled him to 
tackle a wide range of scientific and 
practical problems. 

His first major achievement was the 
h'eatise Mathematical Foundations of 
Quantum Mechanics, written when he 
was a 23-year-old lecturer in Germany. 
In it he proved that Erwin Schrodinger's 
wave mechanics and Werner Heisen
berg's matrix mechanics, both of which 
had just been developed, were mathe
matically equivalent. He thus helped put 
modern physics on a firm mathematical 
foundation. 

A few years later Von Neumann came 
to the U. S. as a visiting professor at 
Princeton University. In 1933 he joined 
the Institute for Advanced Study. While 
still in Europe he had turned his atten
tion from quantum mechanics to an ap
parently less imposing problem-finding 
a rational strategy for the penny-match
ing game. This led him to the develop
ment of a powerful new branch of 
mathematics: the theory of games. He 
worked on the theory with the Princeton 
economist Oskar Morgenstern, and in 
1944 they published their famous 
Theory of Games and Economic Be
havior. The principles they developed 
have found extensive application in eco
nomics and military strategy. 

During World War II Von Neumann 
played a major part in the development 
of the atomic bomb. He was also a roving 
consultant on ordnance, submarine war
fare, bombing objectives, economic in
telligence and similar matters. After the 
war he continued his service as a military 
adviser and in 1955 was appointed to 
the Atomic Energy Commission. 

Von Neumann's chief interest in the 
postwar years was high-speed comput
ing machines. He designed one of the 
biggest and fastest, the MANIAC (Mathe
matical Analyzer, Numerical Integrator 
and Computer), at the Institute for Ad
vanced Study. As he had foreseen, it 
played an indispensable part in research 
on the hydrogen bomb. He also showed 
the value of computers for long-range 
weather forecasting and for chemical 
and biological research. 

There are countless stories of Von 
Neumann's power of mind. Problems 
that had stumped competent mathema
ticians for days, he often solved in min
utes. He could talk to physicists, mathe
maticians, engineers and economists 
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THE CITIZEN 
about their specialized problems and 
penetrate swiftly to the central point, of
ten suggesting a fruitful new approach. 
When he was appointed to the AEC, a 
brilliant young physicist who had known 
him at the Institute remarked: "Johnny 
will do all right, because he's probably 
the smartest man in the world." 

The Scratcher Scratched 

The axiom that only a diamond can 
scratch a diamond was made obsolete 

last month. The General Electric Re
search Laboratory announced that it had 
synthesized a new substance which is 
just as hard as the hardest thing found 
in nature. It is called borazon-"bor" for 
boron, "azo" for nitrogen. Atoms of 
boron and nitrogen are arranged in a 
cubic crystal similar to the arrangement 
of carbon atoms in a diamond. The new 
crystals are much more resistant to heat 
than the glorified coal. BOl'azon can 
withstand heat above 3,500 degrees 
Fahrenheit, while diamond burns up in 
air at about 1,600 degrees F. It may 
therefore be superior for. jobs requiring 
high-speed cutting or polishing. 

Borazon was made by subjecting 
boron nitride to pressures above one 
million pounds per square inch and tem
peratures exceeding 3,000 degrees F. 
Boron nitride, a white compound, is 
physically similar to graphite: like 
graphite, it is soft and slippery because 
it is composed of layers of atoms which 
slide over one another easily. Graphite 
can be converted to diamond by subject
ing it to very high pressure and tempera
ture, which causes the free electrons to 
form bonds between the atomic layers. 
After its success in synthesizing tiny 
diamonds from graphite, the G. E. Labo
ratory undertook to apply the same 
method to make a completely new crys
tal with boron nitride. 

Boron and nitrogen lie beside carbon 
in the periodic table, and a combination 
might be expected to react somewhat 
like carbon. The main problem was that 
boron nitride lacks free electrons to serve 
as bonds for the layers. Robert H. 
Wentorf, Jr., who achieved the synthesis 
of borazon, believes that each nitrogen 
atom in the crystal must donate one of 
its electrons to supply a bond to the ad
jacent layer. Despite the fact that the 
crystal of borazon contains two different 

Radioisotopes are creating new frontiers in medicine 
Over the years, the medical profession has made increasingly effective 

use of radioactive materials for diagnosis and clinical study. New 
techniques are constantly being developed to use radioisotopes in 

furthering human health and well-being. For instance: 

The evaluating of blood 

supply and excretory func
tion of kidneys. Nuclear
Chicago instruments record 
radioactivity curves for each 
kidney separately. 

Accurate knowledge of 
plasma and blood volume, 
so important in surgery, is 
quickly provided by Nu.clear
Chicago instruments. 

The determination of cardiac 
output by external radiation 

measurement is accom
plished and accurately re
corded with the hel p of N u
clear-Chicago instruments. 

For more than ten years Nuclear-Chicago has pioneered in the 
development of nuclear instruments for medical use_ Its newly-designed 

line offers physicians, hospitals and clinics the superior equipment 
essential to the most effective use of radioisotopes in medicine. 

JSYt/f 
----------�� ����'�:e!��!� 

247 WEST ERIE STREET • CHICAGO 10, ILLINOIS 
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HARRY WOLFF (o.,lnc. 
Auburndale, Massachusetts 

prolongs life 
of $5000 
RADAR 
lUBES 
with 

MICRO
VISION 

A tiny burr on this tuning crown will burn off at normal operating 

temperatures and cause radar tube failure. Precision components like 

this are made of metals that cost over $100 per pound. The tube costs 

up to $5000. Obviously, rejects and failures are prohibitively costly. 

That's why Harry Wolff Co., Inc., uses Bausch & Lomb Stereomicro

scopes to check 368 different edges of each tuning crown. Inspectors 

see the work right-side-up, clearly magnified in vivid 3'dimensional 

detail. Burrs are quickly revealed, and easily scraped off. 

And that's why Harry Wolff, president, says: "We consider the B&L 
Wide Field Stereomicroscope as important to us as a precision lathe." 

FREE! 

America's only complete opticat source ••. from elass to finished product 

GET THIS EXCLUSIVE 
3-D MICRO-VISION BOOK 
See actual stereo views! 
Know how and where 
to use Stereomicro· 
scopes. Choose 
exact model for job 
needs, with unique 
Selector·Chart. Write 
today for Manual D-15. 
Bausch & Lomb Optical Co., 
69416 St. Paul St., Rochester 2, N. Y. 

kinds of atoms, the alternate boron and 
nitrogen atoms are packed together al
most as closely as the carbon atoms in 
diamond. 

Safety Car 

Engineers at the Cornell Aeronautical 
Laboratory have lowered their 

sights to consider a terranautical prob
lem. They are studying methods for re
ducing injury in automobile collisions. 
To demonstrate and dramatize their 
findings, they have designed a model 
"safety car" which should make smash
ups a; painless as possible. 

The outside of the car has a minimum 
of protuberances on which to impale 
pedestrians. The bumper goes all around 
the body and is attached directly to the 
chassis through shock-absorbing mounts. 
Steel bars above the front and rear seats 
brace the roof against overturns. 

Inside, the vehicle has individual 
bucket seats for six passengers. The 
driver sits in the center of the front row. 
He controls the car with a set of levers 
and buttons mounted on an adjustable 
padded panel which rests in his lap and 
also serves as a seat belt. The windshield 
bulges so that his head cannot possibly 
hit it when the lap panel is in place. The 
instrument panel is just below the driv
er's normal line of sight, so that he can 
see it with a minimum deflection of his 
gaze. All the dials except the speed
ometer have automatic alarm lights. If 
they are not lit, the instruments do not 
require the driver's attention. 

Two other front-seat passengers sit 
slightly aft of the driver on either side. 
They also are held by lapboards, which 
double as desks or arm rests. Behind the 
driver is a seat facing backward, and 

'
in 

the rear are two more that face front. 
They all have seat belts. Among the 
other safety features are accordion-type 
doors which fold back like those in a 
telephone booth and bolt closed, and a 
ventilating system which maintains the 
inside air pressure slightly above that 
outside to prevent carbon monoxide. 
from seeping in. 

Six Billion Years to Go 

The sun, now about six billion years 
old, will shine on steadily for another 

six billion and then flare up and burn 
everything on the earth to a crisp, ac
cording to a considered prediction by 
Allan R. Sandage, astronomer at the 
Mount Wilson and Palomar Observa
tories. Sandage summarizes the latest 
views on the evolution of stars in Engi
neering and SCience, the magazine of 
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SILICONE NEWS 

Silicones Ease the HProfit Squeeze" 
• Silicone lubricant for plastic parts 

smooths refrigerator sales • 
base caused a production bottle-neck 
with too much overtime resulting. 
Then they discovered a pressure 
sensitive tape coated with a Dow 
Corning silicone adhesive . . . a tape 
that completely eliminates welding! 

Simplify production of oven thermometer 
• with Silicone paint 

Silicone adhesive tape doubles 
• for weld, doubles production, too 

HELPING HAND FOR HARRIED 
PROFITS-Oft-heard complaint from 
businessmen today is that profits are 
slimming despite a diet of heavy sales. 
Rising production costs and product 
improvements frequently mean added 
expense that can't be passed along. 
But ... by utilizing the varied forms 
of Dow Corning Silicones, many alert 
manufacturers are marketing better 
products with no increase in cost. 

"SLIDER" PITCH - Now, Kelvi
nator refrigerator designers have 
licked the problem of sticking shelves, 
without throwing costs out of line, by 
lubricating plastic parts with silicones. 
The big new "Foodarama" boasts 

smooth-sliding shelves and free
opening compartment doors that will 
keep the buyer pleased for years. 
Yet the silicone lubricants cost next 
to nothing. Dow Corning 200 fluid, 
for example, puts the slip on crisper 
covers at a cost of only six hundredths 
of a cent! 

Unlike many oils, this silicone fluid is 
an excellent lubricant for plastic or 
rubber parts in contact with metal 
. . . an essential factor here. And 
silicones don't thicken when tem
peratures head for the deep freeze: 
another essential. In all, Kelvinator 
has added a pleasing new sales feature 
at practically no extra expense. No. 49 

IT GETS THE BENDS, but not the 
breaks. That's the story of the 
silicone finish on this kitchen oven 
thermometer. The Taylor Instrument 

Companies coat 
sheet stock with 
s i l i c o n e  - b a s e d  
paint before the 
metal is sheared, 
stamped and bent 
into the shape you 
see. Through all 
the punishment of 

the forming operations, the flexible 
silicone finish never chips or cracks. 

Production-wise, pre-painting saves 
all kinds of costs ... it's more expen
sive and difficult to paint finished 
units. Product-wise, Taylor finds 
there's no need to worry about 
discoloration at oven temperatures. 
The paint made with Dow Corning 
silicone resins by Stanley Chemical 
Company is recommended for up to 
500 F . . .  others will take as much 
as lOOOF! Taylor gets a permanently 
attractive paint and a lower-cost 
production method . .. both due to 
Dow Corning Silicones. No. 50 

SKIRTS TAPED ON - No Dior 
creations, the metal skirts that cover 
gas burners on hot water heaters. 
Generally, they are welded on. But 
White Products Corp. found that 
hand welding each skirt to the heater 

The tape, made by Mystik Adhesive 
Products, is simply wrapped around 
the 48-inch joint where skirt meets 
heater base. It holds the two 
together with a grip like iron. Strong, 
waterproof, and exceptionally heat
resistant, the taped joint meets all 
tests of the American Gas Associa
tion. Result: a saving of 7c material 
cost per heater, and plant production 
doubled! No. 51 

SYL-MER & MOHAR A SUIT THE 
EXEC - Humidity that leaves you 
limp won't put a crimp in stylish 

Joseph & Feiss suits 
of Mohara . . . now 
offered by over 1200 
better men's stores. 
Three-season Mohara 
fabric is treated with 
Syl-mer*, Dow Corn
ing's silicone fin ish. 
Syl-mer helps Mohara 
shrug off rain and 
stains, so it stays 

- crisply debonair while 
other fabrics wilt. Svl-mer results in a 
smoother, better-feeling fabric, too-
one that requires less upkeep. Makes 
good fabrics even better with little or 
no extra cost! For more information 
about Syl-mer and name of nearest 
Mohara retailer, circle . No. 52 

*TM Dow Corning Corporation 
FOR MORE INFORMATION on silicones used in these applications, circle reference nos. in coupon. 

- D�W-Co;N�� Co;;�A-:;:I�N:-Iv!idhnd, M�h;;;-" firs' in Dept. 9816 I 

DOW CORNING 
CORPORATION 

MIDLAND, MICHIGAN 

49 50 51 52 I 
I ------------------------------ 1 Name 

Tille ----------------------_____ 1 
Company ___________________________ 1 

I 
Address ----------------------- 1 
Cily .-_ -_--_-_--_--_ --_--_-_--_--_- �t�e ____ ...J 

ATLANTA BOSTON CHICA.GO CLEVELAND DALLAS DETROIT LOS ANGELES NEW YORK WASHINGTON. D. C. 
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'englneers 
and 

physicists 
who 

want 
to 

as well as 
make 

a better 
than 

average 
living 

find it at ... 
ADDRESS: 
Employment Director 
Dept. SA ... 

CONSIDER THESE ADVANTAGES: 

Living in a community known as 

America's Happiest City where most 

folks own their own homes ... no 

row houses and that cottage in the 

country is �nly 10 minutes from every· 

where. 50 full time schools (no half 

day shifts), 5 beautiful High Schools, and 

post-grad work can be taken at 

Purdue U. at Farnsworth's expense. 

A full strength, resident philharmonic 

orchestra • • .  outstanding athletic 

events in a new 

3 million dollar coliseum 

• . .  300 fresh water lakes within 

50 miles . . .  167 churches representing 

all denominations. 

You will work with eminent scientists 

and engi.neers who' have contributed 

many firsts in the field of electronics. 

In short, if you want to really 'lIVE as 

well as make a better than average 

living . • . find out about Farnsworth 

and Fort Wayne first. 

FARNSWORTH ELECTRONICS COMPANY FORT WAYNE, INDIANA 

olS of Inte,tnatiorial Tele:phone ahd TelegrCJphCo.rporafion 

the California Institute of Technology. 
A star of our sun's type, he says, re

mains stable from the time it is formed 
until about 12 per cent of its hydrogen 
is converted to helium by thermonuclear 
reactions. He calculates that our sun is 
halfway through this period of equi
librium. During the past six billion years 
it has heated up very slightly, so slightly 
as to cause a rise of only about 36 de
grees Fahrenheit in the average tem
perature on the earth. In the next six 
billion years it may raise the tempera
ture by about the same amount-a 
change to which living forms should be 
able to adapt. But when 12 per cent of 
the sun's hydrogen is gone, it will ab
ruptly heat up and swell to about 30 
times its present diameter. It will begin 
to burn its remaining hydrogen faster, . 
and in a few hundred million years the 
earth's temperature will rise to 1,500 
degrees-well above the boiling pOint of 
lead. After the sun has consumed its 
hydrogen, it will shrink to a white dwarf. 

The more massive a star, the faster 
its evolutionary course. If the sun were 
only 10 per cent heavier than it is, San
dage says, it would already be in the 
heating-up stage. Since there are pre
sumably countless stars of that larger 
size in the universe, life on any planets 
attached to them must already have suf
fered the fate that faces the earth six 
billion years hence, when, Sandage says: 
"Life will have ceased, the oceans will 
have boiled away and conditions will 
be miserable. " 

Green Solar Battery 

Students of photosynthesis have begun 
to suspect that the process cannot 

be explained entirely in terms of chemi
cal reactions in solutions. Some of the 
steps, they believe, belong in the realm 
of solid-state physics and semiconduc
tors. William Arnold and Helen K. Sher
wood of the Oak Ridge National Labora
tory have made a discovery which sup
ports this view. They find that chloro
plasts, the chlorophyll-containing bodies 
in plants, behave like semiconductors. 

Melvin Calvin and his 'colleagues at 
the University of California recently 
proposed a hypothesis that chloroplasts 
are built like semiconducting solar bat
teries and function in the same way .. 
They are composed of  tiny, stacked pro
tein disks called "grana, " which are 
glued together by layers of fatty mole
cules. Calvin suggests that the energy of 
sunlight has the same effect on chloro
phyll in the disks as it has on certain 
crystals: it knocks out a few electrons 
from the lattice and leaves positive 
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New Johns- Manville mineral filler can help 
you improve products and cut costs 

WANT to absorb liquids or control viscosity? Try 
Micro-Gel-it absorbs up to 6 times its weight in water, 
remains a free-flowing powder even after absorbing 
twice its weight in liquids. 

Want to bulk up your compound for better control of 
package density? Try Micro-Gel-a cubic foot weighs 
as little as 5 pounds. 

Want to prevent caking? Try Micro-Gel-its high 
absorption works wonders in controlling deliquescent 
products. 

Want to extend pigments or reduce surface sheen? 
Try Micro-Gel-it combines fine particle size, large sur
face area and inertness with high absorption suggesting 
many applications. 

Want to assure better suspension of heavy solids? Try 
Micro-Gel-its particle size, as low as .02 micron, pro
vides uniform dispersion and blending. 

Micro-eel is a brand-new line of synthetic calcium 
silicates produced by combining lime with diatomaceous 
silica under carefully controlled conditions. Its unique 
combination of properties has already brought impor
tant benefits and savings to many processors. '0 ........ '''' 
Maybe you will be next. Just mail coupon ,riY.i, 
for fur�her information, samples and techni- � � 
cal aSSIstance. p. 0' u c' • 
Johns- Manville 
MICRO-CEL 

SYNTHETIC CALCIUM SILICATES 
A PRODUCT OF THE CELITE DIVISION 

The Powder That Flows Like a Liquid-Micro-eel, 
latest development of Johns-Manville Research, will 
greatly improve the fiowability of many products. 

r---------------

i 

Johns-Manville, Box 14, New York 16, N. Y. 
In Canada: Port Credit, Ontario. 
Please send 0 additional data 0 samples of Micro·Cel 
I am interested in formulating the following products: 

� �---------------------------------------
i 0 Please have local representative contact me 

� Name Position __________ __ 
i Company __________________________ ____ _ 

. i Address -----------------------------� City ___________ --"Z·one __ State _____ _ 
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Scientists ... Engineers 

An invitation 
from pr. W. E. Johnson, Proy"ect Manager 

Westinghouse 
Commercial 
Atomic Power 
"In our work on the Pennsylvania Advanced Reactor with the 
Pennsylvania Power and Light Company, we are pioneering 
an entirely new type of nuclear power plant. It is known as an 
aqueous homogeneous reactor, and offers numerous advan
tages over conventional fixed-fuel types. 

"This is only one of our exciting and challenging projects, 
which keeps every man on his toes here at CAPA. May we 
talk with you and tell you more?" 

An Experienced, Young, Fast-Growing Team 

CAPA-Commercial Atomic Power Activity-is the most dy
namic new· division at Westinghouse. We're "fluid," not fixed. 
Supervisory jobs open up fast! 

Our growth curve is bound to be steep-as electric power 
demand and atomic power production pyramid sharply. We're 

entirely commercial-not dependent on government contracts. 
Opportunities for advanced study at company expense. Get in 

on the "industry of tomorrow" today-at Westinghouse CAPA. 

Immediate Openings for professionally established men and 
those just starting their careers: Physicists· Physical Chem
ists • Chemical Engineers· Mechanical Engineers. Electrical 

Engineers· Designers' Metallurgists. 

Send your 
/ / 

resume 

Please mail resume of your professional and 
business background to: C. S. Southard, West
inghouse Commercial Atomic Power, Box 355, 
Dept. 101, Pittsburgh 30, Pennsylvania. 

WATCH WESTINGHOUSE! 
FIRST IN ATOMIC POWER 

"holes." These mobile charges migrate 
into the fatty layers, which act as semi
conductors of two types, one type con
ducting the electrons and the other the 
positive holes. Thus the charges are 
separated and light energy becomes the 
electrical energy of a battery. The posi
tive charges then begin the job of decom
posing water molecules, and the elec
trons are supplied to the reducing agent 
which eventually converts carbon di
oxide to sugar. 

To test the semiconductor hypothesis, 
the Oak Ridge biologists studied the 
effect of heat on a layer of dried chloro
plasts. The chloroplasts absorbed heat 
energy and reradiated it in the form of 
light, a characteristic of semiconducting 
crystals. Also, the electrical resistance of 
the layer decreased with increasing tem
perature, in the typical pattern of semi
conductors. Arnold and Sherwood re
ported their work in the Proceedings of 
the National Academy of Sciences. 

Rust-Proof Wheat 

A new strain of wheat which is resist
ant to the 22 known varieties of rust 

disease has been developed by E. R. 
Sears of the U. S. Department of Agri
culture's Missouri Experiment Station. 
The hybrid is a triumph of genetic jug
gling and legerdemain with X-rays. 
Sears lifted a single gene or constella
tion of genes out of a grass distantly re
lated to wheat and installed it in the 
germ plasm of common wheat by a long, 
roundabout process. 

The plant with which he started was 
Aegilops umbellulata, a wild grass prac
tically immune to leaf rust. Aegilops has 
only seven pairs of chromosomes and 
wheat has 2 1, so they could not be 
crossed directly. Sears Rrst mated the 
grass to emmer, a 14-chromosome wheat, 
and got a sterile hybrid with 21 un
paired chromosomes. A dash of the drug 
colchicine then converted this into a fer
tile plant with 21 paired chromosomes. 
Sears now crossed the hybrid with com
mon (Chinese spring) wheat. The off
spring had 14 pairs of chromosomes and 
14 chromosomes which did not pair
seven from Aegilops and seven from 
Chinese spring. A series of backcrosses 
to Chinese spring successively elimi
nated Aegilops chromosomes until only 
one was left-the one that contained the 
rust resistance. This chromosome, how
ever, also contained a number of unde
sirable characteristics. So Sears pro
ceeded to expose the seeds to X-rays 
with the hope of breaking off the piece 
of the Aegilops chromosome containing 
the rust resistance. In 6,091 tries at this 
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What's' in this cuboctahedron for you? 

Archimedes didn't realize how appropriate this solid 
would be for illustrating the engineering versatility of 
Surface Combustion Corporation. But here's the proof: 

The world's largest slab furnaces (with TV controls 
in the pulpit) heat 200 tons of steel an hour. 

A new method of high speed convection changes a 
conventional curve into an almost vertical zoom! 

Traditionally wet fermentation cellars stay dry all 
year with new, frost-free air conditioning. 

A little hot fuel priming unit, less than 18 inches long 

and weighing under 16 pounds, enables an aircraft 
engine to start within three minutes after being cold
soaked for three days at _65°F. 

A glass annealing 1ehr is built in individually-con
trolled sections, which fit together like toy blocks to 
reproduce any time-temperature curve. 

This is only a hint of what's in Surface for you, if 
you look at all of its many sides. 

Write for further information. Surface Combustion 

Corporation, 2391 Dorr St., Toledo 1, Ohio. 

Surface® Heat Treat, Steel Mill, Glass Divisions - Kathabar® Air Conditioning Division - Janitrol® Aircraft·Automotive _. 
Division • Janitrol.® Heating & Air Conditioning

· 
Division • Webster Engineering Company: Boiler Burner Division 
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6yO.SOC.LOW 

WORL D'S FIRST • • •  BUT NOT BEST FILTER. 

It's your own nose and throat. As you breathe, 
the moist linings of your respiratory system 
pick up airborne dirt. Unfortunately, that's 
exactly where you don't want dirt . . .  if you 
want to stay healthy. So Air·Maze filters today 
do the job of cleaning all objectionable dirt 
out of the air for you ... be/ore you breathe it. 

ELECTROCUTES DUST! For industrial or com
mercial applications the Electromaze elec
tronic air filter uses an electrical charge to 
remove the finest dusts, pollens-even smoke 
particles. Widely used in ventilating offices, 
hospitals, and stores. Can be serviced auto· 
matically. New G·E selenium rectifier elimi· 
nates tube maintenance. 

KEEPS OIL SPIC AND SPAN. Air·Maze liquid 
filter

.
s remove abrasive particles from engine 

lubncants, fuels and hydraulic fluids. "Disc" 
construction provides many times more net 
effective filter area than other types of perma
nent filters. All-metal construction. Like new 
after cleaning. 

FOR ANY DEVICE THAT USES AIR OR LIQUIDS. 

For engines, compressors, air conditioners, 
ventilators . . . or any device using air or 
liquids-there is an Air·Maze filter engineered 
to match each need. Filter·trained representa. 
tives in all principal cities will be glad to 
help you solve your dirt·removal problems. For 
condensed product catalog, write Air·Maze 
Corporation, Dept. C-2, Cleveland 28, Ohio. 

AlagMAZI 
The Filter Engineers 

AIR FILTERS. SPARK ARRESTORS. LIQUID FILTERS 
SILENCERS. OIL SEPARATORS. GREASE FILTERS 
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shot in the dark he got one hit on the 
bull's-eye: the target fragment was sepa
rated and recombined with a wheat 
chromosome. His product is a rust-proof 
wheat that breeds h·ue. 

Strontium 90 in Bones 

Strontium 90, the radioactive product 
of atomic explosions, is now present 

in the bones of all human beings on the 
earth, "regardless of age or geographic 
location," says a group of scientists at 
the Lamon.t Geological Observatory of 
Columbia University. They are conduct
ing a world-wide survey of the strontium 
hazards, and base their conclusion on 
more than 500 samples of human bones 
from five continents already analyzed. 

The average amount of strontium 90 
in each person's bones is tiny-only about 
one 10,000th of what radiation authori
ties have set up as the maximum safe 
dose of this bone-cancer-producing 
radioisotope. 

So far as is known, atomic explosions 
are the only appreciable source of stron
tium 90 on the earth. The tests of the 
very large bombs have sprayed the ma
terial into the stratosphere, where winds 
carry it all over the earth. It is washed 
down by rain and picked up by plants, 
which pass it on to animals and man. 

The fallout of strontium 90 seems to 
have been fairly uniform over the earth, 
but it is slightly greater in the Northern 
Hemisphere than in the Southern. The 
young age groups, particularly those in 
the rapid growth period under four 
years of age, have more of the substance 
in their bones than the older ones. 

The Lamont scientists estimate that 
there is still enough strontium 90 in the 
ahnosphere from the 50 megatons of 
bombs exploded so far to increase the 
average absorbed by human bones to 10 
times the present amount by the year 
1970. The world-wide average would 
then be about 1.3 micromicrocuries per 
gram of calcium in the bones, and the 
average in the U. S. a little higher. But 
the investigators say it would take 35,-
000 megatons of atomic explosions to 
raise the concentration above the present 
standard of safety. 

Mongooses, Go Home! 

When, for his own purposes, man 
moves animals from continent to 

continent, he usually gets more than he 
bargained for. Three American natural
ists, Antoon de Vos, R. H. Manville and 
R. G. Van Gelder, have taken a historical 
look at these interferences with nature 
by man, and they find an appalling rec-

Or maybe you're interested in 
custom production of benzene sul
fonyl chlorides or their chlorinated 
derivatives. Discuss it-or any 
problem involving chlorinated 
products-with your DIAMOND 
Representative. His service is ex
pert, prompt, free. 

More DIAMOND products: carbon 
tetrachloride; perchlorethylene; 
ethylene dichloride; methylene 
chloride; methyl chloride; chloro
form; Chlorowax® (chlorinated 
paraffin); muriatic acid; DDT; 
BHC, 15% and 40% gamma; Lin
dane; 2,4-D and 2,4,5-T amine 
salts, esters and formulations; grain 
fumigants. DIAMOND ALKALI COM
PANY, 300 Union Commerce Bldg., 
Cleveland 14, Ohio. 

Diamon.d 
Che:rn.icals 
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high - speed computation right at your desk 
The result of 20 years' experience in the design of elec
tronic computers, LGP-30 puts you in complete control 
of your own engineering problems. Used right at your 
desk, LGP-30 allows you to program your own material 
without planning in detail. You modify equations on the 
spot, follow your work to completion. Thus, you eliminate 
much detailed calculation ... uncover added time for cre
ative engineering. 

Ease of operation. LGP-30's simple command structure 
offers the same complete internal programming found 

. in computers many times its size and cost. Internally 
binary, serial, single address ... LGP-30 enters and re
ports alpha-numeric information by punched paper tape 
or keyboard. 

Greatest capacity in price range. The most powerful stored 
program computer of its size yet developed, LGP-30 has 
a magnetic drum "memory" of 4096 words. Fully auto
matic, it performs sub-routines ... executes self-modi
fying programs. 

Exceptional flexibility. LGP-30's wide range of applica
tions includes double precision abstractions; compiling 
and diagnostic routines; 3-address interpretive routine 
with floating point abstractions; matrix operations in
cluding inverting and Eigen value problems; basic trigo-

nometry and log functions; square root and roots of 
polynomials. 

Nation-wide sales and service. Detailed analysis of your re
quirements is available through Royal McBee's nation
wide staff of trained applications engineers. 

,.---- Outstanding features of LGP-30 --� 
• Operates from regular wall outlet (110 volts AC). 

• No expensive installation ... no external 
air conditioning . 

• Unusually large "memory"- 4096 words. 

• Word length: 32 bits, including sign and spacer bit. 

• Average access time: 8.5 ms. 

• Optimum access time: 2 ms. 

• Lowest cost ever for a "complete" computer. 

• Nation-wide sales and service. 

For further information, write Royal McBee Corporation, 
Data Processing Equipment Division, Port Chester, N. Y. 

ROYAL MCBEE 
c o R P 0 R A T o N 
ROYAL TYPEWRITERS • McBEE BUSINESS SYSTEMS 
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AT 

HANFORD 

SAVANNAH 

RIVER 

NAVAL 

RESEARCH L"AB 

FALLS IDAHO 

LIVERMORE 

CINCINNATI 

Sharp Definition and Clarity 

True Color 

Complete Reliability 

No Operating Cost 

Available with 
these custom features: 

SELECTIVE MAGNIFICATION 
REMOTE SCANNING 
WIDE FOCUSING RANGE 
"NON -BROWNING" OPTICS 
BUILT-IN RADIATION SHIELD 
INTEGRAL CAMERA ADAPTER 
MICROSCOPE RELAY 
BINOCULAR EYEPIECES 
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ord of biological havoc in countries 
where such experiments have been tried. 

In 1931 the Netherlands imported 
nine ermines and 102 other weasels to 
control rats and rabbits. The ermines sur
vived and did a job on the rats, but in 
20 years they had themselves become 
such a menace, preying on wild birds 
and poultry, that the Dutch Government 
had to put a bounty on them. 

In 1872 Jamaica took in four male 
and five female mongooses to go after 
rats devouring the sugar cane. Ten years 
later the mongooses were estimated to 
be saving sugar planters 45,000 pounds 
a year. But then, having decimated the 
rat population, the mongooses turned to 
other small creatures, and they have 
now all but exterminated several species 
of mammals, birds and reptiles. 

Early in the 1940s a local zoo on the 
Japanese island of Oshima put a few 
squirrels from FOlmosa on exhibition. 
Within a few years the squirrels had 
overrun the island and all but destroyed 
its major indush-y, camellia oil, by chas
ing the birds that distribute pollen 
among the camellia flowers. 

About 50 years ago some deer were 
brought from Siberia to what is now 
Czechoslovakia. The Siberian males 
mated with the Czech species of deer, 
which is smaller, with the result that the 
females bore fetuses too large to deliver. 

Perhaps the most disastrous import 
was the European rabbit introduced in 
Australia. In 1859 Thomas Austin, the 
culprit in this affair, brought in 24 rab
bits in the interests of happy hunting. 
Six years later he counted more than 
30,000 rabbits on his estate. The rabbit 
population grew to an estimated half 
billion, and the Australians have had to 
tamper with nature again by importing 
a virus to control the rabbits [see "The 
Rabbit Plague," by Frank Fenner; SCI
EKTIFIC AMERICAN, February, 1954]. 
The red fox, another import to Australia 
for hunters, is a menace to the beloved 
kangaroo, because it chases kangaroo 
mothers so that they drop the young 
from their pouch. 

The naturalists sum up by pointing to 
a number of hazardous consequences 
that may befall heedless nations which 
allow such tinkering with nature: the 
foreign animals may kill or outstrip de
sirable native animals; they may grow 
out of control because there are no natu
ral enemies in their new habitat; they 
may introduce new diseases. 

In their report in Zoologica, a publica
tion of the New York Zoological Society, 
the authors suggest that an international 
board of scientists be set up to control 
man's urge to transplant mammals. 

'I 

NEW Indox V 
ceramic 
magnets 
3� times stronger 

, 
Indox V is the trade name of 
a new, high energy, oriented 
ceramic permanent magnet that 
gives a peak energy product 3 Vz 
times greater than conventional 
ceramic permanent magnets. 

The new magnet was devel
oped in the research laboratories 
of The Indiana Steel Products 
Company. It is made of barium 
ferrite, using inexpensive, non
critical raw materials that are 
constantly available. (Shortages 
in times of emergency cannot 
occur.) 

Volume and weight compari
sons show that the energy of 
Indox V far exceeds that of con
ventional ceramic magnets ... 
and is comparable to Alnico V, 
the strongest permanent magnet 
material available today. Space 
and weight advantages, plus 
high resistance. to demagnetiza
tion, make Indox V suitable for 
some applications where other 
types of magnets have been 
impractical. A data sheet giving 
additional infoqnation on the 
product is available. Write for 
Bulletin J-4. 

THE INDIANA 
STEEL PRODUCTS COMPANY r 

VALPARAISO, INDIANA 

INDIANA 
PERMANENT 
MAGNETS 

World's largest manufacturer 
of permanent magnets 

IN CANADA: 
The Indiana Steel Products Company 
of Canada limited, Kitcherier. Ontario 

, J 
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Fro m  m i n ia tu re co m po n e n ts to i n teg ra ted syste m s  

AMF has electronics experience you can use 

Reseorc h ,  Developme n t ,  

Produc tion i n  t h e s e  fie lds : 

• Armament 

• Ball ist ics 

• Radar An tennae 

• Guided Missile 

Support Equipment 

• Auxiliary Power Supplies 

e AMF experience i n  e lectron ics covers practica l l y  every a rea of the f ie ld,  from desi g n  through 

prod uction, of i n d ivid ua l  compone nts a n d  com p l ete systems, for both government and ind ustry. 

e AMF has org a n i zed deve lopment and prod uction tea ms experienced in  the l atest mech a n ica l 

and e lectron ic  techn iq ues. These tea ms, l ocated throug hout AMF, ach ieve the f ine b a l a nce so 

necessa ry to produce efficient, re l i a b l e  eq u i pment.  

e Pa rticu lar  AMF e l ectron ics ca pabi l it ies and prod ucts inc l ude . . .  

Data Processing and Display e Training Devices and Sim ulators e Antennas and Mounts 
Communication Systems e Low-frequency Radar e Electronic Warfare Devices 
Air Navigation and Traffic Control e Missile Check-out Equipment e Electric Motors 
Guided Missile Support Equipment e Industria l Relays e Silver-zinc Batteries 
Accessory Power Supplies • Inverters and Alternators • Factory Test Equipment 

Defense Products Grovp 
AMERICAN MACHINE & FOUNDRY COMPANY D E F E N S E  

P R O D U C T S  
• Con Irol Syste m s  ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;::;;::;; llO1 North Royal Street, Alexandria, Va. 
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AIR·CONDITIONED LABORATORY at the California Institute 

of Technology is used for the chemical processes involved in estab· 
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lishing the age of minerals. Here the laboratory is seen through a 

door festooned with signs reflecting the delicate nature of its work. 
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THE AGE OF THE. SOLAR SYSTEM 

Rocks and meteorites contain radioactive elements and the products 

of their decay, the laborious analysis of which presently indicates 

that the earth and its neighbors were formed 4.5 billion years ago 

B
efore the discovery of radioactivity, 
estimates of the age of the earth 
and of the solar system were little 

better than guesses. The classic studies 
of the earth's rocks by James Hutton and 
by Sir Charles Lyell in the 18th and 19th 
centuries had freed geologists of the 
time-scale restrictions long imposed by 
theology, and they had begun to speak 
in terms of 10 million, 100 million and 
even a billion years. But they could only 
conjecture about the date of formation 
of our planet. In the year 1907 came the 
suggestion that its age might be meas
ured by a clock ticking off the eons of 
time in the rocks. 

Lord Rutherford's group in Cam
bridge had proved that the radioactive 
elements uranium and thorium decay ul· 
timately into helium and lead. Bertram 
Boltwood, a U. S. radiochemist working 
with Rutherford, proposed that this phe· 
nomenon could be used to calculate the 
ages of minerals bearing uranium and 
thorium. Measurement of the amount of 
lead or of helium in such a mineral, to
gether with the data on its remaining 
content of uranium and thorium arid the 
known rates of decay of those elements, 
should make it possible to tell how long 
ago the mineral had been formed. By 
1913 one ancient rock had been dated 
by the helium method to be at least 700 
million years old and others tested by the 
lead method were estimated to be as old 
as 1.5 billion years. 

It was recognized that these deter
minations were subject to certain possi
ble errors. If helium had escaped from 
the rock, the estimate of its age would 
be too low. If the mineral contained "or
dinary" lead-lead which was not il de
cay product but had been present from 
the beginning-the age estimate would 
be too high. But the lead technique was 
later made more accurate by precise 

by Harrison Brown 

measurement of the ratios of lead iso
topes present, which allowed "ordinary" 
lead to be distinguished from radiogenic 
lead. This placed the dating of uranium 
minerals upon a h'uly firm foundation. 
The accurate new determinations con
firmed that the geological time scale 
must be reckoned in billions of years. 

The radioactive isotopes in nature fall 
into three main categories. Two of these 
consist of products which are continually 
being formed: (1) products of the break-

NATURALLY OCCURRING 

down of uranium and thorium (e.g., 
radium), and (2) products of nuclear 
reactions in the earth's crust or the at
mosphere (e.g., carbon 14, formed by 
transmutation of nitrogen by cosmic 
rays) . The other category, the most im
pOltant from the point of view of dating, 
are the primary radioisotopes such as 
uranium 238, uranium 235, thorium 232, 
potassium 40 and rubidium 87. These 
isotopes were apparently made at the 
time the elements originated and are not 

HALF·lIFE 

SPECIES (MILLIONS OF YEARS) DECAY PRODUCTS 

URANIUM 238 4,510 LEAD 206, HELIUM 

URANIUM 235 710 LEAD 207, HELIUM 

THORIUM 232 13,900 LEAD 208, HELIUM 

POTASSIUM 40 1,310 CALCIUM 40, ARGON 40 

RUBIDIUM 87 50,000 STRONTIUM 87 

SPECiES NOT OBSERVED HALF·lIFE 

IN NATURE (MilliONS OF YEARS) DECAY PRODUCTS 

URANIUM 236 24 THORIUM 232, HELIUM 

IODINE 129 17 XENON 129 

CESIUM 135 3 BARIUM 135 

BERYLLIUM 10 2.7 BORON 10 

RADIOACTIVE SPECIES OF THE ELEMENTS used to determine the age of minerals 

are listed in the table at the top. Radioactive species not found in nature, but which may be 

prepared in the laboratory, are listed at the bottom. The fact that these latter elements are 

not found in certain minerals is evidence that the minerals are at least a billion years old. 
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being formed to any significant extent on 
the earth today. All of them have very 
long half-lives: the shortest (for U-235) 
is 710 million years. Shorter-lived spe
cies (e.g., uranium 236, with a half-life 
of 24 million years) have been made 
artificially in the laboratory, but these 
are not found in nature. Presumably 
they, too, were formed at the beginning 
and have long since disappeared because 
of their comparatively short lifetimes. 
For example, if uranium 236 was just as 
abundant as uranium 238 originally, 
within one billion years it would have 
declined to an undetectable amount. The 
fact that uranium 236 is not found in 
nature now has been taken as confirming 
evidence that the earth is at least a bil
lion years old. 

The laws of radioactive decay tell us 
that in a uranium mineral of a given age 
we should expect to find decay products 
in certain specific ratios to uranium it
self. For example, in a mineral 500 mil-

AGE DETERMINATION 
RATIO 

METHOD 

LEAD 206 : URANIUM 238 .08 

LEAD 207 : URANIUM 235 .62 

LEAD 206 : LEAD 207 17.8 

HELIUM': URANIUM .6 7 

LEAD 206 : URANIUM 238 .166 

LEAD 207 : URANIUM 235 1. 65 

LEAD 206 : LEAD' 207 14 

HELIUM : URANIUM 1.4 

LEAD 206 : URANIUM 238 .36 

LEAD 207 : .URANIUM 235 6.07 

LEAD 206 : LEAD 207 8.2 

HELIUM : URANIUM 3.2 

lion years old, for every 1,000 atoms of 
uranium 238 there should be 80 atoms 
of lead 206 (the end product of the de
cay of U-238) , 4.5 atoms of lead 207 
(the decay product of U-235) and 670 
atoms of helium. This assumes that no 
"ordinary" lead was present when the 
mineral was formed and that no lead or 
helium has been added to or lost from 
the mineral during its 500-million-year 
lifetime. Now there are four different 
ways we can compute the age of the 
mineral; namely, from (1) the ratio of 
lead 206 to uranium 238, (2) the ratio 
of lead 207 to uranium 235, (3) the 
ratio of lead 206 to lead 207, and (4) 
the ratio of helium to uranium. Ideally 
all four of these ages should agree, and 
no age estimate can be considered trust
worthy unless at least two independent 
methods (i.e., two of the first three here) 
agree. But, unfortunately, complicating 
factors often produce discrepancies in 
evaluating a given sample. And helium 

AGE 
ELEMENT 

[MILLIONS OF YEARS) 

does leak out of minerals, so that the 
helium age is generally lower than the 
others. 

The method based on the ratio of lead 
206 to lead 207 is the simplest and in 
many ways the most satisfactory, be
cause it depends on only one analysis
measurement of the ratio of the two lead 
isotopes. The methods based on urani
um-to-Iead ratios are apt to be somewhat 
more uncertain because they involve 
three measurements-the chemical con
centrations of uranium and lead and the 
ratios of two lead isotopes. It is im
portant to remember that fundamentally 
the measurement of the ages of rocks 
depends only upon the ratios of elements 
and isotopes. Often the ratio can be de
termined without measuring the abso
lute amuunts of the two substances in 
question. 

The concentrations or quantities of 
material to be measured may be extreme
ly small, and the measurements have to 

QUANTITY QUANTITY 

TODAY INITIALLY 

(ATOMS) (ATOMS) 

URANIUM 238 1,000 1,080 

URANIUM 235 7.2 11.7 

500 LEAD 206 80 0 

LEAD 207 4.5 0 

HELIUM 4 670 0 

URANIUM 238 1,000 1,166 

URANIUM 235 7.2 19.1 

1,000 LEAD 206 166 0 

LEAD 207 11.9 0 

HELIUM 4 1,410 0 

URANIUM 238 1,000 1,360 

URANIUM 235 7.2 50.9 

2,000 LEAD 206 360 0 

LEAD 207 43.7 0 

HELIUM 4 3,190 0 

RATIOS OF SPECIES OF THE ELEMENTS are used to determine 
the age of minerals according to the decay of uranium. In a sample 

500 million years old, for example, the four ratios at the upper left 
would obtain. For each 1,000 atoms of uranium 238 in the sample 

today, the sample would have originally contained 1,080 atoms of 

uranium 238 and 11.7 atoms of uranium 235. The number of atoms 

in the sample today would add up to the same number, with the 

exception of helium atoms. Because helium atoms, or alpha parti

cles, are emitted in the decay of uranium 238, uranium 235 and vari

ous daughter species, the helium atoms may be regarded as "new." 
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be made with high accuracy. The meas
urement of a minute sample of lead may 
be thrown awry by contamination with 
"ordinary" lead from the reagents or 
even from the air (particularly in cities, 
where the air contains lead from gaso
line) . Measurement techniques have 
been greatly refined, however, by an ex
tensive program of cooperative research 
by scientists at several institutions. It is 
now possible to determine the ages of 
some samples containing less than one 
part per million of uranium. Isotope ra
tios can be measured in samples of lead 
weighing as little as one millionth of one 
gram. In our special laboratories at the 
California Institute of Technology, by 
improvements in chemical techniques, 
Claire C. Patterson has succeeded in iso
lating lead from a meteorite which con
tains only one part per three million. 
Common rocks such as granites, where 
the lead content averages only between 
one and 10 parts per million, can be 
dated successfully. 

