
SCIENTIFIC 
ERIC 

FUNDAMENTAL QUESTIONS IN SCIENCE F/FTr CENTS 

�temJev 1953 
© 1953 SCIENTIFIC AMERICAN, INC



Adding youth to steel ... for you 
Just a "pinch" of vanadium helps steel to serve you better 

STEEL IS LIKE PEOPLE. It, too, can become tired with too 
much shock and strain, or too much exertion. Fortunately 
for all of us, scientists have learned the secret of imparting 
lhe stamina of youth to steel. 

SECRET OF YOUTH-It's done by adding small amounts of 
vanadium -often with other alloying metals - to the molten 
steel, usually as it comes from the steelmaker's furnace. 

Thus, the springs of your car and other hard.working 
parts of automobiles, locomotives, ships, and aircraft with
stand constant shock and strain. 

WHAT IS VANADIUM? This special tonic for steel is one 
of the earth's rarer metals. Most of America's vanadium 
ore comes from the Colorado Plateau. After being concen
trated and smelted, the refined metal is shipped to the steel
makers. 

Vanadium is but one of many alloying metals that are 
used to improve today's steel. Just as vanadium makes 

steel shock-resistant and enduring, chromium makes it rust
resistant, tungsten makes it strong at high temperatures, 
manganese makes it tough at low temperatures, and silicon 
gives it important electrical properties. 
UCC AND ALLOYS-The people of Union Carbide produce 
more than fifty different kinds of alloying metals, in hundreds 
of varying compositions and sizes_ They also work closely 
with steelmakers in developing and improving the alloy 
steels that go into nearly everything that serves us today_ 
FREE: Learn more about the interesting things you use every day. 
Write jar the illustrated booklet "Products and Processes" which tells 

how science and industry use the ALLOYS, CARBONS, CHEMICALS, 
GASES, and PLASTICS made by Union Carbide. Ask jar booklet F. 

UNION CARBIDE 
AND CARBON CORPORATION 

30 EAST 42ND STREET 00 NEW YORK 17, N. Y. 

VCe's 'l'mde-marked Products of Alloys, Carbons, Chemicals, Gases, and Plastics include -------

EI.ECTROMET Alloys and Metals. HAYNES STELLITE Alloys. EVEREADY Flashlights and Batteries. NATIONAL Carbons. ACHESON Electrodes 

PRESTONE and TREK Anti-Freezes. PYROFAX Gas • PREST-O-LITE Acetylene 

DYNEL Te�tile Fibers. BAKELITE, KRENE, and VINYLITE Plastics • LINDE Oxygen . SYNTHETIC ORGANIC CHEMICALS 
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Stokes is a Pioneer in High Vacuum 
Stokes engineers are pioneers in the use of vacuum ... first to 

develop commercial techniques for the preservation of blood 

plasma ... first in vacuum research and application ... designers 

and builders of the equipment by which vacuum cuts costs, 

improves products, creates new goods and new markets. 

Stokes is the only manufacturer of complete vacuum systems. 

During fifty years of experience with vacuum and high vacuum, 

Stokes has built to customers' requirements, with a sure 

knowledge of what is and what is not practical. 

Visit the Stokes plant and see for yourself what makes 

Stokes first in vacuum ... first in the manufacture of complete 

vacuum processing systems. 

F. J. STOKES MACHINE COMPANY, PHILADELPHIA 20, PA. 

This isn't before and after the battle; it's before 
and after a toy tonk has been metallized under 
vocuum. These tanks ore injection-molded of scrap 
plastic; then placed by the dozens in the chamber 
of a Stokes Vacuum Metallizer. After 10 or 12 min .. 
utes, the pressure in the chamber is reduced to 
less thon one micron. Aluminum staples are healed 
to the vaporizing point, assume molecular freedom, 
and instantly are deposited as 0 thin metal film 
over the dozens of toy ton�s. Stokes Vacuum 
Metallizers ore also used for finishing great Quanti
ties of costume iewelry at low production cosl, 
and for many industrial purposes. We shall be glad 
to send a brochure, "Vacuum Metallizing Today". 

Among the little gadgets that make TV sets so 
efficient today are capacitors. These are what used 
to be known as condensers; for TV purposes, they 
are made of a paper and metal assembly which 
has been impregnated with a liquid possessing a 
high dielectric strength. This prevents electrical 
leakage even under high humidity. Stokes Vacuum 
Impregnators ore used to impregnate thousands of 
these capacitors at a time. Once the air is ex
hausted from every fold and fiber of the paper, oil 
is introduced from an adiacent chamber and in
stantly fills every tiny, empty pore. Send for the 
new 24-page brochure on "Vacuum Impregnation." 

One of the first real signs of hope in the fight 
against paralytic poliomyelitis is gamma globulin, 
an extracted component from human blood, con
taining antibodies, which serve as a partial im
munizing agent. Because it is destroyed at heat 
above body temperature, it cannot be dried by 
ordinary methods. Yel it must be dried to make it 
available for use when needed. The solution is to 
freeze the product rapidly, then apply mild heat 
under high vacuum conditions. Stokes Vacuum 
Freeze-Dryers are used for this purpose; also, for 
preserving blood plasma, hog cholera serum and 
many other substances which are sensitive to heal. 
Brochures, entitled "Freeze-Drying in Industry" 
and "laboratory Freeze-Drying" are now available. 

Many airplanes of the future will toke advantage 
of the high strength-weight ratio of titanium. It is 
a plentiful metal, spurns most corrosives which 
affect other metals, and endures extraordinary heat. 
Unfortunately, during some stages of production 
titanium has on incorrigible affinity for other ele
ments • • •  it wants to be anything but pure titani
um. Part of the processing of are to metal must 
therefore be carried out in vacuum. Stokes Vacuum 
Furnaces are designed for this purpose. Zirconium 
and hafnium ore other metals long known to sci
ence as laboratory curiosities but of lillie practical 
value because they could not be smelted or refined 
to practical pUrity. Now they become useful as 
they are processed under high vacuum conditions. 
Write for the bulletin on Stokes Vacuum Furnaces. 

STOKES 

STOKES MAKES: High Vacuum Equipment, Vacuum Pumps and Gages / Industrial T .. bletting, Powder Metal and Plastics Molding Presses / Pharmaceutical Equipment 
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SETTING NEW DESIGN STANDARDS 
FOR AIRCRAFT INSTRUMENTS 
Marion Electrical Instrument Company· now makes available a line of aircraft instruments em
bodyinq proven Marion instrument features and incorporatinq new Marion developments. The 

resuU is sinqle and mulliple element aircraft types of qreater durability and accuracy, incorpo
ratinq a new sinqle seal construction which isolates the qlass-to-metal seal from mountinq 
stresses and reduces thermal shock stresses. These instruments meet Army-Navy Aeronautical 
Desiqn Standard AND 10401 requirements for 23/.l" dial instruments. Applications of the new 
Marion AN Series include ammeters. vollmeters, radio naviqational types (such as omni-ranqe 
and ILS) and temperature indicators. 

GLASS TO 
SEAL 

The sinqle element Marion Model AN 3 -is completely ruqqedized 
(per MIL-M-I0304) including internal shock mount. 

GLASS TO METAL 
SEAL 

ONE PIECE 
DRAWN STEEL 
CASE 

SERIES AN3 

ESCUTCHEON 

ONE PIECE 
DRAWN STEEl 
CASE 

SERIES AN 3 3  

ONE PIECE 

ALNICO 
MAGNET 
STRUCTURES 

CAST ALUMINUM 
COLUMN SUPPORT FOR 
MOVEMENT CLUSTER 

Marion AN33 Series provides lor instruments incOlporatinq two, three or lour Mation 
rugqedized movements. An unique one piece base and column support provides greater 
rigidity and more precise alignment 01 the elements. All wirinq passes direclly through 
the center 01 this column to terminal connections. A"ccessories such as multiplier resistors 
and bridge networks where required are contained in an extension cap which is 
attached to the base 01 the instrument. The series consists of two element (Model 
AN32E), three element (Model AN33E), and lour element (Model AN34E) types. 

In bolh the Marion AN3 and AN33 Series the one piece drawn sleel case is single
seal (glass-to-metal) hermetically sealed to the glass window. making the instru
ments impervious to the mosl severe 01 environmental hazards. A cast aluminum 
flange retains the escutcheon and provides lor panel mounting (per AND 10401). 

These Marlon aircraft instruments represent anolher application 01 "Advancement In Instrument 
Design" to a critical instrument requirement. 
Marion Electrical Instrument Company, 416 Canal Street, Manchesler, New Hampshire • 

• lIIaJlIOn 
M

'
ANUFACTURERS OF RUGGEDIZED AND "REGULAR" METERS AND RE-LATED PRODUCTS 

Copyright 1953 Marion Elec. Instr. Co. 
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'THE MOST IMPORTANT BOOKS 
The Best in Literature lat only$1.89 1 regardless of higher publishers 'list prices 

The Book Find Club was started about eleven years ago "to select 
the very best in' literature and to realize substantial savings for its 
members.:' The Club has now grown to over 70.000 families'. 

In making our selections. not only do we attempt to choose those 
books that will give immediate satisfaction 'and pleasure to the reader. 
but also to select books that \!i11 have permanent value as well. All are 
books that will live not only for the sheer reading enjoyment they 
provide, but also for their enduring quality. 

When you look a,t the list of selections pictured and listed on this 
page-priced at $1.89 each regardless of higher publisher's edition 
list price-we feel certain you will want to take advantage of our 
special introductory offer-now. 

THE WORLDLY PHILOSOPHERS 
Robert L. Heilbroner 
Here IS a profound and stimulating 
presentation of the lives. times"" and 
ideas of the great economic thinkers 
from the 18th century to the present. 

Orig, Pub. Ed. $5.00 
TOULOUSE-LA UTREC Gerstle Mack 
An admlra'61e and definitive portrait 
of a great painter. The plates from a 
splendid Lautrec gallery of paintings 
and prints. Orig. Pub. Ed. $7.50 
THE PRACTICAL COGITATOR -
Edited by Charl.s P. Curtis, Jr. 
and F.rri. Gr •• n,let , 
A stimulating compilation of the best 
that man has written. The selections 
cover a wide range of world literature 
from Confucius '0 Gertrude Stein. 
from the Old Testament to James 
Joyce, Orig. Pub. Ed. $3.75 
DEAD MAN IN THE SILVER MARKET 
Aubr.y Menen 
U A treasure for those who know him 
and a discovery for those who don't:' 
-Chicago Tribune. A memorable auto· 
biographical work containing the story 
of'both the British and the Indian eul
lurcs which shaped the author's Phi· 
losophy. 

' 
O'ig. Pub. Ed. $3.00 

ZORBA THE GREEK 
NikolKazantzakis 
"Live iife and enjoy··it!" is the theme 
of this vital. sweeping novel. 

Orig. Pub. Ed. $3.75 
GROWTH OF SCIENTIFIC IDEAS 
W. P. D. Wightman 

THE CREATION OF THE: UNIVERSE 
George Gamow 
Startling, interesting facts about the 
universe. vividly presented for the lay
man. Illustrated. 

Orig. Pub. Ed. $3.75 
THE UNDERSEA ADVENTURE 
Philippe Diole 
The thrilling discovery of an unex
ptored part of our planet, the world 
beneath the sea. (With 24 photo. 
graphs.) 

, 
Orig. Pub. Ed. $4.50 

THE AGE OF JACKSON' 
Arthur M. Schlesinger, Jr. 
Democracy's t'uture seen through a' 
study of its strident past. A Pulitzer 
Pri�e winner. Orig. Pub. Ed. $5.00 
MAIN STREAM OF MATHEMATICS 
Edna E. Kramer 
A scholarly yet 'Ihely history of'this 
significant science. with a wealth of 
biographical and anecdotal material. 

Orig. Pub. Ed. $5.00 
THE EVOLUTION' OF PHYSICS . 
Alber' Einstein and Leopold Infeld 
This highly absorbing book trace_ the 
growth of ideas in physics through 
Relativity. Orig. ,Pub. Ed. $3.50 
A GRAMMAR OF MOTiVES 
kenneth Burke' 
An eminent critic re-examines seman. 
tics with lucidity and vigor. 

Orig. Pub. Ed; $6.00 
WHITE COLLAR' 'C. Wright Miils 

' 

An astute. fearless and profound anal· 
ysis of the new 20th Century middle 
class. Orig. Pub.

' Ed. '$6.00, 

GENETICS AND THE RACES OF MAN 
William C. Boyd 
Physical anthropolog.y is here studied .. 
for the first time, in the light of mod
ern science. liThe best book on race 
ever to he published." . 

-Bernard Mishkin 
O'rig. Pub. Ed. $6.00 

MALE AND FEMALE 
Margaret Mea,d 
In this illuminating study. one of 
America's outstanding anthropologists 
focuses her attention on the relation
ship of the sexes in our changing 
world. Orig. Pub: Ed. $5.00 
MAN AND' HIS GODS 
Homer W. Smith 
Man's religious beliefs brilliantly ex.
amined. This encyclopedic study has 
been ranked" with Frazer's Golden 
Bough. Orig. Pub. 

'Ed. $5.00 
THE THURBER ALBUM 
Jam.s Thvrber 
Nostalgic recollet;tions produce a hu
morous profile of the American scene 
by the man whose name is now part 
of our language. 

Orig. Pub. Ed. $3.50 
LISTENING WITH THE THIRD EAR 
Theodor Reik 
Subtitled HThe Inner Experience of a 
Psychoanalyst," Dr. Reik�s book has' 
been favorably compared with Frc:ud's 
Interpretation 01 Dreams. 

Orig. Pub. Ed. $6.00 
PATTERNS OF SEXUAL BEHAVIOR 
Clellan S. Ford a"d Frank A. Beach 
The most comprehensive study ever 
made of the sexual behavior of human 
beings and animals. based on a de· 
tailed analysis of the sexual patterns 
of 190 contemporary societies. 

Orig. Pub. Ed. $4.50 

OEDIPUS-MYTH AND COMPLEX 
Patrick Mullahy 
From Freud to Fromm - the major 
psychoanalytical theories set forth in 
a new and unifying. way. Complete 
with the' great Oedipus trilogy of 
Sophocles. Orig. Pub. Ed. $5.00 
THE S�ORY OF, ENGLISH Mario Pei 
The whole tremendous panorama of 
the ,English language • • •  its past rise� 
present progress and probable future 
projections. Orig. Pub. Ed. $5.00 
BALLAD OF THE SAD CAFE 
Carson McCullers 
This large volume contains all the 
novels and a stlect.ion of the finest 
short stories of one of America's most 
perceptive writers, 

Orig. Pub. Ed. $5.00 
DON'T BE AFRAID OF YOUR CHILD 
Hilde' Bruch, M.D. 
An eminent psychiatrist and pediatri. 
cian in a down-to..earth fashion gives 
parents new faith in their own good, 
judgment. Orig. Pub. E�'. $3.75' 
LIVING IDEAS IN AMERICA 
Edited by Henry Steele Commager 
Nearly 800 pages of selections from 
the writings of statesmen. phi1oso
phers, educators. and literary men. 

Orig. Pub. Ed. $6.00' 
USES ,OF ,THE 'PAST 'H.I. Muller 
Historian and' philosopher, the author 
sur.veys such societies as the Grecian. 
the Roman, and the "floly Russian'" 
in search for a pattern for our times. , 

Orig. Pub. Ed. $5.50 
HOW THE GREAT 
RELIGIONS BEGAN Joseph, Gaer 
The basic beliefs of each great reli
gious system, and the lives - of the 
founders. Orig. �ub. Ed. $3.00 

G IAN T INTRODUCTORY OFF E R 
As on introduction, to the Book Find Club you may now select any 'two books 

from those pictured or listed on this page, one as, your BONUS 8QOK and the 

other as you,r first seleCTion. You can thus �eceive UP TO $13.50 
RETAil VALUE OF BOOKS FOR ONLY $1.89� 

More than -a history of science. this 
large work is a study of scientific 
thought from its  earliest origins 
through the present time. 

Orig. Pub. Ed. $5,00 THE BOOK FIND CLUB 
Your name and address in the coupon below will enroll you as a member 

BOOK FIND CLUB, 215 Fourth Avenue, New York 3 
Please send me the two books I have indicated or written 

I at $1.89 plus 2-4¢ postage and handling, (Re'oil Value up 
513,50) I understand I may toke as feW' as four books II 

year. 1 am to receive the Book Find �ews free each month. 

Please print 

CtTY ZONE __ STATf __ 
(Prices slightly higher in Canada) 021-20 

� THE UNDERSEA ADVENTURE 
THE AGE OF JACKSON 
TOULOUSE·LA:UTREC 
THE ,�RACTIUL COGITATOR 
ZORIA THE GREEK � THE THURBER ALBUM 
PATTERNS Of SEXUAL BEHAVIOR 
BALLAD Of THE SAD UFE 
WHITE COLLAR 
MAN AND HIS GODS 
MALE AND FEMALE 
OEDIPUS-MYTH and COMPLEX 
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Your business i! in the Age of Electronics 
I I 10 seconds-all that's needed for production workers 
to find un ••• " flaws in grinding wheels-or OK the 
wh •• l}or shipment. Resonant frequency tells the story 
-worker reads the answer on one meter, one dial. 

Whether quality control or product research, 
, 

electronic tests. may save time, cut costS ... 
Comparison of resonant frequency 

sounds complex. Actually, it's a fast, 
accurate way manufacturers use elec
tronics to inspect, detect flaws, maintain 
quality in mass-produced products. 

Metal castings, concrete or masonry, 
ceramic or plastic objects, wood lami
nates-ali may be competently inspected 
by your non-technical personnel using 
electronic equipment. Tests take only a 
fraction of the time formerly required; 
products are not marred or damaged. 

H E W L E T T -

Hewlett-Packard is a pioneer and 
world leader in electronic test instru
ments-basic measuring tools used in 
resonant frequency testing and many 
other manufacturing, research, commu
nication and military applications. Each 
application differs; -hp- factory-trained 
engineers can tell quickly whether our 
instruments can help you enjoy better 
engineering and production. Write today 
for information, giving details of your 
measurement problem. 

PAC KA R D C 

ELECTRONIC MEASURING 
INSTRUMENTS 

o M PA NY 
24065 P A G E  MI L L  R O AD . PAL O AL T O , C A L I F O R N I A  
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Given ••• TO NEW MEMBERS OF THE Book-of-the-Month Club 
• •• WHO JOIN THE CLUB NOW AND BUY AS FEW AS I SIX BOOKS I DURING THE FIRST YEAR OF MEMBERSHIP 

COMPILED AT 
COLUMBIA UNIVERSITY 

AND PUBLISHED BY COLUMBIA 
UNIVERSITY PRESS 

PRIVILEGES AND CONDITIONS OF THIS SPECIAL OFFER 

T HIS extraordinary opportunity is simply 
a dramatic demonstration of the Book

of-the-Month Club's unique Book-Dividend 
sy'stem-through which you earn valuable 
lIbrary volumes, free, merely by ordering 
the new books you are anxious not to miss. 
Here are the 5imple details: 

* AS A MEMBER YOU AGREE TO BUY AS 
FEW AS SIX BOOKS WITHIN YOUR FIRST 
YEAR OF MEMBERSHIP fcom among the 
Club's selections and Special Members' 
Editions. During the year at least 100 good 
books will be made available to you, from 
which you may choose. You receIve a care
ful advance description of each selection 
and if you think it is a book you would 

�:�vfd��r' 
s���if�'�� ���� �tt��m

b����O� 
you may say: "Send me nothing." 

* YOU WILL RECEIVE THE COLUMBIA EN
CYCLOPEDIA AT ONCE. It will be sent with 
the first book you order from the Club. 
For a list of good books from which you 
can choose your first selection as a new 
member, please see coupon. 

* AFTER BUYING SIX BOOKS YOU WILL 
RECEIVE, FREE, WITH EVERY SECOND 
BOOK YOU BUY a beautiful or useful 

library volume - over alld above THE 
COLUMBIA ENCYCLOPEDIA. This member 
profit-sharing is similar to what happens 
In any consumer co-operative. A fixed per
centage of what each member pays is set 
aside in a special fund. This is finally in
vested in enormous editions of other books, 
each of which is a Book-Dividend given 
without charge to members. During the 
year, the volumes thus given away will have 
an average retail value of around $6.00 each. 

* YOU HAVE THE RIGHT TO CANCEL YOUR 
MEMBERSHIP any time after buying six 
books. Membership in the Club is for no 
fixed period, continuing until notice of 
cancelJation is received from the member. 

* GOOD SENSE FOR READING FAMILIES. 
Frequently you buy a Book-of-tbe-Month 
Club selection, nOt knowing it is such. and 
often pay more for it than you would as a 
member. Wby 1101 buy fr01ll the Club these 
seleelio"s 'YOII would buy atl,}'way? You wjlJ 
usually pay less for them. (A small charge 
is added to cover mailing expenses.) You 
will share in the Club's Book-Dividend 
plan. And. not least, you will actually get 
and read the particular new books you are 
anxious not to miss, but which you fre
quently do fail to read. 

SHOWN HERE CONSIDERABLY 

REDUCED-Book is actually 

"The first one-volume ency

clopedia in English worthy of 

the namell-THENEWYORKTIMES 

NOTE TO PRESENT MEMBERS: If you 
would like to have THE COLUMBIA 
E NCYCLOPEDIA under the Club's 
Book-Dividend system, write for 
information about how to obtain it. 

BEGIN YOUR MEMBERSHIP WITH ANY 'OF THESE GOOD BOOKS 
AS MY FIRST PURCHASE PLEASE SEND ME: 

o THE OLD MAN AND THE SEA 0 TOO LATE THE PHALAROPE 
by Ernest Hemingway $3.00 by Alan Paton $3.50 

o THE SILENT WORLD 0 ANNAPURNA 

by Capt. J. Y. Cousteau by Maurice Herzog 
with Frederic Dumas Price (to members only) $3.95 

Price (to members only) $8.95 0 THE HIGH AND THE 

o CHARLES DICKENS (2 vols.) 
MIGH6i Ernest K. Gann $3.50 

Price (to me
b

�b�
g

��l:r$'l��� • 0 r�cl�fLj'e
E�x�H�d�:��) 

o THE CAINE MUTINY by Thomas B. Costain 
by Herman Wouk $3.95 Pr'ice (to members only) $3.85 

BOOK-OF-THE-MONTH CLUB. Inc. A709 
345 Hudson Street. New York 14. N. Y. 

Please enroll me as a member of the Book-oC-the-l\:lonth Club .• 
I am to receive. free, THE COLUMBIA ENCYCLOPEDIA (a $28.50 
volume) immediately. with the purchase of my first selection, indi
cated above. I agree to purchase at least six monthly selections
or Special Members' Edltions-during the first year I am a member. 
After my sixth purchase, with every second book I buy-from 
among the Club selectlons and Special Members' Editlons-I am to 
receive, free, the current Book-Dividend. then being distributed. 
I have the right to cancel my membership any time after buying 
six selections from the Club. After my first year as a member, I 
need buy only four su('.h books In any twelve-month period to 
maintain membership. 

Name ••••••••••••••••••••• • • . . • . . ••••• . . . ••••••••••••••••••••••••••••••• 
(Please Print Plainly) 

Address • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  , 
Postal Zone No . 

City . . .. . . ..... . . .. . .. . . .. " . . • • . . . .  (il any) • . . . . • State .......... . 
Book prices are sltghtly higher In Canada. but the Club ships to Canadian 
members without any extra charge for duh'. through Book·of-the-Montb 

Club (Canada) Ltd. 

5 
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WITH 

FOUR -WINDOW X- RAY TUBE FLEXIBILITY 

* The effective line focus of the NORELCO basic X-ray Diffraction Unit is 

0.06 x 10 mm. This unique line focus X-ray tube provides an effective slit source of intense 

radiation affording maximum resolution in shorter exposure times for diffractometry. 

Radiation output from four windows provides opportunity to extend the utility 

of the basic X-ray Diffraction Unit-to operate two goniometers from the two slit 

sources and a choice of cameras from two simultaneously available spot sources. 

This single feature increases operational speed and overall efficiency 

over other designs with fewer X-ray windows. An exclusive NORELCO feature. 

A �I _ 1-0 - p I � I� � � . 

I � I 
t/J!J��UWl!lt!l��\J,tl�Nw-.to""""';'_'''''''''' I'�''''--.n,�.",,",. 

� [PDiJO�O[P0 W COMPANY, INC. 

Serving Science 
and Industry 

Dept.IH-9· 750 South Fulton Avenue, Mount Vernon, N. Y. 
In Canada: R<>gers Majesllc Electronics Ltd,. 11·19 Brentclttre Road. Leaslde. Toronto 17. OntariO 
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projects i 

RADIAL SERIES 

• BORE WIDTH 

100 .1000" .0250" .0312" 1'h P .0590" .020"t .0472" 

� �� 2 .1250" .0400" .0469" @�I 3P .1181 " .030"t .0709" 

2Y, .15625" .0469" .0625" 4P .1575" .040"t .0945" 

3 .1875" .0550" .0781 " Tsp .1968" .050"t .1181 " 

T4 .2500" .0781 " .0938" T7Y, P .2953" .075"t .1772" 
I-w-l T5 .3125" .09375" .1094" Tl0P .3937" .100"t .2362" 

SUPER- LIGHT RADIAL SERIES GROOVED RADIAL SERIES (Fulllloce or lIetoiner Type) 
418 .2500" .1250" .0938" 3G 3GC .2188" .0550" 

ce CD T518 .3125" .1250" .1094� �' 4G 4GC .2812" .0781 " 

5532 .3125" .15625" .1094" :1 5G 5GC .3438" .09375" 

5632 .3125" .1875" .1094" 518G 518GC .3438" .1250" 

5732 .3125" .21875" .1094" 5532G 5532GC .3438" .15625" I-W-l 
.3750" .2500" .1250" �W-l 5632G 5632GC .3438" .1875" 614 

FLANGED RADIAL SERIES (Full lIoce or lIetoiner Type) RADIAL RETAINER SERIES 

2Y, F 2Y, FC .15625" .0469" .0625" 2Y, C .15625" .0469" 

�� 
·3 F 3 FC .1875" .0550" .0781 " 3C .1875" .0550" 

. 4 F 4 FC .2500" .0781 " .0938" �� 4C .2500" .0781 " 

SF 5 FC .3125" .09375" .1094" 5C .3125" .09375" 

418 F 418 FC .2500" .1250" .0938" 418 C .2500" .1250" 

518 F 518FC .3125" .1250" .1094" 518 C .3125" .1250" 

/-w-4 5532 F 5532 FC .3125" .15625" .1094" 
I-w-I 

5532 C .3125" .15625" 

5632 F 5632 FC .3125" .1875" .1094" 5632 C .3125" .1875" 

ANGULAR CONTACT SERIES THRUST SERIES 

2A .1250" .042t .0469" 01 2T .r250"t .0400"§ �1 3A .1875" .062t .0700" 4T .2500"t .0938"§ 

T4A .2500" .085t .0938" ST .3125"t .1250"§ 

, " L 1 T6A .3750" .124t .1406" 

I-W-l-L 6T .3750"t .1875"§ 

6A7B -'3750" .IS0t .1406" 7T .4375"t .1250"§ 

SPRING SEPARATOR SERIES SEPARABLE SERIES �I 55 .3125" .09375" .1094" �lI 
3M .1875" .0550" ,· 1 5185 .3125" .1250" .1094" 4M .2500" .0781 " 

55325 .3125" .15625" .1094" 5M .3125" .09375" 

co, 56325 '.3125" .1875" .1094" ,., S18M .3125" .1250" 

Prefixes indicate material: Standard is chrome bearing ste'el (SAE 52100): use no prefix. All bearings also available in 440 stainless, 
,except #100 and #lV2P. Use prefix "55" in ordering stainless . .... Indicates also available in 25 beryllium. Order with prefix "NM". 

Suffixes indicate type of bearing: F-flange, G-groove, M-separable, C-radial retainer, S-spring separator, T-thrust, P-pivot, A-
angular contact, Fe-flanged with retainer, GC-grooved with retoiner. Complete load ratings are given in catalog. t5hoft (5) min.i :t 0.0. clearance of opposite race .002"; §Bore clearance of opposite race .002/1. 

MPB ·ball bearings 
are available in ten design series and in more than 
140 different types and sizes which normally can be 

·supplied from stock for prompt installation. 
Instrument manufacturers and users of small precision 

mechanisms can now utilize all the well known extra ad
vantages of anti·friction bearings (accurate alignment, 
long wear, freedom from attention) universally accepted 
in larger· quality equipment. 

For more than 20 years MPB ball bearings have can· 
tributed to the successful" operation of precision mechan
isms. A pioneer in designs and dimensions now being 

internationally standardized, MPB has also originated 
many precision manuf�cturing techniques. All MPB ball 
bearing� are ground, lapped, honed andlor burnished 
in accordance with highest quality practice for optimum 
operating characteristics. Inspection limit to1erances are 
equal to ABEe 5 or beller. 

The most extensive engineering knowledge in miniature 
bearing applications is available to you. More than a 
million MPB ball bearings have been installed in precision 
mechanisms. Catalog 53 giving complete specifications, 
and additional data sheets mailed to you on request. 

Mi n i atu re"7fecis io�Bea ri ngs 
Inco r p orated � Ke e n e ,  New Ha m p s h i r e  

"Pioneer Precisionists to the World's Foremos't Instrument Manufacturers" 

.0781 " 

.0938" 

.1094" 

.1094" 

.1094" 

.1094" 

.0625" 

.0781 " 

.0938" � 

.1094" 

.0938" 

.1094" 

.1094" 

.1094" 

.0625" 

.0938" 

.1250" 

.1500" 

.1875" 

.0781" 

.0938" 

.1094" 

.1094" 

save 
space 
weight 
friction 
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What do YOU want to p�otect? 

1. S-T-R-E-T-C-N NYLON FIRST • • •  over high heat, to make 
nylon fish line that won't shrink or stretch in use. Compli
cated temperature control equipment for stretching was 
quoted to one manufacturer at $18,000. Instead he's protect
ing his product and pocketbook by stretching the line under 
a heated die, temperature-controlled by a Fenwal THERMO
SWITCH®. Saving $17,775. 

3. IN BLOOD BANKS, refrigeration and lighting systems must 
be kept functioning, regardless of main power failure. 
Emergency generators built for these and similar applica
tions include two Fenwal THERMOSWITCH thermostats -
maintaining the proper operating temperature in generator's 
water jacket • . .  for immediate starting and trouble-free op
eration in any emergency. 

2. MILITARY FIRE-FIGHTERS need pumps that are easily port
able, quick and dependable in operation. Latest development 
in this field is the portable gas turbine, now proving itself as a 
versatile power source. Fenwal Over-Heat Detectors, de
veloped for the aircraft field, are the thermostatic units used 
to protect the new gas turbine against overheating. 

4. VIBRATION TEST EQUIPMENT, reproducing vibration condi
tions encountered in actual use, is typical of the modern 
engineering facilities at Fenwai. Fenwal engineers are con
stantly developing and improving temperature control and 
detection devices to help you protect products, processes, 
property and people. Perhaps they can help you solve a pro
tection problem. Why not write us? Fenwal Incorporated, 
309 Pleasant Street, Ashland, Mass. 

ELECTRIC TEMPERATURE CONTROL 
AND DETECTION DEVICES 

PROTECTING PRODUCTS AND PROCESSES • • •  PROPERTY AND PEOPLE 
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EM� � MUIMAJ,b, (L� 
has taught us how to solve 

your impact-cushioning p.-oblems 

"I dozed off over A ltoona and never 
even woke up when we landed ... " 

The same hydraulic and pneumatic 
principles that let you sleep right 
through the landing of a 70-passen
ger transport are being used in in
dustry and transportation to sop-up 
costly jolts and bolt-cracking shake. 

We can engineer absorbers only 
inches long ... to control mere inch
pounds of vibration ... or yards long 
to handle many foot-tons 01 impact. 
As the world's largest producers and 

designers of aircraft landing gears, 
we have learned how to serve all 
industries - in many ways. 

The machines you build, the pre
cision equipment you ship, could, 
probably work better, travel safer, if 
they were cushioned by Cleveland 
Pneumatic absorbers using air-and
oil or oil alone. 

You are invited to write for infor
mation about our facilities and some 
typical shock-absorbing problems we 
have solved. W rite tor Booklet B-9. 

C!Ieveland Pneu:rnati.c To MOVE ,vith less EFFORT 
"7Oi>8 �� CLEVELAND 5, OHIO I 

Department D-9 

BALL·SCREW ACTUATORS. AUTOMOTIVE SHOP EQUIPMENT 

. AIR.OIL IMPACT ABSORBERS 

World's largest Manufaclurer of Aircraft landing Gears 

Combining the screw with balls enables Cleveland Pneumatic's patented ball-screw actuator to drive with as little as 10% friction ... compared to as much as 50% for ord inary screw drives. You can cut the weight of a drive system, reduce its space, lessen its cumbersomen ess, in crease its 
����{oO�i:�.cLeatc�'u�ne�i{::;��� ;!�;ko��� your ideas for using OUf ball-screw actuators. 

9 
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Sanborn 
Help 

Flight 

At McDONNELL AIRCRAFT CORPORATION the movements of a 
�uided missile are simulated by high-precision analog computers which 
In turn send eight different resultant electric signals into two Sanborn four
channel Recording Systems (left) for the graphic recording of the hypo
thetical results of the guided missile problem. 

How can Sanborn help you 1 

Sanborn one-, two-, and four-channel Recording Systems can 
provide an accurate and permanent graphic registration of 

almost any electrical phenomena whose frequency spectrum falls 
within the range of zero to 100 cycles per second. The avail
ability and ready inteTChangeability of amplifiers and preamplifiers 
offer a wide range of use. 

Records are traced by heated stylus on plastic coated strip-chart 
paper, and are in true rectangular coordinates. Other Sanborn 
advantages include: a high torque movement (200,000 dyne cms 
per cm deflection); built-in code and time markers; and a wide 
choice of paper speeds and channels. 

Sanborn engineers will be pleased to make recommendation"s 
as to what type of equipment will best solve your recording prob
lem. When writing, include the lower and upper limits and the 
frequency range of the phenomena to be recorded, and the type 
of transducer. 

10 

SPERRY GYROSCOPE COMPANY 

CHANNEL 

uses a two-channel Sanborn Recording 
System for basic research on their 

Zero Reader' Flight Director, a device 
which simplifies the manual 

control of aircraft. The Sanborn System 
shown above is recording the output 
of a flight simulator that solves Zero 

Reader equations . 
• T. M. REG. U. S. PAT. OFF. 

At DOUGLAS AIRCRAFT 

COMPANY'S Flight Test Section, a 
Sanborn two - channel Recording System 
(shown removed from case for field opera
tion) is used in conjunction with a tele
meter radio link to record surface motion 
vibration in a flying aircraft while it is per
forming tests requiring continual moni
toring. Recorded tracings provide the 
necessary permanent visual time history for 
comparison of the two events recorded and 
a study of their individual characteristics. 

Ask for a copy of our " Applicability Folder" which presents a 
table of uses, complete performance data and specifications, 
brief descriptions of Sanborn Recording Systems and explana
tions of how their amplifiers may be readily interchanged. 

SANBORN CO. IN���S���L 
CAMBRIDGE 39, MASSACHUSETTS 
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TO HIT TARGET 
from unstable decks of ship 

A rolling, pitching ship ... under attack from speedy, diving 
aircraft ... counts on its anti-aircraft guns for protection ... 
these guns must be able to stay on the target regardless of 
sea conditions. That's why the Ford Instru�ent Company 
was called on to design and build a control system that tracks 
and holds the target range with deadly accuracy. 

Yo� can see why a job with Ford Instrument offers 

young engineers a challenge. If you can qualify, 

there may be CI spot for you in automatic control 

development at Ford. Write for brochure about 

products or job opportunities. State your preference. 

This is typical of the problems that Ford has solved since 
1915. For from the vast engineering and production facilities 
of the Ford Instrument Company, come the mechanical, 
hydraulic, electro-mechanical, magnetic and electronic instru
ments that bring us our "tomorrows" today. Control prob
lems of both Industry and the Military are Ford specialties. 

4 

FORD INSTRUMENT COMPANY 
DIVISIO N OF THE SPERRY CORPORATION 

31-10 Thomson Avenue, Long Island City 1, N. Y. 

II 
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'----� ®----' 
The I ron Horse that reads and 

heeds with Electronic Eyes 

Powered 

by Holtzer-Cabot Generators 

Controlled 

12 

by Regohm 
Voltage Regulators 

[REGOHM 1 
� 

'Il1e Super Chief of the Santa Fe Railway 
carries electronic equipment that "reads" 
the conditions of the track ahead and de
scribes the signal lights to the engineer. If, 
for some reason, he fails to heed this mes
sage, the equipment automatically takes 
over control of the throttle. This is truly 
safety in motion. 

Holtzer-Cabot motor generator sets, 
which power electr<!nic equipment on the 
Super Chief control system, employ 
Regohm voltage regulators exclusively. 
Wherever the going gets rough on land, 
sea or air appli<;ations, this compact, 
electro-mechanical controller withstands 
severe vibration, shock or ambient tem
perature conditions. And standard models 
provide voltage output constant within 
less than ±2%. 

Here are the reasons why Holtzer
Cabot engineers have standardized on 
Regohm voltage regulators: 
1. Low cost-Regohm costs less, does more, 
than the complex equipment that once was 
the o nly available solution to control 
problems. 
2. Ruggedness-Upgrade, downgrade, work
ing on a railroad demands the ability to 
"take it:' Regohm has it, is both sturdy and 
reliable. 
3. Long Life-In properly engineered instal
lations, Regohm's life is measured in years. 
This means low maintenance cost. Shelf
life is substantially unlimited. 
4. Simplified Maintenance-Regohm's plug-in 
feature simplifies replacement and mainte
nance by unskilled crews. There are no 
parts to renew or lubricate. 
5. Good Regulation -Regohm insures con
tinuous control and will stabilize control 
systems that have widely varying char
acteristics. 

Our engineering and research staff can 
help you develop optimum design for your 
equipment and system. Learn Iww the 
Regohm can help you with your regula
tion problem. }Vrite for Bulletin 505.00. 
Address: DepartmentC, Electric Reg1llator 
Corp., Nor·walk, Conn. 

CONTROL COMPONENT IN: Servo systems · bottery] 
chargers. airborne controls. portable and station-
ary generators. morine radar. inverters · locomo-

tive braking systems . mobile telephones . gu-ided 
missiles • signol and alarm systems • telephone 
central station equipment. magnetic clutches · roil. 

rood communication systems. 

LETTERS 
Sirs: 

The article concerning Leonhard 
Euler and the Koenigsberg bridges 
[SCIENTIFIC AMERICAN, July 1 contains a 
statement in the introduction which I do 
not believe to be true. It is stated that a 
prodigious mathematical feat so over
taxed Euler's eyesight that he lost the 
sight of one eye and eventually became 
totally blind. In other words, he became 
blind from visual overwork. 

The consensus among opthalmologists 
is that visual overwork causes no perma
nent ocular damage. It is probable that 
Euler's misfortune resulted from an in
traocular inflammation or degeneration 
such as retinitis, uveitis, optic neuritis, 
retinal degeneration or even cataract, 
although at the time he was rather young 
for this affiiction. Other possibilities are 
glaucoma, for which he was also rather 
young, and corneal disease. In any event 
the relationship between visual overwork 
and blindness was probably more coinci
dental than causal. 

This misconception of the cause and 
effect relationship of visual overwork 
and permanent ocular damage is wide
spread. Unfortunately it has led to the 
rather common belief that even small re
fractive errors should be corrected by 
spectacles and that more than ample 
lighting is necessary for visual work lest 
the eyes be

'
irreparably damaged. This 

viewpoint is in error, although of course 
visual overwork, poor lighting or a mod-

Scientifie American. September, 1953; Vol. 189, 
No. 3. Published monthly by Scientific American, 
Inc., 2 West 45th Street, New York 36, N. Y.; 
Gerard Piel, president; Dennis Fluuagan, vice 
president; Donald H. Miller, Jr., vice president 
and treasurer. Entered at the New York, N. -Y., 
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under act of �..Jarch 3, 1879. Additional entry at 
Greenwich, Conn. 

Editol'ial cOl'rcsllOndclH!C should be addressed to 
The Editors, SCIENTIFIC AMEIUCAN, :1 West 45th 
Street, New York 36, N. Y. l\IUlllISCl'ipts are sub· 
mitted at the author's risk and will lIot he J'cturned 
unless accompanied hy postage. 

Advertising corl'CSllOlldcl1CC should be addressed 
to Martin M, Davidson, Advertising :Manager, 
SCIEN'fIlo'IC AMERICAN, 2 West 45th Street, New 
York 36, N. Y. 
Subscription C01'l'CSIlolldcncc should be ad· 
dressed to Circlilation Manager, Scn:NTIFIC AMEIII· 
CAN, 2 West 45lh Street, New YOlk 36, N. Y. 
Change of "ddt'css: Please notify liS four weeks 
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an atltlrcss imprint fro III 1.1 recent isslic. Be sure to 
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zone numbers, if any. 

Suhscription I'ates for U.S.A. and possessions: 1 
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You can't see [SYNfllAN� 
but it's in the picture 

There are important factors about picture
making you never see in the print-the 
photographer, the lights, the darkroom, 
the chemicals. One of many materials 
essential to photography is Synthane-a 
laminated plastic. 

Synthane is corrosion-resistant ... 
Synthane spools carry film from early 
stages of emulsion coating through develop
ing. Synthane is opaque to infrared rays 
which accounts for its use as slides for film 
packs. Synthane is an electrical insulator; 
you'll find it hidden in flash guns, lighting 
equipment and projectors. Synthane is 
wear-resistant and ' vibration-absorbing, 
fine for quiet gears in movie cameras. 

The photographic industry is only one 
part of the American industrial picture, 
and the properties for which Synthane is 
valued in it are only a few of the many 
Synthane has. Others are good tensile, 
compressive, flexural, and impact strengths, 
dimensional stability, light weight, high 
dielectric strength, ease of machining. 
Synthane has all these properties-and 
more-in combination. And the combina
tion may be valuable to you. 

To get the complete picture of Synthane 
and its possible place in your product, 
write today for the 24-page Synthane 
Catalog. Synthane Corporation, 2 River 
Road, Oaks, Penna. 

Here you see the three basic forms of 
Synthane laminated plastics-sheets, 
tubes and rods. All three are made by 
applying heat and high pressure to 
resin-coated laminations of paper, 
fabric, glass cloth or mot. Synthane is 
thermo-setting, has many much-sought 
properties in combination. 

Synthane in 
Photography 

A-16mm Reel 

a,C,o-Film 
proceuing spoo" 

E,F-Chemical. 
, resistant screw • . for developing 

eqUipment . 
G-3Smm 8 

film carrier ... 

E 
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WANT 

® 

BOUNDARY ·DISPLACEMENT 
MAGNETIC RECORDING DELAY LINE 

FREQUENCY RANGE-any five-octave band between 5 cps and 30,000 
cps, with appropriate drum speed. 

. 

DELAY-up to 1000 wavelengths of information storage per channel; 
200-second delay maximum at 5 cps-proportionately less with increase 
in frequency. 
NUMBER OF CHANNELS-1 to 16. 
MAGNETIC DRUM NON-CONTACT RECORDING-eliminates wear of re
cording medium; permanent drum recording surface may be used 
indefinitely. 
BOUNDARY-DISPLACEMENT TECHNIQUE-provides a high degree of am
plitude linearity; minimizes modulation effects due to non-homogeneity 
of recording medium or slight variations in head-to-drum spacing. 
YOUR DELAY-LINE REQUIREMENTS will receive prompt and careful study 
by our engineering specialists. Investigate the possible application of a 
custom-engineered ERA Magnetic Recording Delay Line to your signal-delay 
problem. Send your requirements to: 

$NGINEERING �SEARCH #SSOCIATES 
L-__________ DIVISION OF � "'Rund.. 

1902 West Minnehaha Avenue, Dept. 5-9, St. Paul W4, Minnesota 
DIGITAL COMPUTERS. DATA-HANDLING SYSTEMS . .  _ MAGNETIC STORAGE SYSTEMS _ . _ 

INSTRUMENTS. _ . ANALOG MAGNETIC RECORDING SYSTEMS _ .  COMMUNICATIONS EQUIPMENT 

14 

erate uncorrected refractive error can 
lead to fatigue and decrease one's ef
ficiency. 

EARL G. PADFIELD, M. D. 

Medical Department 
Administrative Command 
Naval Training Center 
San Diego, Calif. 

Sirs: 
Few people need defenders less than 

the articulate and ingenious pair of 
Cambridge theorists who invented the 
steady-state cosmology, H. Bondi and T. 
Gold. But they are rather far away. As a 
local would-be cosmologist I cannot let 
pass the wisecrack of Herbert Dingle, 
quoted by Loren Eiseley in his July piece 
on intelligent beings in space, which 
scoffs at the hypothesis of continuous 
creation by saying that it replaces the 
"single initial miracle" of a first creation 
by "a continuous series of miracles." I 
cannot speak as a theologian, but I feel 
certain that the choice between a unique 
apocalyptic explosion in the unrecover
able past, and a random atomic creation, 
going on everywhere and at every time, 
perfectly accessible at least in principle 
to detailed scientific study, is easy for 
anyone who seeks to limit science by re
liance upon miracle. Indeed, His Holi
ness Pius XII, perhaps the most influen
tial of theologians, has already strongly 
commended the theories of the explosion 
of the "monobloc" on religious grounds_ 

I am quite certain that the universe 
works independently of the philosophi
cal satisfaction we may or may not take 
from its operation. Bondi and Gold, or 
George Gamow and Georges Lemaitre, 
may be right; more likely no one is yet 
close to the full answer. Observation and 
reasoned consequences of theory must 
decide. But it is surely wrong to decry 
the Bondi-Gold hypothesis on the in
verted grounds that it, and not all other 
present theories, implies the greater be
lief in miracle. 

Cornell University 
Ithaca, N. Y. 

Sirs: 

P. MORRISON 

Your July issue contained an article by 
William McD. Hammon entitled "Gam
ma Globulin and Polio." Your depart
ment "The Authors" went into quite a bit 
of biographical detail about Bill Ham
mon. You did not mention, however, that 
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One of these days you may come f ace
to-face with a metal problem that 
does not seem to have an answer. 

That is the time to think of these 
International Nickel Company met
allurgists. They are. constantly im
proving and modifying nickel alloys 
to meet new conditions. They are 
always ready to help you with spe
cific problems involving metals for 
destructive service conditions. 

Over the past 50 years, Inco has 
developed a family of metals for 
hundreds of different applications. 
In one branch of the family, for ex
ample, is a group of heat-resisting 
alloys-Inconel®, Inconel "X"®, the 
Nimonic® Alloys and Incoloy®-all 
now important in high temperature 
work. 

Elsewhere on the family tree, 
you will find other alloys - each 
with certain special characteristics. 
Often, there is a better-than-even 
chance that one of Inco's alloys of
fers exactly the properties you are 
looking for. 

Of course, this does not mean that 
somebody at Inco can dip into the 
files and come up with a pat answer 
to every new problem. All the an
swers have not been found yet. But 
a tremendous amount of research 
has been done, and you can prob
ably benefit in one way or another 
from it. 

When nobody knows the answer, 
Inco's metallurgists keep going un
til they have investigated all pos
sible metals and alloys that might 

do the job. In fact, the men in Inco's 
Technical Service (and in their 
Corrosion Engineering and High 
Temperature Engineering Services, 
as well) have one primary goal: to 
help you determine whether an 
Inco Nickel Alloy or some other 
metal will serve your purpose best. 

No matter what your metal
selection problem may be, all the 
technical facilities of Inco are avail
able to help you solve it. There is no 
charge, no obligation of any kind. 
For prompt technical help when
ever you need information about 
metals, all you have to do is get in 
touch with: "Techni�al Service," 

THE INTERNATIONAL NICKEL CO., INC. 
67 Wall Street, New York 5, N. Y. 

NICKEL ALLOYS . MONEL® • "R"® MONEL· "K"® MONEL· "KR"® MONEL 
"S"® MONEL· INCONEL® • INCONEL "X"® • INCONEL "W"® • INCOLOY® 

NIMONIC® ALLOYS· NICKEL· LOW CARBON NICKEL· DURANICKEL® 
t'''Of MAtK 
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NOW! Solve YOUR 

light dispersion problems • • •  

with new, highest overall efficien
cy. Fill your exact specifications 
for precision limits and for wave
length regions with Bausch. & 
Lomb plane diffraction gratings 
of highest accuracy. Widest range 
of sizes, grooves per mm, and 
blaze angles. 

• EXCLUSIVE CERTIFIED 

PRECISION-Every grating you 
order is supplied with a writ
ten certification of detailed 
specifications and precision. 
This important assurance of 
specified performance is made 
possible only by the Bausch & 
Lomb Ruling Engine and ex
clusive process controls. 

• WORLD'S LARGEST SELECTION 
Over 100 different gratings 
available: Reflectance type, 
from 30x32mm to 153x203mm; 
Transmission type, from 30x 
32mm to 127x153mm. Selec
tion of grooves/mm, from 75-
2160/mm. 

• NEW! DETAILED LITERATURE 
Helpful, informative technical 
literature, explaining theory 
and mechanics of use of grat
ings in light dispersion. 

• • • 

WR.ITE for your 
.
copy, and for

. 
ex-

pert adVIce on your ltght 
dispersion problems. No obligation, of 
course. Ba usch & 
Lomb Optical Co., 
78122 St. Paul St., 
Rochester 2, N. Y. 

�IUSCH ,LOMB CENHNNIIL 

he obtained his bachelor's degree at Al
legheny College in 1932. 

In times when independent liberal 
arts colleges face criticism and crises, I 
think it is only proper that the contribu
tions made to society by the graduates of 
these institutions should be given par
ticular notice. 

Allegheny is proud of Bill Hammon! 

JOHN R. McFARLAND, JR. 

Executive Secretary 
Allegheny College 
Meadville, Pa. 

Sirs: 
The article by Harold C. Reynolds 

entitled "The Opossum" [SCIENTIFIC 
AMERICAN, June] is an extremely valu
able addition to the too-scant literature 
on this engaging animal. There is no 
doubt in my mind that Dr. Reynolds is 
one of the foremost authorities on this 
marsupial in the world. I wonder, 
though, if you are not in error in saying, 
in your department "The Authors·," that 
"he was the first biologist ever to observe 
the birth of a litter of opossums." 

In a handsome volume issued last year 
by the University of Texas Press, Carl C. 
Hartman writes an eye-witness account 
of the birth of an opossum which he and 
his wife observed in 1920. Dr. Hartman 
also credits Middleton Michel' with ob
serving an opossum birth in 1847, but he 
says that Dr. Michel "missed the migra
tion of the young" into the pouch. Only 
a short time after Dr. Hartman had wit
nessed the birth and migration to the 
pouch, Edward McCrady, working at 
the Wistar Institute of Anatomy and 
Biology in Philadelphia, saw and 
recorded the same exciting event. Dr. 
Hartman continues: "L. M. Dickerson, 
who had taken a female that was in labor 
when removed from a trap ... saw the 
young crawl as we have described the 
act." Dickerson's account was published 
in Science for August 3, 1928 . 

ROY BEDICHEK 

Austin, Texas 

Sirs: 
I am interested in Roy Bedichek's 

point, but I must emphasize that Harold 
Reynolds was the first man to observe a 
whole litter of opossum young born. My 
wife and I saw only one of a litter. The 
essential point of marsupial birth, how
ever, was settled before Reynolds was 
born. The essentials of opossum repro
duction may be found in over a score of 
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How to Select the Best Ion Exchangers 
FOR YOUR SPECIFIC APPLICATIONS 

Permutit Ion Exchangers and Equipment are now 
being used successfully in copper and zinc recovery 
from textile wastes, metal recovery from plating wastes, 
and in sugar, chemical and antibiotic manufacture, as 
well as many other fields. 

New uses that have profit-producing possibilities for 
your own processes include: 

REMOVAL of impurities from solutions 

CONCENTRATION for profitable recovery 

SEPARATION of substances �rom each other 

Chemical Stability ' 
10 acids 

10 alkalies 

to oxidation 

to temperature 

to organic solvents 

Physical stability 

For remQval of weak acids 

For removal of strong acids 

For high regeneration efficiency 

for higlr capacity 

For low initial exchanger cost 

X 

X 

X 

pH range (operating) 6.2-8.7 

For high porosity 

For hydrogen exchange low pH 

Fat salt splitting 

x 

X 

X 

X 

6.9-7:9 

SUBSTITUTION of specific ions for others in solution 

CATALYSIS of chemical reactions 

To select the best cation or anion exchangers for your 
specific purpose, examine the table below. The Permutit 
Company will be pleased to furnish further information 
on both the application and the ion exchangers most 
suitable - along with samples for your experimental 
work. Write today. 

The Permutit Company, Dept. SA-9, 330 West 42nd 
Street, New York 36, N. Y. or Permutit Company of 
Canada, Ltd. 6975 Jeanne Mance Street, Montreal. 

x x x x x x x 

X X X X X )( 

x x x x 
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by feedbac 

Ever wonder why there are more bumble 
bees near towns than in the country? Prob
ably not-but Darwin did. He discovered 
that field mice destroy bees' nests. He rea
soned that there are more cats near towns 
to destroy mice, fewer mice to destroy 
bees' nests and therefore more bumble 
b ees. Darwin called it t h e  p r o c ess of 
natural selection-Automatic Control En
g ineers call it a "feedback sequence." 
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But there's more than feedback in a good automatic control system 
For more than twenty years General Controls research specialists, de

signers and engineers have kept this fact foremost in mind. As a result 

they' �ave refined the feedback principle. In General Controls automatic 

controls you will find greater sensitivity and quicker response ... 

greater accuracy to maintain the desired balances between the variables 

being controlled ... longer service in the field. General Controls speed 

up production, improve the quality of your equipment or the effective

ness of your process. For the best in controls it's General Controls. 

GENERAL CONTROLS 

� . .. �.�� .. 
Glendale, Califarnia Skokie, Illinois 

Manufacturers of Automatic Pressure, Temperature, 
Level and Flow Controls for Heating, Home Appliances, 
Refrigeration, Industrial and Aircraft Applications. 

. . 1 . ' . • • 
FAC.TO R Y  B R A N CHES IN 34 PRI NC IPAL C·ITlES 

See your classified telephone directory 

, 
----' 

for home temperature control that re
sults in a balanced, healthful, comfortable 
indoor climate be certain your heating 
system is regulated by a dependable, at
tractive General Controls wall thermostat. 

for industry and the mili-
tary, General Controls Air
motor valves guarantee the 
safe use and regulation of 
gas, oil and steam in petro
leum refineries and many 
other processing industries. 

monographs and papers which I pub
lished between 1915 and 1929. Two 
principles learned from a study of opos
sum reproduction (short survival of 
germ cells and rapid, passive transport of 
sperms in the female genital tract) have 
revolutionized thought and practice in 
gynecology and animal husbandry. 

I might add that Reynolds' failure to 
mention my book in his reference for 
further reading (a useful feature of 
SCIENTIFIC AMERICAN ) was due to the 
fact that he had not yet seen it. A copy 
is now waiting for him in Australia, 
where he is soon to arrive from Japan 
after two years in U. S. Government 
service. 

CARL G. HARTMAN 

Or tho Research Foundation 
Raritan, N. J. 

Sirs: 
No doubt you have received and will 

receive letters from some of your lawyer 
subscribers with reference to Webster 
Peterson's letter in the June issue. 

The legal probl�m created by renvoi 
as he discusses it should in reality never 
arise, though through an inadequate 
grounding in conflict of laws some courts 
have perpetuated an amusing error. As 
pictured by Mr. Peterson, the problem 
becomes one of interstate -table-tennis 
and it has been so referred to by man; 
legal scholars. 

Actually, he has facetiously skirted the 
issue. True, where the action is brought 
in State A on a contract entered into in 
State B, to be performed in State A, ele
ments of the law of both states are neces
sarily involved. 

If the conflict of laws rule of State A 
requires that the law of the place of per
formance govern, there can of course be 
no renvoi, since the courts of State A will 
apply the domestic law of contracts. But 
if the conflict of laws rule of State A looks 
to the law of the place of contracting, 
renvoi comes into play. Regardless of 

. State B's conflict of laws rule, which may 
apply the law of the place of perform-
ance, the contract is to be interpreted in 
accordance with the domestic law of 
contracts of State B. 

So long as it is clearly borne in mind 
that the reference to the law of State B 
is a reference to its domestic law, and not 
to its conflict of laws rule, the paradox 
need never trouble us. 

JOSEPH B. RUSSELL 

New York, N. Y. 
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CELANESE* VINYL ACETATE MONOMER OFFERS CREATIVE 

OPPORTUNITIES TO HUNDREDS OF AMERICAN INDUSTRIES 

How big is a chemical? As large as its 
production volume • • • as proad as 
its applications. Vinyl Acetate Mono
mer-the basis for countless plastic 
products. paints. paper. textiles. phar
maceuticals. adhesives-is big. With 
the start of full-scale production at the 
Celanese Pampa plant. Vinyl Acetate 
gains a bigness that opens the door to 
more intensive research. far-reaching 
product development. 

Celanese Vinyl Acetate Monomer
ready in tankcar quantities within a 

few weeks-will be produced by spe
cially developed processes. utilizing 
Celanese-produced raw materials. in 
the newest. most up-to-date petrol
chemical plant in the country. Two 
grades of monomer will be available: 
A-grade. stabilized with diphenyl
amine. and H-grade. inhibited with 
hydroquinone. 

The possibilities and opportunities for 
vinyl acetate derivatives warrant thor
ough investigation. We will be glad to 
assist you with complete technical· 

data and literature. Write: 

Celanese Corporation of America. 
Chemical Division. Dept. 582-1. 180 
Madison Avenue. New York 16. N. Y. 

Reproductions of this chemical tree, suitable for framing, are available without charge to universities, schools and other institutions. 
19 
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• • • hasten the answers to 

fundamental questions in science 

MUCH of the human effort required for re
search is, of course, indispensable. But a lot of 

it can be eliminated, and the pace of research 
accelerated-through modern Honeywell in
strumentation. 

By reducing the amount of time that scientists 
need to devote to routine observations, logging 
of data, point-by-point transcribing of test 
results - Honeywell instrumentation makes 
real contributions to the progress of research. 
ElectroniK instruments in particular are acting 
as invaluable automatic assistants to hundreds 
of scientists ... relieving them of many tedious 
duties that used to detract from the full utiliza
tion of their specialized skills ... helping to re

move manpower's limitation on scientific vision. 

In all probability, ElectroniK instruments can 
help you, too, to economize on two principal 
ingredients of research . . . time and effort. 
Beside the numerous standard ElectroniK in-

dicators, recorders and controllers, there are 
models specifically developed for research use. 
Notable among these are the Function Plotter, 

the Duplex Recorder, the Adjustable Span 
Recorder, and the Y2-Second Pen Speed Re
corder. 

Many of science's most remarkable new tools 
... the advanced types of automatic analyzers 
such as infrared spectrometers, polarographs, 
mass spectrometers-utilize ElectroniK instru
ments for the critical responsibility of data re
cording at top speed, precision and sensitivity. 

For a discussion of how Honeywell can help 

to accelerate your research, call our local engi- . 
neering representative' . .. as near to you as 
your phone. 

MINNEAPOLIS-HoNEYWELL REGULATOR CO., 
Industrial Division, 4580 Wayne Ave., Phila
delphia 44, Pa . 

• REFERENCE DATA: Write for new Bulletin 14·1, "Automatic Instrumentation to Accelerate Research," and for Data Sheets on specific instruments. 

II Honeywell 
B ROW N .1 N S T R U M  E N T S 
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REALM OF CHELATE CHEMISTRY 

This new and freshly minted coin is your passport to the realm 
of chelate chemistry. Because it bears the basic formula that gives 
precise control over trace metal excesses or deficiencies, it can 
be spent to solve the problems caused by these conditions. It is true 
"coin of the realm" with power limited only by the imagination and 
ingenuity of the spender. 

VERSENE® CONTROLS TRACE METALS 

Chelate chemistry and the Versenes (powerful chelating agents) are 
moving faster now. These new weapons are being used to attack and 
overcome all kinds of trace metal troubles ranging from microbial 
nutrition to soap and .textile processing. Stemming from laboratories 
everywhere, their applications now extend into all kinds of 
industry, agriculture and medicine where chemical formulations 
or processing are involved. 

AT YOUR SERVICE - THE VERSENES® 

When you have a serious chemical problem or an interest in the 
control of metallic ions in solution, please call on the Versenes. 
Unduplicated in quality, these powerful chelating agents are 
guaranteed for uniformity of complexing power. Made only under 
patents and processes originated and developed by F. C. Bersworth, 
they are exceptionally stable at high temperatures throughout the 
pH range. Write Dept. J for Technical Bulletin No.2 and samples. 
Chemical counsel for sp;cial problems. 

�L.";An,,� 1/ L/1'�U;��e � 
BERSWORTH CHEMICAL CO. 
FRAMINGHAM, MASSACHUSETTS 

Copyri�hI1953- Bersworth Chemicol Co. 

50 AND 100 
YEARS AGO 

SEPTEMBER, 1903: "Cable reports 
show that in Vienna radium has been 
used with excellent effect on a number 
of patients suffering from the most in
tractable fOlms of malignant disease. 
Of course it can be readily understood 
that these reports are only- preliminary. 
Until at least three years have passed 
there must remain a question in the 
minds of serious physicians of any 
radical cure of cancer. The relief afford
ed by radium, however, seems to be ex. 
actly of the kind which is produced by 
the X-rays, only the radioactive metal 
has the advantage of producing more 
intense and rapid effects and seems also 
to be more generally applicable than 
the X-rays have proved to be.'" 

"The claim to perfect secrecy of wire
less messages suffered another shock last 
week during the yacht races, when the 
Marconi and the De Forest wireless mes
sages were interfered with by some 
scientiRc 'Hooligan.' The scientiRc world 
is still chuckling over the clever work of 
Mr. Neville Maskelyn in upsetting Prof. 
Fleming's claim that tuned messages 
could not be intercepted or interfered 
with, and the trick was justiRed on ac
count of Mr. Maskelyn's motive and the 
fact that he did not maliciously interfere 
with Prof. Fleming's lecture. Mr. Maske
lyn's unknown imitator in this country, 
however, went to a spiteful extreme in 
entirely interrupting with Roods of pro
fanity and obscenity the news for which 
the public was eagerly waiting. The fact 
that tuning of systems has failed to ac
complish all that was required of it is 
conRrmed by the statement of the 
De Forest Company, that prior to the 
races an understanding was, entered into 
with the Marconi Company whereby 
their respective systems should not be 
worked Simultaneously to interfere with 
each other." 

"Jules Verne once wrote a story in 
which he described the adventures of a 
certain Mr. Phileas Fogg who, a

'
fter 

many harrowing incidents, succeeded in 
traveling around the world in 80 days. 
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A boring is taken from a pole section to 
see how far preservative has penetrated. 
For poles to last, it must penetrate deeply 
and be retained for a long time. 

THIS BOTTLE 

TURNS 

SEVEN YEARS 

INTO 

SEVEN MONTHS ' 

.oiIII Test blocks of pole wood are fed to destructive fungi in 
� bottles like this at Bell Laboratories. Wood rests on soil 

which controls moisture conditions and promotes fungus 
growth. Test speeds search for better preservatives. 

This year the Bell System is putting 800,000 new 
telephone poles into service. How effectively are 
they preserved against fungus attack and decay? 

Once the only way to check a preservative was 
to plant treated wood specimens outdoors, then 
wait and see-for seven years at least. Now, with 
a new test devised in Bell Telephone Labor:ltories 
most of the answer can be obtained in seven months. 

Cubes of wood are treated with preservatives, 
then enclosed in bottles with fungus of the most 
destructive kind, under temperatm:e and humidity 
conditions that accelerate fungus activity. Success 
- or failure -of fungus attack on cubes soon reveals 
the best ways to preserve poles. 

The new test has helped show how poles can 
be economically preserved for many years. It is 
another example of how Bell Telephone Labora
tories works to keep down the cost of your telephone 
service. 

BELL TELEPHONE 
LABORATORIES 

Improving telephone service for America provides 
careers for creative men in scientific and technical fields 

23 
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C 0 N s TAN T 

RESEARCH 
and 

DEVE.LOPMENT 

HAS ENABLED US TO 

PRODUCE ONE OF THE 

FINEST COMPUTERS 

AVAILABLE TODAY 

AMPLIFIER GROUP, ·TYPE' 16·31C
provides 28 conlacl slabilized op
erational amplifiers for use as sum· 
mers, differentiators, integrators, 
and inverters. Also in the cabinet 
are all necessary power supplie-s 
and a complele lesl panel. 

MUlTIPLIER GROUP, TYPE 16-31l
is a servo-mechanical multiplier and 
incrementol function g ene r a t or. 
There are 20 channels, each of. 
which is capable of mul�;plying fou, 
variables by a fifth. 

RESOLVER GROUP, TYPE 16·310-
furnishes 4 resolving channels and 
12 operalional amplifiers. Each re, 
solving channel may also be used 
for multiplying Ihree variables by 
a fourlh. Furnished complete wilh 
test panel, reference supplies, and 
power supplies. 

CONTROL CONSOLE, TYPE 16-204E
Houses Ihe grounded melal problem 
board and its bay, attenuatars, in
itial condition potentiometers, net
works, limiters, and all operating 
conlrols. 

SERVO GROUP, TYPE 16-31P-For 
the operations of resolving and 
multiplying when used wilh exler
nal amplifiers. There are two re
solving and four servo-multiplying 
channels. The equipment is fur
nished with lesl panel and power 
supplies. 

INQUIRE SALES DEPARTMENT 

LONG BRANCH, NEW JERSEY 

On July 2 of this year Henry Frederick 
left New York on the steamer Deutsch
land. He returned at midnight August 
26, after having completely encircled 
the earth in 54 days, seven hours and 20 
minutes. Eighteen days were passed on 
the train from Paris to Dalny, China; 
two more were occupied in crOSSing the 
Yellow Sea. Japan was traversed in an
other two days. At Yokohama �vl.r. 
Frederick missed a steamer by 10 hours. 
That cost him seven days, for he was 
compelled to take a slow boat two days 
later, which spent 16 days in crOSSing 
the Pacific. Landing at Victoria, he 
made the trip across North America in 
somewhat more than four days. In all 
that time the traveler slept in but one 
hotel, and that was in Yokohama." 

"The Anglo-Indian Review summa
rizes an interesting account of the pos

,sible future applications of radium. In 
its industrial application we are some
what restricted by the extremely limited 
supply of radium available, but it is 
stated that a small fraction of an ounce, 
properly employed, would probably pro
vide a good light sufficient for several 
rooms and would not require renewal 
during the present century. It has been 
calculated that the energy stored up in 
1 gram of radium is sufficient to raise 
500 tons weight a mile high. An ounce 
would, therefore, suffice to drive a 50-
horse-pO\yer motor car at the rate of 30 
miles an hour round the world." 

"Until recently there has been great 
uncertainty as to the cause of hay fever, 
which has been variously attributed to 
the heat of early summer, exhalations 
from grass and new-mown hay, mech
anical irritation by pollen from grasses 
and other plants and, recently, to bac
teria. Prof. Dunbar of Hamburg, who 
has been studying the subject for seven 
years, now publishes, in the Deutsche 
Medizinische Wochenschrift, experi
ments which seem to show that the dis
ease is caused by the pollen of grasses, 
but not by mechanical irritation. He has 
extracted from the pollen a poison or 
toxin which when dropped into the eye 
or nose at once produces the characteris
tic symptoms of hay fever. Dr. Dunbar 
set to work to produce .a curative serum 
by inoculating animals with pollen toxin. 
For several months these animals yield
ed a blood serum which aggravated in
stead of relieved the sufferings of hay
fever patients, but in time counter
pOisons were formed in the blood of the 
inoculated animals and a serum was ob
tained which, when dropped into the 
eye or nose together with pollen toxin, 
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THE BIG DIFFERENCE in laminated plastics is Formica 

engineering. Example: this tiny fabricated part, so small that a thimble 

would be a convenient unit of measure. 

HOW TO SLOT a circular strip liz" wide by W' thick by 19" in 

diameter? Formica solved the problem by postforming this ingenious ring 

for Curtiss·Wright Corp., Propeller Div. 

MINIATURIZATION is but one advantage of Formica 

printed circuits. Engineering developed better adhesives, postforming, 

molding and fabricating of complete circuit parts. 

NEW BEARING SURFACE CONCEPT: 

Formica·to·metal. Engineered originally for G. A. Gray Co., 

used on column and table of this Gray boring·drilling·milling 

machine . • .  and now on many other leading machine tools. 

For comrlete inlormation on Formica laminated plastic sheets, tubes and rods, and special mOlded, J)ostformed and fabricated parts • • •  for electrical, 
chemica and mechanical applications • . •  write lor Formica general catalog. THE FORMICA CO., 4593 Sprin, Grove Ave., Cincinnati 32, Ohio, U. S. A. 
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to simplify 
data analysis ••• 

A SPECIAL PURPOSE DEVICE . . . designed-developed 

by LlBRASCOPE for a specific computing need

the simplification of flow chart data reduction of 

graphic panel strip chart recorders by square root 

extraction and integration. The Square Root Plani

meter was designed and developed by LI BRA

SCOPE as a special purpose device for industry. 

LI BRASCOPE offers this service for your application 

- perhaps the solution of problems confronting 

you in simplification of Data Analysis. For infor

mation concerning this or other special purpose 

devices, or assistance in solving your particular 

computing - controlling problems, consult LI BRA

SCOPE, manufacturer and designer of mechanical 

and electrical analog computers, digital computers, 

input-output devices, controls and components. 

FLOW CHART TOTALIZING OF COS,T ACCOUNTING DATA 

AT THE STANDARD OIL COMPANY. EL SEGUNDO. CALIF. 
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Jf you desire the challenge of advanced 
design fields and qualify in education and 

experience, write to Dick Hastings, Personnel Director. 

THE SQUARE ROOT PLANIMETER 
Flow chart totalizing of miniature 
panel strip chart recorders manufac
tured by Brown Instruments, Moore 
Products, The Swartwout Company, 
Taylor Instrument Com pany, and 
others. A true square root extrac
tion and integration without ap_ 
p roximation. Also available for 
linear integration. Accuracy com
parable to stability of chart paper. 

completely prevented the attack which 
the latter alone would have caused." 

"The investigations concerning the 
longitude difference between Greenwich 
and Paris have now been completed. Al
together the English and French ob
servers have carried out 230 observa
tions, equivalent to 80 nights' work 
each. The observations were made at 
Green�ich and Paris simultaneously, 
and, in order to obtain absolutely similar 
results, the instruments were frequent
ly interchanged. The results of these ob
servations have proved both the Green
�ich and Paris existent meridians to be 
erroneous, the calculations finally work
ing out just between the two. The dis
crepancy that has'been discovered, how
ever, is very minute, being only a small 
fraction of a second." 

"The bicycle police of Washington, 
D.C., have recently had Jones speedom
eters placed on the front forks of their 
wheels, and have been instructed to ar
rest no automobilists fo\' excessive speed
ing unless, when following them, the 
speedometer shows that the legal limit 
is being surpassed." 

SEPTEMBER, 1853: "In Lloyd's 
Rooms, at London, there is a curious 
weather gauge. It is an index turned by 
the vane on the roof, constantly showing 
by the vane below the direction of the 
wind, while a pencil is attached to a 
chart, and moved by the same power, 
so as to mark the precise course in which 
the wind has been blowing for days; 
making a record as distinct as the pen
ciled course of a ship on the master's 
chart at sea. Studying this map of the 
winds, an insurer may make some cal
culation upon the progress of a vessel, 
and shape his business accordingly." 

"To prevent the noise and din of 
omnibuses and other carriages on their 
way through the streets has long been a 
great desideratum. This, we learn, may 
·now be accomplished in the most simple 
and effective manner. AU that is neces
sary is merely to cover the rims with 
India rubber tires, of from an inch to 
an inch and a half in thickness, accord
ing to circumstances. At first it was 
thought that the India rubber would 
lack strength and durability; but, being 
expressly prepared for the purpose, it 
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AGRICUlTURAL 

CHEMICALS 

PLASTICIZERS fiNE 

CHEMICALS 

PROTECTIVE 

COATINGS 

to your 
New Fishing Lure 

YOU'D never expect to spot a kinship between 
a 12-story high blast furnace and a half-ounce plastic 

fishing lure, would you? But at Pittsburgh Coke 
& Chemical, the family tie is basic. For the very 

coal that produces coke for Neville Pig Iron also 
yields coal chemicals for making Pittsburgh PX 

Plasticizers, the important "flexibility ingre

dients" in fishing lures and a thousand other 

useful plastic products in your daily life. 
Today, in our 25th Anniversary Year, the 

products of the company's ten divisions 

are as diverse as cement and dyestuffs. 

Yet the production of every division 
is knit together, at a single plant site, 

in one continuous, interlocking pattern. 
This highly developed integration 

-almost without parallel in modern 

industry-provides distinct benefits to 

our customers: Assured product quality 
and dependable, continuing supplies 

... because Pittsburgh is basic. 

waD 4685 
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Strange as it may seem, this is about the way a plate of ordinary steel 

would look upon impact • • •  at 452 degrees below zero Fahrenheit. 

Tough, strong, rugged steel becomes brittle and shallers upon impact at 

liquid helium temperature. 

Metals in this temperature range reveal other phenomena: zero 

is the study of phenomena at extreme low temperature. 

At normal temperatures matter is in ceaseless thermal 
. motion • • •  molecules in random movement. Only when im
mersed in liquid heliu·m at 452 degrees below zero does 
matter lose most of its thermal energy • • •  then, matter ex
hibits curious and fascinating properties. 

There are superconductors of electricity, screens against 
magnetism, new forms of wave motion, and in the case of 
helium, a "fourth state of matter" which cannot be strictly 
defined as either a liquid, a solid, or a gas. 

Through Cryogenics, it is possible to gain a better under
standing of metals, crystals, liquids, and gases • • • of electri
cal resistance and induction • • •  of electrical conductors, ·
semiconductors, and superconductors. 

Your request for information about Cryogenic research will 
keep your Engineering and Research personnel informed about 
techniques and developments in this new science area. 

�Cryo - Greek kryos meoning icy cold 
Genies - Greek genes meaning producing 

The AOL Collins Helium Cryostat is the 
basic tool in Cryogenic research. It 

liquefies helium and maintains a test 

chamber from normal room tempera

ture to within 2 degrees of Absolute Zero. 

Write for Bulletin SA13-J 

ARTHUR D. LITILE, Inc. 
ME CHAN I CAL DIVISIO N 

30 MEMORIAL DRIVE, CAMBRIDGE 42, MASS. 

is asserted that it is capable of enduring 
a long time." 

"A measure true to the hundredth part 
of an inch is rare, and the space of a 
thousandth of an inch cOl{ld not be ac
curately measured by any device hither
to in use. But Mr. Whitworth exhibits, 
in the English Department of the Crys
tal Palace Exposition, a very modest 
looking little apparatus which can deter
mine easily the one millionth of an inch. 
Two steel bars are placed in a cast-iron 
block, and are made to approach or re
cede from each other by means of screws 
movinE: accurately in their axes. The 
screw which moves one of the bars (the 
other being supposed stationary for the 
simplicity of the explanation) has 20 
threads to the inch. On the head of this 
screw is a wheel with 200 teeth. Hence 
a motion of one space on the wheel 
would advance the bar 114,000 of an 
inch. An endless screw, which moves the 
wheel, has upon it a circle graduated 
with 250 divisions. One division of the 
graduated circle will therefore corres
pond with 11250 of one of the wheel 
divisions, or to an advance of the bar 
consisting of one millionth (11250 X 
114,000) of an inch." 

"Mr. Adams communicated to the 
Royal Society, at the closing meeting of 
their session in London, that he had dis
covered· that the principle of Laplace's 
calculation of the secular motion of the 
moon is positively erroneous. This is a 
discovery which affects the whole range 
of lunar astronomy, seeing that all the 
calculations made on the assumption 
that the moon really was in the place 
assigned to her are wrong. A staff of 
computers will therefore have to be set 
at work to recompute the lunar observa
tions, avoiding the error, which amounts 
to about seven seconds." 

"Judge Mason, the Commissioner of 
Patents, has refused to grant an exten
sion of Colt's patent for his repeating 
firearms. Reason, 'the inventor has been 
sufficiently remunerated.' " 

"In 1846 we believe there was not a 
single garment in our country sewed by 
machinery; in that year the first Ameri
can patent on a sewing machine was 
issued. At the present moment thou
sands are wearing clothes which have 
been stitched by iron fingers with a 
delicacy rivaling the work of a Cashmere 
maiden. Let no one of our readers who 
visits the Crystal Palace Exposition fail 
to pay particular attention to the opera
tions of the sew.ing machines." 
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Not One . . .  But All 

The Mallory Converter 

Gives Any Set All the New 

UHF Channels ... Not Just One! 

ALL UHF stations on the air in 
.t\.. your area-now and in the fu
ture-are at your finger tips, simply 
by adding a Mallory Converter to 
your TV set. 

The connection is easily made with 
no internal changes in your set. 
Actually it is far simpler than other 
meihods which adapt your set for 
only a single new channel. 

The easy way ... the once-and-for
all way ... to prepare for complete 
UHF reception is with a Mallory 
Converter. It has proved outstand
ingly satisfactory in thousands of 

homes where UHF stations are on 
the air. 

The evolution of the UHF Converter 
is typical of developments that have 
made Mallory a leader i� the fields of 
electronics, electrochemistry and 
specialized metallurgy. 

Mallory components, precision de
signed and precision built, have 
helped manufacturers set new stand
ards of performance in electronic 
office equipment ... TV and radio 
sets ... transistor hearing aids ... 
guided missiles ... automatic home 
appliances ... trucks and railroad cars. 
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-- Aero-Commander. Secits6. Powered by two 260-h.p.lycoming 
air-cooled, geared engine�. 

Safest 1/ off.i ces" over earth 

Grumman Widgeon Conversion. Amphibious flying "office'� 
featuring 260-h.p. air-cooled, geared engines by Lycoming. 

• • •  brilliant new 

executive aircraft 

that give America's 

flying businessmen the 

double dependability 

of two Lycoming 

air-cooled engines. 
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Piper Apache. Seats 4. Dependably powered by two 150-h.p. 
air�ooled lycoming engines. ' . 

You are now looking at the "wings" carrying America into a great new era of 
safe, economical executive transportation. At a time when more and more 
companies and individuals are buying their own planes to carry on business ... more 
and more are turning to these twin-engine aircraft ... an� for good reasons. 
Each of these luxurious, multi-passenger planes is powered by Lycoming ... long a. 
leader in the up.to-500-h.p. engine field. Each has the double dependability 
of two air-cooled Lycoming engines-so powerful that the planes can safely fly 
and land with a full load on one engine alone. 
To fly American businessmen any time, any place ... these are the safest "offices"



over earth ... the soundest investments in executive aircraft on earth. 

For fvrther information. write vs on yovr letterhead. 

FOR RESEARCH . FOR PRECISION 'RODuerION 

LOOKTO LYC O  .. I NO 
lycoming·Speneer Division. WiIIi.msport, P.. (�Jl'CO) Bridgeport·lycomfng Division, Stratford. Conn. 

AIR·COOLED ENGINES FOR AIRCRAFT AND INDUSTRIAL USES. PRECISION·AND·VOLUME MACHINE PARTS. GRAY·IRON ·CASTINGS. STEEL·PLATE FABRICATION 

Riley Twin Navion Conversion. 4-place executive plane 
powered by two 150-h.p. air-cooled lycoming engines. 
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No time to waste ... 
Pond's cuts 
raw materials 
analyses 99% 
with Infrared 

A Perkin-Elmer Double Beam Infra
red Spectrometer recently did just 
this for Pond's Extract Company __ _ 
saved enough money to pay for itself 
in a few months ___ and is now saving 
and making even more money_ It can 
do the same for you in your business! 

Complete spectrum can be run in 8 minutes 
on Model 21; material is recoverable_ 

Pond's had been taking as long as 
forty hours to check their raw cos
metics materials for uniformity and 
freedom from extraneous matter. 
Today, Perkin-Elmer infrared is do
ing this same job in 15 minutes. It 
grades geraniols, determines the pres
ence of extraneous alcohols in aro
matics, and controls the checking of 

multicomponent blends of essential 
oils and aromatic chemicals used in 
perfumes. Many of these analyses are 
impossible by conventional methods. 

If you have a problem in chemical 
analysis of either raw materials or 
finished products, it will pay you to 
investigate Perkin - Elmer's infrared 
instruments and methods. Perkin
Elmer has already saved time and 
money for scores of manufacturers 
throughout the industry. At your dis
posal are the modern infrared labora
tories of this largest manufacturer of 
analytical infrared equipment. 

Learn how 6 chemical companies 

solved their Product Control Prob

lems by infrared analysis. Just fill 

in the coupon below. You will also 

receive Instrument News, a quar

terly publication designed to keep 

you up-to-date on modern electro

optical analytical methods .. 

The Perkin-Elmer Corporation 

875 Main Avenue, Norwalk, Conn. 

Southern Regional Office: 
New Orleans, Louisiana 

PERKIN WW ELMER 
875 MAIN AVENUE, NORWALK, CONNECTICUT 

Please send Product Control Brochure and Instrument News. 

Company Nome. 

Address .. 
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.. City 

THE AUTHORS 
WARREN WEAVER ("Fundamental 

Questions in Science") is director of the 
Division of Natural Sciences and Agri
culture in the Rockefeller Foundation 
and president-elect of the American As
sociation for the Advancement of Sci
ence. He was trained as a mathematical 
physicist, but his career has also brought 
him into close contact with many other 
branches of science. He has worked for 
a "breaking down of old orthodox com
partments" so that specialists can work 
together on broad, fundamental prob
lems. Weaver was born in Wisconsin in 
1894 and educated at the University of 
Wisconsin, receiving his undergraduate 
degree in 1916 and his Ph.D. in 1921. In 
1932 he left the chairmanship of the 
mathematics department at Wisconsin 
to join the Rockefeller Foundation. Dur
ing World War II he was chairman of 
the Fire Control Division of the Na
tional Defense Re�earch Committee and 
later chief of the Committee's Applied 
Mathematics Panel. He received the 
Medal of Merit, the highest U.S. award 
for civilians, for having "revolutionized" 
antiaircraft fire control. Weaver's pres
ent chief scientific interest is in the 
mathematical theory of probability and 
communication theory. He has contrib
uted three articles in these fields to 
SCIENTIFIC AlvIERICAN. Weaver's hobby 
is collecting the works of Lewis Carroll� 
of which he has one of the world's most 
complete collections. 

ERWIN SCHRODINGER ("What is 
Matter?") is one of the founders of mod
ern physics. For developing the theory 
of wave mechanics he shared the Nobel 
prize in 1933 with the British physicist 
P. A. M. Dirac. Schrodinger, born in 
Vienna in 1887, comes from the distin
guished Austrian school of physics which 
produced Ernst Mach and Ludwig 
Boltzmann. He succeeded Max Planck in 
the chair of theoretical physics at the 
University of Berlin in 1927. Upon Hit
ler's rise to power he went to Dublin to 
join the Institute for Advanced Study, 
where he is now. In recent years he has 
been trying to combine the field theories 
of physics into a unified structure. He 
has also been interested in more general 
unifications of science, and perhaps his 
most famous book is What Is Life? 

HANS A. BETHE ("What Holds the 
Nucleus Together?") is a professor of 
physics at Cornell University_ He was 
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BUSINESS IN MOTION 

A national enterprise of long experience, such as 
Revere, inevitably accumulates a great deal of in
formation, not only about its own products, but about 
other companies, their products, facilities and skills. 
Some of this data naturally is confidential, and is 
respected as such, but often it can be made avail
able, with mutual advantage. Here are some examples. 
• A Revere customer asked for advice about expand
ing copper tube. We recommended a change in size, 
and referred the company to a firm we knew had both 
the necessary equipment, and 
the know-how. Result: business 
for the three of us. 
• A manufacturer had on his 
drawing boards a new product, 
a milk cooler. Having benefited 
by our collaboration in the past, 
he brought us into the picture, 
so that we were able to work 
closely with his engineers. Our 
know ledge of baffling led to a sug
gestion that increased efficiency 
by 30%, used no more material, 
and also eliminated soldering. 
• When a product is in a highly competitive field, 
cost reduction can have a vital influence on sales and 
profits. The maker of a baby stroller asked Revere 
what could be done to cut costs of aluminum tube 
without affecting quality of the stroller. Changes in 
"alloy and gauge were recommended, and proved effec
tive in every way. Revere now sells this manufacturer 
less aluminum per stroller, but has gained the respect 
and orders of a growing company. 
• Tuning condensers for radios usually have alumi
num plates, stamped from strip that has to be held 
to close standards as to gauge and flatness. A con-

denser firm thought well enough of Revere to place 
a trial SOO-pound order. Both the Sales Department 
and the Technical Advisory Service followed through, 
ascertaining the individual requirements of the com
pany, and interpreting them in the light of mill tech
niques and previous experience in this field. The 
trial shipment was so satisfactory that a large pro
duction order was placed. 
• A most competent manufacturer told Revere he had 
been working for two years on an aluminum brazing 

problem. It wasn't an easy prob
lem to solve, as we found out 
when we. dug into it, but we 
licked it in three weeks. After 
all, Revere began making alu
minum mill products in 192 2, 
and through all the years since 
has been adding to its knowl
edge of the metal. 
• A fabricator took a contract 
to make soap dishes, a new kind 
of work to him. He had been 
told by his customer that each 
dish should be annealed twice. 

The Technical Advisory Service worked closely with 
him, set up specifications for temper and gauge, and 
stimulated new thinking on tool design. On two dishes, 
annealing was eliminated; on another, only one anneal 
is required. 

These are but a few cases from the Revere files. Many 
other suppliers of materials of all kinds can match 
them. You may not buy metals, but such things as 
wood, paint, felt, chemicals, cement; no matter. What
ever you purchase, it will pay you well to take advan
tage of the special knowledge and skill of the firms 
with which your purchasing department is in contact. 

REVERE COPPER AND BRASS INCORPORATED 
Founaea by Paul Revere in 7807 

Execufive Offices: 230 Park Avenue, New York 17, N. Y. 
SEE REVERE'S "MEET THE PRESS" ON NIC TELEVISION, SUNDAYS 

33 

© 1953 SCIENTIFIC AMERICAN, INC



IT TAKES TOP INSTRUMENTATION -

TO DO TOP RESEARCH 
JAco INSTRUMENTS GIVE YOU THE SPEED AND 
PRECISION YOUR WORK DEMANDS 

Whatever your research job, JAco makes instrUlpents 

that will help you do it faster, more easily and with greater 

precision. So why handicap your research results 

with make·do or unreliable equipment -

the JAco Instruments right for your job 

and see how often difficult jobs be· 

come routine. 

facilities provide 
ments and service 

than ever befor6 ... 

Spec-Lab 
Spectrograph, source, microphotometer 

and accessory equipment in 
one low·cost package 

Write lor catalogs on these JAco Instruments today 

"""U'iI�;;�:;:��'�:;::':' � JARRELL-ASH COMPANY 
........... h;' I ..... , • .., ." .... .; .. � 26 .AIWEll STIUT, NEWTONVillE, MASS. 

_x .•• ., huip"'."'I-G..,,�.,.i(.II"'Ir"'III�h I SAtES OffICES -------
_ •• ".c' ..... ,.f_'.'.rl"'.'.r.-Micr.". __ • DETIOIT n CEI.ITO. CAl. CHATTANOOGA QUEENS Yilt, N. Y. 

13610 Capilol A"".. 1344 O."o,uhi,. O,h·. 1431 .road Sf, .. , '0-.56 130th $t, •• t 
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born in Stnisbourg in 1906. His mother 
and grandmother were daughters of uni
versity professors, and his father was an 
eminent physiologist. Bethe was edu
cated at the Universities of Frankfurt 
and Munich, receiving his Ph.D. from 
the latter institution in 1928. For two 
years he worked under Ernest Ruther
ford at Cambridge University and En
rico Fermi in Rome on a fellowship from 
the Rockefeller International Education 
Board. Like Schriidinger, he left Ger
many for the British Isles when the 
Nazis came to power. After two years 
in England he came to the U.S. to join 
the Cornell faculty in 1935. In 1938 he 
attended a conference in theoretical 
physics at which the problem of the 
source of the sun's energy was discussed. 
Six weeks later he had worked out the 
famous carbon cycle of thermonuclear 
reactions, which is his best known work. 
During the war Bethe served first on the 
staff of the Radiation Laboratory at the 
Massachusetts Institute of Technology 
and then as' chief of the theoretical 
physics division of the atomic bomb 
project at Los Alamos. 

BRUNO ROSSI ("Where Do Cosmic 
Rays Come From?") became "fascinated 
by the mystery of this extraordinary 
phenomenon" through reading an article 
about it in 1930. He at once began 
building his first Geiger-Muller counter, 
and has been building them ever since. 
Rossi was born in Venice in 1905 and 
was educated at the Universities of 
Padua and Bologna. He received his 
Ph.D. in physics in 1937. He taught at 
Florence and then at Padua until he was 
forced out by the Fascist government in 
1938. He then spent a year in Denmark 
and England and came to the U.S. in 
1939 at the invitation of Arthur H. 
Compton of the University of Chicago. 
Rossi was an associate professor of phys
ics at Cornell University from 1940 t9 
1946, with three years out for work at 
Los Alamos. Since 1946 he has been pro
fessor of physics at the Massachusetts 
Institute of Technology. 

CECILIA H. P A YNE-GAPOSCHKIN . 
("Why Do Galaxies Have a Spiral 
Form?") is Phillips Astronomer at Har
vard University, a position she has held 
since 1938. She was boru in England in 
1900 and took her undergraduate edu
cation at Cambridge University. In 1923 

she came to the U.S. and entered Rad
cliffe College, where she received her 
doctorate in 1925. She became a Na
tional Research Fellow at Harvard Uni
versity in the same year and an astrono
mer at the Harvard Observatory in 1927. 
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FINDS HIDDEN SHORT CIRCUITS 

G-E 10-kv a-c winding insulation tester 
"finds" insulation defects that ordinary 
high-potential tests miss. Photo above 
shows actual waves on scope indicating 
several short-circuited turns in a coil. 
Correction of these hidden faults can 
improve and lengthen the life of your 
electric apparatus. Quick and easy test
ing makes equipment ideal for production 
use. Write for Bulletin GEC-321 *. 

SIMPLE INDUSTRIAL FIELD PLOTTING 

Two dimensional problems in electrical 
field theory are easily plotted and solved 
with the G-E analog field plotter. Electric 
current flow patterns are set up in a sheet 
of thin conducting paper and analogy be
tween the electrical field in the paper and 
related field problems as exist in electro
statics, electromagnetics, thermal and 
fluid flow allows rapid solution of the 
problem. See Bulletin GEC-8S1 *. 

FAST THICKNESS MEASUREMENT 

General Electric's new beta-ray gage con-· 
tinuously measures deviations in weight 
of fast-moving sheets of rubber, plastics, 
paper, and metals with an accuracy of 
± 1%. Continuous monitoring saves ma
terial, improves quality and reduces scrap 
losses. Noncontacting beta-ray gage will 
measure sheets which are wet, sticky, 
soft or highly polished without marring 
or damaging. See Bulletin GEC-48S*. 

* To obtain these publications, contact 
your nearest G-E Apparatus Sales 
Office, or write to General Electric Co. 
Section 687-111, Schenectady 5, N. Y. 

NACA RESEARCH SCIENTIST inspects airplane model after a test run at Langley Aeronautical Laboratory. 

G-E recorder provides constant check 
of dewpoint temperature 

Continuous, accurate indication of dewpoint 
temperature is provided by General Electric's 
dewpoint recorder. 

As an aid in their aerodynamic research on 
supersonic aircraft and guided missiles, the 
National Advisory Committee for Aeronautics 
installed a dewpoint· recorder at Langley Field, 
Virginia, to help avoid excessive condensation 
and flow disturbances in their supersonic wind 
tunnel. 

Monitoring of moisture content is important 
in many other laboratories and industries. Dew
point equipment is used to control chemical or 
mechanical air dryers; to study effects of con
densible vapors; and to measure the moisture 
content of gases in various stages of manufac
ture. Further information about G-E dewpoint 
recorders is given in Bulletin GEC-S88*. 

Here is an example of the type of developmental 
engineering • • •  a specialty at General Electric 

. which provides more and better instruments and 
processes for modern industry. 

FROST SPOT is checked for proper 
adjustment at NACA Laboratory. 

tjoa wn # � eon/� Wt_ 

GENERAL e ELECTRIC 
© 1953 SCIENTIFIC AMERICAN, INC



THE AUTOMATIC BRAIN THAT PROVIDES CENTRALIZED PLANT CONTROL 

36 

observes, annunciates 
and records in writing 

every variation 
in equipment operation 

*- SARA, the Sequential 
Automatic Recorder and 

Annunciator, literally sees all 
-tells all! This new 

Taller & Cooper control 
equipment keeps a constant 

watchful eye on as many 
as 500 separate plant 
operations-instantly 

announcing and automatically 
recording sequentially any 

change of conditions, even 
when they occur within 
milliseconds. Yet, this 

amazing system costs only 
slightly more than an 
ordinary annunciator. 

Write today on company 
letterhead for New Technical 

Bulletin No. 101 on SARA. 

TALLER & COOPER, INC. 
�!il%l_1,*mmre!ii_ ENGINEERS · MANUFACTURERS 

54 WASHINGTON ST • • BROOKLYN 3. N. Y. 

TOLL COLLECTION SYSTEMS • TOLL BOOTHS • POWER CONTROL EQUIPMENT 
OIGITAL COMPUTERS • WIND TUNNEL INSTRUMENTATION • SPECIAL PURPOSE INSTRUMENTATION 

She married Sergei 1. Gaposchkin, a 
colleague at the O)Jservatory, in 1934. 

They have three children. Mrs. Payne
Gaposchkin's work has been chiefly in 
stellar spectroscopy and photometry and 
in the study of variable stars. 

KAJ ULRIK LINDERSTROM-
LANG ("How Is a Protein Made?") is 
professor of biochemistry and head of the 
chemical department at the Carlsberg 
Laboratories in Copenhagen, Denmark. 
He was born in Copenhagen in 1896 and 
took his undergraduate work in chemical 
engineering at the Technical High 
School there. He has been at the Carls
berg Laboratories since 19 19, working 
on protein chemistry during all of his 
scientific life. His earliest studies had to 
do with the fractionation of proteins; 
then he turned to research on the en
zymes that attack proteins; most recent
ly he has been studying the disintegra
tion of proteins when they are attacked 
by purified enzymes. In 193 1 he visited 
the U.S. as a Rockefeller Fellow at the 
California Institute of Technology. 

C. H. WADDINGTON ("How Do 
Cells Differentiate?") , professor of ani
mal genetics at the University of Edin
burgh, Scotland, was a geologist· before 
going into biology. Geology led him to 
an interest in evolution, he says, "and 
that led to genetics and that again to 
the mode of operation of genes in de
velopment and thus finally to embry
ology." Waddington was born in India 
in 1905 and spent the first few years of 
his life there. He was educated at Cam
bridge University, receiving a B.A. in 
geology in 1926 and a Sc.D. in biology 
in 1938. He taught at Cambridge until 
1945, then took his present position at 
Edinburgh. During World War II he 
was in charge of the Operat{onal Re
search Section of the Coastal Com
mand of the Royal Air Force. In 1947 

he was named a Fellow of the Royal 
Society. In addition to his technical 
books, Waddington has written The 
Scientific Attitude and Science and Eth
ics. His recreation is painting in oil. He 
confesses to a taste for "modern" but 
says his own productions "always turn 
out to be incompetent attempts at 
straight realism." 

RALPH W. GERARD ("What Is 
Memory?") is director of the Neuro
psychiatric Institute at the University of 
Illinois College of Medicine. He was 
born in Harvey, Ill., in 1900. He studied 
at the University of Chicago, taking his 
Ph.D. in 192 1, and then got an M.D. at 
the Rush Medical College in 1925. 
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For hig,d temp e r atur e e l ectri c a l i n s u l a t i o n 

1. COil MOUNTING-GB·1l2S. Machined by C-D-F; sawed to shape 
floles drilled, slot end-milled, large holes fly cut, characters 
stamped. 

3. SHEET WASHER-G8-112S. Punched out, characters stamped. 

4. COil HOLDER-G8-Il2S. Cut from sheet stock, then sawed 
to shape. drilled in jig, slot end-milled. Work done by C-� - F. 

2. AIRCRAFT TERMINAL BOARO -G8-ll2S. Customer fabricated. 

5. SILICONE VARNISHED FIBER· 
GlAS TAPE made in uniform 
thickness, in a wide range of 
widths. 

C-D-F SILICONE TAPES are recommended for 
Class H insulation. It's been proved that silicone 
insulation has 10 times longer life than Class B in
sulation, even at the temperature limits of Class H. 
There are two types of .C-D-F Silicone Tapes and 
Sheets: (1) Silicone varnished fiberglas; (2) Silicone 
rubber fiberglas. Each has the following properties: 

• High temperature resistance • Resistance to moisture 

• High dielectric strength • High tensile strength 

• low dielectric loss • Flexibility 

Both grades meet A.I.E.E. Standard for Class H 
insulation. They resist mild alkalis, non-oxidizing 
acids, mineral oils, oxygenated solvents. Silicone 
rubber fiberglas is recommended for many applica
tions requiring a Hexible abrasion-resistant material 
with good thermal conductivity. C-D-F Silicone tapes 
and sheets are available in a wide range of sizes in 
continuous rolls. For complete details, write for 
Technical Bulletin #47. 

C-D-F SILICONE DILECTO LAMINATED PLASTIC 

Many of the parts illustrated were manufactured and 

fabricated by C-D-F ... who has a wealth of experi

ence, forward-looking engineering: and modern facili

ties that can be put to work for you. C-D-F is a 

dependable source of supply for insulating materials, 

and is noted for its fair pricing, for producing high 

quality products on schedule. W'hy not call in a 

C-D-F sales engineer on your problem. Or, write for 

Technical Bulletins: 

#25-complete data on GB-261S, a fiberglas silicone 
laminate made of a staple filament woven fiberglas 
cloth and silicone resin in sheet form; #37-covers 
glass base silicone metal clad laminates; #42-post
forming grade of glass base silicone in sheet form; 
#23-GB-112S, fine weave continuous filament woven 
fiberglas with silicone resin, sheets, tubes, rods, 
molded shapes. 

SILICONE TAPES, SHEi:TS. TUBES, RODS 

fkt;�-1JitMwnr/; f� fJm;;aIlf 
NEWARK 24, DELAWARE 
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IF • •• 

10% relative humidity(or less) 

38 

will help you ... 

That tricky experiment or pilot operation you're 
working on, even an established process may become 
more workable when you eliminate water vapor as a 
variable. Often the addition of constant, low relative 
humidity provides the component that permits success. 

You can specify relative humidities of 10% or 
lower for an atmosphere or gas . • .  dewpoints lower 
than -1l0 F ... and get them. 

Drying organic liquids to a moisture content below 
3 or 4 parts per million is ordinary today. 

These specified dry conditions are being met by 
Lectrodryer* air, gas or organic liquid drying ma
chines. Using Alcoa Activated Aluminas as their dry
ing medium, Lectrodryers are capable of continuously 
extracting large quantities of troublesome water vapor 
to dewpoints not possible with other drying agents. 

Lectrodryers range in size from small laboratory 
machines for experimental work, to huge air-condi
tioning types able· to provide 10% relative humidity 
even in large warehouses. Also, for dryness where 
pressure is a factor, there are Lectrodryers built to 
operate at pressures as high as 6000 psi. 

. If such dryness will help you, write for engineering 
assistance. 

DATA AVAILABLE 
Because Moisture Isn't Pink is a booklet telling how 
others have removed troublesome moisture with 
Leetrodryers. The Moisture In Our Atmosphere treats 
the same suhject technically. Obtain copies for 
your files. Write to Pittsburgh Lectrodryer Corpora. 
Lion, 336 32nd Street, Pittsburgh 30, Pennsylvania. 

LECTRODRYER 
* REGISTERED TRADEMARK U. S. PAT. OFF. 

LE CTR ODRYER S DRY WIT H A CTIVATED ALUMINA S 

After his internship he spent two years 
in London and Berlin as a National Re
search Fellow, returning in 1928 to the 
University of Chicago, where he later 
became professor of physiology. Gerard 
has worked chiefly in the field of neuro
phYSiology, investigating the chemical 
and electrical characteristics of the 
I}erves and brain during activity, growth 
and injury. During the war he was di
rector of the physiological section at 
Edgewood Arsenal, where he did re
search on the effects of phosgene. 

RUDOLF CAR NAP ("What Is Prob
ability?") is professor of philosophy at 
the University of Chicago. He was born 
in Germany in 189 1 and educated at the 
University of Jena, receiving his Ph.D. 
there in 192 1. Carnap taught at the 
University of Vienna and at the German 
University of Prague until 1935, when 
he came to the U.S. to accept his post 
at Chicago. He received an honorary 
doctorate of science from Harvard in 
1936. A leader of the logical empiricist 
school of philosophy, he has pioneered 
in applying semantics and the methods 
of symbolic logic to the theory of knowl
edge and reasoning. He is now on leave 
from the University of Chicago at the 
Institute for Advanced Studies in Prince
ton, where he is completing the second 
volume of an extended treatise on prob
ability. 

J. BRONOWSKI, who reviews R. B. 
Braithwaite's book Scientific Explana
tion in this issue, is director of the Cen
tral Research Establishment of the Na
tional Coal Board in England. Born in 
Poland in 1908, he spent his early years 
in Germany and moved to England at 
the age of 12. Bronowski studied mathe
matics at Cambridge University, taking 
a doctorate in 1933. Until 1942 he 
taught at University College in Hull and 
did original work in topology and mathe
matical·statistics. He then entered gov
ernment service, working on bomb dam
age assessment and pioneering in the 
new field of operational research. Later 
he was a member of the Joint Target 
Group in Washington and of the Chiefs 
of Staff Mission to Japan, where he 
wrote a classic report on the effects of 
the atomic bomb. After the war he 
stayed in government work. A versatile 
man, Bronowski has cultivated belles 
lettres as well as science. He is the au
thor of The Poet's Defense and William 
Blake: A Man Without a Mask. His The 
Face of Violence won the Italia prize 
for the best radio play in Europe in 
1950 and 1951. His most recent book is 
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HOW TO SUCCEED WHILE YOU'RE STILL YOUNG 

IT SURPRISES many people to learn that the average age of the men 
who respond to our advertisements is closer to forty than to twenty. 

But it's not hard to understand why this is true! 

Most young men are satisjird with their progress in business. Their 
native ability and energy are enough to win them regular promotions 
and salary increases. They find success only a matter of time. 

But the day comes, often with a shocking suddenness, when this easy and 
cas!lallJrogress ends abruptly. 

Many a man wakes up with a start in his thirties or forties to find 
that his income has leveled off, and that promotions have ceased. 

"I'm not getting ahead as fast as I should," he says to himself. 
"\Vhere am I going to be ten years from now?" 

Why does this pathetic pattern appear in so many promising careers? 
The answer is simple: Sheer ability and energy can carry a man to 

the mid-way point in business ... but only a thorough knowledge of 
business fundamentals can help him beyond that point. 

If you realize that fact while time is still on your side-and act on it
you can succeed while you're still young. 

FREE ..... FORGING AHEAD IN BUSINESS" 
We do not claim that you must have the Alexander Hamilton Course 
in order to succeed in business. But we do say that you cannot succeed 
wit/wut what is in the Course! 

All the Institute does is offer you a convenient and time-saving means 
of bringing this knowledge to you in your spare time; and in a form that 
has proved to be practical and effective for more than forty years. 

So that you may judge for yourself whether or not you think the 
Institute can help you, we have published an informative 48·page book 
titled "Forging Ahead in Business." 

We believe that this little book will help any man get down to bed
rock in his thinking; however, there's no cost or obligation for it 
because-frankly-we've never been able to put a price on it that 
would refl�ct its true value. Some men have found a fortune in its pages. 

If you would like a complimentary copy of "Forging Ahead in 
Business," simply sign and return the coupon below. It will be mailed 
to you promptly. 

----------------------------------------------

ALEXANDER HAMILTON INSTITUTE 
Dept. 204, 71 West 23rd Street, New York 10, N. Y. 

In Canada: 54 Wellington Street, West, Toronto 1, Onto 
Please mail me, without cost, a copy of the 48-page book-

"FORGING AHEAD IN BUS.INESS" 

Name . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . .  

Firm Name .... . . . . . . . . ... . . .. ............... . .. , , . . . 

Business Address .. . . .. . . . . . . . . . . . .......... ...... ... . 

Position . . . . . . . . . . . . • • • • • • • •.• • • • • . • . . . . . . . . . . . . . . . . . . 

Home Address . • • • • • • •  ' • • •• •• • • . . . . . . . . . • • . . . . . . • • . . . , 
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AO RAPID S CANNING 

SPECTROPHOTOMETER 

This outstanding instrument is the first 
to produce dynamic spectrophotometric 
curves from transparent or opaque 
liquids, solids, and gases. Its speed is as
tounding. On the face of a cathode ray 
tube it plots, in _linear form, wave length 
versus percent transmittance or reflect
ance 60 times per second. Permanent 
records are made by oscilloscope camera. 
It offers untold possibilities in both re
search and process control. 

AO DESK-TYPE METALL OGR A PH 

The modem instrument for meta,ls control and 
research. -Every operation is performed from sit
ting position. Focusing for photography is auto
matically accomplished while examining the 
specimen through the microscope eyepiece. 
Parfocal "Apergon" objectives on revolving tur
ret and matching eyepieces on easy selector slide 
are custom designed for best results at each 
A. S_ T. A. magnification. A new research model 
AO Metallograph incorporates phase and polar
ized light as well as bright field illumination. 
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AO OPTICAL 
PROJECTION 

COMPARATOR 

A {II131ity control instrument for opticai 
gaugin� of precision parts against master 
chart. Choice ot lOX, 20X, 31 1/4X. SOX 
and 62 1/2X magnifications. Over the en· 
tire screen, errors as small as 1/10.000 of 
an int;h can he read accurately. 

For examination of ollaque metallurgical 
specimens. Effective. cool "ertical ilium. 
inator furnishes sufficient light for all vis· 
ual examinations. Focusable siage. Eithcl' 
quick-change nosepiece or rotary objec· 
tive lurret with parfocal objccti'·P.5 may be 
"deClt·,I. 

A special instrument developed by AO to 
help wire manufacturers produce more 
uniform wire at lower cost. It permits 
quick checks of carbide die entrance an· 
gles to an accuracy of 10 minutes of arc. 
AO is always anxious to develop instru
ments for new industrial or research re
(Iuiremcnts. 

AO 

AO 
POLARIZING 

MICROSCOPE 

P45 Polarizing Microscope is a lower cost 
instrumcnt for chemical and crystallo. 
�raphic analysis. Simple to use, it has 
built-in light source, rotatable stage and 
accommodatcs standard A 0 compensa· 
tors. Other models for advanced labora. 
lory work and rcsearch are Iwailahle. 

AO STEREOSCOPIC 

AO 

PHASE 

MICROSCOPES 

Countless industries use stereoscopic binocular microscopes for produciion c.ontrol and 
critical inspection. 3D image is erect and unrever�ed. Long working distance enables 
workers 10 fabricate. assemble and inspect minute parts with great accuracy. Shop or 
laboratory models. Magnification from 7X to 90X 

In many industries. quick, accurate de· 
termination of refracti\'c index and dis
p�rsion form A convenient basis for control 
of quality. AO Refractometers meet a real 
need in both research and production. 

Reveals details in living organisms and 
tissues. slightly pigmenled or faded prep
aratiol!s, emulsions, plastics and other 
material too transparcnt to be seen with 
thc bright field microscope. 

No. 15 QLV Microscope is a new model 
of moderate price offering the latest AO 
mechanical advantages and complete re
search equipment including apochromatic 
objectives. compensating eyepieces. cir
ular or square stages. N. A. 1.30 Conden
ser_ Larger. more elaborate AO Research 
Microscopes are also available. 

MAIL 

COUPON 

TODAY 

These cameras produce clear. accurate. 
permanent records of microscopic obser
vations_ They are easily swung into and 
out of position without disturbing micro
scope settings, Focusing telescope permits 
image to be visible until instant shutter is 
tripped. There are models for 4'" X 5'" film 
Or plates. and for35mm film. 360 revolving 
body eliminates need for circular stage. 

AO NO. 73S 

ILLUMINATOR 

Provides efficient illumination for ad
vanced laboratory work. microscopy. pho· 
tomicrography. micro-projection, and reo 
search. It is particularly desirable for use 
with binocular microscopes. External ad· 
justments for lilt. focusing, reflector angle. 

:r:�. 
afl�����afi�o

n
vi1se :��I��s�; :��d

s:��; 
ventilated. 

AO 

• NO. 353 

ILLUMINATOR 

An extremely versatile light source equip
ped with variable transformer, useful for 
both opaque and transparent specimens. 
Jackknife arm fits tTlangular base or the 
socket on AO Stereoscopic Microscopes. 
It adjusts easily to any position. The lamp 
has iris rlHlphragm (optional) and focus· 
able ITlpie lens condensing system. 

AMERICAN OPTICAL COMPANY - I NSTRUMENT DIVISION 
Dept. W178, Buffalo 15, N. Y. 

Please send me information on: 
o Rapid Scanning Spectrophotometer 

o Desk-Type Metallograph 
o Die·Angle Scope 
o Research Microscopes 
o Photomicrographic Cameras 
o Refractometer 

o No. 73.1 Illuminator 0 Stereoscopic Shop 
o No. 353 Illuminator Microscope 
o Contour Projector 0 Gravure Microscope 
o Polarizing Microscope 0 Metallurgical Microscopes 
o Phase Microscope 0 Stereoscopic Microscopes 

S�ned __________________________________________________________________ ___ 

Organizalion ___________________________________ _ 

Adduss _________________________________________________________________ , 

Cily ___________________________________ Zone------ State ________________ _ 
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ONE measurement 

• • •  or 

SIX 

BRUSH OSCILLOGRAPHS 
simplify operation analysis 

• What do you want to measure - temper ature, strain, 

flow vibration, pressure? Brush oscillograph s, used in con

junction with Brush Amplifiers, give you chart records of data, 

recorded instantly. Their ease of use simplifies analysis of 

pilot plant or process plant operation. 

Brush offers a range of precision oscillographs designed to 

suit your needs, from the single-channel instrument up to the 

6-channel oscillograph. The latter permits simultaneous multi

channel recordings of electrical or mechanical phenomena. 

Get the facts about simplified analysis now. Write Brush 

El e c t r o n i c s  C o m pany, Dept. B-9, 3405 Perkins Avenue, 

Cleveland 14, Ohio. Brush representatives are located through

out the U. S. In Canada: A. C. Wickman, Ltd., Toronto. 

BRUSH ELECTRONICS n COMPANY 

INDUSTRIAL A ND RESEARCH INSTRUMENTS 

PIEZO·ElECTRIC MATERIALS ACOUSTIC DEVICES 

MAGNETIC RECORDING EQUIPMENT 

ULTRASONIC EQUIPMENT 
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formerly 
Tire Bru.sh Developmwt Co. 
Brush Elecirollics CompflllY 

is all oPerating unit 0/ 
Clev;te Corporation. 

THE COVER 

The painting on the cover is a poet
ical still life symbolizing the single 
theme of this issue of SCIEKTIFIC 
AMERICAN: fundamental questions 
in science. It is unlikely that the ob
jects in the painting would be found 
in any laboratory today; they are 
nonetheless characteristic of funda
mental investigation. The instru
ment in the center is an ancient 
Bunsen spectroscope; its prism is 
mounted atop the central brass post. 
Surrounding the spectroscope are a 
laboratory bottle,.a book and a rose. 
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Walter Murch 
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DES I GN ING  WITH ALUMINUM 

C O R ROS I O N  R ES I STA N C E  

This is one of a series of information 

sheets which discuss the properties of 

aluminum and its alloys with relation to 

design.  E xtra or missing copies of the 

s e r i e s  w i l l  be s u p p l i e d  on r e q u e st. 

Address: Advertising Department, Kaiser 

Aluminum & Chemical Sales, I n c ., 1 924 
B r o a d w a y, O a k l a n d  1 2, C a l i f o r n i a .  

{lLUMINUM ALLOYS RESIST ATTACK BY WIDE RANGE OF ENVIRONMENTS, MANY CHEMICAL COMPOUNDS 

RESISTANCE to corrosion is a relative 
matter because it depends on the en
vironment to which a metal is · exposed. 
Aluminum and aluminum alloys have 
generally excellent corrosion resistance. 
They withstand corrosive attack by 
most types of environment, includ
ing many which adversely affect the 
performance of other commonly used 
metals. 

Conditions which cause the corrosion 
of aluminum are the exception, not the 
rule. Normally, aluminum lasts indefi
nitely - bare and unprotected. This for
tunate situation occasionally leads to 
over-enthusiastic use. The user may ex
pect and demand a much higher level 
of performance from aluminum than he 
ever has or would from another metal, 
with resulting improper application 
or failure to follow good installation 
practice. 

Reason for the good corrosion resist
ance of aluminum is that the practically 
transparent oxide coating that forms on 
surfaces exposed to air is tough, adher
ent and non-flaking. So, once formed, it 
is non-progressive and non-destructive, 
in contrast to oxidation which results in 
flaking that constantly exposes new 
metal to attack and so proceeds inevi
tably towards the total destruction of 
the metal. 

Under most conditions the oxide coat
ing of aluminum thickens within a rela
tively short time to a point where no 
further measurable oxidation occurs. 
It is also self-renewing. Whenever the 
oxide film is broken, it immediately re
forms on exposure to air and again as
sumes its protective role. 

It  follows then that the conditions 
which promote the corrosion of alumi
num usually involve the presence of a 
compound which dissolves or otherwise 
penetrates this coating, and the absence 
or exclusion of the oxygen required to 
rebuild it. 

One of the useful properties con
nected with aluminum is that the elec
trolytic process known as anodizing 
thickens and strengthens the oxide coat
ing artificially. Anodizing thus increases 
resistance to destructive atmospheres 
and also tends to reduce the possibility 
of galvanic corrosion. Anodizing is reg
ular commercial practice in many ap
plications and products of aluminum. 
A coincidental benefit resulting from 
this process is that brilliant color can be 
incorporated to obtain highly decora
tive effects, and frequently it is used for 
this purpose only. Building up the ox
ide coating also increases resistance to 
abrasion. 

High purity a luminum i s  rated as 
having the best corrosion resistance to 
chemicals, but this is  not always the case 
with other forms of attack. For instance, 
in marine atmospheres 5 2 S  is superior 
to high purity aluminum. Most alumi
num alloys will generally outlast other 
metals except under special conditions. 

ATMOSPHER I C  C O RROS I O N  
I n  general service metals may b e  ex
posed to three types of atmosphere 
normal ( rural, uncontaminated) ,  indus
trial ( urban, contaminated) and marine 
(moist, salty) . 

Tests of several aluminum alloys 
sponsored by the American Society for 
Testing Materials (Table 1 ) ,  using the 
percent change in tensile strength as a 
measure of corrosion resistance, showed 
that all the alloys exposed were practi
cally unaffected by normal atmospheres. 
In industrial and marine atmospheres 
corrosion was so slight as to be of no 
significance in practice. This was true 
even for 24S-T3, copper-bearing heat
treatable alloy. The clad lorm of this al
loy suffered no loss in tensile strength, 
indicating the effective protection given 
to the high-strength alloy core by the 
cladding of higher-purity aluminum. 

Table 1 - E F FECT OF V A R I O U S  NATU RAL E N V I R O N M ENTS O N  ALU M I N U M  ALLOYS 
(% Chonge i n  Ten s i l e  Stren g t h  Resu l t i n g  f r o m  Ten Yeor C o r ros i o n  T e � t s  C o n d u cted b y  

A m e r i c a n  S o c i e t y  for  Test i n g  Mater i a l s )  

Alloy MAR INE  INDUSTRIAL RURAL 
Type L a  J o l l o ,  K e y  West,  Sandy Hook, New Y o r k ,  A l toon a , P h o en i x ,  Stote C o l l eg e ,  

C a l i f o rn i a  F l o r i d a  New Jersey New York Pen n sy l v a n i a  A r i z o n a  P e n n sy l v a n i a  

2 5 - H 1 4  - 5  - 2  - 3  -7 -5 - I  - 4  
3 5 - H 1 4  - 3  0 0 - 4  - 6  0 - I  
2 4 5 - T3 - 1 8  0 - 3  -9 - 6  - I  - 4  
C l a d  2 4 5 - T 3  + 2 + 1  + 2  + 2  0 + 2  + 1  

NOTE: The goins i n  strength resulting i n  some cases arises from the fact that the tensile strength of  
heat- treatable al loys increases with natural aging_  

F ig . I - R E LATIVE LOSS O F  T E N S I LE S T R E N GTH 
IN INDUSTRIAL,  MARINE  ATMOSPHERES 

-1-
--+0 

l� 

G) 

0lf� 
------ E x p o , u r e  Ti me ------.. 

.s t e e l  in Mo r i n e  A t m o s p h e re 

2 A l u m i n u m  in M o r i n e  A t m o s p h e re 

3 S t e e l  i n  I n d u s t r i a l  A t m o s p h e re 

4 A l u m i n u m  i n  I n d u st r i o l  A t m o s p h e r e  

Numerous 
-
other tests of aluminum 

a l loys, both wrought and cast, have 
shown similar results, while steel simul
taneously exposed has been virtually 
destroyed by industrial and marine at
mospheres over a period of time. Typi
cal relative loss in tensile strength of 
aluminum alloys and steel under ex
posure to marine and industrial atmos
pheres is illustrated in Figure 1. These 
test results are verified by the long 
actual service given by a luminum i n  
buildings a n d  equipment under severe 
conditions where other materials have 
required steady maintenance or re
pla cement. A guide to the resistance of 
a number of aluminum alloys to atmos
pheric and sea water attack is given in 
Table 2 .  

Of importance as well is the fact that 
aluminum stands up well in contact with 
most other common building materials. 
Such attack as may occur i s  usually 
limited to superficial etching and minor 
pitting where dirt accumulates between 
faying surfaces. Although it has been 
considered good practice to protect the 
surface of aluminum where it is in con
tact with concrete or mortar, protection 
is really not necessa ry. Most if not all 
of any attack, even upon unprotected 
aluminum, takes place early during the 
setting period and is so minor as to be 

PLEASE TURN TO NEXT PAGE . • 
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DESIGNING WITH ALUMINUM Continued 

of no consequence. Maximum penetra
tion of the metal under such conditions 
probably would not be much over two 

Table 2 

RE LATIVE CORROSION RES ISTAN C E  
OF  A LU M I N U M  ALLOYS 

Alloy Non·lndustrlal 
Atmosphere 

25 . A 
35 • A 
AS • B 
50S A 
5 2 5  A 
C l od 565 A 
61 5 
635 
245 

· . 

C l od 2.015 

A 
A 
8 

A 
755 · . •  B 
Clod 755 . B 
4 3 ,  2 1 .01 ,  

356, 360 A 
1 95 · . .  8 

Marine 
Industrial Atmosphere 

Atmosphere or Sea Water 
Service 

B B 
B B 
B C 
A A 
B A 
B B 
A B 
A 8 
C 0 
B C 
C 0 
8 C 

B 8 
C 0 

NOTE:  Relative resistance - A, best; 8 ,  
good; C, foir; D, not usually recom· 
mended without additional surface treat· 
m e n t .  T h is t a b l e  i s  u s e f u l  o n l y  as a 
general g u ide. 

mils. Where aluminum is in contact with 
masonry or wood which is continuously 
or repeatedly wet, it should be protected 
with a bitumen or similar coating on the 
contacting surface. 

After prolonged exposure to normal 
air, aluminum surfaces weather, with 
some loss of the original polish and 
smoothness. This is seldom more than 
a superficial condition that can be rem
edied by simple cleaning. 

AQUE O U S  CORROS I ON  
Most o f  the non-heat-treatable alumi
num alloys and clad forms of the heat
treatable alloys offer a high order of 
resistance to corrosion by alternate im
mersion in sea and harbor waters, where 
unpro;ected steel deteriorates rapidly. 

Magnesium-bearing a l loys such as 
50S and 5 2 S  are especially resistant to 
all  forms of aqueous corrosion. 5 2 S, 
strongest non-heat-treatable sheet and 
plate alloy in commercial use which is 
noted for its ruggedness, is used exten
sively in marine applications. 

The copper and zinc-bearing heat
treatable alloys such as 1 4S, 24S and 
7 5 S  are generally less resistant to aque
ous attack, but their performance under 
salt water conditions is  substantially 
improved by cladding. 6 1 S has better 
resistance than the other heat-treatable 
alloys, and is therefore used widely in 
the bare condition. 

C H EM I CAL CORROS I ON  
The chemical process industries are 
large users of a luminum because it 
resists attack by many chemical com
pounds. Aluminum in some instances 
offers the further advantage that the 
salts of aluminum are colorless, tasteless 
and non-toxic so that any corrosive 
products will not adversely affect manu
factured prod ucts. 
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An example is the use of aluminum 
for the manufacture, storage and trans
portation of glacial acetic acid. There is 
no contamination, other impairment or 
coloring of the product by any products 
which might be introduced through su
perficial attack. 