Unfortunately most minerals in nature 
possess some "ordinary" lead, and the 
proportions of the lead isotopes vary . 
widely in various samples. This makes 
correction for the primeval lead difficult 
and in many cases impossible. We can, 
however, use lead 204 as an index. This 
isotope (the least abundant form of lead 
found) is nonradiogenic, so its presence 
in a sample is a clear indication of the 
presence of primeval lead. The concen
tration of radiogenic lead in a sample is 
now conventionally expressed in terms 
of the ratios of the other isotopes to lead 
204: the higher this ratio, the more ra
diogenic is the sample. Thus we have a 
scale for measuring the radiogenic "pu
rity" of samples. Most of the precise age 
determinations have been made on rocks 
whose lead content is almost purely ra
diogenic. But there are certain cases in 
which accurate corrections can be made 
for nonradiogenic lead, because the lead 
and the uranium were sharply separated 
from each other when the rock Originally 
crystallized. This is the case in some 
granites; it is actually possible to deter
mine what proportions of the various iso
topes of lead were present when the 
granite was formed. 

Ancient Rocks 

The data on three purely radiogenic 
rocks whose ages have been measured 
particularly precisely are presented in 
accompanying charts [shown at right]. 
The oldest, a monazite from Southern 
Rhodesia, is calculated to be about 2.7 
billion years old. It gives us a rather 
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clear-cut figure for the minimum age of 
the earth. 

We get similar figures when we date 
. rocks on the basis of the decay of radio

active potassium to argon. These deter
minations are more open to question, 
because the values of the decay constants 
are still uncertain and argon, like helium, 
can escape from rocks. But it is encour
aging to find that this method also indi
cates some South African rocks to be at 
least 2.7 billion and possibly 3.2 billion 

years old. Dating of rocks by the method 
based on decay of rubidium to strontium 
likewise yields estimates consistent with 
these results. 

Can we find some indication of an out
side limit for the age of the earth? Let 
us examine lead deposits found in vari
ous parts of the world. Generally speak
ing the oldest deposits have the smallest 

proportion of radiogenic lead, presuma
bly because the decay of uranium and 
thorium has steadily been adding radio
genic lead to the earth's supply, so that 
a higher proportion of such lead is in
corporated in the more recent deposits. 
In other words, there has apparently 
been a progressive evolution of the iso
topic composition of lead in the earth. 
It has been acquiring a higher ratio of 
radiogenic lead (e.g., lead 206) with re-

spect to the primeval isotope lead 204. 
The variations in ratios are illustrated in 
the accompanying table listing a number 
of lead specimens from various places 
[see page 92]. The ratio of 206 to 204 
averages about 18 to 1, but it ranges 
up to higher than 90 to 1, in rocks with 
a rather high concentration of uranium. 

The lowest ratio that has been found 
on the earth so far is 12.65 to 1. This 
sample of lead came from an ancient de

posit in the Rosetta Mine in South Africa. 
We can estimate (on the basis of the ra
tios of lead 206 to lead 207) how long it 
must have taken for this ancient compo
sition of lead to have evolved to that of 

PREPARATION OF A SAMPLE for the determination of its age 
is depicted in the photographs on this and the next six pages. The 

photograph at QPper left shows samples stored in barrels at the 
California Institute of Technology. The open barrel contains dia· 

base rocks from the region of Great Bear Lake in northwestern 

Canada. In the photograph at upper right a rock is crushed. 

After the rock is ground to sand, the sand is sorted by a sieve 
(lower left). The sand is further sorted magnetically (lower right). 
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@ PIIWERGRIP "Timing" Belts 

How a designer 

licked the wind-up 

problem in a highly 

sensitive machine 

The schematic drawing illustrates a "floating roll," one 
of the most sensitive and precise methods of controlling 
tension in a web of material-whether it be wire, paper, 
cotton, threads, plastic or strips of metal. It is one more 
example of V. S. PowerGrip "Timing"® Belt's ability to 
simplify and improve a power transmission unit ... one 
of the reasons why the invention of this belt was recently 
awarded the Franklin Institute's Edward Longstreth 
Medal for "Invention of High Order." 

Whether for original equipment or plant conversion, 
U. S. PowerGrip offers. all these advantages: 

Mechanical Goods Division 

• no slippage, no take-up-aUows short centers, high ratios. 
• absence of metal-to-metal contact - eliminates need for 
lubrication and housing devices. 

• handles speeds up to 16,000 F.P.M. or so slow as to be 
imperceptible to the eye. 
• close to 100% efficiency. 
• imbedded with steel cables for high tensile strength. 
• constant angular velocity. 

These belts -plus expert engineering service -are ob
tainable at "V. S." power transmission distributors, at 
any of the 28 "V.S." District Offices, or by writing us at 
Rockefeller Center, New York 20, N. Y. 

United States Rubber 
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modern lead, such as is found in the red 
clay at the bottom of the Pacific Ocean. 
The calculation puts the figure at about 
3. 1 billion years. Now suppose that the 
heavy isotopes of lead are entirely radio
genic-for example, that all the lead 207 
has come from the decay of uranium 
235. (Actually some lead 207 probably 
was formed when the element came into 
being, but for the purpose of finding an 
upper time limit let us assume it is all 
radiogenic.) How much time would 
have been required to produce the pres
ent concentration of lead 207 entirely by 
uranium decay? It turns out to be about 
5.6 billion years. Thus solely on the basis 

of the isotopic compositions of common 
leads we can say that the age of the 
earth probably lies somewhere between 
3.1 and 5.6 billion years. 

Meteorites 

We could be a good deal more definite 
about the date if we but knew what the 
actual isotopic composition of lead was 
when the earth was formed. Comparing 
that with the present average isotopic 
composition of lead, we could readily 
calculate the time required for the orig
inal lead to have been suitably modified. 
Unfortunately we have no lead samples 

from that early time. The Rosetta Mine 
lead is the oldest specimen thus far un
covered in the earth. But about 10 years 
ago the author proposed that we might 
find samples of the original lead of the 
solar system in meteorites. The theory 

. is that meteorites may contain some lead 
which has been segregated from urani
um and thorium ever since the formation 
of the planets. In meteorites the ele
ments are found in certain associations, 
called phases, depending on their chemi
cal properties. Uranium and thorium, 
because they are easily oxidized, are 
concentrated almost exclusively in the 
silicate phase; i.e., in association with 

SEPARATION IS CONTINUED by flotation (upper left). In this 

process the sand is mixed with a very heavy brominated hydro. 
carbon liquid; the lighter sand particles float and the heavier 

particles sink. The particles are then further sorted by a device 

which distinguishes between their characteristic magnetic prop· 
erties and weight (upper right). The particles are finally sorted 

visually under low·power microscope (lower left). The sorted 

samples are then stored in labeled bottles (lower right). 
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VOught engineer. .. higher.. faster.. farther 
He is the man who puts wings on ideas. Through his 
inventive genius, America is able to maintain peace 
through preparedness in a complex nuclear age. 

He is the man who points the way to tomorrow. His 
bold approach to the science of flight and to the prob
lems of engineering will bring a better future to all 
America. 

He is the man who has created the remarkable Vought 
Regulus guided missile and the Crusader jet fighter. He 

is the man who is already working on advanced aircraft 
types that will fly even higher, faster, farther. 

For outstanding opportunities in engineering, write: 
1. W. Larson, Assistant Chief Engineer, Chance Vought 
Aircraft, P.O. Box 5907, Dallas, Texas. 
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Anaconda Aerial Cable keeps power flowing despite wind, ice, fallen limbs. 

Without aerial cable this plant might have blacked out 

THE PROBLEM: Winter storms are the 
number one enemy of electric power 
lines. Wind-tossed trees and ice-laden 
branches can entangle or break the 
familiar single wires strung on the cross
arms of poles. The weight of ice can 
snap them. Power is interrupted. 

The resulting down time and repairs 
are costly. For the many plants that must 

run 24 hours a day, loss of power can be 
even more serious. 
THE SOLUTION: Insulate these wires 
with a protective jacket and bind them 
together with a copper-coated steel sup
port-as Anaconda has done-and you 
have a sturdy cable that shrugs off wind, 
snow, ice and falling limbs. 

And because one cable replaces multi
ple wires, installations are neater. Main
tenance is easier. 
THE FUTURE: As the need for greater 
amounts of dependable power grows, 

the Anaconda Wire & Cable Company's 
outstanding experience and engineering 
ability deliver the needed wires and 
cables - both copper and aluminum. 
Anaconda's other fabricating company
The American Brass Company-likewise 
serves industry through a complete range 
of copper and copper alloy mill products. 
Whatever your problem, whatever your 
industry - the Man from Anaconda is 
ready to help you. Call him today. The 
Anaconda Company, 25 Broadway, New 
York 4, N. Y. 57253 

ANACONDA 
ANACONDA WIRE & CABLE COMPANY-THE AMERICAN BRASS COMPANY 
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silica. Lead, on the other hand, is found 
not only in this phase but also in the 
metallic phase (in association with iron 
and nickel) and in the sulfide phase (in 
asso'ciation with sulfur) . Thus some lead 
is isolated from contact with uranium 
or thorium. If this lead has been so segre
gated since the time of the formation pf 
the solar system-an assumption which 
appears reasonable from several pOints 
of view-then its isotopic composition 
should represent that of the original lead. 

The author, and independently the 
chemist Hans E. Suess of Germany (who 
is now at the Scripps Institution of 
Oceanography) , attempted to isolate 

lead from the metallic phase of a meteor
ite. Unfortunately the amount of lead in 
the material turned out to be so small that 
the only lead actually detected was that 
which was present in the chemical re
agents used! Finally, six years later, after 
our lead-free laboratory was constructed 
at the California Institute of Technol
ogy, Patterson succeeded in isolating 
lead from the Canyon Diablo meteor
ite, which blasted the famous Meteor 
Crater in Arizona. This was a masterful 
chemical achievement on Patterson's 
part, for the lead in the metallic phase 
of that meteorite amounted to only one 
part in three million. Later he isolated 

lead from the sulfide phase of the same 
meteorite and of one found in Henbury, 
Australia. 

All three of these lead samples had 
about the same isotopic composition. 
It was evident that this lead was far 
less radiogenic-and therefore probably 
much older-than any previously found 
on the earth. The ratio of lead 206 to 
lead 204 in one sample was only 9.41 
to 1. Assuming that the samples really 
represent original lead, we calculate the 
age of the earth to be 4.5 billion years. 

More than a decade ago F. A. Paneth 
and his group at the University of Dur
ham attempted to estimate the ages of 

SAMPLE IS WEIGHED (u.pper left) before it is chemically broken 

down into its constituent elements. Pure water for the chemical 

manipulations is made by quadruple distillation (upper right). 

The sample is then heated and dissolved in water (lower left). 
Hydrogen sulfide is then bubbled through it to precipitate uranium 
(lower right). The sample is now ready for the final separation. 
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a number of iron meteorites by the ura
nium-thorium-helium method. Using in
genious devices for measurement of the 
tiny amounts of these elements, they ar
rived at ages ranging from a few million 
to several billion years [see "The Origin 
of Meteorites," by S. Fred Singer; SCI
ENTIFIC AMERICAN, November, 1954]. 
They realized that the escape of helium 
might account in part for this great vari
ation in the results, and two other mis
leading factors have been discovered: a 
substantial fraction of the helium in me
teorites has been produced by cosmic 
rays rather than by uranium decay, and 
iron meteorites probably start with con-

siderably less uranium than had been 
supposed. Attempts have been made to 
calculate corrections for these factors, 
but there is a considerable margin of 
possible error. Thus estimates of the ages 
of iron meteorites, on the basis of the 
uranium-thorium-helium method, can
not be trusted at the present time. 

Patterson undertook to apply the lead 
method to date stony meteorites, which 
contain substantial amounts of uranium 
in the silicate phase. These meteorites 
should possess a high proportion of ra
diogenic lead. Patterson isolated the lead 
from three stony meteorites and found 
that it was indeed highly radiogenic. 

Comparing the isotopic composition of 
these leads with that of "original" lead, 
we find that the ages of the meteorites 
are of the order of 4.5 billion years. 

The time scale also seems to be con
firmed by estimates of the ages of me
teorites on the basis of the decay of po
tassium to argon. These estimates, made 
by investigators in the U. S. and in the 
U.S.S.R., range from 600 million to 4.& 
billion years. Considering that the decay 
constants of potassium are somewhat 
uncertain and that argon, like helium, 
can escape from rocks, the argon result 
appear to be compatible with the lead 
results. An estimate of the age of a stony 

DROP OF SOLUTION containing the uranium precipitate is placed 

on the filament of a mass spectrometer (upper left), which electro· 

magnetically separates species of the elements according to their 

mass. The filament assembly is gently heated to dry the precipitate 

(upper right). The filament bearing the sample is placed in the 

spectrometer (lower left). Finally the species of elements present 

in the sample, and their proportion to one another, are recorded 

on a tape at the control panel of the spectrometer (lower right). 
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, EXON 900 Series resins are tailored to your 

... typical of the Pin-Pointed Properties in Exon vinyl resins 

RESINS I 

This unique fitting-the-resin-to-the-need is 
what makes Exon industry's most com
plete source of vinyl resins. 

Take our friends, the calenderers. They 
produce vinyl in sheet form which 
demands resin properties quite different 
from those used in other forms of vinyl 
processing. Yet even having those proper
ties is not enough. For calendering equip
ment varies widely in processing charac
teristics, particularly in temperatures. 

Exon engineers created a basic resin to 
give calenderers the necessary properties 
to begin with. This resin was made to be 

fast blending to 
'
fuse in shorter time, to 

keep sheeting free of "fish-eyes," assure 
high quality, uniformity. 

Then Exon engineers tailored this basic 
calendering resin to the temperature be
havior of processing equipment ... devel
oped Exon 905, 915, 925 resins so that 
heat problems never again need hinder the 
production of any calender. 

It's a typical example of Exon at work, 
pin-pointing properties to special needs. 

Consider your problem. Then, for a 
resin pin-pointed to the ideal solution, call 
or write Firestone today. 

For complete information and technical service, call or write: 
CHEMICAL SALES DIVISION 
FIRESTONE PLASTICS CO •• DEPT. 747F. POTTSTOWN. PA. · A DIVISION OF THE FIRESTONE TIRE & RUBBER CO. 

INDUSTRY'S MOST COMPLETE LINE OF VINYLS ENGINEERED TO YOUR SPECIFIC NEEDS 
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. • .  and solve 
your resistance problems 

Save valuable engineering time . . •  

"team up" with Ohmite to solve your 
resistance problems. Ohmite engineers 
are resistance specialists . • . they 
can quickly analyze your require
ments and recommend the correct 
rheostats and resistors to fit your 
application. Years of experience in 
building dependable resistance units 

... complete design, development 
and production facilities • . .  plus a 
long record of helping others to eco
nomically solve their resistance prob
lems ... are your assurance that 
Ohmite can help you. We invite you 
::bW';?/" 

OHMDTIE® 
RHEOSTATS. RESISTORS' RE LAYS' TAP SWITCHES 

TANTALUM CAPACITORS 

OHMITE MANUFACTURING COMPANY 
3609 Howard Street, Skokie, IIIlnol. 
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ATOMIC ABUNDANCES 

ROCKS LEAD 204 LEAD ·206 LEAD 207 LEAD 208 

SAN JUAN COUNTY, UTAH 1 92.62 20.12 37.77 

GALENA, JOPLIN, MO. 1 21.62 15.74 40.4 

VESUVIUS FUMAROLES 1 19.14 15.75 39.37 

RED CLAY, 1 18.95 15.76 38.92 
PACIFIC OCEAN 

MANGANESE NODULES, 
1 18.64 15.56 38.56 

PACIFIC OCEAN (AVERAGE) 

PLATEAU BASALT, IDAHO 1 18.12 15.45 38.08 

NORTHERNKIRGHIZ S.S.R. 1 17.68 15.43 38.42 

BROKEN Hill, 
1 15.92 15.30 35.3 

NEW SOUTH WALES 

IVIGTUT, GREENLAND 1 14.85 14.94 35.07 

KARElO-FINNISH S.S.R. 1 14.26 14.77 33.23 

KAKAMEGA, KENYA 1 14.05 15.05 34.21 

ROSETTA MINE, 
1 12.65 14.27 32.78 

SOUTH AFRICA 

METEORITES LEAD 204 LEAD 206 LEAD 207 LEAD 208 

FOREST CITY, IOWA 1 19.27 15.95 39.05 

NUEVO LAREDO, MEXICO 1 50.28 34.86 67.97 

MODOC, KANSAS 1 19.48 15.76 38.21 

SPECIES OF LEAD found in rocks (top) and in meteorites (bottom) are listed. On the 

basis of these ratios it can be shown that the earth is between 3.1 and 5.6 billion years old. 

meteorite based on the decay of rubidi
um to strontium also is consistent with 
an age of 4.5 billion years for the earth. 

The problem of the age of meteorites 
would appear to be solved with a fair 
degree of certainty were it not for one 
unfortunate difficulty. If our assumptions 
are correct, the silicate phase of meteor
ites should contain uranium in certain 
calculable proportions, but, in the me
teorites analyzed so far, uranium seems 
to be present in only from one sixth to 

. one half of the required concentration. 
It is too early to say whether the dis
crepancy is real or the result of a com
bination of analytical and sampling er
rors. If the discrepancy is real, we shall 

have to conclude that either there is 
something seriously wrong with the lead 
data or that we are dealing with a situ
ation which is far more complicated than 
we have suspected. 

Age of the Elements 

Practically all of the evidence now 
available points to an age for the solar 
system of about 4.5 billion years. How 
much older is the matter that formed 
the solar system-that is, the chemical 
elements? We know that the elements 
must have a Rnite age which is not too 
much longer than the half-lives of the 
radioactive species, else they would have 
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• 
The Research Laboratories in Palo Alto 
are particularly interested in electronic 
scientists and engineers who can plan today 
for major achievement in the future. 
Inquiries are invited from those possessing 

a high level of ability. 

Left to right: 
Dr. S. B. Batdorf. Electronics Division Head. 
discusses trends in the application of elect-rollies to 
missile systems with Dr. R. 1. Burke. teiemetering. 

MISSILE SYSTEM:S DIVISION 
research and engineering staff 

LOCKHEED AIRCRAFT CORPORATION 

PALO ALTO. SUNNYVALE . VAN NUYS 

CALIFORNIA 
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Still Another AMERICAN First! 

WINDSOR 

FELTS 

FOR 

LI FILTRATION 

OUTLAST ALL OTHER FILTER 

MATERIALS 10 to '1 

Windsor Felts are unique, fiber 
bonded, non-woven structures, 
engineered to serve as economical 
and efficient filter media for in
dustrial processing. Quick facts: 

• Greater product recovery 
• Can be hosed oft w�hout 

lakinE from press 
• Do not slvink, are ravel

free and produce clean-cut 
edEes 

• Easy cake release 
• Can be re-used indefinitely 
• Produce less pluuinE 
• Reduce leakale 
• Ha .. unusual stability 
• Temperatures to 250F 

These outstanding properties 
make Windsor Felts highly suit
able for use on plate and frame, 
pressure leaf, rotary vacuum, 
cartridge or specialty filters. Send 
today for Data Sheet # 18-
WINDSOR FELT-LIQUID FILTRA
TION, making request on your 
firm's letterhead. 

American Felt 
TRAD��Y 

GENERAL OFFICES: 58 GLENVILLE ROAD, GLENVILLE, CONN_ 

SALES OFFICES: New York, Boston, Chicago, Detrait, 
Cleveland, Rochester, Philadelphia, St. louis, Atlanta, 
Greenville, S. C., Dallas, Bo'ynton Beach, fla., San Fran· 
cisco, Los Angeles, Portland, San Diego, Seattle. Mon· 
trecl.-PLANTS; Glenville, Conn.; franklin, Moss.; 
Newburgh, N. Y.; Detroit, Mich.; Westerly, R. I.-ENGI
NEERING & RESEARCH LABORATORIES: Glenville, Conn. 

94 

disappeared by now. On the basis of the 
present relative abundances of uranium 
and lead, we can estimate that the ele
ments cannot be much older than six 
billion years. This would make them at 
most about 1.5 billion years older than 
the solar system_ 

We can also fix a minimum limit for 
their age. The element iodine, for exam

ple, provides a clue. There are reasons 
to believe that when the elements were 
formed, there were about equal amounts 
of nonradioactive iodine 127 and the 
radioactive isotope iodine 129 (half-life 
17 million years). Iodine 129 is no 
longer found in the earth. Was any still 
in existence when the meteorites were 
formed? If so, the meteorites should now 
contain detectable amounts of xenon 

129, the product of the decay of iodine 
129. But a meteorite was analyzed and 
no xenon 129 was found. In view of 
this, and if our assumption� concerning 
the original abundance of iodine 129 
are correct, we must conclude that the 
iodine 129 had virtually disappeared by 
the time the meteorites came into exist
ence. This means that at least 400 million 

years elapsed between the formation 
of the elements and the onset of the 

phase segregations which led to the for
mation of the earth and the other planets 
of the solar system. 

Assuming that the earth is about 4.5 
billion years old, we can say that in our 
region of the universe the elements prob
ably came into being some time between 
4.9 and 6 billion years ago. 

PROBABLE UPPER LIMIT FOR AGE 
6 

5 

4 

3 

2 

o 

OF ElEMENTS BASED UPON LEAD 207 

TIME REQUIRED IF ALL LEAD 207 IN THE EARTH 

WAS FORMED BY DECAY OF URANIUM 235 
(MAXIMUM AGE OF EARTH) 

MINIMUM AGE OF ElEMENTS BASED UPON IODINE 129 
(PROBABLE AGE OF THE SOLAR SYSTEM) 

MOST PROBABLE AGE OF THE SOLAR SYSTEM 

TIME REQUIRED FOR THE TRANSFORMATION OF 

ROSETTA MINE LEAD INTO MODERN LEAD 

(MINIMUM AGE OF EARTH) 

AGE OF THE OLDEST PRECISELY DATED 

TERRESTRIAL ROCKS 

BEGINNING OF THE FOSSIL RECORD 

THE PRESENT 

SUMMARY OF KNOWLEDGE of the age of the solar system and the elements, based 
on the study of the ratios of elements in rocks and meteorites, is presented in this chart. 
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SMA LL. WO R LD -The world of the diode ... the transistor ... the printed 
circuit ... the new magnetic and dielectric components-this world expands in sig
nificance as it shrinks in physical proportions. Popularly symbolized by the tinier
than-ever hearing aid and the pocket radio, the new, small world of solid state 
circuitry is omnipresent. It safeguards our skies. It simplifies our living. It opens 
new doors to learning. 

Stewart-Warner Electronics has pioneered in the development of solid state cir
cuitry. Out of a manufacturing environment second to none, Stewart-Warner 
Electronics is mass-producing equipment containing solid state devices by the 
thousands of units. 

Your problem of solid state circuit design and production techniques 
will be handled at Stewart-Warner Electronics with equal efficiency. 
If you are an engineer interested in advanced circuit development, 
write: Stewart-Warner Electronics, Dept. 44, 1300 North Kostner 
Avenue, Chicago 51, Illinois. 

One of 160 plug-in modules for the 
desk·size Stewart·Warner Data Proc· 
essing Unit. Modules employ solid 
state circuitry to save space and 
eliminate many vacuum tubes. 

E EelROnieS 
a Oivision 01 Stewart-Warner COI'pOft2tion 
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"The Wonderful Net" 

These words are a translation of rete mirabile, an arrangement 
of blood vessels in which animals can conserve heat and oxygen 
pressure by applying the principle of counter-current exchange 

A
man standing barefoot in a tub of 
ice water would not survive very 
long. But a wading bird may 

stand about in cold water all day, and 
the whale and the seal swim in the arctic 
with naked fins and flippers continually 
bathed in freezing water. These are 
warm-blooded animals, like man, and 
have to maintain a steady body tempera
ture. How do they avoid losing their 
body heat through their thinly insulated 
extremities? The question brings to light 
a truly remarkable piece of biological 
engineering. It seems that such animals 
block the loss of heat by means of an 
elementary physical mechanism, familiar 
enough to engineers, which nature puts 
to use in a most effective way. In fact, 
the same principle is employed for sever
al very different purposes by many mem
bers of the animal kingdom from fishes 
to man. 

The principle is known as counter
current exchange. Consider two pipes 
lying side by side so that heat is easily 
transmitted from one to the other. Sup
pose that fluids at different temperatures 
start flowing in opposite directions in the 
two pipes: that is, a cold stream flowing 
counter to a warm [see diagram on 

next page J. The warmer stream will lose 
heat to the colder one, and if the transfer 
is efficient and the pipes long eno,:!gh, the 
warm stream will have passed most of its 

RETE MIRABILE in the wall of the swim 

bladder of the deep· sea eel is enlarged 100 
times in this photomicrograph. The rete is 

a bundle of small blood vessels; each 'of the 

small light areas in the photomicrograph 

is a blood vessel seen in cross section. 

The veins and arteries in the bundle are 

arranged in such a way that the blood in one 

vessel flows in a direction opposite that 

of the blood in an adjacent vessel. 

by P. F. Scholander 

heat to the counter current by the time it 
leaves the system. In other words, the 
counter current acts as a barrier to es
cape of heat in the direction of the WaIm 
current's flow. This method of heat ex
change is, of course, a common practice 
in industry: the counter-flow system is 
used, for example, to tap the heat of ex
haust gases from a furnace for preheat
ing the air flowing into the furnace. And 
the same method apparently serves to 
conserve body heat for whales, seals, 
cranes, herons and other animals with 
chilly extremities. 

C laude Bernard, the great 19th-cen-
tury physiologist, suggested many 

years ago that veins lying next to arteries 
in the limbs must take up heat from the 
arteries, thus intercepting some of the 
body heat before it reaches the extremi
ties. Recent measurements have proved 
that there is in fact some artery-to-vein 
transfer of heat in the human body. But 
this heat exchange in man is minor com
pared to that in animals adapted to se
vere exposure of the extremities. In those 
animals we find special networks of 
blood vessels which act as heat traps. 
This type of network, called rete mira
bile (wonderful net), is a bundle of small 
arteries and veins, all mixed together, 
with the counter-flowing ar,teries and 
veins lying next to each other. The retes 
are generally situated ,{It the places 
where the trunk of the animal deploys 
into extremities-limbs, fins, tail and so 
on. There the retes trap most of the 
blood heat and return it to the trunk. 
The blood Circulating through the ex
tremities is therefore considerably cooler 
than in the trunk, but the limbs can func
tion perfectly well at the lower tempera
ture. It has been found that many arctic 
animals have a leg temperature as low as 
50 degrees Fahrenheit or even less. 

Anatomists have confirmed that the 
whale, the seal and the long-legged wad
ing birds possess such retes. However, 
these networks have also been discov
ered in the extremities of many tropical 
animals. It is not surprising to find heat
trapping retes in a water-dwelling ani
mal such as the Florida manatee, for 
even tropical waters are chilling to a 
constantly immersed body, but why 
should the retes appear in tropical land 
animals like the sloth, the anteater and 
the armadillo? The answer may be that 
these animals are hypersensitive to cool 
air. The sloth, for instance, begins to 
shiver when the air temperature drops 
below 80 degrees F. It has to adjust to 
this situation almost every night, and the 
retes may well be the means by which 
it makes the adjustment: that is, the 
sloth may let its long arms and legs cool 
to the temperature of the night air, as 
a reptile does, to preserve its body heat. 
Recent measurements have shown that it 
takes a sloth two hours to rewarm a 
chilled arm from 59 to 77 degrees, 
whereas an animal without retes, such 
as a monkey, accomplishes this in 10 
minutes. 

There is another finding, however, 
which at first sight is more puzzling. 
Many animals that spend a great deal 
of time in cold water or live in the arctic 
snow seem to lack retes to sidetrack body 
heat from their poorly insulated legs or 
feet. Among them are ducks, geese, sea 
gulls, the fox and the husky (the Eskimo 
dog). The absence of retes in these ani
mals is not difficult to explain, however, 
when we consider that all of them are 
heavily insulated over most of their 
bodies. Their principal problem lies in 
getting rid of body �eat rather than in 
conserving it. Consider, for instance, the 
situation of a husky. It is so well insu
lated that it can sleep on the snow at 40 
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THE PRINCIPLE of counter·current ex. 

change is demonstrated in two pipes lying 

side by side. Hot water enters one pipe (top 

right) ; cold water enters the other (bottom 

left). The fluids flow in opposite directions. 

Under ideal conditions heat will diffuse 

almost completely from one to the other. 
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degrees below zero without rmsmg its 
normal rate of metabolism at rest. �Then 
this animal gets up after a cold night and 
begins to run in the warm sun, increasing 
its metabolic rate 10- or 20-fold because 
of the exercise, it is immediately faced 
with the problem of dissipating a good 
deal of excess heat. Because of its thick 
fur covering, it can lose heat only 
through exposed surfaces such as its 
tongue, face and legs. An arteriovenous 
network impeding the transport of heat 
to its legs would be a severe handicap. 
The same is true of the duck and other 
extremely well-insulated birds, which 
probably depend upon their webbed feet 
for heat dissipation. 

A s I mentioned at the beginning, heat 
ft conservation is only one of the func
tions performed by counter-current net
works such as I have described. Indeed, 
there are more dramatic manifestations 
of this sort of system in the animal world. 
Nowhere in nature is counter-current ex
change more strikingly' developed nor 
more clearly illustrated than in the swim
bladder wall of deep-sea fishes. Here the 
function of the "wonderful network" is 
to prevent the loss of oxygen from the 
fish's air bladder. 

A deep-sea fish keeps its swim bladder 
filled with gas which is more than 90 per 
cent oxygen. At depths of 9,000 feet or 
so it must maintain an oxygen pressure 
amounting to 200 to 300 atmospheres
nearly double the pressure in a fully 
charged steel oxygen cylinder. On the 
other hand, the oxygen pressure in 
the bladder's surroundings-in the fish's 
bloodstream and in the sea water out
side-is no more than a fifth of an atmos
phere. So the oxygen pressure difference 
across the thin swim-bladder wall is some 
200 atmospheres. What is more, blood 
is constantly streaming along this wall 
through myriads of blood vessels em
bedded in it. Oxygen from the bladder, 
under the enormous pressure of 200 at
mospheres, must diffuse into these blood 
vessels. How is it, then, that the stream
ing blood does not quickly drain the 
oxygen from the bladder? The answer, of 
course, is a counter-current exchange 
system. Very little oxygen escapes from 
the swim-bladder wall to the rest of the 
fish's body, because the outgoing veins, 
highly charged with oxygen, give it up 
to adjacent incoming arteries. There is 
a network of thousands of looping capil
laries, so closely intermingled that dif
fusion of oxygen from veins to arteries 
goes on at a high rate. 

What would be the most efficient ar
rangement of veins and arteries to give 
the maximum surface for transfer from 

THE APPLICATION of counter·current ex

change reaches the ultimate in the swim

bladder retes of deep·sea fishes. Drawings 

at left show two ways in which veins (white) 

and arteries (black) might be arranged to 

gain the greatest possible area of exchange. 

one type of vessel to the other? We can 
treat this as a problem in topology and 
ask: How can we arrange black and 
white polygons (representing the cross 
sections of the blood vessels) so that 
black always borders white? If we allow 
only four polygons to meet at each cor
ner, there are two different possible solu
tions: a checkerboard of squares or a 

pattern of hexagons with triangles filling 
the open corners [see diagrams above]. 
Under the microscope we observe that 
evolution has produced precisely these 

, . 
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One pattern is non·staggered; it gives rise 

to a checkerboard (top left). The other is 

staggered; it gives rise to stars (bottom left) . 
Photomicrographs show the checkerboard 

in the deep·sea eel (top right) and the star 

pattern in the rosefish (bottom right). 

two patterns in the swim·bladder retes 
of deep· sea fishes [see photographs 
above]. 

From the number and dimensions of 
the capillaries, the speed of the blood 
How and other information we can calcu
late the amount of the oxygen-pressure 
drop across the rete, or, in other words, 
how effectively the rete traps oxygen. 
The calculation indicates that across a 
rete only one centimeter long, the oxy
gen pressure is reduced by a factor of 
more than 3,000. That is to say, the leak 

2 CAREERS in 1 ... 
When you 

build a career 
atFTL 

... you build a 
career with the 
• TI';.T Systeml 

"TWO Careers in ONE" exemplifies one of the many 
reasons why Federal Telecommunication Laboratories 
is such a distinctive place to work and grow. 

Achievement at FTL not only brings professional 
recognition, but simultaneously enhances your stature 
as a member of International Telephone and Telegraph 
Corporation's distinguished engineering team! 

FTL's "small-company" project system provides un
limited opportunities for advancement. Assignments in 
FTL's eight laboratories are of the highest calibre and 
national importance ... facilities are the finest. Stability 
is assured by FTL's long-range, diversified program and 
extensive expansion on the East and West Coasts. All 
popular medical-surgical, pension and insurance bene
fits are available. Typical assignments at our East 
Coast Laboratory include: 

Radio Communication Systems· Traveling Wave Tubes 

Eledronic Countermeasures· Air Navigation Systems 

Antennas· Missile Guidance· Computers 

Tl'onsistors and other Semiconductor Devices 

Telephone and Wire Transmission Systems 

FTL's East Coast Laboratory, Nutley, N. J. 
-only 28 minutes from New York City 

If you prefer 
CALIFORNIA- �---------------� 

Opportunities for relaxed living and career
building also at FTL's West Coast Laborato
ries: San Fernando, Cal., 15191 Bledsoe St. 
-openings in Digital Computers, Inertial 

Navigation Systems and Infra Red Systems. 

Palo Alto, Cal., 809 San Antonio Road

openings in Carrier Systems. 

I MAIL THIS COUPON TODAY 5·4 I 
I Federal Telecommunication Laboratories I 
I 500 Washington Avenue, Nutley, N. J. I 
I Please send literature describing opportunities I 
I and benefits at FTL, in Nutley, New Jersey. I 
I I 
I Name I 
I Address I 
I I 
I City Zone __ State I 
�---------------� 

Fcdeml Telecomm1lnication .Laboratories 
A Division of INTERNATIONAL TELEPHONE 

AND TELEGRAPH CORPORATION 
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of oxygen through the rete is insignifi
cant: translating the situation into terms 
of heat, if boiling water were to enter 
such a rete from one end and ice water 
from the other, the exchange of heat 
would be all but complete-to within 
one 10,000th of a degree! 

To put it another way, the counter
current exchange in the swim-bladder 
rete is so efficient that in a single pass a 
rete one centimeter long is capable of 
raising a given concentration 3,000-
fold, which leaves industrial engineering 
far behind. In speaking of concentration 
we include several different kinds: heat, 
gas pressure, the concentration of a solu
tion and so on. A counter-current ex
change system can establish a steep 
gradient in any of these quantities. 

It has recentlv been suggested that 
counter-current exchange may be in

volved in the process whereby the kid
neys filter the blood and produce urine. 
During the process of conversion of 
blood fluid to urine, the concentration 
of salts and urea in the fluid may be in
creased three- or four-fold. Just how is 
this concentration carried out? 

. The machines that perform the trans
formation are the units called nephrons, 
of which a kidney contains several mil
lions. A nephron consists of a glomerulus 
capsule (a small ball of capillaries), a 
long, twisting tubule and a collecting 
duct [see diagram 011 page 105]. From 
the blood in the glomerulus capillaries a 
filtered fluid passes through the capsule 
wall into the tubule. The fluid travels 
along the tortuous course of the tubule, 
doubles back at the loop of Henle [see 
diagmml, and by the time it leaves the 
collecting duct it has become concen
trated urine. The conversion does not 
take place in the glomerulus capsule; it 
has been established that the fluid 
emerging from the capsule has essential
ly the same salt con.centration as the 

THE WRECKFISH swims at great depths 

and must therefore keep its swim bladder 

filled with oxygen at tremendous pressures. 

It does this by means of counter-current 

bundles (solid red) in the swim-bladder 

wall (first and second drawings). One of 

these bundles (third drawing) and a single 

counter-cutTent capillary (fourth drawing) 
are schematically depicted. Very little oxy

gen (red shading) escapes beyond the swim

bladder wall because it diffuses (small ar
rows) from the outgoing vein into the ad

jacent incoming artery. The diagram (bot
tom) represents build-up of pressure (P) 
by means of a pressure difference (p) be

tween the counter-current artery and vein. 
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When the tip sublimes I 

Away up where it's cold, black and lonely at 500,000 it:, 
the thermal attack on a missile or "airplane" isn't very 
meaningful. The air molecules at that height are barely 
nodding neighbors, rather than crammed together in a 
fluid mass. But, escape and re-entry into the earth's dense 
envelope of atmosphere generate thermal attacks of 
frightening ferocity. Nose and leading-edge temperatures 
may rise to 3000°F. 

Even titanium won't stand such temperatures for 
more than a few minutes. For all those areas requiring 
long-time service life up to 1000°F, however, titanium's 
light weight, great strength and corrosion resistance offer 

• • •  fIRST IN 

outstanding design advantages. 
Production quantities of very high strength heat

treated sheet, to close gage and flatness tolerances, are 
being engineered into advanced aircraft and missiles. For 
non-military applications, all types of mill products are 
obtainable at constantly lower price levels. 

T.M.C.A. is again adding to its production facilities 
to properly service an ever-expanding market. T. M. C. A. 
engineering service and technical literature are readily 
available to all those industries challenged by weight, 
strength and corrosion problems. 

TITANIUM METALS CORPORATION OF AMERICA, 233 Broadway, New York 7, N.Y. 
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FETAL 
VEIN ARTERY VEIN ARTERY VEIN 

VEIN ARTERY VEIN 

MATERNAL 

OXYGEN IS EXCHANGED by counter-current flow in the placenta of the ground squirrel. 

Oxygen-rich maternal blood (white) enters the arteries (bottom) and flows counter to the 

oxygen-poor fetal blood (gray). The fetal blood picks up oxygen (red) and leaves through 

the fetal vein (top). Oxygen-poor maternal blood (stippled) returns to the maternal heart. 

HEAT IS CONSERVED by rete bundles in the loris. They occur where the limbs join the 

body (upper left). Arterial blood enters the upper end of the rete and flows counter to the 

venous blood. Heat diffuses from the arteries to the veins and is returned to the body. A 

cross section of the rete (right) shows the arrangement of arteries (red) and veins (black). 
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blood. The problem is to determine 
exactly where in the system the change 
in concentration is produced. 

B. Hargitay and Werner Kuhn of the 
University of Basel recently proposed 
that it takes place primarily in the loop of 
Henle. They pointed out that only ani
mals with a Henle loop in the kidney 
nephron-namely, mammals and birds
can produce a concentrated urine. 

The loop of Henle, with its two arms 
running parallel and fairly close togeth
er, is a structure which reminds us of the 
arteriovenous capillary loops that make 
up the rete of a fish [see diagram on 

page 100]. Hargitay and Kuhn reasoned 
that salts or water might migrate from 
one arm of Henle's loop to the other, and 
that as a result salts might be concen
trated in the bend of the loop. This part 
of the loop is situated in an internal 
structure of the kidney called the papilla, 
which also contains the collecting ducts 
and adjacent blood capillaries. The in
vestigators assumed that the fluid con
centrated in the loop would be trans
mitted to the ducts and capillaries and 
become concentrated urine. To test their 
idea, they first froze rat kidneys and 
examined small sections of the tissue 
under a microscope. The sections of tis
sue in the papilla, around the loop of 
Henle, proved to have the same melting 
point as the rats' urine, while the tissue 
in the cortex (outer part) of the kidney 
had the same melting point as frozen 
blood. Since the melting point depends 
on the salt concentration this finding 
tended to confirm the idea that the pri
mary site for the concentration of urine is 
located in the bend of Henle's loop. But 
it was possible that the brutal freezing 
process had damaged the tissues so that 
urine escaped from the collecting ducts 
and diffused to the area around the loop. 
To make a clearer test, H. Wirz, a col
league of Hargitay and Kuhn, developed 
a technique for drawing samples of 
blood from the capillaries around Henle's 
loop. This blood proved to have the 
same melting point as the urine, i.e., its 
salt concentration was as much as three 
times higher than that of blood in other 
parts of the animal's body. 

Thus Hargitay and Kuhn seem to have 
strong support for their thesis that a 
counter-current exchange in Henle's 
loop plays a part in the formation of 
urine by the kidney. But the question 
still needs further research . .  

Various other examples o f  counter-
currenf exchange in animals have 

been discovered. One of them concerns 
the breathing of fishes. A fish requires 
a far more efficient and resourceful 

. .  
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born in 1814 . . .  a two-billion-pound industry today! 

When Jons Berzelius revealed the chemical 
composition of acetic acid in 1814, science took 
the first step toward the development of today's 
multibillion-pound acetyl chemical industry_ As 
one of the world's large petrochemical pro
ducers, Celanese delivers a broad range of 
these chemicals in millions of pounds by tanker, 
barge, highway and rail, with time-table de
pendability, 

A reliable source for industry, the Celanese 

petrochemical plants at Bishop and Pampa, 
Texas, provide a volume supply of: acetic acid, 
acetaldehyde, acetic anhydride, n-butyl alcohol 
and acetate, n-propyl acetate, sodium acetate, 
vinyl acetate and propionate monomer, and 
pentaerythritoI-

Meeting the needs of industry with special
ized and basic chemicals • • .  distributing these 

in continuous commercial quantities ___ pro-
viding assistance to make these chemicals work 
to improve end products-these are part of the 
Celanese program that contributes to the prog
ress of industry_ 

Celanese Corporation of America, Chemical 
Division, Dept. 582-D, 180 Madison Avenue, 
New York 16, N.Y. Celanese® 

Basic reasons ........... . ......... for improved products 

Acids Functional Fluids 

Alcohols Gasoline Additives 

Aldehydes Glycols 

Anhydrides Ketones 

Esters Oxides 

Polyols 

Plasticizers 

Salts 

Solvents 

Vinyl Monomers 

Agricultural, automotive, 

aviation, building. 

electrical, paper, 

pharmaceutical, plastics, 

surface coatings, textile. 
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To the 
PHYSICIST 
ENGINEER 
MATHEMATICIAN 
who £s £nterested 
'In Rand D 

OUR PROJECTS currently include 

SAGE (semi-automatic ground environmentl, 

AEW (air-borne early warning), Scatter 

Communications, Transistorized Digital 

Computers, Memory Devices, Heavy Radars, 

Solid State. 

IF YOU ARE INTERESTED IN 

• Research and Development in a 
community of brilliant scientists working 
on varied and important assignments 

• Opportunities for academic 
advancement 

• Authority to develop your own ideas 

write for the 
Lincoln Laboratory brochure. 

RESEARCH AND DEVELOPMENT 

MIT LI NCOLN LABORATORY 
BOX 18, LEXINGTON, MASSACHUSETTS 

breathing apparatus than an animal that 
lives in the air. Each quart of air con
tains some 200 cubic centimeters of oxy
gen, but a quart of sea water has only 
about five cubic centimeters, and oxygen 
diffvses through water slowly. The fish 
therefore has to be remarkably efficient 
in extracting oxygen from the water that 
flows over its gills. It can, in fact, take 
up as much as 80 per cent of the oxygen 
in the water. Anatomical studies and 
experiments have proved that fishes em
ploy a counter-current system in this 
process. The blood in the capillaries of 
the fish's gill plates flows in the direc
tion counter to the flow of water over its 
gills. When experimenters reversed the 
direction of the water current over the 
gills, fishes extracted only one fifth as 
much oxygen as they did normally! 

In many species of animals the mother 
and the fetus she is carrying share their 
blood substances by means of a counter
current exchange system. This apparent
ly is not true of the human animal, for 

THE NEPHRON filters mea and other dis· 

solved substances out of the blood and 

concentrates them in the urine. It may 

accomplish this with counter·current ex· 

change. The drawing above is a cross sec

tion of the human kidney. At its upper left 

is a schematic representation of one of the 

kidney's several million nephrons. On the 

opposite page the nephron is enlarged. Ar· 

terial blood (red) is depicted entering the 

capillaries of the glomerulus. The dissolved 

substances filter out of the glomerulus into 

the proximal tubule. The solution then trav· 

els down the tubule and doubles back at 

the loop of Henle. If the dissolved sub· 

stances diffused from the ascending tubule 

into the descending tnbule, the urine would 

be concentrated (yellow shading) near the 

bend of the loop. The concentration might 

then be transmitted to the portion of the 

collecting ducts located in the papilla. 
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Tenite Polyethylene 
add 

Concentrates 
�living color" to polyethylene 

Tenite Polyethylene Color Concentrates are pellets of 
polyethylene containing quantities of coloring agents. 
Available in an unlimited range of colors, these 
concentrates enable molders and extruders to color 
polyethylene economically, uniformly and 
brilliantly. If you produce products of polyethylene, find out 
how Tenite Polyethylene Color Concentrates can give 
them "living color." Write for information to: 
EASTMAN CHEMICAL PRODUCTS, INC., subsidiary of 
Eastman Kodak Company, KINGSPORT, TENNESSEE. 