Table 3 

PARTIAL G E N E RAL G U I D E  TO RESISTANCE  
OF ALUMINUM TO VAR IOUS COMPOUNDS  

COMPOUND GRADE 

Acel ic  Acid, O i l ule • B 
Acel i c  Acid, G l aci a l  A 
A lcoho l ,  Methy l & Ethy l B 
A m m o n i a  (dry ) .. . A 
A m m on i u m  Hydrox ide C 
Benzene A 
Boric Acid . • A 
Bro m i n e  . • • . 0 
Carbo n i c  Acid (di l ule)  • . . • • A 
Chl oride of l i m e  (calci u m  hy pochlorite) C 
Chlori n e  ( v . c .  w ith water) . 0 
Creosote . • • • • •  . , B 
Oichl orodi f l uoro melha n e  ( Freon F · 1 2 )  A 
Oi chloro m o n ofluoro methone ( Freon F .21 ) 8 
O ichlorotelroflu oroelho n e  ( Freon F · 1 1 4 )  A 
Ethylene Glycol 8 
Fluori n e  0 
Freon 1 1  . B 
Freon 22 . A 
Freon 1 1 3 . . . • B 
Gasoli n e  ( anhydro us) A 
Hydroch loric Acid . • • .  0 
Hydrogen Peroxide ( 30 %  and hi gher) A 
lacquers A 
l i m e  . . • 8 
Nitric

' 
Acid (above 80%) A 

Nitroglycer i n e  A 
Olive Oil . A 
Oxalic Acid C 
Oxygen A 
Perchlorelhylene (dry) A 
Phosphoric Acid 0 
Potas s i u m  B i c a r b o n a te A 
Potas s i u m  C a r bo n ate C 
Potass i u m  C h ro m a t e  A 
Res i n s  . 
S e w a g e  . • • • 

S o d i u m  C a r bo n ale . 
So d i u m  N i trate . 
S od i u m  S u l fate . 
Stea m ,  low Pres s u r e  
S u l f u r  D i o x i d e  ( d ry )  
Toluen e  . . . 
T r i s od i u m  P h o s p h a t e  
U rea 
Varn ish S o l v e n t s . 
Water,  D i s t i l l e d  . 
Water,  I n d u st r i a l  
W a t e r ,  R a i n  . 
Water,  Seo 
Water, T a p  . . . . . . 
Z i n c  Acetate ( u p  to 1 0 %  c o n e )  
Z i n c  C h l o r i d e . 

NOT E :  R esistance - A, exce l l en t ;  
S f  good; C, fa i r ;  D, poor.  

A 
A 
C 
A 
B 
A 
A 
A 
C 
A 
A 
A 
8 
A 

. C 
C 
A 
o 

Aluminum provides excellent corro
sion resistance to organic compounds 
and such chemicals as ammonia, hydro
gen sulfide, hydrogen peroxide ( 3 0 %  
and higher) and concentrated nitric 
acid. Solutions of strong alkalis, sulphu
ric acid, hydrochloric acid, carbonates 
and fluorides tend to attack aluminum 

because they can dissolve or penetrate 
the protective oxide coating. However, 
the extent of corrosion varies with con
centration and temperature and may 
o ften be m i n i m i z e d  or e l i m i nated 
through the use of inhibitors. Table 3 
provides a guide to the relative chemical 
resistance of aluminum to a few widely 
used compounds. 

GALVAN I C  CORROSI O N  
Direct contact with dissimilar metals in 
the presence of a liquid which might be
come an electrolyte should be avoided 
to prevent corrosion of the anodic metal. 
Metals such as zinc and magnesium are 
usually anodic to aluminum. It is not 
always true that aluminum is anodic to 
steel. For example, in some tap water 
conditions, particularly where h i gher 
temperatures are involved, steel may 
be attacked in preference to aluminum. 

The danger of galvanic corrosion is 
frequently overrated. Its extent de
pends on the amount of current flow 
between dissimilar metals. In turn this 
depends on the electrical resistance of 
the space by which the meta l s  are 
separated as well  as the difference in 
potential. 

In most cases galvanic corrosion can 
be entirely e liminated or reduced to 
negligible proportions by simple, prac
tical methods. There can be no galvanic 
corrosion if moisture is excluded or if 
insulating material increases electrical 
resistance. The problem is minimized 
when the anodic area is large in com
parison with the cathodic area such as 
a large area of aluminum and a small 
area of steel or copper. Innumerable 
composite steel and aluminum struc
tures have given long life. 

CORROS I ON  PREVENT I ON  
There are numerous ways o f  protecting 
aluminum where it is used under cir
cumstances where conditions may be 
conducive to corrosion. They include 
painting, artificial thickening of the ox
ide film through anodizing, formation 
of other insoluble films, plating or clad
ding. Where used with aluminum, steel 
bolts and other fittings should be gal
vanized or plated with cadmium. De
sign should avoid corners and crevices 
where moisture can lodge. 

The assistance of Kaiser Aluminum 
engineers with information on the cor
rosion resistance of aluminum or on spe
cific corrosion problems or other phases 
of aluminum application may be ob
tained by ca lling any Kaiser Aluminum 
sales office in the principal cities or by 
writing Kaiser Aluminum & Chemical 
Sales, Inc., 1 9 2 4  Broadway, Oakland, 
Ca lifornia. 

setting the pace . . .  in g rowth, qual ity and service 
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What's Happening at CRUCIBLE 

about 11011uw tuol steel 

Crucible is now making its high quality tool steel available 
in hollow form. Bars of Crucible Hollow Tool Steel can now 
be obtained with machine finished inside and outside diame· 
ters and faces - in three famous grades: KETOS, AIRDI 150 
and SANDERSON. Already its use has effected substantial sav· 
ings for makers of tool steel parts with cutout centers. 

typical applications 
The ring shaped tools that can be fabricated from hollow 
tool steel are virtually limitless - beading rolls, bearings and 
bushings, blanking and briquetting dies, cam dies and follow· 
ers, chuck jaws, circular knives and shears, cutters, die holders 
and inserts, engraver and edging rolls, extrusion dies, feed 
and flue rollers, forming rolls, nozzles, saws, sleeves, slitters, 
stamping dies, wheels ... and many others. 

how it cuts costs 
Crucible Hollow Tool Steel permits a toolmaker to bypass 
drilling, boring, cutting off and rough facing operations. Nat· 
urally, this results in less production time per unit, greater 
machine capacity, and a reduction in scrap losses. In some 
cases material costs alone are cut 20% oy the use of Crucible 
Hollow Tool Steel instead of regular bar stock. 

.availability 
All grades and sizes of Crucible Hollow Tool Steel are car· 
ried in stock in Crucible warehouses conveniently located 
throughout the country. 

CRUCIBLE 
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CRUCIBLE HOLLOW TOOL STEEL 

Sizes (inches) 

2 0.0. x I 1.0. 

2'/2 0.0. x 1'/2 1.0. 

30.0. X 1'12 1.0. 

3'/40.0. X 1'/4 1.0. 

3'/4 0.0. x 11/2 1.0. 

3'/2 0.0. x 1'12 1.0. 

3'/2 0.0. x 2 1.0. 

4 0.0. x 11/2 1.0. 

40.0. x 2 1.0. 

4'/4 0.0. X 13/4 1.0. 

4'12 0.0. x 2 1.0. 

50.0. x 2 1.0. 

5 0.0. X 2'12 1.0. 

50.0. x 3 1.0. 

5'/2 0.0. x 13/4 1.0. 

5'120.0. x 2 1.0. 

5'120.0. X 2'12 1.0. 

60.0. X 13/4 1.0. 

60.0. x 2 1.0. 

60.0. x 3 1.0. 

61/2 0.0. x 31/4 1.0. 

61/2 0.0. x 31/2 1.0. 

61/2 0.0. x 4 I.�. 
7 0.0. X 21/4 1.0. 

70.0. x 3 1.0. 

70.0. X 31/21.0. 

70.0. x 4 1.0. 

71/2 0.0. x 3 1.0. 

71/2 0.0. X 31/2 1.0. 

7'/2 0.0. x 4 1.0. 

8 0.0. x 31/2 1.0. 

80.0. x 5 1.0. 

81/4 0.0. x 3'/2 1.0. 

8'/2 0.0. x 51/4 1.0. 

9 0.0. x 4 1.0. 

9 0.0. x 5 1.0. 

9 0.0. x 6 1.0. 

10 0.0. x 4 1.0. 

10 0.0. x 5 1.0. 

10 0.0. x 6 1.0. 

11 0.0. x 4 1.0. 

11 0.0. x 6 0.0. 

11 0.0. x 7 1.0. 

120.0. x 5 1.0. 

120.0. x 61.0. 

12 0.0. x 7 1.0. 

12 0.0. x 8 1.0. 

·130.0. x 6 1.0. 

130.0. x 7 1.0. 

13 0.0. x 8 1.0. 

130.0. x 9 1.0. 

140.0. x 7 1.0. 

14 0.0. x 10 1.0. 

150.0. x 9 1.0. 

150.0. x 10 1.0. 

160.0. x 10 1.0. 

16 0.0. x 12 1.0. 

technical sel'Vice 

GRADES 
Sanderson Kelos Airdi 1 SO 

If you make tools with machined·out centers and wish 
additional information on Crucible Hollow Tool Steel, 
or techn ical assistance in solving an application problem, 
call in a Crucible representative. Our experienced staff 
of tool steel specialists is always available. 

first name in special purpose -steels 

CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 
Midland Works. Midland, Pa. Spaulding Works, H�rrison, N. J. Park Works, Pittsburgh, Pa. Spring Works, Pittsburgh, Pa. 

National Drawn Works, East Liverpool, Ohio Sanderson·Halcomb Works, SyraclJse, N. Y. Trent Tube Company, East Troy, Wisconsin 

46 

© 1953 SCIENTIFIC AMERICAN, INC
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SCIENTIFIC 
AMERICAN 

VOL. 189, NO. 3 

FUNDAMENTAL QUESTIONS 

IN SCIENCE 

SCIence In its strict sense: the interrogation 

introduction raises the question: Does our society 
confuse SCIence \vith applied SCIence, and thus neglect the former? 

An 

of 

devoted to 

This 

Issue 

nature. 

I
t has become a custom for SCIENTIFIC 

AMERICAN to devote its September 
issue to a unified topic. The first of 

these special issues, three years ago, pre
sented a review of the progress of sci
ence over the first half of the present 
century. Two years ago the subject was 
the human resources of the U. S., with 
special emphasis on scientific manpower. 
Last year it was automatic-control mech
anisms. Under the title of "Fundamen
tal Questions in Science," the present 
issue takes up another topic of, wide 
public interest. 

The unity of this issue has nothing to 
do with the subject matter of the vari
ous articles. Their authors deal with 
many fields of science-mathematics, as
tronomy, physics, biology, chemistry, 
psychology. They range over the heav
ens and the earth, the cell and the atom, 
!llan's mind and his ways of thinking. 
But these articles are nevertheless built 
around one central theme. It has to do 
with the motivation of the scientist, and 
with the true nature of free science. 

Each of these articles is the reply of 
a first-rate and active scientist to one 
common query: "What question in your 
special field seems to you to be, at this 
moment in the development of science, 
a germinal question? What really inter
ests you? What seems important to you? 
What do you like to think about?" 

Do not be misled into brushing these 
questions aside as trivial. To the ques-

by Warren Weaver 

tion "What is science?" the realistic an
swer, it has been said, is that science is 
what scientists do. And in the present 
scene, when a dangerous anti-intellec
tualism seems to be invading our society, 
and when pleasant temptations and un
pleasant pressures divert scientists to 
"practical" researches, it would be still 
more meaningful to declare: What sci
ence ought to be is what the ablest sci
entists really want to do. 

This may seem, at first thought, a 
shallow, hedonistic attitude, as though 
one were arguing that science should be 
merely a private entertainment for scien
tists . Actually free science, the free fol
lowing of curiosity, has never been 
trivial, selfish or purposeless. The sober 
record of experience shows that the 
trained human mind, if you give it free 
play and a congenial climate, turns to 
deep and significant enterprises. The ra
tional approach to life is a successful and 
productive approach. The most imagina
tive and powerful movements in the his
tory of science have arisen not from plan, 
not from compulsion, but from the spon
taneous enthusiasm and curiositv of ca
pable individuals who had the freedom 
to think about the things they considered 
interesting. 

The articles assembled here offer 
splendid confirmation of these claims. 

Their eight authors are concerned with 
great pivotal questions which go to the 

heart of our understanding of the struc
ture of the physical universe, the proc
esses of life and the nature of the human 
mind. 

The first two articles are concerned 
with the way the physical universe is 
put togethei·. What goes on within that 
tiniest of all mysteries, the nucleus of an 
atom? What has happened to the rela
tively tidy picture which we all had, not 
too many years ago, of a physical world 
built from only a couple of elementary 
particles? What sort of reductio ad ab
surdum are we headed for, when the 
number of elementary particles now 
stands at perhaps 20 and still tends to 
increase? Is it possible that these ele
mentary particles have become neither 
elementary nor particles? 

The next two articles go rocketing off 
to the other dimensional extreme of the 
universe, into questions about cosmic 
rays and galactiC universes. For their 
explorations the authors use mental de
vices which have already penetrated 
farther into outer space than physical 
rockets can ever hope to go. 

It is not uncharacteristic of modern 
trends in science that chemistry, in this 
series of articles, appears as the close 
companion of biology. A large fraction 
of present-day pure research in chemis
try is either essentially indistinguishable 
from physics, or is intimately involved 
in the biological sciences. Thus we find 
chemistry here turned upon a truly cen-
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tral and universal question of the life 
sciences: How do living things build the 
characteristic material out of which they 
are so largely constructed? 

Moving still further toward the life 
sciences in the nowadays continuous 
spectrum of science, we find an article 
on one of the great central mysteries of 
biology-the problem of differentiation. 
A man's body starts as a single fertilized 
cell. Somewhere along the way it is ar
ranged that certain of the cells arising 
from this common ancestor cell develop 
specialized characteristics and become 
nerve cells; certain others become liver 
cells, while still others develop into the 
cells of fingernails, hair, muscle, con-
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nective tissue, and so on. How does this 
specialization take place? Here, surely, 
is a deep problem which is at the very 
core of bi�logical science. -

The last two articles take up questions 
in the realm of the mind itself. One deals 
with the nature and mechanism of mem
ory. The other is concerned with the 
foundations of the mind's logical proc
esses and its judgments. The author 
analyzes two concepts of probability
the statistical and the inductive-and 
shows how we find the former useful in 
statements about concrete physical situ
ations, while we seek, in the latter, a 
method for making judgments about 
such statements. 

Viewing these articles all together, 
what do they teach us about the char
acter of pure science? As responsible 
citizens of a country which still desires 
intellectual freedom, still respects orig
inality and variety, still treasures cu
riosity and still 'profits from dissent
and we must believe this in spite of the 
narrow, selfish, stupid, angry little men 
who try today to frighten us into a con
trary positiori-as responsible citizens 
who believe in the conquering power of 
the mind, what lessons do these articles 
have for us? 

Note first what these papers have to 
say cOI1.cerning the character of the real
ly interesting and important questions 

The Greeks of the Pythagorean school asked the question: Whal 
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which are investigated by pure science. 
From certain "practical" points of view, 
these questions must seem esoteric and 
utterly remote. The interior of the nu
cleus! The distant galaxies of the cos
mos! How can an investigating com
mittee ever visit these places and check 
up? The chemical happenings within a 
cell, the inner workings of man's mind, 
the cosmic rays of outer space! In the 
play of what market place are their at
tributes assessed? What do such re
searches cure, whom do they feed, how 
much money will they make, how many 
will th ey kill? 

There are, I think, two main observa
tions to be made. The first is that the 

questions are important in the first in
stance because they have depth and 
sweep, because they are esthetically at
tractive, because they are instances of 
man's mind seeking to meet the chal
lenge of the universe. The second ob
servation is that pure science is also 
intensely practical. The whole of man's 
experience has demonstrated that the 
practical results required for tomorrow 
depend essentially on the "impractical" 
free curiosity of today. 

This latter point is one to which we 
in the U. S. have learned to pay a certain 
amount of lip service. But we have not 
yet really come to believe it in any op
erational sense. It is a truism that we 

etre the relations of the sides and the angles of a triangle? 

are most ingenious. here in America, in 
instrumenting and exploiting ideas. But 
we are not so good as we should be in 
producing fundamental ideas. And we 
are still immature in the sense that we 
are impatient, that we demand quick 
"results." We do not furnish for science 
enough of the sustained and flexible sup
port which would provide great minds 
with the leisure and the calm to think. 
We know that this is, in fact, the way 
to make important progress, but we lack 
the courage and the foresight to act on 

that knowledge. 
This is a particularly relevant and 

timely consideration, now that the pub
lic is underwriting so much of the cost 
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Modern man, reflecting on the heavens and Einstein's unified field equations, asks: What (Ire the relations of the forces of natllre? 

50 

© 1953 SCIENTIFIC AMERICAN, INC



of scientific research. Major financing 
for science today is coming from the 
great national drives for funds for re
search on various disorders and, to a 
much larger extent, from various agen
cies of the government. There are, with
in all of these agencies for the public 
support of science, some wise and dis
cerning persons who understand what 
kind of support science needs. They do 
not believe that the crowning triumph 
of civilization is a one-year grant of 
money carefully restricted to work on 
some rigidly specified problem; they 
know that really imaginative science 
does not come in the form of tightly 
scheduled reports, turned out in multi
ple copies, wrapped in cellophane and 
tied up with red tape. But there are too 
few such persons, and they receive far 
too little informed public support. 

There are signs that our National Sci
ence Foundation is at last on its way to 
obtaining funds which will give it a 
chance to grow and develop. It has an 
appropriation of $8 million for the com
ing year, compared to $4.8 million last 
year. The ridiculous statutory ceiling of 
$15 million on its annual budget has 
been removed by Congress. It is to be 
hoped that the National Science Foun
dation will have the imagination, skill 
and courage to lead public opinion to a 
higher concept of what basic science is. 
Everyone knows that our free demo
cratic society requires science for its de
fense, for the maintenance of its stand
ards of living and for the health and 
comfort of its people. In a still deeper 
sense, however, our society requires sci
ence for its own intellectual and artistic 
worth. This must be more widely com
prehended if we are to develop the 
climate of opinion and the techniques 
of support which will assure that science 
in America can be free and imaginative. 

Basic science has aspects which make 
- it at once attractive and forbidding 
to popular interest and understanding. 
The articles in this issue suggest to me 
certain pregnant words: explanation, 
control, precision, enthusiasm, humility, 
mystery. It will not be surprising if some 
readers consider this a queer group of 
words and a contradictory association of 
ideas. But science, as this set of articles 
well illustrates, has more of an artistic 
structure than some would have us be
lieve, and it accommodates within itself 
a wide and actually contrasting set of 
ideas. "The great scientist, " as the Aus
tralian medical researcher W. I. B. Bev
eridge has said, "must be regarded as a 
creative artist, and it is quite false to 

think of the scientist as a man who 
merely follows rules of logic and experi
ment. " 

What, then, is a truly scientific expla
nation? At the level of sophomore sci
ence, and almost universally at the level 
of general public discourse, one explains 
something by describing and analyzing 
it in terms of more familiar experience. 
This normally provides the illusion de
sired, for we seldom stop to think that 
the more familiar terms themselves re
quire explanation. When one is talking 
at a fundamental level, however, expla
nation is a very different process. Fa
miliarity ceases to be so useful, and the 
main requirements of an explanation, at 
this basic level, are compactness and 
generality. If you have a very compact 
(and hence often mathematical) way of 
stating relationships among a wide range 
of things and events, then you may say 
that you have explained them. The ex
planation need not be, and in fact al
most surely is not, understandable in any 
ordinary sense. On the contrary, we 
must adjust ourselves to the notion that 
understandability, in this basic sense, is 
actually synonymous with compactness 
and generality and that we cannot ask 
for more. 

Compactness and generality may offer 
less reassurance than the cozy explana
tion most of us originally look for. Es
thetically and logically, however, they 
yield much deeper satisfactions. If we 
persist nonetheless in hankering for re
assurance, perhaps this is to be found in 
another aspect of the scientific kind of . 
explanation. Such explanations not only 
relate present data but make possible 
the prediction of future data. When a 
prediction is realized in actuality, then 
no end of comfort is available in the as
surance that the theory works, that 
things are under control. It is this same 
control over nature that we carry over 
into the practical applications of science 
in technology. 

The control which science gives us 
depends essentially upon the third as
pect of science which I want to discuss. 
This is the precision of science, which is 
here most convincingly illustrated by 
the article on the forces that bind the 
atomic nucleus. Think, for just one so
bering moment, of the incredible small
ness which is involved. Roughly ten mil
lion �toms are required to stretch across 
the head of a pin. Yet if an atom were 
enlarged until it were as large as a 
house, its nucleus would then itself be 
about the size of the head of a pin. 
Science weighs this mite within a mite 
with an accuracy of one part in a mil-

lion. Here is penetrating precision which 
is almost unbelievably exquisite. Yet, ab
stract as it is, it establishes a vast new 
industry, so powerful that we are not 
even permitted to know its size. 

And lastly, what about those three 
words enthusiasm, humility and mys
tery? Enthusiasm we find everywhere in 
science; here, in these articles, we read 
such phrases as: " . . . so rich in form and 
function "; " . . .  one of the great ques
tions "; " . . .  on the challenging frontier. " 
Humility we ��ould find everywhere, :s 
we do here: . . .  we cannot be sure ; 
" . . .  especially hard to understand "; 
" . .. in deep water. " But this virtue 
seems more characteristic of the great 
researchers in pure science than of those 
concerned with more applied and super
ficial problems. And mystery, although 
science continuously crowds it back, 
stubbornly and beautifully remains at 
the core. Necessarily, it confronts writ
ers on fundamental questions at every 
turn: " . . . still remains the secret of the 
cell "; " .. . I am almost as little prepared 
to answer [this question] as to tell where 
Sancho Panza's second donkey came 
from. " Science has not become so lost 
in specialization but that the central 
mysteries of nature continue to be its 
first concern, and there are hundreds of 
scientists investigating them today with 
the sweep and penetration exemplified 
in these articles. 

The idea that science is coldly logical 
and faultlessly relentless in its forward 
march is contradicted by all that we 
read here. Science, as we find it in these 
articles, is no juggernaut, crushing all 
before it. Science here reveals itself as 
it truly is-a natural and integral part of 
man's whole life, an activity which, at 
base, is a blend of logic, intuition, art 
and belief. It has been refined into an 
instrument of great beauty and precision 
by th� few, but this science of the few 
is merely the distillation of the expe
rience of the many. As a natural social 
activity of man, science belongs to all 
men. 

It is well for us that this is true. For 
it tells us that science need not be re
garded as the possession of some select 
inner priesthood, but that its essential 
nature can be understood by all literate 
persons. This is the proposition on which 
SCIENTIFIC AMERICAN is based. This is 
the proposition which assures that the 
citizens of a free democracy, under
standing and prizing the work of science, 
will provide the support and the terms 
of support that will cause science 'to 
prosper and bring its benefits, power 
and beauty to the service of the people. 
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What Is Matter? 

The wave-pa/�ticle 

resolved 1n favor 

1S no clear picture 

F
ifty years ago science seemed on 
the road to a clear-cut answer to 
the ancient question which is the 

title of this article. It looked as if mat
ter would be reduced at last to its ul
timate building blocks-to certain sub
microscopic but nevertheless tangible 
and measurable particles. But it proved 
to be less simple than that. Today a 
physicist no longer can distinguish sig
nificantly between matter and something 
else. We no longer contrast matter with 
forces or fields of force as different en
tities; we know now that these concepts 
must be merged. It is true that we speak 
of "empty" space (i.e., space free of 
matter), but space is never really empty, 
because even in the remotest voids of 
the universe there is always starlight
and that is matter. Besides, space is filled 
with gravitational fields, and according 
to Einstein gravity and inertia cannot 
very well be separated. 

Thus the subject of this article is in 
fact the total picture of space-time re
ality as envisaged by physics. We have 
to admit that our conception of material 
reality today is more wavering and un
certain than it has been for a long time. 
We know a great many interesting de
tails, learn new ones every week. But to 
construct a clear, easily comprehensible 
picture on which all physicists would 
agree-that is simply impossible. Physics 
stands at a grave crisis of ideas. In the 
face of this crisis, many maintain that no 
oDjective picture of reality is possible. 
However, the optimists among us (of 
whom I consider myself one) look.upon 
this view as a philosophical extravagance 
born of despair. We hope that the pres
ent fluctuations of thinking are only in
dications of an upheaval of old beliefs 
which in the end will lead to something 
better than the mess of formulas which 
today surrounds our subject. 

Since the picture of matter that I am 
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dualism afflicting modern physics 1S best 

of waves, believes the author, but there 

of Inatter on which physicists can agree 

by Erwin Schrodinger 

EDITOR'S NOTE 

This article is condensed from a 
lecture entitled "Our Conception 
of Matter," given by Professor 
Schrodinger in 1952 at a confer
ence in Geneva organized by Ren
contres Internationales de Geneve. 
The condensation is based on a 
translation by Sonja Bargmann, 
and it is published here with the 
kind permission of Editions de la 
Baconniere of Neuchiltel, Switzer
land, who are publishing the full 
lecture in a volume called 
L'homme devant la science, pre
senting the proceedings of the con
ference. 

supposed to draw does not yet exist, 
since only fragments of it are visible, 
some parts of this narrative may be in
consistent with others. Like Cervantes' 
tale of Sancho Panza, who loses his don
key in one chapter but a few chapters 
later, thanks to the forgetfulness of the 
author, is riding the dear little animal 
again, our story has contradictions. We 
must start with the well-established 
concept that matter is composed of cor
puscles or atoms, whose existence has 
been quite "tangibly" demonstrated by 
many beautiful experiments, and with 
Max Planck's discovery that energy also 
comes in indivisible units, called quanta, 
which are supposed to be transferred ab
ruptly from one carrier to another. 

But then Sancho Panza's donkey will 
return. For I shall have to ask you to be
lieve neither in corpuscles as permanent 
individuals nor in the suddenness of the 
transfer of an energy quantum. Discrete
ness is present, but not in the traditional 
sense of discrete single particles, let 
alone in the sense of abrupt processes. 

Discreteness arises merelv as a structure 
from the laws governing the phenomena. 
These laws are by no means fully under
stood; a probably correct analogue from 
the physics of palpable bodies is the way 
various partial tones of a bell derive 
from its shape and from the laws of 
elasticity to which, of themselves, noth
ing discontinuous adheres. 

The idea that matter is made up of 
ultimate particles was advanced as 

early as the fifth century B.C. by Leu
cippus and Democritus, who called these 
particles atoms. The corpuscular theory 
of matter was lifted to physical reality 
in the theory of gases developed during 
the 19th century by James Clerk Max
well and Ludwig Boltzmann. The con
cept of atoms and molecules in violent 
motion, colliding and rebounding again 
and again, led to full comprehension of 
all the properties of gases: their elastic 
and thermal properties, their viscosity, 
heat conductivity and diffusion. At the 
same time it led to a firm foundation of 
the mechanical theory of heat, namely, 
that heat is the motion of these ultimate 
particles, which becomes increasingly 
violent with rising temperature. 

Within one tremendously fertile dec
ade at the turn of the century came the 
discoveries of X-rays, of electrons, of the 
emission of streams of particles and other 
forms of energy from the atomic nucleus 
by radioactive decay, of the electric 
charges on the various particles. The 
masses of these particles, and of the 
atoms themselves, were later measured 

. very precisely, and from this was discov
ered the mass defect of the atomic nu
cleus as a whole. The mass of a nucleus 
is less than the sum of the masses of its 
component particles; the lost mass be
comes the binding energy holding the 
nucleus firmly together. This is called 
the packing effect. The nuclear forces of 
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course are not electrical forces-those 
are repellent-but are much stronger and 
act only within very short distances, 
about 10-13 centimeter [see Hans 
Bethe's article on page 58). 

Here I am already caught in a con
tradiction. Didn't I say at the beginning 
that we no longer assume the existence 
of force fields apart from matter? I could 
easily talk myself out of it by saying: 
Well, the force field of a particle is sim
ply considered a part of it. But that is 
not the fact. The established view today 
is rather that everything is at the same 
time both particle and field. Everything 
has the continuous structure with which 
we are familiar in fields, as well as the 
discrete structure with which we are 
equally familiar in particles. This con
cept is supported by innumerable experi
mental facts and is accepted in general, 
though opinions differ on details, as we 
shall see. 

In the particular case of the field of 
nuclear forces, the particle structure is 
more or less �nown. Most likely the con
tinuous force field is represented by the 
so-called pi mesons. On the other hand, 
the protons and neutrons, which we 
think of as discrete particles, indisputa
bly also have a continuous wave struc
ture, as is shown by the interference 
patterns they form when diffracted by a 
crystal. The difficulty of combining these 
two so very different character traits in 
one mental picture is the main stum
bling-block that causes our conception 
of matter to be so uncertain. 

Neither the particle concept nor the 
wave concept is hypothetical. The tracks 
in a photographic emulsion or in a Wil
son cloud chamber leave no doubt of the 
behavior of particles as discrete units. 
The artificial production of nuclear par
ticles is being attempted right now with 
terrific expenditure, defrayed in the 
main by the various state ministries of 
defense. It is true that one cannot kill 
anybody with one such racing particle, 
or else we should all be dead by now. 
But their study promises, indirectly, a 
hastened realization of the plan for the 
annihilation of mankind which is so close 
to all our hearts. 

You can easily observe particles your
self by looking at a luminous numeral of 
your wrist watch in the dark with a 
magnifying glass. The luminosity surges 

. and undulates, just as a lake sometimes 
twinkles in the sun. The light consists of 
sparklets, each produced by a so-called 
alpha particle (helium nucleus) ex
pelled by a radioactive atom which in 
this process is transformed into a differ
ent atom. A specific device for detecting 

LIGHT INTERFERENCE pattern, showing the wave nature of light, was produced at the 
National Bureau of Standards, using light from mercury vapor and an interferometer. 

ELECTRON INTERFERENCE pattern from a crystal diffractiorl experiment at the Radio 
Corporation of America Laboratories gives convincing evidence that electrons are waves. 
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WAVE DIAGRAM in two dimensions shows wave fronts (circles) and wave "normals" or 
"rays" (arrows). In three dimensions the fronts would be surfaces like layers in an onion. 

and recording single particles is the 
Geiger-Muller counter. In this short re
sume I cannot possibly exhaust the many 
ways in which we can observe single 
particles. 

N
0w to the continuous field or wave 

character of matter. Wave structure 
is studied mainly by means of diffraction 
and inte�ference-phenomena which oc
cur when wave trains cross each other. 
For the analysis and measurement of 
light waves the principal device is the 
ruled grating, which consists of a great 
many fine, parallel, equidistant lines, 
closely engraved on a specular metallic 
surface. Light impinging from one di
rection is scattered by them and col
lected in different directions depending 
on its wavelength. But even the finest 
ruled gratings we can produce are too 
coarse to scatter the very much shorter 
waves associated with matter. The fine 
lattices of crystals, however, which Max 
von Laue first used as gratings to analyze 
the very short X-rays, will do the same 
for "matter waves." Directed at the sur
face of a crystal, high-velocity streams 
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of particles manifest their wave nature. 
With crystal gratings physicists have dif
fracted and measured the wavel,engths 
of electrons, neutrons and protons. 

What does Planck's quantum theory 
have to do with all this? Planck told us 
in 1900 that he could comprehend the 
radiation from red-hot iron, or from an 
incandescent star such as the sun, only' 
if this radiation was produced in discrete 
portions and transferred in such discrete 
quantities from one carrier to another 
(e.g., from atom to atom). This was ex
tremely startling, because up to that time 
energy had been a highly abstract con
cept. Five years later Einstein told us 
that energy has mass and mass is en
ergy; in other words, that they are one 
and the same. Now the scales begin to 
fall f�'om our eyes: oUf dear old atoms, 
corpuscles, particles are Planck's energy 
quanta. The carriers of those quanta are 
themselves quatlta. One gets dizzy. 
Something quite fundamental must lie 
at the bottom of this, but it is not sur
prising that the secret is not yet under
stood. After all, the scales did not fall 
suddenly. It took 20 or 30 years. And 

perhaps they still have not fallen com
pletely. 

The next step was not quite so far
reaching, but important enough. By an 
ingenious and appropriate generaliza
tion of Planck's hypothesis Niels Bohr 
taught us to understand the line spectra 
of atoms and molecules and how atoms 
were composed of heavy, positively 
charged nuclei with light, negatively 
charged electrons revolving around 
them. Each small system-atom or mole
cule-can harbor only definite discrete 
energy quantities, corresponding to its 
nature or its constitution. In transition 
from a higher to a lower "energy level" 
it emits the excess energy as a radiation 
quantum of definite wavelength, in
versely proportional to the quantum 
given off. This means that a quantum of 
given magnitude manifests itself in a 
perioditl process of definite frequency 
which is directly proportional to the 
quantum; the frequency equals the en
ergy quantum divided by the famous 
Planck's constant, h. 

According to Einstein a particle has 
the energy mc2, m being the mass of the 
particle and c the velocity of light. In 
1925 Louis de Broglie drew the infer
ence, which rather suggests itself, that 
a particle. might have associated with 
it a wave process of frequency mc2 di
vided by h. The particle for which he 
postulated such a wave was the elec
tron. Within two years the "electron 
waves" required by his theory were dem
onstrated by the famous electron dif
fraction experiment of C. J. Davisson 
and L. H. Germer. This was the starting 
point for the cognition that every thing
anything at all-is simultaneously par
ticle and wave field. Thus de Broglie's 
dissertation initiated our uncertainty 
about the nature of matter. Both the par
ticle picture and the wave picture have 
truth value, and we cannot give up 
either one or the other. But we do not 
know how to combine them. 

That the two pictures are connected 
is known in full generality with great 

precision and down to amazing details. 
But concerning the unification to a sin
gle, concrete, palpable picture opinions 
are so strongly divided that a great many 
deem it altogether impossible. I shall 
briefly sketch the connection. But do not 
expect that a uniform, concrete pictme 
will emerge before you; and do not 
blame the lack of success either on my 
ineptness in exposition or your own 
denseness-nobody has yet succeeded. 

One distinguishes two things in a 

wave. First of all, a wave has a front, 
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and a succession of wave fronts forms a 
system of surfaces like the layers of an 
onion. You are familiar with the two
dimensional analogue of the beautiful 
wave circles that form on the smooth 
surface of a pond when a stone is thrown 
in. The second characteristic of a wave, 
less intuitive, is the path along which it 
travels-a system of imagined lines per
pendicular to the wave fronts. These 
lines are known as the wave "normals" 
or "rays." 

Vie can make the provisional assertion 
that these rays correspond to the trajec
tories of particles. Indeed, if you cut a 
small piece out of a wave, approximately 
10 or 20 wavelengths along the direc
tion of propagation and about as much 
across, such a "wave packet" would ac
t�ally move along a ray with exactly the 
same velOCity and change of velocity as 
we might expect from a particle of this 
particular kind at this particular place, 
taking into account any force fields act
ing on the particle. 

Here I falter. For what I must say 
now, though correct, almost contradicts 
this provisional assertion. Although the 
behavior of the wave packet gives us a 
more or less intuitive picture of a par
ticle, which can be worked out in detail 
(e.g., the momentum of a particle in

creases as the wavelength decreases; the 
two are inversely proportional), yet for 
many reasons we cannot take this intui
tive picture quite seriously. For one 
thing, it is, after all, somewhat vague, 
the more so the greater the wavelength. 
For another, quite often we are dealing 
not with a small packet but with an ex
tended wave. For still another, we must 
also deal with the important special 
case of very small "packelets" which 
form a kind of "standing wave" which 
can have no wave fronts or wave nor
mals. 

One interpretation of wave phenome
na which is extensivel�' supported by ex
periments is this: At each position of a 
uniformly propagating wave train there 
is a twofold structural connection of in
teractions, which mav be distinguished 
as "longitudinal" and "transversal." The 
transversal structure is that of the wave 
fronts and manifests itself in diffraction 
and interference experiments; the longi
tudinal structure is that of the wave nor
mals and manifests itself in the observa
tion of single particles. However, these 
concepts of longitudinal and transversal 
structures are not sharply defined and 
absolute, since the concepts of wave 
front and wave normal are not, either. 

The interpretation breaks down com
pletely in the special case of the standing 

DIFFRACTION is characteristic of waves. When a wave (le/I,) comes to a barrier per
forated with a small hole, it diffracts around the edges of the hole to form a new wave (right). 

INTERFERENCE is also evidence of waves. Its characteristic paltern is formed when rays 
interaet. For light waves the paltern shows up as bright and dark bands on a screen (right)_ 
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waves mentioned above. Here the whole 
wave phenomenon is reduced to a small 
region of the dimensions of a single or 
very few wavelengths. You can produce 
standing water waves of a similar nature 
in a small basin if you dabble with your 
finger rather uniformly in its center, or 
else just give it a little push so that the 
water surface undulates. In this situa
tion we are not dealing with uniform 
wave propagation; what catches the in
terest are the normal frequencies of these 
standing waves. The water waves in the 
basin are an analogue of a wave phe
nomenon associated with electrons, 
which occurs in a region just about the 
size of the atom. The normal frequencies 
of the wave group washing around the 
atomic nucleus are. universally found to 
be exactly equal to Bohr's atomic "en
ergy levels" divided by Planck's constant 
h. Thus the ingenious yet somewhat arti
ficial assumptions of Bohr's model of the 
atom, as well as of the older quantum 
theory in general, are superseded by the 
far more natural idea of de Broglie's 
wave phenomenon. The wave phenome
non forms the "body" proper of the 
atom. It takes the place of the individual 
pointlike electrons which ill Bohr's 
model are supposed to swarm around the 
nucleus. Such pointlike single particles 
are completely out of the question with
in the atom, and if one still thinks of the 
nucleus jtself in this way one does so 
quite consciously for reasons of expe
diency .. 

\Vhat seems to me particularly im-
pOltant about the discovery that 

"energy levels" are virtually nothing but 
the frequencies of normal modes of vi
bration is that now one can do without 
the assumption of sudden transitions, or 
quantum jumps, since two or more nor
mal modes may very well be excited 
simultaneously. The discreteness of the 
normal frequencies fully suffices-so I 
believe-to support the considerations 
from which Planck started and many 
similar and just as important ones-I 
mean, in short, to support all of quan
tum thermodynamics. 

The theory of quantum jumps is be
coming more and more inacceptable, at 
least to me personally, as the years go 
on. Its abandonment has, however, far
reaching consequences. It means that 
one must give up entirely the idea of 
the exchange of energy in well-defined 
quanta and replace it with the concept 
of resonance between vibrational fre
quencies. Yet we have seen that because 
of the identity of mass and energy, we 
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must consider the particles themselves 
as Planck's energy quanta. This is at 
first frightening. For the substituted 
theory implies that we can no longer· 
consider the individual particle as a 
well-defined permanent entity. 

That it is, in fact, no such thing can 
be reasoned in other ways. For one 
thing, there is Werner Heisenberg's fa
mous uncertainty principle, according to 
which a particle cannot Simultaneously 
have a well-defined position and a 
sharply defined velocity. This uncertain
ty implies that we cannot be sure that 
the same particle could ever be observed 
twice. Another conclusive reason for not 
attributing identifiable sameness to indi
vidual particles is that we must obliter
ate their individualities whenever we 
consider two or more interacting parti
cles of the same kind, e.g., the two elec
trons of a helium atom. Two situations 
which are distinguished only by the in
terchange of the two electrons must be 
counted as one and the same; if they are 
counted as two equal situations, non
sense obtains. This circumstance holds 
for any kind of particle in arbitrary num
bers without exception. 

Most theoreticians
. 

will probably ac-
cept the foregoing reasoning and 

admit that the individual particle is not 
a well-defined permanent entity of de
tectable identity or sameness. Neverthe
less this inadmissible concept of the indi
vidual particle continues to play a large 
role in their ideas and discussions. Even 
deeper rooted is the belief in "quantum 
jumps," which is now surrounded with a 
highly abstruse terminology whose com
mon-sense meaning is often difficult to 
grasp. For instance, an important word 
in the standing vocabulary of quantum 
theory is "probability," referring to tran
sition from one level to another. But, 
after all, one can speak of the probability 
of an event only assuming that, occa
sionally, it actually occurs. If it does oc
cur, the transition must indeed be sud
den, since intermediate stages are dis
claimed. Moreover, if it takes time, it 
might conceivably be interrupted half
way by an unforeseen disturbance. This 
possibility leaves one completely at sea. 

The wave v. corpuscle dilemma is 
supposed to be resolved by asserting that 
the wave field merely serves for the com
putation of the probability of finding a 
particle of given properties at a given 
position if one looks for it there. But once 
one deprives the waves of reality and 
assigns them only a kind of informative 
role, it becomes very difficult to under-

stand the phenomena of interference 
and diffraction on the basis of the com
bined action of discrete single particles. 
It certainly seems easier to explain par
ticle tracks in terms of waves than to 
explain the wave phenomenon in terms 
of corpuscles. 

"Real existence" is, to be sure, ap ex
pression which has been virtually chased 
to death by many philosophical hounds. 
Its simple, naive meaning has almost 
become lost to us. Therefore I want to 
recall something else. I spoke of a cor
puscle's not being an individual. Proper
ly speaking, one n�r observes the same 
particle a second time-very much as 
Heraclitus says of the river. You cannot 
mark an electron, you cannot paint it 
reel. Indeed, you must not even think of 
it as marked; if you do, your "counting" 
will be false and you will get wrong 
results at every step-for the structure of 
line spectra, in thermodynamics and 
elsewhere. A wave, on the other hanel, 
can easily be imprinted with an indi
vidual structure by which it can be rec
ognized beyond doubt. Think of the 
beacon fires that guide ships at sea. The 
light shines according to a definite code; 
for example: three seconds light, five 
seconds dark, one second light, another 
pause of five seconds, and again light 
for three seconds-the skipper knows 
that is San Sebastian. Or you talk by 
wireless telephone with a friend across 
the Atlantic; as soon as he says, "Hello 
there, Edward Meier speaking," you 
know that his voice has imprinted on 
the radio wave a structure which can be 
distinguished from any other. But one 
does not have to go that far. If your wife 
calls, "Francis!" from the garden, it is 
exactly the same thing, except that the 
structure is printed on sound waves and 
the trip is shorter (thougr1 it takes some
what longer than the journey of radio 
waves across the Atlantic). All our 
verbal communication is based on im
printed individual wave structures. And, 
according to the same principle, what a 
wealth of details is transmitted to us in 
rapid succession by the movie or the 
television picture! 

This characteristic, the individuality 
of the wave phenomenon, has already 
been found to a remarkable extent in the 
very much finer waves of particles. One 
example must suffice. ·A limited volume 
of gas, say helium, can be thought of 
either as a collection of many helium 
atoms or as a superposition of elemen
tary wave trains of matter waves. Both 
views lead to the same theoretical re
sults as to the behavior of the gas upon 
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heating, compression, and so on. But 
when you attempt to apply certain some
what involved enumerations to the gas, 
you must carry them out in different 
ways according to the mental picture 
with which you approach it. If you treat 
the gas as consisting of particles, then no 
individuality must be ascribed to them, 
as I said. If, however, you concentrate 
on the matter wave trains instead of on 
the particles, every one of the wave trains 
has a well-defined structure which is dif
ferent from that of any other. It is true 
that there are many pairs of waves which 
are so similar to each other that they 
could change roles without any notice
able effect on the gas. But if you should 
count the very many similar states 
formed in this way as merely a single 
one, the result would be quite wrong. 

I n spite of everything we cannot com-
pletely banish the concepts of quan

tum jump and individual corpuscle from 
the vocabulary of physics. We still re
quii"e them to describe many details of 
the structure of matter. How can one 
ever determine the weight of a carbon 
nucleus and of a hydrogen nucleus, each 
to the precision of several decimals, and 
detect that the former is somewhat light
er than the 12 hydrogen nuclei com
bined in it, without accepting for the 
time being the view that these particles 
are something quite concrete and real? 
This view is so much more convenient 
than the roundabout consideration of 
wave trains that we cannot do without 
it, just as the chemist does not discard 
his valence-bond formulas, although he 
fully realizes that they represent a dras
tic simplification of a rather involved 
wave-mechanical situation. 

If you finally ask me: "Well, what are 

these corpuscles, really?" I ought to con
fess honestly that I am almost as little 
prepared to answer that as to tell where 
Sancho Panza's second donkey came 
from. At the most, it may be permissible 
to say that one can think of particles as 
more or less temporary entities within 
the wave field whose form and general 
behavior are nevertheless so clearly and 
sharply determined by the laws of waves 
that many processes take place as if 
these temporary entities were substan
tial permanent beings. The mass and the 
charge of particles, defined with such 
precision, must then be counted among 
the structural elements determined by 
the wave laws. The conservation of 
charge and mass in the large must be 
considered as a statistical effect, based 
on the "law of large numbers." 

1111111 I 
Hex 

HYDROGEN SPECTRUM expresses the behavior of a fundamental constituent of maller, 
the electron. Shown above is a part of the Balmer series of spectral lines, which are in the 
visible light range. Each line is the result of a change in energy of the atom's electron. 

• 

BOHR THEORY explained spectral lines of hydrogen by postulating a pointlike electron 
re�lving around the nucleus in any of a number of possible orbits. In falling from one to 
another, the 

'
electron emits light energy whose wavelength is that of one of the spectral lines. 

WAVE MECHANICS sees the electron not as a point mass, but as a standing wave washing 
to and fro in the atom. Some modes of vibration are possible (left), while others are not 
(right). The possible modes correspond exactly to the Bohr theory's possible energy levels. 

57 

© 1953 SCIENTIFIC AMERICAN, INC



What Holds 
the Nucleus Together? 

Electrical forces bind the electron to the atom) but they cause 

nuclear particles to fly apart. The powerful cohesion of protons 

and neutrons must be explained by a wholly different phenomenon 

I
n the preceding article Erwin Schr6-

dinger deals with the basic nature 
of matter (does it consist of particles 

or waves?) and touches on some of the 
questions about its construction. My as
signment is to discuss what is by all 
odds the most mystifying of these ques
tions: What holds the nucleus of the 
atom together? In the past quarter cen
tury physicists have devoted a huge 
amount of experimentation and mental 
labor to this problem-probably more 
man-hours than have been given to any 
other scientific question in the history 
of mankind. The problem is not only 
fundamental but alien to our experi
ence. By all the laws of known forces, 
the particles in an atom's nucleus should 
flee from one another, instead of cling
ing together so strongly that we must 
build enolmously energetic machines to 
pry them apart. The glue that holds the 
nucleus together must be a kind of force 
utterly different from any we yet know. 

Let us first look briefly at the general 
features of the atom, which is much too 
small to be seen under the most power
ful microscope but about which we 
nonetheless have a great deal of inform a-

by Hans A. Bethe 

tion. It is constructed of a heavy, posi
tively charged nucleus surrounded by 
a "planetary system" of light, negatively 
charged electrons. The forces that gov
ern the behavior of the electrons are 
thoroughly familiar: they are the forces 
of electric attraction and repulsion: To 
describe the motions of the electrons 
physicists had to invent a new mechanics 
known as quantum mechanics. Once this 
was worked out, it became possible to 
understand all the properties of atoms 
as a whole-their sizes, their chemical 
behavior, the light they emit, and so 
on-in terms of the motions of the elec
trons around the nucleus. 

The nucleus itself is a very different 
problem. Its building blocks are the posi
tively charged particles called protons 
and the electrically neutral particles 
known as neutrons. Ttre nucleus, con
taining about 99.95 per cent of the total 
mass of the atom, is far more densely 
packed than the electrons in the atom's 
outer regions; if you were to imagine the 
atom as a whole to be as big as a house, 
the nucleus would be the size of a pin
head. Now detailed investigations of the 
nucleus early turned up a remarkable 

fact: whereas the density of the fluffy 
outer structure of atoms varies greatly 
from one kind of atom to another, all 
nuclei have a uniform density (about 
100 trillion times that of water) . Th�ls 
the total volume of an atom, insofar as 
its volume can be defined at all, is not 
necessarily proportional to its weight, a 
circumstance which makes some sub
stances denser than others. But the vol
ume of a nucleus is very nearly propor
tional to its weight, just as a piece of 
iron 10 times as heavy as another is also 
10 times as large in volume. 

This resemblance of nuclei to the mat
ter of everyday experience suggested 
that the forces holding the nucleus to
gether might be something like those 
that bind atoms together. We know that 
gross matter is held together by forces 
between neighboring atoms, and that 
there are no important interactions be
tween atoms distant from one another. 
It is therefore assumed that the forces 
in the nucleus likewise act mainly be
tween neighboring particles, rather than 
from one end of the nucleus to the other. 

But what can these forces be? Clearly 
electric forces are out of the question. 

Nuclear events caused by the cyclotron at the Nevis Laboratory of Columbia University are revealed by thin white tracks 
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In the Rrst pl�ce, the electric force be
tween two protons is repulsive, not at
tractivc. And even if the sign were 
changed so that they attracted one an
other, the electric force of attraction 
would be too small by a factor of 40 to 
account for the binding energy with 
which protons are held together in the 
nucleus. Besides all this, what about the 
uncharged neutrons, which cannot exert 
any electric force, attractive or other
wise-how could the nucleus hold them? 

As for gravitation, the other important 
force with which we are acquainted, 
that is completely hopeless. The gravita
tional force between two particles in a 
nucleus is too small to explain their at
traction by a factor of 1037! 

We arc confronted with a problem 
which is just the opposite of the one 

physicists had when they began to study 
the atom as a whole. They were com
pletely familiar with the forces (electric) 
at play, but had to discover the laws 
(quantum mechanics) that governed the 
operation of these forces. In the case of 
the nucleus, we are fairly conRdent about 
the governing laws (again quantum me
chanics), but must discover the force. 

One might picture the situation in this 
way. You are walking in the park and 
come upon a group of men playing base
ball. After watching for a few minutes 
you decide that it is a match between 
lunatics. The batters seem to run to any 
base that pleases them; the Relders throw 
the ball at random; the object of the 
game is utterly obscure, and the score, 
impossible to compute. But by long, in
tense observation. you Rnally Rgure out 
the strange rules of the game. That is 
where atomic physics had arrived 20 
years ago. We have now moved along to 
another place in the park and discovered 
a second game more insane than the first. 
The rules seem to be the same, but the 
players are playing without a ball! Some· 
thing-we do not know just what-is 
passing back and forth among the play
ers, and to understand the game we must 

Rnd out what that something is. The in
visible ball shuttling among the players 
corresponds to the force between par
ticles in the nucleus. 

Our problem is twofold: ( 1) to meas
ure the force and determine its other 
properties, and (2) to probe into the 
"cause" of the nuclear force, as it were, 
by studying its connections with other 
physical phenomena. 

We can get an approximate measure
ment of the strength of the nuclear forces 
by determining the binding energy with 
which the nucleus is held together. This 
can be done in two ways: by measuring 
the energy set free or consumed in vari
ous nuclear reactions, or by using Ein
stein's relation E = Mc2, which says that 
the binding energy is equal to the mass 
defect in the nucleus times the square of 
the velocity of light. The "mass defect," 
of course, refers to the fact that the mass 
of the nucleus is slightly smaller than the 
sum of the masses of the particles com
bined in it; the difference is the "defect." 

By these two methods it has been de
termined that the binding energy hold
ing each particle in a heavy nucleus is 
between six and eight million electron 
volts (roughly a million times the energy 
that holds atoms together in a molecule). 
But this is still far from telling us much 
about the force between two individual 
particles-to say nothing of the complex 
set of interacting forces operating among 
the whole group of particles. We can try 
to use the measured energies with which 
particles are bound to the nucleus as a 
basis for calculating the nuclear force. If 
we tried this with any complex nucleus, 
however, we would be in very deep 
water; the mathematical problem of 
computing from the binding energy the 
forces among the 16 particles of the oxy
gen nucleus, for instance, is so formi
dable that no one would dream of at
tempting it. We are forced to concen
trate, as the atomic physicists did in 
studying the atom, on the simplest pos
sible system. The atomic physicists ob
tained most of their information about 

atoms from the two-particle hydrogen 
atom-one proton and one electron. As a 

subject for investigating nuclear forces, 
the simplest nucleus we can Rnd is the 
deuteron (the nucleus of heavy hydro
gen), which consists of one proton and 
one neutron. 

Unfortunately the deuteron is far less 
helpful than the hydrogen atom was. 
The hydrogen atom's various energy 
states, normal and excited, all provide 
means of testing the laws governing the 
forces between its proton and electron. 
But the deuteron has no excited state. 
The only measurement it can give us is 
the binding energy in. its Rxed ground 
state, and this alone is not sufficient to 
determine with preCision the force be
tween its two particles and-what the nu
clear physicist particularly wants to 
know-how that force varies with dis
tance. ''\Ie have therefore had to study 
the matter indirectly bv investigating the 
interaction between free protons and 
free neutrons. A beam of neutrons is di
rected at a piece df matter containing hy-' 
drogen. Neutrons colliding with the pro
tons in the hydrogen are scattered in 
various directions. By observing how 
many neutrons are scattered in each di
rection, and by using neutron beams of 
v'arying speeds, we are able to deduce 
the force between the proton and the 
neutron. 

The most conspicuous feature of nu
clear forces turns out to be their short 

range. At a distance of about 10-1:; centi
meter (which is a hundred-thousandth 
of the radius of an atom) the nuclem' 
force of attraction between two protons 
is about 40 times as strong as the electric 
force of repulsion between them. At four 
times that distance the nuclear force has 
dropped off to the same strength as the 
electric force; at 25 times the distance 
the electric force is a million times 
stronger. On the other hand, there is 
some evidence that at extremely short 
distances (perhaps less than half of 10-13 
cm.) the nuclear force changes from a 

in a diffusion cloud chamber. A 35-millimeter cameru automatically photographs the chamber once every 10 seconds 
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NUCLEAR FORCE (measured in millions of electron volts) is plotted against the dis
tance between particles. When the distance is less than half of 10-13 centimeter, the nu
cleons repel one another. They most strongly attract one another at just under 10-13 cm. 

strong attractive force to an even strong
er force of repulsion. 

The nuclear forces are far more com
plicated than electric or any other known 
forces. The force between two nuclear 
particles apparently depends not only on 
the distance but also on the particles' 
relative velocity and on the relative ori
entation of their spins. Moreover, there 
are forces which act among three, four or 
more particles Simultaneously. Again, 
there is the remarkable fact that the force. 
between particles is independent of the 
particles' charge. Proton and proton, 
neutron and neutron, proton and neu
tron-all have about the same attractive 
force toward each other. This finding is 
especially hard to explain because it is so 
contrary to the behavior of charged par
ticles in common experience. 

Another remarkable feature of the nu
clear force is the kind of exchange that 
occurs between one particle and another. 
In the gross material world, and in the 
world of atoms, when two bodies of 
equal weight collide usually the faster 
moving body retains the greater speed 
or the two bodies share their energy 
about equally. But in the world of pro
tons and neutrons something quite dif
ferent commonly happens. When a very 
fast neutron hits a proton, very often the 
proton jumps forward with almost as 
much speed as the neutron had, while 
the neutron is stopped almost to a stand
still. The simplest way to explain this is 
that the neutron snatches the positive 
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charge from the proton and keeps on 
going, without transferring much of its 
momentum to the proton. In other 
words, the proton that suddenly jumps 
forward is really the original neutron 
transformed into a proton. 

I-I aving explored the properties of nu-
clear forces, we may now try to "ex

plain" them. At this point it is appro
priate to point out that for a physicist 
the word "explanation" has a rather dif
ferent meaning from that in everyday 
usage. People generally explain some
thing in terms of concepts more familiar 
than what they are explaining. But 
physiCists very often "explain" a rather 
familiar phenomenon in terms of far less 
familiar concepts. For them an explana
tion consists in connecting different 
physical phenomena, building a logical 
structure and deriving the simplest pos
sible mathematical formula to describe 
all the connected phenomena. 

It must be clear from what has already 
been said that the nuclear forces cannot 
be explained in terms 'of forces with 
which physicists were familiar before 
1930. Analogies with those forces can, 
however, be a starting point for a theory 
of the new force. 

The force about which we know the 
most is electromagnetic force. We know 
that the interaction between electrically 
charged bodies moves with the speed of 
light. Further, this interaction can be de
scribed essentially by saying that quanta 

o� light are emitted by one electric par
ticle and absorbed by another. In the 
process, the light quanta h'ansmit energy 
and momentum from the first to the 
second particle; in other words, they 
transmit an electric force, though they 
themselves have no electric charge. 

It was natural to assume that nuclear 
forces behave like electromagnetic ones, 
and this suggestion was made by the 
Japanese physicist Hideki Yukawa as 
early as 1935. In Yukawa's theory, in the 
nucleus the role of the light quantum is 
taken by a new particle, whose emission 
and absorption is supposed to transmit 
the nuclear forces. This particle, when 
Yukawa invented it, was of course purely 
hypothetical. Today it is known as the 
meson. 

Yukawa next tried to figure out what 
properties his hypothetical particle 
should have. First of all, he noted that 
the short range of nuclear forces would 
be explained if the mesons were sup
posed to have a mass-in contrast to light 
quanta which have none. In fact, he 
worked out the range of the nuclear 
forces mathematically in terms of 
Planck's constant, the velocity of light 
and the mass of the meson. He estimated 
that the meson mass should be between 
100 and 200 times the mass of the elec
tron. (Today we know that 300 is a bet
ter figure.) 

Secondly, Yukawa suggested that to 
explain exchange forces the mesons must 
be charged. When a proton and a neu
tron interact, he postulated, the proton 
may emit a positive meson which is ab
sorbed by the neutron� In this process the 

TWO MESON "EVENTS," which are dia
grammed above, can be seen in a cloud 
chamber photograph from tbe Nevis Cyclo-
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tron Laboratory of Columbia University. A negative pi meson en
tering at bottom right splits into a high·energy pair of electrons, 
positive and negative, at top left. Another negative pi meson en-

tering at right center decays into a mu meson (first jog) and then 
into a high·speed electron (second jog). The object running from 
top to bottom of the picture is not in the path of the particles. 
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CYCLOTRON at Nevis Laboratory operates at 385 million elec-
tron volLs and can produce mesons. In this picture the six·foot
thick concrete shielding blocks have been removed to the pile at 

PROTON ORBIT 

CYCLOTRON MAGNET 

MESON SCATTERING experiment is shown in outline. Acceler
ated protons (red circle) hit metal target to form mesons (red 

line) which are deflected by magnet through a port in iron block 
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right, -exposing the circular magnetic pole pieces (center). Be· 
tween the magnets can be seen the vacuum chllmber, which connects 
with the pumping system through the system of pipes to the right. 

CONCRETE SHIELDING 

(cross-hatched) . Second magnet to right of port steers them to hy
drogen sample which scatters them. Counters placed ahead of sam
ple and behind it insure that only scattered mesons are detected. 
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proton loses its positive charge and be
comes a neutron, while the neutron gains 
a unit of positive charge and turns into a 
proton. The same result is obtained, of 
course, if the neutron emits a negative 
meson which is absorbed by the proton. 
Yukawa suggested the existence of both 
positive and negative mesons, in con
formity with a general principle of 
physics: that for every positively charged 
particle there is a negatively charged 
counterpart. The best known examples 
are the negative and positive electrons. 

Three years after Yukawa proposed 
the meson, physicists found in cosmic 
radiation a particle which seemed to 
have just the properties he had pre
dicted. It had a mass about 200 times 
that of the electron and was found in 
both positive and negative forms. But 
this particle turned out to be the wrong 
answer-it did not interact strongly with 
nucleons and therefore could not trans
mit nuclear forces. At length in 1947 
C. F. Powell, C. P. S. Occhialini and 
C. M. C. Lattes-an Englishman, an Ital
ian and a Brazilian working together
discovered another particle which did 
interact strongly with nucleons and had 
a mass of 276 electron masses. There is 
every indication that this is Yukawa's 
meson. It is known as the pi meson, or 
"pion." (If kept away from nucleons it 
will decay after a moderately short time 
into one of the earlier discovered mesons, 
now called mu mesons.) Since the dis
covery of the pion, heavier mesons have 
been found, but probably they are less 
important for nuclear forces. 

The next step in the theory was taken 
by the English physicist N. Kemmer. 

He reasoned that there should be a neu
tral meson, in order to explain the inter
action between proton and proton (or 
neutron and neutron). A proton cannot 
absorb a positive meson, for it cannot 
acquire a second positive charge. There
fore no single charged meson could trans
mit a force between protons (though 
the simultaneous exchange of two mes
ons of opposite charge migh,t, it is true, 
do so) . Kemmer consequently suggested 
that a neutral meson might carry the 
forces between proton and proton, or, 
for that matter, between unlike nu
cleons. His theory accounted for the nu
clear forces' independence of charge. 

Soon after the pions were discovered 
in cosmic radiation, it became possible 
to produce them artificially with large 
new cyclotrons. Physicists now could ob
tain mesons in large quantities and ex
plore their properties and interactions 
with nucleons. They soon confirmed the 

SCATTERING EXPERIMENT setup is photographed above. At left is port through which 
mesons emerge. Large apparatus topped by funnel supplies liquid hydrog'en to aluminum 
chamber, where scattering occurs. The rectangular objects at right are two of the counters. 

existence of Kemmer's neutral mesons. 
As for the interaction of mesons and nu
cleons, exact calculations will probably 
remain very difficult for a long time-in
comparably more difficult than the cal
culation of electric and atomic phe
nomena. The main reason is that the in
teraction between a meson and a proton 
or neutron is exceedingly strong-about 
1,000 'times stronger than that between 
an electron and the electric field. The 
mathematical methods of quantum theo
ry are all adapted to the weak interac
tions of electrodynamics. 

Once the interaction between mesons 
and nucleons has been worked out, one 
can then try to de}'ive that between two 
nucleons. As we have seen, the mass and 
charge of mesons are sufficient in them
selves to explain the nuclear forces' short 
range, their exchange property and their 
independence of charge. Other aspects 
of meson theory can account for the de
pendence of nuclear forces on the direc
tion of the spins of the nucleons and of 
the line joining their positions, for the 
strong repulsion between nucleons at ex
tremely small distances and for the 
simultaneous interaction between more 
than two nucleons. 

In short, the meson theory already ac
counts for all the qualitative features 

of nuclear forces. It looks as if we have 

found the ball with which the nuclear 
game is played. But we cannot be sure 
until we have figured out whether our 
theory can explain the behavior of the 
participants in quantitative terms, that 
is, whether the range of forces, the 
strength of interactions and other quan
tities derived from the theory by calcula
tion are of the right magnitude. 

A promising start has been made by 
the French physiCist Maurice Levy, 
working at the Institute for Advanced 
Study in Princeton. He has shown that 
calculations based on the observed mass 
of the meson do indeed yield the correct 
figure for the range of the nuClear forces. 
His work, in combination with the theo
retical work of others, also shows that the 
strength of interaction between nucleon 
and meson required to explain nuclear 
forces is about the same as that required 
to explain the scattering of mesons by 
protons. About the same-actually, the 
two numbers differ by approximately 50 
per cent, but probably this difference is 
simply a measure of our mathematical 
ineptness in dealing with large forces. 
Thus the indications are that physicists 
are on the right track in explaining nu
clear forces by transfer of mesons. But it 
will be a long time before our mathe
matical tools are developed sufficiently 
to determine whether the meson theory 
really explains the forces in all details. 
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Where Do Cosmic Rays 
Come From? 

This question in()ol()es another one: How do these particles attain 

their awesome enertJY? They ha()e told us much about the nature 

of the nucleus, and they promise to tell more about the uni()erse 

The earth is under a ceaseless rain 
of particles from space. These cos
mic rays, our only material contact 

with the vast universe outside our plan
etary system, have excited wonder and 
eager study ever since they were first 
discovered 41 years ago. They fall upon 
US with energies far beyond anything 
that can be produced on earth. They 
shatter the atoms of matter and make 
their nuclei explode into strange frag
ments. It is the investigation of cosmic 
rays that has been responsible for the 
discovery of so many new elementary 
particles in the past quarter-century: 'the 
positron, the various mesons, the V-par
ticles and others which are being dis
covered even as these lines are written. 
Besides this, cosmic rays are of great 
interest in biology, for by producing mu
tations in genes they are said to have 
played, and continue to'play, a large role 
in the evolution of life on the earth. 

Thus the cosmic rays have been very 
useful to science. But the big question 
remains: Where do they come from, and 
how do they get their fantastic energy? 

At six o'clock on the morning of 
August 7, 1912, a balloon took off from 
a field near the Austrian town of Aussig. 
It carried three men, one of them a 
young physicist named Victor Hess, and 
three sensitive ionization meters. Hess 
was out to learn something about the 
source of a certain mysterious radiation 
which physicists had been detecting for 
some time with laboratory instruments. 
His balloon rose to 16,000 feet, and he 
found the radiation much stronger there 
than at sea level. After analyzing his 
readings, he announced: "The results of 
my observations are best explained by 
the assumption that a radiation of very 
great penetrating power enters our at
mosphere from above . . . .  " 
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This was the first recognition of what 
the U. S. physicist Robert Millikan later 
named cosmic radiation. The fascinated 
investigation that ensued concerned it
self first of all with finding out what the 
cosmic rays were. 

Outside the earth's atmosphere cosmic 
radiation consists mainly of protons (nu
clei of hydrogen), varying widely in 
energy. There are few, if any, protons 
of energy below one billion electron 
volts (Bev). Most of them are in the 
range of one to 100,000 Bev. Occa
sionally a cosmic-ray particle hits the 
atmosphere with much higher energy, 
up to 100 million Bev; it produces a 
gigantic shower containing millions of 
particles. For comparison, recall that the 
most powerful accelerator made by man, 
the Brookhaven Cosmotron, accelerates 
protons to an energy of a little more than 
two Bev. 

Cosmic rays also contain nuclei of 
helium and of heavier elements. Accord, 
ing to our still i�complete information, 
the velocity range of all the types of 
nuclei is approximately the same. At any 
given velocity, we find approximately 
85 helium nuclei and six heavier nuclei 
for every 1,000 protons. It is interesting 
to note that the relative abundance of 
the various nuclei in cosmic rays corre
sponds closely to the relative abundance 
of those elements in the universe. Long 
before striking our atmosphere and be
ginning the series of collisions by which 
their energy is eventually dissipated, 
cosmic-ray particles are deflected by the 
earth's magnetiC field. Some of them are 
thrown back into space; others reach the 
earth from a direction which may differ 
considerably from their original path. 

Suggestions as to where the cosmic 
rays may come from divide themselves 
into two general schools of thought. One 

school holds that the cosmic rays were 
created several billion years ago in a 
tremendous explosion that gave birth to 
the universe; since then they have been 
traveling through space along trajecto
ries curved by the universe's general 
gravitational field. The trouble with this 
point of view is that it confines the en
tire problem to the realm of pure specu
lation. It therefore seems more profitable 
to explore the second hypothesis, which 
is at least theoretically verifiable. This 
point of view assumes that cosmic rays 
are produced continuously somewhere 
in the system of stars which forms our 
galaxy. 

The most attractive theory is that they 
come from the nearest star, our sun, for 
the farther away we place the source, 
the harder it is to account for the rela
tively heavy intensity of the cosmic-ray 
fall on the earth. The energy of this fall 
is very small compared to the energy of 
the light and heat we get from the sun, 
but it is comparable to the light from 
the distant stars. 

Correlations between the intensity of 
cosmic radiation and activity in the sun 
have, in fact, been observed. Shortly 
after the appearance of a large flare on 
the sun, there is sometimes a sudden 
burst of extra cosmic radiation at the 
earth. Three such events are on record. 
On November 19, 1949, cosmic-ray 
meters at widely separated stations reg
istered abnormally high intensities about 
one hour after a solar flare had reached 
its maximum. A detector of cosmic-ray 
neutrons at Manchester, England, went 
off the scale. At Climax, Col., a detector 
of cosmic-ray mesons registered a 180 
per cent increase. 

Solar flares are often followed by per
turbations of the magnetic field around 
the earth (magnetic storms), which 
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COSMIC PARTICLE caused this tiny explosion revealed by a pho
tomicrograph of a photographic emulsion especially prepared to 
record nucle.ar events. An exceptionally energetic helium nucleus 

PRIMARY COSMIC PARTICLE entered this emulsion from the 
upper left and shattered a nucleus into about 40 nucleons and 
mesons. Some of the particles went off at large angles to the plane of 

struck a heavier nucleus in the emulsion, giving rise to the jet of 
mesons going off to the lower right. These photographs were pro
vided by Herman Yagoda of the National Institutes of Health. 

the emuision, and hence are not visible. The nuclear charge of the 
primary was about 20, that of calcium. The event was recorded 
during the flight of an unmanned balloon from Pyote, Texas. 
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POLAR PROJECTION of the earth shows some typical trajec
tories (red lines) of charged particles such as the cosmic rays in 

EQUATORIAL PROJECTION shows some typical trajectories of 
charged particles in the plane of the poles. Because the lines of 

66 

the plane of the equator. The earth's magnetic field causes some 
of the particles to veer sharply, others to descrihe complex loops. 

force in the earth's magnetic field bend downward at the poles, 
more particles reach the earth's surface there than at the equator. 
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could conceivably modify the flux of 
cosmic rays reaching the earth even if 
they came from another source. But the 
rise just mentioned is much too large to 
be explained in this manner. It is difficult 
to escape the conclusion that on Novem
ber 19, 1949 (and on two similar occa
sions) the earth was struck by a par
ticularly intense burst of cosmic rays 
emitted directly from the sun. 

This does not necessarily mean that 
the sun is the sole source of cosmic rays. 
If they ,came only from the sun, their 
intensitv should vary markedly with the 
position of the sun in the sky. Experi
ments have shown, however, that the 
variation during the day's 24 hours is 
less than half of one per cent. Of 
course, the earth's magnetic field makes 
cosmic-ray particles of moderate energy 
describe very complicated trajectories 
and it thus produces a more or less ran
dom distribution in their direction of 
arrival. But the magnetic field has no 
appreCiable effect on particles of higher 
energies, and yet they too appear to ar
rive with almost equal intensity from all 
parts of the sky. 

To answer this objection, Edward 
Teller of the University of California 

has suggested that in the region of space 
surrounding the sun there may exist ir
regular magnetic fields of sufficient 
strength to prevent or greatly retard the 
escape of cosmic rays. This trapping 
field would scatter cosmic-ray particles 
back and forth for some time, destroying 
any original preferred direction of mo
tion. Only on rare occasions would a 
cosmic-ray beam arrive at the earth di
rectly, as, for example, following the ap
pearance of solar Bares. 

The Swedish astrophysiCist Hannes 
Alfvcn has proposed a possible mecha
nism to account for the magnetiC fields 
postulated by Teller. It is well known 
that when a conductor moves in a mag
netic field, electric currents are induced; 
these tend to slow down the motion and 
at the same time produce a supplemen
tary magnetic field. Thus kinetic energy 
is exchanged for magnetic energy. Now 
it is known that the sun continuously 
ejects clouds of ionized and therefore 
highly conducting gas. The clouds move 
outward with tremendous velocities, 
sometimes approaching one per cent of 
the velocity of light. In passing through 
the sun's magnetiC field a cloud trans
forms part of its kinetic energy into 
magnetic energy, and the magnetic field 
thus produced is carried along by the 
cloud in its motion away from the sun. 

But evcn if some such mechanism ac-

counts for the dispersed trajectories of 
particles coming from the sun, the ques
tion of how much that body actually 
contributes to the observed cosmic-ray 
Bux is still open. Most physicists agree 
that the sun cannot produce any appre
ciable fraction of the more energetiC 
particles. In the first place, the radiation 
observed on the occasion of solar Bares 
contains only particles of moderate en
ergy. This is proved by the fact that the 
intensity does not rise at the equator, 
where the energy necessary to penetrate 
the earth's magnetic field is highest 
(about 15 Bev for protons). Moreover, 
the trapping field could not be suffi
ciently strong to keep particles of the 
highest observed energies confined to 
the vicinity of the solar system. It is per
fectly pOSSible, however, that cosmic
ray particles of energies below 10 Bev 
come in part from the sun, and the next 
question to be considered is the way in 
which they may be produced. 

�rge-scale elec:tromagnetic phenomena 
are a part of the sun's activity. One 

can imagine various situations in which 
such phenomena could accelerate any 
charged particles present in the solar at
mosphere. A specific process, still re
garded as a possible source of cosmic 
rays, was suggested by W. F. C. Swann 
20 years ago. 

The sun's surface is often marked by 
the disturbances called sunspots, which 
cover areas many thousands of miles in 
diameter. A sunspot, seen as a dark re
gion on the sun's disk, is the seat of a 
magnetic field which increases gradual
ly in strength as the spot develops and 
then decays as the spot fades. A chang
ing magnetic field produces an electric 
field, according to the well-known laws 
of electromagnetic induction. That is the 
basic principle of operation of the beta
tron, a machine capable of accelerating 
electrons to energies of several hundred 
million electron volts. One may crudely 
describe a betatron as a transformer in 
which the secondary winding has been 
replaced by an evacuated tube shaped 
like a doughnut and containing a source 
of electrons. As the magnetic Bux in
creases, the electrons are set in motion 
by the induced electric field, while the 
magnetic field itself obliges the elec
trons to follow a circular path inside the 
doughnut. 

According to Swann's hypotheSis, a 
sunspot operates like a gigantic natural 
betatron. (Note, however, that the beta
tron had not yet been developed when 
this hypothesis was first advanced.) Ions 
of hydrogen and of other elements in 

BETATRON EFFECT of the increasing 
magnetic field of a sunspot (green lines) 
causes particles to accelerate in a spiral. 

the sun's atmosphere are caught, so to 
speak, in the electromagnetic vortex of 
the sunspot. They speed along spiraling 
paths with increasing velocities and are 
finally projected into space like stones 
from a slingshot. The magnetic fields of 
sunspots could accelerate protons and 
heavier nuclei up to energies of the or
der of 10 Bev. 

Donald Menzel and W. W. Salisbury, 
when they were working together at 
Harvard University, proposed a different 
mechanism for the acceleration of cos
mic-ray particles in the neighborhood of 
the sun. They based their speculation on 
the assumption that the sun emits radio 
waves of very large wavelength. Pre
sumably these waves arise from mechan
ical turbulence in the highly ionized 
gases that form the solar atmosphere. 
Any charged particle which finds itself 
along the path of a wave is accelerated 
by the electric field of the wave in a 
direction at right angles to the path of 
the wave. However, as soon as the par
ticle acquires some velocity, the mag
netic field associated with the wave de
Bects the particle in a forward direction. 
By this means a particle may build up 
an energy of 10 or 100 Bev. Since the 
particle always lags behind the wave, it 
will find itself after a while in a position 
where the electric field of the wave is 
opposite to its velocity and it will begin 
to lose the energy it h'as accumulated. 
But if the wave field is disturbed at the 
right moment, as could easily happen 
under solar conditions, the particle might 
escape with its maximum energy. 

These two theories have a common 
difficulty. The space around the sun 
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contains strongly ionized gases and is 
therefore a good conductor of electricity. 
One cannot produce a strong electric 
field in a conducting medium, just as one 
cannot produce a high voltage with a 
transformer whose secondary winding is 
short-circuited. What the theories must 
provide, therefore, is some mechanism 
by which a suitable region of space is 
swept clean of the ionized gas before 
the particles are accelerated. 

Meanwhile, since it is unlikely that 
1 the sun contributes more than a 
modest fraction of the total cosmic ra
diation observed at the earth, we must 
continue to look for other possible 
sources of cosmic rays. If we are to keep 
the required strength of the cosmic-ray 

'sources within reasonable limits, we 
must assume that the particles originate 
inside our galaxy, the Milky Way. Ac
cording to the best estimate, the Milky 
Way contains approximately 100 billion 
stars, most of them confined to a flat 
volume shaped roughly like a grind
stone. The diameter of the galaxy is 
about 100,000 light years, its thickness 
about 1,500 light years. In the space be
tween stars there are enormous wander
ing clouds of gas, mostly hydrogen. If 
the gas of the clouds were distributed 
uniformly throughout the galaxy, its 
density would be about one atom per 
cubic centimeter. Despite this extreme 
dilution, the total amount of matter in 
the clouds is approximately equal to the 
amount of matter in the stars. In addi
tion to the clouds of gas, there are clouds 
of dust whose total mass is about one 
per cent that of the. stars. 

A question hotly debated among as
tronomers at present is whether mag
netic fields exist in the galaxy. From the 
theoretical point of view, one would ex
pect the wanderiilg gas clouds to carry 
with them magnetic fields created at the 
expense of their kinetic energy. From 
the experimental side, it is known that 
the light of distant stars is partly polar
ized, and it is generally assumed that 
this polarization occurs when the light 
passes through dust clouds made of mi
croscopic elongated grains oriented in 
certain preferred directions. A magnetic 
field provides a natural explanation for 
the orientation of the dust particles. 
However, there are other possible ex
planations, and we still lack conclusive 
astronomical evidence for the existence 
of magnetic fields in interstellar space. 

This question is of very great im
portance in the interpretation of cosmic 
rays. If there is no magnetic field, cos
mic-ray particles travel along straight 
lines through the Milky Way until they 
escape or collide with nuclei of hydro
gen in interstellar matter. A proton has 
about one chance in 500 of undergoing 
a collision on traversing the whole gal
axy; the heavier particles have a some
what greater collision probability. Since 
the sun is situated in the median plane 
of the galaxy about 30,000 light years 
from its center, one would expect that, 
in the absence of magnetic fields, cosmic 
rays should reach us at different intensi
ties from different directions. A larger 
fraction of the cosmic radiation should 
come from the direction of the center. 

Nothing of the sort has been ob
served: the intensity of cosmic radia-

tion from the different regions of the 
sky does not vary by more than a frac
tion of one per cent. This uniformity 
suggests very strongly that magnetic 
fields are operating to produce a random 
distribution of cosmic rays in space. In
deed, the cosmic-ray evidence is per
haps the strongest -argument presented 
so far for the existence of tllese fields. 

One may assume that comparatively 
strong fields exist inside the gas clouds, 
while the space between clouds is al
most completely field-free. Then a cos
mic-ray particle travels a str�ight path 
until it strikes a cloud. Once inside the 
cloud, it describes a complicated orbit 
and eventually emerges with practically 
no recollection of the original direction 
of its motion. Acc.ording to this model, 
cosmic rays scatter back and forth be
tween clouds, and it may take a particle 
produced near the median plane a very 
long time to reach the border and escape 
into intergalactic space. Some particles 
would never do so; they would come to 
the end of their lives by colliding with 
atomic nuclei of interstellar hydrogen. 

The composition of cosmic rays offers 
an important clue as to the extent to 
which cosmic rays may be trapped with
in the Milky Way. When an alpha par
ticle or a heavier nucleus collides with a 
nucleus of interstellar hydrogen, it 
breaks up largely into free neutrons and 
protons. Free neutrons change into pro
tons with a mean life of about 20 min
utes. Thus every collision of an alpha 
particle or heavier nucleus produces sev
eral protons, and these protons have ap
proximately the same velocity as the 
original particle. \Ve know how many 

OBSERVATORY ON MOUNT WRANGELL in southeastern Alas
ka was established this summer by New York University and the 

University of Alaska. Its altitude 04,000 feet) and latitude (62 de· 
grees North) make it a unique station for the study of cosmic rays. 
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alpha particles and heavier nuclei are 
present in cosmic rays and how far they 
travel, on the average, before colliding. 
If we assume that these particles never 
escape from the galaxy,. we can com
pute the number of protons thus pro
duced. We find that this number is more 
than enough to account for all of the 
protons in cosmic rays, even if we as
sume that no protons are accelerated 
directly by the mechanism responsible 
for production of the other components. 

In short, our observations prevent us 
from assuming either that cosmic rays 
escape freely from the galaxy (because 
that is contrary to their distribution) or 
that they are completely trapped (be
cause that is contrary to their composi
tion). But there seems to be no serious 
objection to the assumption that they are 
partly trapped. Their distribution can 
be accounted for if the mean life of the 
particles before escape from the galaxy 
is of the order of several million years, 
and in that period a large fraction of 
the heavier nuclei would avoid disinte
grating collisions (on the average an al
pha particle, for example, collides with 
another particle once in 170 million 
years) . 

I t is reasonable to suppose that in most 
stars particles are accelerated by 

processes similar to those which take 
place in the sun. If all cosmic rays orig
inate from stars, the average star in the 
galaxy must produce several million 
times more cosmic radiation than the 
sun, and some stars must eject particles 
of very much higher energy, to account 
for the radiation we receive. We know, 

as a matter of fact, that the sun is a 
comparatively inactive star. It is possible 
that the bulk of the radiation may come 
from a few types of stars with special 
characteristics. Double stars, whose two 
partners possess strong magnetic mo
ments and revolve rapidly around a com
mon center of gravity, and variable stars, 
whose exceedingly strong magnetic fields 
appear to reverse direction in a period 
of a few days, have been singled out as 
important cosmic-ray sources. But the 
most prominent candidates of all are the 
supernovae. 

Supernovae are gigantic explosions. 
One occurs every few hundred years in 
our galaxy. The explosion releases an 
amount of energy perhaps equivalent to 
the total mass of the sun. According to 
some theories, a star bursts' into a super
nova when it has exhausted its supply 
of hydrogen (the fuel that keeps the star 
hot) and its rotational velocity has 
dropped below a critical level. At this 
point gravitational attraction, no longer 
balanced by centrifugal force or by in
ternal pressure, causes the star to col
lapse until its core is just one enormous 
lump of nuclear matter. The star blows 
up in a tremendous explosion whose 
products are mainly nuclei of the heavy 
stable elements. It is possible that cosmic 
rays are secondary products of this out
burst. In the initial phase of the explo
sion lumps of nuclear matter much 
heavier than the nuclei of any of the 

. ordinary elements may be thrown into 
space with velocities approaching the 
speed of light. These fragments would 
be highly unstable and would disinte
grate, ejecting protons, alpha particles 

and other nuclei. The ejected particles, 
with energies further increased by elec
trostatic repulsion of the highly charged 
fragment from which they originated, 
would form the cosmic radiation. Even 
if cosmic rays were produced entirely in 
instantaneous bursts, several hundred 
years apart, we should still expect the 
observed cosmic ray intensity to be con
stant, because the particles presumably 
circulate in the Milky Way for millions 
of years . .  

Lyman Spitzer of Princeton Univer
sity has suggested another idea. Dust 
particles in the neighborhood of a su
pernova, accelerated by the pressure of 
the tremendous light flash that accom
panies the outburst, might break up into 
cosmic rays upon colliding with nuclei 
of hydrogen in space. This process does 
not account very well for the production 
of particles with energies above several 
billion electron volts. 

All the theories considered so far have 
one feature in common: they assume 
that cosmic-ray particles attain their full 
energy in a very short time, through 
some violent process occurring either in 
a star or in the immediate neighborhood 
of a star. One must also consider the al
ternative possibility that these particles 
are not energetic to start with but ac
quire their high energy gradually by the 
action of extended electromagnetic fields 
as they travel through space. An accel
eration mechanism of this kind has been 
suggested by Enrico Fermi, who points 
out that energy is exchanged whenever 
cosmic-ray particles collide with gas 
clouds. When a particle collides with a 
cloud coming toward it, it bounces off 

OBSERVATORY ON MOUNT WILSON in southern California is 
used to study cosmic rays by physicists from the California Insti-

tute of Technology. It is best known for the work done there on the 
V -particles, elementary constituents of matter heavier than protons. 
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CLOUD CHAMBER AND MAGNET are employed in the investigation of cosmic rays at 
the University of California. In chamber at bottom are a series of horizontal lead plates. 

with increased energy; when it collides 
with a receding cloud, it loses energy. 
On the average, a particle obtains a small 
net gain of energy, largely because the 
number of head-on collisions is slightly 
greater than the number of overtaking 
collisions. This energy gain is propor
tional to the energy of the particle at any 
given moment. Therefore the particle 
energy increases exponentially with 
time, like a savings account. 

The Fermi mechanism is effective 
only if the average energy gain per col
lision with a cloud is greater than the 
energy loss by ionization in interstellar 
matter between collisions. Since the en
ergy gain increases and the energy loss 
decreases with increasing particle ener
gy, this requirement sets a lower limit 
to the energy of the particles that can 
be further accelerated. In other words, 
particles must be shot into space with 
more than a certain energy, which is 
different for different kinds of particles. 
Fermi estimated that the minimum in
jection energy is about 200 million elec
tron volts for protons, about one billion 
for alpha particles, and about 20 billion 
for oxygen nuclei and increasingly larger 
for the heavier nuclei. 

The large value of the injection en
ergy required for the heavier compo-
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nents makes it difficult to understand 
how these can be present with any ap
preciable intensity. Moreover, alpha par
ticles and the heavier nuclei collide with 
interstellar hydrogen much more fre
quently than protons do. Therefore they 
have a smaller chance of gaining large 
amounts of energy through the sug
gested acceleration mechanisms. Thus 
Fermi's original theory, which assumes 
a complete trapping of the particles in 
the galaxy, ,does not account for the fact 
that the energy distribution of alpha par
ticles and heavier nuclei in the cosmic 
radiation is similar to that of protons. 

One may possibly find a way out of 
these difficulties by the assumption, 

already made earlier in this article, that 
the cosmic-ray particles are only partly 
trapped, so that their mean life in the 
galaxy is determined primarily by their 
probability of escape rather than by their 
probability of collision. The mean life of 
protons, alpha particles and heavier nu
clei is then approximately the same, �nd 
their energy distribution is likewise ap
proximately the same. 

The energy spectrum of particles ac
celerated by Fermi's mechanism de
pends on the product of the mean life 
and the average energy gain per unit of 

time. Since, by assuming only. partial 
trapping, we have' decreased the esti
mated lifetime, we must corresponding
ly increase the estimate of the energy 
gain. This decreases the required injec
tion energies and thus makes the Fermi 
mechanism more plausible for the heavy 
nuclei. 

At present no hypothesis about the 
origin of cosmic rays is unequivocally 
supported by theory or experiment. 
What is worse, few of the many hypoth
eses that have been put forward can be 
definitely disproved. I favor the follow
ing general picture: The sun and the 
other stars eject protons and nuclei of 
heavier elements at energies compara
ble to those now attained by man-made 
accelerators. They do so by an electro
magnetic process or a combination of 
such processes. Some stars may be un
usually strong sources of the particles. 
The particles then diffuse through inter
stellar space, being trapped within the 
galaxy by irregularly distributed mag
netic fields for an average of several 
million years. During their random mo
tion they undergo further acceleration 
through some mechanism of the kind 
suggested by Fermi. 

One can think of several investiga
tions to test this thoroughly tentative 
picture. The fact that cosmic radiation 
contains no protons with less than about 
one billion electron volts may be an im
portant clue. It would be interesting to 
know whether low-energy protons are 
also absent from the solar radiation that 
reaches the earth after flares. The lack 
of high-energy electrons. and photons in 
cosmic rays needs investigation. Colli
sions of cosmic-ray particles with inter
stellar hydrogen produce pi mesons, 
which then decay into mu mesons, 
which then decay into electrons. They 
also produce neutral mesons, which de
cay into photons. Thus some electrons 
and photons should be present in the 
cosmic radiation, even if these particles 
are not produced at the source. They 
may have escaped detection thus far 
only because their number is small. 

The magnetic field of the galaxy can
not effectively trap particles beyond a 
certain energy. Thus there should be a 
high-energy cut-off in the energy spec
trum of cosmic rays. If this cut-off could 
be determined experimentally, it would 
afford valuable evidence on the strength 
of the magnetic fields in the galaxy. 

There is little doubt that cosmic-ray 
research eventually will contribute as 
much to our knowledge of the universe 
as it has contributed to our knowledge 
about particles and nuclear forces. 
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_____ Kodak reports to laboratories on: 
selecting photographic plates for electron micrography ... our ambitions in the organic 

chemical business ... an inexpensive new team to take and show 8mm movies 

Electron micros(ope 
From work we've done with step 
wedges in the electron microscope 
emerge some reasonably plain facts 
that may be helpful in selecting pho
tographic plates for electron mi-

crography. The wedges are made by 
successive gold-palladium shadow
ings of silver halide crystals with 
increasing obliquities, as pictured 
in the above electron micrograph. 

The archaic-sounding Kodak Lan
tern Slide Plates still seem to be 
the best all-around bet for record
ing what the ultra-modern electron 
microscope reveals. They're in
expensive, tbey provide a wide 
range of sensitometric characteris
tics through choice of developer 
and development time, they're fine
grained, and we stock them in the 
usual sizes for the electron micro
scope. There are Kodak Lantern 
Stide Plates, Medium and Kodak 
Lantern Slide Plates, Contrast. We 
used to think that the latter gave 
slightly higher contrast in areas of 
low exposure, but we now must 
confess that whatever the differ
ences between them to light expo
sure, to electron exposure they're 
pretty much alike. (The medium 
plate does have slightly finer grain.) 
The step"wedge project does, how
ever, reveal some aces up our sleeve 
for the benefit of the electron mi
crographer with a special problem, 
viz. : 
Kodak Spectroscopic Plates, Type 
111-0 are much faster and have a 
more uniform density gradient over 
the exposure range, but have 
coarser grain than Kodak Lantern 
Slide Plates. 

Kodak Spectroscopic Plates, Type 
IV-O are about three times as fast 
to electron exposure as Kodak 
Lantern Slide Plates and only 
slightly more grainy. 
Kodak Spectroscopic Plates, Type 
V-O have a finer-grained but slower 
emulsion than Kodak Lantern Slide 
Plates. 
Kodalith Ortho Plates, an all-or
none proposition we make prin
cipally for the photomechanical 
trades, should be resorted to by the 
electron micrographer only when 
in dire need of the highest attain
able contrast. 

Your Kodok Industrial Dealer handles 
all these plates. 1/ you'd like a reprint 0/ 
the paper that describes our step-wedge 
illl'estigations, or i/ YOIl need help in lo
cating the right dealer, write Eastman 
Kodak Company, Industrial Photo
graphic Sales Division, Rochester 4, 
N. Y. 

Ambition 
Tie a pair of benzene rings together, 
replace one of the end hydrogen 
atoms with a fluorine atom, and 

what have you got? You've got a 
compound known as 4-Fluorobi
phenyl, and what the use of it can 
be is a matter that, frankly, does not 
concern us much. Any singularly 
useful properties it may have are 
apparently not well known, for our 
inventory of the compound, pic
tured above in its entirety, seems to 
be well balanced to the world's 
present needs. It is a representative 
of our group of fluorinated aro
matics-poor relations (so far) of 
the 'currently booming family of 
fluorinated aliphatics. It isn't that 
we bet on the wrong horse when we 
began making f1uorobenzene and 

the three f1uorotoluenes some 20 
years ago. We don't figure that 
way. We do figure that here is one 
more group of organic compounds 
that an interested investigator, 
whenever he turns up, can count on 
us to have in stock for him. This 
sounds incredibly public-spirited, 
but it just happens to be the nature 
of our Eastman Organic Chemicals 
business. 

4-Fluorobiphenyl (Eastman 6i 70) is 
jllst one 0/ man)' hundreds 0/ sllch ex
amples citable /rom the list o/ more than 
3500 compounds in List No. 38 0/ 
Eastman Organic Chemicals. A copy 
(if you haven't one at hand) is available 
without charge Fom Distillation Prod
ucts industries, Eastman Organic Chem
icals Department, Roch- ,----, 
ester 3, N. Y. (Division 0/ I ��; I Eastman Kodak Company). . . 

Brownie team 
You're either very old or you led 
a particularly austere youth if 
"Brownie Camera" doesn't recall 
age 12 and your first serious experi
ences in photography. The trade
mark "Brownie," one of our most 
treasured assets, is now applied in 
the same old spirit to our simplest 
8mm movie camera and projector. 
They're not primarily offered as 
scientific instruments, but the fol
lowing considerations may suggest 
a visit to the nearest Kodak dealer: 
a) in many kinds of field work there 
are occasions and moments when 
even a very inexpensive movie cam
era is worth a great deal; b) the 
Brownie Movie Camera sells for 
only $39.75, the Brownie Movie 
Projector for only $62.50; c) just 
because a piece of equipment has 

potential professional value, it's no 
sin to have a little fun with it once 
in a while. 

Prices include Federal Tax where 
applicable and are subject to 
change without notice. 

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 
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Foundries are proving that 
A lot of 

machining is 
NEEDLESS 

another case where DUREZ 
produced the right RESINS 

• A revolution in casting methods now under 
way in the nation's foundries is destined to 
save millions in manufacturing costs. 

With the new method, metal castings pro
duced in Durez resin bonded shefl molds con
form to requir'ed dimensions very closely, and 
have such smooth surfaces that in some cases 
machining is eliminated completely. One large 
casting formerly required 27 pounds of metal 
removal per piece, now needs only three. 

Success depends largely on the bonding res
ins. Working with leading foundries from the 
start, Durez has perfected a phenolic resin with 
exceptionally fast cure and rigid set. The resin 
facilitates mass production, makes it easier 
to obtain castings with desired qualities of 
structure, dimensional accuracy, and finish. 

This is one way in which Durez - leading 
specialists in phenolics-has contributed 
through research to industrial advance. Others 
are in the fields of abrasives, rubber, wood 
waste utilization, paper products, printing inks, 
wax emulsions, and of course, plastic molding 
compounds. 

If you have a product or process that may 
call for the mechanical, chemical, and electri
cal values inherent in phenolics, why not talk 
things over with men who specialize in them? 
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Our monthly "Durez Plastics News" will 
keep you informed on indmtry's uses of 
Durez. Write, on office letterhead, to 

DUREZ PLASTICS & CKEMICAL S. INC. 
809 Walck Rd_. North Tonawanda. N. Y. 

PHENOLIC PLASTICS that fit the Job 

Ractor developments are featured 
in the Atomic Energy Commis
sion's 14th semi-annual report, 

covering the first six months of 1953. 
Four steps forward were achieved in this 
period : a homogeneous reactor gen
eI'ated useful amounts of electricity; the 
experimental breeder reactor proved it 
could manufacture more fissionable ma
terial than it burns; the first submarine 
reactor went critical; a chemical process
ing plant to recover fissionable material 
from used fuel elements went into opera
tion. 

The report disclosed that a third sub
marine reactor, for a vessel of "signifi
cantly higher speed than the first two 
nuclear-powered submarines," is being 
designed. The Navy has indicated that 
the first two may have speeds of 35 knots, 
10 knots higher than the fastest conven
tional submarine. Work on a power plant 
for a large surface ship has stopped, but 
the Commission will continue to develop 
the pressurized water reactor that was 
planned for it. The design is said to have 
promise for a central station power plant. 

The AEC completed this year the $4 
million Argonne Cancer Research Hos
pital in Chicago. Among specific medical 
projects, the report mentions the use of 
neutrons from the Brookhaven pile for 
treating brain tumors. Patients are in
jected with a solution containing boron, 
which concentrates in the tumor. The 
boron captures pile neutrons and breaks 
down, emitting alpha particles which de
stroy the tumor tissue. The treatment has 
been tried on a number of "terminal 
cases." Some responded "impressively." 
As much as six months of "useful time" 
was added to patients' lives. 

SCIENCE ANTI 
Some other items in the report : 
New ways for finding uranium in the 

ground are being developed. In one of 
them uranium is detected by its concen
tration in the plant life of a region. 

Disposing of radioactive wastes by fix
ing them in ceramic bricks has proved 
practicable. A pilot plant is being de
signed. 

A "new, faster and more efficient way" 
to separate radium from naturally occur
ring mixtures of radium and barium has 
been found. This is the first improvement 
to be made over the Curies' original tech
nique. 

The AEC disclaims responsibility for 
this year's tornadoes and other "ab
normal" weather. 

New Commissioner 

Joseph Campbell, vice president in 
charge of business affairs of Columbia 

University, has been appointed a mem
ber of the Atomic Energy Commission. 
He fills the place of T. Keith Glennan, 
who resigned last year. Campbell, a cer
tified public accountant, was chairman 
of the eastern college group that set up 
the Brookhaven National Laboratory 
and was for a time treasurer of Asso
ciated Universities, Inc. , which operates 
the laboratory. His appointment brings 
the AEC up to :its full five-man stre}lgth. 
The other commissioners are : Lewis L. 
Strauss, Thomas E. Murray, Henry D. 
Smyth and Eugene M. Zuckert. 

Stoddard Out 

George D. Stoddard resigned as presi-
dent of the University of Illinois last 

month after the trustees of the Univer
sity voted 6-to-3 that they lacked con
fidence in his administration. The no
confidence resolution was introduced by 
Harold ("Red" ) Grange, the former 
football player. 

Stoddard's relations with the trustees 
and the state legislature had been 
marked by a number of disputes. Two of 
the most prominent revolved around his 
stand on the controversial cancer drug 
Krebiozen and his participation in the 
activities of UNESCO. 

Research on Krebiozen has been 
pushed by Andrew C. Ivy, head of the 
University of Illinois Medical, Dental 
and Phalmacy schools. Ivy was tempo
rarily suspended by the Chicago Medical 
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THE CITIZEN 
Society for "promoting a secret drug," 
and the substance was condemned as 
useless by the American Medical Asso
ciation and the American Cancer So
ciety. Last year Stoddard ordered Kre
biozen research stopped at Illinois. He 
forced Ivy to take a leave of absence, de
claring that the latter's sponsorship of 
the drug was detrimental to the best in
terests of the University. 

The trustees have now ousted Stod
dard and appointed Ivy head of the De
partment of Clinical Science and Dis
tinguished Professor of Physiology. 

Stoddard was a leader in setting up 
UNESCO. This got him into trouble 
with the Illinois legislature, some of 
whose members, he said, regarded these 
activities as "only one step from com
munism." When he returned from a 1950 
UNESCO meeting in Paris, the trustees 
informed him that the presidency of the 
University was "a full-time job." 

After his ouster, 18 department heads 
of the University condemned the trus
tees' action and commended Stoddard's 
"stand for honesty in science and in
tegrity in education." Park Livingston, 
president of the trustees, published a 
lengthy criticism of Stoddard in the 
Chicago Tribune, including an allega
tion by a state representative that there 
were "50 reds, pinks and Socialists" on 
the University staff in 1950. Stoddard 
denied the charges in detail. 

New Director for UNESCO 

The United Nations Educational, 
Scientific and Cultural Organization 

has elected Luther H. Evans, Librarian 
of Congress, as its Director General. He 
succeeds Jaime Torres Bodet, of Mexico, 
who resigned last November. The elec
tion of a U. S. citizen occasioned some 
surprise. Many member nations had op
posed it for fear that the U.S., which sup
plies about one third of the agency's bud
get, would then dominate it politically. 

As soon as Evans took office he was 
embroiled in a debate over the problem 
of subversive employees. The U.S. dele
gation at the UNESCO meeting had ar
gued that the director should have the 
power to discharge- persons who were 
"likely" to be subversive. Other delega
tions protested this position. Evans said 
that it seemed "reasonable and wise . . .  
to discharge employees if I conclude 
they are guilty of subversive activity to-

DOW CORNING NEWS 

W 've outgrown- Mrs. Davenport's petticoat 
Our dependence upon electricity has grown fast since 1837 when Tom Davenport 

used his wife's petticoat to insulate the first electric motor. Now electricity cooks 

and freezes for us; turns night to day. It carries sights and sounds through the 

air; drives the machines tho! make moss production possible. 

But improvements in the insulating materials that harness electricity have logged 

behind. The greatest single impro'o'ement came I�ss than ten years ago when 

Dow Corning introduced the first silicone resins. Chemical cousins of glass, these 

resins complement glass cloth, mica and asbestos. They double the power per 

pound ratio in electric machines; multiply their life expectancy by ten. Here's a 
typical example of what that means. To increase output of chemicals, engineers 

rewound 31 motors with Silicone (Class H) Insulation; 

increased pumping capacity by 30%; saved $50,000. 

Rated at 50 and 60 hp, those motors were rebuilt with Class H insulation to deliver 

75 to 90 hp. It would have cost $68,200 to install new, conventional 75 hp motors. 

Rewinding cost only $19,000. And failure rate on the old 50 and 60 hp motors was 

one a month, 48 failures in 4 years. Rewound with Cla"ss H insulation, those same 

motors have delivered at least 50% more power for 4 years with only 6 failures. 

Equally useful in the form of fluids, lubricants, protective coatings, water repellents 

and rubbery solids it will pay you to find out how 

�OJrn;ng Si/ICfJIIes Save Money, Increase Sa/es 
mail this coupon today 

------------------- . 
DOW CORNING CORPORATION _ 
Dept. W-9, Midland, Mlchlean 
Please send me 

o Performance Data on Class H 

First AII.nl. 

Chicago 

Clevel.nd 

D.nas 

Delroit 

o Ta ll  Tales to Fa bulous Facts 

(Name) 
Midland, Michigan 

Los Angelos 

(Company) 
(Address) 
(Gty) (Zone) (State) 

New York 

Washinglon. D. C. 
(Silver Spring. Md.) 

Canada: Fi berg las Canada Ltd., Toronto 

England: Midland Silicones Ltd., London 
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Guard castings (SAE 1045) 
for the blades on this mowing 
machine are sheared at these 
6 places simultaneously. Steel 
die sheared only 12,000 cast
ings, then needed sharpening. 
Die wearproo{ed with tungsten 
carbide-a Carboloy created
metal-shears ouer 100,000 
before resharpening. 

Ultra-hard metal extends 
die life 800% ••• cuts costs 
A steel die, used by the Oliver Corporation to shear heavy castings, once 
dulled and needed sharpening after 1 day's output. Then, small inserts of 
Carboloy cemented tungsten carbide-hardest metal made by man-were 
brazed onto the die's cutting edges. 
Things happened! The die stayed sharp for 8 days. Output between sharpen
ings jumped from 12,000 pieces to 100,000 pieces. Costs were trimmed, too, 
because of less downtime, fewer rejects, fewer manhours needed for grinding 
and maintenance. 
Wearproofing benefits like these-in tools, in dies and in equipment parts 
-are typical of those you can expect whenever you use this ultra-hard 
Carboloy created-metal. 

MEN AND METALS TO SERVE YOU 
Cemented tungsten carbide is only 
one of the Carboloy created-metals 
you might use to advantage. 

Perhaps you can apply new Chrome 
Carbide, for example, to combat 
corrosion, along with erosion and 
abrasion in equipment parts. Or 
Carboloy permanent magnets to 
improve your product's design, 
lower its size, weight, cost. Or 
Hevimet to build a better balance 

weight or radiation screen. 

Find out now. Get in touch with a 
Carboloy engineer for all practical 
knowledge and help available on 
these created-metals. Look to Car
boloy laboratories, too, for new 
uses for these created-metals, and 
for exciting new created-metals to 
come. 

Write us today about any of your 
special wear problems. 

CARBOLOY 
DEPARTMENT OF GENERA� ELECTRIC COMPANY 

11199 E. 8 Mile Blvd., Detroit 32, Michigan 
Plants at Detroit and Edmore, Michigan. 

First in created-metals for better products 
ALNICO PERMANENT MAGNETS 

for lasting magnetic energy 

CEMENTED CHROME CARBIDES 
for exceptional resistance to corrosion. along with 

erosion and abrasion resistance 

CEMENTED TUNGSTEN CARBIDES 
for phenomena I cutting, forming, wear resistance 

HEYIMET 
for maximum weight in minimum space, and for 

radioactive screening 

"Carboloy" is the registered trademark for the products of Carboloy Department of General Electric Company 
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ward the government of any member 
state." But he added : "Any dismissals 
will be based on facts alone, not simply 
the request of a government. We shall 
exercise our own judgment." 

A convention setting up the European 
Organization for Nuclear Research was 
signed by 12 nations last month. This or
ganization, initiated by UNESCO, will 
build a laboratory at Geneva, Switzer
land. Great Britain, not one of the 12 
original members, has indicated that she 
will join the organization and contribute 
funds for its support. 

For Distinguished Writing 

Julian S. Huxley, British biologist and 
writer, is this year's winner of the 

.£ 1,000 Kalinga prize awarded by 
UNESCO for "distinguished popular 
writing in science." The prize was estab
lished by an Indian industrialist and 
bears the name of an ancient Indian em
pire. Huxley was the first director-gen
eral of UNESCO. Among his popular 
books are Essays in Populm· Science, 
Scientific Research and Social Needs and 
Man in the Modem World. 

End of Lysenkoism? 

Trofim D. Lysenko, who since 1948 
has been the ruler of Soviet botany 

and a symbol of Soviet science, seems to 
have lost his throne with Stalin's death. 
He was denounced recently in a Soviet 
botanical journal and in the general or
gan of the Soviet Academy of Sciences. 
The criticisms were of Lysenko personal
ly, not of the Michurinist theory of the 
inheritance of acquired characteristics. 

The writers in the botanical journal 
declared that Lysenko was a scientific 
monopolist who placed himself above 
criticism, failed to train young scientists 
lest they become competitors and re
solved technical questions by adminis
trative decree. They charged that his 
ideas on the origin of species were in er
ror and opposed to those of Darwin and 
Michurin. The Academy denunciation 
said that Lysenko's Institute of Genetics 
had failed "to make theoretical contribu
tions of practical value." This is a serious 
indictment, because Lysenko's strength 
lay in the supposed practical achieve
ments of his system. 

A translation of a remarkable docu
ment by Lysenko himself was published 
in the U.S. recently by Science. It was a 
eulogy of Stalin written for Pravda, and 
in it Lysenko gave credit where credit 
was· due. Stalin, he disclosed, was the 
real author of the Lysenko theories: 
"Comrade Stalin found time even for de-
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Newest in the line • • • 

A single instrument for 
Process control 
Leak detection 
Research 

THE latest mass spectrometer in America's ac
cepted standard line is the Consolidated Model 
21.610, a precision electronic instrument with ex
treme stability for unattended process monitoring 
in the petro-chemical industries. Used with a hand
held probe it operates as a detector for tracing 
leaks of any gas within its mass range, The Model 
21-610 is suitable for qualitative and quantitative 
component'determinations in gaseous and Iight
liquid mixtures. Moderately priced and economical 
to operate, needing no expensive refrigerants, this 
new instrument brings mass spectrometry as a 
control procedure within reach of small refineries 
and chemical manufacturers. 

Write for Bulletin CEC-J824-X9. 

A II components are accessible: either by remo\'
ing side panels or by pull-out chassis containing 
eircuits and controls, 

. 

Model 21-610 Mass 
Spectrometer 

Electronic and vacuum/analyzer assemblies may 
be, removed intact and operated independently. 

Consolidated Engineering 
CORPORATION 

300 North Sierra Madre Villa, Pasadena 15, California 
Sales and Service through CIEC '"SrRUMIE"rS, ,"C., 

a subsidiary with offices in: Pasadena, New York, 

Chicago, Washington, D. C., Philadelphia , Dallas. 
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E. H. Sargent & Company Auto· 

matic Micro Combustion Fu.r.n<l�e. 

Absolute accuracy and exact reproducibility 

of repeat chemical analyses are made po.
sible by Edison sealed.in.glass Thermostats. 

SPEED, accuracy and exact reproducibility 
are a few of the qualities designed into 
E. H. Sargent & Company's line of micro 
combustion furnaces. Advanced engineer· 
ing methods and reliable components are 
necessary for dependable performance. 

A VITAL COMPONENT in these instruments 
for analyzing a compound for its carbon 
and hydrogen content is an EDISON type 
Sl·lA thermostat. It controls the tempera· 
ture of the lead dioxide absorbent in the 
combustion train to insure the complete 
removal of all nitrogen oxides before the 
gases are passed into the final absorbing 
tubes for weighing. The mortar containing 
the absorbent is held to 177· C ± 2" C. 
Below temperature the absorbent does not 
remove the oxides of nitrogen efficiently 
and above temperature the absorbent starts 
to decompose and may release the oxides 
already absorbed. Any substantial temper. 
ature variation may cause an error in the 
final determination. 

THE SARGENT high speed radiant heat fur· 
nace can operate for extended periods at 

900· C and is designed for rapid cooling. 
The thermostatic control in the mortar 
must be responsive yet accurate and able 
to stand up for years without drift or 
change in setting. 

EDISON THERMOSTATS feature stability 
measured in years, control within ± 0.1· F 
and capacity to 115. volts. 8 amperes d.c. 
or 1000 watts. EDISON temperature control 
engineers will be glad to work with you on 
the solution of your ambient protection 
problems. Just call or write to: 

a&M� 
INCORPORATED 

'nstrument Division 
Dept. 22, West Orange, New Jersey 

YOU CAN ALWAYS RELY ON EDISON 
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tailed examination of the most important 
problems of biology . . . .  He directly 
edited the plan of my paper 'On the 
Situation in Biological Science,' in detail 
explained to me his corrections, provided 
me with directions as to how to write 
certain passages in the paper." 

Standards Demilitarized 

The National Bureau of Standards has 
been relieved of its weapons develop

ment and testing work, which had be
come more than half of its aS6ignment. 
Secretary �f Commerce Sinclair Weeks 
announced last month that four of the 
Bureau's technical divisions, with per
haps 1,600 employees, would be trans
ferred to the Defense Department. The 
shift, said Weeks, will be "the means of 
strengthening the Bureau's basic pro
gram" of pure research and maintaining 
standards of weights and measures. It 
was recommended by Mervin J. Kelly, 
chairman of a committee now evaluating 
the Bureau's work and functions. 

Medicine's Record in Korea 

During the Korean war the death rate 
among U.S. casualties was cut to 

half of that in World War II (4.5 per 
cent ) ,  which itself had been the lowest 
in military history. U.S. Army medica!. 
authorities, announcing this record last 
month, gave the greatest share of the 
credit for reducing mortality among the 
wounded to the helicopter, which per
mitted prompt evacuation of wounded 
men to base hospitals. 

Infectious disease also was much bet
ter controlled. The new drug primaquine 
almost completely eliminated malaria 
among U.S. troops. Improved vaccines 
greatly reduced smallpox and cholera. 
Dysentery and diarrhea were only half 
as frequent as during World War II, 
thanks to better sanitation techniques 
and to an improved chemical for steriliz
ing water. 

Serious psychiatriC disorders were cut 
to one-third the World War II rate by 
means of a new "Rrst aid" method. Psy
chiatric officers treated disturbed men at 
the front, and often prevented crack-ups 
by prescribing a good meal, fresh clothes 
and a night's rest. Sixty per cent of the 
soldiers who got Rrst aid returned to 
duty. 

Fuel Revolution 

T ast year for the Rrst time oil prOVided 
L more of the energy used in the U.S. 
than did coal. Figures recently released 
by the Bureau of Mines give a vivid re-
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It' s � to produce and maintain /fjgfifl41!!!!!' in big systems 
We do it every day-design and manufacture vacuum 
furnaces, dehydration systems, vacuum stills, pumping 
systems for particle accelerators, and other large high 
vacuum units. 

The high vacuum metallurgical furnace illustrated above 
- is typical of the large units CVC is designing and manu

facturing. 
CVC's ever expanding line of standard high vacuum 

pumps, valves, gauges, and accessories offers unlimited 

possibilities for assembling efficient, high capacity gas 
handling systems. Our highly skilled designing and manu
facturing facilities stand ready to engineer and build com
pletely integrated high vacuum systems. 

So, if a large high vacuum system can help you improve 
a product or process it will pay you to talk to us
Consolidated Vacuum Corporation, Rochester 3, N. Y. 
(A subsidiary of Consolidated Engineering Corporation, 
Pasadena, Calif.) 

formerly 

Consolidated Vacuum Corporation 
Rochester 3, N. Y. 

�Jj.i 
Vacuum Equipment Dept. 

designers and manufacturers of high vacuum equipment 
SALES OFFICES: MENLO PARK, CALIF • •  CHICAGO, ILL • •  CAMDEN, N. J • •  NEW YORK, N. Y. 
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Ask us for specific 
recommendations on the 
application o(Van de Gracff 
porticle accelerators in your radialion 
engineering program. 

• it • ideal radiation source 
for 

FUNDAMENTAL 
and 

APPLIED RESEARCH 
meets these 

stringent 
requirements 

It produces a beam of any 
fundamental particle or radia
tion-electrons, x-rays, protons, 
deuterons, tritons, neutrons. 

Its beam is intense, homogen
eous, of known energy, and of 
predictable direction and di
mensions. 

Its beam characteristics are 
stable and controllable over a 
wide range of energies. 

applications 
Nuclear cross-section m,ws,urt'm�!JIj 

Chemical analysis of 

Fundamental problems in 
physics and chemistry 

HIGH VOLTAGE ENGINEERING CORPORATION 
7 UNIVERSITY ROAD CAMBRIDGE 38, MASSACHUSETTS 

flection of the nation's fuel trend. From 
its 1917 high of 99 million tons, anthra
cite production fell last year to 40 mil
lion. Soft coal was down to 465 million 
tons from its peak of 630 million in 1947. 
In 1900 coal supplied about 90 per cent 
of the energy consumed in the U.S.; last 
year it accounted for 34 per cent, as 
against 39.4 per cent for oil, 22.5 per 
cent for natural gas and 4.1 per cent for 
water power. 

The chief move away from coal has 
taken place in railroading, which once 
burned 132 million tons annually and 
last year used 38 million. The constantly 
expanding steel industry, however, is 
still completely dependent on coal, and 
the electric utility industry has raised its 
coal consumption from 27 million tons to 
103 million in the past 20 years. Coal 
producers believe that research on new 
methods of mining, traosportation and 
use will restore soft coal to a dominant 
position. They expect to sell 800 million 
tons annually by 1975 .. 

One Field? 

Vaclav Hlavaty, a Czech refugee 
mathematician now at Indiana Uni

versity, announced last month that he 
had solved Albert Einstein's new field 
equations and identified the all-unifying 
principle that some physicists have been 
seeking. According to Hlavaty, the pic
ture of the universe is simpler than Ein
stein had expected. The electromagnetic 
field, he said, underlies everything; it ex
plains energy, matter and gravitation. 
After some "further mathematical work" 
Hlavaty believes it will be possible to test 
his theory by experiment and also to 
reconcile relativity theory with quantum 
mechanics. 

Asked bv the New York Herald Trib
une to corn'ment on Hlavaty's work, Ein
stein said: "Dr. Hlavaty is 

'
working with 

great energy in the field of generalized 
gravitation theory. He tries to find 
methods for the solution of the field 
equations. The task is very hard and, as 
far as I know, no considerable progress 
has been made. Independently of this 
situation, I am convinced that any at
tempt to popularize this highly abstract 
matter in the daily press and otherwise 
can produce nothing but confusion in the 
minds of non-specialists. I will in any 
case not be guilty of participation in such 
endeavor." • 

Artificial V 
v-particles, until now observed only in 

cosmic rays, have recently been pro
duced artificially by the Cosmotron at 
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The development of an ultra sensitive microphone by 
Altec engineers has done much to solve one of the 
basic diagnostic problems in medicine. By reproducing 
the sounds of valvular action of the heart this micro
phone has given early indication of organic malfunction. 
Similar microphones developed by Altec accurately 
measure the overpowering blasts of jet engines ... 
indicating human tolerance of sound and measuring 
efficiency of engines. The Altec Companies are truly 
expert in diagnosis by sound. 

From the small sounds of the heart valves to the 

thunderous roar of the jet, sound is the special field of 

the Altec Companies. Years of experience in audio and 

sound problems of the most varied kind have placed 

Altec in the forefront of the industry. 

If you have ANY problems relating to sound call on 

the Altec Companies for help ... in research, develop

ment, manufacture and maintenance. Altec quality is 

TOP quality in the field of sound. 

THE ALTEC C�MRANIE$ 
MTE& • PEERLESS 

ElECTR'�l PRODUCTS 

DEAlE!lS EVERYWHERE 
9354 Santa Monica Ilva:, IIlIverly Hill., CaJlf. 

161 Sixth Ave., New York 13, !".j� . 
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A new "Universal Series" Gyro is avail

able in Free, Directional and Vertical 

types; as well as in composite Gyro sets 

comprising a combination of two units for 

sensitivity in three planes .• This series 

offers fast, remote caging that positively 

locks the gimbals in their normal erected 

position; remote uncaging; torque
motor erection; and unrestricted 360· 
rotation of both gimbals. Flexibility of 

design permits a choice of AC or DC rotors 

and synchro or potentiometer outputs. 

Reduced drift rate, greater life expect

ancy, and improve4 resistance to en

viron mental shock, acceleration and 

vibration are incorporated in an instru
ment that is half the size of its prede-

RATE GYRO 

DIRECTIONAL GYRO 

G. M. GIANNINI .. CO., INC.. PAeADENA US, CALI .... EAST ORANGE. NEW JEItSEY 
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the Brookhaven National Laboratory. 
W. B. Fowler, R. P. Shutt, A. M. Thorn
dike and W. L. Whittemore report in 
The Physical Review that at least two 
"definite examples" of the mysterious V
particles have turned up in a series of 
4,000 cloud chamber photographs of a 
high-energy neutron beam. The neu
trons, emitted from a carbon target bom
barded by a proton beam of 2.2 billion 
electron volts, passed through a lead 
plate and the steel wall of a cloud cham
ber. The Brookhaven physicists believe 
that the V-particles were produced 
either in the lead or in the steel. 

V-particles (see "The Multiplicity of 
Particles," by Robert E. Marshak; SCIEN
TIFIC AMERICAN, January, 1952) get 
their name from the fact that they are 
unstable and break up into two com
ponents whose divergent paths in a 
cloud chamber look like an inverted "V". 
They come in neutral, positive and nega
tive forms. 

The two particles observed at Brook
haven were neutral. The negative part of 
the V into which they split was identified 
as a pi meson. The scientists are not 
quite sure what the positive branch was; 
its track resembled a proton's more than 
a meson's. If it was a proton, the energy 
calculations from the recorded tracks 
agree very closely with the figures from 
cosmic ray V-particles. 

Although the Cosmotron reached the 
billion-volt energy range more than a 
year ago, its use as a research tool has 
barely begun. So delicate are the adjust
ments involved in its operation that most 
of its running time thus far has been de
voted to tuning it up. 

Ultrasonic Soldering 
guminum would be a more useful ma-

terial if it were not so difficult to 
solder. Its tough oxide coating prevents 
molten solder from "tinning" (alloying 
with) the metal. Removal of the film 
with a corrosive flux or by scraping has 
been tried without much success. The 
British have now found that ultrasonic 
treatment seems to do the job effectively. 
Sound vibrations at a frequency slightly 
higher than the audible limit of 16,000 
cycles per second can break up the film 
in a fraction of a second and uncover the 
entire surface on which they act. 

Leo Walter, a British engineer, de
scribed the process in the magazine Ma
terials & Methods. The soldering iron 
contains a nickel rod within a wire coil. 
Nickel is a "magnetostrictor": it changes 
its length when subjected to varying 
magnetic fields. When a high-frequency 
alternating current flows through the 
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U'S'S CARILLOY elel'tric-furnace air
craft quality steel meets every re
quirement for these vital parts. The 
precision machining and expert heat 
treatment it gets at Cleveland Pneu
maticToolCompanycompletethejob. 

• "Reduced to the most favorable 
degree" describes exactly what hap
pens to the huge U·S·S CARILLOY 
steel ingots from which are formed 
the rugged main columns in the land
ing gears of every B-36. 

T o  p r o v i d e  t h e  tr e m e n d o u s  
strength and shock resistance re
quired to s�f�y cushion the landing 
impact of 179 tons of bomber weight 
-and, at the same time, to keep 
the weight of the landing gear as low 
as possible-calls not only for steel 
of the highest quality but also for 
unusual procedures in fabrication as 
well. 

Consider these facts. The original 
ingot weighs approximately 37,500 
lbs. From it are produced two cylin
drical columns weighing only about. 
1200 lbs. apiece. Approximately 93 % 
of the steel is removed by machining 

to proper contour and in hollow
boring the column. When finished, a 
mere 7 % of the original ingot is left 
to do the job. 

That U·S·S CARILLOY steel has 
been exclusively selected for this ap
plication-one of the most exacting 
in the aircraft industry-is, we be
lieve, highly significant. The same 
care and skill, the same ability to 
meet requirements that are beyond 
the ordinary, go into every order of 
CARILLOY steel you place with us
whether it's an ingot of giant size or 
a few tons of special steel. 

If you have a steel problem that's 
bothering you, give us a chance to 
help you find the most economical 
and practical answer to it. Simply 
write United States Steel Corpora
tion, Room 2817 -A, 525 William 
Penn Place, Pittsburgh 30,. Pa. 

3-1883 

U N I T E D  S T A T E S S T EE L 
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For Recording 
and Storing 
Digital Data 

A complete assembly in
cluding reels, tape, six-

, channel magnetic , record
ing head, slack absorbing 
mechanism, photo reading 
head, controls and built-in 
power supply. Designed 
for automatic operation b-y 

. pulsed input signals or 
manual control. Panel 
meunted for installation in 

" , standard 19" wide radio 
. relay rack. 