POLYETHYLENE 
an Eastman plastic 

1932-EASTMAN'S 25TH YEAR IN PLASTICS-19S7 
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the fetus's capillaries are bathed directly 
by the mother's blood. But in the rabbit, 
the sheep, the squirrel, the cow, the cat, 
the dog and other animals, the mother's 
blood vessels are intermingled with the 
fetus's in the placenta, and by counter
current flow they exchange oxygen, nu
trients, heat and wastes. 

In sum, the principle of counter-cur
rent exchange is employed in many and 
various ways in the world of living 
things. We cannot fail to be impressed 
by the marvels of bio-engineering that 
nature has achieved in its development 
of "the wonderful net." 

GILL OF A FISH is a counter·current sys

tem which efficiently extracts the small 

amounts of oxygen dissolved in water. In 

this schematic drawing of a single gill fila

ment, water flows between the gill plates 

from left to right (straight arrows). Blood 

flows through the capillaries of the gill plates 

in the opposite direction (curved arrows)_ 

WHAT THE MARTIN "GAMMA FACILITY" 

OFFERS TO NUCLEAR ENGINEERS 

The important new Martin Gamma Irradiation Facility is 

being used to explore the behavior of materials in a radiation 

environment. 

As part of the Martin Nuclear Division Laboratory, this facil

ity is pioneering in the use of high-energy gamma radiation for 

diversified studies on radiation-induced changes in organic and 

inorganic materials. 

Experimentation in this laboratory runs the gamma gamut 

from fundamental studies of reaction mechanisms in radiation 

chemistry to the whole new science of materials development for 

the space systems of tomorrow. 

There are exciting opportunities at Martin in this big new field. 

ContactJ. J. Holley, Dept. SA-04, The Martin Company, Balti
more 3, Maryland. 
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Imaginative minds and 
skilled hands created these 5 "ideas" 
for industry and you 

More than 50 years· ago, General Mills launched its first research program. 
Since then many startling achievements have emerged from our laborator
ies into industry and home. These achievements are changing .production 
practices, improving man's environment. Not content with yesterday's 
performance, the five divisions of the General Mills Industrial Group are 
reaching still further into the unknown, hoping to serve industry and you 
still better. The following examples are representative of recent products 
and processes resulting from this research. 

1/Jets Fly FasterWith Sludge-Free Fuel. 
Today's improved petroleum fuels and 

lubricating oils are partly rhe result of 
General Mills versatile fatty nitrogen prod
ucts. They are added ro jet and diesel fuels, 
fuel oil, and' gasoline to prevent darkening 
and sludge, to actually stop formation of 
sludge precursors. The fatty amines and 
quarernaries ptotect metals from corro
sion by depositing a molecular film on 
its surface, find widespread use in refinery 
operations, crude oil production, trans
portation, storage. New booklet· tells 
more, explains other exciting uses. 

Chemical Division, Kankakee, Ill. 

, I 

: -

..... 

- . 
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2/Millions of Mops Using Cellulose Sponge. Why? They're more 
sanitary, more absorbent, easier to use. Several million units of 

O·Cel·O cellulose sponge are used yearly by mop manufacturers to 
make high quality mops for home and industry. O·Cel·O makes a spe· 
cialized product with extremely high water absorption, outstanding 
resistance to chemicals. If you have industrial uses for cellulose sponge 
requiring these or other specialized properties, get in touch with. . . . 

O-Cel-O Division, Buffalo, N.Y. 

4/Can Today's Metals Carry Man to the Moon? General Mills' 
Dr. Gottfried Wehner says, "No." Metals must be improved to 

cope with heat, other obstacles. Here he checks "sputtering" of metal 
under simulated conditions in outer space. This is one phase of multi
faceted research in theoretical and developmental physics, findings from 
which are translated regularly into applications for industrial and military 
use today. Booklet shows engineering, manufacturing facilities. 

Mechanical Division, Minneapolis 

a/Golden Beans Keep Paint White. Soybeans gave paint makers 
new opportunities when General Mills introduced Alkalite. This 

alkali refined soybean oil is exceptionally light colored; heat bleaching 
makes it even lighter. A neutral oil, Alkalite has unusual non.yellowing 
properties, is used to make and maintain lightest colored finishes-to 
improve color and gloss retention, elasticity, toughness, durability in 
alkyd resin finishes. Send for facts about other soybean products too. 

Soybean Division, Minneapolis 

sINew Foods, New Markets on the Horizon. Food ptocessors are 
finding greener fields these days with Pro·BO Vital Glllten, General 

Mills' 80% protein. Low COSt, high grade wheat protein, it entiches staple 
and newly created foods to satisfy growing numbers of health and diet 
conscious consumers. Mixed with other ingredients during processing, 
Pro·BO is bland, compatible with other foods, adds no taste or odor, 
hydrates rapidly, blends smoothly. Booklet tells of markets, uses. . 

Special Commodities Division, Mi nneapolis 

WANT MORE 

I 
Facts about these or other General Mills InduStrial Group products and services 

IN FO MATION? ca'.' be h�d .by wri�ing Mr . . C. H. �ell, President, General Mills, 1202 General R Mdls Buildmg, Mmneapobs 1, Mmnesota • General 
• 

INDUSTRIAL GROUP MIlls 
C"'en�ic,al Division· Mechanical Division ·  O-Cel-O Division· Soybean Division' Special Commodities Division 
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NUCLEAR NEWS FROM ATOMICS INTERNATIONAL 

OMR a promising approach 
to meet world's need for 
small to large power plants 

An important goal of the Atomic 
E nergy Commission's program to de
velop electric power from the atom is 
a low-cost reactor for plants with gross 
outputs of 10 megawatts or more. Such 
plants are particularly suited to areas 
that need relatively small increments of 
additional power, and to those parts of 
the world where coal, oil, and water
power are scarce or costly. 

The OMRE (Organic Moderated Reac
tor Experiment), which ATO M ICS 
I N T E R N AT I O N A L  is now building at 
the National Reactor Testing Station 
in Idaho, is one of the more promising 
types for this purpose. The new experi
mental reactor was pioneered by 
ATOMICS INTERNATIONAL - from pre
liminary design to prototype. 

It will be used to investigate the rate 
of degradation of organic fluids, the 
properties and compositions of the 
equilibrium mixture in the reactor, and 
the effect of organic fluids on heat
transfer surfaces. Results of these ex
periments will be incorporated into the 
nuclear power plants ATOMICS INTER
NATIONAL is planning for Piqua, Ohio 
and a Latin American country. 

Basic advantages of the OMR are 
small size, compact core with good 
neutron economy, and elimination of 
problems with high - pressure primary 
coolant circuits and uranium -coolant 
reaction hazards. Its safety features are 
outstanding. The high boiling point of 
the organic moderator-coolant fluid 
permits a low-pressure system. There 
are no chemical incompatibilities be
tween coolant and uranium or coolant 
and water, and no unusual corrosion 
problems. Because of its fluid moder
ator-an isomeric terphenyl-the OMR 
has a negative temperature coefficient 

110 

of reactivity, which acts as a governor 
in case of power surges or excess power 
levels. The organic fluid becomes only 
slightly radioactive, which makes the 
entire heat - transfer system relatively 
accessible. 

A typical power plant, such as the 
one proposed for Piqua, Ohio, has a 
gross electric .output of 12,500 kilo
watts and a heat output of 45,500 
thermal kilowatts. It produces steam at 

lower in larger OMR plants. Lower 
power costs are also expected to result 
from advances in OMR technology. 

Atomic power for supertankers. The 
AEC has assigned ATOMICS INTERNA
TIONAL the challenging design study to 
adapt the OMR for maritime use. The 
OMR, considered a promising possibil
ity for ship propulsion, is expected to 
be particularly suitable for supertank
ers. The OMR offers the safety of a 

Typical OMR Central Station Nuclear Power Plant 

a pressure of 415 psig (29 kg/cm2) and 
a temperature of 550°F (288°C)� 

The reactor core is heterogeneous, 
with fuel elements and control rods 
immersed in the moderator-coolant 
fluid and contained in a thin - walled 
core tank. The fuel is uranium slightly 
enriched in U235. 

Power costs for this reactor, includ
ing both capital and operating charges, 
are 'estimated at 18 mills per kilowatt
hour. Power costs will be significantly 

low-pressure system, low construction 
costs (because it can be built of alumi
num and mild steel instead of more 
expensive zirconium and stainless 
steel), and low maintenance costs. 

ATOMICS INTERNATIONAL is staffed 
and equipped to help you with any 
phase of reactor development. Please 
write: Director of Technical Sales, 
Dept. SA-72, ATOMICS I NTERN A
TIONAL, P. O. Box 309, Canoga Park, 
California. Cable address: ATOMICS. 

ATOMICS INTERNATIONAL 
A D I V I 5 ION 0 F NOR T H A M E RIC A N A V I A T ION. INC. 

PIONEERS IN THE CREATIVE USE OF THE ATOM 
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The Whistled Language of La Gomera 

The harsh terrain of this island In the Canaries has led its 

of telephonic speech. people to develop an extraordinary form 

Its clear tones may be understood at a distance of three miles 

E
Gomera is one of the Canary Islands, 

lying in the Atlantic off the west 
coast of North Africa. It is inhab

ited by some 30,000 Spanish-speaking 
people, scattered over the island in many 
tiny hamlets and four little towns. The 
island, volcanic in origin, is distinguished 
by a rugged and peculiar topography. It 

by Andre Classe 

has the general shape of a big tent: from 
a central peak some 4,500 feet high it 
slopes down on all sides to sheer cliffs 
at the sea's edge [see drawing on page 
115]. Deep gorges radiating from the 
center cut up the terrain. It is a difficult, 
mountainous country where two points 
only 500 yards apart as the crow flies 

. may be as much as an hour apart in 
walking time. Aside from a single road, 
built comparatively recently, which links 
San Sebastian, the capital, with the 
other three towns, the only means of 
travel between most points on the island 
is by very rough paths which are little 
better than goat tracks. Clearly com-

TYPES OF WHISTLE are demonstrated by a woman of La 

Gomera. Finger·in.mouth variety (left) is common. Position of 
the fingers does not affect the sound of the whistled language, whose 

articulation is provided by the tongue, as in ordinary speech. 

III 
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munication on this island is no small 
problem. 

But the Comeros do communicate 
freely, from hamlet to hamlet, across 
their ravines and from the valleys to the 
mountaintops. Long ago they contrived 
an elegant solution to their problem: 
namely, a whistled language by which 
they speak to each other across miles of 
disjoined terrain. The silbo (Spanish 

for "whistle") , as this language is called, 
is not a mere code or signal system but a 
version of Spanish. And it has extraordi
nary carrying power: it can be heard and 
understood clearly over far greater dis
tances than shouted talk. On a windless 
day any practiced silbador can be heard 
more than a mile away. A good perform
er can whistle messages three miles or 
more, and I was told that the record is 

more than eight miles. This may be an 
exaggeration, but, conSidering the as
tounding volume of sound a really first
class silbador can produce, the acuteness 
of hearing most of the Comeros seem to 
enjoy and the great carrying power of 
sound in the gorges of the island, the 
eight-mile figure does not strike me as 
outrageously improbable. 

On La Comera goatherds on widely 

RUGGED LANDSCAPE of La Gomera is shown in these two photo. 

graphs. Shoreline of the island (top) is indented by one of the 

many gorges which make ordinary communication difficult. Farther 

inland (bottom) is a tiny village at the edge of a cultivated valley. 
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The floor is pleasantly warm to the touch as it radiates heat, like a fire in a fireplace! 

Ins-tead Or lNarrning �he air around you ... 

COPPER vvarrns y-ou! 
With radiant heating in your home, heat rays 
are absorbed directly by persons in the room. 
They pass through the air. How is it done? 

Copper coils are embedded in floors or ceil
ings to form "panels". Through this copper 
piping flows hot water. The radiant panels de
liver their heat by direct rays. 

The air might actually stay quite cool. Yet 
you feel comfortably warm! 

AND WHY COPPER? 

Copper tubing comes in long lengths (that 
means fewer joints ... and tighter, too!) It is light 

in weight. Being flexible, it can easily be bent. 

Needed is copper's age-old durability . . .  and 
copper's freedom from scale and clogging up. 

Today, copper is standard for carrying water 
... hot or cold, in domestic and commercial use. 
It is the recommended metal from water main to 
faucets (and for the faucets themselves!) When 
it comes to radiant heating, copper comes first! 

If your Company seeks to make progress in 
conducting, transferring, radiating heat, you'll be 
able to get the COPPER you need ... because the 
Copper Industry is expanding its capacity every 
year to make sure you get it! 

COPPER Be BRASS 
RESEARCH ASSOCIATION 

420 Lexington Avenue, New York 17 

COPPER OR ITS ALLOYS PROVIDE THESE ADVANTAGES: Best conductor of electr.icity commercially available • Does not rust • • •  high corrosion resistance • Besi 

heat transfer agent of all commercial metals . Easy to machine, form, draw, stamp. polish, plate. etc . • Welds readily • • •  excellent for soldering and brazing 

1 13 

© 1957 SCIENTIFIC AMERICAN, INC



17'20' 

9 
oor---------------{�;�" 
'" 

17' 10' 

o 
.. �--------------------� 

�r---------------�r---------------------------------�--------------------------�g _ 00 
'" '" 

17'20' 17' 10' 

18· 14· 

g�----------------+-----------------��------------------4-------------------�-4 g 

C A N  A R Y 

� r-----------------+-- � " LA GOMERA 

18· 

114 

S L A N  

GRAN CANARIA 

16' 14' 

© 1957 SCIENTIFIC AMERICAN, INC



separated hills carry on silbo conversa
tions just to pass the time. They whistle 
long sentences and even make jokes. An 
instructor who was teaching me the 
language whistled a facetious sentence 
which was immediately translated by a 
Comero at my side as: "Rineo, will you 
lend me your donkey because I want 
to ride to Santa Cruz tomorrow?" (Santa 
Cruz being on the island of Tenerife, 
seven hours away by sea). During the 
Spanish Civil War in 1936-39 Comeros 
were used occasionally for communica
tion at the front, but the practice was dis
continued when it was discovered that 
there were silbadores on both sides, so 
that the degree of secrecy was not high. 

This curious medium of communica
tion quite clearly owes its existence to 
the geography of La Comera. It goes 
back to the aborigines who inhabited 
it before the Spanish came in the 15th 
century. The aboriginal residents in the 
Canary Islands, called the Cuanches, 
had developed a whistled form of their 
language for communication in their 
territory, then so thickly wooded that 
whistles were the only kind of "talk" 
which could be transmitted for any dis
tance. Whistled speech has disappeared 
from the other Canaries, but it is still 
going strong on La Comera because that 
is the only island where moving about 
is really difficult. 

T he silbo is based directly on the 
Spanish language and is learned ef

fortlessly and as a matter of course by 
most Comeros. This may seem, from 
more than one point of view, a strange 
statement. In the first place, many writ
ers on the subject have declared that 
the whistled language is a difficult tech
nique and must be taught to young 
Comeros laboriously, as if it were a for
eign language. Nothing could be further 
from the truth. Children on La Comera 
pick up silbo as naturally as they pick 

LA GOMERA is depicted above in a simpli

fied profile that shows its tentlike form. 
In the topographical map (top of opposite 

page) gorges can be seen radiating from the 

island's mountainous interior. The Canary 

Islands (bottom of opposite page) lie west 

of the African coast in the Atlantic Ocean. 

MISSILE 
ENGINEERS 

Many new positions are being created at Northrop Aircraft 

for missile engineers in a wide range of activity: control, 

guidance. servo, computers, recording, optical, reliability, 

electro-mechanical, telemetering and electronics. There's 

an interesting position for you, at your own experience 

level. with attractive remuneration and steady advance· 

ment. in one of the following groups: _ 

GUIDANCE AND CONTROLS, encompassing research 

and development of advance automatic guidance and 

flight control systems for both missiles and piloted air

craft. Specific areas of development include: radio and 

radar systems, flight control systems. inertial guidance 

systems, instrument servo systems. digital computer and 

magnetic tape recording systems, airborne analogue 

computer systems, optical and mechanical systems, and 

systems test and analyzer equipment. 

FLIGHT TEST ENGINEERING SECTION, which plans the 

missile test programs and establishes test data require

ments in support of the programs. The data requirements 

are predicated on the test information required by the 

engineering analytical and design groups to develop and 

demonstrate the final missile design, and are the basis 

from which instrumentation requirements are formulated. 

The analysis work performed consists of aerodynamic, 

missile systems, dynamics, flight control, propulsion and 

guidance evaluation. The Flight Test Engineering Section 

is also responsible for the field test program of the 

ground support equipment required for the missile. 

FLIGHT TEST INSTRUMENTATION SECTION, which in· 

cludes a Systems Engineering Group responsible for the 

system design concept; a Development Laboratory where 

electronic and electro-mechanical systems and compon· 

ents are developed; an Instrumentation Design Group for 

the detail design of test instrumentation components and 

systems; a Me"chanic Laboratory where the instrumenta

tion hardware is fabricated; and a Calibration and Test 

Group where the various instrumentation items and 

systems are calibrated and tested. 

For 17 years Northrop Aircraft has pioneered in missile 

research and developm·ent. As a member of this forefront 

organization in this growing field, new opportunities for 

full expression of your initiative and ability will always be 

yours at Northrop. 

If you qualify for any of these attractive positions. we 

invite you to contact the Manager of Engineering Indus

trial Relations. Northrop Aircraft. Inc .• telephone ORegon 

8·9111. Extension 1893. or write to: 1015 East Broadway. 

Department 4600· A2. Hawthorne. California. 

NORTHROP 
NORTHROP AIRCRAFT, INC., HAWTHORNE, CALIFORNIA 
Ploducers 01 Scorpion F·89 Interceptors and Snark $M·62 Intercontinental Missiles 
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M-3 IN TERFEROMETER 

__ New Michelson-type Interferometer mea· 
sures wave length of light to within 0.2% 
accuracy. Precision-milled bose. Finest op
tics. Vacuum coo ted mirrors. Ball-bearing 
mounted carriage rides on lapped and 
polished glass ways. Complete with Mer. 
cury light Source and Experiment Manual, 
$199.50. Shipping wt. 40 Ibs. 

3-IN-l ELECTROMAGNET 

Holds 100 Ibs. on 
one flashlight bat· 
lery. 

Insert AC coil and 
aluminum Jleeve 
rises 1 foot above 
core. 

Lamp itJtUlraleJ 
transjormeraction. 

__ Dramatic low-cost way of learning and 
demonstrating the fundamentals of elec
tromagnetism. Comes complete with pre. 
cision-machined and ground magnet core 
and keeper, AC and DC coi Is, ferromag
netic tube, aluminum sleeve, line cord and 
switch, battery holder and manual of 7 
faSCinating experiments. $14.95 postpaid. 
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ATOMOTRON 
First Model Atom Smasher! 

� 
See and Jearn 
wonders of  Nu· 
clear Physics and 
Electricity wit h 
miniature h igh. 
voltage genera· 
tor. Make artifi· 
cial lightning ... 
pith balls defy 
gravity, propel. 
lers turn at a dis· 
tance. Only r' 
high. Produces 

75,000 voltl on a 2·inch diameter Iphere, 
yet is absolutely sale for the youngelt child. 
Operated by sturdy 11 a voll A.C. motor 
... comes complete with Smog Control 
Unit, Field Reaction Rotor, Plaltic-encaled 
Pith-Batt, Paper Strand Cluster, Electric 
Wind Unit, Neon Light Wand and IIIus· 
trated Experiment Manual. Price aIJem· 
bled, $19.95; in kit form, $14.95. 
T·22 Tesla Coil . . . • . • • . . • • • . . . . .  $159.50 
Rayometer Ionization Instrument. 159.95 
Rayotron Particle Accelerator . . . . 295.00 
Raymaster Cloud Chamber...... 32.50 
Ray·Actor Model Nuclear Reactor. 295.00 
Scientific Glassblowing Course... 4.50 

High Voltage Generator (Capacitor 
Wheel Type) 1 mev at I mo. 

Propane Bubble Chamber 

Cash, check or money order. (In Califor· 
nia, 4 % Sales Tax.) ( 

.
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FOUR CONSONANTS of the whistled language are shown. as colored lines on these musical 
staves. Each consonant is heard as a modification of the vowel sounds coming before and 

after it. The consonant p (upper left) appears as a break in the steadily low·pitched (t 

vowels of its environment. This corresponds to the break in voicing caused by lip closure 

when p is spoken in ordinary language. Pronunciation of the other consonants requires 

articulation by the tongne. Since tongne movements enlarge or contract the resonance 

chamber of the mouth, they vary the pitch of the whistled language. When the t sonnd is 

whistled (upper right) the rising of the tongue as it approaches contact with the upper gum 

ridge canses a rise in pitch. This is followed by silence when the contact is made, then a 

falling pitch as the next vowel begins. The consonant r (lower left) resembles t but has no 

break, since th·e tongue does not complete contact. The consonant m resembles an iuverted r. 

up spoken Spanish in their parents' talk: 
they often begin to recognize their own 
name in silbo before they are a year old. 
One Comero said to me of the whistled 
language: "It's so easy that if I didn't 
know it I could learn it in one morning." 
My wife and I, though handicapped by 
the fact that our Spanish is very different 
from the peculiar dialect of La Comera, 
learned to whistle sentences efficiently in 
less than three months. It is doubtful that 
we could learn as much of a difficult new 
language, say Finnish, in that time. 

What may strike linguists as more 
questionable is the statement that the 
silbo is accurately modeled on the 
Spanish language itself. How can whis· 
tling, which uses only one tone quality, 
replace normal speech, which is based 
primarily on variations of tone quality? 
Our phonetic studies of the silbo an
swered this question and showed that 
previous descriptions of it were quite 
inaccurate. 

In ordinary speech we use an assort
ment of organs to produce a great variety 
of sounds. To begin with, the larynx gen
erates the voice-tone, Nhich may vary 
in pitch, loudness and duration. This 
sound is modified by the lips, tongue, 
teeth, lower jaw and soft palate. All 
these combine to produce vowels, semi
vowels and consonants. 

A whistle, in contrast, is a simple 
sound. The only active organ is the 
tongue, or rather two thirds of it. The 
lips and front part of the tongue are im-

mobilized, but the rear part may move to 
vary the pitch. The only variables you 
have at your disposal are pitch, loudness 
and duration. For articulating words, 
variations in duration and loudness are 
unimportant in the silbo, because dura
tion has little significance in Spanish and 
you always whistle '''at the top of your 
voice" in order to be heard at a distance. 
So the only element available for whis
tled "speech" is variation' of the 
pitch. 

Most students of the silbo have failed 
to appreciate this fact, and as a conse
quence have attributed mysterious prop
erties and qualities to the Comeros 
whistle. Some have asserted that the 
whistlers vary the timbre of the whis
tle with the use of their fingers and 
hands. Actually it should be obvious that 
nothing can significantly modify the 
quality of a whistle, for the sound is 
always a simple oscillation-to all intents 
and purposes a sine wave with no audi
ble harmonics. And one look at a silba
dor's performance is enough to settle the 
point beyond question. Some Comeros 
whistle with the tongue alone; some stick 
one or two fingers in the mouth; some 
use their hands as a megaphone; but 
neither the fingers nor the lips ever 
move. 

Other writers have declared that the 
phonetic elements of the silbo are dis
crete musical I}otes. Actually notations 
by these authors, purporting to repro
duce silbo sentences, bear no res em-
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blance to the way the silbadors whistle 
the same sentences, and the natives can
not understand these renderings of their 
language. Analyses of tape recordings 
of their whistled speech clearly show 
the difference. 

The fact that the whistled language 
depends only on pitch makes plain why 
it can be understood at much greater 
distances than ordinary shouted speech. 
The sounds of ordinary speech, as we 
have noted, are complex waves contain
ing a number of harmonics. What makes 
such speech unintelligible at a distance 
is the loss of the weak halmonics and 
transients. On the other hand, a whistled 
signal, whose meaning does not depend 
on timbre but is determined solely by 
pitch, will be understood perfectly so 
long as it is heard at all. 

T he question now is: How does the 
. silbo, using only variations in the 

pitch of a whistle, express the sounds of 
Spanish? We can say at once that it is 
fortunate the language is Spanish. It 
would be vastly more difficult to whistle 
English, for English has a very complex 
phonetic system. The Spanish phonetic 
system, especially in the Comero dialect, 
is almost the simplest possible: it has 
comparatively few different vowel and 
consonant sounds, and relatively little 
contribution to meaning is made by 
stress, rhythm or intonation. 

There is nothing the least bit myste
rious about the way the Comeros pro
duce their silbo. All the silbador has to 
do is to stick the tip of his tongue against 
his teeth, start whistling and at the same 
time try to articulate words as if he were 
speaking normally! Anyone capable of 
whistling can demonstrate to himself 
what will happen. Suppose you emit a 
whistle and simultaneously attempt to 
articulate the sound e, as in Pete. The 
back of your tongue will move upward, 
reducing the volume of the mouth cavi
ty. If you attempt to articulate the sound 
ah (as in calm) while whistling, your 
tongue will assume a different position, 
which makes the mouth cavity larger 
than in the other case. Since the mouth 
acts as a resonator, the difference in size 
of the mouth cavity must make the pitch 
of the whistled e a good deal higher than 
that of ah. 

What will transpire if you try to whis
tle two syllables, consisting of vowels 
separated by a consonant? Let us take 
the word fragment apa. In speech, to 
articulate the p the lips close. In the 
silbo they do not, but the glottis does 
and stops the breath. The tongue does 
not change its position during the whis
tling of these two syllables. The result is 

Antiquity 

A QUARTERLY REVIEW OF ARCHAEOLOGY 

Edited by o. G. s. Crawford, C.B.E., F.B.A. 

ANTIQ UITY is a popular but authoritative journal of archae
ology. It was fotmded in 1927 by its present editor to serve as a 

link between specialists and the general public. All the articles 
are by writers with first-hand knowledge about the exciting 
new discoveries that are continually being made in all parts of 
the world. They are written in a non-technical style and illus
trated by numerous photographs and plans. 

A popular feature of ANTIQUITY is the Editorial comment 
on current events. 

ANTIQUITY is published four times a year, and each number 
contains 64 pages of articles, notes and book-reviews. It has 
always represented the modern outlook in archaeology which 
is now becoming world wide. It has itself influenced the devel
opment of archaeological method in the past, and will continue 
to do so by maintaining a high standard of publication and by 
its constructive criticism of current work. 

ANTIQUITY is self-supporting and independent, and is not 
the organ of any society. It can only do its job properly if its 
circulation is maintained and increased. 

You can help ANTIQUITY to do this by becoming a sub
scriber (if not one already). The al111ual subscription is five 
dollars, covering postage to all parts of the world. 

Why not become a subscriber? You only have to send the 
money and your name and address to the publisher of 

Antiquity, ASHMORE GREEN, NEWBURY, BERKS., ENGLAND 

DO IT NOW! 

117 

© 1957 SCIENTIFIC AMERICAN, INC



3,600 I -! 

0 3,000 --, --
Z 
0 =, U w 2,400 -1>' (/) �> 
0< --1 
w , 
u.. 
(/) 1,800 
w -' 
U 
>- 1 .. 200 U 

600 

o 

SIMPLE ACOUSTICS of the whistled language is evident from 
this sound spectrogram. The weak harmonics (lines at upper right) 

are almost inaudible. Since the whistle is virtually lacking in 

timbre, it relies entirely on changes in pitch to convey meaning. 

a whistle of unchanging pitch, interrupt
ed by a gap while the vocal cords are 
closed to form p. If, on the other hand, 
you try to whistle ata, the pitch varies. 
To form the t the tongue moves up and 
makes contact with the palate. While do
ing so, it is reducing the size of the 
mouth cavity, so that the pitch of the 
whistled a rises; as the tongue moves 
down again for the second a, the pitch 
falls. So the whistling of ata produces 
a sound of rapidly rising pitch, a mo
mentary interruption (while the tongue 
is against the palate) and then a rapid 
down-glide. When you whistle am, the 
pitch-curve is quite different, because 
this time the tongue does not touch the 
palate and the tone is continuous [see 
charts on page 116]. 

These few examples should suffice to 
give an idea of the way the silbo works. 
A practiced silbador can whistle intelli
gibly everything he can say in the Span
ish language. The whistle does not dif
ferentiate all the consonants in the spo
ken language, but when the silbador 
whistles words and sentences, the con
text makes his meaning unambiguous. 
The situation indeed is no different from 
the case of ordinary speech. In con versa-
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tion we do not ordinarily give attention 
to every sound;' we recognize patterns 
through long familiarity with them, and 
we grasp the thought though we may 
miss and have to guess at a high propor
tion of the individual sounds. This ex
plains why it is so difficult to understand 
people speaking a foreign language of 
which we have only an imperfect knowl
edge-we cannot supply the unheard 
elements. 

T here is nothing esoteric about the 
silbo. Most Comeros, particularly in 

the peasant class, understand it and 
many of them use it regularly. They 
do not use it at close quarters, except 
to show off to admiring strangers. But 
even in the towns people usually call 
to each other in the street by whistling 
rather than speaking their names. Chil
dren, as I have said, pick up the silbo 
naturally and often understand it quite 
well by the time they are eight or nine. 
It seems to be very much easier for them 
to learn the silbo than it is for us to learn 
to read a system of shorthand. Civen a 
good set of teeth, they have no trouble 
developing a good loud whistle. One ex
ceptional performer was described to me 

DOS KA-

as having cultivated a whistle that 
sounded like a ship siren. I heard him 
later, and the description seemed to fit 
well enough, although a locomotive 
whistle would have been nearer the 
mark. All the silbadores we met looked 
upon the silbo as a perfectly normal 
activity, quite as natural as speech. Most 
young Comeros can converse in the silbo 
by the age of 12 or so. One of the best 
subjects we recorded was a 12-year-old 
girl whose father was a shepherd. She 
had learned from him. Another subject, 
also first class, was exceptional in having 
learned to whistle at the comparatively 
late age of 19. 

Like ordinary speech, the silbo is dif
ferentiated into dialects and even indi
vidual styles. Each silbador has his own 
delivery. When we played back record
ings, the whistlers would invariably rec
ognize and claim their own perform
ances, saying something like: "Ah, that's 
my silbo"-implying that it was much 
better and clearer than anybody else's. 

Nothing better illustrates how com
monly the Comeros use the silbo than an 
experience we had one day in the wilds 
of the middle of the island. We were 
climbing the central mountain, and all 

VA- LlOS 

PITCH CONTOURS are shown in electronic transcription of sen

tence given also in phonetic spelling. The meaning ("Bring me two 
horses") is conveyed by continuous sound curves rather than by 
successions of individual notes, as some authors have suggested. 

118 

© 1957 SCIENTIFIC AMERICAN, INC



Want a Carload of Rare Earths? 
They're available for prompt shipment in a gram to a carload 

Back in the early 20's, it would never 
have occurred to us that in a few years 
we would be shipping rare earth salts 
in carload quantities for a surprising 
variety of chemical and industrial ap
plications. 

For a long time, as you may know, 
the rare earths were simply a by
product of our regular business of pro
ducing thorium nitrate for gas mantles. 
Up to 35 years ago, rare earths were 
little more than scientific curiosities. 
Industry had not yet discovered them 
as a practical scientific tool. 

But, as time sped by, we learned 
more about these unusual elements and 
how to produce them in larger quan
tities, in higher purities and at lower 
cost. And with their increasing avail
ability, industry began to find ways to 
use them profitably in their operations. 
In the last ten years, we've seen a 
sharply increasing rise in the demand 
for rare earths from a rather amazing 
variety of industries. 

WHY THIS DEMAND? Well, as we see 
it, it's due largely to the enormous tech
nological strides made since World 
War II. Industry itself sparked much 
of this interest by its own explorations 
of the rare earth group in a search for 
materials to improve products and 
processes. Their studies in relation to 
specific problems often uncovered 
totally unsuspected applications. It 

PLEASE ADDRESS INQUIRIES TO: 

a report by LINDSAY 

was a sort of chain reaction that is still 
increasing in velocity. 

LINDSAY BUILT NEW PLANT. We 
saw what an industrial revolution the 
rare earths were creating. And antici
pating heavy demands, we constructed 
our modern plant in 1953. The Lind
say plant facilities, including more 
recently developed and improved sep
aration processes (such as our ion ex
c h a n g e  s y s t e m s), i n c r e a s ed ou r 
production capacity manyfold. 

WHAT ARE THE RARE EARTHS? 

Rare earths are not rare-nor are they 
earths. This group of 15 elements 
(atomic numbers 57 through 71) are 
trivalent metals found together with 
thorium and yttrium primarily in mon
azite ore. In chemical properties they 
are almost identical, a fact which makes 
them difficult to sepflrate and at the 
same time makes them valuable tools 
for research and industry. 

HOW THEY ARE USED. The fascinat
ing description of industrial applica
tions of the rare earths would fill many 
books. vVe work with these materials 
every day and we're constantly amazed 
at the variety of ways in which t11ey're 
used. Here are only a few. Glass polish
ing. Steel additives. Catalysts. Colorizer 
and decolorizer fDr glass. Medications. 
Ultra-violet light absorber. Arc carbon 

electrode cores. Aluminum and mag
nesium alloys. Lighter flints. Radiation
proof glass. Waterproofing. Textile pro
duction. Color TV tubes ... and the 
list goes on and on. 

RARE EARTH SALTS. Lindsay pro
duces rare earth salts in large tonnages 
and in varying purities. Most of them 
are surprisingly low in cost. Rare earth 
chloride-for example-a mixture of 
several of these elements-is only about 
25¢ a pound and available in virtually 
unlimited quantities. High purity sep
arated rare earths are, of course, more 
expensive, but economical in relation to �e wonders they perform. 

HUGE SOURCE OF SUPPLY. To keep 
up with the demand and assure indus
tries of a steady supply, we maintain 
in our plant a stockpile of monazite 
that is now 24,000,000 pounds. And 
we're constantly prospecting in various 
parts of the world for this miracle ore 
-source of the versatile rare earths. 

WORTH INVESTIGATING. Your re
search people may find it rewarding 
and profitable to study the possibilities 
of the application of rare earths to your 
own products and processes. We will 
be happy to supply pertinent data and 
to make available to you the help of 
Lindsay's technical staff. 

UNDSAY CHEMICAL COMPANY 
264 ANN STREET . WEST CHICAGO. ILLINOIS 
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around us in the woods we heard black
birds whistling, not their own bird songs 
hut, unmistakably and with excellent ar
ticulation, the siibo for the names "Fe
lipe," "Alfonso," "Frederico" and so on. 
In each case the bird prefixed the name 
with the attention-calling sound "ah," 
which invariably precedes a call in the 
silbo. Our guide told us that he had had 
a tame blackbird which was in the habit 

of whistling his daughter's name: "Ah, 
Maria de los Angeles"! 

The silbo of La Gomera is by no 
means the only whistled language in the 
world. but it is the most explicit. Other 
whistled forms of communication, found 
in Mexico and some parts of Africa, are 
made up of the tones, isolated from the 
other elements of speech, and convey 
meaning by a kind of musical accent 

(as Chinese languages do). Generally 
speaking these other whistled languages 
are far less accurate, less explicit and 
more limited in power of expression 
than the silbo. The silbo is of great 
interest to a linguist because it does 
without what is commonly thought to 
be the one indispensable feature of 
normal speech: namely, variation of 
tone quality. 

X·RAY PICTURE of a whistler shows a typical mouth pOSItIOn. 

This subject (who is weadng a pair of glasses) uses his fingers 

to depress the tip of his tongue; others employ a knuckle for this 

purpose or keep tip of the tongue tensed against the lower teeth. 
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* some of the more than 100 places where ENJAY BUTYL works, silently 
and dependably, helping to improve the performance of today's new cars. 

ENJAY BUTYL'� fabulous all-weather rubber: : 
BOOSTS PERFORMANCE -IN :"57 'CARS 

Molded into more than 100 parts, this super-durable, all-weather rubber helps 

provide a steadier, softer, more silent ride under even the most strenuous condi

tions of stress, weather change, and abrasive action. The dependability of all 

these parts contributes to the outstanding performance of the modern car. 

Readily available in non-staining grades, Enjay Butyl rubber can be compounded 

into white and light-colored parts that combine beauty with top-notch perform

ance. Low in cost, it out-performs and out-lasts all other rubbers formerly used, and 

may well be able to cut costs and improve performance in your product. For further 

information, and for expert technical assistance, contact the Enjay Company. 

Pioneer in Petrochemicals 

ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 
Akron' Boston· Chicago. Los Angeles. New Orleans. Tulsa 

BUTYL 
Enjay Butyl is the greatest rubber value 
in the world ... the super-durable rubber 
with outstanding resistance to aging • 

abrasion • tear • chipping • cracking • 

ozone and corona • chemicals • gases • 

heat • cold • sunlight • moisture. 

12 1 
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UNIVAC I&. II -For data
processing which involves large 
volumes of input and output. 

UNIVAC Scientific-For 
complex and intricate computations 
of engineering and research. 

UNIVAC File-Computer-For 
instantaneous random access to 
large-scale internal storage. 

THERE'S A UNIVAC SYSTEM FOR EVERY ELECTRONIC COMPUTING NEED 
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UNIVAC 60 &. 120-For 
speeding and simplifying the 
procedures of punched-card systems. 

UNIVAC Printed Circuit Package 

D ATA-PROCESSING EXPERTS who 

first introduced commercial electronics and, for 

over 6 years, have been programming and solv

ing customer problems with UNIVAC. 

COM PUTER EXPE RTS with over 10 

years' experience, dating back to the develop

ment of the first large-scale electronic computer. 

SYSTEMS EXPERTS with a background 

of more than 80 years of systems engineering 

-80 years of analyzing business problems and 

devising short cuts for bette i· records control. 

No computer ever built-not even a member 

of the famous Remington Rand UNIVAC family 

-has a true brain of its own. It depends on the 

human intelligence which directs it. Its value 

to the user rests largely on the experience, 

background, skill, and imagination of those who 

prepare its instructions. 

That's why Remington Rand is uniquely 

qualified to help you cash in on the tremendous 

savings now available through electronics. For 

Remington Rand personnel have pioneered the 

field, offering to UNIVAC users a wealth of com

puter knowledge that is unobtainable elsewhere. 

Remington Rand offers, too, an unrivalled 

library of computer programs ... the latest and 

best techniques of automatic programming, to 

enable you to get under way faster, more easily, 

and more economically in any type of computer 

applications. 

Your company, large or small, may well profit 

from UNIVAC - if not through purchase, then 

through lease of equipment or use of our Com

puting Center services. For further informa

tion, write on your business letterhead to Room 

1452,315 Fourth Ave., New York 10, New York. 

�Hsnd� 
DIVISION OF SPERRY RAND CORPORATION 
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NEW VARIAN LABORATORY MAGNET 
provides rotation about the vertical axis 

Varian Model V·4012·3B 
Rotating Magnet with azimuthal 

angle continuously adjustable 
between O· and 190· and 

horizontal axis angle 
fixed at 45· 
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If your experiment requires a precise magnetic field with 

adjustable orientation relative to the sample, the problem 

is easily solved by this new version of Yarian's twelve· 

inch electromagnet, The difficult problems of rotating the 

sample along with its complex supports and accompany· 

ing apparatus need not be considered. 

Time stability of the magnetic field can be achieved 

through use of the matching Model Y·2100A Regulated 

Magnet Power Supply. Field uniforll)ity of a high order is 

assured through Yarian's demonstrated know-how in pro

ducing magnets of incomparable homogeneity. And as is 

the case with all Yarian magnets, the user may specify 

desired air gap configurations within certain wide limits. 

Yarian's standard line incllides three basic electromagnet 

groups: the 12-inch, the 6-inchand the 4-inch (all avail-

I 
• 

I 
• 

able with matched power supplies). In turn, the basic 

12-inch group now includes three members: the Y-4012-3B 

rotating version pictured above; the standard Y·4012A 

with rotatability about a horizontal axis; and the 

Y-4012A-HR version which is shimmed to provide extra

ordinary uniformity demanded by the Yarian Super High 

Resolution Nuclear Magnetic Resonance Spectrometer. 

The Instrument Division of Varian Associates invites 'your inquiry 

PALO ALTO 7. CALIFORNIA 
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PLANT GROWTH SUBSTANCES 

It has long been kno\vn that aUXIn stimulates the gro\vth of plants. 

N o,v it has been discovered that some other substances do the same 

thing, opening up ne,v horizons in plant physiology and agriculture 

I
n the year 1926 a young Dutch bot

any student in Utrecht performed a 
simple but historic little experiment 

with oat seedlings. By day Frits Went 
was serving in the Dutch Army, work
ing in the gas warfare division, but at 
night he would repair to his father's 
plant-physiology laboratory at the uni
versity to keep up his graduate studies 
in botany. "Vent and his fellow students 

by Frank B. Salisbury 

were intensely interested in certain ex
perimental investigations of the growth 
of plants that had been started by several 
European botanists, and they spent 
many a midnight hour arguing about the 
meaning of these curious experiments. 
Various tests of the effects of removing 
and replacing the tip of an oat seedling 
had indicated that the tip produced some 
substance which controlled growth of the 

sheath (coleoptile) covering the stem. 
Went thought of a test which might 

settle the issue as to whether there really 
was such a substance. He cut off tl1e tip 
of an oat seedling, laid it on a small block 
of gelatin and let the tip stand on the 
gelatin for several hours. Then he dis
carded the tip and attached the block 
of gelatin alone to the side of a decapi
tated seedling. If the hypothetical 

GERMINATING COCONUT is depicted in cross section to show 

how its cotyledon (pear·shaped object in center) grows to fill the 

central cavity of the nut. The central cavity contains coconut milk, 

which has been found to stimulate the growth of other plants. 
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OAT·SEEDLING experiment was performed by Frits Went to 

demonstrate the presence of auxin. In the first drawing the tip 

of the seedling is cut off and placed on a block of gelatin. In the 

second drawing another oat seedling is prepared as shown. In the 

third drawing the block of gelatin on which the tip of the first 

seedling had rested is attached to the side of the second. In the last 

drawing the seedling has bent to the right, indicating that auxin 

which had been present in the tip of the first seedling has stimu· 

lated the growth of cells on the left side of the second. The angle at 

which the seedling is bent is a measure of the amount of auxin. 

growth substance had diffused from the 
tip into the gelatin, his experiment 
should �. "r an effect on the growth of 
the decapitated stem. And so it turned 
out. The side of the stem to which the 
gelatin was attached grew faster than 
the other side, so that the stem bent. 

It was at 3 a.m. on the morning of 
April 17, 1926 that Went saw the suc
cessful result of his experiment. That 
moment is a milestone in the history of 
the study of how living things grow. 
Went's ingenious demonstration led to 
the isolation and identification of the 
plant growth hormones now known as 
auxins-substances which play a key role 
in the growth of roots, stems and buds; 
the development of fruit, and the falling 
of fruits and leaves. The auxins have 
become an immensely useful tool in 
plant culture, serving many purposes 
from the propagation of cuttings to the 
killing of weeds. Besides this, Went's 
experiments laid the foundation for most 
of what is now known about the mech
anism of plant growth. 

In 1956, just 30 years after Went's dis
covery of auxin, there came another 

milestone of a similar kind. On the after-
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noon of August 28, 1956, plant scientists 
assembled at Storrs, Conn., to hear the 
first collective report on exciting new 
developments in the investigation of 
plant growth. The subject of this confer
ence, sponsored by the American Insti
tute of Biological Sciences, was "Growth 
Regulators Other than Auxins." The new 
field opened tip by the work reported at 
that meeting may well turn out to be 
even more important than the studies 
that grew from Went's discovery. Cer
tainly the "growth regulators other than 
auxins" are going to touch the lives of all 
of us-not only in the classroom but on 
the farm and at the dinner table as well. 

To show why I believe this to be true, 
I am going to review briefly some of the 
highlights of the talks given that day. 
Five men summarized work which is go
ing on in many laboratories in the U. S., 
England, Japan and elsewhere. 

F. C. Steward of Cornell University 
told about a group of substances which 
have become known as the "coconut milk 
factors." In most species of plants the 
new seedling starts its growth on food 
stored in the seed. In the coconut this 
food is contained in the milk. When a 

coconut germinates, the embryonic seed 

leaf (cotyledon) within the shell feeds 
on the milk and grows rapidly by cell 
division until it fills the cavity of the nut. 
In 1941 J. Van Overbeek, while working 
at the Cold Spring Harbor Laboratory 
on Long Island, discovered that coconut 
milk could also stimulate the growth of 
embryo� of the Jimson weed, a member 
of the potato family. Steward's group at 
Cornell has followed up this finding and 
sought to identify the growth-promoting 
substances in coconut milk. 

They found that when the milk is 
added to a test· tube culture of carrot 
tissue, it produces a remarkable speed
up of the growth and division of the car
rot cells. This technique therefore pro
vides a means of testing the activity of 
the various ingredients of coconut milk. 
Identification of the active components 
has been an arduous and time-consum
ing task. From about 660 gallons of coco
nut milk the Cornell workers extracted 
about 26 pounds of a dark, heavy syrup 
which they then fractionated into a nul" 
ber of substances, many of which were 
identified as amino acids or other nutri
ents. They have so far isolated four sub
stances which show growth-stimulating 
activity. One of these has been definitely 
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OAT ROOT was used by R. H. Goodwin to determine the concentration in the root of 

scopoletin, a substance which inhibits plant growth. The root is depicted at the bottom. 

The closely spaced gray lines indicate the section of the root which has stopped growing. 

The curve shows the concentration of scopoletin at various points along the root. The broken 

line shows the point at which the inhibiting concentration of scopoletin is reached. 

identified as diphenylurea-though urea 
is usually thought of as an animal prod
uct. It is the first compound of this type 
that has been found in a plant extract. 
Synthetic analogues of this compound 
are known, however, to be powerful 
weed killers-which may be more than a 
coincidence. 

The Cornell group finds that the 
growth-stimulating factors in coconut 
milk interact in significant ways with 
other substances. For instance, the ac
tivity of some of them is greatly en
hanced when amino acids from the milk 
protein casein are added to the culture. 
On the other hand, coconut milk is coun
teracted by certain other materials, in
cluding exh'acts from the potato tuber. 
Yet potato tissue itself can be made to 
grow on a simple culture medium if 
coconut milk and a small amount of the 
wee.d-killing auxin 2,4-D are added! 

Steward pointed out that all this sug
gests the normal growth of a plant is a 
balance between stimulators (e.g., the 
coconut milk factors) and inhibitors 
(e.g., the inhibiting substances in potato 
tubers). As the plant matures, the in
hibitors may accumulate so that cell di
vision slows down and finally stops. The 

unrestrained growth of tumors in plants 
(and possibly in animals?) may be the 
result of a disturbance of the balance 
between stimulators and inhibitors. 

By means of the test-tube carrot cul
ture the Cornell group has discovered 
growth promoters in other plants be
sides the coconut. They have extracted 
stimulating material from immature ba
nanas, ginkgo fruit, walnuts, horse 
chestnuts, corn (in the milky stage) and 
from certain plant tumors. A stimulator 
in immature horse chestnuts has been 
identified as a colorless relative of the 
pigments in flower petals. 

�ter Steward's report, R. H. Goodwin 
of Connecticut College reviewed 

the work of various laboratories on an
other group of plant substances known 
as unsaturated lactones. In contrast to 
the coconut factors, the lactones have 
long been recognized as plant substances 
and are well known chemically. But their 
significance to plant growth is just begin
rung to be understood. 

In general, they seem to be inhibitors. 
The effects upon root growth are espe
cially interesting. Goodwin and his stu
dents have shown that the concentration 

A composition that is 
almost twice as hard 
as the hardest steel 

... that's 
KENNAMETAL* 

Kennametal is the registered trademark 
of a series of hard alloys of tungsten, 
tungsten-titanium, and tantalum car
bides. These compositions are the hardest 
practicable metals made by man. In 
scratch hardness tests, these hard car
bide particles are between sapphire and 
diamond. On the Rockwell. "A" Scale, 
different Kennametal grades test from 
90.0 to 93.0, while that of HSS 18-4-2 
heat-treated steel tests a maximum of 
85.0. The Knoop Test gives 2100 (K100) 
for Kennametal and 800 (K100) for steel. 

K8 tungsten tarbide 18·4-2 steel 

Photomicrographs above show results 
of Knoop hardness test on Kennametal 
K8 (left) and HSS 18-4-2 steel (right) 
at 100g. Impression in the Kennametal 
is only about half of that on the steel. 

Photomicrographs below are of Knoop 
tests on grains of carbide ingredient of 
Kennametal. Knoop test numbers (at 
100g) are: Tungsten carbide. 1900; 

Titanium carbide Tungsten·titanium carbide 

tungsten-titanium 
carbide. 2200; ti
t a n i um c a r b i d e ,  
2500. These tests 
show those carbides 
a r e  f r o m  two t o  
three times a s  hard 

Tun,slen carbide as steel in the ab-
solute scale of Kgs per square mm of 
area of impression. 

Together with absolute hardness goes 
surprisingly greater resistance to wear 
and deformation. It is vital to innumer
able industrial applications. Perhaps it 
is the characteristic you need to get 
YOUR idea off the drawing board and 
into production. It is worth investigating. 
Write to Dept. SA, KENNAMETAL INC., 
Latrobe,Pa.,and ask for Booklet B-ll1. 
.1Xade�k 5599 
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of certain lactones and their derivatives 
in some plant roots increases as the 
growth of the root cells decreases. A 
number of workers have been interested 
in just how the unsaturated lactones in
hibit cell growth. Among other things, 
these lactones are known to interfere 
with certain enzyme systems. Since the 
systems in question are of a common 
type. the unsaturated lactones nlay turn 

H H 
IAA 

out to be important in a number of 
phases of the growth process. This seems 
especially likely because they are so 
widely distributed in plants. One can't 
help but think of Steward's suggestion 
that growth is a balance between coco
nut factors and unknown inhibitors. Will 
those inhibitors turn out to be unsatu
rated lactones? 

NAA 

The lactones may also be highly im-

H H 

H 
I H __ c 'c � ' 

pOt"tant in plant ecology. Some of them 
(e.g., coumarin, found in the tonka bean 
and certain other plants) are known to 
inhibit the germination of seeds, and 
anything that prevents seeds from 
sprouting must have a powerful influ
ence on the make-up of a plant com
munity. Went, who has been at the Cali
fornia Institute of Technology since 
1933, has found that desert plants carry 

2,4-D 

CMU (DU PONT) 

COUMARIN 
I c==O 

H C / PROTOANEMONIN 

MOLECULAR STRUCTURE of various plant growth substances is 

depicted by these diagrams. The three structures at upper left are 

auxins. Indoleacetic acid (lAA) is probably the native auxin of 

higher plants. Alpha·naphthalenacetic acid (NAA) and 2,4·dichlo

rophenoxyacetic acid (2,4-D) are not found naturally in plant tis-
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PARASORBIC ACID \ ;C, �C� 
.".C 0 ' � O H "\ H 

sue. At certain concentrations 2,4-D is a powerful weed-killer. 

Diphenylurea, a substance isolated from coconut milk, is com

pared with CMU. a Du Pont herbicide_ Coumarin, protoanemonin, 

scopoletin and parasorbic acid are unsaturated lactones. An un

saturated lactone has a ring structure with an oxygen atom (0) 
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on a continual chemical warfare by 
means of inhibitors against rivals [see 
"The Ecology of Desert Plants," by Frits 
'vV. Went; SCIENTIFIC AMERICAN, April, 
1955). James Bonner and some of his 
students at Cal Tech have isolated and 
identified compounds produced by some 
desert plants which are toxic to other 
plants. Three of these are unsaturated 
Jactones. Thus a study of these sub-

KINETIN 

6·.BENZYlAMINO PURINE 

stances might open up whole new vistas 
of understanding to the plant ecologist. 

Kenneth v. Thimann of Harvard Uni-
versity, the chairman of the confer

ence, next reported on work on another 
group of substances in which the leaders 
have been Folke Skoog, Carlos O. Miller 
and F. M. Strong of the University of 
'vVisconsin, who were unable to attend 

ADENINE 

.. ... .. ...... � 

I 1 I 

"'i • 

in the ring, another oxygen atom attached to the carbon atom (C) next to the ring oxygen, 
and a double chemical bond (double lines) between the two carbon atoms next to the 
carbon attached to the two oxygens. Protoanemonin slows root growth. Para sorbic acid 
inhibits germination. Kinetin and 6·benzylamino pnrine cause tohacco pith cells to divide. 
The strncture of gibberellic acid has been proposed by J. F. Grove and his associates. 

load cells 
based on the 

Statham 
unbonded strain 

ga�e transducer 

Please request 
Series L bulletins. 

LABORATORI ES 
12401 W. Olympic Blvd., los Angeles 64, Calif. 
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the symposium. The principal substance 
in this group is a compound called kine
tin, which is a derivative of adenine, one 
of the building blocks of the nucleic 
acids, the vitally important components 
of all cells. The Wisconsin group has 
fOllnd that kinetin will stimulate cells of 
the tobacco plant to divide in a culture 

in which they would not do so otherwise. 
Kinetin has been extracted from the 

sperm of the herring and from other or
ganisms. A substance with similar activ
ity has been found in yeast extract and 
other plant products. Various other 
adenine derivatives active in causing cell 
division have been -synthesized. 

Kinetin or its relatives will cause a 
tobacco stem grown on a culture me
dium to form a greatly increased number 
of buds. There is an interplay between 
auxin and kinetin: the more auxin in the 
culture medium, the more roots are 
formed; the more kinetin, the more buds. 
Kinetin and it� relatives will promote ex-

GIRBERELLIC ACID produced these effects in experimental 

plants. At upper left are foul' henbane plants, which require a 

pel'iod of cold and long days to flower. The two henbane plants at 

the right flowered without these conditions after treatment with 

gibberellic acid. At upper right are three caJ'J'ol .plants, which 

reqnire a cold period to flower. The two carrot plants at the right 

were treated with gibberellic acid. At the bottom are six primrose 

plants, which require long days to flower. The first plant is un· 

treated; the second plant was treated with gibberellic acid; the 

remaining pia-nls, with increasing amounts of the growth substance. 
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The Zirconium Age has arrived! Columbia· National 

Corporation with its new sponge producing facility 

nearing commercial operation offers you a new source 
of zirconium at a new low price .. 

Uniform high quality zirconium is assured by the only 

fully integrated operation converting zircon sand to 

sponge at one location under the responsibility of one 

management. The unique "Nitrophos" extraction 

process is used to separate and purify zirconium and 

hafnium in this plant. 

Reactor·grade and hafnium·containing commerciaj· 

grade zirconium sponge will be produced in sufficient 

quantities to fill government and industry require· 

ments. Leading metal converters and fabricators are 

now supplying zirconium mill and finished products. 

There is new opportunity in the Zirconium Age. You 

are urged to investigate its use in atomic reactors and 

in process equipment where corrosion conditions are 

severe. Columbia· National is ready to help with melt· 

ing and application assistance. Write for technical data 

on fabrication, properties and corrosion resistance. 

Columbia· National Corporation, 70 Memorial Drive, 

Cambridge, Mass. 
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PHYSICISTS 

AND 

ELECTRONICS 

ENGINEERS 

Significant achievements 

and continuing advances 

in navigation and com

munications systems and 

in other important fields 

of endeavor at Hoffman 

have created positions 

of broad responsibility 
for physicists, electronics 

engineers and electro
mechanical engineers. 
Varied assignments 

include: TACAN, 

VORTAC, advanced 

navigation techniques, 

VLF, HF, VHF, UHF, 

foward scatter and 

tropospheric communi

cations and advanced 

ECM. Those possessing 

a high order of ability and 

initiative are invited to 

write Vice President 

of Engineering: 

Ilorflllan 
LABORATORIES, INC. 
3761 South Hill Street 
Los Angeles 7, California 
Telephone: RIchmond 9-4831 

A SUBSIDIARY OF HOFFMAN ELECTRONICS CORP. 
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COCONUT MILK stimulated the growth of bits of carrot tissue implanted on a culture 

medium. The five bits of tissue in the horizontal row at upper left were implanted on a 

medium containing the auxin indoleacetic acid. The five bits of tissue in the row at upper 

right were implanted on the same medium to which coconut milk had been added. The 

hits of tissue in the second row were grown on a medium containing more indoleacetic acid; 

the hits in the third and fourth rows, on mediums containing still more of the auxin. 

pansion of leaf disks and germination of 
lettuce seed. Further, kinetin and auxin 
will imitate exactly the effects of certain 
bacteria in producing plant tumors. 

Very likely many problems of both 
normal and abnormal plant growth will 
be illuminated by future work with ki
netin. Among other things, it may tell a 
great deal about why plants take the 
shapes they do. 

p robably the report that many of us at 
the symposium looked forward to 

most eagerly was the one on the gib
berellins. F. H. Stodola, a chemist at the 
Northern Regional Research Laboratory 
in Illinois, reviewed the history of the 
gibberellin research and told about re
cent work on their chemistry. 

It is a striking commentary on the 
poverty of international communication 
that the Western world has only just be
gun to pay attention to these important 
substances, although they were discov
ered in Japan as early as 1926-even be
fore Went's discovery of the auxins! The 
Japanese knew that a fungus, Gibberella 
fttfikuroi, caused a disease of rice, called 
"foolish seedling" disease because it 
made young rice plants grow ridiculous
ly tall. A plant pathologist found that 
extracts of the fungus could produce the 
disease, and, after 12 years of concerted 

effort, workers at the University of To
kyo isolated an active substance which 
they named gibberellin A. By the time 
of Pearl Harbor 'the Japanese had pub
lished seven papers on the substance, 
and six of these had been abstracted in 
the U. S. Twelve more Japanese papers 
appeared during the war. Yet it was not 
until 1950 that anyone outside Japan 
began to study gibberellin. Among the 
first were Stodola and his group in Illi
nois and P. W. Brian and his associates 
at the Imperial Chemical Industries in 
England. Since 1955 U. S. interest in the 
gibberellins has risen to a feverish high. 

At least three gibberellins have now 
been isolated from the culture liquor of 
the fungus. All of these are acids with a 
complex structure [see formula on page 
129]. It is interesting to note that part of 
the structure is' that of a lactone, which 
makes the gibberellins technically mem
bers of the lactone group. 

Plant physiologists have been eager
ly investigating the growth-regulating 
properties of these compounds. B. O. 
Phinney of the University of California 
at Los Angeles was chosen to tell the 
symposium about some of this work. The 
gibberellins have been applied to a large 
number of plants, and have produced 
quite a variety of responses. The most 
consistent and striking response is a 

© 1957 SCIENTIFIC AMERICAN, INC



Holfman Beacon Simulator bench tests 
TACAN-VORTAC for all-weather flying safety 

The Hoffman-developed HLI-103 Beacon Simulator provides a sure, safe way to 

ground test airborne TACAN-and the TACAN portion of VORTAC. 
It duplicates the functions of a TACAN Land Beacon (AN/URN-3) and tests 

airborne units (ANI ARN-21) for azimuth from 0 to 3600 with a ±0.2° accuracy 
or better, .and range from 0 to 200 nautical miles with a ± 0.1 mile accuracy or better. 

The Hoffman Beacon Simulator also tests the AN I ARN-21 at instrument airspeed 
from 0 to 1500 knots, land beacon identity tone and decoding functions-even 

simulates adverse weather conditions to assure complete operational reliability. 

Hoffman HLI·103 simulates the functions of 
TACAN Land Beacons. Photo shows 135 cps and 
15 cps pulse burst detail. Phase relationships 
indicate surface beacon is due east of aircraft. 
Comparison ofinput settings with TACAN dial 
readings determines operational accuracy. 

Hoffman TACAN-VORTAC test instruments, now used by the military services, .are 
also available to aircraft manufacturers, commercial airlines and service operators 

to provide a vital, extra measure of flying safety for air navigation equipment 

from the ground up. Additional information will be promptly sent upon request. PHYSICISTS· ELECTRONICS ANO 
ELECTRO-MECHANICAL ENGINEERS 
Significant developments at Hoffman in the fields 
of TACAN, VORTAC, advanced navigation techniques. 
VLF. HF, VHF, UHF, forward scatter and 

HOFFMAN HLI·103 
BEACON SIMULATOR 

tropospheric communications and advanced ECM 

II 
have created important positions for physicists 

If 
... ,.,;"",," .". �"",. " ..... �". 

cr In a n 
inquiries to Vice·President of Engineering. 

LABORATORIES, INC. 
A SUBSIDIARY OF HOFFMAN ELECTRONICS CORP. 
3761 South Hill Street • Los Angeles 7, California 
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ROCKET POWER PROGRESS REPORT 

Taming Rocket Powerplants 
by Walter O. Borcherdt 

In charge of the Engineering Development Laboratory as 
well as the Valves and Controls Section at RMI, Mr. 
Borcherdt has over a decade of rocket experience. Before 
coming to RMI in 1951, he was senior project engineer on 
controls in the rocket department of Curtiss-Wright Corpo
ration. Mr. Borcherdt received his degree in mechanical 
engineering from Stevens Institute of Technology in 1938. 

Reliability of a rocket powerplant is the direct result of the simul
taneously correct operation of all of its elements. Generally, this is assured 
by overcoming each element's own peculiar development problems. Among 
these elements is one type which has the interesting property of being 
composed of specific components, yet whose operational characteristics are 
significant only in the performance of the entire powerplant system. This 
element is the control system. 

Present powerplant controls requirements are based on these straight-
forward, simple considerations: 

1. Prepare the power plant for firing 
2. Sequence and control the system to rated thrust 
3. Vary thrust rapidly and safely as required 
4. Shut down smoothly 

Step one may require the use of gas pressure regulators and relief 
valves to push the propellants safely from tankage to pumps. There must 
be switches and relays to indi<;:ate or control the valves which admit pro
pellants to the gas generators and combustion chambers, and time delay 
cutouts to insure against unsafe accumulation of propellants. 

In step two, ignition and combustion may be monitored to insure 
correct use of the high energy release rates. Turbines may be safely brought 
up to speed by throttling the propellants. Safety devices may be added to 
limit over-speed and avoid the danger of structural failure. 

In step three, a controller (it may be hydraulic, electric, pneumatic, 
or a combination) is used to vary thrust. Here multiple loop servo systems 
are sometimes used to insure that thrust change rates, turbine speeds, 
vehicle acceleration or terminal velocity, and other parameters vary in a 
coordinated manner. 

Finally, in multiple stage powerplants or piloted vehicles, the rocket 
engine must be shut down safely and the system automatically purged 
of propellant accumulations. 

The successful implementation of these four steps involves the applica
tion of many devices of unique characteristics whose individual selection 
is intimately tied to the following question: 

"What is the actual control system problem to be solved?" 
Once this question is clearly and consistently defined, a tight per

formance envelope results. This makes the few possible solutions fairly 
obvious. The final stage is to apply the knowledge of a team of control 
specialists and proceed through the usual component development stages. 
At RMI, this team of specialists in controls engineering is made up of 
highly qualified mechanical, electrical and chemical engineers. These pro
fessional men have wide experience in the creation of control units and 
systems for rocket powerplants as well as other types of propulsion systems. 
However, there is a continuing need for qualified graduate engineers, able 
to participate in working closely with other groups of specialists, integrat
ing the control system into the overall engine performance envelope. 

The systems approach is of extreme importance to successful rocket 
powerplant control efforts. It is a standard approach of the RMI Controls 
Section. Sequence system design, switching circuit analysis, human engi
neering, feedback control methods, statistical procedures, information 
theory and latest research data on fluid flow control are among the tech
niques used. They are applied along with practical design concepts which 
result in the development of simple but effective controls systems. 

If you desire one or more reprints of Mr. Borcherdt's 
article, or would like to receive further information 
about employment at RM I, write to our I nforma
tion Services Coordinator. Reaction Motors, Inc., 
90 Ford Road, Denville, New Jersey. 
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marked elongation of the plant's stems. 
In citrus trees gibberellin causes the 
stems to lengthen more than sixfold! In 
a survey of 42 plant species, including 
grasses, trees, beets, 'beans, peanuts and 
so on, only three-the white pine, the 
onion and the gladiolus-failed to re
spond by stem elongation. 

The gibberellins have a very interest
ing effect upon some dwarf plants. Brian 
has found that they cause a dwarf 
("bush") pea to grow as tall as a "pole" 
pea plant, and Phinney has made five out 
of nine dwarf mutants of corn grow to 
normal height' by treatment with gib
·berellin. Eleven other growth stimula
tors, including auxin, failed in this test. 
Is it possible that normal corn or peas 
produce gibberellin or gibberellin-like 
substances? There is now reason to be
lieve that they may, for the V.C.L.A. 
workers have discovered that the five 
dwarf mutants of corn can be stimulated 
to grow to normal height by extracts 
taken from young seeds of a number of 
different plants. 

So it appears that great things await 
plant physiologists as they begin to 

examine the substances discussed above. 
The auxins alone have kept students of 
plant growth busy for 30 years. Now 
there are four new groups of growth sub
stances to explore-though it seems pos
sible that the four may merge into a 
smaller number, for the coconut factors 
resemble kinetin in action, and the gib
berellins appear related to the unsatu
rated lactones in chemistry. 

It seems significant that within each 
group of compounds the individual 
members display considerable variation 
in behavior. These variations may be im
portant. Physiologists have hitherto em
phasized the similarities in basic proc
esses (e.g., respiration) among all liv
ing organisms, but it is time to ask the 
question: How do species of plants and 
animals differ in their physiological func
tions? Concrete, meaningful answers 
may be forthcoming from studies of the 
plant-growth regulators. The stimulat
ing factors obtained from horse chest
nuts seem to be clearly different from 
those obtained from coconuts. How 
many of the higher plants have gibber
ellin-like substances? In what amounts 
and to what ends? These are new and 
exciting questions. 

All the textbook notions of plant 
growth will have to be re-examined in 
the light of the new research. Some of 
them will stand and some will fall. Fas
cinating new problems beckon. Will this 
new understanding of normal growth 
help us to solve the problem of cancer? 
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Senior Engineer. BME 
Mechanical Engineering 

Research Physicist. BS 
Physics & Math, MS 

Physics 

Let these 8 men who switched to Reaction Motors 

help you score Your Success Potential in Rocketry 

RMI Task Force Has Prepared A Technical Test You Can Take At Home 

Many engineers and scientists today are turning 
interested eyes toward the expanding field of Rock
etry, aware that this young giant among American 
industries offers unsurpassed opportunities for the 
future. 

Naturally, they are wondering whether their back
grounds fit th!'!m for this demanding field. 

Now Reaction Motors-in cooperation with profes
sional men who have made the transition from 
other fields successfully -has devised a way for 
you to determine in advance your likelihood for suc
cess in Rocketry. They have prepared a purely tech
nical test which you can not only take at home, but 
evaluate for yourself. A sealed envelope containing 
the correct answers comes with the Question Sheets. 

Reaction Motors has two reasons for offering you this 
unusual service: 

1. We need more highly skilled, very creative 

professional men with varied experience to 
meet the current great expansion in rocket 
development projects here. 

2. We want to reduce to the absolute minimum 
the possibility of your making the wrong ca
reer decision. We believe that every man who 
enters a field should have reasonable assur
ance of staying with the field and achieving 
outstanding success. 

Here is your opportunity to discover-quickly and 
easily-whether Rocketry, with its literally un
limited objectives, is for you. 

Note: There is one Question Sheet for Mechanical 
Engineers, another for Ae1'odynamicists, a third 
for Chemical Enginee1's, etc. So please check your 
field in the coupon below, to ensure receiving the 
Test that applies most directly to you. 

FILL OUT AND MAIL THIS COUPON FOR RMI'S SELF·EVALUATING 
TECHNICAL TEST OF ROCKET ENGINEERING POTENTIAL 

Take this test yourself 
in the pfivacy of your home. 

REACTION MOTORS. INC. 
90 FORD ROAD' DENVILLE, N. J. 

ATT:8 Man Task Force 

Please send me your Self-Evaluating TECHNICAL 
TEST for Success Potential in Rocketry 

My Name ______________________________ _ 

My Addressi ___________________________ _ 

REACTION MOTORS, INC. 
"Where today's pioneers cross tomorrow's frontiers" 

Please check your field. 
o Mechanical Engineering 
o Elect. Engineering 
o Chemical Engineering 
o Civil Engineering 
o Aeronautical Engineering 
o Industrial Engineering 
o Physics 
o Chemistry 

1..--__________ 1- _______________ _ ___ _____ _ ____ ...J 
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Professional 
development of engineers 

is basic management policy 
at Ford Instrument Co. 

Engineers accelerate growth of their ability and experience 
at FICo on really important peace and defense projects. 

DO YOU DARE TACKLE TOUGH PROBLEMS? 

The engineer receives the respect and attention he deserves. He must be able to follow through 
a project from start to finish. Jobs are tough and challenging; professional and financial 
rewards keep pace with your ability. 

OUR PROBLEMS NEED YOUR SOLUTIONS! 

The entire project, from breadboard to final design, is the responsibility of the design group 
which first started work on it. You watch each step of progress in the development of a 

new idea to practical reality. 

ENVIRONMENT IS CREATIVE! 

It brings out the best in you, and you can be sure that your fullest capabilities will be called 
upon. FICo environment has to be creative, because its business is research and development. 

CHEAPER ATOM POWER FOR THE SEA is a current ENVIRONMENTAL TEST CHAMBERS like the one 
Ford Inslrument Company study in gas·cooled 
reactors for use in ships. The Atomic Energy Com
mission contract requires FICo to investigate the 
feasibility of building, by 1961, a power plant 
using this type of reactor to power an oil lanker. 
Ford also works on nuclear instrumentation. 

above are used by Ford Instrument Company engi
neers in many projects involving design and devel· 
opment of equipment to be used at extreme 
altitudes or temperatures. Instruments for iet 
engines, for polar na\t'igotion, and Army and Navy 
fire control are FICo products. 

SPECIAL PURPOSE .COMPUTERS, both analog and 
digital, comprise a great portion of the work ot 
FICo. In both types, FICo employs a module 
technology which simplifies not only the problems 
of design and manufacturing, but servicing as  
well. This permits sloe king fewer spare parts and 
allows easy training of personnel. 

FORD INSTRUMENT co. 
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NEW FRONTIERS AT FICo! 

Ford Instrument Company recognizes no limits to the ingenuity of man. For over forty years 
the company has been engaged in the research and development of computer and conh'ol 
techniques. Currently, FICo activities include guidance and control for missiles, airborne anna
ment systems, electronic navigation aids, and extensive work in nuclear reactors and controls. 

THIS IS A COMPANY OF ENGINEERS! 

The President, and many of our top executives are engineers. It's good to know that the man
agement of your company is able to think along with you, to understand you and to appreciate 
your performance. 

WE WANT ENGINEERS OF ABILITY! 

Our qualifications are high, and we want to be sure you match the high standards of our 
present engineering staff. Our projects are too important and too complicated to trust to 
most engineers. 

OPEN DOOR POLICY! 

Executives are always accessible at Ford Instrument Company. You'll feel free to discuss 
your problems with the men who can help you at any time. 

ADVANCEMENT UNLIMITED! 

The FICo conference method of tackling a problem enables you to learn from engineers 
in other scientific fields, thus broadening your knowledge, background and experience. If 
you've got the capabilities you will get ahead. 

• IMPORTANT! 
WHAT WILL YOU DO? 

• 
Besides .encouraging professional 

development and advancement of 
That depends on your specific abilities and experience, but . engi�eers, FICo also provides above 

whatever your assignment, you will eventually be able to • average starting salaries • • •  ful l 

utilize your talents to the fullest. And at the same time,. tuition for related graduate work 

• • •  a fully-paid pension plan • • .  
Ford Instrument Company will provide an environment, • unusually liberal benefits for sick-

challenge and opportunity that will let you influence your • ness, accident and life insurance and 

own rate of advancement and recognition. hospitalization plus much more. 

THE ASN·7 AUTOMATIC NAVIGATION COMPUTER is 
the latest aid to aerial navigation. The system tells 
the pilot where he is, and course and distance to 
destination no matter how he may maneuver. He 
can also store an alternate destination within the 
mechanism for insettion in case of emergency. 

TYPICAL OF FICo is its work in conjunction with 
the Army Ballistic Missile Agency on the guidance 
system for the Redstone Missile and the more 
advanced Jupiter Missile. Ford Instrument Com. 
pany is also working closely with ABMA on research, 
development and design of more advanced systems. 

APPLY NOW IF YOU QUALIFY 
IN ANY OF THESE AREAS: 
• Experienced electrical, electronic, 

and m e chanical engineers for 
computer and control work and 
for missile guidance work. 

• Experienced nucleor engineers 
and .physicists for work on the 
control, metallurgy, physics and 
instrumentation of nuclear reactors. 

We invite engineers to submit quali· 
fications in persan, or by sending 
resumes to Philip F. McCaffrey. All 
applications treated confidentially. 
The brochure titled .. - and it's a 
good place to work I" is yours for 
the asking. 

DIVISION OF SPERRY RAND CORP • • 31-10 Thomson Ave., Long Island City 1, New York 
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Sun Clouds and Rain Clouds 
Once a lnonth, on the average, the earth 

of corpuscles ejected by the sun. There 

intercepts a migh�y swarm 

is new evidence that these 

earth's atmosphere, affect the weather corpuscles, llnpzn{!:1l1{!: 011 the 

O
n January 21 the earth, sailing 
through space in its orbit around 
the sun, ran into a great cloud of 

electrified particles that had been blasted 
Ollt of the sun. Most of the world's popu
lation went about its day's business una
ware of the event. But in the Arctic the 
northern lights put on a brilliant show; 
radar operators in northern regions saw 
brilliant blobs on their fluoresce,nt 
screens; workers at magnetic observa
tories found that their delicate com
passes quivered erratically for a .day or 
two, and radio operators on both sides 
of the Atlantic had trouble transmitting 
their messages for some hours. 

Collisions of the earth with clouds of 
corpuscles from the sun arc not unusual: 
on the average we cncounter such a 
cloud about oncc a month. But they have 
recently taken on a new interest because 
of evidence that the corpuscular blasts 
have an impact on our weather. Studcnts 
of the phenomenon are now hopeful of 
interpreting it to improve weather fore
casting and perhaps to predict weather 
trends over the earth for months or even 
years ahead. 

Astronomers have tried for many years 
to understand these electrified solar 
clouds and their earth effects. In 1896 a 
Norwegian observer, Olaf K. Birkeland, 
first suggest.ed that such clouds, attack
ing our atmosphere, were responsible 
for the mysterious auroras. Later Sydney 
Chapman of the University of Oxford 
and others traced fluctuations of the 
magnetism of the earth to these clouds. 
And about a decade ago Richard A. 
Craig, a young astronomer-turned-me
teorologist who was working for the Air 
Force Research Center in Cambridge, 
Mass., looked into the possibility that 
they might affect the weather. With 
painstaking care he examined barometer 
readings at points scattered over the en-
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byW' alter Orr Roberts 

tire Northern Hemisphere to see wheth
er magnetic storms produced pressure 
changes. His results looked promising. 
Meanwhile Harry Wexler of the U. S. 
Weather Bureau and others were trying 
to find a connection between year-to
year variations in the sun's activity and 

\ 
\ 
\ 
\ 
\ 
\ 

world-wide weather patterns. However, 
the pieces of the jigsaw could not be 
fitted together in any consistent way. 

I n the spring of 1953 Came new clues. 
That spring the sun emitted a series 

of unusually strong and well-defined 

STREAM OF CORPUSCLES {colored dots} expelled by the sun is intercepted by the 

earth. Because the corpuscles are electrically charged, their paths are bent by the earth's 
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corpuscular clouds. Great stre.ams of 
solar particles gushed from the sun like 
water from a giant hose, spraying the 
earth every 27 days as the sun turned 
in space. Late in the spring I talked at 
some length with Ralph Shapiro, a Cam
bridge colleague of Craig, about the 
possible weather effects of the clouds. It 
seemed to both of us an ideal occasion to 
investigate such effects. A few weeks 
later Shapiro wrote me about a baffling 
turn of events which provided a handle 
for the investigation. The Cambridge 
Research Center was experimenting with 
an electronic weather-forecasting ma
chine. Forecasts by the computer were 
based on orderly trends in weather pat
terns. But every once in a while the fore
cast was thrown off by a sudden "bust" 
in the persistence of the trends. Shapiro 
noticed that these busts seemed to follow 
about two weeks after a corpuscular 
cloud from the sun swept the earth. 

He made a systematic survey of 
weather patterns over North America (a 
region, by the way, of unusually com-

plex and variable weather) and dis
covered that the persistence of trends 
broke down noticeably about 10 to 14 
days after the earth's encounter with a 
corpuscular cloud. Three years of hard 
work on more than 40 years of weather 
records have now established convinc
ingly that the sudden breaks (i.e., large
scale changes in the weather picture) 
are related to the solar corpuscular 
streams. We have no guide yet for pre
dicting which way the weather will jump 
after an encounter with a solar cloud. 
Moreover, these encounters do not al
ways lead to weather changes, so we 
cannot be sure that something will hap
pen in any specific instance. Scientists 
must not, however, be too impatient in 
attempting to force secrets from nature; 
they are intricately woven, or else they 
would have been unraveled long ago. 

In mid-April of 1955 I spent a morn
ing with Henry T. Harrison, direc
tor of meteorology for United Air Lines. 
We looked at weather maps of the dust 
bowl area in the Southwest for the first 

few months of 1955 to see if there was 
any relationship between solar out
breaks and the occasional periods of 
scattered rainfall. To our delight we 
found a pattern in Colorado which fitted 
Shapiro's work perfectly. Thirteen days 
after each of the four largest sun-cloud 
collisions with the earth, there was a 
sudden break in the drought pattern, 
and rain or snow fell for a few days in 
eastern Colorado. 

On the 27th of April came a powerful, 
abrupt, magnetic storm from a solar cor
puscular cloud. I called Harrison and 
predicted that, according to our previous 
experience, we could expect a sudden 
break in the normal westerly wind flow, 
and rainfall, on the 10th of May. The 
next few days were nervous ones for me. 
The weather grew hotter and the west
erly winds stronger. While we were wait
ing I happened to receive a letter from 
a scientific rancher of Greeley, Col., ask
ing what the prospects were for a break 
in the drought. Our research was too 
speculative for me to dare tell him my 

." � . 

magnetic field. Thus they tend to plunge into the earth's atmos· 

phere over the magnetic poles. In this drawing the earth and the sun 

are seen along the plane of the earth's orbit around the sun. The two 

bodies and the distance between them are not represented in scale. 
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prediction. I merely ventured to say that 
we should have rain before too long (a 
drought always ends sooner or later!). 
And I sweated it out. 

The weekend of the 7th and 8th of 
May there was still no sign of rain. The 
Denver area had been rainless for 24 
straight days. On the motning of the 9th 

the weather forecasts still predicted no 
break. But by the time the late afternoon 
papers of May 9 hit the Denver streets, 
showers had begun. By 8 p.m. there was 
a great wind change. The west wind 
diminished, and cold polar air flowing 
southward along the east side of the 
Rockies met warm, moisture-laden air 

from the Gulf of Mexico. The result-a 
soaking rain which got under way during 
the night and fell heavily all day on the 
10th of May, as predicted. 

.N every meteorologist knows to his 
sorrow, one correct forecast does 

not prove a method. Long, painstaking 

CORPUSCLES ejected by the sun are revealed by this photograph 

of the solar corona, made in the Sudan during the total eclipse of 
1952. The light recorded in the photograph is due to the radiation 

of free electrons associated with clouds of electrons and protons_ 

X·RAYS AND FAR ULTRAVIOLET radiation emitted by the sun 

may be associated with solar outbursts such as these coronal arches. 

The light recorded in this photograph is due not to electrons but to 
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the green spectral line of the corona. The photograph was made 

with the coronagraph at the Sacramento Peak Observatory in New 

Mexico. The coronagraph artifici(llly eclipses the disk of the sun. 
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NEW CONTROL TEST HELPS MAINTAIN 
HIGHER PURITY OF SUNOCO TOLUENE 

Result: You Can Make Higher Quality Products 
A new Saturate Impurities Test, developed by Sun, 

helps guarantee you a minimum toluene purity of 

99.5%, with an aromatic content of at least 99.8%. 
By using high-purity Sunoco® toluene you can get 

better quality control in your products with higher 

yields and lower production costs. High purity 

also improves your product color and reduces 

chance of catalyst poisoning. 

Sunoco toluene consistently surpasses the highest 

quality standards. Olefinic impurities, determined 

by the Bromine Index Test, never range over 25 

INDUSTRIAL PRODUCTS DEPARTMENT 

parts per million. (Many reagent and other nitra

tion grades contain as much as 500 to 2,000 parts 

per million.) Sunoco toluene is sulfur-free and 

contains no gum-forming compounds. 

For samples and full information, see your Sun 

representative. Ask for Technical Bulletin 27. Or 

write to SUN OIL COMPANY, Philadelphia 3, Pa., 

Dept. SA-4. 

OTHER SUNOCO PETROCHEMICALS: Benzene, Xylene, Naphthenic 
(Sunaptic) Acids, Propylene Polymers, Anhydrous Ammonia, 
Petroleum Sulfonate, Sulfur, and Liquid Petroleum Polymer. 

SUN OIL COMPANY PHILADELPHIA 3, PA. 

In Canada: Sun Oil Company Limited, Toronto and Montreal © Sun 011 Company 
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research must still be done on the cor
puscular-cloud theory, and the final story 
will certainly not be simple. It will 
clearly be necessary to take into account 
the state of the upper and lower atmos
phere before the corpuscular cloud hits, 
in order to be able to predict what, if 
anything, will happen to the weather. 
But one thing is sure: we have in Sha
ph'o's work an important and speCific 
clue which ties certain weather changes 
to activity on the sun. I, for one, am 
convinced that this is an important sub
ject for intensive research. 

E. D. Farthing, a meteorologist with 
Trans World Airlines, has been investi
gating another possible influence of the 
sun on our weather. His interest is the 
corona-the luminous halo that sur
rounds the brilliant face of the sun. 
Thanks to corona graphs such as ours at 
Climax, Col., the corona can now be 
studied and measured from day to day, 
and its earth-effects evaluated. Farthing, 
studying weather maps for the Kansas 
City area, found that the thermometer 
usually drops sharply when regions of 
the corona giving forth powerful emis
sions cross the center of the sun's face. 
His observations cover only a compara
tively shoJt period (two years) and are 
difficult to explain, but they are linked 
in tantalizing fashion to other suspected 
effects of the sun on weather. 

The strong emissions from the corona 
are believed to be associated with X-rays 
and ultraviolet rays. In some way these 
radiations may strengthen our world
wide patterns of wind flow. The powerful 
X-rays and ultraviolet rays, fortunately 
for us, are stopped 50 to 100 miles above 
the earth's surface by our shielding 
atmosphere. But perhaps the satellite 
rockets soon to be launched will help us 
to test our speculations about these radi
ations. They will be able to circle the 
earth far above the protective shield, 

SUDDEN BREAK in the trend of the weath· 

er came 12 days after a magnetic storm dne 

to a solar corpnscular cloud on April 27, 

1955. The map at the top of the opposite 

page shows the pattern of high.altitude 

winds over the western U. S. from April 27 

to May 5. The map in the middle shows the 

pattern of winds from May 5 to May 10. On 

May 9 it rained in Denver (dot) because of 

a "cut·oll''' (short arrows) which deviated 

f rom the pattern. The curve at the bottom 

shows the rise and fall of an index of dis· 

turbance in the earth's magnetic field. The 

tall peak to the right is the magnetic storm 

of April 27. The broken lines indicate the 

sudden commencement of magnetic storms. 

Reserved for yOU ... 

Mr. Chemical Engineer! 
• • • • • • • • •  0 • • • • • • • • • •  0 • • • • • • • • • •  ', �_�' 

new 

TRONA catalog 
Fact-packed, basic and 

vital ... now in one handy 

volume all you want 

to know about TRON A's 

diversified chemicals by 

the pound for research or 

by the ton for production. 

* BORON CHEMICALS 
* SODA ASH 
* SALT CAKE 
* MURIATE OF POTASH 
* SULPHATE Of POTASH 
* LITHIUM CHEMICALS 
* BROMINE CHEMICALS 
* SODIUM CHLORATE 
* POTASSIUM CHLORATE 
* AMMONIUM PERCHLORATE 
* MANGANESE DIOXIDE 
* INSECTICIDES 
* FUMIGANTS 
* REFRIGERANT CHEMICALS 

S.END FOR YOUR COPY TODAY. No use?' 0/ basic chemicals should 

be without this valuable products catalog. A request on 

your company lettel'head will be answered pl·omptly. 

� American Pota�h & Chemical COlporation 
3030 WEST SIXTH STREET. LOS ANGELES 54. CALIFORNIA 

Los Angeles ' New York ' San Francisco ' Atlanta ' Portland (Ore.) 
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carrying instruments to record the day
to-day X-ray and ultraviolet changes as 
the sun's corona changes. The data ob
tained may well bring long-sought an
swers to important questions of upper 
atmosphere physics as well as long-range 
weather forecasting. 
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Various other theories about the 
weather effects of solar changes are un
der study. One is that solar outbursts 
cause our high-level wind systems to 
change their strength and direction. An
other is that solar activity may influence 
the direction of hurricanes. Long remem-

bered will be the hurricanes that ripped 
the East Coast of the U. S. in the fall of 
1954 and of 1955, causing frightful dam
age. These particular series of storms 
veered west of the usual course of hurri
canes as they swept northward from 
Florida, so that they came over the coast 
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BRIGHTNESS OF CORONA due to corpuscles is traced in the 

curve at the top, which was recorded by Gordon A. Newkirk with 

the coronameter at the High Altitude Observatory of the University 

of Colorado (see drawing on next page). By means of such record· 
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ings it is possible to plot the actual outline of the corona (bollom). 

The corona due to the electrons among the corpuscles is outlined 

in black. The corona traced by the green spectral line, which was 

::5eparately measured with a coronagraph, is outlined in color. 
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From one source 
-

... reactor instrumentation for every need 
As soon as you start planning controls for 
your nuclear reactor, consider the advan
tages of having Honeywell design, engineer, 
assemble, test and service your instrumenta
tion for you. 

Honeywell can supply all the instrumenta
tion you need-a single amplifier, thermo
couple or recorder, or a complete custom
made, packaged system. 

From this one reliable source comes first
quality instruments, designs that have been 
proved in practice since the very inception 
of the atomic energy program, specialized 
engineering assistance . . . and undivided 

responsibility for your installation. From the 

industry's largest-by-far service organiza

tion, you get all the help you need with 
installation, startup and maintenance of 
your controls. 

When your plans begin to take shape, con
tact your nearby Honeywell sales engineer 
for assistance. He's as near as your phone. 

MINNEAPOLIS-HoNEYWELL REGULATORCO., 
Industrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa.-in Canada, 
Toronto 17, Ontario. 

Honeywell 
B ROWN INST R U ME N TS 

H �tk,� 
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Only the men are flying 
The fact is, men beat birds at 

"their own game. Even when our 
feathered friends are grounded, we're 
aloft; flying ever higher, faster, safer, 
further. And, unbelievable as it may 
seem, more accurately. 

Among the companies spear
heading man's conquest of the sky 
are nine of the GPE Group. Their 
contributions are basic-technologi
cal bench marks such as-

• the only compass systems 
that always know where north is, 
whatever the plane does, wherever 
it goes: Kearfott's stable-platform 
gyro compasses; 

• the only simulators to meet the products of the GPE companies 
the need for on-the-ground training - particularly in the field of avia
in supersonic flight: famous Link tion-serve defense needs today, the 
jet simulators; important scientific advances they 

• the only airborne navigation embody are "plowshares" for to
systems in operational use guiding morrow. 
planes automatically and with un- Aviation is but one industry in 
precedented accuracy - anywhere, which GPE companies work. A bro
in any weather: GPL Doppler auto- chure describing the activities of the 
navigators. group is available. More than a 

Inertial navigation, missile guid- dozen basic industries are served by 
ance, photoscience, and certain nu- products resulting from GPE coor
clear power applications, are some dinated technologies and resources. 
other phases of aviation in which 

I 
G PE companies are deeply and 
jointly involved. And while many of 

GENERAL PRECISION EQUIPMENT CORPORATION 
PRINCIPAL PRODUCING COMPANIES. Askania Regulator . GPL • Grallex • Griscom·Russell 

Hertner Electric · Kearlott • Librascope • Link Aviation • Pleasantville Instrument· Precision Technology . Shand and Jurs • Simplex Equipment. Strong Electric 
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man aloft 

The pilot - before he set ey<.'s on this 
jet, before he set hand to the actua! controls 
- had already "flown " it. He learned how. 
on the ground, in a Link F-I02 Simulator 
... one of more than a million fliers who 
have logged "Link time." Millions more will. 