OTHER BULLETINS 
, 8inory·Octal Calculator 

Magnetic Recording Heads 
Magnetic Shift Register 
Computing Services 

DL-Y-l 
D(-Y-2 
Dl-Y-3 
Dl.Y-4 

MANUFACTURING 
WA,LTHAM, MASSACH 
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Write for Them 

f.ngineers & p.�!���!��'--S _ 

• Mechanica\ EngineerS 
• Cbemists 

• Servo EngineerS 
• Physicists -" 

h and development, 
'f' d reseorc 

The diversl Ie in progress at 
programs noW _ elpar, Inc. m h laboratory 

the Researc 
d its subsidiories 

.. ir Broke Co. on 
t· ghouse '" of Wes ,n 

't'es for 
It portunl I 

offer excel en op 
lified men. 

. I achievement to qua 
profess,ona t.tive Mr. E. \our repres e." . te�view at 

. I Personnel Director, M. lane, WIU In Hotel in Wrtle 0 the Sherm•n N. 

~ M£LPAR, INC. CHICAGO dU:���cs
the con� 

& r.8 Depl. 0-3 tion.1 Elect 2830 
452 Swann Ave�u.e lerence, Sept. - .  

... c· 

Alexandria, Virglnl� 

coil, the nickel rod expands and con
tracts in unison with the alternations. 
The oscillating rod transmits these vibra
tions through the heated tip of the sol
dering iron to the aluminum surface, 
and they wear away the oxide film. 

One of the chief uses of the method is 
in repairing aluminum castings with 
small cracks or holes in the surface, 
which up to now have had to be dis
carded because there was no way to fill 
the cavities. 

Gas Chromatography 
A new kind of chromatography which 

is said to be more sensitive than the 
liquid ion-exchange column has been in
vented in England by A. J. P. Martin, 
who won a Nobel prize for his previous 
work in chromatography, and A. T. 
James, both of the National Institute fOl' 
Medical Research. It separates the com
pounds in a mixture in vaporized instead 
of liquid form. 

The process takes place in a thin glass 
tube several feet long. The tube is 
packed with a claylike material called 
celite and is surrounded with a jacket 
through which hot vapor circulates. A 
sample of the liquid to be analyzed is 
forced through the column by a steady, 
gentle stream of nitrogen. As the mixture 
enters the heated column, it begins to 
vaporize. The components vaporize at 
different rates, and the nitrogen drives 
the successive vapors through the tube, 
with the most readily yaporized sub
stance heading the parade and the others 
following in orderly fashion behind. 
Each substance signalizes its arrival at 
the end of the column by changing the 
color of a solution there. The color 
changes are detected by photocell, which 
records its �eadings on a rotating drum. 

Martin and James say their "gas
liquid partition chromatography" method 
is faster and easier than ordinary distilla
tion and can handle much smaller sam
ples-as little as one hundredth �f a 
gram. It has successfully separated 
liquids whose boiling points are only one 
third of a degree apart. The method 
makes possible longer tubes and hence 
more efficient separations than in liquid 
chromatography. Moreover, it is easier 
to detect changes in the composition of 
a gas than in a liquid stream. 

Super Freezer 
,A refrigerating engine capable of 

maintaining a temperature of only 
three-tenths of one degree above abso
lute zero has been built at Ohio State 
University. Designed by C. V. Heer, C. 
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Helpi�g the 
Process Industries ,r 

build for·the future 
... ,'.r 'p"rf of the 'l(1!/w-KhOX Jo6-" 

/Or /1lr/v2/11( 
Blaw-Knox facilities for engineering and producing 
process equipment and building complete chemical 
plants, include designing and fabricating products 
for such processes as distillation, gas absorption, 
solvent extraction and recovery, heat transfer, 
cracking, polymerizing, evaporation, crystallization, 
high pressure processing, impregnating, 
gas cleaning and others. 
Blaw-Knox products and services can give a lift to your 
production, performance and profits in: Chemical and 
Food Processing, Plastics, Ferrous and Non-Ferrous 
Metals, Gas and Petroleum, Construction, Radio, 
TV and Public Utilities. The right-hand column 
indicates the scope of Blaw-Knox activities. 
For descriptive literature on any Blaw-Knox 
product or service write Blaw-Knox. 

MEMBERS OF THE 
BLAW-KNOX "FAMILY" 
AND SOME OF 
THEIR PRODUCTS 
Blow-Knox Equipment Division 
Blawnox, Pa. 

Concrete Rood Paving Machinery 
Clamshell Buckets 
Contractors Equipment 
Gas Cleaning Equipment 
Open Steel Flooring 
Radio, TV and Transmission Towers 
Steel Forms for Concrete Construction 
Chemical and Process Equipment 
Water Cooled Equipment for 

High Temperature Furnaces 

Buflovak Equipment Division 
Buffalo 11, New York and Mora, Minn. 

Machinery for the Chemical and Food 
Processing Industries 

Specialized Machinery for the Dairy Industry 

Chemical Plants Division 
Pittsburgh 30, Po. 

Complete Chemical, Petrochemicol, Industrial 
and Petroleum Plants 

Foote Construction Equipment Division 
Nunda, New York 

Black Top Road Pavers 
Concrete Rood Pavers 

Lewis Machinery Division 
Groveton, Pa. 

Rolling Mills and Auxiliary Machinery for 
Rolling Ferrous and Non·Ferrous Metals 

National Alloy Division 
Blawnox, Po. 

Alloy Steel Castings for Extreme 
Temperatures, Abrasion and 
Corrosion Resistance 

Power Piping and Sprinkler Division 
Pittsburgh 33, Po. 

Prefabricated Piping Systems for High 
Pressures and Temperatures. Pipe Hangers 

Automatic Sprinkler Systems for 
Fire Protection 

Rolls Division 
(Pittsburgh and Lewis Rolls) 
Pittsburgh 1, Po. 

Rolls for Steel and Non·Ferrou$ Rolling Mills 
Union Steel Castings Division 
Pittsburgh 1, Po. 

Heavy Steel Castings 

--��---
BRANCH OFFICES: 

Birmingham 3, Alabama 

Chicago 3, Illinois 

Philadelphia 3, Pennsylvania 

New York 17, New York 

San Francisco 5, California 

Washington 5, D. C. 

Tulso 1, Oklahoma 

Export-New York 17, New York 

C 1953 Blaw.Knox Co. 

BLAW-KNOX 
�. 

FARMERS BANK BUILDING 

PITTSBURGH 22, PA. 
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N E E D  F R O N T  S U R F A C E 
A L U M I N U M M I R R O R S ? 

Liberty Front Surface Aluminum Mirrors are 
available in sizes up to 48 " x 66 "-and in a 
range of constructions to meet the most ex
acting requirements. The glass in these mir
rors is coated with aluminum, which has a 
protective layer of quartz. No base metal is 
used because bimetallic mirrors are su bject 
to galvanic action . 

not increase in size or number in service . 
Liberty's patented adhesive coatings insure 
exceptionally strong adhesion . 

The basic design superiority and quality of 
Liberty Front Surface Aluminum Mirrors is 
evidenced by an ever-increasing list of satis
fied customers. vVe invite your comparative 
test order. Liberty Mirror Division, Libbey ' 
Owens'Ford Glass Co.,  LM-593 Nicholas 
Building, Toledo 3, Ohio. 

Liberty Aluminum Mirrors retain their 
reflectivity-and they contain a minimum of 
pinholes. Moreover, these few pinholes do 

F O R  C O M M E R C I A L  A N D  O P T I C A L  
FIELDS where nor m a l  c leaning i s  suffici
ent, and where exce ptiona l  ex posure to 
salt water or salt  atmosphere is  not re
quired, we recommend our Specification 
No. 1 0 5 1 ,  Finish No. 7 49. 

• 

FOR HIGH RESISTANCE TO A BRASION 
AND SALT AIR, a n d  especial ly for 
h i g h - g r a d e  optical instruments requiring 
maximum reflectivity a n d  uncha nging 
durabi l ity, we recommend our Specifica 
tion No. 1 054, finish No. 7 52. 

LIBERTY vacuum-deposited COATINGS 
L IBE RTY M I R R O R  D I V ISI O N  

L l B B E Y . O W E N S · F O R D  G L A S S  C O .  

� , 
C:'-=-�� . .\otlMtJ,fIU1�? . 
� ,-\.' � \l�":�'��� � - - --:,.Jl.:" " �'.� ' " Vk' 

� ��� ...... �..... /" " " " ��'" iJ 

\r' ... // Sorry ! A .  W. Haydon Company ., .'' ' \ )// Can't  Help You r  Timing Here. ' t'.( 
/" -, '::-�-; - - Only a " p ro" and p ractice can st raighten ''', J ' :u . ' J" ' /' ( . ,J,,l";. y ou o u t ! - _ _ 

k .... / >""_ -,-,< '  :/ <--{\ - - _ ' C ;:/ '\ jf B _ :.>-r, �/Z":'''''''" ut - - - ......(� ,-)7 Q We are the "p ro's" for precis ion t i ming .  -: :::. U/' I Come to us with these t iming problems. - -t L", 'o You ' l l  fi nd that we have solved m o re -'" ",\\ " 

_ _ .- than j ust about anybody else. Maybe we :? t � 
complex A.C. and D . C  t iming problems 

, - have al ready solved yours.  It costs you . 

___ " " � ...... _ .. nothing to fi n d  ouL Write for catal og, �j ;IV -- '���. 
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B. Barnes and J. C. Daunt, its operation 
depends on a valve-like action of certain 
metals at very low temperatures. If a 
strip of lead is cooled to about one de
gree absolute, it can be switched from 
superconducting to the normal state by 
applying a magnetic field. In the normal 
state it conducts heat about 100 times as 
easily as when superconductive (the op
posite of its behavior with electricity ) .  
Thus it can act as a "heat valve" by being 
changed from one sta,te to the other. 

The refrigerator consists of a para
magnetic salt (potassium chromium 
alum ) attached by lead strips to the sub
stance to be cooled and to a bath of 
liquid helium. The salt is the "refriger
ant," taking the place of Freon in an or
dinary refrigerating system. The operat
ing cycle is as follows : First the salt is 
magnetized, while the lead valve to the 
helium is open (heat-conducting ) and 
that to the refrigerated substance closed, 
As the salt molecules align themselves in 
the magnetic field, they give off heat, 
which passes to the liquid helium 
through the open valve. Then the valves 
are reversed, i . e "  the salt-to-helium strip 
is demagnetized and the salt-to-refrig
erated material strip magnetized. Now 
the salt is demagnetized. The res1.\lting 
disarrangement of its molecules absorbs 
heat, which is drawn from the refrig
erated material through the open valve. 

The Ohio State physicists, who report 
their work in The Physical Review, be
lieve that the refrigerator can be refined 
to go to still lower temperatures. They 
plan to use it for making a visible helium 
bath and for experiments on nuclear 
magnetism at two-tenths of one degree 
absolute. 

Vaccine for Brucellos is 

A strain of bacteria that needs strepto-
mycin to live has been found effec

tive as a vaccine against brucellosis in 
animals, it is reported by Sanford Elberg 
and Mendel Herzberg, bacteriologists at 

. the University of California. 
The two experimenters had developed 

a strain of Brucella bacteria which me
tabolizes the antibiotic, aI?d they planned 
to inject a live vaccine of this strain 
into animals along with streptomycin, 
then stop giving the antibiotic and thus 
starve the germs to death, In practice, 
they found that they did not need to give 
streptomycin at aU. The bacteria ap
parently lived long enough without it to 
cause a mild infection and immunize the 
animals. The experimen�ers have had 
promising results with mice, guinea pigs 
and goats and are now trying the vaccine 
on monkeys. 
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ct:. f?J. reagents are fine for laboratory 

use, but they can get you into trouble .  They often 

lead you to overlook the impurities in the chemicals 

of commerce, which may upset carefully calculated 

reaction rates and yields. 

There is at least one chemical - glycerine- where you 

can forget this problem. The manufacturers now can 

supply a C . P .  grade in tank cars. They do it by pass

ing crude glycerine through a series of AMBERLITE® 

cation and anion exchangers, and it comes out essen-

T H E  R E S I N O U S  P R O D U C T S  D I V I S I O N  

tially pure. Concentration by simple evaporation 

makes it ready for shipment. 

AMBERLITE ion exchange seeks j obs like this. It has 

found them in processing glycerine, sorbitol, sugar, 

syrups, arabic acid, formic acid, acetone, formalde

hyde, metals, and milk. If  your process is hampered 

by trace quantities of chemical impurities, investigate 

AMBERLITE ion exchange as a means of dis

posing of them . 

AMBER-HI -LITES, a bi-mon thly repor t on ion 

exchange, is a vailable on req uest.  

P H I L A D E L P H I A  5 ,  P E N N S Y L V A N I A  
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AUTOMOTIVE CLUTCH HOUSING -A highly stressed 
die casting-supports half the engine's' weight-costs less 
than other metals. 

,. ate Y2000tl 
or tke pieture • • •  

ALUMINUM TANK CARS - Pioneered by Alcoa's 
Development Division-over 1 800 in service. Resists 
corrosive chemicals-preserves product purity. 
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ALUMINUM FREEZER-When the refrigerator expanded 
its chest, it did it with aluminum. Both lining and tubing 
are aluminum for low cost-easy fabrication-fast freezing. 

Here you see 4 of over 8,000 projects completed by our 

Development Division in the past 30 odd years. They 

came from every facet of industry and they involve every 

commercial form of aluminum. 

They are products which, because of ( I )  a metal and (2) 

a method, now stand head and shoulders above competi

tion. The metal, of course, is aluminum. The method was 

developed by answering tough commercial questions . . .  

"Why must our clutch housings cost so much ?" . . .  "How 

can we make more efficient freezer compartments ?" 

In each case, a Development Engineer, already familiar 

with the problems of that particular industry, tackled the 

problem. Knowledge gained in thousands of such projects 

was brought to bear. Often the answers were quickly 

available. 

ALUMINUM LAMP BASE -A saving of a lew mills on 
each lamp and a more attractive product. Alcoa helped 
make it possible. 

of aluminum were investigated and the results verified by 

the most advanced testing equipment in the industry. 

After thorough research and testing, these projects 

moved to Alcoa's Process Development Laboratories. 

All the techniques of welding, forming, heat treating and 

finishing are employed here to create practical pilot 

models and suggest low-cost ways of fabrication. 

Where basic research was indicated, the facilities of 

Alcoa's Research Laboratories were available. New forms 

We know there are many more products and processes 

that our metal and our method can benefit. Perhaps we 

can help you improve your product. Now is the time to 

hedge the competitive days ahead. A letter to the address 

below, or a call to your local Alcoa sales office, puts you 

under no obligation. ALUMINUM COMPANY OF AMERICA, 

2 1 82-J Alcoa Building, Pittsburgh 19,  Pennsylvania. 

When you write . . .  ask for a copy of "A Road Map to a 

Better Product." It describes in detail the facilities avail

able to you through our Development Division. 

Al c o a  
--------.---�'t'-I----

I n'1 l u ln 
A L U M I N U M  C O M PA N Y O F  A M E R I CA 
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new tool for l ig htning-fast 

Resembling a Chinese abacus, this 1 2-inch 
electronic assembly operates at a speed of one 
million pulses a second. It is one of 274 similar 
electronic units that perform the computing and 
control functions of IBM's great new "70 1 "  
Electronic Data Processing Machines. 

These extraordinary machines are providing 
the nation's  defense projects with the most 
flexible and productive computer ever manufac
tured in quantity. 

In every field of business, IBM machines re
duce the drudgery and i ncrease the speed and 
accuracy of computing and accounting operations.  

E lectronic  Bus i ness Mach ines 
INTERNATIONAL BUSINESS MACHINES 
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Why Do Galaxies 
Have a Spiral Form? 

Some do and others do not, suggesting an evolutionary sequence. 

The answer awaits more knowledge of how .the forces of turbulence 

and magneto-hydrodynam,ics affect the attenuated matter of space 

W
herever we look in nature we 
can see spiral forms: the un
curling fern, the snail, the nau

tilus shell, the hup'icane, the stirred 
cup of coffee, the water that swirls out 
of a washbowl. Perhaps we should not 

by Cecilia H. Payne-Gaposchkin 

be surprised to see spirals in the great 
star systems whirling in space. Yet they 
remain a great, intriguing question. Why 
are some galaxies spiral and others not? 
What are the forces that make a galaxy 
take the shape of a gigantic pinwheel? 

Do the spiral galaxies give us clues to 
the evolution· of the universe? These 
questions have stimulated the imagina
tion of astronomers for 100 years. 

It was just a little more than a century 
ago that the Irish astronomer William 

TWO POPULATIONS of stars are demonstrated by these photo. 
graphs of the galaxy N.G.C. 4594. The top photograph, made in blue 

light by the IOO·inch telescope on Mount Wilson, tends to show 
Population J. The bottom one, made in red, shows Population II. 
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Parsons, third Earl of Rosse, looking 
through his 6-foot reflecting telescope in 
Parsons town, first Tecognized a spiral 
nebula-the "Whirlpool" in Canes Vena
tici, the constellation of the Hunting 
Dogs that chase the Great Bear (Big 
Dipper) across the northern sky. Lord 
Rosse was immensely excited by his dis
covery. The spiral structure in nature al
ways means growth, motion, change. As 
Lord Rosse remarked: "That such a sys
tem should exist without internal move
ment seems to be in the highest degree 
improbable." He thought that it incli
cated the operation in space of dynami
cal laws which "we may perhaps fancy 
to be almost within our grasp." 

But the more Lord Rosse studied 
spiral nebulae, the "more mysterious and 
more unapproachable" he found them. 
With each increase in the power of tele
scopes the structure became "more com
plicated and more unlike anything which 
we could picture to ourselves as the re
sult of any form of dynamical law of 
which we find a counterpart in our 
[stellar] system." 

Lord Rosse did not know that our 
system, the Milky Way, is itself a spiral 
galaxy. Nor did astronomers yet Tealize 
that the faint nebulae shown by their 
telescopes were island universes like 
ours, at distances far greater than they 
had imagined. If there is change and 

evolution in those distant whirling gal
axies, man will not be able to c:;.etect it 
in decades or centuries or perhaps even 
millennia of watching. Indeed, the ab
sence of any visible change was one of 
the things that later helped astronomers 
realize how much vaster the universe 
must be than anyone had dreamed. 

A century of work by astronomers has 
brought us little nearer than Lord 

Rosse to an explanation of the why of 
spiral galaxies. But we know a good deal 
about the how. Vie have examined their 
structure with our large telescopes and 
have made out many of the details. Be
cause the spiral galaxies tend to be the 

WHIRLPOOL NEBULA, the plane of which is perpendicular to 
our line of sight, reveals the spiral paUern in all its subtlety. 

Located in Canes Venatid, it was the first spiral found. This pllOtO' 
graph was made by the 200-inch telescope on Palomar Mountain. 
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brightest and most conspicuous in the 
sky, it was first thought that most galax
ies were spiral, but the big telescopes 
have disclosed increasing numbers of 
non-spiral ones. Today we can divide 
galaxies into three general types: ir
regular, spiral and elliptical. The sus
picion is growing that these types rep
resent three stages in the evolution of a 
galaxy. Most of the elliptical galaxies 
are small and faint; the spiral ones are 
nearly all large and brilliant .

. 

For the study of spiral galaxies the 
great spiral in Andromeda is an un
rivaled subject. It is probably the near
est to us, and certainly one of the largest 
and brightest. The Andromeda spiral has 

already yielded great prizes to astrono
mers. It was �he finding of very bright 
Cepheid variables (pulsating stars) in 
the Andromeda spiral in 1925 that 
showed conclusively that the spirals 
were distant island universes. These 
same stars furnished the yardstick for 
measuring the immensity of galaxies
how immense they are was underlined 
only this year by certain observations 
which doubled all stellar distances. The 
spiral in Andromeda also yielded, 
through spectroscopic study, the secret 
of how fast galaxies rotate, apd thereby 
made it possible to calculate their mass. 
Finally, the Andromeda spiral disclosed 
the existence of two distinct populations 

of stars in a galaxy, and that discovery 
has illuminated the whole problem of 
galactic evolution. 

The two populations in the A!ldrom
eda spiral combine to give that system 
its characteristic appearance. Its spiral 
arms are composed of Population 1-
glowing. gas clouds, dust and brilliant 
stars, the brightest of which are blue and 
about 100,000 times as luminous as our 
sun. The body of the galaxy, comprising 
about 90 per cent of its approximately 
100,000 million stars, consists of Popu
lation II. These stars are much less bright 
than the blue stars of Population I: the 
brightest are red giants about 200 times 
brighter than our sun. The body of the 

ANDROMEDA NEBULA is tilted at an ohlique angle to our line 
of sight. Two million light.years distant, it is the spiral closest to 

our own Milky Way. This photograph, which was made hy the 
IOO·inch telescope, covers only the central regions of the galaxy. 
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galaxy has no spiral structure whatever. 
It appears quite featureless-a rather 
Battened. mass greatly concentrated in 
the center and thinning out uniformly 
toward the edges. Where Population II 
is thickest, Population I is unknown. 

What we see when we look at a photo
graph of the system is the graceful spiral 
arms. One of the first things we want 
to know is: In the whirling motion of 
the galaxy, do the arms lead or trail? 
Fortunately the great disk is tipped, 
from our point of view, at such an angle 
that we can tell which edge is tilted 
toward us and therefore should be able 
to determine in what direction it is turn
ing. This is not true of many other spi-

rals, which present themselves to us 
either on edge or perpendicular to our 
line of sight. Most astronomers agree 
that the arms of the Andromeda spiral 
trail. 

The spiral coils are delineated by 
dark streaks whose ends are silhouetted 
against the galaxy's bright center. If we 
looked only at the supergiant stars of 
Population I we might. miss the main 
pOint. The most significant fact is the 
close relationship between these stars 
and the dark material. Where dark mate
rial exists, there the blue supergiants are 
found, and there only. A searching study 
of the .Andromeda spiral with the 200-
inch telescope shows a chain of blue 

stars that seem to spring from the edge 
of the brilliant nucleus and to be neatly 
aligned along a wisp of dark material. 
As we move outward across the face of 
the system, we cross dark spiral lanes, 
with luminous stars imbedded in them. 
The intervening bare spaces are pep
pered with Population II stars. These 
gaps between the absorbing arms are so 
transparent that distant galaxies can be 
seen to shine through them. 

The dark material is probably dust, 
and where there is dust there is likely 
to be gas also. Hot, luminous sta(s such 
as those in Population I excite inter

. stellar gas clouds, causing them to glow, 
and we should expect the spiral arms of 

IRREGULAR GALAXY in the constellation of Sextans is charac· 
teristic of what is snspected to be an early stage of galactic evolu· 

tion. Some of the presumed later stages are depicted on the fol· 
lowing pages. This photograph was made by the 200·inch telescope. 
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the system to be outlined by shining 
nebulae. So indeed they are, when we 
look for them in the right way. The 
nebulae should shine brightly in red 
light, which can pass most freely through 
the dust that obscures the blue radia
tions from the glowing gas. With photo
graphic plates and filters attuned to the 
red light of hydrogen we can see strings 
of bright nebulae in the outer regions of 
the Andromeda galaxy-nebulae coiled 
in spirals almost as neat as those spring
ing from the dark streaks near the nu
cleus. And where there are bright nebu
lae, there must be blue stars. 

This is the picture of the Andromeda 
spiral built up by photographs made . 

with the 200-inch telescope on Palomar 
Mountain. In most spiral systems the 
thickest dust clouds tend to lie along the 
inner edge of a bright spiral arm, though 
this is not easily perceived here. The 
absorbing streaks are forked and shred
ded into a pattern so complex, however, 
that attempts to trace any regularity 
have so far proved fruitless. Of the gross 
spiral arrangement there can be no 
doubt, but the structure does become 
more complicated, as Lord Rosse pro
phetically observed in 1850, with each 
successive increase of optical power. 

The Andromeda galaxy is a large, 
luminous spiral of intermediate type. If, 
as has long been surmised, our own 

galaxy is like it, we should be able to 
duplicate and supplement these observa
tions with studies of our own system. 
Three years ago Walter Baade of the 
Palomar Mountain Observatory, after 
describing the major features of the 
Andromeda spiral, remarked: "Another 
problem which we should be able to at
tack now is that of the spiral structure 
of our galaxy . . . .  One guess we can 
probably safely make, that our sun is 
located in a spiral arm, because the 
brighter stars and the dust surround our 
sun in all directions along the Milky 
Way. I know ... that you would like to 
see the arm or a piece of it demonstrated 
ad oculos. So would I." In the interven-

OPEN SPIRAL N.G.C. 2403 in the constellation of Camelopardus 
olay represent a stage of galactic evolution later than that of 

the galaxy on the opposite page. Its arms suggest that they have 
just begun to form. This photograph was made by the 200·inch. 
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ing three years we have got our wish. 
Several roads converged. The first was 

the well-trodden route already followed 
in tracing the outer spirals in the An
dromeda system. By red-light photo
graphs, a series of bright nebulae in the 
Milky Way was mapped. But their dis
tances had to be measured by a round
about laborious method which depends 
on locating the stars that illuminate the 
nebulae. Observers at the Yerkes and 
McDonald observatories first located 
three short sections of spiral "arm" in 
the Northern Hemisphere, and these 
studies are now being extended to the 
Southern Hemisphere. Local obscura
tions still impose formidable barriers, but 
the structure is gradually being patched 

together. As in distant galaxies, the spiral 
structure of the Milky Way has been 
found to be greatly complicated by fork
ing and streaking. 

Another route was by way of spec
troscopy. The spectra of some distant 
stars in our galaxy are marked by traces 
of interstellar matter. Observation of the 
Doppler effect on light passing through 
this matter gives the speeds of its atoms. 
Light from distant stars shows several 
groups of atoms moving with different 
speeds relative to us. Here again direc
tion is shown but not distance, which 
must be deduced from the galaxy's ex
pected change in rotational speed rela-

, tive to distance from its gravitational 
center. Since each group of atoms may 

TIGHTER SPIRAL, N_G.C_ 3031 in the constellation of Ursa Major, may be a stage still Inter 
than the one depicted on the preceding page. This photograph was made by the 200-inch. 
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be considered part of an absorbing lane, 
we can get a gross picture of the spiral 
arms outlined by dust clouds. 

T he third route has led to results so 
sweeping that it may well be the 

superhighway to future progress. It em

. ploys the relatively new technique of 
radio astronomy, probing the sky with 
radiation of a wavelength about 100,000 
times greater than that of visible light. 
If there are atoms in space, most of them 
will be hydrogen, the commonest ele
ment. The hydrogen atom emits radio 
waves with a wavelength of 21 centi
meters. Receivers tuned to this wave
length are now mapping the hydrogen 
gas pervading our stellar system. Dis-

tances are again deduced by a round
about method, using the radial speed of 
the gases, accurately measured by tun
ing the receiver, along with the galaxy's 
expected changes of rotational speed 
with distance from its center. Because 
radio waves can penetrate interstellar 
dust much better than light, they open 
a wider field of observation. Several 
maxima of hydrogen emission already 
have been traced in convincing spirals 
more than halfway around the galactic 
circle. Better still, they confirm the more 
fragmentary pattern set by the bright 
nebulae. 

We know without any possible am
biguity which way our own galaxy is 
turning. Hence we can tell whether the 

STILL TIGHTER SPIRAL, N.G.C. 7217 in the constellation of Pegasus, somewhat resemhles 
the elliptical nebulae on the succeeding pages. This photograph was made by the 200-inch. 
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arms lead or trail. If the districts identi
fied by the bright nebulae, the absorbing 
atoms and the radio observations really 
are spiral arms, or sections of them, then 
the arms are trailing. 

To sum up, a spiral galaxy consists of 
a body of Population II stars with a fill
ing of Population I (gas, dust and stars) 
which is highly flattened and rotates 
more rapidly than the main body. The 
arms usually spring fairly symmetrically 
from the concenfrated nucleus and coil 
about it with varying amounts of fork
ing and shredding. The rotation at the 
edges is slower than near the center, just 
as the outer planets in the solar system 
travel slower than those near the sun. 
Hence the arms trail. 

Take away all Population I material 
from a typical spiral galaxy, and you 
have an elliptical one; take away only 
Population II, and you have an irregular 
galaxy, though it will still show spiral 
arms. From this it is possible to conclude 
that the typical spiral galaxy represents 
a stage intermediate between the irregu
lar and elliptical systems. One can go a 

little farther. Spiral arms contain blue 
supergiant stars, which are known to be 
relatively young. Moreover, the arms 
themselves cannot be old, for their rota
tional velocities must tear them to shreds 
in less than 100 million years. Irregular 
galaxies contain blue supergiants, so 
they must be young. Therefore only 
elliptical systems can be old. The order 

GIANT GLOBULAR NEBULA, N.G.C. 4486 in the constellation of Virgo, may represent 
a stage of galactic evolution later than the spiral. This photograph was made by the 200-inch. 
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of development must be from irregular 
through spiral to elliptical. 

N ear at hand we can see a galaxy 
which may be beginning its spiral 

stage. The Large Magellanic Cloud has 
long been classed as irregular. It has all 
the characteristics of Population I: blue 
supergiants, bright nebulae, obscuring 
material. Placed beside a "barred spiral" 
galaxy, however, it shows an astonishing 
resemblance to the spiral system (see 
photographs on pages 98-99) . The Large 
Magellanic Cloud also pas some signs
an occasional nova, a few globular clus
ters, certain pulsating stars-of a devel
oping Population II. 

Yet all this is merely descriptive pro-

logue to the main problem. We can 
analyze spiral systems into dust, gas and 
stars; we can even date them. We know 
far more about the structure and com
position of spiral arms than Lord Rosse 
knew. But we still do not know why 
galaxies develop arms, still less why 
those arms take the spiral form. Recently 
hope for further progress toward the 
answer has been raised by two power
ful new words in the astronomer's vo
cabulary. 

The first of theSE< is "turbulence." Per
haps the problem of galactic develop
ment will be solved in terms of gas 
turbulence. Gases, unlike dust, have vis
cosity or stickiness and move in irregular 
eddies when pushed beyond a certain 

ELLIPTICAL NEBULA N.C.C.147 is one of the two small companions of the great spiral in 
Andromeda. This photograph, made by the 200·inch, resolves individual stars in the system. 
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critical speed, Interstellar dust caught 
up in these eddies may outline them, 
just as smoke shows currents in air. 

If we have analyzed the arms of gal
axies correctly, they are fairly localized 
lanes of dust, which ride on atomic 
winds that blow about the galaxy with 
a rotational motion, But the theory of 
turbulence is at once powerful and 
treacherous, and its application to prob
lems of galactic structure is still young. 

The second new word in astronomy is 
"magneto-hydrodynamics." Interstellar 
space is now known to be pervaded by 
magnetic fields. Presumably they are 
produced by electric currents circulating 
in space. Modern theory bf'gins to visu
alize a galaxy as a tremendous electro-

BARRED SPIRAL NEBULA N.G.C. 7741 
(left), photographed by the 200-inch, is 
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magnet, with currents of electrons flow· 
ing not through wires but through the 
viscous, turbulent eddies of gas swirling 
about its center. Electromagnetic forces 
seem competent to do what turbulence 
alone cannot do: they might form dis· 
crete arms and even lead to the forma
tion of stars and clusters of stars. 

The modern theory of a galaxy prom
ises to be as intricate as the now richly 
observed structural details. Ten years 
ago in our hypotheses of cosmic evolu· 
tion we were thinking in terms of gravi. 
tation and light pressure. Yesterday we 
realized that viscosity and turbulence 
had roles to play. Tomorrow we may 
contemplate a galaxy that is essentially 
a gravitating, turbulent electromagnet. 

compared with the Large Magellanic Cloud 
(right), photographed at Boyden Station. 
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How Is a Protein Made? 
These giant molecules are constructed In fantastic IJariety 

acids. The lTLechanisnl of their synthesis is 

perhaps the greatest challenge facing the modern biochelnist 

out of 22 amino 

P
roteins make up a large part of 
every living organism and play a 
central role in all of its vital proc

esses. There is hardly an activity of the 
living cell in which they do not take a 
leading part. In the nucleus of the cell 
they are believed to be partners of the 
nucleic acids in exerting genetic control 
over the cell's development. In the cyto
plasm they form the great system of 
enzymes which catalyzes and directs the 
cell's chemical processes. And as constit
uents of various cell granules, such as 
mitochondria and micro somes, they 
serve as agents for many special func
tions. Above all, proteins possess the 
property which particularly distinguishes 
living matter: thay assist in and control 
their own reproduction. 

It is no wonder that many consider the 
problem of how proteins are made the 
most important question in the study of 
life. It is also no wonder that it is prob
ably the most difficult question. Proteins 
are the most complex molecules we 
know. All of them are composed of just a 
few elements: mainly carbon, hydrogen, 
oxygen, nitrogen and sulfur. But proteins 
are very large molecules, and they can 
combine these few elements in a multi
tude of different structures. Each type of 
cell, each organ of the body, makes its 
own specific kinds of proteins, and these 
differ in every species of living thing. 
The name protein, originated by the 
18th-century Swedish chemist Jons 
Jakob Berzelius, was taken from the 
Greek word proteios, meaning of the first 
rank. But because the proteins are so 
rich in form and function, so varied in 
molecular size, shape, composition and 
properties, one is tempted to violate his
tory and derive their name from Proteus, 
the Greek god of the sea who could as
sume any shape he desired. 

Indeed, the number of possible shapes 
that proteins might take is so vast that 
a mathematical brain might conclude 
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by K. U. Linderstrom-Lang 

that from a statistical point of view life is 
completely improbable. How does the 
cell build exactly the structures it needs, 
rejecting the huge number of alterna
tives statistically just as probable? 

A cell builds proteins from simple 
molecules it takes from its surroundings. 
To do this it is supposed to require ener
gy, which is delivered by metabolic re
actions involving the same molecules 
that serve as the building blocks. The 
problem of how the cell synthesizes pro
teins has two aspects: (1) Why does it 
need energy and how is the energy used? 
(2) What is the nature of the selective 
mechanism by which the cell manufac
tures from the disordered nutritional ma
terial just the proteins it needs? 

Before taking up these questions it is 
necessary to understand something of 
the structure of proteins [see "Proteins," 
by Joseph S. Fruton; SCIENTIFIC AMERI
CAN, June, 1950]. We owe our knowl
edge ;f protein structure to a great num-

'" 
� 
� ::c 

ber of scientists who have worked on it 
over a period of half a century. Much of 
this brief review will be based on recent 
findings by Frederick Sanger at Cam
bridge University and by Linus Pauling 
and his co-workers at the California In
stitute of Technology. 

p roteins are built up of amino acids, 
v,;hich unite, with a loss of water, to 

form peptide chains. The backbone of a 
peptide chain is the sequence -C-C-N
C-C-N-C-C- (see diagram on the op
posite page). It is linked together by 
"peptide bonds," occurring between 
CO and NH groups in the chain. The 
amino acids form side chains attached 
to the backbone. Since 22 amino acids 
are known to occur in proteins, there 
may be as many as 22 different side 
chains. The peptide chain may be very 
long: sometimes 300 to 400 amino acids 
are strung together in a single chain. 

The hormone insulin is a good ex-

'" '" '" c: :§ .S '" 
'0 u c: 
:> '" >-. .� >-. (3 � V V) 

PROTEIN COMPLEXITY is illustrated in this formula for one of two peptide chains in 

the much-studied protein molecule of insulin. The long
' 
chain running across the page is a 
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ample of the specificity of the proteins' 
structure and of the great wealth of pos
sible forms they might take. Insulin is 
manufactured by cells in the Islets of 
Langerhans in the pancreas. Its molecu
lar structure is known to consist of two 
relatively short peptide chains, one with 
a molecular weight of 2,400 and the 
other 3,600. They are called the A-chain 
and B-chain, respectively. The B-chain 
is pictured in the diagram below. Super
ficially one can see no regularity in its 
make-up; just why the chain must have 
the particular sequence that it has in 
order to act as insulin is a secret still 
held by the cell. In synthesizing this 
chain the cell rejects a large number of 
other possible structures which it might 
make from precisely the same propor
tionate amounts of the same 16 amino 
acids. In fact, 6 times 105u different ar
rangements might be made simply by 
shifting the sequence of the amino acids 
along the chain. If a batch of B-chains 
were prepared containing just one mole
cule of each of these possible kinds, its 
total weight would be about 1,000 bil
lion times that of the earth! And this is a 
relatively short chain of a relatively light 
protein. 

The peptide chain may be called the 
primary structure of proteins. Recently 
it has been found that in most proteins 
the chains are not straight but curled up 
in the form of a spiral or helix. This may 
be called the secondary structure, char
acterized by side chains sticking out 
from a relatively dense core. The mole
cule is held in shape by the well-known 
hydrogen bonds between the backbone's 
CO and NH groups. Many proteins are 

NH;CHRIICOO- + 
_2 H20 

+ -
NH3CHRiliCOO 

> 

BACKBONE of a protein is this peptide chain formed with loss of water from carbon di

oxide (CO) and ammonia (NH) groups in amino acids. R represents amino acid side chains. 

believed to consist of groups of asso
ciated helices, held together in parallel 
by chemical bonds or by general molec
ular forces. In the insulin molecule, for 
instance, the A and B chains may be 
short helices linked together by sulfur
sulfur bonds of the amino acid cystine 
and stabilized by physical forces. This 
tertiary type of structure can form huge 
proteins with a molecular weight of. 
48,000 or more. 

Whether the most important step in 
protein synthesis is the formation of a 
plain peptide chain with the proper se
quence of amino acids or the folding of 
the. chain into secondary or tertiary 
structures is a question that must be left 
open. Apparently the selective mecha
nism that determines the structure exerts 
itself most decisively in the establish
ment of the sequence of amino acids. 

�t us navv consider the sources of the 
energy involved in protein synthesis. 

The crux of the energy problem is in the 

+ 

making and breaking of the peptide 
bonds. Specific catalysts in the cells, 
called proteolytic enzymes, speed up 
both the opening and the closing of 
peptide bonds. The detailed mechanism 
of the catalysis is not yet known, but it is 
believed that the enzyme combines with 
the reacting materials or with the protein 
in a lock-and-key fashion to make the 
synthesis or breakdown possible (see 
illustmtion at top of page 104). Amino
acid side chains play an important part 
in this lock-and-key system. Different 
proteolYfic enzymes, each having a dif
ferent specificity or fit, combine with 
different side chains, thereby catalyzing 
the hydrolysis of different peptide bonds. 

The synthesis of peptide chains from 
amino acids is a far less "likely" process, 
in chemical terms, than the reverse, that 
is, the splitting of peptide bonds. When 
submitted to the catalytiC action of a 
suitable mixture of proteolytic enzymes, 
proteins are completely broken down to 
amino acids-a process that occurs in our 
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I 
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repetition of the peptide backbone (top of page), with 16 different 

amino acids linked in as side chains, giving the molecule its par-

ticular form and character. Since all 22 amino acids may form side 

chains, the nnmber of their possible combinations is astronomicaL 
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STRUCTURE of a peptide chain in three di. 

mensions may have·the form or a helix. The 

hel ix above, proposed by Linus Pauling and 

Robert B. Corey of the California Institute 

of Technology, has 3.7 amino acids per tml1. 
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digestive tract after we eat protein. Proc
esses such as the breaking of peptide 
bonds are known to give up "free" ener. 
gy in the form of heat, just as the poten
tial energy of a load allowed to fall froni 
one level to another is transformed into 
heat. How, then, does the cell provide 
the energy to reverse the process? It does 
it by coupling the unlikely process of 
synthesis .with a likely process which 
carries it along, as a load may be lifted 
by means of a heavier one, using a rope 
and pulley. The cell seems to have two 
different methods of driving the syn
thesis reactions: it can either push or pull 
them. In the Rrst case the energy re
quired is put in before synthesis; in the 
second, afterward (see schematic illus
tration at bottom of page 104). 

The following series of reactions iIIus· 
trates one way in which the pushing 
process may work. To begin with, energy 
is put in by the oxidation of phospho
glyceroaldehyde, an important interme
diate compound in the metabolism of 
carbohydrates. When it is oxidized, this 
compound is coupled by a likelv enzy
matic reaction with inorganic phosphate 
to form phosphoglycerylphosphate. The 
iatter then delivers its phosphate, again 
by a likely enzyme reaction, to adf'nosine 
diphosphate, forming phosphoglyceric 
acid and adenosine triphosphate (ATP), 
the famous biochemical energy carrier. 
In the third step ATP delivers a phos
phate to an amino acid, thereby creating 
an amino acid acylphosphate. Finally, in 
a fourth step this amino acid reacts with 
another, liberating inorganic phosphate 
and forming a dipeptide. 

The last two steps are still rather hypo
thetical, but ATP is known to act as a 
phosphate carrier to effect the formation 
of a peptide bond in the synthesis of the 
peptide glutathione and certain other 
cases. So far, however, no enzymes able 
to catalyze these steps have been iso
lated. It is unlikely that proteolytic 
enzymes can do the job. They can, how
ever, catalyze reactions in which an 
amino acid breaks into a peptide and ex
pels one already there. Such a shunting 
process can proceed in both directions 
practically without change in free ener
gy. It produces no net synthesis. How
ever, it can rearrange amino acid se
quences. Sometimes long-chain peptides 
may be built up stepwise by the breakup 
of a series of dipeptides to add mem
bers to the chain. This is called trans
peptidation. 

The foregoing is but one example of 
the many processes by which the general 
metabolism of the cell furnishes energy 
to make the synthesis of proteins pos
sible. We come now to the second major 

Micro-Projector XI-c 

Freezing Microtome 

Capillary Microscope 

Leica Camera 
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Medical Microscope BS 48/92K I Ortholux Research Microscope Leitz Photrometer 

------------------·J ------------------
T

------------------

Dialux 

Microscope 

Laboratory Microscope GO-L 47/92K Aristophot Photomicrographic Camera with Phase Contrast Equipment 

------------------,------------------1------------------
I I 
I I 

Getting down to fundamentals? 

Get a Leitz microscope I 

What you see on these pages are just a 
few of the many, many Leitz microscopes 

and other scientific instruments. Whether 

you want a simple laboratory model or 

an elaborate research instrument, you can 

get it from Leitz. 

If you are studying the crystalline struc

ture of metals, the photosynthesis of plants, 

the structure of a protein molecule, or a 

microscopic slice of human tissue ... you 

E. LEITZ, INC., 468 Fourth Avenue, New York 16, N. Y. 

will find a Leitz microscope designed for 

your exact requirements. And you will 

often find the Leica camera with its Micro

Ibso attachment an invaluable supple

ment to your eyes and memory. 

Today, as for over a century, the name 

Leitz is your guarantee of supreme me

chanical and optical precision. Look into 

a Leitz at your franchised dealer's. You 

will be in distinguished company. 

Distributor oj WOTld-famous Products oj Ernst Leitz. Wetzlar, Germany 

Cameras . Lenses . Microscopes . Binoculars 
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aDJUSTABLE 

RESISTORS 

Unaffected 
by Heat, Cold 
Moisture, 
or long Use 

Bradleyometer resis
tor has terminals, 
faceplate, and bush
ing malded in the 
plastic bady. 

For circuits requiring a top quality 
adjustable resistor not affected by mois
ture, heat, cold, or age • • •  the Allen
Bradley Type J Bradleyometer is the 
ideal unit. 

The resistor element is molded as a 
single piece. It is not a film or paint 
type of resistor. Because of its construc
tion, the resistor can be built up to satis
fy any resistance-rotation curve. After 
molding, the resistor is no longer af
fected by heat, cold, moisture, or age. 
There are no rivets • • •  no welded or 
soldered connections • • •  and the shaft, 
cover, faceplate, and other ferrous 
parts are made of corrosion-resistant 
metal. Not a cheap construction, and
there is nothing better! Let us send you 
the latest Bradleyometer data. 

ALLEN-BRADLEY 
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Quality 

RADIO & TELEVISION 
COMPONENTS 

Allen-Bradley Co. 
134 W. Greenfield Ave. 

Milwaukee 4, Wis. 

.... 

LOCK·AND·KEY system of enzyme catalysis may make or break peptide bond. Shaded area 

is proteolytic enzyme fitting peptide side chain and reversibly opening or closing the bond. 

question: How does the cell's selective 
mechanism work to form specific pro
teins? 

The enzymes that catalyze the steps in 
the synthesis of a protein are them

selves proteins; hence there is an ele
ment of self-reproduction in the syn
thesis. Since the enzymes are specific 
for each reaction step or group of steps, 
a certain selective mechanism is implied 
in the pattern of enzymes in the cell. 
But the enzymes in cells of different or
ganisms seem to be very much alike, and 
their range of specificity is broad: they 
are keys, but in many instances pass-

keys which fit a number of different 
locks. This is true even of the proteolytic 
enzymes. 

We must therefore look for some basic 
principle that can permit the cell to exer
cise a much finer selection. Here we 
must resort to conjecture, for this is a 
field in which little is yet known. The 
British biologist J. B. S. Haldane and 
others have suggested a hypothesis which 
seems to have much in its favor. They 
compare the synthesis of a protein to the 
making of replicas of a sculpture by the 
mold and cast method. Certain known 
processes of synthesis, especially the 
formation of antibodies and viruses, do 

How a Cell May Supply Energy for Synthesis 

of a Protein 

When the synthesis is "pushed," an amino acid __ AI reacts with an energy-pro

ducing substance X - B in a likely process: 

The product --A1X then reacts with another amino acid A�: 

__ ArX + A� � __ ArA� + X 

The condition for a good yield of this product is that the fall in free energy of the process 

of separating X and B is greater than that of the breakdown of the product: 

----A-l -A2----

When the synthesis is "pulled," the two amino acids are first combined with a substance 

Xl> and the product then reacts with a substance B1: 

--A1 + A� + XI ....;-' --A1A"-2--I--XI 

--- A1A""2-11--XI + BI ....-.... ---A-l-A� + X1Bl 

The condition for a good yield of this synthesis is that the fall of free energy of the pro· 

cess which combines X and B is greater than that of the breakdown of the product: 

__ A1A� � --AI + A2--
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IDEAS IN PHARMACEUTICALS are building healthier bodies and a new 

vocabulary. Sulfadiazine . . .  streptomycin . . .  cortisone. Familiar 

words today. A generation ago they were unknown. These new prod

ucts are but a few of the many now being mass-produced by the 

pharmaceutical industry. Today pharmaceutical companies are manu

facturing over one billion dollars? worth of products annually in the 

constant struggle against disease. 

IDEA-CHEMICAL 
helps spotlight internal organs 

for better x-ray diagnosiS 

Injected intravenously, a crystal
clear solution of an iodine com
pound serves as a useful contrast 
medium ... outlines certain in
ternal organs more clearly for 
x-ray diagnosis. The last step in 
the synthesis of this compound is 
the methylation of the cyclic ni
trogen atom of an organic acid. 

Before choosing a specific 
methylating agent for this job, 
the pharmaceutical manufacturer 
investigated various types, in
cluding the methyl halides. Mter 
tests, he selected· an Idea
Chemical from Du Pont-Di
methyl Sulfate. 

He found that Du Pont Di
methyl Sulfate is effective and 

Write for our new booklet on Polychemicals 
products for industry 

These products for the pharmaceutical industry are typical. 
Polychemicals products for industry include amides, alco
hols, esters, organic acids, solvents, resins and plastics. For 
more information about products which may be useful in 
your industry, send for our new booklet, "Products of the Polychemicals 
Department." You'll find descriptions, properties, uses, possible appli-
cations and other data. Write on your business letterhead for your copy. 
We will gladly cooperate with you on any applications for Polychemicals 
products you would like to investigate. 

E. I. DU PONT DE NEMOURS & CO. IINC.1 • POLYCHEMICALS DEPT. 599 • WILMINGTON 98. DEL. 

economical to use. Reactive at 
low temperatures, it requires lit
tle heat for the methylation re
action. In addition, it can be used 
at atmospheric pressures without 
autoclaving because of its high 
boiling point (188.8°C.). 

But Dimethyl Sulfate is only 
one of the chemical products from 
the Du Pont Poly chemicals De
partment helping the pharma
ceutical industry do a better job. 

The list includes Methanol-used 
as a solvent in the manufacture 
of cholesterol, streptomycin, vita
mins, hormones and other phar
maceuticals, And Crystal Urea
used in the preparation of theo
bromine and barbiturates. 

BETTER THINGS FOR BETTER LIVING 
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multiply your 
engineerin 

* 

* Electronic Anal 

INVESTIGATE THESE IMPORTANT EASE 

SIMPLE TO OPERATE AND MAINTAIN • • •  
any engineer or mathematician who 
can write the equation can solve it on 
the EASE computer with only a few 
hour's training. 

COMPACT, COMPLETELY SELF-CONTAINED 
. . .  the entire unit requires less than 8 
sq. it. of floor space, is complete with 
its own regulated power supply ... 
you simply plug it in to a 20 ampere, 
110 v. a.c. line! 

LOW COST • . •  the EASE is the world's 
first high-quality computer to be 
mass-produced in practical commer
cial form. The result is low cost with
out sacrifice in utility or quality. 

indeed resemble such a procedure, with 
the cast closely fitting the mold and re
producing it in great detail. 

We may assume that both the mold 
and the cast are proteins, which ars 
interchangeable or perhaps even iden
tical. The cast is fitted to the mold by 
means of the pairing of amino-acid side 

• chains. Not only do their molecular 
shapes fit each other, but they are drawn 
together by attractive molecular forces 

1 such as we have already mentioned. 

complete solution time !��!�����II equations up to the 20th n 

The complete mold or cast, however, is 
built not from single amino acids but 
from pep tides as the structural elements. 
The appropriate peptides are drawn 
from a "poo]" according to their fitness 
to the mold. The formation of the pep
tide bonds joining them, which requires 
relatively little energy, is assumed to be 
effected by a non-specific proteolytic en
zyme assisted by a synthetic pull of the 
"likely" process of adjustment of the 
cast to the mold. The cast is then pulled 
from the mold by some unspecified 
mechanism without disturbing the pri
mary structure of the molecules. Possi
bly the peptide chain's development into 

to two hours with the EASE '-V.'''l'U\II'L 
2. REDUCE RESEARCH AND DEVELOPMENT 

functioning of an entire dynamic system 
can quickly be simulated on the EASE. 
Effects of changing loads, forces, condi
tions and other variables can be deter
mined rapidly and accurately-at a frac
tion of the time· and cost of operational 
testing. 

3. SPEED PRODUCTION TESTING . . •  coupled with 
voltage transducers, the EASE computer 
can be channeled to physical systems, sub
systems or components. By substituting 
for, and simulating, associated equipment 
it provides substantial savings in test time. 

secondary and tertiary structures has 
something to do with its separation from 
the mold. 

It should be emphasized that this pic
ture, which is inspired by certain sng
gestions recently put forward by the 
English biochemists J. D. Watson and 
F. H. C. Crick, entirely neglects the 
question of the part played in protein 
synthesis by the nucleic acids. These in-
teresting substances, which have a back
bone composed of carbohydrate and 
phosphate, are considered by many 
workers to be active synthesizers. The 
Belgian investigator Henri Chantrenne 
suggests that they may effect specific 
peptide-bond synthesis by phosphate 
transfer after the manner of A TP, to 
which they are closely related. However, 
the fact that nucleic acids are genetic 
regulators, that they are present in cells 
whenever protein synthesis occurs, and 
that they are important as transforming 
factors and as initiators in virus forma
tion does not necessarily mean that thev 
participate intimately in the synthesis of 
the primary peptide chain. They seem 
to be far too unspecific for this process, 
if what we have learned from the insulin 
molecule turns .out to be valid for other 
proteins as well. It seems more likelv 
that their providential control of living 

For complete data, please request Bulletin K9 

form and of cell differentiation originates 
in a balanced interplay of activation and 
suppression of possibilities inherent in 
the assembly of proteins in the cell. The 
manner in which this control is enforced, 
however, is obscure. 

BECKMAN INSTRUMENTS IN£. 
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STABILIZED and 
REGULATED 

Output voltage is unaffected by 

changes in the magnitude of a·c lin e 

voltage or output load current. Stabili
zation and regulation is ± 0.25 volts. 

R.M.S. ripple voltage is less than O. J 
volts. 

ADJUSTABLE OUTPUT 
SETTINGS 

Any desired output of d·c voltage from 
o to 30 volts is achieved by simply 

rotating the handwheel on the front 

panel. 

CONVENIENT, EASY TO USE 
The VARICELL is operated by simply plugging into any handy a·c voltage source 

supplying a nominal 115 volts, 60 cycles, I phase. The load is connected to either 

of the two pairs of SUPERIOR S·WAY Binding Posts. The assembly is energized by 

an "On·Off" switch. A voltmeter visually identifies the output voltage at the binding 

posts. An ammeter shows the output load current. 

ENGINEERS, LABORATORY TECHNICIANS, PRODUCTION TEST MEN and ALL 

OTHERS WORKING WITH LOW D-C VOLTAGES • • •  get complete information 

now on the V ARICELL. Use coupon below to get your copy of Bulletin VI 051. 

THE SUPERIOR ELECTRIC co. ..s�, 
BRISTOL, CONNECTICUT , I::Z 

THE SUPERIOR ELECTRIC COMPANY 
J209 Mae Avenue, Bristol, Connecticut 

Please send my free copy of Bulletin VIOSI describing the V �RICELL. 

NAME ____________________________ � __________________ _ 

POSITION ______________________________ ______________ __ 

COMPANY _____________________________________________ _ 

CO.ADDRESS _______ ____________ __________________________ _ 

C'TY _____________ ZONE __ STATE ______________ _ 

- -- - - -- .•••...... _----------------------------------------

107 

© 1953 SCIENTIFIC AMERICAN, INC



How Do 
Cells Differentiate? 

An unspecialized egg gives Tlse to all the specialized tissues of 

an orga7us7n. The study of this marvelous phen07nenon engages 

two disciplines of the modern biology: embryology and genetics 

How is it that a single fertilized egg, 
a tiny blob of apparently form
less protoplasm, can become a 

man-with eyes, ears, arms, legs, heart 
and brain? How from one generalized 
cell do we get the myriad of different 
specialized cells that make a human 
body? This puzzle, differentiation, is of 
course one of the great questions of bi
ology. The process of differentiation has 
always seemed particula�ly mysterious 
because there are so few phenomena in 
the non-living world that might give us 
clues as to how it takes place. In the in
animate realm we do not often come 
across a situation in which parts of a 
single mass of material gradually diverge 
from one another and become complete
ly distinct in character. Yet in all living 
things, except perhaps the viruses, dif
ferentiation is a basic law of nature. 

For half a century biologists have 
been searching for the answers to this 
question by two main methods of at
tack: the modern sciences of embryology 

. 
by C. H. Waddington 

and genetics. On one hand they have 
been investigating directly by experi
ment how the embryo develops, and on 
the other they have studied how the 
genes control the processes of develop
ment. Let us start with the embryologi
cal approach. 

The problem was bogged down for a 
long time in a debate between two 
theories first described by Aristotle in 
the fourth century B.C. One school 
argued that the newly fertilized egg con
tains all the organs of the animal in 
miniature, and that these preformed 
parts merely grow and enlarge to pro
duce the adult. The second view, sup
ported by Aristotle, was that the organs 
are formed only gradually by interaction 
among simple parts or constituents of 
the egg. Aristotle called this process 
"epigenesis," and epigenetics is still an 
appropriate name for the embryological 
approach to the problem. 

When modern investigators began to 
experiment on animal embryos, they 

seemed to find support for both of the 
ancient theories. They cut an egg of a 
simple animal in half, or removed a part 
of the egg, and let the remaining part 
develop. In some types of animals, the 
fragment of egg developed into an adult 
with certain parts missing, which sug
gested that the egg contained preformed 
and rather rigidly localized rudiments of 
the adult organs. On the other hand, in 
other cases a complete and normal adult 
grew from the amputated egg. It was 
clear that epigenetic interactions must 
have taken place in these eggs. 

The first experimenter to carry out a 
controlled study of such interactions 

was the German embryologist Hans 
Spemann, of the little Black Forest town 
of Freiburg. He operated on early em
bryos of the common newt. As the eggs 
of this animal develop, the first visible 
structure to appear is a small depression, 
called the blastopore, which eventually 
will become the main part of the intes-

PRELUDE TO DIFFERENTIATION is depicted by the early 
stages in the life of the marine animal Amphioxus. In the first draw· 

ing is the fertilized egg. In the second the egg has divided into two 
cells. In the third the two cells have divided into four. In the fourth 
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tine. Spemann cut out the region of the 
blastopore from one egg and grafted it 
into a second egg in a different position. 
There it not only continued to develop 
but influenced the cells surrounding it. 
They then became the' main organs of 
the embryo, e.g., the central nervous 
system and the rudiments of the spinal 
column. 

Here was a clear-cut case of exactly 
the kind of interaction suggested by the 
epigenetic theory. Spemann called the 
blastopore region the "organizer" of the 
embryo. Soon organizers very similar to 
the one he had discovered in his sala
mander were found in many other 
classes of vertebrate animals. Such or
ganizers were found to be responsible 
for the formation not only of the main 
embryonic axis but of many secondary 
organs which arise rather later: the ear, 
the nose, the lens of the eye, and so on. 
Sometimes the organizer region is rela
tively sharply demarcated and precisely 
localized. In other eggs it may be more 
diffuse, and the interactions may take 
place in a graded way, one end of the 
region being more powerful than the 
other. But in either case, the develop
ment of organs is determined by the 
interaction between some dominant part 
of the egg and its more receptive sur
roundings. 

Now an organ has two aspects. It 
consists in the first place of specific types 
of tissue, which can come into being 
only by differentiation of the cells. But 
further than that, the tissues in an organ 
are arranged in certain relations to one 
another that give the organ its character
istic shape. Of course in the last analysis 
the shape of an organ presumably is an 
expression of the nature of the tissues 
composing it, but it is convenient to 
make a rough distinction between the 
formation of specific tissues and the 

molding of these tissues into organic 
structures. Most recent work has con
centrated on the first of these problems: 
the nature of the chemical processes by 
which the embryonic cells become dif
ferentiated. 

It was natural to suppose at first that 
the organizer could act only as a living 
entity. But in 1932 it was discovered 
that an organizer is able to influence its 
surroundings even after it has been 
killed! This discovery was made simul
taneously in the newt embryo by a 
group of German workers including 
Johannes Holtfreter (who is now at the 
University of Rochester) and in the 
chick embryo by myself at Cambridge 
University. It seemed that we might be 
on the verge of a critically important 
advance: that the influence of the or
ganizer on development might be traced 
to some chemical substance which could 
be extracted from it. Several groups' of 
workers tried to identify the substance, 
but their hopes were too optimistic and 
their picture of the situation too simple. 
The trouble is not in finding a substance 
that will act like the organizer in induc
ing cellular differentiation but that too 
many substances will do just that. With
in a year or two Joseph Needham, Jean 
Brachet and I had proved conclusively 
that methylene blue, a substance which 
cannot by any stretch of the imagination 
be supposed to exist in the normal em
bryo, will bring about the formation of 
nerve tissue when injected into the em
bryo. It seems useless to look for some 
master substance in the cells which will 
give us the key to the understanding of 
differentiation. The place to study dif
ferentiation is in the reacting tissue, 
which actually carries out the differen
tiation. Only during a certain period of 
development is this tissue able to react 
to the organizer stimulus; it is then said 

to be "competent." The way to a deeper 
insight into the nature of development is 
through a fuller understanding of com
petence. 

It is here that the hereditary genes 
come into the picture. In all likeli

hood the competence of the cell for dif
ferentiation is a complex state of affairs, 
involving many different chemical sys
tems. We know that there are many 
genes in the nucleus of a cell and that 
each gene controls the formation of one 
or more of the substances produced as 
the cell develops. Thus the set of gene
controlled processes must be the system 
of reactions involved in the state of 
competence. 

The most obvious question to ask is: 
What is the nature of each 'individual 
gene reaction? But, before considering 
that, there is another point which may 
be almost as important and is perhaps 
easier to approach. We are dealing with 
a complex system of reactions, one start
ing from each gene, and finishing up 
with all the numerous constituents of an 
adult tissue. Do any general features 
characterize the system as a whole? 

There is one important general fea
ture. An adult animal consists of a num
ber of different organs and tissues which 
are sharply bounded off from one an
other. The liver does not merge gradual
ly into the pancreas and that into some 
other organ. Cells develop inte one type 
or the other; they do not form graded 
intermediates. Further, there is a strong 
tendency for these normal end-products 
to be produced even if conditions dur
ing development have been somewhat 
abnormal. We can, for instance, cut 
pieces out of the embryo or cause other 
experimental alterations, and the embryo 
will still produce a normal adult. 

This means that development must be 

drawing, after more divisions, the cells are marshaled into a hol
low ball called the blastula. In the fifth one side of the blastula has 

begun to turn inward. In the sixth the cells form a cup called the 
gastrula. The hole at the right of the gastrula is the blastopore. 
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ORGANIZER is demonstrated by grafting 
" piece of the blastopore region from one 
newt's embryo into another. In the first draw· 
ing the original blastopore is at the bOllom; 
the graft is at the dark spot at the top. In the 
second and thii·d drawings the graft rolls in· 
to the interior of the embryo. In the fourth 
drawing the horseshoe·shaped strncture is 
the rudiment of the central nervous system 
induced by the graft. At the bOllom right 
is the nervous system of the original embryo. 
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organized into a number of distinct sys
tems. One system of processes will bring 
about the development of, say, the nerv
ous tissue. A different system will pro
duce liver or kidney or some other tissue 
of the body. Moreover, each system must 
be stabilized in some way so that it gives 
its normal end-product even if it has to 
go by an unusual way to get there. 