Military flight and fliers benefit im
measurably from the systems and equip
ments developed by GPL, Kearfott, Libra
scope and the other GPE companies working 
in aviation. Once these classified products 
are released for civilian use, everyone will 

. enjoy their benefits. 

The coordinated resources of the 
companies of the GPE Group, so ef
fective in anticipating and meeting 
the needs of flight, serve with equal 
effectiveness other industries such as: 

Automatic Controls and Instrumentation 

Chemical and Petroleum 

Marine 

Motion Picture and Television 

Paper, Printing and Textile 

Power Generation and Conversion 

Steel, Mining, Transportation 

For brochure describ
ing the work of the 
GPE Group, write to: 
GENERAL PRECISION EQUIPMENT 
CORPORATION, 92 Gold Street, 
New York 38, New York. 

instead of blowing out to sea. Moreover, 
most of them, unlike usual East Coast 
hurricanes, intensified as they moved 
north. Why this unusual behavior? 
Jerome Namias of the Weather Bureau 
says that during the seasons in question 
the coastal low-pressure troughs were 
farther west than usual and drew the 

REFLECTING CONE 

L.'::�::��::::':::""::� VARIABLE APERTURE 

FIELD LENS 

CALIBRATING PLATE 

COMPENSATING PLATE 

1U:::§::::::===�-"':' ROTATING fr:Giii;;,:;;;;;::�fi=li"�� HALF·WAVE PLATE 

FIELD STOP AND 

COLORED GLASS 

QUARTER·WAVE PLATE 

ADP CRYSTAL 

POLAROID 

PHOTOTUBE 

CORONAMETER of the High Altitude Ob· 

servatory is shown in cross section. The reo 

fleeting cone and various filters serve to 

suppress the light of the sun's disk so that 

the much fainter light of the corona may be 

observed. Where the corona graph makes di

rect photographs of the corona, the corona

meter measures the brightness of the corona. 

Preserve 
your copies 
of 
SCIENTIFIC 
AMERICAN 

« A handsome and durable library 

file or binder in which to keep your 

copies of SCIENTIFIC AMERICAN. 

« Both styles bound in dark green li

brary fabric and stamped in gold leaf. 

FILE (shown at right): 

Holds 12 issues. Single copies easily 

accessible. Price: $2.35 (U . S .A. only). 

BINDER (shown at left): 

Holds 6 issues. Copies open flat. 

Price: $2.50 (U .S . A. only). 

Address your order, enclosing 

check or money order, to: 

r-----------------l 
I Department F (File) or A (Binder) I 
I I 
I SCIENTIFIC AMERICAN I 
I 415 Madison Avenue I 
I I 
I New York 17, N. Y. I L _________________ � 
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PLANT 
LOCATION 

FACTS 

Pin-pointing 
your markets. 

present and potential 
New York State is the world's 

greatest market. And it is ad
jacent to other major markets. 

If being close to your markets 
is a major factor in your plant site 
analysis, you will want complete 
marketing facts on which to base 
your locational decision. Supply
ing such facts is our business. 

For consumer goods, we will 
provide the data with which you 
can appraise markets that can be 
reached competitively from any 
specific location in New York 
State. If your customers are in
dustrial, we will provide you with 
summaries of types, size and dis
tribution of the industries in which 
you are interested within the New 
York State marketing area. 

Markets won't be your only 
problem in deciding on a new 
plant location. You will want com
plete facts on labor, water, avail
able sites or buildings, power, fuel, 
transportation and raw materials. 
And you will want information on 
these as they apply to the success
ful operation of a specific plant. 

A tailor-made report 
Any or all of the factors import
ant to your consideration will be 
covered in a confidential report to 
you-tailored to your needs. It 
will be prepared by a professional 
and experienced staff to cover 
either New York State locations 
of your choice, or, if you wish, 
sites which we will select on the 
basis of your needs. 

Our booklet, "Industrial Location 
Services," explains what we can do 
for you. To get your free copy, write 
me at the New York State Depart
ment of Commerce, Room 556 M, 
112 State Street, Albany 7, N. Y. 
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hurricanes inshore. Perhaps the sun was 
to blame. Its activity was at an extraor
dinarily low ebb in these years. An edu
cated guess is that a deficiency of energy 
high in the earth's atmosphere (where 
the sun's invisible radiations are concen
trated) was somehow responsible for de
Rection of the pressure trough. If the 
guess is right, conditions should change 
in the years immediately ahead, and the 
East Coast should be spared a repetition 
of these frequent damaging storms. 

H. C. Willett of the Massachusetts 
Institute of Technology believes that 
long-term changes in solar activity are 
responsible for prolonged droughts. Our 
western prairies were once a desert, and 

some climatologists believe that during 
three out of four centuries for the past 
2,000 years they have been drier than 
now. Meteorologists have noticed that 
sometimes storms in North America tend 
to follow a northerly path, leaving the 
"dust bowl" dry, hot and windy while 
great sections of Canada feel the change 
in colder and wetter weather. These 
anomalies persist for months or even 

years. Willett has collected a number of 
self-consistent clues, all of which pOint to 
solar changes as the cause of such long
term trends. He admits that singly these 
clues fall far short of being conclusive, 
but insists, and I agree with him, that in 
the aggregate they form a pretty strong 
case. He expects that further research 
will make it possible to predict rainfall 
and temperature trends over large areas 
and long periods. Long-range drought 
forecasts, if he is right, are in the offing, 
because the sun has long-term trends 
which the solar specialist can foretell. 
Willett predicts, by the way, a return to 
colder and stormier winters in the dec
ade or two just ahead. 

History and legend stand testimony to 
man's frailty before the elements of 

weather. Every area of earth is depend
ent on weather. Cycles of arought and 
Rood govern much of the flow of history. 
At the level of everyday events, a change 
on the sun may push a jet stream of fast
moving wind 500 miles south of its usual 
course and thus shorten a cross-country 
airplane Right by an hour or more. Com
merce and industry depend on weather. 
Farmers, sailors, fashion designers, base
ball players, hot-dog vendors, resort 
operators-in fact, all of us have a strong 
economic and personal interest in the 
weather. So it is very much worth while 
to gamble more research funds on the 
problem. My bet is that the best chance 
for improving our ability to forecast the 
weather lies in acquiring a more detailed 
understanding of the vagaries of the sun. 

ENGINEER 
of hi-gh 
.. bUI.y 

Through the 

efforts of engineers 

The Garrett Corporation 

has become a leader in many 

outstanding aircraft component 

and system fields. 

Among them are: 

air-conditioning 

pressurization 

heat transfer 

pneumatic valves and 
controls 

electronic computers 
and controls 

turbomachinery 

The Garrett Corporation is also 

applying this engineering skill to the 

vitally important missile system 

fields, and has made important 

advances in prime engine 

development and in design of 

turbochargers and other 

industrial products. 

Our engineers work on the very 

frontiers of present day scientific 

knowledge. We need your creative 

talents and offer you the opportunity 

to progress by making full use of 

your scientific ability. Positions 

are now open for aerodynamicists 

. .. mechanical engineers 

. .. mathematicians ... specialists in 

engineering mechanics ... electrical 

engineers ... electronics engineers. 

For further information regarding 

opportunities in the Los Angeles, 

Phoenix and New York areas, 

write today, including a resume 

your education and experience. 

Address Mr. G. D. Bradley 

CORPORA ... ION 

9851 So. Sepulveda Blvd. 
Los Angeles 45, Calif. 

DIVISIONS 
AiResearch Manufacturing, 

Los Angeles 
AiResearch Manufacturing, 

Phoenix 
AiResearch Industrial 

Rex - Aero Engineering 
Airsupply - Air Cruisers 

AiResearch Aviation 
Service 
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Because most missiles and drones are 
self-destructive, it is important that the 
components· in their guidance systems 
be both highly accurate and dependable 
and be producible in quantity at low 
cost- The AiResearch servo-controller 
meets the above requirements. 

It operates as follows: an AiResearch 
servo-amplifier weighing less than _7 of 
a pound amplifies electric signals from 
an inertial guidance source and 

THE 

Simple servo-amplifier ... actuator 

system achieves maximum speed of 

response with high stability 

converts them to command signals_ 
These in turn are transmitted to an 
AiResearch electrically-powered light 
weight linear actuator which adjusts 
control surfaces of missile or drone to 
maintain a predetermined course_ 

The servo-controller can operate 
from either a DC or AC power supply. 
It can also be designed to take signals 
from <:elestial, telemetering or pre
programming sources to maintain or 

readjust the course of its pilotless air 
vehicle. It is another example of the 
AiResearch Manufacturing Division's 
capability in the missile field. 

Inquiries are invited regarding 
missile components and sub-systems 
relating to air data, heat transfer, 
electro-mechanical, auxiliary power, 
valves, controls, and instruments. 

Outstanding opportunities jor quali
fied engineers_ 

CORPORA .... O. 

�IiResearch Manufacturing Divisions 
Los Angeles 45, California • • •  Phoenix, A rnona 

Designers and manufacturers oj aircraft and missile systems and components: REfRIGERATION SYSTEMS . PNEU,UTlC VAlVES AND CONTROLS . TEMPERATURE CONTROLS 

CAIIIN AIR COMPRESSORS .. TURBINE MOTORS .. GAS TUIIINE ENGINES .. CABIN PRESSURE CONTROI.S .. HEAT TRANSFER EOUIPMENT .. ELECTR()'MECHANICAL EQUIPMENT .. [lEeTRONte COMPUTERS AND CONTROLS 
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IN GOOD TIMES OR BAD 

Paper is needed whatever the times. I n good times the paper industry prospers first. In 

bad, it suffers least. I n fact, through the boom and bust and boom of the last thirty years, 

paper production has grown at the average annual rate of 720,000 tons. Both growth and 

stability characterize the industry. 

Since 1870, Huyck (pronounced Hike) has kept pace with paper industry expansion. 

F. C. Huyck & Sons are leaders in the manufacture of papermakers' felts, and paper

makers' felts are used on every paper machine in the world. 

A Huyck felt is a precision-made fabric which may be woven as wide as 55 feet and as 

long as 300 feet, and it may carry a price tag close to $5,000. So vital is the "right" felt 

that Huyck engineers analyze each machine and process before they design and custom

fabricate this essential machine part -which has an average life of only about three weeks. 

Huyck's highly specialized technical knowledge and manufacturing equipment distin

guish the company in its own industry. Huyck's preeminent research work and field expe

rience have established the company's engineersas recognized consultants to papermakers. 

Huyck continues to grow as an integral part of the prospering paper industry. 

HUYC�'"FELT DMSION OF 

F. C. Huyck & Sons, Rensselaer, N. Y. 

Plants at Rensselaer, Aliceville, Ala., 

Cavendish, Vt., Peterborough, N. H. 

Arnprior, Ont., Canada. 

WALDORF Instrument Co. Division Plants 

at Huntington Station 

and Dix Hills, L. I., New York 

F.c.HUYCK&SONS 

15 1 
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Here's the latest 

on LithiuIn 

METAL DISPERSIONS 
Got a catalyst problem? 
Interest sparked by the discovery that 

lithium metal dispersions make unique 

polymerization catalysts (the poly

merization of isoprene to a "natural" 

rubber) indicates a heretofore unex

ploited instrument of research. 

Conseq uen tly, Li thi um Corporation 
Microscope and Illuminator by American Optical Company, Instrument Division, Buffalo, 
New York. Polaroid® Land Camera by Polaroid Corporation, Cambridge, Massachusetts. 

is now making available experimental 

quantities of dispersions of this highly reactive 

metal. These dispersions may be purchased in 

either mineral oil or a mineral oil-petrolatum 

combination as the dispersing medium. Dis

persions in other media are available as special 

items. The "package" is obtainable in five 

sizes from 25 grams to 1 pound. Over 90 % 

of the lithium metal particles have a diameter 

less than 25 microns. 

Specifications, information for preparing 

the dispersions including handling instruc

tions, prices and product data on lithium 

metal may be obtained by submitting a re

quest on company or institutional stationery. 

LITHIUM CORPORATION 
OF AM E RIC A, INC. 

2685 RAND TOWER, MINNEAPOLIS 2, MINH. 

PROCES S ORS OF LITHIUM METAL. METAL DISPERSIONS. METAL DERIVA- BRANCH SALES OFFICES : New York. Pittsburgh. Chicago. MINES: Keystone, 
TlVES: Amide . Hydride. Nitride. S ALTS: Bromide . Carbonate. Chloride. • Custer, Hill City, South Dakota. Bessemer City, North Carolina. Cat Lake, 
Hydroxide. SPECIAL COMPOUNDS: Aluminate. Borate. Borosilicate. Cobaltite Manitoba. Amos Area, Quebec. PLANTS: SI. L ouis Park, Minnesota. Bessemer 

• Manganite. Molybdate. Silicate. Titanate. Zirconate. Zirconium Silicate City. North Carolina. RESEARCH LABORATORY: SI. Louis Park. Minn. 
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by James R. Newman 

PORTRAITS FROM MEMORY AND OTHER 

ESSAYS, by Bertrand Russell. Simon 
and Schuster ( $3.50 ) . 

I
t must be accounted remarkable that 

no one has yet published a biogra
phy of Earl Russell. He is the fore

most living philosopher and a profound 
logician who with Alfred North White
head created Principia Mathematica. In 
the absence of a Nobel prize for philoso
phy or mathematics, he received the 
prize for literature. Two generations 
have been instructed by his ideas, de
lighted by his wit, stirred by his inde
pendence-and not infrequently spanked 
by him for their lack of it. Not all cre
ative thinkers lead interesting lives. It 
may be there is not much more to say 
about Immanuel Kant than that he was 
punctual, and about Willard Gibbs than 
that he rode regularly with his sisters in 
a carriage around the block. Russell's 
case is different. He has had an eventful 
life . He has cared about many things; 
education and physics, political power 
and the philosophy of marriage, ethics 
and relativity, Bolshevism and the foun
dations of mathematics. He has not only 
thought his thoughts but lived them . 

In this collection of Russell's essays, 
several are autobiographical. They con
firm the impression that his life has been 
as fascinating as it has been fruitful .  He 
has written, as I understand, a full auto
biography, but by his direction it is not 
to be published until after his death. For 
the present he edifies us with glimpses 
and fragments . A few years ago he wrote 
a sparkling essay called "My Mental 
Development," which imparted a good 
deal of information about the growth of 
his ideas . 

Russell was born on M ay 18, 1872, the 
younger son of Viscount Amberley and a 
grandson of Lord John Russell, a liberal 
statesman who introduced the famous 
Reform Bill of 1832. Russell's parents 
died before he was four years old, and he 
was brought up by his paternal grand-

BOOKS 
Bertrand Russell's reflections 

on his eventful life and times 

mother at Pembroke Lodge in Richmond 
Park, the home which Queen Victoria 
had given to John Russell. Bertrand's 
grandmother was a puritan, and the 
habit of her home was austere. Young 
Russell had to practice piano every 
morning between 7; 30 and 8 before the 
fires were lit. Then came prayers. "Cold 
baths all year round were insisted upon." 
Food was simple, but "if it was at all 
nice" -apple tart, for example-it was 
considered "too good for children" and 
the boy would be served rice pudding. 
The Countess herself spartanly refused 
to sit in an armchair except in the eve
ning, viewed alcohol and tobacco with 
disfavor and prized only virtue. "She 
had that indifference to money which is 
only possible to those who have always 
had enough of it." She wished for her 
children that they live useful and decent 
lives, not that they achieve "success" or 
marry "well." Above all she believed in 
private judgment and the "supremacy of 
the individual conscience." These values 
were deeply implanted in Russell. 

Besides this spiritual legacy, he in
herited from his ancestors the genes of 
longevity and good health. His paternal 
grandmother lived to be over 80 ; a great 
grandmother lived to the age of 92 and 
"to her last day remained a terror to all 
her descendants"; his maternal grand
mother had 72 grandchildren, was a 
founder of Girton College and, after 80, 
when she found difficulty in getting to 
sleep, used to read popular science from 
midnight to 3 a .m. The only one of 
Russell's remembered ancestors who did 
not live to a great age "died of a disease 
which is now rare, namely, having his 
head cut off." 

The house in Richmond Park was 
lonely for a child. There were no other 
children to play with, and Russell's edu
cation until he was 18 came entirely 
from governesses and tutors. He became, 
as he describes himself, "a shy, priggish, 
solitary youth." There was rebellion in 
him, directed mainly against the theo
logical opinions of his family. They for
bade him to read the books in his grand
father's library, so he read them and 
became interested in history. At the age 

of 1 1  he discovered Euclid, "a great 
event in my life." He grew to love phi
losophy, which his family "profoundly 
disapproved." His intellectual tastes 
were made, one might say, by opposites. 
He had a disconcerting way of looking 
for proofs of things which grownups sim
ply asserted. He recalls that he was told 
when he was five that the earth is round. 
He refused to believe it. Thereupon the 
vicar of the parish, who was Whitehead's 
father, was called in to persuade the boy. 
After listening to clerical authority, Ber
h·and decided to experiment by digging 
a hole "in the hopes of emerging at the 
antipodes." When they told him this was 
useless, his doubts revived. 

At the age of 18 he went to Cam
bridge.  A new world opened for him . 
He could speak his mind and ask irrev
erent questions. He was not "stared at 
as if he were a lunatic" or "denounced 
as if he were a criminal." The University 
had a number of eccentrics and a few 
exceptionally gifted thinkers and teach
ers. One of the Fellows had the amiable 
habit of chasing offending guests with 
a red-hot poker with a view to murder. 
No one seemed to mind this peculiarity, 
because, owing to a game leg, he never 
caught the persons he was after. Besides, 
he was a charming man and was roused 
to fury only when someone sneezed . 
Russell's mathematical coach went mad, 
''but none of his pupils noticed it" until 
he had to be shut up. 

Russell's favorite dons at Cambridge 
were Sir James Frazer, author of The 
Golden Bough; Sir George Darwin, the 
mathematical physicist; Sir Robert Ball , 
another mathematician ; Sir Richard 
Jebb, the great Greek scholar, and the 
philosophers Henry Sidgwick and James 
Ward. Sidgwick was known for having 
one joke in every lecture. The students 
waited for it, and after it was told, "they 
were inclined to let their attention wan
der." He had a stammer which he used 
effectively. A learned German once said 
to him, "You English have no word for 
Gelehrte [man of learning]." "Yes, we 
have," Sidgwick replied, "we call them 
p-p-p-p-prigs." 

Whitehead, who was already a fellow 
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PH I lOSOPH ICAl 
II BRARY BOOKS 
o CONSTRUCTING AN ASTRONOMICAL TELESCOPE 
by G. Matf.heW80JJ. A detailed guide book for the expert as 
well as the beginner. Second redsed edition. Pully illus
trated. $4.75 

o DICTIONARY OF MATHEMATICS by C. H. Mc· 
/Jowell. A concise definitive dictionary for students and the 
general reader. Many illustrated 8:lJamples. $2.75 

o HISTORY OF MATHEMATICS by Josepl/ E. Hofmann. 
In a wealth of detail Professor Hofmann explores the number 
systems and mlO!thods of ancient peoples. the role of the great 
translators of the Middle Ages, the problems and tensions 
of the Scholastic period. NumerOllS works of Renaissance and 
Early Baroque mathematicians are disclissed. emphasizing 
developments which helped to P3\'C the way for modern 
concepts. $ 4.75 

o AETH ER AND ELECTRICITY by Sir Edmund Whit
taker. The first exhaustive history of the classical and mod
ern theories of aeUler and electricity. Set of two volumes. 

$17.50 

o ELECTRONIC COMPUTERS by 1'. E. IvaU. A non· 
mathematical introduction to the mechanism and application 
of computers emplo:ring valves and transistors. Both digital 
and analogue computers are covered, the bulk of the book 
being del'oted to describing their circuitry, while their 
rapidly de\'eloping applications in industrY, commerce and 
science' are so outlined. In the final chapter. the future e\'o
lution of computers is discussed. 40 drawings and 25 
pllotos. $10.00 

o ENCYCLOPEDIA OF ATOMIC ENERGY by Frank 
Gaynor. More than 2000 entries defining and explaining 
concellts and terms in nuclear phYsics and atomic energy 
makes this volume a vital handbook for all those concerned 
with atomic science. Illu8trutiQns� t1wrts, tables. tor.5 0 

o TH E GYROSCOPE APPLI EO hy Ie 1. T. Richardsoo. 
A book. The GyrOScolle and Its Applications, was published 
in 194 G when secrecy restrictions prevented reference to 
many interesting achievements and possibilities. Since then 
considerable technical advances hal'e been made and the 
secrecy restrictions have been relaxed to some extent. al
though they still apply in many instances. The present book 
therefore, ba<:ed on that published in 1946. has been almost 
entirely rewritten descrilJing much that is new but at the 
same time incorporating most of the information given in 
the first ,'ersion. although this is presented in a different 
manner and in some cases from a different viewpoint, $15.00 

o OUT OF MY LATER YEARS by Albert Einstein. The 
distinguished physicist. always an independent and uncom
promiSing thinker. deals with the most urgent Questions of 
modern society: Social, religious, educational, and racial 
relationships. $ 4.75 

o ESSAYS IN SCIENCE by Albert Einstein. An abbre
viated edition of some of the papers of the distinguished 
phYsicist. $2.75 

o THE WORLD AS I SEE IT by Albert Einstein. Ein
stein's first collection of his own charming. intimate, witty 
and shrewd obsen·ations. Set forth are his own prOl'ocative 
thoughts on life. on the world about him and on his scientific 
labors. A few of the many 8ubject8.- ']'he Meanin� of l.ife
Good and E\'il-Wealth-G. Bernard Shaw-Women and 
War-Christianity and Judaism. $2.75 

o ORNITHOLOGISTS' GUIDE edited by Major-General H. P. lV. Hutsoll. A Docket encyclopedia of bird study Ilre
Ilared b.Y eminent American and British authorities. The 
book contains articies on field recognition, classification, 
collecting, plUmage. habitat. migration. navigation. sea 
birds, etc. There is an extensi\'e glossary. Illustrated. $1 0.00 

o DICTIONARY OF POISONS by 1. and E. Mellan. 
Co\>ers all organic and jnorganic poisons, their composition, 
occurrence, effects, prel'ention. antidotes. etc. $4.75 

tJ ORIENTAL MAGIC by S. 1. Shah. The first book in any 
language to correlate the magical tradition and technique,; 
of the West with those of the Middle and Far East. The 
author is President of The Oriental Culture League. 
Illustrated. $ 7 . 5 0 
o A TREASURY OF PHILOSOPHY edUed by Du(}obert D. Runes. Here is one of the most comprehensiYe colhictions 
of philosophical writings el'er to be gathered between the 
two covers of one book. In a text of orer 1,200 pages, under 
the more than 375 separate entries, are to be found, not 
only the gre�t. phllos.ophers of the West. but the important, 
and less fallllhar, thIllkers of the Orient. $10.00 

o THE ART OF PAINTING by Leonardo da Vinci Re
Illiblication of the famous standard work by the renowned 
Italian Medieval polyh.istor. Ricl!ly iUustrat�d with prac
tical grapl18 by da ViliCi himself. $4.75 

o POCKET ENCYCLOPEDIA OF MUSIC by H. Dezter .£ R. 'J'obin. A. miniat.ure encyclolledia explaining alI im
portant terms. Issues, lIlstrllments and personalities in the 
field of music. lll-ustrated. $2.75 

o ALBERT SCHWEITZER-The Story of His Life by 
Jean Pierhal. 'l'he new authoriz-ed biography of this most 
unusual man, describing his childhood experiences. his re
searches. and trayels. !lis suffering and dedication, makes 
fascinating and lllspirIllg reading. Illustrated with 35 un
usual pliotographs. $ 3.00 

o THE ROAD TO I N� .ER FRE�DOM by Baruch Spinoza. 
A new and re\'lsed edItion of SPllloza's main work with a 
biographical sketch by Dagobert D. Runes, $3.00 

MAIL THIS COUPON TODAY 
r-----------------� 
I Mail to your fa\'orite bookseller or directly to 

I 
I r5H��?tS�rhH��r�.�, L��s�A9��'N::b{1::k'�6, N. Y. I 
I Send books checked. To expedite shipment I enclose I 
I remittance $. .....•..•.•..........•.. I 
I NAME ...................................................................................... I 
I ADDRESS ......... .......... .. ... .... ......... .. .... .. ..... ... ... .. .. .... ................ I 
L _________________ J 
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and lecturer at Cambridge and examined 
Russell for entrance scholarships, told 
the "cleverest undergraduates" to look 
out for him. Russell was to become a life
long friend of many talented Cantabrig
ians . Among them were the Hegelian 
philosopher John McTaggart, the author 
Lowes Dickinson, the art critic Roger 
Fry, the novelist E. M. Forster, the es
sayist Lytton Strachey, the economist 
John Maynard Keynes and the philoso
pher G.  E. Moore. Moore has moved 
everyone who ever knew him by his 
qualities of mind and character. He 
fulfilled Russell's "ideal of genius. " "He 
was in those days," Russell writes, "beau
tiful and slim, with a look almost of 
inspiration, and with an intellect as 
deeply passionate as Spinoza's. He had a 
kind of exquisite purity. I have never but 
once succeeded in making him tell a lie, 
and that was by subterfuge. 'Moore,' I 
said, 'do you always speak the truth?' 

'No,' he replied. I believe this to be the 
only lie he has ever told." 

Russell spent the first three years at 
Cambridge studying mathematics and 
the fourth, philosophy. He became 
deeply interested in the foundations of 
mathematics, the subject to which he 
was to make his greatest contribution. 
He owed much of his inspiration to 
Whitehead, who showed him many 
kindnesses, guided him in his transition 
from a student to an independent writer 
and later became his collaborator "on a 
big book no part of which is wholly due 
to either."  

Russell's student years probably were 
the happiest of his life . Afterward he 
debated whether to follow philosophy or 
politics and for a time worked for the 
British Embassy in Paris, but the "lure 
of philosophy proved irresistible." He 
married, spent some years traveling, and 
visited the U. S. in 1896. In 1898 he re
turned to Trinity College as a Fellow. 
Among his earliest writings were Ger
man Social Democracy ( 1896 ) , An 
Essay on the Foundations of Geometry 
( 1897 ) and A Critical Exposition of the 
Philosophy of Leibniz (1900 ) .  Russell 
marks the year 1900 as the "most im
portant year in my intellectual life ." 
With Whitehead he went to the Inter
national Congress of Philosophy in Paris 
and there heard the great Italian mathe
matician Giuseppe Peano lecture on his 
inventions in symbolic logic. The pre
cision of his discussions and the power 
of his elegant notation led Russell to be
lieve that problems in the foundations of 
mathematics which had been obscured 
in philosophical vagueness could for the 
first time be clearly formulated and even 
solved. He elaborated Pea no's notation, 

wrote The PrinCiples of Mathematics 
and with Whitehead worked out such 
matters as the definition of series, cardi
nals and ordinals, and the reduction of 
arithmetic to logiC. The Principia Mathe
matica, the product of an extraordinary 
10-year collaboration, was the crown of 
Russell and Whitehead's concerted at
tack on the complex questions at the 
base of mathematics. The complete work 
appeared in 1913 .  The effort had been 
so exacting that at the end, Russell says, 
"we both turned aside from mathemat
ical logic with a kind of nausea ." 

"I grew up," writes Russell, "as an 
ardent believer in optimistic liberalism ." 
His parents had been radicals and free
thinkers, friends of John Stuart Mill 
( who was Russell's godfather ) .  Their 
will said that their two sons (Bertrand 
and his elder brother John ) must be 
brought up as freethinkers, But the 
grandparents got the COlut of Chancery 
to set aside the will and �ave Bertrand 
"the benefits of a Christian upbringil)g." 
His grandmother was, however, a re
former in the family tradition: she joined 
the Unitarian Church, supported Home 
Rule for Ireland and was a passionate 
foe of imperialism and war. Russell 
shared this outlook. When the Principia 
was finished, he turned to social and 
political affairs . The coming of the First 
World War plunged him into self-con
flict. Love of England was "very nearly 
the strongest emotion I possess," and he 
was "tortured by patriotism," but he had 
no doubt what he must do. He felt as if 
he had heard the voice of God; he had 
to protest against war, however futile 
the protest might be.  He became in
tensely active in the pacifist movement. 
On one occasion, addreSSing a meeting 
at a church, he was attacked by a mob. 
When two drunken ladies began to at
tack him with boards full of nails, a 
woman member of his party called on 
the police to defend him. They merely 
shrugged their shoulders . The account, 
as Russell tells it, continues: "'But he is 
an eminent philosopher,' said the 
woman, and the police still shrugged . 
'But he is famous all over the world as a 
man of learning,' she continued. The 
police remained unmoved. 'But he is the 
brother of an earl,' she finally cried. At 
this, the police rushed to my assistance. " 

In 1 9 1 8  Russell was sent to prison for 
pacifist propaganda. The specific charge 
against him, though he does not men
tion it in this book, was that he had 
written a pamphlet accusing the U. S .  
Army of "intimidating strikes a t  home." 
Arthur Balfour intervened to ease his 
prison life: he was allowed to read and 
write as much as he liked provided he 
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Here is a complete library of the mathematics you 
are most likely to find necessary to your work-all 
important aspects of trig and elementary calculus. 
Fundamental concepts, standard operations, important 
applications are all explained in easy-to·follow, easy
to-remember question and answer sections. You can 
test your progress continually as you read. Use these 
tested works as 

*Supplements for any book or course. Clear state
ments, basic principles and definitions. Pick up 
additional insights, practical applications, special 

. problems. Many teachers use these books for clear 
expositions, well-organized presentations, and 
sources for problems. 

* Review, brush-up. Clear summary of points that 
may have slipped your memory or are not entirely 
clear. 

Use them as introductions; everything is clearly stated 
for you, even 2304 problems, more than half of which 
are provided with answers. These books tell you those 
Heasy things" not usually explained in books. 
GUARANTEE: If you do not agree that these 
books are as useful as we say, return them for your 
money back. 

T348. FAMOUS PROBLEMS OF ELEMENTARY 
GEOMETRY, F. Klein. Squaring circle, trisection of 
angle, doubling cube; full modern implications. 101 
pp. 5 % x 8. Paperbound $1 .00 

5109. VECTOR & TENSOR ANALYSIS, G. Hay. 
Start with definitions, end mastering vectors, tensors, 
etc. 195 problems. 166 figures. 201 pp. 5 % x 8. 

Paperbound $1.75 

S164. INTRO. TO SYMBOLIC LOGIC, S. Langer. 
Best intro. Boole·Schroeder, Russell·Whitehead logics. 
New enlgd. edition. 368 pp. 5 Ys x 8. 

Paperbound. $1.75 

S377. FOUNDATIONS OF PHYSICS, R. Lindsay, 
H. Margenau. Foundation ideas and background; not 
a textbook, but a discussion of methods of description 
and theory·construction. Data, symbolism, math., 
space·time, probability, statistics, relativity, causality, 
quanta, etc. Newly corrected edition. 35 illustrations. 
548 pp. 5 Ya x 8. Paperbound $2.45 

Widest semipopular coverage of theoretical 
physics . . .  

THE RISE OF THE NEW PHYSICS by A. d'Abro 

This half-million word exposition is the only explana
tion in everyday language of the central core of 
physical theory. The first part covers philosophy of 
science, drawing upon Newton. Maxwell, Poincare, 
and others; in the 2nd part 100 pages cover the 
grammar of mathematics in Simple terms. discussing 
functions, groups, Fourier series, Galois theorem, 
differential equations, etc. The remainder of this 
enormous work is devoted to a clear, detailed exposi
tion or classic and modern physics, surveying anat",tic 
mechanics, Hamilton's principle, wave theory of 
light, thermodynamics. kinetics.. special relativity, 
l)lanck's original Quantum theory, Rutherrord's atom, 
Bohr's atom, de Broglie's wave mechanics, Heisen
berg's uncertainty, eigen-values, matrices, and scores 
of other important topics. While 11 of the 41 chapters 
contain some math for specialists. these sections can 
be omitted by the general reader. "A mu ... t." J., 
FRANKLIN INST. "Certainly worthwhile." Q., 
APPLIED MATH. "On the whole has solved task 
remarkably well," R. Fuerth. Index. 91 illustrations. 
Total of 991 pp. 5 % x 8. 

Vol. 1. T3 Paperbound $1.95 
Vol. 2. T4 Paperbound Sl.95 

Improve your trig and calculus 
by the easiest, clearest sell-study way! 

2-volume library enables you to brush-up 

your background, fill in gaps, by means 

of 1479 basic questions and detailed an

swers. ON L Y 1.95 per volume 

T371. TRIGONOMETRY REFRESHER FOR TECH
NICAL MEN by A. A. Kia!. 
913 questions and detailed answers will clarify your 
difficulties and enable you to brush up your trig at 
home. 

Beginning with simple definitions of angles, parts 
of angles, this book gradually moves into more ad
vanced material, with many examples worked in 
the text. It covers graphs, identities, functions, in
verse functions, trigonometric equations and their 
solution, Napierian and common system logarithms. 
Valuable sections are also included on estimating, 
determining significant figure, rounding off figures, 
and use of the slide rule. 

Practical application is richly shown throughout, 
with problems involving vectors and travelling bodies, 
currents, electricity, friction, ballistics. Surveying 
is treated in detail, while navigation is considered 
in problems of heading, air speed, reciprocal courses, 
distances and speeds, dead reckoning, and similar 
topics. Miscellaneous applications are shown in 
pulleys, angles of spirals, reflected and refracted 
light, etc. Polar coordinates and complex numbers are 
presented, while a section on de Moivre's theorem is 
valuable for finding roots and powers. 

!!Useful as a refresher," LIBRARY JOURNAL. 
Spherical trigonometry is clearly and adequately pre
sented, with practical application in spherical angles, 
g.reat circles, Napier's analogies, and Gauss's equa-
tlons. 

Originally published at $6.50 
1738 problems are included, with answers to odd 
numbers. 494 figures, 24 pages of useful formulas 
and functions. Index. 639 pp. 5 % x 8. 

Paperbound $1.95 

Non·technical explanation of relativity 
THE EVOLUTION OF SCIENTIFIC THOUGHT 
FROM NEWTON TO EINSTEIN by A. d'Abro 
'J'his is the best detailed semi-)Jopular account of the 
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survey to the specialist. and introduction for the lay
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physics affected by relativity: Euclidean and lliemun
nian geomet.ries, space, time, distance, electro
magnetism-and the evolution each was undergOing. 
'fhe second part analyzes Einstein's special theory, 
Whitehead's criticism, de Sitter. Weyl, Eddington. 
The final part is concerned with philosophy of science 
and scIentific method. "./\ model of semi,popular ex
))osition." �E\v . UEPUBLIC. "Thoroughly good." 
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pp. 5% x 8. T2 Paperbound $2.00 
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H. Sticker. Tried, true method for basic arithmetic; 
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tions. Will awaken your number sense. Not tricks, but 
serious course of more than 9000 problems and solu
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higher math but not satisfied with his lower math. 
256 pp. 5 Ya x 8. Paperbound. $1.00 
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when o.p. 170 pp. 5%.x 8. Paperbound $1.75 

T335. MATHEMATICS, MAGIC & MYSTERY, 
Martin Gardner. 1st book on math behind magic: 
topology, probability, sets; mathematica-l. recreations. 
135 illustrations. 186 pp. 5 % x 8. Paperbound $1.00 

S385. ELASTICITY, PLASTICITY, STRUCTURE 
OF MATTER, R. Houwinok. Formerly $8.00. In
ternal structure of matter, crystals, amorphous sub· 
stances, rubber, cellulose, proteins, paints, clay, etc. 
214 figures. 368 pp. 6 x 9 y.. Paperbound $2.98 

T381-2. PRINCIPLES OF PSYCHOLOGY, 
W. James. lsI' inexpensive edition of great classic; 
full text, not to be confused with abridgments. For· 
mecly $8.00. 94 illustrations. 1408 pp. 5 % x 8. 2 vol. 
set. Paperbound $4.00 

T370. CALCULUS REFRESHER FOR TECHNI
CAL MEN by A. A. Klaf. 

This book is unique in English as a clear and con· 
cise brush·up for calculus. It is not an ordinary text, 
but an examination of the most important aspects 
of integral and differential calculus in terms of 756 
questions and detailed answers. Stress is upon prac
tical application, rather than abstract theory. 

Beginning with simple definitions of constants, 
variables, and functions, it gradually introduces you 
to more advanced concepts and operations. Various 
ways of differentiation are explained; tangents, max
ima and minima, types of growth, exponential func
tions, logarithmic functions, curvature of curves are 
all clearly illustrated. Integral calculus is simply ex
plained. with analysis of integration, integrands, 
and demonstration of different types of integration. 
Practical applications are given for plane areas, 
surfaces, volumes, arcs, moments of inertia, centers 
of gravity, etc. 

"MOST EFFECTIVE," ELECTRONICS. 
"Ideal for the engineer who has studied cal
culus, but wishes new meticulously progressi"e 
treatment to clear up uncertainties that come 
from lack of rue," ELECTRICAL WORLD. 
trpainstak.ing care," N. Y. TIMES. 
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hydraulic engineering, electricity, radioactivity, bio
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areas. 

566 problems, answers to odd numbers. 36 pp. of use
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Pope, Chi. Mus. of Nat. Hist. 1047 item bibliog· 
raphy. 320 illustrations. 500 pp. 5 % x 8. 

Paperbound $2.98 
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F. Reinfeld. 62 end-games by masters, analyzed; 
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Paperbound $1 .25 

T362. LEARN CHESS FROM THE MASTERS, 
F. Reinfeld. Play 10 games against the masters; 
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Paperbound $1.00 
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AN INQUIRY 

INTO THE BASIC 

COMPONENT 

OF LIFE-

Each generation answers the 
question, "What is life?" in 
its own way. A leading bio
physicist and cancer research 
specialist here presents the 
facts that bring our genera
tion as close as possible to 
understanding the basic na
ture of life. Dr. Hoffman 
pays particular attention to 
cancer, explaining what it is, 
how it develops, how it is 
studied in theJaboratory for 
clues' to an understanding of 
life, and how the latest ad
vance in atomic research 
have affected its control. 

A stimulating, lucid study, 
this is a book for your per
sonal reading, a book for 
your reference shelf, a book 
you can recommend with 
confidence to your laymen 
friends. 

by JOSEPH G. 
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A Hanover House Book 
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DOUBLEDAY 

did not make propaganda. In four and 
a half months he wrote his famous Intro
duction to Mathematical Philosophy, a 
book which has given many students the 
first heady experience of Russell's 
thought and style . Russell also began the 
work for his Analysis of Mind. The gov
ernor of the prison found these writings 
perplexing but unsubversive . Similai'ly, 
a warder found nothing objectionable in 
Russell's reply to a question about his 
religion. When he said that he was an 
agnostic, the warder asked how to spell 
it, and remarked with a sigh: "Well, 
there are many religions, but I suppose 
they all worship the same God."  Russell 
says "this remark kept me cheerful for 
about a week."  

He was released shortly before the 
armistice, and in 1920 he visited Russia 
and met Lenin, Trotsky and Gorki. He 
wrote a book, The Pmctice and Theory 
of Bolshevism, which condemned the 
Soviet regime for its despotism, its nar
row interpretation of Marxist philoso
phy, its "enormous error . . .  in suppos
ing that a good state of affairs can be 
brought about by a movement of which 
the motive force is hate." This won him 
few friends. Conservative opinion con
demned him for his views on the war; , 
left-wing opinion scorned him for his 
betrayal of Utopia. 

Russell spent a happy year in China, 
warming to the people and finding much 
that was admirable in their tradition .  
But he  feared the effects of "Western 
and Japanese rapacity" and foresaw the 
transformation of China into a modern 
industrial state "as fierce and militaristic 
as the powers that it was compelled to 
resist." 

He returned to teaching and lectur
ing, and for several years became ab
sorbed "in parenthood and attendant 
problems of education." He founded a 
school which he hoped would promote 
the best values of "progressive educa
tion" yet would not be deficient on the 
purely scholastic side. But he was a poor 
administrator and the school failed. 
Nevertheless his thinking produced sev
eral excellent books on education. In the 
1920s and 1930s his literary output was 
immense. ("Writing books," he says, "is 
an innocent occupation and it keeps me 
out of mischief ." ) He published two 
dozen volumes and countless articles on 
mathematical, philosophical, scientific, 
political and social subjects . Among the 
books are Mysticism and Logic, in 1918; 
The Pl'Ospects of Industrial Civilization, 
a study of socialism written in collabora
tion with his second wife, Dora Black, 
in 1923; The ABC of RelatiVity in 1925; 
The Analysis of Matter and An Outline 
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'set your own working schedule. 
You will also associate with lead
ers in many fields, all bent on 
solving problems of exceptional 
scope and complexity. 
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of Philosophy in 1927; Marriage and 
Morals in 1929; Education and the 
Social Order in 1932; Freedom and 
Organisation, a history of political the
ory, in 1934; Power, a penetrating analy
sis of the theory of the state, in 1938; 
An Inquiry into Meaning and Tmth in 
1940; A History of Western Philosophy 
in 1945, and Human Knowledge in 
1948. He has written a book for children, 
and a collection of short stories, Satan 
in the Suburbs, which I personally prefer 
to forget.:....though it has not wanted for 
admirers. 

For six years, between 1938 and 1944, 
Russell sojourned in the U. S. He lec
tured at various universities and at the 
Barnes Foundation in Merion, Pa. In 
some quarters he was regarded as a 
"controversial". figure. This may be taken 
to mean he behaved like a man. Also 
he was guilty of changing his opinions 
when the evidence seemed to justify 
change. He had been a pacifist, but he 
saw no peaceful way of resisting Hitler's 
mad ambitions and so, for a few years at 
least, he condoned war. However, he 
could not live down some of his rational 
and unconventional views on society. 
When he was appointed a professor of 
philosophy at the College of the City of 
New York, a lady brought suit to have 
him barred on the ground that he be
lieved in "free love." A justice of the 
New York Supreme Court, John McGee
han, denounced his appointment as an 
attempt to establish "a chair of inde
cency." Russell was barred. 

We learn about Russell not only 
through his autobiographical essays but 
through his sketches of others. In this 
volume are reprinted his porh'aits of 
Whitehead, George Bernard Shaw, 
H. G. Wells, Joseph Conrad, George 
Santayana, Sidney and Beatrice Webb, 
D. H. Lawrence. With Shaw, Russell 
went on a bicycle tour which had a 
ludicrous ending. For Wells he felt af
fection, and admired him as an "im
portant force toward sane and construc
tive thinking both as regards social 
systems and as regards personal rela
tions." His contacts with Conrad were 
infrequent, but from their first meeting 
the two men were strongly drawn to 
each other. Conrad, like Russell, was 
lonely. He was courageous and felt 
deeply the moral shortcomings of the 
world, the thinness of civilization's crust. 
He "despised indiscipline, and hated 
discipline that was merely external." In 
all this Russell found himself in close 
agreement with Conrad. "His intense 
and passionate nobility," writes Russell, 
"shines in my memory like a star seen 
from the bottom of a well. I wish I could 
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ages have learned to speak another language this 
ideal, conversationa l way. 

Send today for Fre'::e'Cb"o" o"k" le-: tC7.th-a""t-:f""u" lIy describes the 
Conversational Method: also details on how you may 
obtain a COMPLETE Course-unit in the language 
you choose on FREE TRIAL. Linguaphone Institute, 
T·3047 Radio City, N. Y. 20. 

IL;�;";O-;;E��;'-;��;----�I-;:�;II 
I

T ·3047 Radio City. New York 20. N. Y. 
Please send me: 0 FREE Book. I I 0 Details on FREE Trial. No obligation, of course. 

I 
My language interest is I 

I :::,:,. . .... ...... . . ...... : 
: c��iiii;;staiiiiariicoiiversiitio��re M.ih�Ja'forOy;·r · : 
L ______ H�,: :.:n::� ______ 1 
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../ Do prime numbers go on 
forever ? 

../ Are there more whole numbers 
than even numbers ? 