This shows us the kinds of facts we 
have to account for. One of the great 

tasks for embryology in the immediate 
future is to explore the ways in which 
systems with properties of this kind can 
arise. There are several different ways 
bv which we could seek to account for 
tl�e fact that development is channeled 
into separate, distinct pathways. For in
stance, if the product of the reaction 
itself makes the reaction go faster-that 
is to say, if the processes are autocatalyt
ic-it is easy to see that once a process 
has begun to form a particular product, 
that product will encourage the process 
to go still further in the same direction, 
and thus exclude any other possible 
product. Similarly, if the product of one 
reaction inhibits the progress of some 
other reaction, then as soon as the first 
process gets under way it will tend to 
prevent the second from occurring. 
Common sense is enough to offer certain 
general suggestions of this kind, but we 
badly need a thorough theoretical study 
of the various conceivable types of in
.temction between processes. Beyond 
that, we need an experimental analysis 
of developmental processes, aimed at 
discovering which of the theoretical pos
sibilities are realized in practice. 

For the self-regulating feature of the 
embryo's development, we can find 
models in the field of engineering: auto
matic ships' compasses, automatic pilots 
and other feedback mechanisms for 
which the name of cybernetics has re
cently become fashionable. In cell dif
ferentiation we must be dealing with 
chemical cybernetiC systems. The prop
erties of biological enzymes should make 
it possible for such systems to be built 
up in several different ways, but we still 
know remarkably little about them. Very 
probably much of the work required to 
understand these systems will be done 
on systems of isolated chemical sub
stances which may at first sight seem to 
have little or nothing to do with em
bryology. 

I have found it helpful to make a 
mechanical picture of the set of differ
entiation systems, each of which leads 
to one definite end-result and is balanced 
internally by some sort of cybernetic 
mechanism. Let us imagine the cells as 

a group of balls perched on the top of a 
slope. On this slope we may suppose 
there is a radiating system of valleys. As 
each ball rolls down, it must pass into 
one valley or another. Once it has started 
down a given valley, its fate (the end
product it will become) is determined, 
for it will be very unlikely to> roll over 
the intervening hill into another valley, 
and even if some abnormal condition 
temporarily pushes it part way up the 
bank, it will tend, like a bobsled, to slide 
back to the bottom of its chute and con
tinue its normal course. I have used the 
name "epigenetic landscape" for this 
picture of the developing system. 

Our other principal task. is a detailed 
study of the chemical processes that go 
on in a cell as it moves from its embry
onic beginnings to its final differentiated 
state. When it was discovered that many 
substances could act like the organizer 
to induce differentiations, most people 
argued that they must be acting in a 

secondary way. Suppose that all the cells 
of the embryo contain some substance 
which can induce the formation of, for 
instance, nervous tissue. Suppose further 
that in most cases this substance is con
cealed or inactivated, but that it can 
be liberated by certain types of cell 
metabolism. Then one would expect that 
the organizer gets its peculiar proper
ties from its speCific metabolism. Follow
ing this line of thought, several groups of 
investigators have measured the metab
olism of the organizer against that of 
other regions of the egg. They have duly 
found that the organizer has certain spe
cial metabolic characteristics, and it is 
quite clear that these are essentially in
volved in its developmental activity. For 
instance, in the eggs of the sea urchin 
the fundamental developmental system 
consists of two gradients of activity, one 
of which is most powerful at the upper 
end of the egg, the other at the lower 
end. The thing that varies along these 
gradients is the intenSity of processes of 
cellular metabolism, and on these varia
tions depends the differentiation of the 
parts of the egg. 

Eggs mOld embryos are, of course, ex-
ceedingly small things, and the tech

nical difficulty of studying the metabo
lism of parts of the egg is very large 
indeed. Some �ubtle types of supersensi
tive apparatus have been worked out 
which enable one to operate with minute 
quantities of material. One of the most 
refined is the well-known Cartesian 
diver. This old toy, which apparently 
has nothing to do with the French 
philosopher Descartes, after whom it is 
named, is a tiny vessel of thin glass with 
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TWO HYPOTHESES of organizer action are illustrated by this cross section of a newt's 
embryo. At the right is the organizer region. Tissue containing an indncing substance in an 
inactive form labeled (E) moves into the interior of the embryo. There (E) becomes an 
active form E, which reacts with the competent tissue C and causes it to become the nervous 
tissue N. At the left is a diagr�m showing how a chemical substance S might produce nervous 
tissue either directly by acting on C or indirectly by causing (E) to be converted into E. 

an open neck. In this neck a drop of oil 
is placed and the whole thing is im
mersed in a flask of water. As the diver 
sinks below the water surface, the pres
sure of water from above forces down 
the oil drop, compresses the air in the 
vessel into a smaller volume and so 
makes the glass bubble sink further. It 
can be made to float at a predetermined 
level, however, by adjusting the atmos
pheric pressure on the surface of the 
water in the flask. If now we have inside 
the stabilized diver a small piece of 
tissue which is using up oxygen or giving 
out carbon dioxide, this will alter the 
volume of the gas inside the diver and 
thus affect its buoyancy. This change 
can be measured by altering the atmos
pheric pressure until the diver just floats 
at its original level. The apparatus pro
vides an exceedingly sensitive method 
of measuring minute changes in gas 
volume; with it one can measure respira
tions which involve as little as one 
millionth of a cubic centimeter of gas. 

With such instruments we have ac
quired in the last few years a large 
amount of information about the respira
tion of various parts of the egg al1d other 

aspects of metabolism which are teCImi
cally easy to measure. Unfortunately 
these processes are not always the kinds 
that seem most likely to lead to an un
derstanding of cell differentiation. Dif
ferentiated cells probably are distin
guished from one another principally by 
their protein constituents. We still know 
exceedingly little about how proteins 
are formed, and biochemical investiga
tion of protein production in embryos 
has not yet made much progress. 

Like so many projects in biology, this 
investigation may turn largely on finding 
a suitable experimental material. The 
whole of embryology suffers at present 
from operating too much in terms of 
complex entities. Instead of considering 
the development of nervous tissue or 
liver tissue, each of which contains many 
substances, we must be able to investi
gate the development of some single 
substance. Again, instead of thinking in 
terms of transplanting lumps of material 
from one part of the embryo to the other, 
we shall have to start experimenting on 
the constituents of a single cell. We have 
as yet no good material in which we can 
follow quantitatively the synthesis of 
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:ANNOUNCING 
the Second Annual 

FIRST AWARD ........ Honor Plaque $1,000 

SECOND AWARD ... Honor Certificate $300 

THIRD AWARD ..... Honor Certificate $200 

This group of awards has been estab
lished to encourage research leading to 
new applications of glycerine or its der:iv
atives. The work may deal with chemical, 
physical or physiological properties of 
glycerine, or with properties of glycerine
containing or glycerine-derived materi
als. It may deal with applications cur
rently or potentially of value, or with 
scientific principles or procedures likely 
to stimulate future application. Origi
nality in extending application of glyc
erine into new fields will receive special 
consideration. 

Awards are open to anyone in the 
U. S. and Canada engaged in research, 
whether employed in industry or affili
ated with a governmental or educational 
institution (faculty or college student) 
except those connected with Glycerine 
Producers' Association member compa
nies or laboratories they employ. (Joint 
entries by research teams of 2 or 3 indi
viduals also eligible.) 

First consideration for 1953 Awards 
will be given to work which has come to 
successful conclusion during 1953, re
gardless of date when the work was 
initiated. Work carried on in previous 
years, but significance of which has been 
confirmed by commercial application in 
1953, will be eligible. 

Selection of winners will be made by 
3 judges 6f outstanding reputation and 
appropriate scientific background, hav
ing no connection with the Association 
or its members. 

DATE FOR NOMINATIONS 
All nominations for 1953 aWal'ds must 

be received by November 1, 1953. 
Only nominations made on official en

try blanks will be eligible. For blanks, 
write: Awards Committee, Dept. S, 
Glycerine Producers' Association, 295 
Madison Ave., New York 17, N. Y. 
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some specific protein and investigate 
the effect of various conditions on this 
process. 

The genetic study of development is 
not open to this reproach. In genetics 

we can easily study one kind of unit 

involved in development, namely the 
gene. One of the most'important things 
that has been going on in genetics re
cently is the attempt to connect indi
vidual genes with the specific single sub
stances for whose production they are 
responsible. In microorganisms such as 

AIR 

FLOTATION MEDIUM 

ZERO LEVEL 

OIL SEAL 

MEDIUM 
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CARTESIAN DIVER is used to study differentiation by measuring the gaiu or loss of gas 
by tiny bits of tissue. It was first applied to the measurement of l'espiration by K. U. Linde.r
strom-Lang, the author of the article in this issue entitled "How Is a Protein Made?" 
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yeasts or fungi, which have a very sim
ple body and a somewhat simpler bio
chemical system than more complicated 
animals, a change in a single gene often 
produces an obvious alteration in only 
one chemical constituent. Frequently 
this constituent is an enzyme, th�t is to 
say, one of the biological catalysts on 
which the functioning of the cell de
pends. It is probable, indeed, that all 
genes exert their influence through 
enzymes, and data from microorganisms 
suggest that each gene has an effect on 
a particular enzyme. If this is so, it 
would be logical to suppose that the 
gene manufactures the enzyme. It is not 
by any means certain that the matter is 
really as simple as all that. There may 
be several steps between the gene and 
the enzyme, in which case a number of 
different substances would be in
volved. We should then be dealing with 
a chemical system not very different 
from the one discussed in connection 
with the competence of embryonic tis
sues. 

From the point of view of cell differ
entiation, however, this work in micro
biology is not so helpful as one might 
think. The microorganisms are the very 
creatures that show the least· amount of 
differentiation. Genes exercise their con
trol, it is generally believed, by inter
acting in different ways with different 
regions of the cytoplasm in the egg. In 
microorganisms there is little or no spe
cialization of different regions of cyfo
plasm, so we cannot hope to get from 
them any direct information about this 
fundamental relationship between genes 
and cytoplasm. 

We have, however, found some valu
able indirect clues. It has been known 
for some time that a strain of yeast 
growing in a sugar solution will often 
develop the ability to ferment that type 
of sugar although it could not do so 
originally. It forms what is known as an 
adaptive enzyme for doing so. Biochem
ists and geneticists have learned that in 
general a strain of yeast can form an 
adaptive enzyme to a particular sugar 
only if it has a hereditary capacity to do 
so. In other words, the forming of an 
adaptive enzyme depends on the pres
ence of tlle appropriate gene. This gene 
must, however, be activated by the 
presence of the sugar. The situation is an 
extraordinary parallel to what we 
imagine must happen when specific 
genes are activated in certain cytoplas
mic regions of the egg. Since each adap
tive enzyme is a specific protein, we 
have here an oppol'tunity to study quan
titatively the physical and chemical fac
tors involved in protein synthesis. Sir 
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Cyril Hinshelwood at OxfOl:d University, 
Sol Spiegelman at the University of Illi
nois, Jacques Monod in Paris and others 
are already pursuing this line of inquiry. 

From this protein study has come the 
stimulating suggestion that between 

the gene and the final enzyme there may 
be intermediates which, once formed, 
can reproduce themselves, for some 
time at least, even if the gene that pro
duced them is removed. Several authors 
recently have come to the conclusion, 
some rather hastily, that they had evi
dence for the existence of such sub
stances, and they have given them a 
variety of names-plasmagenes, cyto
genes and so on. In several cases further 
investigation showed either that the evi
dence was not as good as had been 
thought or that the suggested plasma
genes were actually foreign virus parti
cles or something of a similar nature. In 
a certain number of cases, however, 
there is fairly convincing evidence for 
the existence of plasmagene-like bodies. 
One of the best known is found in the 
little Paramecium. In this single-celled 
organism the cell develops certain sub
stances which can be recognized by the 
fact that they stimulate the production 
of specific antibodies when they are in
jected into rabbits. The development of 
each substance is controlled by a corre
sponding plasmagene. The plasmagenes 

GUT LIVER NERVE 

again are under the control of nuclear 
genes, and the nucleus itself is influ
enced by the condition of the cytoplasm 
of the cell. The cytoplasmic state can be 
altered by growing the animals at differ
ent temperatures or by changing their 
environment in other ways. Each cyto
plasmic condition activates a certain 
gene to manufacture its corresponding 
plasmagene. and that 'in turn produces 
the final cell constituent. 

It seems likely that something similar 
goes on in embryonic development. The 
different regions of the egg can be sup
posed to activate particular groups of 
genes in the nuclei which enter them; 
the activated genes then control the dif
ferentiation of cells. The first step in this 
will be the production of immediate 
gene products which may or may not be 
endowed with the power of self-repro
duction, like plasmagenes. The Belgian 
embryologist Brachet has argued that 
certain minute particles which can be 
discovered in cells, the so-called micro
somes, are the actual plasmagenes. 
These particles, just barely visible under 
ordinary microscopes, can be separated 
from the rest of the cell by ultracentri
fugation. Brachet supposes that they 
are the immediate agents of protein syn
thesis in the cytoplasm, operating under 
the ultimate control of the nuclear genes. 
There is as yet no absolutely convincing 
proof of this. We badly need to develop 

SKIN MUSC�E KIDNEY 
EPIGENETIC LANDSCAPE is an abstract rep"esentation of differentiation. The balls roll 
down the slope into one or another valley leading to a specialized organ of the adult. 
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Pyrophyllite, titania or glaze frits ... 
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In research - to determine the amount of 
cobalt and nickel deposited during the firing 
of enamel ground coats. 

In raw material analysis - to speed the de
termination of niobium in titanium oxide . • •  

of iron in pyrophyllite. 

In product control - to permit easy com pari
. son of the amounts of lead in glaze frits. 

And GE XRD-3S spectrometers are proving their 
value in other industries - chemical, petroleum, min
eral, metallurgical. Everywhere they maintain high 
accuracy over a wide range of concentrations. They're 

fast - only one to five minutes per element on any 
atomic number above 22. 

If you need fast, accurate analysis of your materials, 
get all the facts about fluorescent x-ray spectroscopy. 
A recent article by R. F. Patrick of Pemco Corporation 
tells how they make profitable use of x-ray diffraction 
in the ceramic field. For this or other applications, 
write X-Ray Department, General Electric Company, 
Milwaukee 1, Wisconsin, Rm. TT-9. 
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DEVELOPMENTAL SYSTEM within the cell must be an elaborate network of chemical 
interactions. The genes in the nucleus (A, B, C, etc.) not only form replicas of themselves 
(AI, BI, CI, etc.) for the next division of the cell but also must produce "immediate gene 
products" (a, b, c, etc.). These may or may not be "plasmagenes," able to form duplicates of 
themselves (ai, bl, cl, etc.). They must interact, however, to produce the cell proteins (P, 
Q, R, etc.). These in turn condition the activities of both the gene products and the genes. 

techniques for investigating more thor
oughly the relation between these micro
somes and the nucleus, for instance by 
isolating the microsomes from one cell 
and transplanting them into another 
whose development would normally be 
different. 

The gene-plasmagene and gene
microSQme story is the place at which 
the two sciences of genetics and em
bryology are coming together most 
closely. It also introduces the last pair 
of actors in our account. These are the 
two, nucleic acids, usually known as 
DNA (desoxyribonucleic' acid) and 
RN A (ribonucleic acid). They are al
ways present in those parts of the cell 
most deeply involved in the production 
of new substances, and it seems most 
probable that nucleic acid of one kind 
or the other is essential for the produc
tion of any protein. There seems to be 
no doubt that DNA, a constituent of the 
chromosomes that house the genes, must 
be in some way closely connected with 
the genes themselves, which contain 
protein. RNA always occurs in high con
centration in any region of cytoplasm 
in which rapid synthesis of proteins is 
proceeding. The microsomes, for in-

stance, contain large quantities of RNA 
but little or no DNA. According to one 
present theory, the DNA-containing 
chromosomes manufacture RNA, which 
passes out of the nucleus into the cyto
plasm and there becomes attached to the 
microsomes and takes part in the syn
thesis of the cellular proteins. 

H ere again we are standing on the 
challenging frontier of unexplored 

territory. We may Batter ourselves that 
we are converging on the secret of dif
ferentiatio,n from all sides, but the ad
vances we have made so far do more to 
reveal the extent of the area still. to be 
explored than to provide satisfying ex
planations. The older surgical methods 
of experimental embryology and the 
general genetical studies have given us 
some clues as to the over-all nature of 
the system we are dealing with. But they 
emphasize, on the one hand, the need 
for developing a broad picture of it and, 
on the other, the importance of getting 
down to concrete chemical detail. Thus 
every part of the advancing front of 
knowledge must look for support to ev
ery other, and the order of the day all 
along the line must be to press on. 
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Glass can accurately control 
and transmit light with per
manent reliability. Good ex
amples are all around you 
but one rather unusual one is 
the glass cylinder in this 
printing machine. It transmits 
the ultra violet rays produced 
by a mercury arc lamp. 

3 Heat Resistant 
Where your problem is heat 
or quick changes from hot to 
cold, PYREX brand glass. No. 
7740 will stand temperatures 
below zero to 250'F. VYCOR 
brand glasses go to 1800° F. 
Picture shows pouring hot 
metal into VYCOR dish on 
cake of ice. 

7 Heat Generation 
Although you normally think 
of glass as an electrical in
sulator, Corning's E-C glass 
conducts electricity and radi
ates heat. E-C glass is ideal 
for space heaters, dryers, and 
other applications especially 
where an even heat distribu
tion is wanted. 

4 Electrical Stability 
Metal bonded to glass forms 
which have high dielectric 
strength and low tempera
ture coefficient makes induc
tances and capacitors of 
exceptional stability. Elec
tronics industry uses tens of 
thousands of the glass induc
tances shown in the picture. 

8 Photosensitivity 
Designs reproduced pho
tographically in Corning's 
special photosensitive glass 
cannot fade or wear off. They 
are ideal for permanently re
producing nameplates, photo
graphs, artwork and offer a 
variety of design possibilities. 

8 properties of glass to help you make better products 

These eight properties give you only an in
dication of the versatility of glass by Corning. 

It may pay you well, in terms of better operating 
characteristics, lower production costs, and extra 
sales points for your product, to consult Corning 
engineers before you reach the blueprint stage. For 
further information, just mail the coupon or write 
for a copy of, "GLASS-its increasing importance 
in product design." 

This remarkable material can be made extra 
strong or weak, to conduct electricity or act as an 
insulator, to pass light or cut it off in virtually any 
size, shape or color you need. 

CORNING GLASS WORKS VI CORNING, -NEW YORK 

� ���Ue(7k" 

------------------------------ � 

CORNING GLASS WORKS, 79· Crystal Street, Carnlng, N. Y. I 
Please send me yaur 12-page illustrated boaklet, "GLASS-its increasing 

importance in product design." 

I 
I I I Name ........•................................ __ .................•................... ____ • ___ Title. -----.---............................. I 

Company_ ....•. _________ • __ . _______ ....•...••••....•...•• __ ._._ •••....• ____ .• __ ...•.....•.•....•. _._ •••..........• _ .. __ ._._ .. __ . ______ .•• 

Address .... ___ . ___ ._ .... _ ............. _._. _____ ... _____ . ___ ... __ ....... ____ ......... _. ________ . ________ . __ . __ ..................... _. ___ . __ _ 

I I I 
City ___ . ___ . __ .......... ___ .. __ ............. ____ ... _________ . __ .. ______ ....... _______ ... ____ ........ Zone .. ______ State ___ ........... ____ . I 

----------------------------- � 
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What Is Memory? 
The 7neans b.r which the brain stores the rich varie�y of human 
experience is completc��y unknown. The nerve ph.rsiologist tries 

to apprehend the mechanis71� with cleverl.r designed experi7nents 

A 
textbook of biochemistry widely 
used em'lv in this century had a 
famous passage on the memory 

of linseed oil. Exposure to light makes 
the oil turn gummy. A brief exposure 
may not cause any observable change. 
But on later illumination the oil will 
change more rapidly than if it had not 
already been exposed. The oil "remem
bers" its past experience and behaves 
differently because of it. Its memory 
consists in the fact that light produces, 
among other things, substances which 
aid the light-induced oxidations that 
make it gummy. 

However far removed this may be 
from remembering the Gettysburg ad
dress, it clearly points up one way in 
which memory can work-by means of 
material traces of the past-and the dif
ficulty of defining what memory is. Ac
tually the behavior of the oil and of a 
human being memorizing the Gettys
burg address are but extremes of a 

spectrum of such behavior in nature. 
Between these extremes there is a pretty 
smooth continuity, and any concept 
which defines memorv much more nar
rowly than "the modification of behavior 
by experience" will run into trouble. 
Consciousness, for exam pie, is not nec
essary to memory, for men remember, 
and recall under hypnosis, innumerable 
details never consciously perceived. 

\"'here, then, shall we draw the line? 
A pebble, rubbed smooth in a stream, 
rolls differently from the original angu
lar stone. Experience has here modified 
behavior; the past has been stored in a 
changed structure. Yet this does not 
greatly interest us as an instance of 
memory. Perhaps we should restrict the 
notion of memory to changes in systems 
which participate actively in causing the 
change. Then linseed oil "remembers," 
and so does the bulging calf muscle of 
a ballet dancer. Does a developing em-
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bryo "remember" the major steps, and 
missteps, in the long evolution of the 
species? Do trees "remember" good and 
bad seasons in the thickness of their 
rings? Is a film a memory of light in 
chemicals and a tape recording a mem
ory of sound in magnetism? Is a library 
a memory of thoughts in books and a 

brain a memory of thoughts in proto
plasm? Even to identify memory, let 
alone eXI:ilain it, is no simple matter. 

Without memory the past would van
ish; intelligence, often called the ability 
to learn by experience, would be ab�ent, 
and life would indeed be "a tale told by 
an idiot, full of sound and fury, signify
ing nothing." Today the search for the 
fundamental mechanisms of memory in 
the nervous system is being pressed with 
hopeful enthusiasm. The smell of success 
is in the air and great developments seem 
to wait just over the next ridge. 

T et us consider as memory only that ex
L hibited in man and in such sophisti
cated behavior as is usually close to con
scious awareness. One great problem is: 
Why do certain impressions become con
scious upon reception while others do 
not; why does awareness accompany 
some acts, not others; what, in general, 
invests certain neural events with a phos
phorescence of subjective recognition? 
This question remains unanswered, but 
the answer is likely to come in terms of 
the evolution of awareness of certain 
types of neural events as useful to the 
organiSlTI. 

Memory involves the making of an im
pression by an experience, the retention 
of some record of this impression and the 
re-en try of this record into consciousness 
(or behavior) as recall and recognition. 
The initial impression need not have' 
entered awareness in order to be re
tained and recalled. Anyone asked to re
call what he has just seen in a room or in 

a picture does a less complete job than a 
subject under hypnosis even years later. I 
have been told of a bricklayer who, under 
hypnosis, described correctly every 
bump and grain on the top surface of a 

brick he had laid in a wall 20 years be
fore! 

Guesses have been made as to how 
many items might be accumulated in 
memory over a lifetime. Some tests of 
perception suggest that each tenth of a 

second is a single "frame" of experience 
for the human brain. In that tenth of a 

second it can receive perhaps a thousand 
units of information, called bits. In 70 
years, not allowing for any reception 
during sleep, some 15 trillion bits might 
pom into the brain and perhaps be 
stored there. Since this number is more 
than 1,000 times larger than the total 
of nerve cells, the problem of storage is 
not exactly Simple. 

vVhether or not all incoming sensa
tions are preserved as potential memo
ries, there is an important time factor in 
their fixation. Youthful, repeated or vivid 
experiences seem most firmly fixed. They 
are the last to survive disrupting con cli
tions-old age, brain damage, concussion 
or mental shock-and the first to return 
after a period of amnesia. A goose seems 
to fix upon the first moving object it sees 
as its mother and thereafter follows it 
about. An infant, suddenly frightened by 
a barking dog, may fear dogs for the rest 
of its life. 

More often experiences force them
selves into attention and memory only 
gradually. Even learning to perceive is a 

long, troublesome matter. Adults gaining 
vision for the first time must labor for 
months to learn to recognize a circle and 
to distinguish it from a triangle, let alone 
to see letters and words. 

After any experience, apparently con
siderable time must elapse between the 
arrival of the incoming nerve impulses 
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and the fixing of the trace. If a photo
graphic plate acted similarly, it could 
not be developed at once after exposure 
but only some time later. Recent experi
ments in our laboratory have empha
sized this phenomenon. Hamsters daily 
were run in a maze and were given an 
electric shock afterward. When the 
shock was given four hours or more 
after the run, it did not influence the 
learning curve. (The question of cumu
lative damage is irrelevant here.) A 
shock one hour after the run impaired 
learning a little, and as the shock was 
brought closer it interfered more and 
more, until at one minute after the run, 
it destroyed learning completely. Clearly 
some process of fixing continues for at 
least an hour. 

The nature of the fixing process must 
be left for the moment, while some 

related phenomena of memory are 
noted. One is a type of erasing. A memory 
wizard who can glance through a news
paper and then name the word at any 
position in any column on any page 
makes an effort to forget this mass of in
formation at the close of a performance 

. so as not to "clutter up" his memory. 
Perhaps similar is the removal by a pre
suggested signal of an instruction to a 
hypnotized subject to perform some act 
after arousal. In such instances stored 
experience traces seem to be expunged, 
but whether they are really irrecover
a�le is perhaps not fully established. Re
call alone may be at fault, as in simple, 
forgetting. 

A second phenomenon has to do with 
the alteration of memory traces. The 
memory left by an experience can 
change progressivelY. Memory, as has 
been well said, is reconstructive rather 
than reduplicative. It is also highly as
sociative. Pictures redrawn from mem
ory at intervals become more regular 
(details are smoothed out) or more ex
aggerated (some salient feature is cari
catured) or an object different from the 
original (a chair looks more like a horse 
at each redrawing) . 

Besides fixation and storage, there re
main recall and recognition. Failure to 
recall does not imply loss of the trace: 
witness the frequent experience of tem
porary inability to say a familiar name 
"just on the tip of my tongue." The most 
intriguing problem about memory, how
ever, is not the existence but the tre
mendous specificity of recall. Both in 
its positive and negative aspects-as seen 
in dreams, in amnesia, in suppression 
and repression, in hypnosis, in hysteria 
and dual personality-recall offers bi-

zarre phenomena, formidable to explain. 
One day not long ago, as I left a lec

ture room I caught a fleeting glimpse of 
the head and shoulders of a person half
silhouetted against a window over a 
hundred feet away. I knew at once with 
certainty the name of the person stand
ing there, although he had not crossed 
my path nor his name my mind for more 
than 15 years. A chord, a note, a word, a 
line can recall a long past experience. Or 
it may reawaken an intense emotion with
out the connected experience; I know of 
a young man who invariably faints at the 
sight of a stethoscope, yet has no general 
fear of doctors or illness and no idea of 
why he reacts so uncontrollably. 

Recall may sometimes be disguised, 
seemingly to protect the subject from the 
anguish of fear or shame or pain. Parts 
of a story that touch upon a personal 
problem are often "forgotten" only to 
appear, modified, in a dream. A man 
who was unable to recall the telephone 
number of a girl friend while visiting her 
city dreamed of red objects that night 
and recognized in the morning that the 
numerical position of the letters r, e, d in 
the alphabet gave the missing number. 
This opens the door to the whole edifice 

of symbols. An unsophisticated young
ster, directed under hypnosis to dream 
about bed-wetting, may report his dream 
in Freudian symbols which only an ex
perienced psychoanalyst-or another 
naive youngster under hypnosis!-can 
recognize as referring to bed-wetting. 

Finally, what of the compulsive neu
rotic whose afHiction is banished when 
some infant experience is dredged up 
during psychotherapy? What of the psy
choneurotic soldier, unable to recall a 
battle beyond a certain point, who re
lives under pentothal all the hodor of 
seeing a companion's head blown off and 
is then able to remember and talk about 
it? What of aphasics, who can recognize 
words by sight or by sound but not both? 
And what of dream experiences, not 
actually sensed but presumably due to 
intrinsic brain activity, which may be 
recalled in wakefulness or only in other 
dre'ams, if at all? The problem of recall 
and its specifiCity is the real challenge 
to neurophysiology. 

The human brain is composed of some 
10 billion nerve cells, more or less 

aljke, which interact in various ways. 
Each cell contributes to behavior, and 

THE BRAIN was dissected by early anatomists seeking clues to its function. Tbis wood
cut is from the famous De Humani Corporis Fabrica of the pioneer Andreas Vesalius. 
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HAMSTER RUNS THROUGH MAZE as part of a memory experi. 
ment conducted by Robert E. Ransmeier at tbe University of Chi· 

HAMSTER IS CHILLED in a refrigerator. When its temperature 
is 40 degrees Fabrenheit, the electrical pulse of its brain ceases. 

HAMSTER RUNS THROUGH THE MAZE AGAIN after it has 
been chilled to wipe out the electrical activity of its brain. The in. 
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cago. Each barrier in the maze has two doors, Qne open and one 
locked. After training hamster reaches food (right) in a few seconds. 

ANOTHER HAMSTER IS TESTED by electroencephalograph to 
determine the temperature at which the electrical activity stops. 

vestigators discovered that hamsters trained to run through the 
maze suffered no impairment of this ability because of the chilling. 
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presumably to mental activity, by firing 
impulses or failing to fire. All the phe
nomena of memory must be explained in 
terms of the temporal and spatial pat
terns of these discharges. 

If experience is to modify behavior, 
the activity of neurons connected with 
an experience must alter their subse
quent activity patterns. Two general 
questions regarding the neural trace 
must be asked, and both can be given a 

reasonable, if not a certain, answer to
day. The first is: Does memory depend 
on a continuing activity or on some static 
residue, some structural alteration, left 
behind by past activity? Is a river the 
water flowing in it or the channel the 
water cuts? The answer today is tending 
strongly toward the latter. The second 
question is: Is the structural trace (or 
dynamic process) for each memory lo
cated in a particular region, or are mem
ory traces suffused through the brain in 
some way? Are memories marks placed 
on violin strings or are they wave trains 
playing over these strings? The latter 
would imply dynamic memory, but the 
trace could still be structural, like the 
wiggled groove on a phonograph reconl 
Whether the trace is localized or diffuse, 
its exact nature is a third, if somewhat 
subsidiary question. Current investiga
tions suggest that there are multiple pat
terns of local traces rather than a single 
well-localized one, but the nature of the 
trace is almost pure guess. 

A dynamic memory would depend on 
the continuous passage of nerve impulses 
or on the maintenance of some active 
metabolic or potential change in neu
rons, presumably reinforced by the re
peated arrival of impulses. A nerve im
pulse traveling around a closed loop of 
connecting neurons would be a mecha
nism for such a dynamic memory, each 
remembered item depending on the ac
tivity of a particular loop or net of neu
rons. -(Actually, since there are more 
memories than neurons, different memo
ries would have to share portions of 
path, but this is physiologically possible 
without snarling traffic.) Such a mem
ory device would, however, be metabol
ically expensive, and if the impulses 
really left no long-enduring trace, mem
ories would be completely and irrevo
cably lost once the activity stopped. 

There is a simple way to test the ques
tion as to whether a memory is purely 
dynamic. One need only stop all nerve 
impulses in the brain momentarily and 
observe whether a memory is lost. The 
problem, of course, is to stop the im
pulses reversibly. In sleep or under anes
thesia the brain slows down but remains 
electrically active, and memories are 

HIGH-G 
IMPACT 

--- ACCELEROMETER 

The Physical Setup: A bomb-release 
mechanism holding a dummy bomb is 
rigidly attached to a metal frame. This 
assembly can be dropped any preset dis
tance to a solid base bearing a damping 
material. 

The Problem: To measure the decelera
tion of the mechanism and to prove that 
it has withstood 25 G for a period of 
at least 10 milliseconds as required by 
specifications. 

The Solution: A cathode-ray oscillo· 
graph* and oscillograph-record cam
era * * are used to record the waveform 
of deceleration vs. time. 

An electrical signal, proportional to de
celeration is obtained from a strain-gage
type accelerometer and applied to the 
Y-axis of the cathode-ray oscillograph. 
The accelerometer is rated in millivolts 
per G per doc volt applied. In this appli
cation 750 millivolts corresponds to an 
acceleration of 25 G for the test condi
tions set up. The screen of the cathode
ray oscillograph has been calibrated for 
1000 millivolts fuIl scale. Therefore, 75 
on the scale equals 25 G. 

The time axis is an externaIly-triggered 
sweep, generated within the cathode-ray 
oscillograph. The time axis is calibrated 
by applying the 60-cycle calibrating 

• Du Mont Type 304-A 
•• Du 1\lont Type 291 

wave, generated within the cathode-ray 
oscillograph, to the sweep and adjusting 
the sweep so that one cycle occupies 3 
divisions of the scale. This makes each 
scale division along the sweep equal to 
5 milliseconds. The oscillograph sweep 
is triggered by a doc voltage suddenly 
applied to the external sync post by a 
microswitch which is tripped by the 
descending metal frame just before the 
impact point. A capacitor across the 
microswitch prevents arcing from get· 
ting into the signal leads. 

The oscillogram shows that at 75 on the 
scale, the width of the pulse is more 
than 2 divisions or 10 milliseconds, and 
that the test specifications have been 
met. 

An important application of Du Mont 
cathode·ray instrumentation by Brown 
and Mole, Inc., Lindenhurst, Long 
Island. 

For further information write to: 

TECHNICAL SALES DEPARTMENT, ALLEN B. DU MONT LABORATORIES, INC. 

760 BLOOMFIELD AVENUE, CLIFTON, NEW JERSEY 
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Applying science to industry's problems 
of measuring temperature, air velocity 
and dew point is our business. Every 
Alnor instrument is. an example of 
modern science at work. 

The Pyrotac is the latest instrument to 
come from a background of Alnor re
search and engineering-putting shirt
sleeve science to work on the problems 
of temperature reading in industry: 

This modern pyrometer with motor
driven switch continually monitors as 
many as 20 different temperature points 
• • •  automatically watches for tempera
tures that exceed pre-set safe standards, 
both above and below required ranges. 
If the temperature of any station should 
exceed standard, the Pyrotac sounds an 
alarm or shuts down heated circuits 
before damage can result. It also tells 
you exactly where you'll find the offend
ing temperature. 

Such constant, automatic protection 
increases efficiency and economy
reduces maintenance time and expense 
to 0 minimum. Chances are the Pyrotac 
can solve your problem of protection 
against damage due to excess heat. 
Send today for new, illustrated descrip
tion of the Pyrotac-the latest Alnor 
addition to shirt-sleeve science. Illinois 
Testing Laboratories, Inc., Room 548, 
420 N. La Salle St., Chicago 10, Illinois. 
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largely undisturbed. But the brain's elec
trical activity can be stopped in several 
ways. When a hibernating animal, such 
as the hamster, is cooled to a body tem
perature of 40 degrees Fahrenheit, 
needles thrust into its brain fail to pick 
up electrical activity; it seems reason
ably certain that the reverberating im
pulses are frozen in their tracks. 

Another way of stopping the circu
lating nerve messages is to stimulate the 
neurons simultaneously by a vigorous 
electric shock, so that all the neurons 
presumably are unable to respond to a 
normal impulse. Such a shock does pro
duce a period of complete electrical si
lence, measured in seconds or minutes. 
If the lower brain, controlling respira
tion, is included, the normal messages 
for breathing are suspended. Brain neu
rons may also be made electrically in
active by withholding oxygen for some 
two minutes or by withholding sugar. 
In all these cases the animals recover 
rapidly after the temporary treatment, 
and their memory can be investigated. 

The experiment is now straightfor
ward .. Hamsters are first taught a simple 
maze. They are then hibernated or given 
electric shock or made to breathe nitro
gen for a few minutes. After recovering, 
they are tested for their retention of 
learning. If they remember the way 
through the maze, the memory. did not 
depend upon reverberating circuits or 
upon any other purely dynamic process. 
They remember! 

This by no means excludes the initial 
dependence of memory on neuron activ
ity. The passage of impulses is neces
sarily involved in the initial experience 
that leaves a memory trace. The fact 
that repetition makes for better memory 
reminds us of the analogy of the river 
cutting a channel in its bed. Indeed, the 
reason it takes time to fix a memory trace 
in the brain may be that impulses must 
circulate over their selected pathways 
many times in order to leave behind an 
enduring material change. 

What, then, is this enduring static 
trace? Muscle fibers react to con

tinued exercise by increasing their con
tent of hemoglobin-like pigment; the 
meat becomes darker. No one has de
scribed an enduring chemical change in 
nerve or brain as a result of activity, but 
it must be conceded that this is a difficult 
quest and has not been undertaken very 
seriously. Muscle fibers swell and be
come hypertrophied on exercise. It has 
been shown recently that nerve fibers 
also swell slightly as they conduct im
pulses, and the swelling persists at least 
for minutes and hours if not for days and 

BRAIN WAVES of a hamster (page 120) 
are damped by chilling. Normal waves at top. 

years. Nerve fibers also show alterations 
in potential which outlast the active 
period by many minutes. Any of these 
changes might occur at the critical junc
tion between one neuron and the next
the synapse or gap across which conduc
tion is considerably more precarious than 
it is along the uniform nerve fiber. The 
change might then make the passage of 
subsequent impulses easier or more dif
ficult. 

Certain it is that activity can facilitate 
and inactivity hinder the subsequent 
passage of an impulse across a synapse. 
This has been learned from experiments 
on simple spinal cord reflexes involving 
only one sensory neuron, one synapse 
and one motor neuron in each arc. If 
some of the sensory nerve fibers serving 
the knee-jerk reflex are stimulated, say a 

hundred times a second for 10 minutes, 
and are then tested with a single stimu
lus, the number of motor fibers respond
ing (in effect, the size of the knee-jerk) 
is increased tenfold above the normal 
response to a single shock. The increased 
responsiveness dies out in two or three 
phases, one lasting for seconds and one 
certainly for hours. This suggests that 
the local trace left behind may have in
volved several changes. Conversely, 
when impulses are prevented from reach
ing the synapses of this reflex for days or 
weeks, by cutting the sensory nerve con
nections, the reflex elicited by a single 
shock is strikingly below normal. After a 
few shocks, however, the response be
gins to improve, and again the return to
ward normal seems to involve more than 
one phase. 

Many suggestions have been made as 
to ·what kinds of changes may alter the 
response at a synapse. They must be 
structural-either in the fibers and con
tacts or at the molecular level, where 
displacement of ions might alter the elec
tric potential or displacement of atoms 
change the chemistry. One observed 
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change, already noted, is the' swelling 
of fiber end-bulbs induced by activity. 
The swelling should favor the transmis
sion of impulses. Actually this explana
tion is a modern version of one of the 
earliest theories of memory: that activ
ity somehow causes a nerve fiber to 
sprout new twigs near its termination 
and so to increase its effective contact. 
Neurons from brains of older persons 
have in fact been reported to branch 
more extensively than those from the 
young, and the notoriously poor memory 
of old people for recent events might be 
attributed to the neurons' inability to 
grow more twigs or to accommodate 
more connections, A closely related sug
gestion, that electric-shock treatment of 
some psychoses is successful because it 
destroys certain existing connections and 
permits neurons to make "healthier" 
ones, is based upon the observation, 
made on transparent tadpole tails, that 
electric shocks cause nerve filaments to 
be torn off, 

Another mechanism enjoying some 
current popularity is chemical. Since 
every type of cell of every individual of 
every species has its own chemical per
sonality, and since this differentiation of 
cells depends on proteins, the specificity 
of memory might be due to changes in 
nerve proteins. Each trace could be 
limited to one or a few molecules in an 
end-bulb of a neuron. The body cells 
that manufacture and release antibodies 
against invading organisms "learn," as 
we know, from experience. When ty
phoid proteins, for instance, enter the 
body the first time, antibodies are pro
duced slowly and in small amounts. But 
years later, when almost no antibody re
mains in the blood, a new invasion by 
this specific protein is met by a prompt 
and vigorous release of antibody that 
nips the disease before it gets started. 

It is far from explained just how the 
passage of nerve impulses would alter 
protein molecules at a synapse, or how, 
in turn, an altered protein composition 
would aid or hinder the passage of a 
nerve impulse. Yet some such chemical 
mechanism cannot be discarded, for 
nerves and synapses can be highly 
specific and can change their specificity. 
For example, if an extra muscle is trans
planted into the back of a salamander, 
the nerve to which it becomes 'attached 
will maR:e the transplanted muscle con
tract simultaneously with the normal 
flexor if the transplant is a flexor muscle 
or with the normal extensor if it is an ex
tensor. Somehow the central synapses 
have "discovered" what kind of muscle is 
attached at the far end of the motor neu
ron and they let through nerve impulses 
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the 

shape 

of 

things 

to 

come ••• 

. • •  unlimited are the pos
sibilitie s of pe rman e nt 
magnets in new product 
designs . . . for example, in 
tractive effort. 

The power to attract mag
nets is the e a rliest known 
phenomenon of permanent 
magnets. They may be used 
for 1) holding and lifting, 
such as in magnetic chucks, 
separators, and jigs used in as
sembly operations; 2) to pro
duce tension, such as in ther
mostats, pressure controls, and 
snap switches; and to replace 
coil springs. 

Permanent magnets add to 
the improvement and sale
abili ty, to o ,  of such typical 
consumer products a s: can 
openers, penholders, cabinet 
latches, and games_ 

If you have such a design 
problem, consult INDIANA 
for top engineering "know
how," for rigorous quali ty 
control of magnets during all 
steps of production, and ex
tensive research facilities. 

••• with 

Write for Design 

Handbook 

No.4-J9 

The INDIANA STEEL PRODUCTS CO. 

VALPARAISO, INDIANA 
World's Largest Manufacturer of Permanent Magnets 
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RAT'S BRAINS were incised by Karl S. Lashley of Harvard University and the Yerkes 
Laboratory of Primate Biology to determine the role of cortical connections in memory. 
This diagram shows the brain of the rat from the top (center) and both sides. Each red line 
represents an incision made in a single rat. None of the cuts impaired performance in maze. 

at the proper time for a muscle of this 
sort. 

The essence of all these suggested 
mechanisms is that a given end-bulb of a 
neuron, initially ineffective, can become 
and remain effective as a result of ac
tivity. Indeed, mathematical theories of 
the behavior of complex nerve nets de
mand only such an assumption to ac
count for the basic properties of memory. 
Moreover, the total number of end-bulbs 
on the neurons of the brain, some 10 
trillion, about matches the number of 
bits of information the brain may store 
during a lifetime. But then eacl; mem
ory would have to have its exact micro
scopic spot in the brain, would have to 
stay put through life, and would some
how have to be deposited, once and once 
only, at a given end-bulb, despite the 
wide sweep of impulses through the 
brain during each experience. This raises 
sharply the problem of localization. 

The degree of localization is probably 
the key problem of memory. If we could 
expect to find a given memory at a given 
place in the brain, our experimental 
problem would be comparatively simple. 
We would locate the region and compare 
structural, chemical or physical changes 
there in animals with and without the 
appropriate experience. Some years ago 
there was an exciting report that elec
trical stimulation of a small spot in the 
cerebral cortex caused trained dogs to 
make a conditioned leg movement, while 
in unconditioned or deconditioned ani
mals the same region was inactive. Alas, 
this claim has not been substantiated. 
There is, however, valid evidence of a 
kind of memory localization. When the 
exposed brain of a person under local 
anesthesia for a brain operation is stimu
lated electrically, various conscious ef
fects are produced. Stimulating the oc
cipital lobe, which receives the sensory 

fibers from the eyes, gives visual sensa
tions. Similarly, stimulation of other 
speCific regions produces sounds and 
skin sensations. These responses are not 
related to specific past experiences. 
However, other regions of the brain, par
ticularly the temporal lobe, do respond 
to stimulation with the conscious recall 
of quite specific events from an incli
vidual's past. 

The particularity, however, is at best 
only roughly localized, and localization 
largely vanishes when we look at the ef
fects of brain damage. Large sections 
of nearly any part of the brain can be 
destroyed without loss of particular 
memories or, indeed, without disturb
ance of the memory function. Human 
brains have been extensively damaged 
by trauma, by tumors or abscesses, by 
loss of circulation, by operative removal, 
or by the shriveling away of extreme 
age. In these cases the ability to learn 
new things, to make sound judgments, 
to see new relations and to imagine new 
ideas may be profoundly disturbed, but 
the recollection of past experience is 
likely to remain reasonably intact. The 
frontal lobes of mental patients would 
not be amputated so freely as they are 
today if any serious defect in memory 
resulted. 

So we are left with good reasons for be-
lieving that memories depend on 

static changes left behind by the passage 
of nerve impulses; that these changes oc
cur somewhere along the paths the im
pulses traveled and are most likely at 
particular synapses; that the traces are to 
some extent gathered in certain regions, 
but that extensive brain damage is not 
accompanied by comparable losses of 
memories. One line of escape from the 
dilemma is to assume, as we can quite 
reasonablv, that a given memory is not 
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represented by one specific local change 
but by a pattern of many changed loci
a pattern with sufficient redundancy so 
that if part of it is destroyed the rest will 
still suffice to represent the memory. 

Such a view raises serious difficulties, 
but they do not appear to be insurmount
able. For example, if thousands of neu
ron endings are involved in one memory, 
how can the brain store the huge number 
of memories we have assumed? Actually 
such indirect coding could greatly in
crease its storage capacity. Ten letters, 
each used to represent one item, give 10 
items; but 10 letters used in groups as 
words give a vast number of items. Such 
patterned memory traces might also ac
tually change with time, as particular 
neurons or synapses dropped out of the 
ensemble, and so permit the alteration of 
memories observed on successive recalls. 

We come finally to the problem of re
call. Recall is a matter of attention, a se
lecting or rejecting of particular memory 
traces. Here enter all the intriguing phe
nomena of specificity, suppression, sym
bolization and the like. The physiological 
explanation of these is certainly not yet 
at hand. Perhaps the best clue now avail
able is the control of cortical activity and 
of conscious awareness by nerve centers 
in the older and deeper parts of the nerv
ous system. Much recent experimenta
tion has shown that these primitive 
jumbled masses of nerve cells in the up
per part of the brain stem exercise a pro
found influence on the more recently 
evolved neurons of the cerebral cortex. 
Impulses from these deep cell groups 
continuously spray out to the cortex to 
regulate its activity. An excess of stimu
lation leads to cortical overactivity and 
convulsive seizures, followed by the un
consciousness of exhausted neurons. 
When the impulses are few and the cor
tex is comparatively inactive, the brain 
waves slow down and normal sleep re
sults. One is tempted by the picture of 
an electron beam scanning the tube face 
of a television camera, picking up im
pressions left by the outside world from 
one tiny region after another. But 
whether such beams of nerve impulses, 
playing upon the cortex, do actually con
trol attention, whether they are respon
sible for the evocation of specific mem
ory traces, only the future can decide. 

We are beginning to have some 
reasonable guesses as to the "gadgets" 
that would serve as a memory mecha
nism-guesses sufficiently concrete to 
permit testing by rigorous experimenta
tion. I think it is realistic to hope for 
an understanding of memory precise 
enough to permit experimental modifi
cation of it in men. 

© 1953 SCIENTIFIC AMERICAN, INC



Cutaway View 
of Typical Ohmite 

Tap Switch 

HIGH-CURR'ENT, A-C ROTARY 

TAP SWITCHE� 

COMPLETE LINE OF ITS TYPE 

COMPACT • • •  DEPENDABLE These versatile, all-ceramic 

and metal units are ideally suited to a-c operation. Silver

to-silver contacts reduce contact resistance to a minimum. 

They require no maintenance as the contacts are self

cleaning. A "slow-break" action for a-c use greatly increases 

the life of the contacts. The switch shaft is dead

insulated from the load by a ceramic driving hub. The 

ceramic construction provides perfect insulation, unaffected 

by heat or arcing. These and other features make 

Ohmite tap switches preferred by industry everywhere. 

OHMITE MANUFACTURING CO., 4809 Flournoy St., Chicago 44, III. 

g'e �u,M et)td 
Write on Company letterhead 

For Catalog and Engineering Manual No. 40 

OHMOfE 
RHEOSTATS • RESISTORS • TAP S'WITCHES 

127 

© 1953 SCIENTIFIC AMERICAN, INC



What Is Probability? 
Some mathematicians argue that it is "statistical"; others, 

that it is "inductive." The author believes that there are 

t'wo kinds, both essential to the future progress of science 

The articles in this issue on funda
mental ques�ions of science give 
an illuminating picture of the way 

scientists work. No one reading these 
articles can fail to be impressed with the 
great importance to science of hypothe
ses-the daring guesses on slender evi
dence that go into building new theories. 
The question I should like to raise in this 
final article is: Can the method of scien
tific inquiry be made more precise? Can 
we learn to judge the hypotheses, to 
weigh the extent to which they are sup
ported by the evidence at hand, as an 
investigator judges and weighs his data? 

The question leads at once into the 
subject of probability. If you query sci
entists about the meaning of this term, 
you will discover a curious situation. 
Practically everyone will say that prob
ability as used in science has only one 
meaning, but when you ask what that 
meaning is, you will get different an
swers. Most scientists will define it as 
statistical probability, which means the 
relative frequency of a given kind of 
events or phenomena within a class of 
phenomena, usually called the "popu
lation." For instance, when a statistician 
says the probability that a native of the 
U. S. has A-type blood is 4/10, he means 
that four out of 10 people have this type. 
This meaning of probability has become 
almost the standard usage in science. 
But you will also find that there are sci
entists who define probability in another 
way. They prefer to use the term in the 
sense nearer to everyday use, in which it 
means a measurement, based on the 
available evidence, of the chances that 
something is true-as when a jury de
cides that a defendant is "probably" 
guilty, or a weather forecaster predicts 
that it will probably rain tomorrow. This 
kind of probability amounts to a weigh
ing of the strength of the evidence. Its 
numerical expression has a meaning 
quite different from that of statistical 
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probability: if the weather man were to 
venture to say that the probability of 
rain tomorrow was 4/10, he would not 
be describing a statistical fact but would 
simply mean that, should you bet on it 
raining tomorrow, you had better ask 
for odds of 4 to 6.  

This concept is called inductive prob
ability. A scientist makes a judgment of 
the odds consciously or unconsciously, 
whenever he plans an experiment. Usu
ally the probability ascribed to his hy
pothesis is stated not in numbers but 
in comparative terms; that is, the prob
ability is said to be high or low, or one 
probability is considered higher than 
another. To some of us it seems that in
ductive probability could be refined into 
a more precise tool for science. Given a 
hypothesis and certain evidence, it is 
possible to determine, by logical analysis 
and mathematical calculation, the prob
ability that the hypothesis is correct, or 
the "degree of confirmation." If we had a 
system of inductive logic in mathemati
cal form, our inferences about hy
potheses in science, business and every
day life, which we usually make by "in
tuition" or "instinct," might be made 
more rational and exact. I have made a 
beginning in the construction of such a 
system, using the findings of past work
ers in this field and the exact tools of 
modern symbolic logic. Before discuss
ing this system, let me review briefly the 
history of the inductive concept of prob
ability. 

The scientific theory of probability 
began, as a matter of fact, with the 

inductive concept and not the statistical 
one. Its study was started in the 16th 
century by certain mathematicians who 
were asked by their gambler friends to 
determine the odds in various games of 
chance. The first major treatise on prob
ability, written by the Swiss professor 
Jacob Bernoulli and published post-

humously in 1713, was called A1"S Con
jectandi, "The Art of Conjecture" -in 
other words, the art of judging hy
potheses on the basis of evidence. The 
classical period in the study of probabil
ity culminated in the great 1812 work 
The01·ie analytique des probabilites, by 
the French astronomer and mathemati
cian Pierre Laplace. He declared the aim 
of the theory of probability to be to 
guide our judgments and to protect us 
from illusions, and he was concerned 
primarily not with statistics but with 
methods for weighing the acceptability 
of assumptions. 

But after the middle of the 19th cen
tury the word probability began to ac
quire a new meaning, and scientists 
turned more and more to the statistical 
concept. By the 1920s Robert Aylmer 
Fisher in England, Richard von Mises 
and Hans Reichenbach in Germany 
(both of whom have died within the last 
few months) and others began to de
velop new probability theOl:ies based on 
the statistical interpretation. They were 
able to use many of the mathematical 
theorems of classical probability, which 
hold equally well in statistical probabil
ity. But they had to reject some. One of 
the principles they rejected, called the 
principle of indifference, sharply points 
up the distinction between inductive and 
statistical probability. 

Suppose you are shown a die and are 
told merely that it is a regular cube. With 
no more information than this, you can 
only assume that when the die is thrown 
any one of its six faces is as likely to turn 
up as any other; in other words, that 
each face has the same probability, 116. 
This illustrates the principle of indiffer
ence, which says that if the evidence 
does not contain anything that would 
favor one possible event over another, 
the events have equal probabilities mla
tive to this evidence. Now a second ob
server may have additional evidence: he 
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STATISTICAL INDIVIDUAL 
DISTRIBUTIONS DISTRIBUTIONS 

NUMBER NUMBER 

OF OF 

BLUE WHITE 

l. 4 o { l. eeee 
2. eeeo 
3. eeoe 

2. 3 

4. eoee 
5. oeee 
6. eeoo 
7. eoeo 
B. eooe 

3. 2 2 

9. oeeo 
10. oeoe 
1l. ooee ..... 

,... 
12. eooo 
13. oeoo 

4. 3 

ooeo 14. 

15. oooe 
"-

5. 0 4 { 16. 0000 

INDUCTIVE PROBABILITY METHODS are illustrated in an ex
ample which is tabulated above. Four balls are to be drawn in suc
cession from an urn. They are identical in every way except that 
some are blue and some white. Nothing is known, however, about 
the proportion of blue to white balls in the urn. First we want 
to decide on the initial probabilities in the experiment-the 
probabilities before the first ball is drawn. We list (under "In
dividual Distributions") all the possible ways in which the draw
ing can turn out. Now we apply the principle of indifference, 
which says that if the evidence contains nothing that favors one 
possibility over another, all possibilities must be considered 
equally probable. There are two ways to apply the principle to this 
example. The first is illustrated under "Method I." Since there 
are 16 possible cases, dividing the probability equally among them 
gives each a probability of 1/16. But there is another way to look 
at the table. Instead of taking into account the order in which 
blue and white turn up, we can concentrate only on the total num
bers of blue and white in a drawing-all blue, three blue and one 

METHOD I METHOD I I  

INITIAL PROBABILITY INITIAL PROBABILITY OF: 

OF INDIVIDUAL STATISTICAL INDIVIDUAL 

DISTRIBUTIONS DISTRIBUTIONS DISTRIBUTIONS 

1/16 1/5 { 1/5 =12/60 

r 
1116 1120 3/60 

1/16 1/20 3/60 

1/5 

1/16 1/20 3/60 

1116 1120 3/60 

..... 
r 

1116 1/30 = 2160 

1/16 1/30 2/60 

1/16 1/30 2/60 

1/5 

1/16 1/30 = 2/60 

1116 1/30 = 2160 

1/16 1/30 2160 

..... 

1116 1/20 = 3/60 

1/16 1/20 = 3/60 

1/5 

1/16 1120 3/60 

1/16 1/20 3/60 

1116 1/5 { 1 /5 = 12/60 

white, and so on. This classifies the table into "Statistical Dish'ibu
tions," which are indicated by the brackets on the left. There are 
five statistical distributions. If the principle of indifference is 
applied to them, then each has a probability of 1/5, as shown in the 
first column of "Method II." Now the individual distributions 
within each statistical distribution are assigned probabilities that 
aL'e again determined by the principle of indifference. The first 
statistical distribution (four blue) has only one member, so it gets 
the full amouut of the probability to be distributed, or 1/5, as 
shown in the second column of "Method II." The second statis
tical distribution (three bl ue, one white) has four members, so the 
probability must be split four ways, 1/20 to each. Similarly, the 
remaining three statistical distributions are divided into their in
dividual members. At the extreme right hand of the table, all proba
bilities are converted to a least common denominator of 60 in 
order to facilitate comparing and combining them. Method II is 
superior to Method I because it assigns probabilities to future 
events on the basis of the frequency of their past occurrence. 
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may know that the die is loaded in favor 
of one of the faces, without knowing 
which face it is. The probabilities are 
still the same for him, because as far as 
his information goes, each of the six faces 
has an equal possibility of being loaded. 
On the other hand, for a third observer 
who knows that the load favors the face 
numbered 1 the probabilities change; 
on the basis of his evidence the prob
ability of the ace is higher than 116. 

Thus inductive probability depends 
on the observer and the evidence in his 
possession; it is not simply a property of 
the object itself. In statistical probability, 
which refers to the actual frequency of 
an event, the principle of indifference 
is of course absurd. It would be incau
tious for an observer who knew only that 
a die had the accurate dimensions of a 
cube to assert that the six faces would 
appear with equal frequency. And if he 
knew that the die was biased in favor of 
one side, he would contradict his own 
knowledge. Inductive probability, on the 
other hand, does not predict frequencies; 
rather, it is a tool for evaluating evidence 
in relation to a hypothesis. Both the 
statistical and inductive concepts of 
probability are indispensable to science; 
each has valuable functions to perform. 
But it is important to recognize the dis
tinctions between the two concepts and 
to develop the possibilities of both tools. 

I n the past 30 years the inductive con-
cept of probability, which had been 

supplanted by the statistical concept, 
has been revived by a few workers. The 
first of these was the great English econ
omist John Maynard Keynes. In his 
Tmatise on Probability in 1921 he 
showed how the inductive concept is im
plicitly used in all our thinking about 
unknown events, in science as well as in 
everyday life. Yet Keynes' attempt to de
velop this concept was too restricted: he 
believed it was impossible to calculate 
numeFical probabilities except in well
defined situations such as the throw of 
dice, the possible distributions of cards, 
and so on. Moreover, he rejected the 
statistical concept of probability and ar
gued that all probability statements 
could be formulated in terms of induc
tive probability. 

I believe that he was mistaken in this 
point of view. Today an increasing num
ber of those who study both sides of the 
controversy, which has been going on 
for 30 years, are coming to the con
clusion that here, as often before in the 
history of scientific thinking, both sides 
are right in their positive theses, wrong 
in their polemical remarks. The statisti
cal concept, for which a very elaborate 

© 1953 SCIENTIFIC AMERICAN, INC



What JACK& HEINTZ istloingahout ... 

\\ II 

ADOLESCENT 
PRODUCIS 

If you are fathering a product that is under

going the stresses and strains of growing up, 

its electrical, hydraulic or mechanical com

ponents may well be a part of the problem. 

Each year we develop 25 to 30 new Roto
motive devices. To bring so man.y products to· 

successful maturity, we have had to devise 

specialized research, testing and production 

techniques that can be applied to your problem. 

W orking with your development engineers, 

we can bring to bear knowledge gained in the 

toughest school of all-the air-borne school 

-where we meet unusual conditions of com

plexity, acceleration, lightness-with -strength 

• • .  the problems of vibration, impact, heat. 

We take out guesswork by continuous testing. 

Production to aviation standards is our habit. 

In order to appraise these facUities in the 

light of your own engineering and develop

ment needs, we'd like to send you a free copy 

, @1958. Jack & Heintz, Inc. 

of "Jack & Heintz Does It". Write 

Jack & Heintz, Inc., Development 

Division, Cleveland 1, Ohio. 

J&H Rotomotive Equipment-electri

cal, hydraulic ar mechanical devices 

designed to salve unusual problems 

of developing power, controlling 

it or using it • Custom-b uilt com
mercial motors • Aircraft accessory 

equipment. J&H Eisemann Magnetos 

131 

© 1953 SCIENTIFIC AMERICAN, INC



I AM. THE SA1.'£S MANAGE1\ OE' SlGMA. INSTRUMeNTS,lNe. 

�� � <':"�\\'\(\I) llUWy. NOT�\N<r TO 1)0 WITH SlGNlA ADVt.RTlSlNG• 

� BUT 1M THt BOY WHO HAS TO TAI<:E IT. 