-./' How many colors are needed to 
color a map? 

-./' What is the smallest circle that 
wi ll enclose a set of points ? 

Do problems like these intrigue you? 
Then you'll  be delighted with this 
fascinating introduction to the basic 
ideas of mathematics-written for 
the general reader with no more 
mathematics background than high 
school algebra and plane geometry.  

The Enjoyment of 
MATHEMATICS 

B y  Hans Rademacher & Otto Toeplitz 
Illustrated with 123 figures. $4·. 50 

Order from your book store 

PRINCETON UNIVERSITY PRESS 

1 5 8 

An invitation to 
explore 

6-

T H E  
M I L K Y  W A Y 

C O M PLETELY R E V I S E D  TH I RD E D I T I O N  
By Barf J.  Boi a n d  Priscilla F .  Boi 

* A beautifully written, beautiful· 
ly illustrated book covering all as· 
peets of  contemporary knowledge of 
and research into our home galaxy : 
it is the only popular book on the 
subject.  Every stargazer, young or 
old, amateur or professional, will 
want a copy. Over 100 i llustrations .  

$5.50 

An indispensable 
reference work-

A GLOSSARY OF 
MYCOLOGY 

By Walter H. Snell and Esther A .  Dick 
This dictionary of nearly 7000 terms 
will prove indispensable in the 
study of fungi. Many useful ten�s 
not strictly mycological have been 
included. With illustrations by 
Henry A. C. J ackson. $5 .00 

Th rough your bookseller, or from 

HARVARD U N I VE R S I TY PRESS 

79 Garden S t . ,  Cam bridge 3 8 ,  Mass. 

make his light shine for others as it 
shines for me." A kindliness touches 
Russell's portraits even of men for whom 
his admiration was not unalloyed. He is 
not sentimental and he does not fail to 
recall unpleasing traits, but he has per
spective and the charity of wisdom. I 
am struck by the fact that these set 
pieces, for all their charm and discern
ment, describe very little of the subjects' 
phYSical appearance or personal habits . 
Santayana was "prim" and "even in 
country lanes he wore patent-leather 
boots ."  But what was he like? Lawrence 
was full of hatred and jealousy, a cultist 
with "a mystical philosophy of 'blood . '  " 
But only a part of him comes through . 
Russell does not always see with the 
storyteller's eye or the painter's .  His ap
praisals and anecdotes are better than 
his pictures . 

There are other essays in this book 
which are inimitable : "How I Write," 
"History as an Art," "The Cult of 'Com
mon Usage'," "A Plea for Clear Think
ing," "Mind and Matter." Russell has not 
lost his touch, his cutting edge, his 
capacity for indignation. He can still de
tect nonsense better than any of us. He 
can still strike at evil with a formidable 
set of claws . His eloquence in just causes 
is as moving as ever. And he grows old 
so gracefully that one takes pride in the 
race of men. 

"An individual human existence," he 
says, "should be like a river-small at 
first, narrowly contained within its 
banks, and rushing passionately past 
boulders and over waterfalls . Gradually 
the river grows wider, the banks recede, 
the waters flow more quietly, and in the 
end, without any visible break, they be
come merged in the sea, and painlessly 
lose their individual being. The man 
who, in old age, can see his life in this 
way, will not suffer from the fear of 
death, since the things he cares for will 
continue. And if, with the decay of vital
ity, weariness increases, the thought of 
rest will not be unwelcome. I should 
wish to die while still at work, knowing 
that others will carry on what I can no 
longer do, and content in the thought 
that what was possible has been done." 

Sh ort Reviews 

V ARIETIES OF HUMAN VALUE , by 
Charles Morris .  The University of 

Chicago Press ( $5 ) . A central problem 
of modern culture is the relation between 
science and ethics . Can scientific method 
be applied to human values? It is often 
said there is an unbridgeable gap be
tween physical science and human val
ues, because the first deals with what 

E N G I N E E R S  
E L E C T R O N I C  
M E C H A N I C A L  
THERE'S A BRIGHT STA R 
IN  THE ELECTRONICS 
GALAXY! 
Bendix Radio, leading producer of 
the world 's finest electronic' equip
ment, is rapidly expanding' both its 
commercial and military bssiness. 
This continuing expansion lias 
created many splendid opportunities 
for engineers of professional stature 
to do research and development on 
the most advanced electronic 
systems. 
Nowhere are the professional 
aspects of the engineer's career held 
in higher regard than they are at 
Bendix Radio ! You will work under 
ideal creative conditions, with the 
most modern equipment and 
alongside leading engineers who are 
pioneers in their fields. 
You will receive an excellent salary, 
periodic merit reviews and com
plete company benefits, including 
assistance in graduate education . 
Choose from assignments in these 
interesting, challenging fields : , 

M I SSILE GUI DANCE 
& TRACKING SYSTEMS 

RADAR WARNING SYSTEMS 
M I L I T  ARY ELECTRONI C S  

RESEARCH & DEVELOP�ENT 
AUTOMOT I VE ELECTRON I C  

RESEARCH 
AIRBORNE ELECTRONICS 

SYSTEMS 
MOBILE COMMUNICATIONS 

SYSTEMS 

Drop us a postal catd� 
briefly s ta ting y o u r  education 
and experience. We' 11 act fa s t  
. . .  a n d  confide n t ially! 

ADDRESS: 
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is and the second with what ought to be. • 
But the gap may not be as wide as sup
posed. For example, it is feasible to ob
serve and compare the values which men 
profess to hold, in the same sense that 
one observes and compares other facts 
of the outside world, such as the chemi-
cal composition of different stars. Dr. 
Morris's book, an outgrowth of his earlier 
work, Paths of Life, deals with various 
professed conceptions of "the good life," 
as expressed by several thousand college 
students of various cultures. By means of 
a questionnaire he sounded their prefer
ences among 13 possible ways to live. 
Some of them, briefly summarized, are : 
( 1 )  "preserve the best that man has at
tained"; ( 2 )  "cultivate independence of 
persons and things" ; ( 3 )  "constantly 
master changing conditions"; ( 4 )  "act 
and enjoy life through group participa
tion"; ( 5 )  "integrate action, enjoyment 
and contemplation"; (6 ) "wait in quiet 
receptivity" ; ( 7 )  "meditate on the in-
ner life" ; ( 8 )  "chance adventuresome 
deeds"; ( 9 )  "obey the cosmic purposes ." 
The students were asked to scale these 
courses of action with numbers ranging 
from 7 ( "I like it very much" ) to 1 ( "I 
dislike it very much" ) .  Some of the sub
jects were asked in interviews to explain 
their views of the good life and tell more 
about themselves, and a few were asked 
to state how they believed they ought to 
live and how they believed they did in 
fact live. The most extensive samples 
were drawn from the U. S. ( 2,000 men 
and 800 women ) ,  India ( 700 men and 
400 women) and Nationalist China ( 500 
men and 200 women ) ;  smaller samples 
came from Japan, Norway, Canada, 
Pakistan, England, New Zealand and 
Italy. All data were run through a care-
ful statistical mill. The over-all results 
contain few surprises but are of consid
erable interest because of the compari
sons of intellectual climates, standards, 
goals, prejudices and the like. In the 
U. S. the life of "integrated action, en
joyment and contemplation" is most 
highly favored, while ways 6, 2 and 9 
are least popular. In India course 1 is 
most favored, followed by "controlling 
the self stoically." The Japanese value 
pattern resembles the Indian, but with 
"showing sympathetic concern for oth
ers" in highest place. The Chinese value 
most the way of life we in the U. S. value 
least : "Obey the cosmic impulses." En
joyment of life through group participa
tion is three times as popular with them 
as with us. And yet East and West are 
not in all respects in opposition, for the 
Chinese prize 3 as much as we do and 
are almost as contemptuous of "waiting 
in quiet receptivity" as we are. There is • 

E N G I N E E R S  & S C I E N T I S T S  

- -- - �- � 
G E N E R A L  (:::'0 E L E C T R I C  

SYM BOL O F  ADVANCED 

THEORY AN D RES EARCH I N  

TH E GU I DE D  M I S S I LE FI E LD 

This General Electric department is prime contractor for "Inter

continental Ballistic Missile" and "Intermediate Range Ballistic 
Missile" nose cone development. Increasing emphasis on this and 

other guided missile programs continues to create openings on 
our professional stall for graduate engineers and scientists with 

experience in the following or related fields : 

MATERIALS /I. PROCESSES . AERODYNAMICS · AERO PHYSICS • THERMO. 

DYNAMICS • ELECTRICAL DESIGN • STRUCTURAL DESIGN • STRESS 

ANALYSIS · DATA PROCESSING . SYSTEMS . SYSTEMS TEST . FIELD 

TEST · VIBRATION . INSTRUMENTATION . CONTROLS . ARMING AND 

FUZING . INERTIAL GUIDA NCE . GROUND SUPPORT EQUIPMENT DESIGN 

We would be pleased to receive a resume of your education and 
experience in order to arrange a personal interview with the 

manager of the appropriate technical area. Please address all 

correspondence to : 

MR. JOHN WATT • ROOM 540- 14 

MISSILE & ORDNANCE SYSTEMS DEPARTMENr 

G E N E R A L . E L E C T R I C  
1617 PENNSYLVANIA AVE., 17th FLOOR, P HILADELPHIA 3, PA. 

• 
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For A Searching 
Look Into The 
Future 
OTHE PROSPECTS 

OF NUCLEAR 

* P O W E R  A N D  
TECHNOLOGY 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

B y  G E R A L D  
WENDT, Direc
tor 01 the Insti
tute for Atomic 
D e y e l o p m e n t s ,  
New York; for
mer Science Ed;
lor 0/ ·'Time". 

A nuclear power plant has been operating 
in Russia for more than two years. British 
authorities put their first plant to work in 
1 956 and plan a dozen more. The U. S. 
Atomic Energy Commission has spent some 
$ 1 4 ,000,000,000 towards our leadership, in
dustrial as well as military. 

In a world which increasingly needs new 
sources of power, no one in industry, science 
or government can hope to forecast the near 
future without a thorough understanding of 
the changes which nuclear power will bring 
about. Dr. Wendt discusses exhaustively the 
effects of present and future developments 
in nuclear power upon the national economy, 
the generation of electricity, the production 
of heat for industrial uses, in transportation 
and foreign markets ; also the social conse
quences of this immense upheaval. 224 
pages, 5 %  x 8 V. .  NEW $6.00 

New Books in T H E  G E N EVA S E R I E S  

o n  T h e  Peaceful U s e s  of 

Atomic Energy 

Fundamental technical books, care/u{{y se
lected a"d arranged from the original Genera 
papers. 

O NUCLEAR REACTORS FOR RESEARCH, 
by CLIFFORD K. BECK, A. E. C. $8.50 

* 
NUCLEAR POWER REACTORS, by JAMES OK. PICKARD, Consultant on Atomic Energy. 

Pre·pub. $7.50 
* 

O SAFETY ASPECTS OF NUCLEAR REAC· 
TORS, by C. ROGERS McCULLOUGH, 

Monsanto Chemical Company. 
* 

Pre·pub.  $7.50 
* 

O NUCLEAR RADIATION IN FOOD AND 
AGRICULTURE, by RALPH SINGLETON, 

* 
University of Virginia. Pre-pub. $7.50 

* ALREADY PUBLISHED 

O NUCLEAR FUELS,_ by DAVID H. GURIN· 

SKY and GEORGE J.  DIENES, both at 

* Brookhaven National Laboratory. $8.50 

O EXPLORATION FOR NUCLEAR RAW MATE· 
RIALS, by ROBERT D. NININGER, A.E.C. 

* $8.50 OSpeCiOI pre1'ub price for series $42.50 

-MAIL  TH IS ADVERTISEMENT NOWI-
Clip and send enfire ad fo your 

bookseller or fo 
D e pt. SA·457 

D. VAN NOSTRAND COMPANY, INC. 
120 Alexander Street. Princeton. N. J .  
Send book ( , )  checked,  f o r  10  d a y ,  free exa mi·  
nation.  After 1 0  days ,  I wi l l  remit purch a se 
price,  p l u s  posta g e ,  or return books a n d  owe 
noth i n g .  

NA M E  .......... 

A D D R ESS .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

C I TY .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ZON E ... . . . . .  ST ATE ... . . . . . . . . . . .  .. 

SAVEl Remit with order and we pay postagel 
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much in these pages to provoke thought 
among those concerned with the im
provement of world understanding .  

SCIENCE A N D  CIVILISATION I N  CHINA, 
VOL . II,  by Joseph Needham. Cam

bridge University Press ( $ 14.50 ) . The 
second volume of this epochal survey 
deals with the bearing of Chinese philos
ophy on the development of scientific 
thought. Needham examines the effects 
of the various schools of philosophy 
upon the advancement of science, and 
he attempts to explain why science in 
China, despite highly promising begin
nings and great achievements, has failed 
to attain the levels of science in the 
Western world. He takes us on an en
grossing journey. He presents the tenets 
of Confucianism, of Taoism, of the Mo
hists and logicians, and of the legalists. 
He reports on the pseudo sciences, from 
scapulimancy ( divination from cracks 
produced in tortoise shells or animal 
shoulder-blades by heating with red-hot 
metal ) through geomancy ( divination 
from the features. of the earth ) ,  oneiro
mancy ( prognostication by dreams ) and 
glyphomancy ( prophecy based on dis
section of the ideographic characters 
representing names ) . Needham de
scribes the rational and skeptical tradi
tion of Chinese thought, the inhibitory 
effects on science of Buddhism ( which 
spurns the study of nature as illusion ) ,  
the teachings of Neo-Confucianism and 
the relations between Chinese philos
ophy and the system of Leibniz. He 
shows the deadening impact of bureauc
ratism on Chinese thinkers, and he re
lates in detail the lasting Chinese pre
occupation with cabalistic lore, mystical 
diagrams, numerology and the hocus
pocus of "vital elements." Needham 
points out, however, the important part 
which mystical and magical thinking 
played, both in Europe and in China, 
in promoting science. Mystical theology, 
though hostile to the movement toward 
modern science, was hospitable to new 
ideas, however wild and dark, because 
of its faith in magic. We are apt to re
gard rationalism as the only p,.rogressive 
social force, but mystiCism, as Need
ham's book shows, has contributed im
portant concepts to science . Chinese 
thought is pervaded by the theme that 
the universe is ruled by an inner organ
izing drive and harmony, with which all 

.things are instinct. Alfred North White-
head and others have expressed the same 
point of view, and it is evidently much 
more in accord with modern theories of 
science than the crude mechanism and 
materialism of the 18th and 19th centu
ries . So we have the paradox of a people 

A MA TEUR 

TELEJ..'iCOPE 

MA KING 

Ed ited by Albert G. Inga l l s  

This set o f  books i s  the authorita
tive reference library of the en
thralling hobby of amateur tele
scope making . Through these 
books thousands have discovered 
a fascinating mechanical art com
bined with a great science. 

Book One 

It begins at the beginning, teaches 
the basics of glass grinding and 
how to complete the first tele
scope. (497 pages, 300 illustra
tions.)  Pos tpaid :  $5 . 00 domes

tic , $5 . 35 foreign . 

Book Two 
This book leads on into advanced 
methods of amateur optical work 
and describes new proj ects for the 
telescope maker. (650 pages, 361 
illustrations.)  Pos tpaid: $6 .00 

domes tic, $6 .35 foreign. 

Book Three 
Book Three opens u p further fields 
of enterprise ; e. g . ,  binoculars, 
camera lenses, s p e c t ro g ra p h s ,  
Schmidt optics , eyepiece design, 
ray tracing (made easy) . (644 
pages, 320  illustrations .) Pos t 

paid :  $7 . 00 dom es tic, $ 7 . 35 

foreign . 

Send postcard 

for descriptive circular 
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qual ificat ions? 
"Wi th the right qualifications," 
says Dr. Frank C. Brooks, 
Director of the Combat Oper
ations Research Group of 
Technical Operations, Incor
po�ated, "a sc.ientist who wants 
to grow fits In here. We're a 
growing research organization 
with freedom to think, in an 
atmosphere of creative oppor
tunity. Right now, at Fort 
Monroe, Va. and Monterey, 
Calif. ,  we're looking for an 

Applied Mathematician 
or �ogician 
who combines strong back
grounds in logic and mathe
matics, with a knowledge of 
computer logic and experience 
in computer applications. We 
also need an 

Experimental or 
Theoretical Physicist 
preferably on the Ph.D. level 
with two years of experience 
beyond the degree. 

The positions at Fort Monroe 
are on research and analysis 
t e a m s  t a ck l i n g  t h e o r e t i c a l  
problems i n  military organi
zation and tactics, using com
bat models and war games. At 
M onterey, the emphasis is on 
the experimental study · of 
combat, using the techniques 
of d e s i g n  a n d  a n a l y s i s  o f  
experiments and high speed 
computing." 

Address: 

ROBERT L. KOLLER 
Operations Research Group 

TECHN ICAL OPERATIONS,  I NCORPORAT E D  

South Avenue 
Burlington, Massachusetts 

who made a supple, sensitive philosophy 
which is consonant with modern science 
but who were unable to carry their own 
science within reach of it. Some critics 
have already found flaws and misinter
pretations in Needham's book, and one 
does not have to be an eminent Sinolo
gist or historian of science to see gaps 
in his account. But more volumes are to 
come, and so far he has provided an ex
hilarating intellectual reconnaissance. 

RAUWOLFIA, by Robert E. Woodson, 
Jr., Heber W. Youngken, Emil 

Schlitter and Jurg A. Schneider. Little, 
Brown & Company ( $5 .50 ) .  Rauwolfia 
is a tropical genus of woody plants . The 
root of one species, Rauwolfia serpenti
na, was long employed by medicine men 
in India. Its recent clinical rediscovery 
( in the fOlm of the extract reserpine ) , as 
a drug which is not only effective against 
high blood pressure but also makes the 
harsh world look a little hazier and soft
er, has prompted this book. Four leading 
students of the subject discuss the scien
tific and technical aspects of Rauwolfia. 
Its botany, chemistry and pharmaceuti
cal features are considered in detail . Al
though the book is written for specialists, 
one of the plates can be understood by 
anyone. It shows the "tranquilizing" ef
fects of reserpine on the facial expres
sions of a rat, rabbit, cat, dog and 
monkey. They all look as if they had 
hangovers, and the total effect on a 
viewer is untranquilizing. 

T HE BIRDS OF THE BRITISH ISLES, by 
David Armitage Bannerman, illus

trated by George E. Lodge. Oliver and 
Boyd ( 63 shillings ) .  The fifth volume of 
this excellent survey is devoted to birds 
of prey : various falcons, eagles, buz
zards, harriers, goshawks, kites, honey 
buzzards, vultures, ospreys . Bird books, 
however valuable to professional orni
thologists and amateur bird-watchers , do 
not often make lively reading. But this 
work is remarkably palatable. Banner
man gives an attractive account of each 
species' habits and relates many charm
ing anecdotes about the birds . The text

· 

is beautifully supported by 34 paintings 
of birds in their natural surroundings by 
the late George Lodge . He painted most 
of the 384 pictures which illustrate the 
five volumes of this series in his 80s and 
early 90s; yet they are fresh and full 
of life . 

T HE INTELLECTUAL LIFE OF COLO-

NIAL NEW ENGLAND, by Samuel 
Eliot Morison. New York University 
Press ( $4.95 ) . This is a reprint of a book 
which appeared in 1935 under the title 

What's new 

tn automation? 

How is it 

being used? 

. AUTOMATION 
in BUSINESS and INDUSTRY 

Edited by E UGENE M. GRABBE, 

The Ramo·Wooldridge Corp. 

Twenty-one experts survey the present 
status of automation and outline its future. 
Based on a series of lectures by prominent 
scientists, this new book presents a wealth 
of authoritative, up-to-date information on 
the fundamental s  of automation, advances in 
techniques, and descriptions of automation 
system applications. Emphasis is  on new de
velopments and applications of control sys
tems capable of performing both complex 
control functions and data processing. 

Each author has reviewed advances in his 
own special field, with liberal use of ex
amples. Although the treatment is  general 
rather than technical, a great deal of highly 
detailed information is presented i n  clear 
and simple language. 
1 9 5 7. 6 1 1  pages. 284 illus. $ 10.00 

2. ON HUMAN 
COMMUNICATION 

A Review. a Survey. and a Criticism 

By COLIN CHERRY, 

Uni'Yersily 01 London 

The first single volume to appraise the re
lationships existing between such communi
cation sciences as : linguistics, cybernetics, 
psychology, semantics, and phonetics. A 
Technology Press book, MI T. 
1 9 5 7. 3 3 3  pages. lI Ius. $6.75 

3. An Introduction to 
CYBERNETICS 

By W. ROSS ASHBY, Director 0/ Research, 

Barn wood House, Gloucester 

Applying simple techniques, the author 
starts from well-understood, everyday con
cepts, and proceeds to show how they can 
be developed until they lead into such sub
j ects as feedback, stability, regulation, ultra
stabil ity, information, coding, noise, and 
other cybernetic topics. 
1 95 6. 295 pages. II Ius. $6.50 
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() J HAVE T H E  E NG I N EE R I NG  A B I l ITY • • •  

H AVE TH E E N G I  N E E R I  NG  FUTURE 
• 

Great combination . . .  your ability and the opportunitIes only a 

pioneer and leader in commercial electron ics can offer ! Join this 

team of creative-minded engineers and your ability wins first the 

recognition and then the responsibility it deserves in a s mall-group 

engineering organization. 

The future looks practically limitless, speaking from our position 

today i n  the vanguard of precedent-shattering electronics develop

ments. Current and appealing openings exist in : 

Data Handling and Computers 
Broadcast Equipment 

Scientific and Industrial Equipment 
Sound Products 

Communications 
Attractive salaries to start . . .  advancement on merit. Liberal 

company-paid benefits make your future even more secure. 

Senior or Junior EE's or ME's . . .  men who will accept no measure
ments for their future except their own achievements . . .  you are 

invited to send a complete resume to Box 1859, Grand Central 

Station, New York, N. Y. 

You Get Things Done With 
Boardmaster Visual Control 

P 
H 
o 

P H O E N I X  
N 

* Gives Graphic Picture of Your Operations
Spotlighted by Color 

* Facts at a g lance-Saves Time, Saves Money, 
Prevents Errors 

* Simple to operate-Type or Write on Cards, 
Snap in Grooves 

* Ideal for Production, Traffic, Inventory, 
Scheduling, Sales,  Etc. 

* Made of Meta l .  Compact and Attractive. 
Over 1 00,000 in Use 

Complete p rice $4950 including cards 

I F  R E E l 24·PAG E BOOKLET NO. C·300 
Without Obligation 

Write for Your Copy Today 

GRAPHIC SYSTEMS 
55  Wed 42nd Street . New York 36, N. Y. 

1 62 

I 
X 

At the crossroads of opportunity fol' men with vision 
in Electronic Engineering and other related fields : 

G O O D Y E A R  
A I R C R A F T 

C O R P O R AT I O N  
ELECTRON IC LABORATORY 

Arizona Division 
Litchfield Park, Arizona 

A Subsidiary of the 
GOODYEAR TIRE & RUBBER CO. 

\Ve have openings in our modern Laboratories at 
all levels of experience in the branches of Engineer
ing listed below. We urge you to in,"estigate the 
opportunities here for employment. 'Ve think you 
will like the friendly, informal atmosphere of our 
laboratory. The stimulation of working with top 
level engineers and scientists will make your work 
interesting and challenging. 

Complete Missile and Electronic Systems, 
Microwaves, Servomechanisms, 

Radars and Stabil ized Antennas, 
Transistor Application, Electronic Packaging, 

Electronic Ground Support Equipment 
Long range research and 

development proj e cts. 

U n i vers ity o f  Arizona graduate studies available 

under the Goodyear Fellowship Program, or com
pany financed evening courses. 

LEI S U R E  L I V I N G  AT ITS B E S T  

" I N  T H E  VALLEY O F  T H E  S U N "  

M odern Inexpensive Housing 

Send resume to : A. E. M a n n i n g  

Engineering and  Scientific Personnel 

G O O D Y E A R  A I R C R A F T 
LITCHFIELD PARK 

PHOENIX,  ARIZONA 
S i m i lar opportunit ies avai lable in  our 

Akron. Ohio. Laboratory 

The Puritan Pl'Onaos. Morison's aim is  
to show that the phrase "glacial period," 
used by Charles Francis Adams to de
scribe New England intellectual life in 
the 17th century, is altogether unjusti
fied. He insists that interest in literature, 
scholarship and science in New England 
grew rather than diminished during this 
period, and that the dominant Puritan 
clergy "did everything possible under 
the circumstances in which they lived 
to stimulate, promote and even produce 
intellectual activity." 

JANE'S FIGHTING SHIPS,  1956- 1957, 
edited by Raymond V. B.  Blackman. 

The McGraw-Hill Book Company, Inc. 
( $25 ) . If it should ever be demon
strated that the seas are a bad place to 
fight, fighting ships, like the vertebrates 
of long ago, will crawl out of the water 
and make themselves at home on the 
land. Navies adapt themselves, and they 
have already acquired wings . The 58th 
edition of Jane's annual survey of the 
world's navies shows that they are thriv
ing. Among its 440 new illustrations, the 
frontispiece features the U.S .S .  Forl'es
tal, the largest warship ever built and 
the first of a class of six giant "attack 
aircraft carriers ." The U. S. N�vy costs 
morE' than all the others combined. The 
British have abandoned almost all large 
ship construction and are concentrating 
on frigates, wooden coastal minesweep
ers, patrol boats and a few experimental 
guided-missile ships.  The U.S .S .R.'s fleet 
of cruisers, destroyers, frigates and sub
marines is growing. France is build
ing a helicopter carrier. Italy's fleet is 
swelling. Japan is greatly expanding her 
navy-called, initially, the Maritime Self
Defense Force. Egypt has new destroy
ers, as has West Germany. And even 
Mexico has, in addition to frigates and 
patrol vessels, a handsome 400-ton presi
dential yacht completely air-conditioned 
and equipped with radar. 

JANE'S ALL THE WORLD'S AIRCRAFT, 

1956-1957, by Leonard Bridgman. 
The McGraw-Hill Book Company, Inc. 
( $25 ) .  The latest issue of this excellent 
annual has hundreds of �resh illustra
tions and includes a new subsection on 
guided missiles, listing and describing 
no fewer than 66 species. Great Britain 
makes 10, France 13, Switzerland 1, and 
the U, S. the remainder. Soviet missiles 
are not included because of lack of in
formation. 

SELECTA HERMANN WEYL. Birkhauser 
Verlag ( $12.25 ) .  This admirable 

volume, assembled by the Federal Insti
tute of Technology in Zurich and the 
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EXAMI N E  IT  FR E E ! 
See for yourself how this vast store· 
house of up.to.the.minute informa. 
t i o n  c a n  i n s t a n t l y  p i n . p o i n t  t h e  
a uthoritative answers you so fre
quently need - and in every perti. 
nent field ! 

JUST PUBLISHED ! A monumental volume p.ortraying 
the entire scope of modern chemistry-the most extensive col lection 
of articles ever published between two covers. 

T h e  

E N CYC LO P E D I A 
o f  C H E M I ST RY 

Edited by GEORGE L. CLARK, University of I l l inois, and 
G. G. HAWLEY, Reinhold Book Division.  Written from 

A to Z by over 500 outstanding contributors. 

T he first complete. modern. one-volume encyclopedia centered around the 
subject of chemistry written by a host of eminent authorities. and including 

20 different sciences that border on chemistry. 

You can eliminate hours of guessing. searching. and inquiring with this amazingly 
handy single volume. Here you have the entire scope of modern chemical informa
tion always at your fingertips_ 

Here is a small sample of the vast num
ber and kinds of articles you'll flndl 

From ··Abrasives·· to "Zirconium'· are 1 .000 pages of remarkably condensed. author

itative. and clearly presented information designed for the needs of chemists. engi

neers. and scientific workers in all fields. 

All branches of chemistry - pure and appHed. chemical engineering. and pertinent 
related fields - are covered carefully and concisely. A wealth of information is pre
sented for those who seek to understand current scientific developments such as 
atomic power. automatic control. electron tubes. radioactivity. new elements. plas
tics. antibiotics. amino acids. allergy. air pollution. safety. packaging. and hundreds 
of similar topics. Every industry which manufactures any type of material or prod
uct will benefit . from this all-inclusive work covering such subjects as acids. 
additives. aerosols. anti-freeze agents. asbestos. asphalt. metals. cement. dyes. fer
tilizers. pesticides. oils. fat. and waxes. fuels. petro-chemicals. trademarks. patents. 
and countless others_ 

ABrasIve. 
Ac<trle•e 
Acrt I c  Resl .. 
Activity 
Additives 
Adhesives 
Adsorption 
Agricultural Chemist,,
Air Pol l ution 
A l kaloids 
A"er�y . 
American Chem i�1 Society 
American Petroleum 

I nstilute 
Amino Acids 
Ammonia 
Antibiotics 
Antibodies 
Aromatic Compounds 
Arrhenius 
Asymmetry 
Banting 
Batteries 
B i l e  Acids 
B l ood 
Brewing 
Buffers 
Carbohydrates 
Carbon B lack 
Car!:>on Monoxide 
Carcinogenic Hydrocarbons 
Casein . 
Catalysis 
Cereal Chemistry . 
Chelation -
Chemical Dating 

Nomenclature 
Research 
Economics I 

Chromatography 
CoeffiCients 
Combustion 
Corrosion 
Cmtals 
Oebye-H uckel Theort 
Deterioration 
Dielectric Materials 
Dist i l lation. 
Dyes 
Economic Evaluation 
Elastomers 
Electrodeposition 
Entropy 
Essential O i ls 
Exposure Testing 
Extinguishing Agents 
Fert i l i zers 
Fats 
Fibers, SYnthetic 
FisSion, NUclear 
Foams 
Foods 
Free RadIcals 
Fuels 
Fumigants 
Geochemistry 
G lyco ls 
Grignard Reactions 
Hardness 
Heat Transfer 
Hormones, Steroid 
Hydrogenation 
Hydrolysis 
Impurities 
'ndustrial Chemistry 
Inorganic Chemistry 
Infrared Speetrometrl 

Instrumentation 
Ion Exchange 
Isotopes f!�����(

n
;lIemical 

leather 
Le B lanc 
Little, Arthur 0'. 
Lubricating Greases 
Mark� Research, Chemical 
Mercaptans 
M icrobiology 
M i l k  & M i l k  Products 

�:::� i\!ases 

Optical Rotation 
Osmosis 
Oxo Process 
Packaging 
Paints 
Paper 
Particle Accelerators 
Patents 
Polypeptides 
Peroxide 
Pesticides 
Petrochemicals 
Phase Rule 
Phosphors 
Photosynthesis 

�ly�er;}rants 
Plant Location 
P l utonium 
Polyester Resins 
Proteins 
Protective Coatings 
Pyrroles 
RadioactIvity 
Raman Effect 
Raoult  
Reactions, types of 
Refractories 
Richter �:�e:"

n
:racttce 

Scheele 
Seeds 
Semiconductors 
S i l icone Resins 
Snake Venoms 
Soaps, Meta l l i c  
Solvay 
Stanford Research Institute 
Steroids 
Steric H indrance 
Structural Antagon1sm 
Surface TenSion 
Surfactants 
Temperature Scales 
Thermodynamics 
Tox icity 
Tobacco 
Trade-Marks 
Transference Numbers 
Uranium 
Vacuum Techniques 
Vegetable O i ls 
Vinyl ReSins 
Wastes, Industria' 
Water Conditioning 
Wood Waxes 
Weiimann 
Zirconium 

Editing and Authorship Guarantee 
H i g-hest Sta ndards of ExceHence 

GEORGE L_ CLARK. Editor-in·Chief of the Encyclopedia, is  Research Professor 

of Analytical Chemistry. University of Illinois. He is author of the outstanding book 

··Applied X-Rays." the 4th edition of which was recently published. He is the 

founder of the Electron Microscopy Society of America and editor of physical 

chemistry terms in the Merriam-Webster New International Dictionary. GESSNER 

G_ HAWLEY. who has been Executive Editor of Reinhold Book Division for many 

years is Managing Editor of the Encyclopedia. WILLIAM A. HAMOR. Director of 

Research, Mellon Institute. is Advisory Editor. For some years. he has been Editor 

of the world-famous American Chemical Society Monograph Series. 

Of the more than 500 top contributors from American science and industry. almost 
every one is an internationally recognized authority and also a capable writer. 
And through the editors· determined efforts. complete coverage of the vast subject 
has been attained. 

EXAM I N E  T H I S  G REAT WORK FREE ! - SE N D  NO MONEY I  
Fill out the coupon below and your copy of The Ency· 
clopedia of Chemistry will be sent to you promptly. 

- - - - - - - - - - - - - MAIL THIS COUPON NOW - - - - - - - - - - 
REINHOLD PUBLISHING CORP., Dept. M-1 1 6  
430 Park Ave., New York 22, N. Y. 
Please send me the ENCYCLOPEDIA OF CHEMISTRY to read and examine 
free. In 10 days I will return the book and owe nothing. or I will remit $ 1 9_50, 
plus postage. 

NAME __________________________________________ ___ 
ADDRESS __________________________________________ __ 
CITY ZONE ____ STATE ___ __ 
o SAVE MONEYI Check here if you ENCLOSE payment. in which case we pay all ship

ping charges. Same return privilege. Refund guaranteed. Please add 3 % sales tal< on 

N .  Y _C. orders. - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - -
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Associate Membership 
in the 

AMERICAN MUSEUM OF NATURAL HISTORY 

Membership in the AMERICAN MusEuM-a national asset in which every 

American can take pride-brings you and your family the cultural and educa

tional benefits of a world-famous center of learning devoted to man's better 

appreciation of the world in which he lives .  

Your Membership brings the  Museum to you,  wherever you are ,  and i n

cludes among o ther privileges a subscription to Natural History, the  Mu

seum's colorful magazine of wonders in science, exploration and nature. Your 

Membership also helps advance the Museum 's continuing program of scien

tific research, world-wide expeditions, publications, conservation education, 

Museum-school programs and other a ctivities . 

Associate Membership dues are only $5 annually. If you and your family 

would enjoy participation in this distinguished program, you are invited t o  

write today to D r .  William A.  Burns, Membership Secretary. 

THE AMERICAN MUSEUM OF NATURAL HISTORY 
Central Park West at 79th Street, New York 24, N .  Y. 

Alexander M. White, PRESIDENT Albert E .  Parr, DIRECTOR 

How the Scientific 
Mind Works Ansel Adams 

Science 
in the 

Making 
By JOEL H .  HILDEBRAND 

IN this enlightening book, an eminent 
scientist describes the mental proc

esses and experimental methods by 
which scientific problems are solved and 
illustrates them by guiding you through 
the steps he himself took to develop a 
theory of solubility. He also discusses, 
with many illustrations, the applicability 
of scientific criteria in matters of per
sonal choice and belief and in public af
fairs. Illustrated. $3.00 

At your bookseller, or write 

+ C O L U M B I A  rn U N I VERSITY PRESS 

· __ 'l.Uf-iii2ii9ii60iiBiiriioiiadiiWiiaiiYii· iiNiiewiiiYiioriikii2ii7iii 
1 64 

P H O T O G R AP H I C  

W O R K S H O P  
• 

Yose1nite Valley 
J une 1 4th to June 2 3 rd 

(one session only) 
• 

VISUALIZATION and control in 
planned photography 

DEMONSTRATION and practical 
application of the Zone System 

INSTRUCTION in Basic Tech
niques of Natural Light 

Photography 

DISCUSSION, Print Criticism,  
Private Consultation 

Address inquiries to: 
B E S T ' S  S T U D I O , I N C .  
YOS�MITE NATIONAL PARK, CALIFORNIA 

Box 455 - Dept . B 

Institute for Advanced Study in Prince
ton, contains a selection of the late Her
mann Weyl's. notable mathematical pa
pers, written during . the period from 
1910  to 1952. The selections, some in 
German, some in English, treat topics in 
pure mathematics, mathematical phys
ics, quantum mechanics, the foundations 
and philosophy of mathematics. A com
plete bibliography is included. The only 
cause for regret is that the book has no  
biographical essay on this distinguished 
man, who contributed to so many de
partments of modern mathematics and 
whose broad mastery enabled him, as 
few others can do, to unite creatively 
mathematical and physical thought. 

Notes' 

THE ART OF ARCHITE CTUR E ,  by A. E .  
Richardson and Hector O. Corfiato . 
Philosophical Library, Inc. ( $25 ) . A re
vised edition of a standard work on the 
history of architecture and the theory 
of design. 

ASTRONOMICAL OPTICS AND RELATED 
SUBJECTS, edited by Zdenek Kopal. In
terscience Publishers, Inc. ( $ 12.50 ) .  
The proceedings of a symposium at the 
University of Manchester, '\vhich cov
ered, among other topics, information 
theory and optics, optical images and 
diffraction, interferometry, resolution 
problems, electronic devices, filter pho
tography and thin films.  

AIR POLLUTION HANDBOOK, edited by 
Paul L. Magill, Francis R. Holden and 
Charles Ackley. The McGraw-Hill Book 
Company, Inc. ( $ 15 ) .  In this large, 
cooperative work is collected a wide 
range of data on the causes, effects and 
control of air pollution. 

THE ATOM AT WORK, by Jacob Sacks .  
The Ronald Press Company ( $5 ) .  Re
vised edition of a satisfyingly clear and 
direct account. 

FATIGUE IN AIRCRAFT STRUCTURES, 
edited by Alfred M. Freudenthal. Aca
demic Press Inc. ( $ 12 ) .  Proceedings of 
an international conference at Columbia 
University in 1956. 

ANNUAL RE VIEW OF NUCLEAR SCI
ENCE, 1 956, edited by James G. Becker
ley. Annual Reviews, Inc. ( $7 ) .  Among 
the topics considered in the sixth volume 
of . this annual are cosmic rays, polariza
tion of fast nucleons, isotope shift in 
atomic spectra, nuclear radiation effects 
in solids, nuclear reactors for electric 
power generation, cellular and verte
brate radiobiology. 
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the present 

and 

YOUR FUTURE IN ATOMIC POWER 
The USS Nautilus prototype was the first successful 
application of nuclear power. In 1957 the nation's first 

full-scale commercial generating plant at Shipping

port will have its turbines powered by a Westinghouse 

reactor. Although the success of the nuclear reactor 

is a historical milestone, the application of nuclear 

power is still in the pioneering stages. 

Much applied research remains to be done before 

the potentialities of nuclear energy can be utilized to 

the fullest extent. Opportunities for original work in a 

variety of fields present a creative environment for 

your professional growth. 

At Bettis Plant, operated by Westinghouse for the 

Atomic Energy Commission, more nuclear power re-

actors are being designed and developed. Here scien

tists and engineers are continuing to investigate new 

areas for progress in all phases of reactor theory, de

sign, and application. 

If you are a physicist, mathematician, metallurgist, 

or a mechanical, chemical, or electrical engineer, in

terested in the challenging opportunities offered by 

the leader in the nuclear power industry, write for a 

descriptive brochure on the oppor

tunities in your field. Be sure to 

specify your interests. Address : Mr. 

M. J. Downey, Westinghouse Bettis 

Plant, Dept. A-139, P. O. Box 1468, 

Pittsburgh 30, Pennsylvania. 

B ETTI S  ATO M I C  POWER D IV IS I O N  

Westinghouse 
1 65 
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From MOOG ... 
Advanced 

Electro-

Hydraulic 

Servo 
Components 

MOOG 
VALVE 

CO., INC. 
EAST AURORA, N. Y. 

166 

• These four·way 
proportional ttdry 
motor" electro .. 
hydrauli c servo 

.Ives feature high 
d Y�lmk r esponse. 
sensitivitY, linear· 
ity and,reliability. 
Light/w�j.ght and 
compact .. · they ar e 
a �s6 av� ila.ble in 

custom :des igned 
versions for sp ecial 

;. or advanc ed appli .. 
cations. 

MATHEMATICAL GAMES 
Paradoxes dealing with birthdays, playing 
cards, COlns, crows 

by Martin Gardner 

A 
paradox is a truth which cuts so 
strongly against the grain of com
mon sense that it is hard to be

lieve even when you are confronted with 
the proof. This quality of incredibility is 
particularly true of paradoxes in proba
bility-a field of mathematics especially 
rich in paradoxes. 

Consider the paradox of birthdays. 
What would you estimate to be the 
probability that, in any group of 24 per
sons, two or more were born on the same 
day of the same month? Offhand you 
would say it will be very low. In fact, 
the probability is 27/50, or better than 
one half! In other words, if you were to 
bet even money on there being at least 
one coincidence of birthdays in a ran
dom collection of 24 persons, you would 
have a better than even chance of win
ning-over the long run. 

These odds are so unexpected that 
you can make an entertaining, as well 
as profitable, game of the thing at par
ties or other gatherings of 24 or more 
people. Let each person write his birth
day on a slip of paper. More often than 
not, at least two of the birthdays will be 
the same-sometimes to the surprise of 
the parties concerned, though they may 
have known each other for years. 

You don't need a party of 24 to play 
the game: you can merely take 24 names 
at random out of Who's Who or some 
other biographical dictionary. I looked 
up the birthdays of the 33 Presidents of 
the U. S. and am happy to report that 
they obeyed the law of averages. Two 
Presidents had the same birthday: James 
Polk and Warren Harding were born on 
November 2. 

The calculation of these odds from 
probability principles is perfectly simple 
but rather tedious. One method of cal
culating them is given by George Ga
mow in his book One Two Three . . . 
Infinity. The probability that the birth
days of two persons will not coincide is 
364/365, since there are 364 chances in 
365 of their birthdays being different. 

and red-haired typists 

The probability that a third person will 
have a birthday different from the first 
two is 363/365; for a fourth person the 
probability of a still different birthday is 
362/365, and so on to 342/365 for the 
24th person. To compute the probability 
that all 24 persons have different birth
days, you multiply all these probabilities 
together, and the result is a fraction 
which reduces to 23/50. This means that 
you would win 27 out of flvery 50 bets 
on a coincidence of birthd�ys in groups 
of 24 persons. 

Even more startling is the paradox of 
the second ace. Suppose that a bridge 
player were to look at his freshly dealt 
hand and announce: "I have an ace." 
What is the probability that he also has 
a second ace? This can be calculated 
precisely, and it proves to be a little un
der 1/3. But suppose he announced that 
he had a particular ace, say the ace of 
spades, selected by agreement in ad
vance of the deal. The probability that 
the player holding the ace of spades also 
had another ace would be 11,686/20,-
825, or slightly better than 1/2! Why 
should naming the ace affect the odds? 

To simplify the work of computation, 
we can illustrate the situation with a 
more elementary game using only four 
cards-the ace of spades� the ace of 
hearts, the deuce of clubs and the jack 
of diamonds. If two cards are dealt to 

HARDING 

The coincident birthdays 0/ two Presidents 
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... p,oneers In 

At the University of California Radiation Laboratory, 

Berkeley and Livermore, there is an unusual spirit among 

scientists and engineers - a spirit stimulated by association 

with pioneers in nuclear research who encourage development 

of new ideas, techniques, and individual initiative. 

S ince its founding in 1936, UCRL 

has contributed an impressive list 

of achievements to the world's knowl

edge of the atomic nucleus - from 

development of the cyclotron and 

Bevatron, to electromagnetic separa

tion of uranium-235, to the discovery. 

of the antiproton and antineutron. 

These accomplishments have, of 

course, stemmed from an outstanding 

group of men working with un

matched laboratory facilities. But 

just as important-and the key, per

haps, to UCRL's successes-has been 

the spirit with which these men work. 

For UCRL is managed and directed 

by scientists and engineers-men who 

are liberal with their own knowledge 

and enthusiastic in the encourage

ment of their teammates' new ideas 

and new techniques. 

This is the constant and continuing 

spirit of UCRL. It is to be found 

in each new and expanded project

whether it involves pure or applied 

science. It keynotes work on nuclear 

weapon design, nuclear propulsion, 

controlled thermonuclear energy 

(Project Sherwood), and high current 

accelerators, as well as such problems 

as the application of radioactive sub

stances to biology and medicine. 

The UCRL "spirit" appeals to a 

particular kind of scientist and engi

neer -to men of ability and imagi

nation, to men who wish to move 

forward and challenge the unknown. 

If you wish additional information, 

write to the Director of Professional 

Personnel, University of California 

Radiation Laboratory, Livermore, 

California. 