� � WI: ARE AN INSTITUTtON 
...... �J INSTIH\D OF A COMPANY 
" (AM 1 !.Ml'LOYED j;;;t: 

," 
, 

: 
OR COMMITTED?) � 

OUR PREsrotNr AND OVRADVER . 
CRtCKETs' CHfRPS./\ : .•. -, TtSlN1i AGENCY ARE BUSY COUNTING c!fjjr� I WANT TO SELL OIlR. PRODUCTS. D�RI:CTOR AND OUR i:\l),V£t<'l'ISI�� TECHt-lfCI\r. AND RESr.�'RCH: 

OtT�T AND FLUe AGENCY �IUW' 
1 S TILt WANT TO SELl< 

CRoWs fEAT HERS. :s::; � 
L OUR, PRoDUCTS. Q �� 

SINCE 1 HAVE NOTHING TO LOSE lW SPEAK1N<7(mept ... y J0l», 
HERE IS WHAT THr. SIGMA SALES DEPARTMENT HAS TO SAY, 

PREVIOUS ADVERTISING IMPLICATIONS NOTWITHSTANDING 
WE DO SELL SENSITlVE �ELAYS WE DO LIKE OUR CUSTOMERS 
WI. DO LtKE MILITARY tHJSINES� I TOO 
Wr. WERE REASONABLY HUMAN BFFLCCFAB*� 

SE.E AN IMPR£sstON or }lty lIttND. 
A�O\1E YOU 

'TURN TIU� 'PiCTURE UPSIDE DOWN TO 
1'HtR!. IS NO. NtED TO 

I AM UPSIDE DOWN 
'i'lND 'IHE SA'LBS MANAGER. 

Y 'tHANKS '1'0 MY ASSOCIATES. you Al.ONE CAN. 
A1RLAl) 

� on." BY CAST1NG YOUR VOTE BELOW. 
5TRAlG\ITE N 1l'1J;. V • 

THE 
QUESTION 

IS�> 
MAIL THIS 

COllPOn*rODAY 
!FlE LIrE YOUSI\VE 

MAY BE MY OWN 
*NOT£: !o.y,u,rOtr",nl,wq 

I hlv< il"ur. rtpi,lt"d 
y�lJr 0l";';'� 

� (� 

SIGMA INSTRU 
COMPLAINT 

MENTS, INC. 

I Do 0 
9370 STATLER BLDG 

DEPARTMENT 
I Do N ..". 

., BOSTON 1 I Want technical d a
t �'ike Sigma ad . . 6, MASS. 

oto, PictUres of prOd
vert,smg 

The presid vets, etc. No 0 y J 
Th ent should b ' es (!J e technical r efired. No 0 y 
The ad vertisin 

eseorch director should es 
9 agency shOuld b 

be fired. No 0 ....I' 
Name e fired. No 0 Yes !!J 
Job 

Upon receipt of life'size foot printour reply We will Sen for fromin of the sales m d you Q 
g. alloger Suitable 

Yes � 

---f----f---+- THE SIX BASIC 

�� :i' . . �;l:; .• � �' , SIGMA RELAYS wr !::'!' � \� Not foreign products, but not illustrated since 

__ -+ __ -+ __ +- Februory 31, 1951. (odv.) 

132 

mathematical theory exists, and which 
has been applied fruitfully in many fields 
in science and industry, need not be 
abandoned in order to make room for the 
inductive concept. Statistical probability 
characterizes an objective situation, e.g., 
a state of a physical, biological or social 
system. On the other hand, inductive 
probability, as I see it, does not occur in 
scientific statements but only in judg
ments about such statements. Thus it is 
applied in the methodology of science
the analysis of concepts, statements and 
theories . 

In 1939 the British geophysicist 
Harold Jeffreys put forward a much 
more comprehensive theory of inductive 
probability than Keynes'. He agreed 
with the classical view that probability 
can be expressed numerically in all cases. 
Furthermore, he wished to apply prob
ability to quantitative hypotheses of 
science, and he set up an axiom system 
for probability much stronger than that 
of Keynes. He revived the principle of 
indifference in a form which seems to me 
much too strong: "If there is no reason to 
believe one hypothesis rather than an
other, the probabilities are equal." It can 
easily be shown that this statement leads 
to contradictions. Suppose, for example, 
that we have an urn known to be filled 
with blue, red and·yellow balls but do 
not know the proportion of each color. 
Let us consider as a starting hypothesis 
that the first ball we draw from the urn 
will be blue. According to Jeffreys' (and 
Laplace's) statement of the principle of 
indifference, if the question is whether 
the first ball will be blue or not blue, we 
must assign equal probabilities to both 
these hypotheses ; that is, each probabil. 
ity is 112. If the first ball is not blue, it 
may be either red or yellow, and again, 
in the absence of knowledge about the 
actual proportions in the urn, these two 
have equal probabilities, so that the 
probability of each is 114. But if we were 
to start with the hypothesis that the first 
ball drawn would be, say, red, we would 
get a probability of 1/2 for red. Thus 
Jeffreys' system as it stands is incon
sistent. 

In addition, Jeffreys joined Keynes in 
rejecting the statistical concept of prob
ability. Nevertheless his book Theory 
of PTObability remains valuable for the 
new light it throws on many statistical 
problems by discussing them for the first 
time in terms of inductive probability. 

I have drawn upon the work of Keynes 
and Jeffreys in constructing my 

mathematical theory of inductive prob
ability, set forth in the book Logical 
FOllndations of PTObability, which was 
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part of every lease contract. 

2. FAST AVAILABILITY -Applying production-line tech
niques to the construction of the CRC I02-A has resulted 
in the shortest delivery time of any fully electronic, digital, 
general-purpose computer. Production schedules call for 
completion of one CRC l02-A every eight working days. 
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further assure high reliability. 

5. EASY PROGRAMMING-Addition of "programmer's" com
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Applications Division. 
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computer users to evaluate the CRC l02-A for their specific 
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Director of Applications. 

TYPICAL 
APPLICATIONS 

,Data Reduction ' Correlation and Statistical Anal
ysis • Differential Equation Solulions • Orbit 
Computations • Psychological Survey Studies • 

Molecular Structure Problems. • Crystalline Struc
ture Proble�s • Simulation Problems ' Electrical 
Network Problems ' Matrix Multi�lication and 
I!,version ',Oil Reservoir Problems. 

Information is also available on the CRC 105 
Decimal Digital Differential Analyzer and 

the CRC 107 Data Processing Computer. 

R P o R A T o N 
3348 WEST EL SEGUNDO BLVD., HAWTHORNE, CALIFORNIA 

133 

© 1953 SCIENTIFIC AMERICAN, INC



134 

WHEN 
THE 

Whatever your 

control or 

pressure 

problem may be

Meletron products 

are precision made 

to meet your 

most exacting 

requirements 

950 North Highland Avenue 
Los Angeles 38, California 

MANUFACTURERS OF fNtf, II. 

published in 1950. It is not possible to 
outline here the mathematical system it
self. But I shall explain some of the gen
eral problems that had to be solved and 
some of the basic conceptions underly
ing the construction. 

One of the fundamental questions to 
be decided is whether to accept a prin
ciple of indifference, and if so, in what 
form. It should be strong enough to al
low the derivation of the desired theo
rems, but at the same time sufficiently re
stricted to avoid the contradictions re
sulting from the classical form. 

The problem can be made clear by an 
example illustrating a few elementary 
concepts of inductive logic. We have an 
urn filled with blue and white balls in 
unknown proportions. We are going to 
draw four balls in succession. Taking the 
order into account, there are 16 possible 
drawings (all four blue, the first three 
blue and the fourth white, the first white 
and the next three blue, and so on). We 
list these possibilities in a table (see 
table on page 129). 

Now what is the initial probability, 
before we have drawn at all, that we 
shall draw any one ·of these 16 distribu
tions? We might assign any probability 
to the individual distributions, so long 
as they all added up to 1. Suppose we 
apply the principle of indifference and 
say that all the distributions have equal 
probabilities; that is, each has a prob
ability of 1116. 

Let us state a specific hypothesis and 
calculate its probability. The hypothesis 
is, for example, that among the first three 
balls we draw, just one will be white. 
Looking at the table, we can see that six 
out of the 16 possible drawings will give 
us this result. The probability of our hy
pothesis, therefore, is the sum of these 
initial probabilities, or 6/16. 

Suppose now that we are given some 
evidence, i.e., have drawn some balls, 
and are asked to calculate the probabil
ity of a given hypothesis on the basis of 
this evidence. For instance, we have 
drawn first a blue ball, then a white ball, 
then a blue ball. The hypothesis is that 
the fourth ball will be blue; what is its 
probability? Here we run into a question 
as to how we should apply the principle 
of indifference. Let us try two different 
methods. 

In Method I we start by assigning 
equal probabilities to the individual dis
tributions. Referring to the table, we 
see that two of these distributions (Nos. 
4 and 7) will give us the sequence blue, 
white, blue for the first three balls. Its 
probability is therefore 2/16. In only 
one of these distributions is the fourth 
ball blue; its probability is 1116. The 
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The Beckman Model DU is considered the key precision in
strument for spectrophotometric analysis-a technique which 
is fast revolutionizing the fields of investigative and con
trol chemistry. 

Based on the spectral light characteristics of liquids, solids 
and gases, precision spectrophotometry quickly and accurately 
analyzes thousands of varied materials, both qualitatively and 
quantitatively ... providing data which is vital for accurate, 
economical product and process control. 

Whatever the material - be it orange juice, metal alloys, 
lubricating oils, fertilizers or vitamins - chances are you'll 
find modern spectrophotometry playing a key role in its effi· 
cient and economical production, processing or control. 

The Sorensen Model E-6/2-5 Nobatron, With Regu
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When you use a Beckman Spectrophotometer you 
expect the 1ttmost in performance. And you get it 
- so long as the power supply is dependable. 
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Beckman with 2 and 6 volts DC, plus or minus 
0.01 %, with that accuracy maintained indefinitely 
and continuously! 

No more replacing or recharging storage batteries! 
No more uncertain results because of voltage drop! 
To you this means no more interrupted work sched
ules, no more time-consuming re-runs! 

The stability of the E-6/2-5 Nobatron is accom
plished electronically, with no moving parts and 

'
a 

minimum of tubes. Two years' rigorous testing of 
prototype instruments have yielded results far ex
ceeding specifications. Write for information today. 

SORENSEN 
SORENSEN & CO., INC. 
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probability of our hypothesis on the 
basis of the evidence is obtained by di
viding one into the other: i.e., 1116 di
vided by 2/16, which equals 1/2. In 
other words, the chances that our hy
pothesis is correct are 50-50: the fourth 
ball is just as likely to be white as blue. 

But as a guide to judging <l ?ypothesis, 
this result contradicts the principle of 
learning from experience. Other things 
being equal, we should consider one 
event more probable than another if it 
has happened more frequently in the 
past. We would regard a man as un
reasonable if his expectation of a future 
event were the higher the less often he 
had seen it before. We must be guided 
by our knowledge of observed events, 
and in this example the fact that two out 
of three balls drawn from an unknown 
urn were blue should lead us to expect 
the probabilities to favor the fourth's also 
being blue. Yet a number of philoso
phers, including Keynes, have proposed 
Method I in spite of its logical flaw. 

There is a second method which gives 
us a more reasonable result. We first 

apply the principle of indifference not to 
individual distributions but to statistical 
distributions. That is, we consider onlv 
the number of blue balls and of whit� 
balls obtained in a drawing, ir

'
respective 

of order. The table shows that there are 
five possible statistical distributions 
(four blue, four white, three blue and 
one white, three white and one blue, two 
blue and two white). By the principle 
of indifference we assign equal probabil
ities to these, so that the probability of 
each is 115. We distribute this value (ex
pressed for arithmetical convenience as 
12/60) in equal parts among the corre
sponding individual distributions (see 
last column of table). Now the probabil
ities of distributions No.4 and No.7 are 
3160 and 2/60, respectively, and the 
probability of the hypothesis on the basis 
of the evidence is 3/60 divided by 5/60, 
or 3/5. In short, the chances that the 
fourth ball will be blue are not even but 
3 to 2, which is more consistent with 
what experience, meaning the evidence 
we have acquired, should lead us to 
expect. 

Method II, as 'well as Method I, leads 
to contradictions if it is applied in an un
restricted way. If it is used in cases char
acterized by more than one property dif
ference (such as the difference between 
blue and white balls in our example) 
then all the relevant differences must be 
specified. Thus restricted, this system, 
which I proposed in 1945, is the first 
consistent inductive method, so far as I 
am aware, that succeeded in satisfying 
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the principle of learning from experi
ence. Since then I have found that there 
are many others. None of them seems as 
simple to define as Method II, but some· 
of them have other advantages. 

Having found a consistent and suit
able inductive method, we can proceed 
to develop a general procedure for calcu
lating, on the basis of given evidence, an 
estimate of an unknown value of any 
quantity. Suppose that the evidence in
dicates a certain number of possible 
values for a quantity at a given time, 
e .g . ,  the amount of rain tomorrow, the 
number of persons coming to a meeting, 
the price of wheat after the next harvest. 
Let the possible values be Xl , X2, Xg, etc. , 
and their inductive probabilities be Ph 
P2, pg ,  etc. Then P1Xl is  the "expectation 
value" of the first case at the present mo
ment, P2x2 of the second case, and so on_ 
The total expectation value of the quan
tity on the given evidence is the sum of 
the expectation values for all the pos
sible cases. To take a speCific example, 
suppose there are four prizes in a lottery, 
a first prize of $200 and three prizes of 
$50 each. It is known that the probabil
ity 6f a ticket winning the first prize is 
1/100, and of a second prize, 3/100 ; the 
probability that the ticket will win noth
ing is therefore 96/100. Applying the 
method I have described above, a ticket 
holder can estimate that the ticket is 
worth to him 1/100 times $200 plus 
31100 times $50 plus 96/ 100 times 0, 
or $3.50. It would be irrational to pay 
more for it. 

The same method may be used to 
make a rational decision in a situation 
where one among various possible ac
tions is to be chosen. For example, a man 
considers several possible ways of invest
ing a certain amount of money. He can
in principle, at least-calculate the esti
mate of his gain for each possible way. 
To act rationally, he should then choose 
that way for which the estimated gain is 
highest. 

Bernoulli, Laplace and their followers 
envisaged a theory of inductive 

probability which, when fully de
veloped, would supply the means for 
evaluating the acceptability of hypo
thetical assumptions in any field of 
theoretical research and for making ra
tional decisions in the affairs of practical 
life. They were a great deal farther from 
this audacious objective than they real
ized. In the more sober cultural atmos
phere of the late 19th and early 20th 
centuries their idea was dismissed as 
Utopian. But today a few men danl to 
think that these pioneers were not mere 
dreamers. 
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by .J. Bl'0I10,,'ski 

SCIENTIFIC EXPLANATION, by R. B .  
Braithwaite . Cambridge University 
Press ( $8 .00). 

R
·chard Braithwaite has recently 

been elected to the chair of moral 
philosophy at the University of 

Cambridge. Lest this be thought to mark 
him as a ponderous man, let me preface 
what I have to say about his book by 
quoting first from his less formal writ
ings . Shortly before the war he and his 
wife ( they are both philosophers) an
nounced the birth of tlieir first child in a 
terse postcard : "We are calling the boy 
Lewis, after our favorite logicians, Lud
wig Wittgenstein and Lewis Carroll . " . 

Professor Braithwaite's new book 
says less about Wittgenstein ( the found
er of the Vienna school of logical posi
tivism) than it might have 15 years ago, 
and nothing about Lewis Carroll. But 
the influence of these powerful and ir
reverent thinkers has not faded. For their 
appeal has always been that both were 
mathematical thinkers, and the training 
of the mathematician is dominant in Pro
fessor Braithwaite's outlook and in his 
exposition. 

His book is exactly what its title 
promises: an elucidation of what we 
mean when we say that a science "ex
plains " something. Optics explains how 
light is diffracted; genetics explains the 
distribution of the blood groups; psycho
analysis explains your dreams; the Bohr 
model of the atom explains the lines in 
its spectrum. What do these explanations 
have in common? What is the status of 
the concepts they use-the light wave, 
the gene, the unconscious, the electron? 
Are they discovered or invented? And 
how can they be defined? 

Professor Braithwaite spends his early 
chapters on these questions. His answers 
here seem to me lucid, sensible and com
plete. They rest on two fundamentals in 
his outlook which I share, and which are 
probably common to all those who have 
grown up in the mathematical shadow of 
modern physics . One of these fundamen-
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BOOKS 
An English philosopher's answer 
to the question: What is science? 

tals is to regard a science as a way of ar
ranging our experience so that it shall be 
compact and coherent. The other is to 
assume that such an arrangement ought 
·to have the form of an axiomatic system. 

For the first of these fundamentals, I 
shall let Professor Braithwaite speak 
with his own eloquence: 

"To one who was studying physics 
when Einstein's General Theory of Rela
tivity of 19 16, and its confirmation by 
the eclipse expeditions of 19 19, burst 
upon the learned world, the paradigm of 
explanation of a law will always be the 
explanation of gravitation provided by 
this theory. Newton explained the moon's 
revolution round the earth by subsuming 
it ( together with other phenomena) 
under his law of gravitation; Einstein ex
plained Newton's law of gravitation by 
showing that it was a consequence ( an 
approximate consequence) of a law gov
erning the structure of space· and time. 
. . . I count my appreciation of Einstein's 
explanation of the law of gravitation as 
one of the keenest intellectual pleasures 
of my life . Any incorporation of a fact
be it a particular instance of a law or the 
law itself-into a deductive system in 
which it appears as a conclusion from 
other known laws is, by virtue of that in
corporation, an explanation of that fact 
or law. " 

The example is a little odd, for most 
mathematicians are more impressed with 
the intellectual content of the Special 
Theory of Relativity of 1905 than with 
the General Theory. Yet it underlines 
one merit all through Professor Braith
waite's book : that he writes at first hand 
as a man to whom modern science is a 
n·atural and a personal passion. This is a 
feeling which has hitherto been un
known among philosophers; indeed, it is 
fairly rare among scientists . 

What I have quoted also makes clear 
that Professor Braithwaite thinks of a 
scientific system as a hierarchy or, in an 
image he himself uses, as a pyramid. At 
the base are the observed facts. At the 
next level are the simplest laws that con
nect them, a few facts at a time. Above 
these is a layer of laws which connect 
sets of the lower-level laws. And these in 

their turn are connected by still more 
general laws at a still higher level. 

At the highest level of generalization 
the laws usually connect very abstract 
concepts : the wave function, the bio
logical organizers , the electron spin. We 
have no way of defining these concepts 
except by the laws themselves .  The 
science is therefore most clearly pre
sented in reverse .  Its fundamental en
tities are the concepts , and its axioms 
are the laws which connect these .  From 
them we can go down the pyramid, step 
by step, always by deductive steps ,  until 
at last we return to the level of observ
able fact. We believe that the concepts 
have meaning and the laws that connect 
them are true only because the facts we 
deduce from iliem are verified. 

What is the status of these concepts 
which crowd science? Plainly they are in 
some sense a shorthand for the facts that 
fall under them. And for some time pro
fessional scientists· have liked to think 
that the concepts can be defined precise
ly as a shorthand for the facts and noth
ing more. This is the operational view 
widely held in the U. S. under the in
fluence of Percy Bridgman: length is a 
sequence of measurings; mass is what 
you do when you find the mass; a nu
cleon is an array of observations and 
nothing else. An equivalent idea has 
been current in England at least since 
1918, when Bertrand Russell wrote: 
"The supreme maxim in scientific phi
losophizing is this: Wherever possible, 
logical constructions are to be substi
tuted for inferred entities . "  The idea that 
all scientific concepts are purely logical 
constructions was also held by Wittgen
stein and contillues to be held by logical 
positivists . Professor Braithwaite does 
not hold it, but he states it very fairly: 

"Electrons, on this view, are logical 
constructions out of the observed events 
and objects by which th'eir pres�nce can 
be detected; this is equivalent to saying 
that the word 'electron' can be explicitly 
defined in terms of such observations, 
Every sentence containing the word 
'electron' can be translated without loss 
of meaning into a sentence in which 
there occur only words which denote en-
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tities ( events , objects, properties) which 
are directly observable. It may be very 
difficult to make this translation, but it'is 
always possible to do so." 

This view was first criticized by F. P. 
Ramsey, the British child prodigy of 
mathematical philosophy who died be
fore he was 30. It happens that Ramsey, 
who taught me ( he ·was not a good 
teacher), died just before he was to 
have examined me, and I was examined 
by his friend Braithwaite instead. Braith
waite follows Ramsey's thought closely 
in his discussion of the shortcomings of 
the logical positivist attitude toward 
science. It is the right attitude in a 
science which is closed; it is hopelessly 
the wrong view when a science is still 
growing. For a logical construction 
which has been made to contain only the 
existing facts and relations cannot ac
commodate new relations. If your defini
tion of mass, say, is operationally or log
ically exact, then it is too narrow; it 
leaves you no room to discover that mass 
is also equivalent to energy. The con
cepts of a growing science must be rich
er and more pliable than any logical 
construction from the sum of its known 
facts. Professor Braithwaite proves this 
elegantly and finally in the formal sym
bolism of mathematical logic, in an ex
ample simple enough to be widely un
derstood. I count this the most important 
chapter in his book. 

Professor Braithwaite then turns to 
another set of questions just as important 
in modern science. What do we mean by 
probability? Can we assign a probability 
to a belief as well as to a prediction? 
What strategy should we use to insure 
ourselves against the improbable? 

Philosophers have asked such ques
tions before, but with a display of ignor
ance of the work of modern mathemati
cal statisticians which I can only call 
contemptuous . They 'write as if Pierre 
L.aplace and Karl Pearson had said the 
last words on probability and estimation. 
Braithwaite is the first philosopher 
known to me who uses the statistical 
criteria which Jerzy Neyman introduced 
20 years ago, and seriously discusses 
their relation to the newer work of Abra- . 
ham Wald and of John von Neumann 
[see Rudolf Cm'nap's article "What is 
Probability?" on page 128]. 

Braithwaite makes the new ideas fun
damental to the definition of pr�bability. 
When in the past a scientific law has con
tained the statement that event A will 
turn up 7 times out of 10 ,  this has been 
thought to require ideally an infinite 
sequence of trials. Like other notions 
which as'sume an infinity of actual repeti
tions, this has long seemed dubious, and 
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I myself tried to avoid it in what I wrote 
about The Idea of Chance. Braithwaite 
shows with a good deal of rigor that it 
can indeed be avoided. He frames his 
definition of a probability of 7 times out 
0'£ 10 in such a way that deviations from 
this ratio in any finite sample are part 
of the definition. As a result, his develop
ment of probability reasoning is both 
realistic and new. 

All this has a bearing on the standing 
of any scientific law. Scientists know 
what the layman seldom grasps, that a 
scientific law is not permanent. For in 
some form any scientific law contains 
either the word "every" or the word "all," 
and however many instances we may 
bring to _support it, we can never exhaust 
these words . Therefore we can never be 
sure that we are right in accepting a law; 
we can only be sure that we must reject 
it when we find one instance that con
tradicts it. But suppose that a law also 
contains the word "some"-that is, con
tains a phrase such as "7 out of 10" -as 
the laws of atomic physics do. Then we 
cannot even be sure when we should re
ject the law; our rejection becomes as 
provisional as our acceptance . 

Given a choice of laws, what is the 
prudent policy that we should follow? 
Professor Braithwaite discusses this prob
lem with gusto,. basing himself on the 
strategy first put forward by Wald, and 
his examples are always attractive. They 
are perhaps more artificial than they 
need be, for this kind of problem is not 
remote. For an example we need only 
look at the photograph of a meson 
shower published by Miss Schriel in 
Naturwissenschaften last year. The pho
tograph contains about 16  meson tracks 
and no tracks of heavy particles. Is it 
therefore evidence for Werner Heisen
berg's new theory, that there can be 
multiple production of mesons? Or is it a 
nuclear cascade in which all the heavy 
particles happen to be neutrons and 
have therefore left no tracks? And how 
much such indirect evidence must we 
piece together before we choose one 
theory or the other? These are the prob
lems of the working scientist, and it is 
exactly because they are real that exper
imental physics is such a fascinating 
study today. 

I have said enough to make plain my 
high opinion of Braithwaite's book. In 
the main it is the best account of the 
logic of scientific reasoning that I have 
read. But it does not seem to me to sus
tain its excellence quite to the end. Its 
last chapters are in fact more humdrum. 
For example, I am sure that his treat
ment of the problem of induction begins 
right: he will have nothing to do with the 

school of thought, continuing from La
place to Carnap, which finds the laws of 
nature more probable every time we ob
serve them. If repeated confirmation is 
not a justification of the laws of nature, 
what is, then? As a believer in Braith
waite's pyramid, or something like it, it 
seems to me plaip that we must look for 
the evidence for the laws in the cross
connections between them. What we 
must adduce, I think, is the amount of 
simplification or order the laws bring 
into the wilderness of natural facts. 
Braithwaite stops far short of this ; he is 
content to say that we know no more 
about the laws of nature than that they 
work. The policy he recommends is to 
make generalizations in the way in 
which they have worked before . This is 
a nice piece of modesty on the part of 
a philosopher, but for once it seems to 
me to go beyond the modesty Qf science. 

Short Reviews 

T HE REVOLUTION IN PHYSICS , by Louis 
de Broglie . The Noonday Press 

( $4.50). De Broglie, winner of the 
Nobel Prize for his contributions to wave 
mechanics , here gives a masterful ac
count of the extraordinary transforma
tion of physics effected by the introduc
tion of the quantum concept. In search
ing 'detail de Broglie examines Max 
Planck's quantum postulate, Niels Bohr's 
theory of the atom, the fundamental 
ideas of wave mechaniCS, including Er
win Schrodinger's great achievements, 
Werner Heisenberg's formidably ab
stract matrix system and the widely held 
probabilistic interpretation of nature, in 
which the most deeply felt convictions 
about space, time, matter and causation 
itself are. displaced by a hair-raisingly 
complex system of disembodied psi 
waves and vague corpuscles bereft of 
preCise position, velocity or trajectory. 
The average reader struggling to grasp 
this system gets very little help from de 
Broglie. His presentation is elegant but 
pitiless .  It is true there is no mathematics 
in the story, but it bristles with tightly 
written sentences in a rhetorical algebra 
which is even harder to follow than the 
mathematical symbols would be. The 
dust jacket's claim that this is a survey 
for the layman is pure seller's puff. But 
specialists and advanced readers will 
find it a fascinating work; none like it has 
appeared before . In addition to offering 
a majestic synthesis of the evolution and 
structure of physics, de Broglie in a 
series of penetrating critiques exposes its 
insufficiencies.  One of the most valuable 
and interesting chapters expresses the 
author's serious doubts about indeter-
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The Nature 
Of The Universe 

By FRED HOYLE. "One of the 

finest pieces of writing on a 
scientific subject I have ever 
encountered." - Dr. Vanne
var Bush. Illus. $2.50 

Evolution· In Action 
By JULIAN HUXLEY. "A superb 

job ... presenting evolution 
and its relation to human 
destiny." 

-New Republic. $2.75 

The Silent World 
By CAPTAIN J. Y. COUSTEAU 
with Frederic Dumas. "Fasci
nating ... A real contribu
tion to our understanding of 
the world beneath the sea's 
surface." - Rachel L. Car
son. Illus. $4.00 

The TrIumph Of 
Science And Reason 
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By FREDERICK L. NUSSBAUM. A 
challenging view of the age 
which cast aside legend for 
experiment and fact in the 
natural sciences. A volume 
in The Rise of Modern Eu
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r a t i v e  o f  e v e n t s  in t h e  
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-N. Y. Times. $3.00 
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minacy. Like Einstein, he is by no means 
convinced that the possibility has been 
permanently extinguished of finding 
hidden beneath the present statistical 
structure "a perfectly determinate real
ity." He warns of the danger that the 
progress of science may be hampered in 
our period, as has happened before, "by 
the tyrannical influence of certain con
ceptions that finally come to be con
sidered as dogma." De Broglie ends the 
book by presenting a deterministic theo
ry of his own, first published a quarter of 
a century ago and recently revived by 
the U.S. physicist David Bohm, which 
preserves quantum principles and at
tempts to reconcile the dual notion of the 
corpuscle and its associated wave. De 
Broglie's theory is stymied for the mo
ment by mathematical obstacles, but it is 
gratifying to learn that several vigorous 
and talented investigators are concen
trating on solving these problems, there
by clearing the way for a tough competi
tor against existing theories and a healthy 
re-examination of fundamentals. This is 
an absolutely first-class book, even if it is 
not a supreme example of the art of 
popularization. 

you SHALL KNOW THEM, by Vercors. 
Little, Brown & Co. ($3.50) . The 

author of Le Silence de la Mel', the most 
celebrated novel to come out of France 
during the Occupation, here stretches 
antlll'opology to his moral purpose by 
supposing that a party of explorers in 
New Guinea has come upon a tribe-or is 
it a pack?-of creatures poised so exactly 
on the genetic dividing line between 
man and beast that no one can say 
whether the new find is an exceedingly 
primitive human being or an exception
ally advanced ape. To test the question 
( which becomes urgent when a develop
ment company proposes to breed the 
new species for cheap manual labor), a 
British journalist offers his services as 
donor in an artificial insemination experi
ment. The female chosen for the cross
breeding becomes pregnant; the Eng
lishman kills the eventual offspring and 
proclaims himself the murderer of his 
own son. He thus forces the courts, and 
in time Parliament, to wrestle .with a 
question never entertained before by the 
legal mind: What precisely is a human 
being? Vercors has studied the recent 
literature of anthropology and presents 
his ticklish problem seriously and fairly
if with the melodramatic license of 
science fiction. Man's evolutionary emi
nence, he points out, is no longer as 
obvious as it once was; the gradations of 
species are more subtle than used to be 
thought. But his solution is disappoint-

ing; His test for membership in the Im
man race-the sense of religion-must be 
defined so broadly that it begs the ques
tion; dogs, after all, may be said to wor
ship their masters. The enigmas of 
science-to which he admittedly makes 
an interesting contribution-are seldom 
so blandly solved as in this ingenious but 
essentially illogical story. 

ROBERT GROSSETESTE AND THE ORIGINS 

OF EXPERIMENTAL SCIENCE, 1 100-
1700, by A. C. Crombie. Oxford Uni
versity Press ($7.00). Robert Grosse
teste was chancellor of Oxford Univer
sity, Bishop of Lincoln and a man of suf
ficient principle and courage to defend 
the Church against the usurpations of 
Henry III and the excessive exactions of 
Innocent IV alike. He was also one of the 
leaders of thought in the 13th century. 
His hundreds of writings included 
treatises on mathematics, physics, optics, 
astronomy, light, rainbows, the sphere, 
motion, color, logic, psychology, meta
physics , commentaries on Aristotle, pas
toral subjects and polemical poems . In 
this careful historical study Mr. Crombie, 
a science historian at University College, 
London, demonstrates that Grosseteste 
was markedly influential in the develop
ment of modern experimental science. 
There were in Grosseteste's time practi
cal men absorbed in "irreducible and 
stubborn facts;" there were other men, 
as Alfred North Whitehead has said, ab
sorbed in "the weaving of general prin
Ciples." Grosseteste's genius lay in recog
nizing more clearly than any of his pred
ecessors that the progress of science de
pended upon a union of the passion for 

,facts and for theories in which each 
would animate and reinforce the other. 
This procedure was epitomized in a fa
mous passage by Francis Bacon : " ... to 
educe and form axioms from experience 
. . .  to deduce and derive new experi
ments from axioms,' .. For our road does 
not lie on a level, but ascends and de
scends; first ascending to axioms, then 
descending to works." Crombie skillfully 
traces Grosseteste's influence ,on Adam 
M arsh, Roger Bacon, Albertus Magnus, 
William of Occam ( who, one learns, is 

wrongly credited with inventing the 
principle of economy-Occam's Razor
which bears his name) and other 13th
and 1 4th-ce'ntury investigators. The 
scientific method, to which Grosseteste 
gave powerful impetus, is generally, re
garded as distinctively modern. Crombie 
shows that this view accords too little 
credit -to the past. He broadens our un
derstanding of the evolution of scientific 
thought, demonstrates its continuity 
( history, like nature, evidently abhors 
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THE COMETS AND THEIR ORIGIN is published by the 

Cambridge UIJiversity Press, publishers of notable 

books on the sciences since the time of Newton, and 

indeed before. The roster of distinguished Cam

bridge authors in recent years includes Lord Ruther-

"The long-haired star" is what the 

ancient Greeks called the comet. 

Until recently, modern astrono

mers have not known much more 

about comets than the Greeks. 

Now, with the publication of THE 
COMETS AND THEIR ORIGIN by 

R. A. Lyttleton, ancient supersti

tions and modern irrationalisms 

are replaced by "a new, coherent 

and testable theory,"* based on 

the New Cosmology. Here, at last, 

is an "excitingly persuasive" * an

swer to the riddle of the comets. In 
addition to the new theory, Lyttle

ton provides a summary of the 

previously known facts, and 34 
fine pho.tographs. 

$5.00 at bookstores. 

ford, Sir Arthur Eddington, Sir James Jeans, A. N. 
Whitehead, Bertrand Russell, George Gamow, Er� 

• I 

win Schrodinger in the physical sciences; in biolog-

ical science Sir Charles Sherrington, Sir D'Arcy 

Thompson, Sir Macfarlane Burnet, and James Gray, 

CAMBRIDGE UNIVERSITY PRESS 
32 EAST 57TH STREET, NEW YORK 22 
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TbePAUSE 
with a PURPOSE! 

... to help you speak 
French, Spanish, or any 
one of 21 Languages in HQLT'S 

Spoken Language Series 

All Holt Spoken Language rec
ords feature carefully-timed 
pauses after phrases and senten
ces_ These pauses distinguish the 
Holt method. They are there for 
a purpose. They permit you to re
peat and learn ... automatically 
and easily ... by "Guided Imita· 
tion". With them you can practice 
and practice makes you fluent. 

Top·flight linguistic scientists 
originally devised this speedy 
and effective way of learning a 
foreign language for the U. S. 
Armed Forces. 

SEND FOR FREE BOOKLET 
For complete information about the 
Holt Spoken Language courses, simply 
fill out and return the coupon below. 
Or if you want to get started imme
diately, just check one of the conven· 
ient methods of payment. With a Holt 
Spoken Language course you can learn 
to speak a foreign language faster and 
m o re- economically than you ever 
dreamed possible .... you can learn to 
speak fluently with the authentic pro· 
nunciation of the native. 

HOLT COURSES 
On Long.Playing records (33% ,rpm) 

French� Spanish, Russian, German, Italian, 
On Siandard records (78 rpm) 

French. Spanish, Russian, German. Italian. 
Arabic, Burmese, Chinese, Danish. Dutch, 
Greek, Hindustani, Hungarian, Japanese, 
Korean, Malay, Norwegian. Portugues�. 
Serbo-Croatian, Thai. Turkish. 

r---------
HENRY HOLT & co. 
Dept. PS 
383 Mad ison Ave., New York 17, N. Y. 
Please send me complete information on 
the HOLT Spoken language Course in 

................................. This obligates me in 
no. way whatever. 

Please send me Ihe HOLT Spoken Language 
Course in ........................ . ....... . 

o Slandard 0 Long·playing 
o Enclosed is $50.00 check or money order 

in full payment. 
o Enclosed is $5.00 check or money order. 

I agree to send you $5.00 a month for 
the next ten months until I have paid 
a lotal of $55.00. (Add 3% Sales Tax in 
N. Y. Cily.) 

GUARANTEE: I understand Ihal I may lesl 
my HOLT Spoken language Course for ten 
days, and that if for any reason I am not 
completely satisfied, I can return it and 
you will refund my money in full. 

Name ............................ ........... .. ......... * ................................................. .. 
Address .... . 
City . ........................................ Zone ........... State ... 
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making jumps) and,helps to kill the al
ready tottering myth that the science of 
the Middle Ages was little more than 
commentary and sterile exegesis. 

PASCAL, HIS LIFE AND WORKS, by Jean 
Mesnard. Philosophical Library 

( $3.75 ) .  Pascal has had many biogra
phers, but his elusive personality, his 
precocity, his strange mixture of prac
ticality and otherworldliness, his super
lative literary and scientiRc gifts , promise 
that he will have more. Recent re
searches have shed new light on this 
"sublime madman," as Voltaire called 
him, and the author of this book, a well
known French scholar, here offers a sen
sitive, intelligent reappraisal of his life 
and work. Pascal's contributions to 
science induded his famous arithmetical 
engine, researches in physics and many 
mathematical discoveries ,  notably in 
geometry and the theory of probability. 
Mesnard's study attempts no detailed 
evaluation of these achievements. It is 
concerned mainly with Pascal's develop. 
ment as a man. The book shows clearly 
that Pascal, despite a series of religious 
experiences in the course of which he 
grew increasingly mystical and devout, 
never abandoned his interest iIi science, 
or, for that matter, in such practical af· 
fairs as his sister J acq ueline' s dowry or 
his operation, with the Duc de Roannez, 
of the Rrst Paris omnibus service. Mes
nard gives a large part of his work to 
Pascal's Pensees, to The Pmvincial Let
ters and to his devotion to Jansenism. 
Thus through reinterpretation of his 
works we are given fresh glimpses of 
Pascal's character: proud, aristocratic, 
skeptical, overbearing, hostile ; also kind, 
charming, humane, simple, elevated. Yet 
the book leaves in doubt his innermost 
religious and philosophical convictions. 
Two things emerge, says Ronald Knox in 
his foreword, from the reading of this 
faSCinating book: the veiled Rgure of a 
man, and the clear. cut outlines of a 
problem. 

GALVANI'S COMMENTARY ON THE EF

FECT OF ELECTRICITY ON Muscu
LAR MOTIOK, translated by Robert Mon
traville Green. Elizabeth Licht ( $4.00). 
This is a translation 0.£ the celebrated 
1791 paper by Galvani, reporting the ex
periment in which he noticed that a 
frog's leg contracted violently under the 
influence of a spark discharge from an 
electrical machine. He followed this up 
with other work on the effects of what 
he called "animal electricity," researches 
which led to the invention of the voltaic 
cell and later to the electric telegraph 
and wireless. "Great things have small 

EXPERIMENTAL NUCLEAR PHYSICS 
Vol. II , 

Edited by EMILIO SEGRE, 
University of California, Berkeley 

The aim of this three volume work is to pre
sent modern experimental techniques, point 
out truly significant facts and data, and in
dicate the broad line of present day theoreti
cal interpretation. Volume II offers a dis
cussion of nuclear reactions by Philip 
Morrison and a survey of the neutron by 
Bernard Feld. 
August 1953 600 pages prob. $12.00 
Vol. I (detection methods, passage of radi
ations through matter, nuclear moments and 
statistics, elements of nuclear structure, 
charged particle dynamics and optics, rela
tive abundance of the elements, and atomic 
masses) . 
1953 789 pages S15.00 

PRINCIPLES OF TRAtISISTOR CIRCUITS 
By 9 mem bers of the engineering staR, 
General Electric ELectronics Laboratory 

Edited by RICHARD F. SHEA 
Here it is-the very first book to integrate 
all that is now known abo.ut these mighty 
midgets. A group of recognized authorities 
provide the basic theory, plus helpful elabo-
ration of 

. 
techniques in the field. 

October 1953 approx. 554 pages iIIus. prob. SII.50 
SAMPLE SURVEY METHODS AND THEORY 
By MORRIS W. HANSEN and WIL· 
LIAM N. HURWITZ, both of U. S. 
Bureau of the Cetlsus, mJd WILLIAM, 
G. MADOW, University oj Illinois 

"Most readable and clear treatment ... of 
the fundamental principles of sampling and 
the most modern and effective methods of 
sample design, estimation procedures, and 
the calculation of sampling errors ... by 
men whose experience, resources and con
tributions are unsurpassed anywhere in the 
world"-Philio M. Hauser, University of 
Chicago. A Wiley Publication in Statistics, 
Walter A. Shewhart, Editot. 

Vol. I: Methods and Applications. 
1953 638 pages ill us. $8.00 
Vol. II: Theory. 
1953 332 pages illus. 57.00 

PRINCIPLES OF COLOR PHOTOGRAPHY 
By RALPH M. EVANS, W. T. HAN· 
SON, JR., and W. LYLE BREWER 
Three Eastman Kodak scientists provide a 
valuable basis for understanding the prob
lems of color photography. Vision, sensitom
etry, and color reproduction are all thor
oughly covered. Methods .of obtaining and 
combining colorant images are described in 
what is one of the first attempts to syste
matically classify color processes. 
1953 709 pages 354 iIIus. 511.00 

DESIGN FOR A BRAIN 
By w. ROSS ASHBY, 

Barnwood House, Eugland 

The first person to build a machine that 
demonstrates how the human brain produces 
its intelligence. Dr. Ashby tells how he 
solved the fundamental problem and includes 
a description of his "homeostat," a truly 
intelligent machine. • 

.. (Ashby) is obviously a man of insight 
and genius, and his book must be read as 
one of the first fruits in a field deserving of 
muchfurther cultivation."-NorbertWiener, 
in Elatronics. 
1952 260 pages $6.00 

Copies sent on appro'Yal 

JOHN WI LEY & SONS, Inc. 
440 Fourth Avenue. New York 16, N. Y. 
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Bu i ld  You r Ow n 
MENTOR BOOKS 
S c i e n c e  L i b r a ry 

only 35c each 
M83 OUT OF MY LIFE AND THOUGHT by A lbert 

Schweitzer. With Postscript 1 832-1 949 
by Everett Skil lings. Life-story o f  one 
of the greatest men of our times. 

M84 HOW TO KNOW AND PREDICT THE WEATHER 
( What About the Weather ? )  by Robert 

Moore Fisher. Explanation of  and how 
to predict weather. 1l 1us. 

M74 HEREDITY, RACE AND SOCIETY ( Revised ) 
by L. C. Dunn and Th. Dobz.hatuky. 
The influences of heredity and envi
ronment on the group. 

M71 THE UNIVERSE AND DR. EINSTEIN by 
Lincoln Barnell. Time·space-motion 
concepts j the structure of  atoms. Illus.  

M68 ON UNDERSTANDING SCIENCE by James 
B .  Conar,l. History of science and its 
scope in our time. 

M67 PSYCHOPATHOLOGY OF EVERYDAY LIFE 
by Sigmund Freud. Trans. by A. A. 
Bril l .  Explains hidden causes of every
day errors. 

M6S THE WORLD OF COPERNICUS ( Sun, Stand 
Thou Stil l )  by Angus Ar mitage. Life 
and work of  the great astronomer. 
l Ilus. 

M66 THE MEANING OF EVOLUTION ( Revised 
and Abridged) by George Gaylord 
Simpson. Principles and human mean· 
ing of evolution. Il lus. 

M64 MAN MAKES HIMSELF by V. Gordon 
Childe. Man's social and technical 
evolution. 

MARGARET MEAD's famous studies 
of primitive life: 

M91 GROWING UP IN NEW GUINEA 
M44 COMING OF AGE IN SAMOA 
MS6 SEX AND TEMPERAMENT in Three Primi

tive Societies 

M2 PATTERNS OF CULTURE by Ruth Bene
dict. Clas sic study of three primitive 
civilizations. 

M3S THE LIMITATIONS OF SCIENCE by J. W. 
N. S" lIi"aPJ. Brilliant survey of the 
fields of modern science. 

M77 THE BIRTH AND DEATH OF THE SUN 
by George Gamow. An explanation of 
stellar evolution. IUus. 

M27 BIOGRAPH Y  OF THE EARTH ( Revised ) by 
George Gamow. Life story of the 
planet Earth. IUus. 

MS2 NEW H ANDBOOK OF T H E  H EAVENS 
( Abridged ) by Bernhard, Bemrell and 
Rice. Practical guide to the stars, 
planets, comets. Illus.  

I f you c a n n ot fi n d  t it les at your  d e a l e r ,  o r  if 
you want a free cata l o g ,  m a i l  this c o u po n :  

- - - - - - - - - - - - - - - - - - - - - - _ .  

The New Americ:an Library 
of World Literature. Inc. 

501 Madison Ave . ,  N. Y _  22,  N .  Y .  ( SA9 ) 

P lease send books circled. Remittance en
closed covering 3 5 c  for each book plus 
5 c  per copy for postage. 

MS3 
M 84 
M 74 

M 7 1  
M b8 
Mb7 

M b5 
Mbb 
M b4 

M 9 1  
M44 
M 5b 

M 2  
M35  

M77 
M27 
M52 

o Please send a free catalog. 

Name 

Addres s 

City . . . . . . . . . .  Zone . . . . . . .  State . . . . . . . . . . . . . . . . . . . . .  . 

beginnings. What in Galvani's hands 
could move a muscle, brought Marconi's 
voice across oceans." The translator adds 
an introduction by Giulio C. Pupilli, Gal
vani's "academic heir" at the University 
of Bologna, and a dissertation on Gal
vani's discoveries. by his nephe\v Giovan
ni Aldini. Altogether this makes a book 
of 97 pages . 

MR. TOMPKINS LEARKS THE FACTS OF 

LIFE, by George Gamow. Cam
bridge University Press ($2.75). Cyril 
George Henry Tompkins, a bless-my
soul sort of bank clerk with an interest in 
science, an unquenchable curiosity and 
an ev�r-present tendency to fall asleep, 
is the creation of George Gamow, a 
wide-awake theoretical physicist with a 
gift for science popularization, a nice wit 
and a strenuous inclination to whimsy. 
On earlier oGcasions Professor Gamow 
has recounted Mr. Tompkins' slumber
ous adventures in curved space and in 
the interstices of the atom. In this book 
he contrives to get the little man injected 
into his own blood stream, where he 
meets his cells, glands and genes; this is 
followed by an excursion through the 
looking glass and a journey by Tompkins 
through his own brain. All this may 
sound pretty distressing, but it is a good 
deal better than it sounds, not only be
cause Gamow knows his subject, but also 
because, even if he is not in Lewis Car
roll's class, his images are fresh and his 
imagination is lively. The last chapter, a 
lecture on the mechanistic interpretation 
of life and an elaboration of Erwin 
Schriidinger's ingenious concept of nega
tive entropy, is exceptionally skillful. 

E VOLUTION IN ACTION, by Julian Hux-
ley. Harper & Brothers ($2.75). It 

is an agreeable and a stimulating experi
ence to read what Huxley has to say 
about evolution even if he says nothing 
essentially new and has sai.d it several 
times before. These are the Patten Lec
tures, delivered at Indiana University 
and repeated in modified form as B .B .C .  
talks . They are concerned with natural 
selection, with the emergence of mind, 
with the "narrow and winding stairway 
of progress, and the steady advance of 
life up its steps of novelt)(." Huxley be
lieves firmly in biological improvement, 
by which he means organic develop
ments that promote variety, new proper
ties ,  new and better ways of doing things 
and more complex systems of organiza
tion and cooperation. In this sense he has 
no difficulty in giving many interesting 
examples of progress, including human 
progress. It is doubtful that he settles all 
connected philosophical questions, espe-

� ,tI ... ·III.il'l:i .. i·· .. i ... 'i ... i.l�.P.II:, .. ··,"'·'j·i!II!Wl·h 

o n  S c i e n t i f i c  T e c h n i q u e s  
-

METHOD and' THEORY in 
EXPERIMENTAL PSYCHOLOGY 

By Charles E. Osgood. The me�hanism of 
memory, perception, learning and sensory 
and symbolic processes-you will  find all 
these discussed in this important, up-to
date study o f  experimental psychology. 
P rofessor Osgood synthesizes and criti
cizes the chief theories and clarifies the 
differences among the various schools . 
An excellent re ference book with author 
index and bibliography. 9 7 6  pages. 2 2 3  
l ine-cuts. 2 1  tables. $ 1 0 . 0 0  

FORM in ENGINEERING 
DESIGN The Study of Appearance during 

Design and Development 

By J. Beresford-Evan •.  The engineering 
draughtsman, not the artist·designer, de
tel"mines the shape of  a new product . . .  
and he has the responsibility that pleasing 
shape and color should underline its good 
engineering. This book explains ( with fac
tual examples ) the guiding principles and 
techniques which draugh tsmen can use to 
give their products a striking, yet practical 
appearance.  I llustrated ",ith hal f tones and 
text figures. $ 2 . 0 0  

RADIOACTIVE ISOTOPES 
An Introduction to Their Preparation, Meas

urement and Use 

By W. J. Whiteh ouse and J. L. Putnam. 
For everyone who uses radioactive iso
topes. this book clearly, concisely explains 
the fundamentals needed to take full ad
vantage o f  the latest techniques . The book 
illustrates specific safety precautions and 
methods o f  manipulation of  radioactive 
substances. A valuable laboratory ref
erence book complete with tables o f  prop
erties o f  the most important isotopes. 
I l lustrated with 5 plates and 1 5 5  text fig
ures. $ I 0 . 0 0  

DISLOCATIONS and PLASTIC 
FLOW in CRYSTALS 

By A. H. Cottrell. Now, one compact book 
contains a compilation o f  the results of 
recent, extensive research on dislocations, 
the lattice defect which alters the plasticity 
o f  crystal s .  The book covers the structure 
o f  dislocations and their properties, and 
such problems o f  cryst?l physics as:  
crystal boundaries ,  slip and hyinning, me
chanical hysteresis, precipitation harden
ing, yielding and stress aging, work 
hardening, annealing and creep. 9 3  illus
trations. $ 5 . 0 0  

A t all bookstores 

OXFORD U N IVERSITY PRESS 
114 Fifth Aven u e ,  N e w  Y o r k  1 1 .  N .  Y. 
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How did Life come 
to this planet? 

Did Life come to Earth through "spontaneous 
generation" o r  by spore-laden cosmic dust ? O r  has 
it  always existed here ? Read A. I. Oparin's now
cla ssic 

Origin of Life $1.70 
and find out' why many scientists now reject a l l  of these 
older explanations 1n favor of OJ>arin ' s · theory that living 
tissue was preceded by a gradual c\'olution of organic sub· 
st ance--of the carbon and nitrogen compounds upon which 
all  organisms depend. 

F rom the New York T i m es :  "Easily the most scholarly 
authority on the question of the origin of life as treated 
b}' the scientists . . .  1'he book is  excellent. It will be a 
landmark of discussion for a long t i m e . "  

From the A m e r .  C h e m i cal Soc. J ournal : " A  v c r y  fascinat · 
ing hypothesis.  Many chem ists will want to read this 
volume ovcr and O\'er again . "  From a S c i e n t i fi c  Book C l u b  
R e v i e w,:, 

"\\'il l  pro\'c of great interest to t h e  general 
!'cader. 304 pp.  Sa\'e $ 1 . 8 0  Paperbound, $ 1 .70 
2 .  R I S E  OF T H E  N E W P H Y S I C S  by A. d ' Ahro. New 
Ilaperbound edition sares $4.10 off cloth edition price.  CO\'
crs Quant.lIm m echanics, Rutherford atom, relat.ivity theory, 
et.c. 1000 pagcs, 400,000 words, 36 port.rait. s .  

Unabridgcd . t. w o  \'ollllll es,  $3.90 3 . I N T R O .  T O  S Y M B O L I C  L O G I C  by S .  K .  Langer.  No 
math needed.  Rcrised.  368 pp.  Would cost  you tJ , 5 0  in 
cloth. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Paperbound, $ 1 .60 
4. M A T H E M A.T I C A L  R E C R E A T I O N S  by Kraitchik. JI-'ew 
re\'. ed. 181  ill .  328 pp. Sa\'e $ 1 . 9 0 ,  Paper, $ 1 .60 5. H I S T O R Y  OF A ST R O N O M Y  from Thales to Kepler by J.  L. K Dreyer. Formerly pub. at much higher price under 
slightly different title, New intro. and notes by StahL 448 pp. Paper, $ 1 .95 6. E L E M E N T A R Y  M A T H .  from Advanced Standpoint. b y  
F e l i x  Klein. V o l .  I :  Arithmetic, Algebra, .AnalYSis. I l l .  289 I)j). Paper, $ 1 . 50 7. E L E M E N T A R Y  M A T H ,  from Ad\'anced Standpoint by 
Felix Klein. Yol. II : Geometry. III. 2 23 PI}. Paper, $ 1 .50 
- - - - - - - - - - - - - - - - - - ,  I EDITIONS LIMITED-MAIL COUPON TODAY TO I 
I �:I��r :��s' c?re�!�1 1 1��io\�.�80 S ' way. N. Y . 1 9 . 
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The vast structure of 

classical physic{l was 
shaken to its very 
foun dations, the day 

when quanta were in
troduced into the 
developmen t of human 
science.  Here is the 
lucid account of 
that remarkable 
advance, told by one 

of  the foremost 
scientists of our day. 

T H E R EV O L U T I O N  
I N  P H YS I C S  
A Non-Mathematical Survey of Quanta 
by LOUIS de BROGLIE 
Nobel Prize Winner 
$4.50 

T H E  NOON.DAY PRESS � 
77 Irving Place, N. Y. 3 � 
Just Published ! A special discount 
of 20% is offered you if you mail your 
check or M .O. with this ad. 

1 48 

cially the celebrated controversy "about 
the survival of the fittest, meaning the 
survival of the fittest to survive ." But 
there is no doubt about the immense 
readability of his book, its erudition and 
its humanity . 

W AVES AND TIDES, by R. C. H .  Russell • 

and D. H .  Macmillan. Philosophical 
Library ( $6.00 ) . This is one of the first 
books, as Herbert Chatley points out in 
the foreword, in which the practical rela
tions between waves and tides are fully 
brought out. Russell gives a clear ac
count of the characteristics of ocean 
waves, how waves are generated, how 
fast they move, how they are reflected, 
diffracted, refracted, how they move ma
terial, how they are measured, the height 
of the biggest waves ( perhaps 75 feet ) , 
the difference between plunging and 
spilling breakers , the effect of wave ac
tion on structures, the high speed and 
enormous energy of plumes of spray 
( which are capable of quarrying 5-ton 
blocks of solid rock and of moving 9-ton 
rocks hundreds of feet away from the 
low water mark). The discussion of tides 
by Macmillan is equally comprehensive 
and varied in interest. It deals with the 
history of the observation of tides, their 
effeets on navigation, commerce and sea
power, modern tidal theories, tides and 
the weather, tidal streams, the inter
action of the causes of waves and tides, 
the utilization of tidal energy, the future 
of tidal research. While much of this 
book is technical and addressed to 
specialists, there is no lack of material 
( including a number of spectacular 
photographs) to enlighten and entertain 
the average reader. One learns, for ex
ample, that a surf rider moves through 
the water because his board, perched on 
the front of a spilling wave, is perpetual
ly sliding downhill ; also, that it is very 
unlikely that there is such a thing as 
undertow, but even if it does exist, the 
forces producing it will carry a swimmer 
toward rather than away from the shore. 
"If he sinks he may be 

'
carried seaward ; 

but if he sinks he has passed from the 
category of swimmers ." 

�GIC AND LAKGUAGE , edited by A. C. 
N.  Flew. Philosophical Library 

( $4.75). This is the second collection of 
essays in a series whose purpose it is to 
make known recent linguistic develop
ments in philosophy. The editor has se
lected articles from various philosophical 
journals and succeeds in presenting a 
balanced and representative picture not 
only of the current bustle among logical 
positivists, but of the lively concern over 
logical questions among philosophers 

THOR HEYERDAHL'S 
brilliant presentation 

of his theory about 
Polynesia 

AM ERICA N 
I N DIA N S 

I N  T H E  
PA CI FIC  

THE THEOR Y BEHIND THE 
KON-TIKI EXPEDITION 

By THOR H EYE RDAH L 

T HIS ground·breaking book chal
� lenges one of the anthropologists' 

favorite assumptions-that the natives 
of Polynesia sprang directly from Asi
atic stock. I t  is Thor Heyerdahl's ambi
tion to prove that the Polynesian 
Islands were first peopled by pre· Inca 
dwellers from South America rather 
than from Asia. So intent was he on 
demonstrating his point that he em
barked on the raft KON-TIKI to show 
the world that the trip from South 
America to Polynesia could have been 
made by a people barely out of the 
Stone Age. 

IN his new book he presents a care
ful, step·by·step buildup of facts 

which point to the American origins of 
the Polynesians : American cuftivated 
plants transplanted to aboriginal Poly
nesia ; similarities and identities be
tween Ame rican Indian and Polynesian 
physiques, blood groups, customs, folk
lore, dress, implements, words, canoes, 
and rafts. Woven into the book's main 
theme are fascinating bits of informa
tion on such subjects as mummification, 
picture writing, trepanning, sun wor· 
ship, musical instruments, cannibalism, 
and the decay of ancient civilizations. 

S INCE this book was written, Thor 
Heyerdahl has discovered evidence 

on the Galapagos Islands showing that 
a pre· Inca people once stopped there. 

- His latest experiments with balsa ' rafts 
have proved that ancient Indians could 
navigate against the wind by lifting 
and lowering their centerboards in cor
relation with wind and sail. He draws 
on many branches of science in this 
brilliant study of a people who have 
long defied the scientists' attempts to 
classify them as Asiatiq. 

82 1 pages; maps; indexed; 
90 pages 0/ illuslratio11S in color 

and black·and·white,  $ 1 5 .00 

Write us lor an illustra ted, 
descriptive broch u re  

RAND M�NALL Y & COMPANY 
P . o .  Box 7600, Chicago 8 0 ,  Illinois 
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A fascinating survey 
of the wonders of 
modern science ! 

by WALDEMAR 
KAEMPFFERT 

Science and 
editor, New 

engineering 
York Times 

"The twenty chapters of this book 
are a s  lively a s  they are instructive. 
. . . He describes and discusses, 
with a s  few technical words as pos· 
sible, some of the main scientific 
problems of today. These include 
the use of atomic energy for peace 
and war, machine hearts, the 
weather, the mystery of life, the 
new telescope in Palomar, super
sonic speed, the direct utilisation 
of sun power, the cure of cancer 
and the recovery of sunken treas
ure."-GEORGE SARTON, N. Y. Times 
Book R eview. 

"A well·balanced report on all the 
important things in science that 
are taking place today."-HAROLD 
E.  ANTHONY, Deputy Director, Mu
sellin 0/ Natural History. $3 .50 
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uncommitted to any school or move
ment. Included in this collection are 
some rather difficult pieces, such as G. E .  
Moore's well known paper "Is Existence 
A Predicate?" J. J. Smart's "Theory Con
striction" and J. L. Austin's "Other 
Minds ." But there are also entries which 
will appeal to "less strenuous and less 
enthusiastic laymen," for example : "Will 
the Future Be Like the Past?" by F. L .  
Will, "Every Event has a Cause" by G.  J .  
Warnock, "On Grading" by J .  o. Ur
mison, "Mathematics and the World" by 
Douglas Gasking. Professor Gasking's 
agreeable essay offers an ingenious 
demonstration of a proposition which 
philosophers believe but have a hard 
time getting others to believe ; namely, 
that mathematics cannot be validated by · 
experience. The mathematical system we 
use is not dictated by physical events but 
selected merely for convenience. We 
could, for example, use a multiplication 
table in which 2 X 4 = 6 , 2 X S = 10 , 

4 X 4 = 9, etc . ,  yet every activity in which 
these methods and this table were em
ployed could be executed accurately. 
Our books would balance, our bridges 
would stand, our bombs would explode 
as prettily as ever. But it may be admit
ted that the new arithmetic would be 
much less comfortable than the subject 
we all know and love so well. 