UNIVERSITY OF CALIFORNIA RADIATION LABORATORY . BERKELEY . LIVERMORE 
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YDUM - the ONE 4" Reflector 
Telescope Now Used and Approved 

by Over 40 E) 

Colleges! 
the famous 

DYNASCOPEQ� 
COMPLETE $4995 

for only 
F.O.B. Hartford, Conn. 
Shipping WI. 16 Ibs. 
Express Charges Collect 

HIGHEST POWER and PRECISION .-________ ...... --""""_--, 
- at LOWEST POSSIBLE COST! ADVANCED FEATURES 
Used, approved and recom- 1) 4·INCH PARABOLIC MIRROR-aluminized mended by more schools, and zircon quartz for longest life! 
���������r:

n
t�a�

r
�
f
":

s
���:� 2) 3 ACHROMATIC EYEPIECES-65X 

telescope at the price any- H uygens, 130X and 167X Ramsdens! 
where! You'll agree over 40 3) RACK & PINION Focus! 
colleges can't be wrong! 4) 4 -POWER Achromatic FIN DER SCOPE! 

The 4" parabolic mirror 5) Combination Equatorial & Alt-azimuth gives you 1/3 more light than MOUNT with free-moving Polar Axis! any 3V2" mirror! Gives you 6) BAKELITE TUBE! 
�tu�����,

te 
n
i
��fa�

s 
��"'�t�: 7) 4 -POINT Tube Suspension! 

����1\!' ;fCI
iP.���tt���" f��� L...8_) _3_ 3 _ "_ H_

a_r_d _w_o_Od_f_ol_d_in _g _ T_R_I _P_0 _D _! ___ -I 

finest doubles! Finished to most exacting specifications-guaranteed to 
perform to Dawes' limit for its size ! 

Comes to you COMPLETE-nothing else to buy, no extras! You take no 
risk. We UNCONDITIONALLY GUARANTEE DYNASCOPE to give you absolute 
satisfaction-or your money back. Prompt delivery now. Send check or 
money order today! Manufactured And Sold Only By 
DEPT. DSAB : CRITERION MANUFACTURING CO. 

331 Church St" Hartford 

WE DON'T NEED ENGINEERS 
• • •  but they write to us doily to order our 

GENIAC Electric Brain Construction Kits. 

Connecticut 

So do TEACHERS. SCIENTIFIC AMATEURS. INDUS· 
TRIAL FIRMS and schools. (See llst below.) 

THOUSANDS OF SATISFIED CUSTOMERS have 
bought GENIACS on a 7 DAY REFUND guarantee 

We nrc proud to offer our 1957 Model, with up to the 
m inule illlpl'ovcments for the thousands of new customers 
who cnn (,!,C them. 

WHAT IS A GENIAC? 
Hel'C! Is a pictUl'c of the 1057 Model GENIAC in the dis· 

plav rack ($:1.00 sepal'ately) which comes with every kit. GENIAC stands for Genius Semi·Automatic Computer" A 
kit of speciallv designed switch decks and racks which 
permit the user' to construct more than thirty different rna· 
chines (following dit'ections and wiring diagram�n and as 
many more as he is able to design himself. These rftachines 
demonstrate the applications of electric circuitry. 

APPLICATIONS OF GENIAC 
SIMPLE COMPUTF:R CIRCUITS of binary. decimal addintr. 
subtracting. dividing. multiplying machines. PROBLEMS III 

:t�����b 1;:lf�c. F.�r,t!Iii�lNT cocrt&��nY;LA\,���H<t��ggi*� 
fOl' tit·tat·toe and nim. ACTUARIAL ANALYSIS. 

PROOF OF SUPERIORITY 
(On ReQuest-a L i s t  o f  
Great Institutions N o w  Us
ing the 4" DYNASCOPE) 
TESTIMONIALS: 
FROM AN OBSERVER 

On c l e a r  "aood·see i n g" 
ni ah t s  my D y n a s c o p e  
easily reveals t h e  Alpine 
Valley and the Straiaht 
Wall on the Moon. It will 
show three pelks In the 
floor of the Plato crater. 
It wi II split the star Mizar 
into its major components 
clearly. It will separate 
Saturn's rina and show six 
bands on the face of Jupi
ter. Also it will project a 
two·foot diameter disk of 
the sun showing sunspots 
in vivid detail . • •  As an 
Englishman might express 
it, "Oynascope optics are 
a little bit of alrloht ... • 
-VICTOR W. KILLICK. 
In Charge of Astronomical 
Observatory, Sacramento 
Junior College�. Calif. 

MANY YEARS EXPERI ENCE 
.. , I havtl had many years 
experience in astronomy, 
and as Junior Leader here 
in Atlanta I always rec· 
ommend Dynascope. 
-LEONARO B. ABBEY, 
Jr .• Decatur. Ga. 

CANNOT BE EQUALLED 
I still don't see how you 
can produce a parabolic 
mirror of this fo.cal ratio 
at the price • • •  Epsilon 
Lyra was quite easy ... 
on the 130 power ocular. 
I was more than pleased 
when it resolved these four 
stars as four tiny, sharp. 
brilliant g e m s  . • .  a n d  
each tiny disc w a s  sharp 
and round. with the dif· 
fraction rings concentric 
and sharp . 

. • . For the price you 
ask. I do not belie;ve that 
it can be equalled in any 
way. T h e  o c u l a r s  are 
excellent. and the entire 
instrument shows careful 
workmanship. How you do 
it is beyond me. 
-G. N. JOHNSTONE, 
Albuquerque, N. M. 

SOME OF OUR CUSTOMERS 
Allis·Chalmers _ Remington·Rand • International Business 
Machines _ Manuel Missionary College _ Barnard College 
• Westinghouse Electric _ Phill ips Laboratories . General 
Insurance Co. Of America . Lafayette Radio _ RonI' Air· 
craft Co . •  Albert Einstein Medical College _ Naval Re· 
search Laboratories _ Board of Education, Tecumseh, 
Nebraska . Los Angeles Public Schools . Jefferson Union 
High School _ Oklahoma A & M _ Courtland Jr. High School 
• Bell Telephone Laboratories. 

WHAT COMES WITH THE KIT? 

Exakta is the world's most outstanding 
camera for scientific, industrial, and 
technical photography! With the Exakta 
you can photograph an infinitesi mal 
Microbe under a microscope or an Eagle 
atop a mountain-with the one and same 
camera. You will have the perfect assure 
ance of absolute accuracy with an Auto· 

BOOKS-i. SIMPLE ELECTRIC BRAINS. AND HOW TO 
MAKE THEM . . .  64 page experiment manual.-NEW! 2. 
r·.-UNOS AND M.'\CHINE:S . . .  200 page text on computers, 
automation and cyberllctics.-NE'V! 3. \VIRING DIAGRAMS 
for basic GENIAC cil·cuits.-NEW! 4. Beginners Manual for 
the person who has little 01' no familiarity with electric 
circuits.-r...'EW! S. GENIAC study guide . . .  the equivalent 
of a full course in computer fundamentals. lists additional 
readings. 
PARTS-PANF:LS. DISCS. RACK (for easy assembly and dis· 
play). Hardw�lI'e. wire. tools. battery. holder, etc. Cor more 
than thil·tv machines. 
SEND for' your GENIAC now. At only $19.95. a bargain, 
comes complete with over 400 parts and components. 5 
books and manuals. 'Ve guarantee that if you do not want 
to keep GF�NIAC after one week you can return it Cor full 
refund. 

. Add 80c west of Miss. $2 outside U.S, Mail Name &. Ad. 
dress with check or Money Order to 

OLIVER GARFIELD CO •• DEPT. SA.478 
126 LEXINGTON AVE. NEW YORK 16, N. Y. 
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matic Exakta VX-because the same lens ! .!���!!!!� 
that is used for viewing also takes the � 
picture. This very same viewing system 
serves for all types of pholography with 
an Exakta, from microscope to telescope. 
and everything which is between includ· 
ing close·ups. Of course, you can also 
use the Exakta for personal photography, 
sports, portraits. copywork, etc. FREE!
Write Dept. 508 for Free Descriptive 
Booklet "0" on Camera & Accessories 
and Brochure on Close·up Technique with 
Automatic Exakta VX . 
EXAKTA CAMERA COMPANY 
705 Bronx River Rd., Bronxville 8, N. Y. 

The paradox of the second ace 

each of two players, there are only six 
possible combinations that a player can 
hold: (l) ace of spades and ace of 
hearts, (2) ace of spades and jack of 
diamonds, (3) ace of spades and deuce 
of clubs, (4) ace of hearts and jack of 
diamonds, (5) ace of hearts and deuce 
of clubs, (6) jack of diamonds and deuce 
of clubs. Now five of these six two-card 
hands permit the player to say, "1 have 
an ace," and in one of the five instances 
he has a second ace. Consequently in 
this game the probability of the second 
ace is 1/5. But observe that if the player 
is able to declare that he holds the ace 
of spades, the probability that the second 
ace is in his hand goes up to 1/3, be
cause there are only three combinations 
containing the ace of spades and one 
includes the second ace. 

The most famous of all probability 
paradoxes is the St. Petersburg paradox, 
first set forth in a paper by the famous 
mathematician Daniel Bernoulli before 
the St. Petersburg Academy. Suppose 1 
toss a penny and agree to pay you a 
dollar if it falls heads. If it comes tails, 1 
toss again, this time paying you two 
dollars if the coin is heads. If it is tails 
again, 1 toss a third time and pay four 
dollars if it falls heads. In short, I offer 
to double the penalty with each toss and 
I continue until I am obliged to pay off . 
What should you pay for the privilege 
of playing this one-sided game with me? 

The unbelievable answer is that you 
could pay me any amount, say a million 
dollars, for each game and still come out 
ahead. In any single game there is a 
probability of 1/2 that you will win a 
dollar, 1/4 that you will win two dollars, 
1/8 that you will win four dollars, and 
so on. Therefore the total you may ex
pect to win is (1 X 1/2) + (2 X 1/4) 
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Two-Hundred-Million-Year-Old Inertial Navigator 
EONS AGO the fly had two sets of wings. His second set of 

wings shrivelled into the vibrating gyros entomologists 

call haIteres. The fly now flies with his own inertial guid. 

ance system, efficient enough for his needs and marvel· 

ously compact. Our interest in the anatomy of the fly is 

the interest of an inertial·guidance·systems Engineer. We 

construct inertial guidance systems. Those bearing the 

Litton Industries name have a simplicity of design and 

compactness unsurpassed in this complex field. They are 

designed to function at Mach Numbers that are classified. 

LITTON INDUSTRIES BEVERLY HILLS,CALIFORNIA 

Plants and Laboratories in California, Maryland, Indiana and N.ew York 

DIGITAL COMPUTERS AND CONTROLS RADAR AND COUNTERMEASURES 
MICROWAVE POWER TUBES AUTOMATIC DATA PROCESSING Sl':STEMS 

INERTIAL GUIDANCE 
SERVOMECHANISMS 

PRECISION COMPONENTS 
SPACE SIMULATION RESEARCH 
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ON PERIODICAL STORAGE SPACE 

SCIENTIFIC AMERICAN and over seven hundred 

and fifty other leading periodicals are now available 

on microfilm-cost about equal to library binding. 

Microfilms of issues from May, 1948 [first issue of 

new SCIENTIFIC AMERICAN] may be secured. 

Addressing inquiries to us on your organiza

tion's letter head will help us be of better service 

to you. Write for details to Department S.A. 

UNIVERSITY 

MICROFILMS 
ANN ARBOR, MICHIGAN 

Make your own tiny genius computers 

G ENIACS AND TYNIACS 
Scientific_Entertaining-Instructive-Safe 

Use our improved construction kits including all 
parts, and wipers making all switches work well

the improved kits made by the originator of all 
Tyniacs, most Geniacs, Simon, Squee, etc. 

Diagram of OUf versatile 
multiple switch, which 
can be assembled to make 
any switch combination 
from 16 decks of 2 posi
tions, 10 decks of 3 posi
tions, etc., to 2 decks of 
16 positions. 

K 9: GENIAC AND TYNIAC ELECTRIC BRAIN KIT: 
Contains 64·page Geniac manual, 48-page 'l'yniac manual 
with introduction to Boolean Algebra for switching, 
templates and o\'er 400 parts (including 6 multiple 
switches) 

'
for making over 45 arithmetical, logical, reason

ing, computing, puzzle-soh'ing and game-playing m�chines 
(see partial list below). Each Geniae and Tyniac displays 
inteli1gcnt behavior, runs on one flashlight battery. requires 
no soldering (all connections with nuts and bolts). This kit 
is the outcome of 7 years of our design and development of 
small robots, and demonstrates in instructive and easily
put-together models the fascinating variely and power of 
computing and reasoning circuits .................................... $16.95 
(For shipment west of MisSissippi, add SOt; outside U.S., 
add $1.80.) Returnable in one week for full refund if not 
satisfactory. 

A few of the 46 GENIACS and TYNIACS-Logic Ma
chines: Joe McCarty's Logic. Syllogism Machine, Intelli· 
gence Test. Game·Playing Machines: 'l'it-Tat-Toe, Nlm, 
Black Match, Sundorra 21. Computers: Adder, Subtracter, 
Multiplier, Divider. Cryptographic Machines: Secret Coder, 
Secret Decoder, Lock with 65,000 Combinations. Puzzle
Solving Machines: FOl:, Hen, Corn and Hired Man, Space 
Ship Airlock, Bruce Campbell's Will, Submarine Rescue 
Chamber, The Uranium Shipment and the Space Pirates. 

We offer over 40 PUBLICATIONS, KITS, Etc. on Computers, 
Symbolic Logic, Cybernetics, Operations Research, Mathe_ 
matics, Small Robots. Eltplanation, Language, Plant Cui· 
ture, Science, etc. Write for our new FREE catalogs. 

We are Berkeley Enterprises, Inc. (Affiliate of Edmund C. 
Berkeley and Associates), producers of scientific kits, 
makers and clthibitors of small robots (Simon, miniature 
automatic computer; Squee, electronic robot squirrel; Re
lay Tit-Tat-Toe as pictured in "Life", March 19. 1956, 
etc), publishers (the monthly Computers and Automation, 
P2, $5.50 annual subscription), etc. 

______ MAIL THIS COUPON----__ 

I
I :��k:.���i�;t��r�r.i.s�S·

l!�� ·
Newtonville 60, Mass. I 

Please send me items circled: K9 P2 

I Returnable in 7 days for full refund if not satisfac- I 
I �r�le�s�I���S� I�'�' free anno�·������;s

n 
o�U�\t��l���7J� I 

I cations. et{'.-Ml· name and address are attached. I 
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Measure DC from lOfLV to 1000v or 
10 fLfLa to 100 rna . . .  25 ranges • . •  use 
as 80 db DC amplifier with only lOfLV 
drift. , . zero-center m irrored scale. 
Versatility, accuracy, and stability un
obtainable with conventional VTVM's 
are provided by Kintel's unique de
sign. The Model 203 is the ideal general 
purpose laboratory meter, production 
test set, or null meter. Price $550.00 
Rep,·esenlalives in all majo,· cilies 

+ (4 X 1/8) . . . . The sum of this end
less series is infinite. As a result, no mat
ter what finite sum you paid me in ad
vance per game, you would win in the 
end if we played enough games. You 
would be paid something in every game 
and you would also have a chance, albeit 
small, of winning an astronomical sum 
each time the game was played. This 
paradox is involved in every "doubling" 
system of gambling. Its full analysis 
leads into all sorts of intricate byways. 

Carl C. Hempel, a leading figure in 
the "logical positivist" school and now a 
professor of philosophy at Princeton 
University, discovered another astonish
ing probability paradox. Ever since he 
first explained it in 1937 in the Swedish 
periodical Theol'ia, "Hempel's paradox" 
has been a subject of much pleasant and 
learned argument among philosophers 
of science, for it reaches to the very heart 
of scientific method. 

Let us assume, Hempel began, that a 
scientist wishes to investigate the hy
pothesis "All crows are black." His re
search consists of examining as many 
crows as possible. The more black crows 
he finds, the more probable the hypoth
esis becomes. Each black crow can 
therefore be regarded as a "confirming 
instance" of the hypothesis. Hempel as
serted that the existence of a brown stone 
also is a "confirming instance" of the hy
pothesis! He proved his paradox with 
ironclad logiC. 

The statement "All crows are black" 
can be transformed to the logically 
equivalent statement, "All not-black ob
jects are not-crows." The second state-

The paradox of the red·haired typists 
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another example of exciting work at los alamos ... 

BREAKINO PROBLEM BARRIERS 

The linearized Boltzmann equa
tion shown at the right describes 
the transport of neutrons in a slab. 
Its mathematical structure was 
first completely worked out at Los 
Alamos. This is only one of the 
many fundamental problems in 
disciplines ranging from pure 
mathematics through biology that 
are yielding to newly developed 
methods of experimental and 
theoretical analysis. 

The Laboratory has entered a new 
phase of scientific endeavor. Pio
neering activities in the unex
plored realms of nuclear power, 
nuclear rocket engines, and con
trolled thermonuclear power have 
been added to its weapons pro
gram; experiments are being 
planned and carried out at' pres
sures and temperatures far beyond 
any previously created by man. 
These activities exemplify the 
imaginative approach by which 
the Laboratory maintains its pre
eminence in scientific achievement. 

Lcs Alamos Scientilic laborotory is a 

non-civil service operation 01 the 

University of Colifornia lor the U: S. 
Atomic Energy Commission. 

los( 
• 

! 

Mathematical support for many of the Laboratory's programs is 
given by the Theoretical Division, which also pursues its olVn investi
gations in hydrodynamics, magnetohydrodynamics, computer theory 
and design, and other fields. The vast amount of computation in
volved has brought about the creation at Los Alamos of the largest 
knolVn computing center devoted exclusively to sCien(ific work. 

The "Maniac" (above) is one of the many advanced computers 
in me at the Laboratory. 

)alamos 
\ m ,",�9,!�R;HHs,,1��oratory 

\ 
LOS ALAMOS, NEW MEXICO 
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EN G I NEE R S, Electronic & Mechanical 

PHYSICISTS: 

Melpar's Dynamic Growth Creates 

UNCOMMON 
OPPORTUNITIES 

Melpar has doubled in size every 24 months during the 
past 11 years. This continuous growth, combined with our 
policy of individual recognition and organization into 
small project teams, creates opportunities uncommon to 
the industry. 

As a Melpar staff member you will benefit from our 
policy of individual recognition, which means that your 
rate of advancement is determined solely by your skill 
and ability. 

Our technical staff is organized into small project teams, 
each of which is assigned a specific problem and respon
sibility to carry through from conception to completion 
of prototype. Following a problem through research, 
design, development, and testing will give you the diversi
fied background necessary to occupy high managerial 
positions. 

In addition, the project team system gives more freedom 
to your creative talents and enables us to quickly recognize 
your achievements. These factors should be of particular 
interest to the engineer or physicist stymied by the com
plexity of a larger company. 

Our ultra-modem laboratory is located on a 44-acre 
wooded tract in Fairfax County, Virginia. Here you can 
enjoy a relaxed suburban life with a full quota of golf, 
sailing, riding and other sports. The Nation's Capital with 
its renowned cultural and educational advantages is 10 
miles away. Attractive housing is available traffic-free 
minutes from the laboratory. 

• Complete company benefit program including 
financial assistance for study. 

• Liberal travel and moving allowances. 
• Qualified applicants will be invited to in!pect 

the Laboratory at Company expense. 

OPENINGS EXIST IN THESE FIELDS: 
Flight Simulators. Radar and Countermeasures. Network Theory. Systems 
Evaluation. Microwave Techniques. Analog &. Digitol Computers. Mag
netic Tape Handling. UHF, VHF. or SHF Receivers. Packaging Electronic 
Equipment. Pulse Circuitry. Microwave Filters. Servo-mechanisms. Sub .. 
miniaturization. Electro-Mechanical Design. Small Mechanisms. Quality 
Control & Test Engineering. Field Engineering. Antenna Design. 

For Detailed Information, write: 
Technical Personnel Representative 

MEL PAR Incorporated 
A Subsidiary of Westinghouse Air Brake Company 
3039 Arlington Boulevard, Falls Church, Va. 

10 m.iles from. Washington, D.C. 

ment is identical in meaning with the 
original. Consequently the discovery of 
any object that "confirms" the second 
statement must also confirm the first. 

Suppose, then, that the scientist, 
searching about for not-black objects, 
comes upon a brown stone. This object is 
a confirming instance of "All not-black 
objects are not-crows." It therefore must 
add to the probable truth of the equiv
alent hypothesis "All crows are black." 
The same applies to a white elephant, or 
a red herring, or the scientist's green 
necktie. As one philosopher recently re
marked, on rainy days an ornithologist 
investigating the black-crow hypothesis 
could carry on his research without get
ting his feet wet. He need only explore 
his room and note instances of not-black 
objects that are not-crows! 

We find it hard to accept the validity 
of this paradox, says Hempel, because of 
a "misguided intuition." But it begins to 
make sense when we consider a simpler 
problem. Let us say that we wish to test 
the hypothesis that all red-haired typists 
working for a certain large company are 
married. We could investigate this di
rectly by seeking out every red-haired 
typist and asking her if she has a hus
band. But there is another test, which 
might actually be more efficient. We 
could get a list of all the unmarried typ
ists in the company from the personnel 
department and then investigate wheth
er any of the girls on this list has red 
hair. If it turns out that no unmarried 
typist has red hair, we have completely 
confirmed our hypothesis that all of the 
red-headed typists are married. And 
each not-married typist with not-red 
hair serves effectively as a confirming in
stance of the hypothesis. If there are 
fewer unmarried than married typists, 
we could save time by this approach. 

The only real difference between the 
problem of the red-headed typists and 
the one of the black crows is in the rela
tive sizes of the classes. There are so 
many not-black objects in the world that 
checking them would be an extremely 
inefficient method of testing the hypoth
esis that all crows are black. Nonetheless 
most logicians agree that Hempel's logic 
is unassailable. And although we may be 
tempted to dismiss Hempel's paradox 
with a smile and a shrug, we must re
member that many logical paradoxes 
which were long regarded as mere men
tal exercises proved to be highly useful 
in the development of symbolic logic. 
Analyses of Hempel's paradox have al
ready provided valuable insights into the 
obscure nature of inductive logic, the 
tool by which all scientific knowledge is 
obtained. 
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ENGINEERING and SCIENCE at RCA 
STARTING SALARIES: non-managerial to $15,000 • . .  managerial open 

FIELDS OF ENGINEERING ACTIVITY 

• DESIGN. DEVELOPMENT 
MISSILE WEAPONS SYSTEMS-Planning and Design-Radar-Fire 
Control-Servomechanisms-Computers 

AVIATION ELECTRONICS - Radar - Camputers - Servamechanisms 
-Shock and Vibralian-Circuitry-Remote Control-Heat Transfer
Sub-Miniaturizotion-Automatic Flig ht-Automation-T ransistori zation
Infrared-Airbarne TV 

• MACHINE DESIGN Mecha�ical an� Electr!cal-Automatic 
or SemI-Automatic Machines 

Z 

F 

S 

locations: C-Camden, N. J. F-Cocoa Beach, Fla. H-Harrison, N. J. L-lancaster, Pa. M-Moorestown, N. J. 
N-New York, N. Y. S-RCA Service Co. (Cherry Hill, N. J.; Alexandria, Va.; Tucson, Ariz.; Dayton, Ohio; San francisco, 
Calif.) V-Somerville, N. J. W-Wallham, Mass. X-West los Angeles, Calif. V-Marion, Ind. Z-White Sands, N.M. 

Modern benefit program • • .  

relocation expenses paid ... 
Please send resume 0/ education and 
experience, with location pre/erred, to: 

Mr. John R. Weld. Employment Manager 

Dept. A-l D. Radio Corporation of America 

30 Rockefeller Plaza. New York 20. N.Y. 

RADIO CORPORATION of AMERICA 

Copyright 1957 Radio Corporation 01 America 
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H 

H 

V 

173 

© 1957 SCIENTIFIC AMERICAN, INC



174 

ENGINEERS ••• LOOK 

.,.EN YEARS AHEAD! 

Will your income and location 
allow you to live in a home 

like this ... spend your 
leisure time like this? 

They can . . .  if you 
start your Douglas 

career now! 
Your objectives are probably high professional standing, good income, 

good security and good living. All four can be achieved at Douglas. 

Douglas has the reputation of being an "engineer's outfit," with the 

three top administrative posts being held by engineers. Maybe that's 

why it's the biggest, most successful unit in its field. Certainly it offers 

the engineer unexcelled opportunities in the specialty of his choice 

• • •  be it related to missiles or commercial or military aircraft. 

You've looked around. Now look ahead ... and contact Douglas. 

For further information about opportunities with Douglas in Santa 

Monica, EI Segundo and Long Beach, California and Tulsa, Oklahoma, 
write today to: 

DOUGLAS AIRCRAFT COMPANY, INC. 
C. C. La Vene, Box 620· N ,  3000 Ocean Park Blvd., Santa Monica, Calif. 

First in Aviation 
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THE AMATEUR SCIENTIST 

S·nce the end of the war amateur 
sailors have been taking to the nav
igable waters of the world in num

bers that rival a migration of lemmings. 
Some of the newcomers to yachting are 
bringing along a strong interest in sci
ence. In consequence the aerodynamics 
of sails and the hydrodynamics of hulls 
are coming ip for increased attention 
from amateurs. In fact, yachtsmen in 
England recently organized an Amateur 
Yacht Research Society, which has a 
U. S. secretary-Robert Harris of Great 
Neck, N.Y. 

That amateurs can make experiments 
of great interest to boatbuilders was 
pointed out in this department last Au
gust by Randolph Ashton, an engineer 
associated with the Experimental Tow
ing Tank at the Stephens Institute of 
Technology. Since a towing tank and its 
associated apparatus for experiments 
with models is expensive, he urged ama
teurs to undertake experiments with full
sized boats. 

Cyrus Hamlin, a naval architect of 
Manset, Me., agrees that full-scale tests 
can provide much needed information 
and a lot of fun for the experimenter. 
He suggests, however, that interesting 
tests of models can be made without a 
towing tank. 

"Naval architecture," he writes, "may 
be poorly endowed with funds for re
search, but I find it heavily endowed 
with fascination. For me it is a vocation, 
but even an amateur can, at little finan
cial cost, make important contributions 
to research into the scientific design of 
small vessels and boats. 

"The radical differences of vessel de
sign and construction, found not only in 
widely separated areas but within the 
same port, indicate the sizable area of 
investigation open to the amateur. For 
instance, a conventional 85-foot Glouces
ter dragger (a fishing vessel exactly like 
a trawler but smaller) is heavily built, 
full-bodied, and has a beam of from 20 

On testing boat designs without a towing 
tank, and skipping stones along the beach 

to 22 feet. Yet the lightly built, fine
bodied World War I subchaser, with a 
beam of only 15 feet on an over-all 
length of 110 feet, also is popular as a 
dragger at Gloucester. Even taking into 
account the personal (and frequently il
logical) preferences of skippers and 
owners, it seems unlikely that two such 
widely divergent types can perform the 
same work equally efficiently. 

boats operate in two fluids of very differ
ent densities, separated by what can be 
a very obstreperous boundary layer) that 
small errors of measurement can build 
up a large accumulated error. Thus a 
beginner might better concern himself 
with qualitative rather than quantitative 
testing and content himself with exam
ining large differences in the character
istics of the structure being tested. 

"An amateur contemplating research 
in naval architecture might give consid
eration to three background thoughts. 
First of all he can hardly expect to com
pete with the formal establishments in 
precision of measurements of forces, 
angles, velocities and so on. There are so 
many variables involved in vessel testing 
and design (due largely to the fact that 

"Secondly, an amateur should not con
cern himself with relatively slow vessels. 
The ratio of a boat's speed to its length 
(conventionally calculated as the veloci

ty in knots divided by the square root of 
the waterline length) is a measure of the 
wave-making characteristics of a hull 
and is perhaps the most important and 
fundamental coefficient in naval archi-

1· 
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The proportions 0/ two boats used for dragging. nets are compared 
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I 
FLAT FIELD TRACKING 

CAMERAS 

We have experienced 

some success in the de

signing and production 

of cameras with aper

tures to 36 inches and 

picture sizes up to 11 x 

11 i n ches. Accurately 

figured optics allow less 

than 4 microns image 

swell at edge of field. 

Field tests have proved 

satisfact o ry p e r fo r m

ance. 

Your needs - whether 

for large or small cam

eras - will receive our 

immediate attention. 

...... ".. 
FERSON OPTICAL CO., Inc. 

OCEAN SPRINGS. MISSISSIPPI 

GIANT "3" inch TELESCOPE 
. • 1-��:- . : .. :::::::.::::::.: .. S+=I 
40 POWER postpaid $57.50 
HIGH POWER SPOTTING SCOPE-American Made 
Big 3" diameter Achromatic Coated Objective will give 
brIght crystal clear images. Micrometer Spiral Focusing 
Draw Tube. Lightweight aluminum construction throughout, 
black crackle finish. length open 22". closed 15 %". Upright 
image. Guaranteed to gi,e superb performance. 

MOUNTED AIR SPACED OBJECTIVES 
We offer the finest hand-corrected air 

spaced American made astronomical objectJves. 
Mounted in BlaCk Anodized Aluminum Cells. 

DIA. F.L. PRICE PRICE 
31'." 48" Coated 532.00 Not Coated 528.00 
41/8" 62" Coated 569.00 Not Coated $60.00 
We can supply ALU M INU M TUBING for the above lenses • .. ��U�!E�L. 1 ��me�;i�;1 .E!E� I.���� - 16 mm F.L. Erfle (Wide Angle)..12.50 

16 mm F.L. Triplet .... . . . ....... . ....... 12.50 18 mm F.L. Symmetrical .. . ........ ... 6.00 
22 mm F.L. Kellner ...... ...... ... ....... 6.00 

:U mm F.L. Orthoscopic ................................................ . 2.50 
35 mm F .L. Symmetrical .............................................. 8.00 
55 mm }i'.L. l(ellner . . . . . . . ...................................... . ........ 6.00 COATING 75c extra 

��BIG" LENSES ��� :��ec
f�gt!1 Y!n�����; 

the largest in the United 
States available for immediate delivery. Perfect magnesium 
fluoride coated and cemented achromatic telescope objectives. 
Aluminum tubing and cells available for lenses listed below. 
Send for complete list of other diameters and focal lengths. 

Dia. F.L. EACH Dia. F.L. ,EACH 
21>" 10" $12.50 3N' 15" $21.00 
2%" 15" $ 9.75 3h" 24!h" $22.50 
21>" 2411," $12.50 3'4" 40" $30.00 
21>" 40" $12.50 4%" 42N' $67.00 
21>" 50" $12.50 50." 2411," $85.00 

ASTRONOMICAL TELESCOPE MIRRORS 

Pyrex 
Pyrex 

Polished to Y4 Wave and Aluminized 
Dia. F.L. 
3N' 42" 
414" 45" 
6" 60" 

Postpaid 
$ 9.75 
$13.50 
$25.00 

Free Catalogue " M ILLIONS" of Lenses. etc. 

We pay the POSTAGE-C.O.D.'s you pay postage-Satisfaction 
guaranteed or money refunded if returned within 10 days. 
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The effect 0/ the ratio 0/ speed 10 length on the trim 0/ boats moving at the same speed 

tecture. Slow vessels can be defined for 
our purposes as those whose speed
length ratio at normal travel speeds is 
one or less than one. 

"The length of a water wave, crest to 
crest, is a rigid function of its speed of 
advance, whether it is generated by 

. wind, an earthquake or the passage of a 
vessel. A body traveling through the wa
ter generates a wave system which trav
els with it and hence has the same veloc
ity of advance as the moving body. At a 
speed-length ratio less than unity, a ves
sel is supported on three or more of the 
wave crests it is itself generating. Such a 
slow vessel remains essentially horizon
tal. A faster vessel, generating longer 
waves, is very sensitive to the location of 
the wave crests near its bow and its 
stern. At a speed-limgth ratio of about 
two, the vessel is trying to climb up the 
back of the bow wave and its stern is in 
the trough of the wave. This is a very 
difficult position for any but a very light 
vessel to attain and is ruinously costly to 
maintain. At considerably higher values 
of the speed-length ratio the center of 
gravity of a vessel may get ahead of its 
bow-wave crest, at which point she be-

gins to coast down the front side of the 
wave and consequently requires less 
horsepower. For all practical purposes 
this condition is possible only for light 
planing hulls (a planing hull is one 
whose center of gravity rises, relative to 
its at-rest position, due to the hydro
dynamic lift that is exerted on the hull's 
bottom). 

"A vessel whose speed-length ratio is 
around one ( e.g., a IOO-footer at 10 
knots or more, or a 36-footer at six knots 
or more), generates waves which are 
about its own length. A vast number of 
vessels, in all kinds of service, operate in 
this one-wavelength speed range. These 
small vessels, because of the high cost 
of testing relative to their building cost, 
and the traditional and individualistic 
approach of their owners and operator�, 
have not received research attention by 
any means proportionate to their impor
tance. 

"Thirdly, an amateur model experi
menter interested in qualitative rather 
than quantitative results can make his 
tests in open water under any simulated 
type of weather he may choose, from 
Rat calm to a gale. Most towing-tank 
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TODAY 

An"�I'It:",n .. n ... iin .... r'CJi'O' scientist qualified to join a 
its commanding lead in the 

design of aircraft which wm assure our country's security? 
If so, NOW is the time to irwpstigate CONVAIR-Fort Worth! 

latest and most significant of the "years ahead" projects to 
reach the flight test and production stage .at CONVAI R-Fort Worth 
is the all n ew delto-wing 8-58, America's first supersonic 
bomber. Nearly half-a-hundred other Air Force contracts now on 
hand require the application of imaginative thinking and a 
compelling urge to explore the unknown. 

'Investigate-prove it to yourself-"Your Future is NOW 
--at CONvAIR-Fort Worlhlf, 

• • • write, wire or telephone PErshing 8-7311 
MR. H. A. BODLEY, Engineering Personnel 

CONVAIR 
c-v 
.� 

FORT WORTH 
FORT WORTH, TEXAS 

CON V AIR-A DIVISION OF GENERAL DYNAMICS 
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IM'I': h ii'·': Ii iii J 4 
IMUIJd"i·I.!·gfflt .• 

• 
11 onomical Telescopes .. 

This valuable 38-page boo/c 
is yours for 'he as/cing' 

With the artificial satell ite and space travel 
almost a reality, astronomy has become 
today's fastest growin g hobby. UNITRON'S 
new handbook contains full'ga ge illustrated 

���I:; a
O
n':J "as�������s. 0 O�er

i�ire
g':es:elf� 

be g inner and advanced amateurs alike. 

Contents include -
• Observing the sun, 

moon, planets and 
wonders of the sky 

• Constellation map 

• Hints for observers 

• Glossary of telescope terms, 

• How to choose a telescope 

• Amateur clubs and research 
programs 

Please rush to me. free of charge. UNITRON'S new 
Observer's Guide and Telescope Catalog. .�� ...... ""', . . . • �:::et

,

: : : : :  :::: ::::::::::::: :si�i�, �:::::::::::: I 
L ______ s� .. 
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Complex 

-II� 

or Simple 
condense' assembly t� 
E!FIC OPTICAL designs and pro
duces precision glass and plastic elements 
or lenses in every known curvature and 
shape-up to 24" in diameter. 

We have the largest independent facilities 
on the West Coast-research, develop
ment, testing, prototype and quantity pro
d uction. 

Let our staff of engineers and technicians 
work with you. 

PACIFIC O PTICAL COR P .  
120 Glasgow Ave., Inglewood 1 ,  Calif. 

faciLties are equipped with wave-mak
ing machines, but the waves generated 
are smooth, regular and quite unlike the 
breaking and confused seas met in prac
tice. It is my opinion that tests with 
machine-made waves are valuable only 
on a rarefied theoretical level, and are of 
little or no practical value in investigat
ing a particular model. In fact Randy 
Ashton informs me that the Stevens 
Towing Tank is installing equipment 
which will generate confused storm 
seas in reproducible patterns and permit 
testing models at various angles of at
tack. After all, although simple resist
ance to forward motion is of considerable 
importance, for a small vessel it is per
haps more important that she be able 
to operate efficiently and obediently un
der adverse conditions, and in the final 
analysis be able to carry her crew and 
cargo safely through the worst condi
tions she might possibly meet. Alan Vil
liers' new book, Posted Missing, is a 
moving account of a disaster which em
phasizes the need for improvement in 
design. I recall a shocking experience 
that brought this home to me: a few 
hours after listening to the skipper of a 
dragger tell his wife over the radio
telephone that he was encountering 
rough weather but expected to be home 
the next day, I heard the bad news that 
the vessel had rolled over and was lost 
with all hands .. 

"An amateur taking up model-testing 
will find an endless variety of fields to 
tackle and ample scope for the most 
vivid imagination. Besides the conven
tional types of power-driven and sailing 
craft, there are now many innovations to 
investigate: hydrofoils which lift the hull 
partly or completely out of the water, 

+ 

boats with more than one hull (such as 
catamarans), jet propulsion, improved 
propellers, wing sails, new construction 
materials and methods, and so on. 

"I believe that sailboats offer one of 
the most profitable areas of investigation. 
Although it may seem, as Ashton wrote, 
that 'the days of commercial sailing ships 
are gone forever,' still a return of wind
driven marine commerce is not by any 
means unthinkable. Nearly all present 
water-borne travel depends upon fossil 
fuels. Depletion of these fuels may make 
them prohibitively costly before long. 
Nuclear reactors are so expensive and 
bulky that their use will probably be 
limited to large or specialized vessels. 

"The one source of power that will 
remain unchanging and always availaole 
is the sun. This power manifests itself 
in the form of wind, which can be used 
day and night. The sailing craft of the 
future, setting an arrangement of wing
sails, or their yet-to-be-discovered coun
terpart, will divert the wind's force for 
the production of forward motion and 
do it without the necessity of complex 
machinery. Such a vessel, with a small 
auxiliary engine for negotiating calms 
and narrow waters, and a small crew 
assisted by power winches, should be 
able to compete favorably, both in speed 
and economy of operation, with fully 
powered craft. It is here, in the improve
ment and development of efficient sail
ing hulls and rigs, that I believe amateur 
experimenters will find the most imagi
native, challenging and rewarding field 
for their energy. 

"Model-testing procedures and in
strumentation present many problems of 
the difficult kind that amateurs seem to 
delight in solving. I venture to set forth 
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The resistance of a boat to the water is plotted against the ratio of speed to length 
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The whole is the sum of its parts-but the sum 
of a man is more than the sum of his education, 
his experience and his ability. 

An outstanding man ... the kind we need for our work 
in nuclear weapons development . . •  bulks a little 
larger than just these things. 

He's an engineer, a physicist or a mathematician . . .  

on the MS or PhD level. But he's also more. 

There's something to him which makes the sum of 
the man a little larger than the things which can be 
measured and counted. 

In the ten years we've been hiring men for research 
and development of nuclear weapons here at Sandia. 
we've learned to look for these factors: 

• •  . a willingness to accept responsibility; 
... a capaCity and desire for meeting advanced prob

lems in his own field; and 

• . .  a realization that a man's future is bounded only 
by his own vision, ability and effort. 

We know when we find these that the sum of this 
man is more than the mere sum of his parts. 

If you're this kind of man, we'd like to know you 
better. And if, in addition to having these qualities, 
you also appreciate the value of desirable natural and 
cultural surroundings and have a taste for the informal, 
pressure-free living of the West, you'll want to know 
more about us. 

Our illustrated brochure tells more about our labora-
tories ... one in Albuquerque and one near San Fran-
cisco ... and the important work we do in research 
and development of nuclear weapons . 

Write to Staff Employment Section 569 and we'll gladly 
send it to you. 

SANDIA � CORPORATION 

� ALBUQUERQUE. NEW MEXICO 
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ENGINEERS 

• ELECTRONICS DIV., 
Milwaukee 2, Wis. 

Flint 2, Mich. 

Enjoy Challenging Opportunities in the 
most versatile Laboratories in the country. 
Work with the top men in the field and 
with the finest test, research and develop. 
ment facilities. We are in the process of a 
Major, Permanent, Expansion Program. 
New Plant facilities being added in sub· 
urban Milwaukee area. 

To aid you in your professional advance
ment AC will provide financial assistance 
toward your Master's degree. A Graduate 
Program is available evenings at the Uni
versity of Wisconsin, Milwaukee. 

GM's Electronics Division aggressive posi
tion in the field of manufacture and GM's 
long-standing policy of decentralization 
creates individual opportunity and recog
nition for each Engineer hired. 

Recent EE,ME 
Graduate Inquiries 

Also Invited 
Milwaukee offers ideal family living in a 
progressive neighborly community in cool, 
southern Wisconsin where swimming, boat
ing, big league baseball and every shopping 
and cultural advantage is yours for the 
taking. 

To arrange personal, confidential interview 
in your locality send full facts about your
self today to 

Mr_ Cecil E. Sundeen 
Supervisor of Technical Employment 
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Details 0/ all apparatus to test boat models 

a few suggestions. The model should be 
at least three feet in length over all; and 
it should be finished to accurate and uni
formly smooth lines, without humps or 
hollows. The simplest form of test is to 
tow a model by a string from a power 
boat. The towing string should represent 
an extension of the propeller shaft line. 
The towing point must be rigged out to 
one side so that the model is clear of the 
wake of the power boat. The speed of the 
vessel can be estimated by judging the 
wavelength of the wake generated by 
the model or the power boat: the veloc
ity, in knots, is 1.34 times the square root 
of the length of the wave. Such a test can 
give a good indication of the qualities of 
the model's motion, its directional stabil
ity, the formation of waves and other 
properties of the motion, in smooth water 
and at various angles of attack to waves 
through a range of sizes. 

"The experimenter can refine his re
sults by incorporating a dynamometer in 
the tow line, and by adding a vertical 
turbulence-inducing wire just ahead of 
the model but not attached to it. The 
total resistance, or drag, of the model 
can then be measured. The precision of 
this measurement will depend upon the 
accuracy of form and finish of the model, 
the sensitivity of the dynamometer and 
the accuracy of the speed estimate. From 
the total resistance of the model you sub
tract its computed frictional resistance. 
You then expand the remaining figure to 
the dimensions of the full-sized ship and 
now add the computed frictional re
sistance of the ship. The result is the 
total resistance of the ship for the speed
length ratio at which the model was 
tested. 

"A Simpler test is to compare the 
model's performance with that of an-
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INDUSTRIAL 
ASSOCIATES 

INQUIRIES INVITED FROM 

MAT H EMATICIANS 

PHYSICISTS 

CHEMISTS 

M ETALLU RGISTS 

CHEMICAL E NGINEERS 

METALLURGICAL ENGINEERS 

MECHANICAL ENGINEERS 

ELECTRICAL ENGINEERS 

PHYSICIANS 

;/rgonne 
bTION .... L L .... aO .. .... TOAV' 

Professional Personnel Office 
P. O. Box 299, Lemont, Illinois 
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ENGINEERS AND SCIENTISTS 

WORK ON ADVANCED 
PROJECTS LIKE THIS! 

Honeywell's Variable 

Inlet Diffuser Controls 

Keep the "Hustler" Hustling 

As mach numbers advance, even frac
tional errors in inlet air-diffuser posi
tioning reduce thrust tremendously. 

Yet a fixed diffuser designed for 
optimum pressure at a given high 
mach number may be so inefficient at 
a lower mach number as to render it 
impossible for aircraft to reach design 
speed. 

In the U.S.A.F's first supersonic 
bomber, Convair's B-58 Hustler, this 
problem was solved by Honeywell's 
variable inlet-air diffuser systems
the most accurate known. They are 
automatically controlled to the proper 
parameters to achieve maximum pres
sure recovery and mass air flow 
matched to engine requirements. 

The Challenges to Come! 
Variable inlet diffuser systems are just 
one of 114 research and development 
projects in which Honeywell Aero is 
engaged. These projects are in the 
basic areas of: 
• Inertial Guidance 
• Flight Control Systems 
• Liquid Measurement Systems 
• Vertical, Rate and 

Integrating Gyros 
• Digital and Analog Computers 
• Jet Engine Controls 
• Air Data Computers 
• Bombing Computers 
• Transistor Amplifiers 
• Instrumentation 

Each of these projects offers excep
tional career opportunities for capable 
engineers and scientists. 

Write today for more information 
concerning these opportunities. Send 
your inquiry or resume to: Bruce D. 
Wood, Technical Director, Dept. 
TA12A, Honeywell Aero, 1433 Stinson 
Blvd., Minneapolis 13, Minnesota. 

Honeywell 
AERONAUTICAL DIVISION 
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other model of the same size and type 
whose characteristics are known. You 
can do this by attaching both models to 
the opposite ends of a pivoted and bal
anced yoke and towing the two together. 
You should hook up a spring, or locate 
the pivot point ahead of the towing 
points, so that as the difference between 
the drags of the two models increases, 
the resistance of the yoke to turning 
also will increase. 

"Sailing-hull testing, as Ashton made 
so clear, is an extremely complex and 
difficult problem and should be ap
proached with some trepidation. To help 
clarify my own thinking, I once began 
to make a list of all the factors and re
lationships affecting sailboat perform
ance. When my list had grown to more 
than 40 items, I gave up, lest I discour
age myself into becoming a chicken 
farmer. 

"The only logical plan for this method 
of testing sailboat models is to tow the 
model in the same way the wind drives 
it, i.e., from the center of effort of the 
sails along the line of the resultant wind 
force. Although there are many unsolved 
practical questions connected with this 
method of testing, it seems reasonable. 

"One area of ignorance which the 
amateur can help illuminate is the ques
tion of sailboat rigs. We have only spotty 
data on forces, pressures, effects of sail 
shapes, flow lines and the interrelation
ships of various sail combinations. I have 
always been intrigued by the possibilities 
of recording sail shapes stereoscopically 
by two cameras spaced on a wide base
line. Scale-model tests of rigs are good 
subject matter for an experimenter with 
access to a low-velocity wind tunnel. I 
would like to see some ambitious ama
teur look into the practicality of examin
ing rigs, singly and in groups,. in a smoke 
tunnel and analyzing the results by the 
streamline method set forth in "The 
Amateur Scientist" for May, 1955, and 
October, 1955. 

"Finally, an amateur can make im
portant contributions by experimenting 
with and observing full-sized boats. Ash
ton recently had this to say on the 
subject: 'Designers and model-testing 
establishments continually deplore the 
lack of full-size observations of sufficient 
accuracy to show definitely the refuta
tion or verification of their ideas and pre
dictions.' A week spent on a fishing ves
sel, measuring periods of pitch and roll, 
horsepower, steering characteristics and 
similar matters under various conditions 
of loading would be a memorable ex
perience. 

"A great deal of knowledge, as well as 
satisfaction, is to be derived from model-

ORO 
ANNOUNCES 

Challenging 
Openings in 

OPERATIONS 
RESEARCH 
Operations research is a 

fast growing and practical 
science attracting some of the 
best brains in the country. Its 
future is unlimited. If you 
want to' join a group of pio
neers in this exciting field, we 
invite you to investigate the 
openings on our staff. 

ON OUR PART WE OFF'ER: 

1. A record of experience in 
operations research, out-dis
tanced by perhaps no other 
organization. 

2. A scrupulously maintained 
professional approach and 
atmosphere. 

3. The team approach to 
problem solving. On each 
team are representatives of 
varied disciplines-sometimes 
three, occasionally as many 
as a dozen. 

4. Fully equipped digital and 
analog computing facilities. 

5, ORO occupies several 
buildings in Chevy Chase, 
Maryland, one of Amerka's 
most attractive suburbs. Pleas
ant homes and apartments in 
all price ranges are available. 
Schools are excellent. Down
town Washington, D. C, with 
its many cultural and recrea
tional advantages is but a 
20-minute drive. 

6. Favorably competitive 
salaries and benefits, exten
sive educational programs, 
unexcelled leave policy. 

FOR DETAILED INFORMATION, 
WRITE: 

Dr. L. F. Hanson 

OPERATIONS RESEARCH 
OFFICE � 

The Johns Hopkins 
University 

7100 Connecticut Avenu" 
Chevy Chase, Maryland 
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UNUSUAL OPTICAL BARGAINS 
SPITZ 

MOONSCOPE 
A precislon·made 32 power reflecting 
telescope-by the makers of Spitz Plan
etarium. Clearly reveals the craters or 
the moon, shows Saturn, Jupiter, other 
wonders of the heavens. Based on S3nle 
principles as world's giant telescopes, 
Stands 36" high on removable legs. Ad
justable 3" polished and corrected mirror. 
Fork type Alt-Azimuth rotates on rull 3600 
circle-swings to any location In the sky. 
Fascinating IS-page instruction book Is in· 
cluded. Instrument packed in sturdy carry
ing case. 

Stock No. 70.068-S ........ $14.95 Pstpd. 

Take Telephata 
Shats Thru 
7 X SO 

MONOCULAR 
This Is fine quality, American made Instrument-war 

surplus! Actually % of U.S. Go\'t. 7 x 50 Binocular. Used 

for general observation both day and night and to take 

fascinating telephoto shots with :your camera. Brand new. 

$05 value. Due to Japanese competition we close these out 

at a bargain price. 

Stock No. 50.003-5 .......................... $15.00 Pstpd. 

Check. Measure. 
Inspect with this 
6 POWER 

POCKET 
COMPARATOR 

... New Low Price .... $19.S0 Pstpd. 

SATELLITE 
TELESCOPE 

Especially made for members of 
MOON WATCH. Gives you the great
est possible field with the ability to 
obsen'e faint objects with only slight 
magnification. Wide (51 mm) diam
eter, low refiection, coated objective 
lens. A 6 element extremely wide 
field, coated Erfle eyepiece, which in 
combination with the objective, gives 
5.5 power with a big 12° field and 

over 7 mm exit pupil. This scope also makes a perfect wide 
field finder-a woudedul comet seeker; see complete aster
isms. 
Stock No. 70.074-5 ....................... $49.50 postpaid. 

WIDE A NGL E 
7 X 35 BINOCU LA RS 

The ideal glasses for watching 
the earth satellite. A truly fine 
quality Japanese import. The 
amazing field of .lew-489 ft. at 
1000 yds. Quick central focus. 
Light weight-only 28 ozs. Com
pact size. All internal prism 
surfaces coated. Complete with 
leather case and carrying straps. An exceptional 
buy. 

Stock No. 1531-S ........... ................. $39.50 PostpaId 
(Add IOo/() Federal tax) 

50-150-300 POWER MICROSCOPE 
Low Price Yet Suitable for Classroom Use! 
3 Achromatic Objective Lenses on Re
volving Turret! Imported! 'fhe color·cor
rected, cemented achromatic lenses In the 
objectives give you far superior results to 

the Single lenses found in the microscopes 

selling for $9.951 Results are worth the 
difference! Fine rack and pinion focusing. 

Stock No. 70.008-5 .... S14.95 Pstpd. 

MOUNTED 500 POWER OBJECTIVE 
. . . Threaded for easy attachment on 
above microscope. Achromatic lenses for 
fine viewing. 3 mm. focal length. 

Stock #30.197-S .......... $5.00 Pstpd. 

Fine. American-Made Instrument at O ver 50% Saving 

STEREO MICROSCOPE 
For Industrial or Hobby Use 

Up to 3" Working Distance-Erect Image-Wide 3 Dimensional Field 
Now, ready after years in development-this instrument answers the long standing need 

for a sturdy, efficient STEREO :\UCROSCOPE at low cost. Used in production-in re
search-in the lab, shop, factory, or at home; for inspections, examinations, counting, 
checking, assembling, dissecting-speeding up and improving Quality control. 2 sets of 
objecth'es on rotating turret. Standard pair of wide field lOX Kellner Eyepieces give YOll 
23 power and 40 power. Additional eyepieces available for greater or lesser magnification. 
Helical rack and pinion focusing. Precision, American-made! WE WILL SHIP ON 
10-DAY FREE TRIAL ... complete satisfaction or your money back. 

Order Stock No. 85.039-S. $99.50 f.o.b. Barrington. N. J. 
(Shipping wt. approx. II Ibs.) Send check or M .0. 

41�" ASTRONOMICAL 
74 ·PALOMAR. Jr.' 

UP TO 270 POWER 

A REAL REFLECTOR TELESCOPE 
Complete with Equator/al Mount. Tripod 

TELESCOPE 
ONLY 

$7450 
COMPLETE 

'Vith this scope yOll can see the craters 011 the moon, rings of Saturn, 
double stars, or a newspaper headline at a mile! l\Iirror guaranteed to 
gire theoretical limit of res()lution. Hack and pin focusing, removable 
mirror mount, real equatorial mounting-only one adjustment follows 
stars! Aluminum tube-takes standard eyepieces. You get 40X J\:ellner, 
%" F. L. eyepiece, one Barlow lens to gi\'e you up to 270 l�ower. F/ll 
mirror corrected to beHer than 14" warelength. 

Stock #85.006-S . $74.50 f.o.b. Barrington. N. J. 

REFRACTOR TELESCOPE 
240 POWER 

Complete with Finder. Equatorial Mount. Tripod. Eyepiece Ex .. 
tension. Star Diagonal and 3 Eyepieces 

Our newest development. Built for rugged use, quality performance. "Mount 
made from heavy iron castings with machined bearings for smooth operation. 
Tripod has extra heavy 60" hardwood legs. Telescope's sheer weight is 42 lbs.
stable, steady viewing. Big 4" objective is air-spaced achromat-e!ement� 
coated on all sides for low reHectlon. 3 eyepieces supplied give you 48X, 120X 
and 240X. Special Barlow lens, also supplied. gives 500X. Star Diagonal in
cluded for comfortable viewing at high angles. nack and pinion focusing. 
Finder is 8 power. The usual price (or a 4" Refractor of comparable Quality Is 
O\'er $400. Our new model saves you almost 50%. 
Stock No. 85,038·8 $247.00 f.o.b. Barrington, N. J. (shipping wt. 55 Ibs.) 

ASSEMBLED 
AND 

See the Stars. Moon. Planets Close Up! 
3" "PALOMAR, JR." REFlECTING TELESCOPE 

60 & 120 Power-An Unusual Buy! =i;;;;;;;;;;;;iiiiiiiii..-' You'll see the Rings of Saturn, the
. 

fascinating planet Mars, 
huge crnH!rs on the l\"1oon, Star Clusters. Moons of Jupiter in 
detail. Galaxies! Kon-brenkabJe aluminum covered tulle. Equa· 
torial mount with lock on both axes. Aluminized and overcoated 3" diameter high-speed f/10 ventilated mirror. Telescope comes 
coquipped with a 60X eyepiece and a mounted Barlow Lens. giv. 
ing you 60 & 120 power. An Optical Finder Telescope. always 
so essential. is also included. Sturdy. IUlrdwood, portable tripod. 
Free with seope: Valuable STAR CHART and 136 page book, 
" Discover the stars." 

Photographers! This Is an actual photograph 
of the moon taken through our Astronomical 
Telescope by a 17·year-old student. 

Stock No. 85.050-5 .................... $29.50 f.o.b. 
(Shipping wt. 10 Ibs.) Barrington, N. J. 

MAKE YOUR OWN POWERFUL 
ASTRONOMICAL TELESCOPE 

GRIND YOUR OWN ASTRONOMICAL MIRROR 

Complete Kits Including Blank, Tool and Abrasives 

All over America amateurs are grinding their 
own mirrors and making expensive Telescopes 
cheaply. You can do the same using our lOts. 
These contain mirror blank. tool, abrasives, 
diagonal mirror and eyepiece lenses. You 
build instruments ranging in value from $245 
to t.housands of dollars. 

New! 2 in 1 Combination! Pocket-Size 

50 POWER MICROSCOPE 
and 10 POWER TELESCOPE 

GiS 
Useful Teleseope and MI· 
croscope combined In one 
amazing. precision instl'u� 

���t'
a Irg��ii��! :e�.I¥e1�: 

scope is 10 Power. Micro
scope magnifies 50 Times. Sharp 

f���n�t :�y
s�a

a�feOb�::;g,: ���t
S�I'ii

sri 
snooping. 

Order Stock #30.059-5 .... $4.50 pDd. 
Send Check or M.O. 

Stock No. 
70,003-5 
70,004·5 
70,005-5 
70,006-5 
70,007-5 

Dia. Mirror 
4'/.' 
6" 
8" 

10" 
12" 

Thickness 
'/.' 

1" 
P/," 
P,4" 
2'/," 

Price 
$ 7 .20 postpaid 

11.40 postpaid 
18.70 postpaid 
29.45 postpaid 
51.45 postpaid 

WRITE 
FOR FREE CATALOG-S 

Huge selection of lenses, prisms, war surplus 

optical instruments, parts and accessories. Tele

scopes, microscopes, binoculars. Hand spectro

scopes, reticles, mirrors, Ron

chi rulings, dozens of other 

hard-to-get optical items. 

America's No. , source of 

supply for Photographers, 

Hobbyists. Telescope Mak-
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IBM GROWTH promoted these men 

PRODUCT DEVELOPMENT ENGINEER: Before his recent promotion, 
this man was a member of a small engineering "team" (two 
M.E:s, an E.E. and a model maker) in IBM's Poughkeepsie 
plant. His specific project entailed the creation of the "ultimate 
package in printed circuitry." His group "brainstormed" the 
project in continual sessions, putting the results in model form. 
Then the group would try to "tear the idea to shreds" in order 
to create something even better. 

PRODUCT CONTROL ENGINEER: Promoted recently, this man form
erly worked at IBM's Poughkeepsie manufacturing facilities. 
His job was to design information systems to insure a smooth 
flow of work through the plant. "It takes creative engineering 
ability to design these systems," he'll tell you, "and administra
tive ability to 'sell' a system to higher management and make 
it stick. If you possess this rare combination of abilities, this is 
the job for youl" 

Could y'ou handle their responsibilities? 
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Jobs like these continually open up at IBM-due to 
rapid expansion. If you are an engineer or scientist
or have equivalent experience-you may be qualified 
for such a position. Innumerable opportunities exist in: 

• Computer systems planning 

• Numerical analysis and 
programming 

• Electronic circuit design and 
packaging 

• Electrostatic phenomena 

• Photo and magnetic device 
memory 

• Semi-conductor research, devel
opment, and manufacturing 

• Manufacturing process control 

• Computer systems testing 

• Real time systems engineering • Test equipment design 

Economic experts rank the electronic computer with 
automation and nucleonics in growth potential. More 
than 10,000 electronic computers will be in operation 
by 1966. IBM sales have doubled, on the average, 
every five years since 1930. IBM engineering labora
tory personnel quintupled in the past five years. IBM 
spent $19,000,000 on research and new product 
development in 1956. Salaries are excellent; company
paid benefits set standards for industry today. Person
nel turnover at IBM is less than one-sixth the national 
average. 

DATA PROCESSING ELECTRIC TYPEWRITERS 

FOR THE FACTS about an engineering career with IBM, 
just write, outlining background and interests, to: 

R. A. Whitehorne 
Mgr. of Engineering Recruitment, Dept. 1104 
International Business Machines Corporation 
590 Madison Avenue, New York 22, N. Y. 

Where would you like to work for IBM? 

IBM plants and laboratories' 
are located in: 
Endicott, Kingston, New York 
City, Owego, Poughkeepsie, 
N. Y.; San Jose, Calif.; Wash
ington, D. C.; Greencastle, Ind.,; 
Lex,ington, Ky.; Rochester, 
Minn.; Sherman, Texas. Branelt 
offices in 189 cities through
out the U. S. A. 

INTERNATIONAL 
BUSINESS MACHINES 
CORPORATION 

TIME EQUIPMENT MILITARY PRODUCTS 
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testing. A beginner, towing his model 
with a lengtIi of butcher's string, can 
turn up as much provocative information 
as a professional, with his fine models 
and intricate, sensitive equipment." 

Emest Hunter Wright, the retired for-
mer head of the Department of Eng

lish at Columbia University, is bafRed by 
an odd phenomenon which came to his 
attention through chance observation. 

"With the luck of a layman," he writes, 
"I have had the novel experience of see
ing several of the men who plucked the 
heart out of the atom's mystery scratch 
their heads in vain for the solution of a 
problem which 1 now submit to a wider 
audience. 

"We all think we know what happens 
when we skip a stone across a water sur
face. We believe that it bounces over the 
water in a series of successively shorter 
leaps until it finally stops and sinks. Of 
course the number and the length of the 
leaps vary with the smoothness of the 
water, the size and shape of the stone, 
the speed and skill of the throw, and 
other conditions, but by and large the 
missile seems to act about as 1 have said. 

"I am fairly sure it does no such thing. 
I think a stone does not behave on water 
in the way described, because 1 know it 
does not on sand-the hard, wet sand at 
the water's edge. So first let me tell you 
what the stone does on the sand, and 
how 1 came to know it. 

"I found it out in the course of a long 
walk along the beach. 1 had been skip
ping pebbles over the water. (By the 
way, 1 wish someone could tell me pre
cisely why beach pebbles are always 
Aattened rather than spherical-no geol
ogist has given me a satisfactory an
swer. ) Because the water rolling into the 
beach was too rough for good perform
ance, 1 decided to see how a pebble 
would behave on the hard, wet sand. 
On this surface, of course, it would leave 
little marks recording its travel. 

"When 1 saw the marks left in the 
sand by my first pebble, 1 think I must 
have been as astonished as old Crusoe 
on beholding the first footprint of his 
man Friday! The first bounce of the peb
ble was only four inches long; the next 
was nearly seven feet; then came an
other short hop of only four inches; then 
a leap of about five feet; then again the 
four-inch hop, and so on for seven big 
hops punctuated by the four-inch ones. 
Each short skip was unmistakably re
corded by two neat little marks in the 
sand. After the seventll repetition the 
pebble ceased this strange behavior and 
merely jumped along with successively 
shorter strides until it stopped. The total 

careers in peaceful 
applications of atomic energy 

C O M M E RC I AL R E ACTO R 
O P E R AT I O N S  

Experienced Reactor Operations Engineers needed 
for a new section engaged in developing procedures, 
testing, training personnel and the start-up of for
eign and domestic power and research reactors. A 
minimum of a BS in Engineering or Physics with 
several years operations experience is required for 

this program based on established contracts. 

Write today. Act ion w i l l  be prompt, confidentia l  _ ATOMICS 
. ' � - . ' .  !�!�f!��!!���I� 
M r. G. W. Newton ,  Person nel Office, Dept. SA-4 

2 1 600 Vanowen St. ,  Ca noga Park, Cal iforn ia 
( I n  Suburban San Fernando Va l l ey, los Ange les) 

TEENAGER DESIGNS 
A NEW COMPUTER! 

Using h i s  Geniac Electl'ic Brain Construction K i t  young 
John S . ,  16 years old, of Pittsburgh, Pennsylvania de· 
signed and built a machine that comr)Oses music, a 
(."il'cult that i s  now included with every kit. 
A n  except i o n ?  Not at all-
Ronald \V .  of Denver, Colorado used his GC!I1iac to de
sign machines giving geometric area formulas, position 
of the planets in the solar system, control system in 
an atomic reactor, comparative weights on l\lars and 
EHrth and seems to find new uses each week i n  addi 
t i o n  to those i n  t h e  experimental InanuaJ. 
Peter H. of R iver Edge. N.J.  created an averagi n g  
machi ne. 
Thousands of other people have lIsed Genlac, the Elec· 
t" jeal Brain Construction Kit, to explore the fascinating 
new world of computing machln(!ry. SchOOlS,  colleges, 
imlustrial training programs, engineering Scientists 
and executives who 'lave to keep abreast of new deve l ·  
opments fi n d  in G e n i a c  the answer to t h e i r  search for 
informallon and material to advance their knowledge 
of computers. 
Every Geniac Kit contains 7 books and mllOuals in
cludlllg a Beginner's Manual and Study Guide to help the teenager whose knowledge of electrical circuitry 
i��� l�r�I�����c:;ro��.c��Sde���s

c"i:�l�ns..':j� 3�.o�!� th� theory needed to design your own machines. 
". 

rhls is why we don' t  think the designs we receive arc e�ccptlonal. W e  planned it that way . 
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C A L C U L A T I O N S  
of all kinds ean be easily solved on the 

B I NARY CIRCU LAR SLI D E  RULE 
This rule will  quickly solve the similiest as well as the 
Ulore ditllcult problems involving caiculatlons in Arlth
wetic. A lgebra and Trigonometry. Any number at fac
l U f S  can be handled in long and difficult calculations. 'fhe C scale of the Binary is 25 inches long with gradu
ations 25% turther apart than those of a 20-inc1l slIde 
rule.  'I'he C I ,  A,  K. & Log scales are divided as closely 
as a 20-lnch slide rule. Log-Log scale extends frolll 
1 . 00 1 5  to ) ' 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. 

. Slhll'. PrIce $8.50 i n  case, with instructions. Al>provcd 
at leading Unlv. Used by many large finns in the U. S. 

A T L A S  S L I D E  R U L E  
'I'he A t la! Slide llute will QUickly solve problems 1n 
Multiplication, Division, and l:)rol>ortion and give re
sults  with a maximum error of les8 than 1 in  36.000. 
The Atla! has twO C scales. One is  25" long and the 
second one is  a spiral of 25 coils. 'fllis i s  equivalent to 
a straight rule 50 ft. long and gives answers to 5 
figurefl. 

Chemists, PhysiCists and Engineers have found this 
rule invaluable for its great accuracy. Dia. 8 % ". Easily 

portable. White coated aluminum with legible black and 
yellow scales . Price $ 1 1 . 0 0  in case with i nstructions. 

MIDGET 
CIRCULAR SLI DE RULE 

S imilar to Binary, b a s  C, CI, A, LL a n d  Bh13I'y scales. 
�t 
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begmners, or COl' pocket use. Half m i l l ion SOld. Price 
S3. ea. tn case with instructions. Made of white coated 
metal 411' dia.  

Descriptive circulars free. Satisfaction guaranteed. 

G I LSON SLIDE R ULE CO. 
Box 1 237 SA. Stuart. Fla. 

S l i d e  R u l e  M akers s i nce 1 9 1 5  
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D I V I S I O N  
NATIONAL LEAD COMPANY 

. .  �has several 
excellent . openIngs 
.1n SAL E S  
and 
RESEARCH 

' Pioneer and recognized leader 
in the development of Titanium 
and Zirconium products for a 
variety of diversified applica 
tions in Cera m ics, Chem ica ls, 
E l ec t r o n i c s ,  Meta ll u rg y a n d  
Nuclear Energy . . .  TAM offers 
exce l lent  c a reer p rospects i n  
sales engineering a nd research. 

FIELD AND STAFF OPENINGS FOR 

C E R A M I C 
E N G I N E E R S 
C H E M I C A L  

E N G I N E E R S  
C H E M I STS 

P H YS I C I STS 

• I n  addition t o  salary a n d  advance
ment opportunities,  TAM benefits 
i nclude exceptional plans for profit 
sharing, retirement, insurance and 
hospitalization. 

Send brief resume, 
including salary requirements, 

to : Mr. D. D. Wheeler 
TITANIUM ALLOY MFG. DIVISION 

NATIONAL LEAD COMPANY 
Executive �1/d Sales Offices: 

I I I  s.-oadwa y, New York C i ty 

1 8 6  

number o f  hops was about 20-my aver
age on hard sand. 

"I kept skipping pebbles all the after
noon, for mile after mile along the beach. 
I tried them in all shapes and sizes, over 
every contour of terrain that I could find, 
at every angle at which it was possible to 
launch them. I tried all the variations 
I could think of, and I went back a sec
ond day and tried them all again. With 
never an exception the result was just 
about the same. 

"Now I fancy the same thing happens 
on the water, though in the water there 
is no imprint left to tell the story. A 
proper record with a camera would give 
us the answer. In the sand, at least, the 
story is quite clear, and a very pretty 
story it is-as pretty as the tracks of 
some little animal in the fresh snow. 

"As yet I have no explanation for these 
facts. 1 have put the problem before sev
eral physicists of high distinction, but so 
far have received no answer in return. 
Somewhere there must be an answer for 
my little riddle. Who will find it? 

"I may save some trouble if I say that 
two or three suggestions have already 
been tested and found wanting. One was 
that each of the double marks is the 
result of the pebble's turning over when 
it strikes the sand. 1 can imagine no 
reason why the pebble should turn over, 
and at all events I can certify from scru
tiny that the stone does not turn over
and so can the companions who have 
watched it with me. 

"Another suggestion was that the peb
ble, striking the sand at a tilt, might hit 
with its rear end first, do a little flop and 
strike with its front end before taking 
off for the long leap. But this supposes 
a precision of timing and a uniformity 
of tilt at each landing which are beyond 
all credence, and besides, why would a 
big stone make its flop within the same 
space (four inches) as a tiny one? As 
a matter of fact the marks in the sand 
show that the stone usually strikes the 
sand flat, and all the observers agree 
with me that there is no flop. 

"The only other suggestion so far is 
that the pebble's spin around its vertical 
axis may account for its strange action. 
Why such a spin should make it behave 
the way it does is not clear to me, but we 
do not need to labor the question, be
cause 1 have thrown pebbles without any 
spin (it can be done) and they all left 
the same mincing steps in the sand. 

"So what scientist, professional or 
amateur, wants to go down to the beach 
with all the needful instruments and find 
the answer to my riddle? I shall be glad 
to go along if I am wanted; 1 can throw 
pretty well." 
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devoted to Research 
GYRO ASSEMBLY AND TEST 

Mechanical and Electrical Engineers, with a personal interest in 
precision mechanisms, where a high degree of accuracy is required, and 
a pride in the precision of the product they help build, we offer truly 
challenging opportunities. 

You will do development work and testing in one of the country's 
mOSt versatile laborarories, working with the rop men in the field and the 
finest test, research and development equipment. As a part of our Major, 
Permanent, Expansion Program, new plant facilities are being added in 
suburban Milwaukee. 

. 

AC provides financial assistance roward your Master's Degree. 
Graduate program also available evenings at Univ.Wisconsin, Milwaukee. 
GM's aggressive position in the field of manufacture and GM's policy of 
decentralization creates individual opportunity and recognition for each 
Engineer hired. 

RECENT EE, ME GRADUATE 

INQUIRIES ALSO INVITED 

Milwaukee offers ideal family living in a progressive neighborly com· 
munity in Southern Wisconsin. 

To an'allge penollal, cOl1fidelllial ililerview ill YOllr locnlity sel1d filII facts 

� :�:i�:�;:;�;�;��{ �;;:��:;':;�,: n 
FLINT 2, MICH. MILWAUKEE 2, WIS. 
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Can you think laster-
than this Machine? 

Be careful before you answer. GENIAC the first elec
trical brain construction kit is equipped to play tic-tac
toe, cipher and encipher codes, convert (rom binary to 
decimal, reason (in syllogisms) as well as add, sub-

��a
r��'ty 

m:;ll'K�fd��tu�\�i�� ' p�ft��ifi�laf��b�:�fe��nt� 
physics, etc.�an be set up and solved with the com· 

��r�1�S� C�Y:he�����a�: rgl�e:I�����r �h1s
co����t�� 

circuits and shows how new ones can be designed. 

You will find building and using GENIACS a wonder-

�u�n����e�c���n:o�� �S�i��{:lt: foS��'y;ti�o�it
ac��� 

arlY see how computing, problem solving. and game 

R:;;;ea<;i����i!�:' a��m'th:tca�)!ib�aIC
be 

s.o���l&�� tr���� 
formed directly Into circuit dmgrams. You create from 
over 400 specially designed and manufactured com
ponents a machine that solves problems faster than you 
can express them. 

Schools and colleges. teachers of science or math, 
engineering, philosophy or psychology will find the�e 
excellent demonstrators of circuitry, solutions in sym
bolic logic, theory of numbers, cybernetics, and auto
mation. 

SEND for your GENIAC kit now. Only $19.95 with 

��a
e{elO��n��r'1';,eg .;rrrrrf:d����a�� fva:t:ua���redll��t 

if you do not want to keep GENIAC after seven days 
yOU can return it fOr full refund plus shipping costs. 

---____ MAIL THIS COUPON ______ _ 

SCIENCE KITS. Department SA47C 
Oliver Garfield Company 
126 Lexington Avenue. New York 16. N. Y. 

Please send me: 
1 GENIAC Electric Brain Construction Kit and 

Manual. 

$19.95 (East of Mississippi) 
$20.95 (Elsewhere in United States) 
$21.95 (Outside the United States) 

Returnable in seven days for full refund if not satisfied. 
I enclose $ .................... in full payment. 

My name and address are attached. 
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NOW ... 

it's 
only 
45 hours, 
18 minutes 
around 
the 
world ... 

Smashing through the skies at better than 550 miles per hour, 
three Boeing B-52's recently made the second non-stop flight 
around the world. In less than two days, they flew over 24,000 
miles - slashed the original record by more than half. 

There were eight years between the first and this latest flight. 
Yet, aviation had progressed from the powerful P & W A piston 
engines on the "Lucky Lady II" to the P & W A J-57 turbojets 
which gave these huge bombers their tremendous thrust. 

But progress never stops at Pratt & Whitney Aircraft. Al
ready the J-57 is being overshadowed by the newer J-75 - the 
most powerful U. S. production turbojet. 

Many men like the engineering challenge inherent in this 
battle to develop even more advanced aircraft engines that will 
keep this country supreme in the skies. To them, it spells oppor
tunity to sharpen abilities and grow in professional stature. 

If you want more than just an engineering job, we can ofTer 
engineering challenge in abundance, plus exceptional opportuni
ties for advancement. 
MECHANICAL DESIGNERS 

Graduate engineers for challenging assignments in the design of 
turboprop, turbojet and advanced aircraft engines, and their 
components. Experience desirable in compressors, turbines, 
aerodynamics, gears, valves, bearings, piping, controls, after-

burners and related equipment, heat exchangers and combustion 
problems. 
DESIGNERS OF INDUSTRIAL EQUIPMENT 
Work involves the design of mechanical and electrical equipment 
for experimental testing of aircraft engines and their compon
ents. The following are typical of the projects handled by the 
department: DESIGN of gear box and drive motor installations 
• DESIGN of blower systems and air piping · LAYOUT of 
piping systems for water, steam, air, oil, fuel • DESIGN of 
special jet-engine instrumentation · DESIGN of mechanical 
assemblies - gear boxes, drive shafts, couplings· DESIGN 
of engine test cells. 
EXPERIMENTAL ENGINEERS 

Mechanical and electrical engineers to work on experimental as
sembly and test of gas-turbine engines, including the develop
ment of control systems, compressors, combustors, turbines, 
afterburners, bearings, seals and fuel controls. 
SALES DEPARTMENT ENGINEERS 

Mechanical or aeronautical engineering graduates for engine 
and airplane performance analysis, field engineering, engine 
mock-up, technical publication writing, and spare parts sales 
data analysis; also as engine operation specialists, and for work 
involving installation projeCt requirements. 

Please send your complete resume to Mr. P. R. Smith. Office7�, Employment Department 

and builder of aircraft engines 
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what's up 

at Smith, Kline & French? 

What's up at SKF? Morale, for one thing. 

Salaries, too. Research is advancing, as are 

researchers and administrators and medical 

writers and, well, just about everybody. 

Right now, Smith, Kline & French Lab

oratories are looking for more people to help 

up the well-known, but often hard to find, 

ladder of success. Perhaps you could fill one 

of the following research jobs: 

Senior Biochemists for Metabolic Research 
-Ph.D.'s in biochemistry or physiology to investi

gate new compounds for use as therapeutic agents. 

Candidates with several years' experience in re

search in endocrinology and lipid metabolism are 

preferred, although recent Ph.D. graduates with 

outstanding records will also be considered. 

Senior Analytical ChemistS -analytical and 

physical chemists with Ph.D. degrees or the equiv

alent in experience and training to devise and 

apply instrumental methods in the analysis of 

pharmaceutical compounds. 

Administrators in Research and Development 
-men with B.S. degrees and some business 

experience. The jobs involve the coordination of 

scientific activities of various research and devel

opment groups. 

These are just three of the ladders open to 

college graduates. If you would like to climb 

one of them or some other ladder in the 

chemical or biological sciences, pharmacy, or 

medical writing, why not send resume, salary 

requirement, and anything else you feel might 

influence SKF favorably, to: 

L. Hoyt Watson, Employment Manager 

Smith, Kline & French Laboratories 

1530 Spring Garden Street 

Philadelphia 1, Pennsylvania 

'
NUCLEAR PHENOMENA IN THE EARTH 

SCIENCES. Edited by Henry Fau!. 
John Wiley & Sons, Inc., 1954. 

"THE WONDERFUL NET" 

COUNTER-CURRENT VASCULAR HEAT 
EXCHANGE IN THE FINS OF WHALES. 
P. F. Scholander and William E. 

Schevill in fournal of Applied Physi
ology, Vo!' 8, No. 3, pages 279-282; 
November, 1955. 

' 

EVOLUTION OF CLIMATIC ADAPTATION 
IN HOMEOTHERMS. P. F. Scholander 
in Evolution, Vo!' 9, No. 1, pages 15-
26; March, 1955. 

THE RABBIT PLACENTA AND THE PROB
LEM OF PLACENTAL TRANSMISSION. 
Harland W. Mossman in The Ameri
can fournal of Anatomy, Vo!' 37, No. 
3, pages 433-497; July, 1926. 

SECRETION OF GASES AGAINST HIGH 
PRESSURES IN THE SWIMBLADDER OF 
DEEP SEA FISHES. II: THE RETE 
MIHABILE. P. F. Scholander in The 
Biological Bulletin, Vo!' 107, No.2, 
pages 260-277; October, 1954. 

TEMPERATURE OF SKIN IN THE ARCTIC 
AS A REGULATOR OF HEAT. Laurence 
Irving and John Krog in foumal of 
Applied PhYSiology, Vol. 7, No. 4, 
pages 355-364; January, 1955. 

THE WHISTLED LANGUAGE 
OF LA GOMERA 

THE CANARY ISLANDS: THEIH HISTORY, 
NATURAL HISTORY AND SCENERY. 
David A. Bannerman. Gurney and 
Jackson, 1922. 

PLANT GROWTH SUBSTANCES 

AUXINS AND PLANT GROWTH. Aldo Carl 
Leopold. University of California 
Press, 1955. 

THE CHEMICAL INDUCTION OF GROWTH 
IN PLANT TISSUE CULTURES. F. C. 
Steward and E. M. Shantz in The 
Chemistry and Mode of Action of 
Plant G1'Owth Substances. Academic 
Press Inc., 1956. 

GIBBERELLIC ACID AND HIGHER PLANTS. 
I: GENERAL GROWTH RESPONSES. M. 
J. Bukovac and S. H. Wittwer in The 
Quarterly. Bulletin of the Michigan 
AgricultllTaI Experiment Station, VoL 
39, No.2, pages 307-320; November, 

1956. 
ISOLATION OF PLANT GROWTH INHIBI

TORS FROM THAMNOSMA MONTANA. 
Edward L. Bennett and James Bonner 
in American foumal of Botany, Vo!' 
40, No. 1, pages 29-33; January, 1953. 

ISOLATION, STRUCTURE AND SYKTHESIS 

OF KINETIK, A SUBSTANCE PROMOTIKG 
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Explore frontiers of the future-at Boeing 

There's adventure for you at Boeing, where scientists and 
engineers make exciting discoveries along frontiers where the future begins. 
There's stimulation, too, working with men whose creative genius 
has ushered in new eras of flight. 

"ARCTIC STARS?" latest in a 
series of paintings by Simpson. 
Middleman, painters of the 
meanings of science. They 
describe this interpretation as 
"an expression of entropy in the 
cosmos. Starligh t, clear and cold, 
contrasls with the warm color 
of autumn leaves. Behind both? 
the undulating field of the 
celestial walL" Painting courtesy 
of John Hel1er Gallery Inc. 

And challenge-developing new techniques, new materials, new processes and equipment. 
Boeing engineers and scientists invite you to join them in assignments that give 
you creative scope, personal satisfaction, and added professional stature. 
We welcome engineers of all types, scientists and mathematicians. You'll like the 
adventuring spirit here, and the unexcelled facilities. You'll 
find "you belong . . . a t Boeing.'� 

Drop a note now to John C. Sanders, Eligineering Personnel Administrator, Boeing Airplane Company, Department B·62, Seattle 24, Washington 
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BURROUGHS CORPORATION 
Re300Jtclt C� 

PAOLI, PA. 

• STAFF CONSULTANTS 
to render technical guidance and 

planning in association with Military 
Weapons Systems proposals, Projects, and 
outside contacts. Will assist senior tech
nical people, through consultation, in 
optimum direction to be token on specific 
tasks assigned to them in the form of 
projects - to advise, propose and assist 
soles engineers in procurement of specific 
programs in the area of Defense D�velop
ment - to provide planning assistance in 
order to insure a coherent, organized pro
gram. This work requires 15 to 20 years 
experience in the design of complex 
weapons systems in the fields of Radar, 
Missile Guidance, Air Defense Systems, 
and Systems Design. Be specific in your 
resume 

'
�s to work background and salary 

requirements addressed to Dept. 630. 

• MANAGER 
Electronic Development Dept. 

applicant should possess a high 
degree of organizing power, problem 
analysis and evaluating perspective. Duties 
are to supervise approximately 70 engi
neers and 30 supporting personnel. Re
quires 15 or more years of experience in 
digital computers, radar, telemetering, 
telephone systems or servo systems, with 
accent on circuit design. Be specific in your 
resume as to work background and salary 
requirements addressed to Dept. 634. 

• MANAGER 
Analysis Dept. 
· . . qualified man should possess a high 
degree of organizing power, problem 
analysis and evaluation perspective. Re
sponsibilities include staffing, budget con
trol and technical progress of' own de
portment. Must have performed original 
research and supervised research projects 
of a mathematical nature. Several years 
of math experience essential. Experience 
in "Operations Research," Engineering 
Moth, Computer Programming and Logical 
Design are necessary. Be specific in your 
resume as to work background and salary 
requirements addressed to Dept. 637. 

• MANAGER 
Operations Dept. 
· . .  must possess high degree of organiz
ing power, problem analysis and evalu
ation perspectives and a proven record 
of effective use of administrative skills. In 
the area of project control, an important 
duty will be that of establishing schedules, 
budgets, estimates, special reports and 
correspondence. Reliability effort is a 
major goal of this program and permeates 
all other operations, including quality 
control and procedures at corporate level. 
Operations, in this instance include liai
son and staff functions e

"
ssential to the 

proper coordination of related depart
ment activities. At least 10 years in engi
neering and supervision of engineering 
projects, with last 5 years in direct super
vision of research and development desir
able. Be specific in your resume as to 
work background and salary requirements 
addressed to Dept. E·5736. 

• SUPERVISOR 
Digital Circuits Section 
· . . to lead section of 8 to 20 engineers 
engaged in the design of digital compu
tation and in the design of digital circuits 
with emphasis on digital communications 
circuits. Must have 8 to 10 years progres
sive experience, including several years in 
a supervisory capacity. Be specific in your 
work background and salary requirements 
addressed to Dept. 06364. 

• SUPERVISOR 
Mathematical Section 
· . •  this is a newly created section offer
ing exceptional challenge and opportunity 
for advancement to a man with 6 to 10 

years experience in this field including 
programming, problem analysis, theoreti
cal and computational problems in mis
sile system development, operations re
search and computer systems. Two to five 
years supervisory work will be required 
as the duties consist in planning the work 
of the areas monitoring the technical de
tails. Be specific in your resume as to work 
background and salary requirements 
addressed to Dept. E·573. 

�onlidential /htte"I/lleew� 
• • .  with top-management men can be arranged at the 
Research Center, near Philadelphia, or when and where pos
sible at some location of your own selection. Please use Dept. 
Numbers indicated for above positions in reply to . . •  

M. E. JENKINS, Professional Placement Manager 

BURROUGHS CORPORATION 
Re3ett'tclt CeJde1t 

PAOLI, PA. PAOLI 4700 
�--------�-----------------------
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CELL DIVISION. Carlos O. Miller, F. 
Skoog, F. S. Okumura, M. H. Von 
Saltza and F. M. Strong in journal of 
the American Chemical Society, Vol. 
78, No.7, pages 1,375-1,380; April 5, 
1956. 

STUDIES ON ROOTS. II: EFFECTS OF COU
MARIN, SCOPOLETIN AND OTHER SUB
STANCES ON GROWTH. Bruce M. Pol
lock, Richard H. Goodwin and Susan 
Greene in American journal of Bota
ny, Vol. 41, No. 6, pages 521-529; 
June, 1954. 

SUN CLOUDS AND RAIN CLOUDS 

CLIMATIC CHANGE: EVIDENCE, CAUSES, 
AND EFFECTS. Edited by Harlow 
Shapley. Harvard University Press, 
1953. 

FUHTHEH EVIDENCE OF A SOLAR-WEATH
EH EFFECT. Ralph Shapiro in journal 
of Meteorology, Vol. 13, No.4, pages 
335-340; August, 1956. 

SOLAH ERUPTIONS AND THE WEATHEH. 
Julius London in Tmnsactions of the 
New York Academy of Sciences, Se
ries 2, Vol. 19, No.2, pages 138-146; 
December, 1956. 

SOLAR RADIO NOISE AND HIGH-LEVEL 
ZOi\"AL WIND SHEAR OVER THE CEN
THAL PACIFIC OCEAN. C. E. Palmer 
in Jot/mal of MeteoTOlogy, Vol. 13, 
No.3, pages 315-316; June, 1956. 

UTILIZlNG THE SUN TO FORECAST THE 
WEATHEH. E. D. Farthing in Shell 
Aviation News, No. 241, pages 19-24; 
April, 1956. 

MATHEMA TICAL GAMES 

THE ApPLICATION OF PROBABILITY TO 
CONDUCT. John Maynard Keynes in 
The World of Mathematics, Simon 
and Schuster, Inc., 1956. 

LOGICAL FOUNDATIONS OF PROBABILITY. 
Rudolf Carnap. University of Chicago 
Press, 1950. 

STUDIES IN THE LOGIC OF CONFIRMA
TION. Carl G. Hempel in Mind, Vol. 
54, No. 213, pages 1-26, January, 
1945; Vol. 54, No. 214, pages 97-121, 
April, 1945. 

THE AMATEUR SCIENTIST 

PHlNCIPLES OF NAVAL AHCHITECTURE. 

Edited by Henry E. Rossell and Law
rence B. Chapman. The Society of 
Naval Architects and Marine Engi
neers, 1939. 

WIND WAVES AT SEA-BREAKERS AND 
SURF. Henry B. Bigelow and W. T. 
Edmondson. Hydrographic Office 
Publication 602, U. S. Navy Depart
ment, 1947. 
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CREATING A NEW WORLD WITH ELECTRONICS 

Can microwave radio someday help you manage your business? 

Right now Hughes is doing extensive microwave and milli
meter-wave research which will help make it possible in 
the future for private business to use thousands of individual 
radio channels not now assignable. 

Hughes MICROWAVE TUBES and other electronic advances 
can be expected to contribute to the efficiency and operat
ing economy of microwave radio networks. 

When that day comes, you will be able to transmit and 
receive up-to-the-minute information on every phase of 
your business without waiting for reports to be mailed to 
and from branch offices, warehouses, and outlying plants. 

As one of the country's largest electronics research and 
manufacturing firms, Hughes is constantly at work on new 
developments in electron tubes, semiconductors, and indus
trial systems and controls which will play a prominent part 
in creating a new world with electronics. 

With radio-transmitted data on production, sales 
and inventory ftom a computer, you will be able to 
have a split-second analysis of up-to-the-minute statistics 
about your business at any time, day or night. 

MICRO\VAVE AMPLIFIER 

A Hughes Products sales engineer will gladly work with 
your staff on time-, work- and money-saving applications 
of Hughes electronic products to your office and plant op
erations. Write Hughes Products, Los Angeles 45, Calif. 

,-------------------------------------, I I 
I I 
I I 
I HUGHES PRODUCTS I SCIENTISTS AND ENGINEERS: CONTACT 

HUGHES FOR EXCEPTIONAL 
CAREER OPPORTUNITIES. 

>� 
I 
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Exploring the Universe: Worlds without End . • • •  First, Earth was all, then the Sun, and then our 
Galaxy of 100,000 million suns, "like sand ... Bung down by handfuls and both hands at once". 
Now, we know our galaxy is but one among a b£llion galaxies where suns and earths and atoms are ceaselessly 
created by a Universe without beginning and without end. Political corollary; If nations may forsake 
wars of aggression and deterrence for a cooperative deployment of earth's resources to explorations in space 
and time, the new science of astronautics may lead us soon to the infinite plenty of the planets and the stars. 

GENERAL. DYNAMICS CORPORATION . 445 PARK AV�NUE. NEW YORK 22, N .  Y. 
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