THE INTERPERSONAL THEORY OF PSY-

CHIATRY, by Harry Stack Sullivan. 
W. W. Norton & Company, Inc. ( $5 .00). 
Sullivan's interpersonal theory of psy
chiatry has double roots in the psycho
analytic theory of Sigmund Freud and 
the psychobiology of Adolf Meyer. He 
formulated it in an attempt to apply to 
psychiatry the more rigorous concepts, 
methods and precise language of the 
natural sciences. Since human living can 
be profitably gauged and evaluated in 
terms of human interaction, personal re
lations were of prime concern to Sulli
van. And since he was developing a field 
theory of psychiatry, he touched upon 
all aspects of social living from anthro
pology to politics . This book, edited from 
unpublished lectures, begins with a 
statement of Sullivan's concepts and 
definitions and then traces the develop
ment of human living from infancy and 
childhood through the juvenile, pre
adolescent and adolescent phases .  He in
dicates where and how each period 
offers opportunities and obstacles to the 
healthy growth of personality. His em
phasis on the juvenile and pre-adolescent 
years has been of major clinical impor
tance. Mental disorders are seen as ways 
in which interpersonal relations are mild
ly or seriously warped. The Rnal section 

P H I L O S O P H I C A L  
L I B R A R Y B O O K S 
o S U C C U L E N T  P L A N T S  b y  A. Bertrand. Their culti\'a
lion and ciassification. Prolllscly Illustrated. $4.75 

o P L A N T  D I S E A S E S  in O rchard.  N u rsery a n d  Garden 
Crolls by Ernest G r a m  and Anna "'eber. Produced f o r  t h e  
first ti m e  i n  an E n g l i s h  e d i t i o n  from PlantcSYfldomme b y  
two Danish horlicultural experts ; a Danish w o r k  of worl d 
wide reputation. 1l1IlSfr(ftef!. $ 1 6 . 50 

o T H E  S O C I A L  I N S E C T S  by O. W. lU chards, D . Sc. Dr. 
Richards shows that the scientific approach h a s  becn able to 
lay bare far more of wonder and amazement than specula
t ion or legend. a WaJ"m l!J ('fJlI/ m e n ,le{F'-J1t f i a n  H ll:rley. 
Illustrated. $4.75 

o A LO N G  T H E  G R E A T  R I V E R S hy Gordon Coopcr. '1'he 
Nile,  the Zambesi, the Yangtze, the Ganges. )[urray, Volga, 
Danube, Mississippi,  St.  Lawrence and Am azon-t hese arc 
the great rivers which thc author h a s  chosen to describe : 
the stories of their lives from source to mouth, their anti
Quarian and legendary lore, and the peoplcs and J}laces on 
their banks. ilLustrated. $4.75 

o S P A D E W O R K  I N  A R C H A E O LO G Y  by S i r  Leonard 
Woolley. There i s  no name among archaeologi s t s  better 
known than that of Sir Lconard Woollcy. 'I'he present \'01-
ume is  a collcction of reminiscenccs.  Illt/s trllted. $4.75 

o O U R  N E I G H B O R  W O R L D S  hy V. A .  F i r s o ff ,  A s u r 
\'ey of lhe s o l a r  s y s t c m  i n  conformity with the most recent 
inform ation i s  used a s  a basis for a carcful imestigation of 
interplanetary traYe1. 1 1 1 Itstra te<l. $6.00 

o N U C L E A R  P H Y S I C S hy Werner Heisenberg. D e a l s ,  
a m o n g  o t h e r  t h i n g s ,  with Bohr ' s  theory, the p e r i o d i c  S Y S 
tem and the extra -nuclear structure of atoms.  The m a i n  
s u b j e c t  of the b o o k  i n c l u d e s  radioacth'ity,  the binding 
energy of nuclei,  nuclear structure, artificially induced 
nuclear translllutations and with the methods of obsen'a
tion and of producing nuclear transmutations. 'rhe work 
concludes with some account of the practical applications of 
nuclear physics.  With 18 halffolle WlIsiraiiolts alld 32  rill e 
illustra tions. $4. 75 

o C U R I O U S  C R E A T U R E S by E m a  Pinner. The author 
gires examples of curious beha\'Ior i n  the struggle for food, 
in lIest- building, in paternal Ilursing : she shows LIS birds 
that cannot fiy and fou r - footed animal.� that can ; crcatures 
which, cither for IH'otection or for aggreSSion, make tilem 
seh'es appear what they arc not ; creaturcs H\'ing on other 
creaturcs for better or for ,,"orliC ; creatures ranking as giants 
i n  their own particular sphere. I l l ustra t ed. $4.75 

o T H E  R E B I R T H  A N D  D E ST I N Y  OF I S R A E L  hy D avid 
H e n - G urion. A victory dreamed of for ccnturies i s  described 
i n  the words of i t s  chief architect, onc of the greatest 
I) iollccrs of the Jcwish rebirth. $ 1 0 . 0 0  

o H I STO R I C A L  A S P E C T S  O F  O R G A N I C E V O L U T I O N  
h y  Philip G .  Fothergi ll .  The literature o n  c\'olution i n  all 
its branchcs i s  extensI \·e.  but so far therc h a s  been no book 
dealing with the " e\'Olution of c\'olution"-that is. with 
the gradUal de\'Clol)lHent of the concept of biological change 
through the ages,  and its  application i n  various stages of 
m a n ' s  UllI.Jcrstanding of the IJh:rs ical world. Dr. I,'othcrgi l l ' s  
book is  a scrious attelupt to fill t h i s  reQuircment_ $6 .00  

o G E O G R A P H Y  IN  T H E  T W E N T I E T H  C E N T U R Y  by 
Griffith Taylor. Twenty sl)ecialists explorc the growth. 
fields,  techniques. aims, and trcnds of modern geography. 

$8.75  

o W A V E S A N D  T I D ES by n. C. II. H u s s e l l  and D .  H .  
) l a c m i l l a n .  11'01' all  t h o s e  interested i n  the s e a ,  whether for 
pleasure or profes s ionally. $6,00 

o T H E  C O M P O S I T I O N  A N O  A S S A Y I N G  OF M I N · 
E R A LS hy John Stewart - H Clll ington and Dr. Wilfrid 
Franci s .  The book i s  ill tended to be a guide to mineralogy. 
The cr:rs talline forms of numerous metallic m inerals are 
referred to i n  the descript ions of the orcs m cntioned. $5.50 

o T H E  W O R L D  A S  I SEE I T  hy A l b e r t  EInstein.  Profe s 
s o r  E i n s t e i n ' s  fi r s t  general book, in which he set forth h i s  
thoughts 0 1 1  lire.  on the world a b o u t  h i m .  and on his 
scientific labors. Charming, witty, shrewd obsct\'ations anLi 
intimate re\·elation s .  $ 2 . 7 5  

o A C O N C I S E  H I STO R Y  O F  AST R O N O M Y  by Peter 
DOig, F . n . A . S .  A new volume which provides a comprche n 
sive and concise account of the dc\,elopment of Astronolll Y '  
from earliest times to t h e  J}re�ent.  $4.75  

o A R C T I C  S O L I T U D E S by A d m i r a l  Lord '\Iounte\'ans.  A 
con d s c  hi stor;\' of the expeditions which ha\'e ventured in 
search of the Nort h - E a s t  and XOl"th-\\'est Passages.  ancl 
of the Korth Pole itself ; from tilC earl .... explorers like 
D a \'ls and Hudson. through the groat achie\'ements of XIlIl
sen and Amundscn to the modern conquest of thc pole by 
air.  illustrated. $4. 50 

o T H E  LOST P H A R A O H S  by Lconard Cottrell. How the 
secret of the resting J}Iaces of thc Pharaohs was disco\'cred
the incredible visIon which greeted those who first gazed 
on the TutankhalllLln cJisco\'eries,  lind the far- reaching effect 
of the discovery of the Rosetta stone on the h i story of 
Egyptology are just a plirt of this amazing story which will 
bring to its readers a new understanding of the rom ance ancl 
fascination of Ancieut E gypt. Illustrated. $6 .00  

o SC I E N C E  A N D  M A N ' S B E H A V I O R  by Trig-ant B u r 
r o w .  'rhe author p r e s e n t s  a com pletely f r e s h .  biological a l) 
proach to the problem of behavior - d i sorder, individual a n d  
socia l .  $6.00 

M A I L  TH IS COU PON TODAY 
r - - - - - - - - - - - - - - - - ,  

I P H I LO SO P H I C A L  L I B R A R Y ,  P u b l i s h ers I 
I 

1 5  East 40th Street, O esk 96, N ew York 1 6, N .  Y. I 
I 

Send books checked. To cxpedite shipment I enclose I 
I 

remittance $ . . .  
I 

I KAME . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
I ADDRESS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
� - - - - - - - - - - - - - - - - �  

1 49 

© 1953 SCIENTIFIC AMERICAN, INC



---LONGMANS BOOKS---

OLDER PEOPLE 
B y  R .  J. HAVIGHURST, Committee on Human Development of the University 

of Chicago, and RU TH ALBRECHT, Alabama Polytechnic Institute. The prob 

lems and status of elder citizens, with some studies made in a mid-western 

community. September 1 9 5 3 .  448 pp. $ 5 . 00 .  

THE TOOLS OF SOCIAL SCIENCE 
B y  J OHN MADGE, Department of Scientific and Industrial Research , London . 

:Methods, documents , interviews , observation and experiment. July 1 9 5 3 .  3 3 2  

pp. $ 5 . 00 .  

A PROSPECT OF CITIES 
By CECIL S TEWART, Manchester School of Architecture. Concise,  well- illus� 

trated history of city planning from Greece to mode
.
rn times ; social and eco

nomic conditions leading to the founding of new towns ; vivid human interest . 

1 9 5 2 . 1 9 1  pp. 44 figs. 28 plates. $4 . 5 0.  

THE PHYSIOLOGY OF REPRODUCTION 
By F .  H. A .  MARSHALL ,  late of Cambridge University. Third Editio n, edited 

by Dr. A .  S.  PARKES,  N ational I nstitute for Medical Research , London. Deals 

comprehensively with animal reproduction, from protozoan to man, with em
phasis on m ammals. In two volumes : Vol. I, in preparation , ready Summer 

1 9 5 4 ,  about 900 pp. , about $ 2 7 . 5 0 ; Vol . I I ,  1 9 5 2 , 9 0 0  pp . ,  Figs. and plates, 

$ 2 7 . 5 0 .  

DATING THE PAST 
B y  F.  E. ZEUNER, University of London. An introduction to geochronology,  

covering such research fields as radioacti vity, varve analysis,  biological 
changes, dendrochronology, dating of early human cultures,  and glaciation. 

Third Edition, 1 9 5 2 . 4 9 5  pp. 1 03 figs. 5 7  tables. 24 plates. $ 8 . 0 0 .  

THE TROPICAL WORLD 
B y  PIERRE GOUROU , University of B russels .  Translated by E. D. LABOlill E ,  

Harrow School . A l l  phases of  t h e  geography of  h o t  climates. J uly 1 9 5 3 .  1 7 6 

pp. Maps and figs. 1 6  plates. $3 7 5 .  

HIGH-SPEED AERODYNAMICS 
By \\i J\l . F .  HILTON, Armstrong Whitworth A ircraft Ltd. , Coventry. Sub

sonics,  transonics, supersonics, hypersonics, wind tunnels ,  unsteady flow, jet 

propulsion, design of planes and rockets .  1 9 5 1 .  5 7 6  pp. 394 figs. 2 4  plates . 

$ 8 . 5 0 .  

DICTIONARY OF SCIENTIFIC 
AND TECHNICAL WORDS 

B y W. E .  FLOOD and MICHAEL WEST. Explanatory and pronouncing diction

ary ; definitions of 1 0 ,000 words from all sciences, using basic vocabulary of 

2 ,000 words.  1 9 5 2 . 3 9 7  pp. 1 , 300 figs. $ 3 . 0 0 .  

L O N G M A N S , G R E E N  A N D  C O . ,  I n c .  
. 55  Fifth Avenue New York 3 ,  N .  Y. 
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is devoted to social problems which Sul
livan believed to be rooted in the needs 
of individuals and groups to preserve 
self-esteem, minimize anxiety and bridge 
the barriers of loneliness. Sullivan, who 
died in 1949, was a great clinician as 
well as a great teacher. His creative mind 
was hospitable to new ideas, willing to 
change as new evidence came to light. 
Despite occasional ambiguities and 
troublesome ellipses, this is a brilliant 
and important book. 

THE NATURAL HISTORY OF INFEGTIOUS 

DISEASE, by Macfarlane Burnet. 
Cambridge University Press ( $4.50 ) . .  
The first edition of this popular book ap
peared in 1936. Since then the sulfa 
drugs, antibiotics and other weapons 
have so revolutionized the treatment of 
the infectious diseases that they have 
"now ceased to have any serious social 
significance in the advanced countries of 
the world." However, vast segments of 
the world's population do not enjoy these 
benefits, and there is need for much im
provement in methods of prevention and 
care. In this second edition of his in
teresting book, Burnet, the great Austra
lian authority on viruses, reminds us that 
practical progress in fighting infectious 
disease has been much more spectacular 
than advances in understanding of it. 

EMOTIONAL DIFFICULTIES IN READING, 

by Beulah Kanter Ephron. The Ju
lian Press, Inc. ( $5 .00 ) .  This is one of 
the few books on the emotional prob
lems of reading that actually comes to 
grips with the subject. Dr. Ephron ex
plains the necessity of recognizing read
ing difficulties as a neurotic symptom. 
She traces the sources of the trouble and 
the reasons for the choice of this par
ticular symptom. She also tells how peo
ple with reading difficulty can be helped 
by psychotherapy and training. 

THE QUALITY OF LEARNING, by Ron-
ald Morris . Methuen & Co., Ltd. 

( $ 1 .  75 ) .  This sensible book by an Eng
lish educator deals with the teaching of 
that incre�singly large group of children 
who make up our "non-graded" or 
"slow" classes . Retarded children-I .Q .  
between 65 and 90-have the capacity 
to learn if properly taught. The book is  
a readable addition to the mounting in
formation on this subjet:t. It also indi
cates that Great Britain is in no way 
more advanced than the U .S .  in the 
handling of the retarded child. 

GENERAL PRINCIPLES OF PSYCHOLOGY, 

by Frederick E. Eastburg. Bruce 
Humphries, Inc. ( $3 .00 ) . Dr. Eastburg 
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M I LLIONS OF H'OU RS AH EAD 
in l ightweight turbo- machinery !  
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% CABIN�.uPERCHARGERS 

Today, AiResearch has a backlog of 25 million 
hours of actual operating field experience in light
weigh t  tu r b i n e s .  These u n i t s  p r o v i d e  a u x i l i ary 
power, starting power, pressurization, heating and 
refrigeration for U. S. aircraft. With rpm's ranging 
from 10,000 to 100,000, average efficiency is 83 % .  

The many thousand AiResearch turbine machines 
now in operation are the result of a pioneering 

development and manufacturing program begun 
9 years ago. In its course more than 2 and 1,4 million 
hours were spent in engineering development, plus 
over 100,000 hours of laboratory tests. 

This experience where others are still  exploring is 
typical of AiResearch leadership in the small but 
highly efficient power and control units required in 
the many fields of modern industry. 

A-[�®�®la1lr«:lEr Mla1 [fl1LUi1fir� G02Ifi11l}Jla1 ¢ 
A D I V I S I O N  O F  T H E G A R R E T T  C O R P O R AT I O N  

L O S  A N G E L E S  4 5 ,  C A L I F O R N I A  • P H O E NI X ,  A R I Z O N A  

AiRESEARCH - specialists in the design and manufacture o f  ainraft a[[essories i n  the following major categories: a i r  turbine refrigeration . cabin supenhargers 
gas turbines . pneumatic power units . electronic' controls . heat transfer equipment . electric actuators . cabin pressure controls and air valves 

1 5 1  
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ON THIS AMAZING OFFER 

T H I S  EXTRAOR D I N A RY 

High - Fidelity Recording of 

MOZART'S 
Symphony No. 14 in A Major --

WE want to give you this ' extraordinary 
LP record - FREE - to acquaint you 

with our fine high-fidel ity releases. You wil l  

-�i@����=<�t\ receive it by order-

b ing any of the rec-

musical and technicar quality to records 
selling for more than three times their 
price . Pressed on the finest p lastic. The last 
word in high-fidelity reproduction ; beauty 
of tone with virtual absence of surface noise. 

You Save 66'% % !  Money-BOck ords below at the 

Guarantee unbelievably low 
price of $ 1 . 5 0  each. 

I f n o t  d e - A selection of the 
l ighted yoU greatest. music ever 

You save over $ 3 .00 per record on the 
usual price-because we sell  direct, and 
because of advanced production techniques 
which cut overhead to the bone. 

may return written, in interna-
any record 

tionally acclaimed 
i n  5 d a y  s performances .  
for refund . All records guar-

anteed equal in 

Order all  the records of your choice now 
at this low price by checking the boxes in 
coupon below. If not delighted your money 
will  be promptly refunded. You may keep 
the FREE Mozart record in any case ! 

- - - - MAI L T H I S  NO - R I S K  COUPON TODAY ! - - - ,  
Musical Masterworks Society, I nc. 
Dept. 1 69 ,  250 West 5 7th St., New York 1 9, N .  Y. 

Send me FREE the Long Playing. High Fidel ity Musical M a ster
works Record ing of Mozart's Symphony No. 14  in A M i nor. Also 
send me the records ] have checked below. I am enclosing $ 1 . 5 0  
for each record checked plus 2 5 ¢  per record for shipping expenses. 
( NOTE : If  you order · 5 or more records WE pay all shipping 
charges. ) 

If not delighted, I may return any record 10 5 days and you 
will refund my money. (The Mozart record I S  mine to keep 
in any case . ) 
o T C H A I  K O V S K Y : S y m p h o n y  
N o .  4 i n  F M i n or. Netherlandl'l 
Philharmonic Orchest nt ;  Waltel' 
C oeilr. conductor. 

o T C H A I K O V S K Y : P i a n o  Co n 
ce rto N o .  I i n  B - F l at M i n or.  
lHcwton -Woot{. pianist ; Mnsical 
Masten\"ol'k<.; Symphony Orchest ra : 
Walter Ooehr. conductor. 

o B E E T H O V E N : Sym p h o n y  N o. 
5 in C M i n o r. Utrecht S:"lllphony 
Orchestra ; Paul ITupperts, con
ductor. 

D B E E T H O V E N : S o n ata N o .  9 
in A M ajor, " K reutzer." Oliver 
Colbentson. violinist ; Da\'id Oar

vey. pianist. f B E E T H O V E N :  Sym p h o n y  N o . B in F M ajor. Winterthm 
Symphony Orchestra. ; 'Valtcr 

o Goeill'. conductor. l B E E T H O V E N :  Two G e r m a n  �;�::s .  O���:!��I;.�l;UJ' \'�a��l!;, 
Ooehr. conductor, 

o B R A H M S :  Sym p h o n y  N o . 3 i n  
F M ajor. Zurich Tonhalle Orches
tra ; Otto Ackermann. conductor. 

{ D U K A S :  The Sorcerer's A p 
p r e n t i ce. UtJ echL S:vmphony 
01 chcstra . Paul IIuppel ts. 

o �o8�lSC��R G S K Y :  N i g h t  on 
Bald M ou nt a i n . Netherlands 
Philhal mOlllc O l che1;tra : 'Val
ter Goehr,  conductOI 

o M E N D E LSS O H N :  V i o l i n  Con 
certo in E M i nor.  Louis Kauf
man. "Iolinist : Netherlands J'hi!
hal'lllOnic Orchestra : Otto Acker
mann. conductOI'. 

o M E N D E LSS O H N :  Sym p h o n y  
N o. 4 i n  A M ajor.  " I ta l i a n . "  
\Vintel'thur S:rmphony Orchestra ; 
Clemens Dahindon. condllctor 

o M O Z A R T :  P i a n o  C o n certo N o .  
2 0  i n  D M i nor. Franli: Pelle,!.:. 
pianist : Musical Masterworks 
Symphony Ol'chcst ra ; Waiter 
Goeh/',  conductor, 

o mann. conductor. 

{W A G N E R :  D i e  M e i sters i n g er 
von N u ern berg. ( Prel udes to 
Acts I a n d  I I I ) .  Zurich Ton
haUe Orcilestra ; Otto Acker-

W A G N  E R :  T a n n hauser ( Over
tu re> . Zurich Tonhalle Or
chestra ; Otto Ackermann, 
conductor. 

o C H O P I N :  P i a n o  Con certo N o . 
2 in F M i nor. Mcwton-\Vood. 
pianist. Radio Zurich Orchestra ; 
Walter Goeill'. conductor. [ H A Y D N : Sym p h o n y  N o . 96 

in D M ajor. " M i racl e . "  Win
terthur Symphony Ol'chestra ; 

o 'WaJt.er Ooeill', conductor. l H A Y D N : I so l a  D i sab itata 
( Overt u re ) .  Zurich Tonhalle 
Orchestra : Otto Acl;:ermann. 
concluctol', 

o SC H U B E R T :  Sym p h o n y  N o . 5 
in B F l at M ajor. Winterthur 

Symphony Orchestra ; Fritz Busch, 
conductor, 

o Walter Goehl', conductor. 

{ M O Z A R T :  Sym p h o n y  No. 36 
in C M ajor. " L i nz . "  Winter

thul' Symphony Orchestra ; 

M OZ A R T : G e r m a n  D a n ces 
N u m bers I and 5.  'Vint£']'
Omr Symphony Orchest ra ; 
Waiter Goehr, conductor. 

o B I Z E T :  S y m p h o n y  in C M ajor. 
t ' t recht Symphony Orchestra ; 
l'aul J lupperts, conductor. 

f BAC H :  B I'a n d e n b u rg Concer
to N o .  4 i n  G .  Wint£'rthnr 
Symphony Orchest ra ; 'Walter 

o ��B� : c����dt
e
o�'

t) U r g  Concer-l to N o . 5 in  D ,  Wintel'tllm 
Symphony Orchestra ; Walter 
Ooehr. conductor. 

Total No. of Records C h ecked . .  " . at $ 1 . 50 per R ecord 
M a i l i n g  C h arges 25c per Record 
( If ;you Ol'der 5 or more rccords. 
WE absorb all mailing charges)  

o B A C H : O rg a n  R ec i tal : Tocca 
ta. A d a g i o  and F u g u �  in C M!'jo r :  
Toccata a n d  F u g u e  I n  D M i n o r :  
Toccata i n  F M ajor. Alexander 
Schreiner. a t  the Organ of the 
Tabernacle, Salt Lake Clty. 

o L A L O : Sy m p h o n i e  E s p a g n o l e .  
Hical'do Odnovosoff. violinis t : 
Utrecht Symphony Orchestra ; 
Walter Ooehr. conductor. 

T O T A L  E N C L O S E O  

Name . . • • . • . • . . . . . . • . . • . . . . . . . . . . . . . . . . . • . . . . . . . . .  
( PLEASE PHl X T )  

Address . . • . . . . . • . .  , • . • . . • . . . . • . . . . . • • • . • • . • • • • • • .  , 

City . • • • • • • • • • • • • • • • . • • • • • • •  Zone . . . .  State • . . . . . . . .  
Dept. 169 
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offers his interpretation of human psy
chology from the point of view of the 
late William McDougal of Harvard, who 
departed both from the introspective ap
proach of Tichenor and from Watsonian 
behaviorism. McDougal'S is called the 
purposive approach; it sees man as a 
composite body and mind whose con
trolling force is drive, motivation or pur
pose. The book covers all the usual areas 
of psychology and is usable as a college 
text. 

EE AND WAYS OF THE SEVEK-TO-

EIGHT YEAR OLD, by Barbara Biber, 
Lois B .  Murphy, Louise P .  Woodcock 
and Irma S. Black. Basic Books, Inc. 
( $4.50 ) .  The middle years of childhood 
have been comparatively neglected, 
though it is in these years that the basic 
patterns for social and intellectual living 
are formed. These four authors from the 
Bank Street College of Education chose_ 
five boys and five girls from a New York 
City progressive school to study in detail. 
The children were placed in various 
situations over a period of a school year 
( 1937- 1938 ) . They were given many 
tests and were observed by two or more 
observers. The authors' findings are ab
sorbing and well worth reading. 

Notes 

THE FURANS, by A.  P. Dunlop and 
F. N. Peters. Reinhold Publishing Cor
poration ( $ 18 .00 ) . A massive mono
graph on the chemistry of the furan 
compounds ( derived from wood tars ) 
and on the industrial applications of 
furfural and its derivatives . These in
clude nylon, lysine, solvents and resins . 

PROGRESS IN BIOPHYSICS AND BIO
PHYSICAL CHEMISTRY, edited by J .  A. V. 
Butler and J .  T .  Randall. Academic 
Press, Inc: ( $9 .50 ) .  The third volume 
of this annual includes articles on 
autoradiography, infrared spectra of 
biologically important molecules, physi
co-chemical studies of viruses, the bio
logical action of ultraviolet and visible 
radiations, the microspectrometry of 
living and fixed cells. 

ELECTRON OPTICS, by O. Klemperer. 
Cambridge University Press ( $9.50 ) . 
This second and much enlarged edition 
of one of the Cambridge monographs on 
physics gives an account of the salient 
prinCiples ,  methods and applications of 
geometrical electron optics. An excel
lent handbook for advanced students 
and research workers, based on the latest 
work in the rapidly growing literature of 
this important subject. 
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What General Electric people are saying . • • 

C. H. LANG 
Mr. Lang is Vice President 
. in charge of Public Relations 

" . . .  In large measure, our Puritan 
ancestors insisted that liberty was 
d.ependent upon the general educa
�lOn of. the country's  citizenry. Our 
10dustnal system, as we know it to
day, is dependent on the education 
of that sa�e citizenry . If we lose 
SIght of thIS fact, we also lose sight 
of the fact that under a totalitarian 
sy�te� every industrial plan , or 
sCIentIfic research plan, becomes a 
State-plan. Every manager in in
dustry becomes, in reality, a civil 
servant. Political democracy and 
industrial democracy depend on each 
other, and both depend on education . 

�he�e a�e two great educational 
objectives 10 America. First, we must 
endeavor to combine the British 
co!lcern for training the ' :natural 
anstocrac� of talents " with : Second, 
the Amencan tradition and iilsist
ence of general education for all 
future citizens .  If we can do this 
then our industrial society will pros: 
per, and at the same time the neces
sary . degree of instruction will be 
proy-Ided for all people so that in 
theIr hands " our liberties will re
main secure . ' , 

at a Meeting of Charles Coffin and 
Gerard Swope Fellows, 
Schenectady,  New York 

L. P. GROBEL 
Mr. Grobel is  Supervisor, 
Generator Mechanical Engineering, Large 
Steam Turbine and Generator Depart
ment, Turbine Division 

" . . .  Precision balanced rotors have 
given smoother running turbine
generators with a great reduction in 
the amount of balancing needed at 
ins.tallation . .  High-speed 36OQ-rpm 
umts placed 10 operation in 1949 had 
an average bearing vibration of 0 . 42 
mils. :8y contrast,  in 1950, when 
ma�y of th� present precision-bal
anc10g practices were adopted, this 
figure dropped to 0.30 mils . And 
during the years 1950 and 1952 it 
has remained nearly constant at 0. 26 
and 0 . 27 mils,  respectively. 

The 1949 turbine-generators were 
good machines.  Current reduction of 
35 per cent in vibration simply means 
that today's  precision-balanced ma
chines have still less vibration. Over 
the same four-year period-1949 to 
1952-there has been a decided re
duction in the amount of balancing 
at  destination . An average of 7 .4  
balancing trials were taken on the 
1949 machines ; this figure decreased 
to 5 . 2  a year later, became 2.4 in 
1951 and 2.0 in 1952. During 1952 
58 . per cent of all turbine-generator� 
shlppe� ne�ded no further balancing 
at destlllatlOn .  

G. E. Review 

C. D. GREENTREE 
Mr. Greentree is  Manager 
Engineering and Consttlti�g 
Application Services Department, 
General Engineering Laboratory • 

" . . .  A most important e�rly activity 
of the .proJect engllleer IS to decide 
what 1S known and what is un
known . In almost any large project, 
only 5 to 10 per cent of the total 
effort is involved with new knowl
edge . Some 90 to 95 per cent of the 
total effort is concerned with the 
manipu�ation of existing materials, 
mechamsms and circui ts into differ
ent combinations by means of known 
laws, formulas and design data. 
F\ifthermore the bulk of each ma
nipulated combination is straightfor
war� development and design engi
neenng. I equals E over R Force 
equals Mass times accelerati�n.  But 
some portions of some of the com
binations do contain the new idea 
the tricky circuit, the new knowl: 
edg� or da�a .  The problem of the 
pro ject engllleer, with the help of 
hIS task engineers , is to spot where 
these a�e and. furthermore to spot 
them WIth a hIgh degree of technical 
accuracy. Then he must start work 
on these new idea areas first before 

spe�ding time and money on the 
straIghtforward part which will be 
wasted unless the key portions work . 

at The American Society 
of Mechanical Engineers 

Phi.ladelphia, Pa. 

HERBERT SCHREIBER, JR. 
Mr. Schreiber is an 
Industrial Product Engineer, 
General Electric X-Ray Department 
" . . .  The first and obvious requisite 
for cathode-ray sterilization 1S the 
penetration or accelerating voltage 
required for the product and con
tainer size. Here two factors control 
the ultimate decision ; namely, 1) Is 
complete penetration required or will 
surface sterilization be sufficient? 2) 
Can the physical dimensions of the 
product to be irradiated be changed 
for a more practical solution? The 
question of complete sterilization as 
opposed to surface sterilization can 
only be answered by the ultimate 
aIm of the user. In many cases it is 
only desired to extend the shelf life 
of the product and a surface steriliza
tion will of�eJ?- accomplish this pur
pose . In ad�lt1on the s�verity of any 
organoleptl� chan.ges IS usually in
creased WIth hIgher penetration 
ther�by making higher voltage a 
detnment rather than an aid . Of 
course, if complete sterility is re
quired then the cat.hode-ray gen
e:ator must necessanly have suffi
CIent voltage to penetrate the entire 
sample.  The only alternative here is 
a change in the thickness or mode of 
packag�ng of the . product thereby 
decr�aslllg the ultImate penetration 
re<jUlred: . The factors controlling 
thIS deClslOn are the additional costs 
of higher voltage ' equirment as op
posed to �he costs 0 changes 10 
product dlmenslOns or packaging 
techmcs . 

Cathode Ray Sterilization Sym
posium, ·Milwaukee, Wis. 

�()« tYUZ"ou& � �� m_ 

G E N E R A L  _ E L E C T R I C  
1 5 3 

© 1953 SCIENTIFIC AMERICAN, INC



THE AMATEUR SCIENTIST 

Conducted by Albert G. Ingalls 

C
ontrary to the impression given by 

some editorial writers, screw 
drivers and soldering irons are 

far more common weapons among teen
agers than are zip guns and switch 
blades. In South Chicago recently po
licemen, answering a frantic matron 's 
report that hoodlums in a vacant lot 
were aiming a cannon at her house, 
found a group from the local high school 
adjusting a 12-inch Newtonian reflector. 
Another gang, caught near Washington, 

About sundials and a cyclotron, the latter 
built by a group of bold high school boys 

D. c., turned out to be radio hams 
bouncing microwaves off the moon. A 
third, investigated by state troopers 
north of Philadelphia, were making 
static tests on a liquid-fueled rocket of 
their own design. 

Similar gangs, many unknown to the 
police, are at work all over the country. 
The gang movement in amateur science 
appears to be growing, perhaps as a re
sult of rising costs and the increasing 
complexity of scientific experiments. A 
worthwhile wind tunnel or a radiocarbon 
dating apparatus cannot be financed by 
the proceeds fi-om a youngster 's odd 
jobs. Hence the boys are learning to pool 
their resources. The combined pocket
books, enthusiasm, energy and audacity 
of half a dozen youngsters seem to be 

equal to just about any project modern 
science has to offer. 

This includes even a cyclotron. A 
group of teen-agers in EI Cerrito, Calif., 
decided to have one although they knew 
that even a small cyclotron may cost tens 
of thousands of dollars and require such 
finicky adjustments that nuclear physi
cists sometimes spend months getting 
the bugs out of it. The boys, lacking 
the mature judgment that so often pre
vents adults from having fun, built their 
cyclotron largely out of junk parts, and 
it worked fine! The following account of 
how they did the job is by Richard C.  
Sinnott, a member of  the group who 
subsequently majored in engineering 
physics at the University of California. 

"The nucleus of. the idea of the El 
Cerrito cyclotron, like so many nuclei, 
was not well defined at the beginning. 
Lee' Danner, Charles Williams, Karl 
Zellmann and I were all in the same 
physics course at EI Cerrito High. Our 
physics teacher, Benjamin Siegel, had 
encouraged us in many outside projects. 
We worked first on a wind tunnel, then 
on a Tesla coil. When these projects 
were completed, we felt that bigger and 
better things should be tried. Since El 
Cerrito is close to Berkeley, we gradually 
developed the idea of trying a cyclotron. 
During a tour of the cyclotron at the 
University of California Radiation Lab
oratory we met Louis Wouters, who be
came our consultant and advisor. 

An over-all view 0/ the El Cerrito cyclotron 

"Many people thought that the idea 
of high school students building a cyclo
tron was ridiculous. Others, like Dr. 
Siegel and Dr. Wouters, encouraged our 
project. Looking for a sponsor, we had 
a talk with Frank Schallenberger, prin
cipal of EI Cerrito High School; and he 
sent us with a warm recommendation to 
the Superintendent of Schools, Walte).· 
T. Helms. Mr. Helms set up an account 
for us. The cooperation of these men 
will always shine as an. example,. to me, 
of the attitude of true educators. They 
did not discourage us nor doubt our 
sincerity; they assisted us as best they 
could, both morally and financially, and 
the complex project of building a cyclo
b'on was launched with great enthusi-
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An Amateur Photographs an Eclipse of the Moon 

The lunar eclipse of January 29-30,1953, gave Apollo 
Taleporos, an electronics engineer on the staff of the Co
lumbia Broadcasting System, a chance to see how effec
tively such an event can be photographed with simple 
equipment. His six-inch Newtonian reflector, which has a 
focal length of 42 inches, was mounted on a tripod and 
the camera, a 35-millimeter, single-lens reflex, was held 
by hand irrfront of the ll�-inch eyepiece. The condition of 
the sky was approximately .7, which means that stars of 
the fifth magnitude could be seen near the zenith. Except 
for scattered clouds, the night was cold and clear. All 
exposures were made with the camera stop set at t13.5 

and the film was Super XX panchromatic. Although in 
New York City, where the pictures were made, the moon 
entered the penumbra at 3:40.1, clouds prevented the 
start of photography until just after the end of totality at 
7:29.1. The first three exposures were made at 1125 
second, the next two at 1150 and the remaining four at 
11150. According to Taleporos the principal difficulty 
facing beginners in lunar photography is that of learn
ing the proper exposure time and aperture setting. He 
solved this problem in advance of the eclipse by making 
a series of exposures each night as the moon grew from 
new to full, and keeping a careful record of the results. 
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Copper disks .with 
tube:> foy coolin� 

. . 

wire wrapped 
with cloth tape 

Exploded view of the cyclotron magnet, coils and cooling system 

asm and great hopes by four very young 
fellows. 

"Let us deviate now to the more sci
entific aspects of the cyclotron. The 
operation of a particle accelerator is 
analogous to that of a gun. When a bul
let is fired, the powder accelerates the 
lead slug, the barrel constrains the mis
sile and directs it in a given path. In a 
cyclotron the bullet is a proton, and the 
constraining "barrel" is the magnetic 
field. The propulsive force is a high
voltage, high-frequency potential which 
accelerates the proton. The path of this 
bullet, however, is not straight but cir
cular. 

"The particle starts at the center of 
an evacuated circular chamber. Within 
the chamber a flat, hollow electrode in 
the shape of a half-circle, the 'dee,' ap
plies the high-frequency alternating 
voltage that drives the proton. Profes
sional cyclotrons usually have two dees; 
ours has only one. A strong magnetic 
field, acting perpendicularly to the plane 
of this flat dee, forces the particle into a 
circular path, which actually becomes a 
spiral path as the particle flies in wider 
and wider circles. 

"Since a proton is a positively charged 
particle, it is attracted by negative 
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charge. When the rapidly alternating 
voltage of the dee is negative, it at
tracts the proton into its hollow interior. 
While the proton is travelIng through its 
half-circular path, the accelerating volt
age on the dee is changing its sign. As 
the particle leaves, it is given a kick by 
the now positive electrode. The relation
ship between the magnetic field shaping 
the particle's path and the frequency of 
the high voltage is carefully chosen so 
that the particle keeps getting a kick 
each time it enters or leaves the dee. 
In the half-circle of the vacuum chamber 
that has no dee, it travels by inertia, still 
under control of the magnetic field. As 
its velocity increases, centrifugal force 
causes the particle to transverse a path 
of ever-increasing radius. At the end of 
this dizzy trip the proton collides with 
the target-a small plate made of the 
substance to be bombarded. The inter
action of the accelerated protons with 
the matter of the target is then studied 
by various methods to solve riddles of 
nuclear physics. 

"The machine can be broken down 
into these major parts : (1) The magnet 
and its power supply; (2) the electrical 
oscillator and its power supply; (3) the 
vacuum systeIl); (4) the chamber in 

which the acceleration takes place; (5) 
miscellaneous power supplies, metering 
and control circuits, and so on. The con
struction of the machine more or less 
followed this sequence. Our first prob
lem, therefore, was the magnet. 

"The core of the magnet weighed 
about 1,000 pounds. We thought it 
would be ideal to make the core out of 
Norwegian soft iron, but it turned out 
that none was available at the time, so 
mild steel was used. The biggest prob
lem with the core was machining. The 
tools in the shop at EI Cerrito were not 
large enough, and the cost of having a 
commercial machine 'shop do the work 
was prohibitive. After much inquiry we 
found that the Central Trade School in 
Oakland would do the work free. The 
School had the facilities, and since the 
work had educational value for their 
students, they agreed to do it for us if 
we supplied the metal. 

"Magnet wire was the next problem. 
At the time copper wire was scarce. We 
managed, however, to get about 300 
pounds of No. 13 magnet wire. While the 
core was being machined, we wound six 
coils in the shop at 'EI Cerrito High and 
the magnet was pretty much taken care 
of. It had about 6,000 turns of wire and 
required about 35,000 ampere turns for 
the necessary field. The pole diameter 
was six inches, which made it a six-inch 
cyclotron. The High School donated a 
welding generator which would supply 
90 volts at 90 amperes. For regulation 
we ran the magnet far into saturation. 
The six coils were connected in parallel 
(1,000 turns) and at 90 amps we had 
90,000 amp turns, far more than was 
needed. 

"The next step was the oscillator. It 
was to be capable of an output of about 
1,600 watts of radio-frequency power. 
We decided to build it at my home, and 
during its construction I gleaned some 
very important experience which I hope 
will be noted by those of you who have 
not yet worked with such equipment. I 
was 16 years old at the time, and the 
construction of such an oscillator was 
more dangerous than I reaiized. The 
power supply would put out 2,500 volts 
at about one ampere. The mechanical 
construction and wiring went well. Then 
came the big moment: turning on the 
power: For testing we used two 500-
watt light bulbs as a dummy load. With 
a little adjusting the lights lit brilliantly. 
We were overjoyed until the lights sud
denly sputtered and went out. After 
carefully shutting things down, I started 
looking around in the back of the oscil
lator for the trouble. About two minutes 
later I woke up and found myself pan-
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caked against a wall about 1 0  feet from 
where I had been working, quite stiff 
and sore and somewhat dizzy. Luckily I 
had Karl Zellmann with me, which 
points to Rule No. 1 :  Always have an
other person with you when you work 
with lethal voltages. My errors, how
ever, were manifold. The first thing I 
had forgotten was to keep my spare 
hand in my pocket. I had made a per
fect ground with my right hand while 
tinkering with my left. The second thing 
I had forgotten was to put in a bleeder 
resistor for the power supply. The lights 
had gone out because a circuit in the 
oscillator had opened, disconnecting the 
power supply. But it had left a con
denser charged to about 2,0 0 0  volts 
waiting for me . . . .  We put a bleeder 
resistor in and eventually got the oscil
lator working to suit us. 

"We now encountered the problem of 
the vacuum system; believe me it was 
not a brief encounter. Dr. Wouters intro
duced us to Edward Guyon, the glass 
blower for the physics department at 
the University of California. Mr. Guyon 
offered to make our glassware for us for 
practically nothing. He constructed our 
diffusion pump, traps, McLeod gauge 
and Pirani gauge, each item normally 
very expensive. He gave us hints on how 
to find leaks and how to obtain a high 
vacuum. We constructed our little sys
tem, minus the chamber, and got it 
working after about three weeks. 

"Then came the chamber. This part 
of the project was tied in very closely 
with the vacuum system. The first cham
ber was designed to clamp around the 
pole pieces. It was in two sections and 
looked much Jike a doughnut when 
fastened together. 

"Our goal was gradually coming into 
view when we put the chamber into 
place. We started the pumps and waited 
for the system to pump down; naturally 
it leaked. We worked for about a month 
trying various ways to make the system 
tight. One of the methods suggested 
incorporated the use of pneumatic gas
kets, so we visited the Goodrich De
velopment Laboratory in San Francisco. 
George Petelin, their chemist, let us use 
their facilities to make some experimen
tal gaskets. These turned out well (so 
well, in fact, that when another rubber 
company saw them, we were offered a 
job). Still; after all this work, the cham
ber leaked. We finally got the system 
tight enough, however, for an experi
mental run. One night the oscillator was 
warmed up, the generator started, the 
secondary equipment checked, the door 
to the cyclotron room locked, and every
one excitedly went to the control room. 

With everything running smoothly,. we 
began to regulate the magnetic field 
slowly, watching anxiously for the de
flection of the meter that would tell us 
we had a proton beam. At last we got a 
slight deflection, showing a weak but 
definite beam of 1.5 microamperes. We 
were, to say the least, tremendously hap
py. Then the vacuum system began to 
leak. The chamber filament blew out and 
the dee started to arc to ground. The 
chamber just wouldn't hold a vacuum. 
We decided that we must completely 
change its design. 

"The next chamber we planned was 
to be made of glass. Our design was 
again poor and we gave it up after about 
a month's work. 

"During this time I met Harry Ken
nedy, the inventor of the union melt 
welder, who was awarded the Lincoln 
Medal for outstanding research in the 
field of welding. He has a very complete 
shop in which he and his able assistant, 
John Patterson, do research and experi
mental work on various ideas and prob
lems related to industry. Mr. Kennedy 
expressed some interest in our little ma
chine, and the next thing we knew he 
was designing and building with us a 
new chamber. His experience and natu
ral 'feel' for such problems contributed 
to a very practical chamber design-a 
design which eventually was the key to 
successful operation of the machine. 

"A detailed account of the difficulty 
involved in the design of this chamber 
may be of use to others who may some 
day be presented with similar difficulties 
in research. At first we had considered 
the chamber the least of our worries. As 
you can see, this premise turned out to 
be very wrong. In the following I will at
tempt a partial explanation of why so 
much trouble was had with what would 
appear to be a rather simple task. 

"Webster's definition of research runs: 
'Careful search, a close searching. Stu
dious inquiry; usually critical and ex
haustive investigation or experimenta
tion having for its aim the revision of ac
cepted conclusions, in the light of newly 
discovered facts. ' Careful search on al
most any subject in modern science 
usually requires special equipment of 
some sort. In large industrial and Gov
ernment-supported laboratories such 
equipment is readily available or easily 
financed. In small universities a research 
worker has a harder problem; he must 
use imagination and know-how to obtain 
his tools. A good researcher must also be 
able to correlate results. Answers to a 
given question in his work are often 
subtle and' apparently ambiguous. He 
must be sensitive to his data and adept at 
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UNUSUAL 
OPTICAL BARGAINS 

IMPORTED MICROSCOPE 
100, 200, 300 Powe, O N LY 

Good optical qualities, fine focus- $14.95 
�1(l����l\ tlb�tC�:Jn�Lgn $��OS�I;: Postpaid 
r����l�� 1ce�°:fi�;�I�\�Zg lOCULAR 
di�c·light e mirror. 30 8J ECT I V E 

�q����ld:�f� 2 ,�.5/8;Rf'ruff. LE�SES 

�!{rslC!� ,DP�:r-mo��t
y

C����!�J�r. RACK & 
Comes packed in sturdy. hard PINION 
wood casC!o FOCUSING 
Stock No. 70,008-5............... . ....... $14.95 Postpaid 

Adjustable! 20, 40, 60 POWER! 
POCKET 

MICROSCOPE 
A compact, imported, handy preCision instrument of many 
uses. Select power you want, then focus sharply by tUrning 
special micro-focus ring. Good quality optics. Full satis
faction �uaranteed. 
Stock #30005·5.. . ............................. Only $2.95 Postpaid 

ASTRO TELESCOPE KITS �::A�d 
ur�,u$'!Jg'il� 

Grind your own mh'ror. Order by Mirror Dia. 
Stock "* Size Pstpd. Price 
7°,°03-5 . ........................... 41/4" ....... . ..... $ 7.00 
70,004-5........... . .... 6" . .............•....... 11.00 
70.005-5......... . .... 8" .................. 18.00 

/ -r.... 
NEW 30 POWER � TELESCOPE () Complete with Tripod 

(j ... U n usual Bargain Price 

A beautifully made, sturdy. imported 
Instrument w.th dozens of uses, Spots 
22 caliper bullet holes at 200 yds. All metal body-focuses from approx. 40 ft. to Infinity. Achromatic objective-40 mm riia.--Outslde surface low reflection coated. 

Smooth slide focusing eyepiece. Eye-lens outside surface 
coated. Lens erecling system. Imagine right side up. Sturdy 
}�!f�� �k'�H.h��:refadia�ap����. �1�Js".

fO{vc�:�1er
l
a

i;2 l\1��: 
Stock No. 70.018·5... .. ............... Only $21.95 Postpaid 

IMPORTED STEREO MICROSCOPE 
$160 Value, Only $85 Postpaid. Wide, 
3-Dimensional Field. Excel l ent Depth for 
Working Under M agnification! Fixed 3-
power obiective, with 3 pairs of matched 
eyepieces to give you powers of 15X, 
30X, 45X. Rack and pinion focusing. I n
terpupil l ary a djustment. Removable 
from base for mounting on equip
ment or bench. Fine hardwood case 

���I�k 
GN�.

ra����lts_
o;�d: $85 

S I M PLE LEN S KITS!-rHE LENS CRAFTER'S DELIGHT! Fun for adults! Fun for children! Kits include g�i�dlro�l��tgJhc
i�:���';;��d

u����es� ��I�:c�nrn ���tl�'!p�y� �g� <:C:B�;�y ����r�';-.OS:��:Ch���!Svt��;�,Phg�J:;���r� 
Reflex VIew Finder for 35 mm. cameras, StereoscopiC Viewer, ground glass and enlaJ'ging fOCUsing aids. And 
��L���g�Er;;� ��I�sr ��eesr iMig::'J's%������c�ptics. building 
5tock # 2-S-1 0 lenses ... .................................... $1.00 Postpaid 
Stock # 5-s--45 lenses ... .................................... $5.00 Postpaid 
Stock # 10-S-80 lenses . .................................. $10.00 Postpaid 

Useful 80 Power BABY MICROSCOP�' 
Ideal small Instrument, eaSIly earned yet 
gives astoundmg sharp definition. Has Only �x��;l

l
e��:itlcal qualities. mlllly features 5" 

Stock # 50,OOO-S $4.00 postpaid 
High! 

NEW HUYGEN TYPE ASTRONOMICAL EYEPIECES 
-Imported! Mounted! Precision made! Standard IY4" out
side diam. 
Stock No. 30,063-S ........ F.L. 6 mm (1/4") . . ..... . $7.50 Pstpd. Stock No. 30.064·S ........ F.L. 12.5 mm (1/2") .... 6.00 Pstpd. 
Stock No. 30.06S·S ........ F.L. 10 and 20 mm.. 8.00 Pstpd. 
(With Stock No. 30,065-S you have a choice of 2 powers by 
rearranging lenses. Directions included. Chrome and black finish.) 

New! Just A"ived! STAR S PECTROSCOPE 
Now you can widen the usefulness of your astronomical tele· scope with this Interesting Spectroscope attachment. Study 
cosmic physics! Determine direction and chemistry of stars -discern close binaries, etc. Direct vision! 5 Prisms! 3 
cylindrical lens caps. Threaded to fit our Huygen Type Astronomical Eyepieces or you can adapt to your own eye-
g����s N!.r�6;�02\ _S��.: .. �� .. � ����.�: .. ::-.. ��. �� :��$3�:7e5 Pstpd. 

AMAZING Double Utility Combination 
15X TELESCOPE and 35x ERECTING MICROSCOPE 

Extra utility by removing telescope portion and using as 
35 power microscope to inspect, dissect, etc. Telescope objective lens is achromatic, coated. Telescope can be removed and canied in pocket-focuses from 10 feet to 
infinity. Microscope has 3·element. coJor·corrected objective 
-image is erect, just as your eye sees it not upside down 
�� ��eOlr������g�li�i��;o��u R:fl���e�vo'i-t���ec:is��i��e 

c�va�:� 
used as microscoye. Entire unit folds down to 2" x 7" x 10". Telescope instantly adjustable in height from 3" lo·14". 
Stock #70.017-5... .. ......... $29.50 Postpaid 
POCKET COMPARATOR-Check, measul·c. inspect 
small parts and dimensions with 6 Power magnification. 
Measure angles, radii, circles, linear in bOth decimal inches 
and millimeters. Approx. size 11/2"x2". Used to check 
layouts, machining on tools, dies, gauges-to check threads, 
chamfers, small holes. In optical work for checking flaws. 
For scientists-in determining width of spectrograph lines. In photography-measuring and focusing at ground glass. 
Instrument comes in protective leather case. Money·back 
g'uarant.ce! • . Stock No. 30.061-5 .... ........ "" .... 522.50 Postpaid 
Order 'by Stock No.-Send Check or M.O. Satisfacticm Guar
anteed! 

We have Lite,alty M i l l ions of WAR S U RPLUS 
LENSES AND P R I SM S  AT BARGA I N  P R I CES 

Write for Cata l og "S"-S ENT FREE!  

EDMUND SCIENTIFIC CORP. 
BA R R INGT ON, NEW JER S E Y  
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careful scientific analysis of all the possi
bilities pt·esented. 

"Mr. Kennedy, whether he realized it 
or not, taught us these things by example 
during the designing of our vacuum 
chamber. He would think carefully 
about a problem, then take a piece of 
chalk and draw a sketch on the floor of 
his shop, enlarge on the idea, draw, dis
card, change, redraw, until he finally ar
rived at an excellent answer. We would 
then stand around the drawing and dis
cuss it at length until we were all con
vinced it was best-best not only in final 
result but in process. He understood how 
difficult it would be to machine a given 
shape or assemble the machined pieces, 
and he took into account whether the 
final ,Pieces could withstand the forces 
that might act on them., 

"Upon Mr. Kennedy's suggestion we 
proceeded to construct the chamber as a 
separate entity, that is, not mechanically 
dependent on the magnet. This unit type 
of construction would permit us to seal 
the chamber and locate all leaks before 
placing it between the poles of the mag
net. The deSign, needless to say, worked 
very well. The top and bottom of the 
chamber were made of 1h-inch circular 
steel plates very carefully machined to 

hyd rogen a.nd 
fiJdlne.nt 
'edd 

tolerances of 111000 of an inch. The wall of 
the chamber was made of a slice of brass 
tubing of 6� inches inside diameter. 
The bottom plate was soft-soldered to 
the brass, and the top plate sealed with a 
thin rubber gasket. Twenty-four brass 
screws around the periphery of the steel 
plates held the top on and allowed us to 
adjust the plates until they were parallel 
to better than Ytooo of an inch. The 
target was introduced through a type of 
Wilson seal, as were the filament and hy
drogen pipe, the pump-out and the die 
support. The filament assembly was 
easily removable for repair through a 
ground glass joint. Use of a steel top and 
bottom on the chamber reduced the 
magnetic gap to % inch, which was de
sirable; it raised the magnetic field a con
siderable amount and, by virtue of the 
movable nature of one plate, allowed a 
sort of shimming of the field. 

"We now had our chamber. Very 
anxiously we went to work installing it. 
It took a month or two to make other 
changes and improvements. Then every
thing was ready and once again we 
turned on our cyclotron. After a few 
false starts, we got seven microamperes 
of beam. -

"This small deflection of a meter had 

De.e 

target contro' 
Wi Ison �ea.1 

Details of the dee (top), proton source (lower left) and target 
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A N FOR ALL ENGINEERS: 

W!Jere will,-06 "e 
/O,ellrs from now? 

Will your achievements be recog
nized? Will you be associated with 
distinguished scientists and engi
neers? Will your work provide a 
challenge for your talent and ability? 
Will your position and income be 
founded upon your real merit? 

At RCA, you'll find plenty of 
"future insurance" ... and right now 
is the time to investigate RCA 
opportunities. Because RCA is now 
looking for experienced ELECTRONIC, 
COMPUTER, ELECTRICAL, MECHANI
CAL, and COMMUNICATIONS ENGI
NEERS . • •  PHYSICISTS . . .  METAL
LURGISTS • . •  PHYSICAL CHEMISTS 

• . .  CERAMISTS ... GLASS TECHNOL
OGISTS. Whichever your specialty, 
there's a chance of a lifetime for a 

career with RCA-world leader in 
electronic development, first in radio, 
first in recorded mu:;;ic, first in tele
vision. RCA growtfi has remained 
steady through war and depression 
... you'll find positions open today 
in many commercial projects, as 
well as military lines. 

WHY RCA IS A GOOD PLACE 
FOR YOU TO WORK 

Facilities for creative engineering are top
notch. WorkinjL conditions and associates 
stimulate you. Periodic merit reviews help 
you advance in grade and income. Your 
family can enjoy pleasant country or sub
urban living. RCA encourages growth of 
your professional status and recognition. 
Company-paid benefits-including life, ac
cident and hospitalization insurance-in
crease your feeling of security. You look 
forward to retirement through a progressive 
program. RCA has a modern tuition refund 
plan for advanced study at recognized 
universities. 

Personal interviews arranged in your city. 
Please send a complete resume of your education and experience to: 

MR. ROBERT E. McQUISTON, Manager, Specialized Employment Division 
Dept. 201-1, Radio Corporolion of America, 30 Rockefeller Plaza, New York 20, N.Y. 

Positions Open In 
RESEARCH-DEVELOPMENT -

DESIGN-APPLICATION 
in any of the following fields: 

RADAR-Circuitry-Antenna Design-Servo Sys
tems-Information Display Systems-Gear 
Trains-Stable Elementa-Intricate Mechanisms 

COMPUTERS-Digital and Analog-Systems Plan
ning - Storage Technique - Circuitry - Servo 
Mechanisms-Assembly Design-High Speed 
Intricate Mechanisms 

COMMUNICATIONS - Microwave - Aviation
Mobile-Specialized Military Systems 

MISSILE GUIDANCE-Systems Plsnniog and Design 
-Radar and Fire,Control-Servo Mechanisms 
-Vibration and Shock Problems 

NAVIGATIONAL AIDS- Loran - Shoran-Altim
eters-Airborne Radar 

TELEVISION DEVELOPMENT-Receivers-Trans
mitters and Studio Equipment 

COMPONENT PARTS-Transformer-Coil-Relay 
-Capacitor-Switch-Motor-Resistor 

ELECTRONIC TUBE DEVELOPMENT-Receiving
Transmitting-Cathode-Ray-Phototubes and 
Magnetrons 

ELECTRONIC EQUIPMENT FIELD ENGINEERS
Specialists for domestic and overseas assign
ment on military electronic communications 
and detection gear. 

e RADIO CORPORArlOH of AMERICA 

159 

© 1953 SCIENTIFIC AMERICAN, INC



Have you ever seen a GALAXY? 
Or the rings of Saturn, the moons of Jupiter, or the 
craters and mountains of the 110011? To merely read 
about the Unh-erse is to dcprh-c yourself of the intel
lectual excitement of exploring the vast reaches of 
space. UN ITRON Telescopes are chosen by leading 
universities and amateur astronomers for their out
standing Qualit.y and pro\'cn performance: by engineers 
and business executi \'es as a source of relaxation and 
mental diversion. Unexcelled for real close-up views of 
distant terrestrial objects-mountains. animals, ships 
at sea, etc. UNITRON values caBnot be duplicated. 
Write at once for free educational literature on how 
to select a telescope and illustrating all UNITRON 
models. Learn why astronomy is today's fastest-growing 
hobb.r! 

Obiective: Coated 60mm. (2.4") diameter, 
900mm (35.4") focal l ength. f/ I S. 
Eyepieces: I OOX. SOX, 3SX included. ISOX, 129X 
and 72X available at extra cost. 
Complete with the equatorial mounting and slow
motion controls, tripod, view finder, star di
agonal, erecting prism system for terrestrial 
observation, sunglass, wooden cabinets. 

Express collect Only $225. 
OTHER UNITRON REFRACTORS 
4 INC H EQUATORIAL. . ... $785. 
4 INC H ALTAZIMUT H  ....... 465. 
3 INC H EQUATORIAL.. 435. 
3 INC H ALTAZIMUTH .. ...................... . 265. 
2.4 INC H ALTAZIMUT H  125. 
1.6 INC H ALTAZIMUT H....................... 75. 

Time payment plan available. 

Have you ever seen a living (ell? 
Or arc .rou familiar only with lifeless. stained slides 
whose static appearance resembles textbook illustra
tions. With a UNITRON P HASE MICROSCOPE. 
highly tranSI)arent material such as living cells. bac
teria, organisms, etc. are re\'ealed with startling con
trast and clarit.r. 1\"0 need for tiresome staining which 
distorts and kills li\'ing specimens. 

UNITRON P HASE MICROSCOPES are priced so 
low that this newest microscope technique is now avail
able to all. The Amateur Scientist and School Labora
tory will find these microscopes an amazingly powerful 
aid in the obsenation of protozoa. roUfers, marine 
plankton. crystal growth. Brownian movement, etc, 1'-'or 
the Industrial Laboratory. there are a multitude of ap
plications in the study of emulsions. suspensions. col
loids, fibres. etc. Write today for informath'e literature 
on phase microscopy which describes and illustrates all 
UNITRON models. 

• Can al�o be used for ordinary bright field microscopy. 
Model MPE allows continuous transition from bright 
field to phase contrast. 

• Extremely simple to use. No diaphragm adjustments. 
Highest resolving power is obtained. 

• No special illumination required. 
• Choice of 4 contrasts: Bright-high, medium and low. 

Dark. 

MODEL MPE: Magnification 
50-1500X. L a r g e  research 
stand with coarse and fine fo
cusing. graduated drawtube. 
mechanical stage. Rack and 
pinion substage phase con
denser. Triple re\'olving nose
piece with phase objectives: 
lOX. 40X. IOOX (oIl immer
sion). Eyepieces: 5X. lOX. 
l5X. Only $265 
MODEL MPEA: Magnifica
tion 32-600.x, Medium stalld 
with Single focllsing control. 
Substage phase diaphragm. 
'1'riple rel'olving nosepiece with 
phase objectives: 4X. lOX. 
40X. Eyepieces: 8X, 15X. 

Only $99 
MODEL MPE is available equipped for bright field 
observation only at a cost of $198. An ideal Medical 
iUicroscope. All of above shipped express collect. 

ALL INSTRUMENTS FULLY GUARANTEEO 

Send check or money order or 25% deposit with balance 
C.O.D. CA'l'ALOGS al'ailable on MICROSCOPES for 
Industrial and Research Laboratories and School and 
Amateur use. 

Write lor Iree tIIustrated Literatur. to DEPT. SA·9 

Ueaed Sde� eO., 
204-206 MILK STREET, BOSTON 9, MASS 
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The Briggs sundial in Washington, D. C. 

taken two years' work and the help and 
advice of many educated people. But the 
effort was well rewarded, as is any work 
sensibly directed with a definite goal in 
mind. I had gained what amounted to a 
million-dollar education : I had learned 
vacuum technique, gained a better feel 
for electronics, learned how to work with 
people and how to convince people of 
the usefulness of such projects. More 
tangibly, as a result of my part in the cy
clotron I got a job immediately upon fin
ishing college as a research physicist at 
the University of California Rad�ation 
Laboratory, where I could go on with the 
things that interested me and actually 
get paid for it. 

"A big point in all this is that such a 
project inevitably requires much work, 
knowledge and cooperation from people 
other than those immediately associated 
with it. I feel that scientists and educa
tors are pleased, interested and coopera
tive when they see someone engaged in 
such a project, particularly a young per
son. So resolve your ideas, recruit help 
and launch your project. Your rewards 
will be far greater than you can imagine 
-not only in increased scientific knowl-

edge but in the experience you will gain 
in human relationships and understand
ing. Nothing is more gratifying than 
working with a group toward a common 
goal, surmounting obstacles together, 
sharing and criticizing each other's ideas 
and eventually twisting that knob and 
observing a tiny deflection of a meter 
that eloquently says, "Good going, you 
have done it." 

A n accurate sundial must be especially 
ft designed for its exact latitude and 
longitude.- Each accurate dial is there
fore unique. If the dial is removed to an
other latitude, the part that casts the 
shadow is no longer parallel with the 
earth's axis and therefore casts it incor
rectly. At any other longitude the hour 
lines give incorrect time. This explains 
why the mass-produced cast-metal dials 
often seen on sale, though attractive, are 
found to be inaccurate even when set up 
level and correctly oriented to true north 
and south. 

The principal pleasure from an ac
curate sundial is derived from designing 
and building it, and especially from the 
clear comprehension of the earth's ir-

© 1953 SCIENTIFIC AMERICAN, INC



• 

Three reasons 

why Lockheed in California 

offers 

better careers for engineers 

This capacity to develop and produce 

such a wide range of aircraft is important to career

conscious engineers. It means Lockheed offers 

you broader scope for your ability. It means there is more 

opportunity for promotion with so many development 

and production projects constantly in motion. It means your 

future is not chained to any particular type 

of aircraft-because Lockheed is known for leadership 

in virtually all types of aircraft. 

Lockheed's versatility in development and 

production is also one of the reasons it has an unequaled 

record of production stability year after year. 

Locklleed 

I Diversified Production 
Huge luxury airliners, cargo transports, fighters, bombers, 

trainers and radar search planes are rolling off 

Lockheed assembly lines. Twelve models are in production. 

2 Diversified Dev�lopment Projects 
The most diversified d�velopment program in Lockheed's 

history is under way-and it is still growing. 

The many types of aircraft now in development indicate 

Lockheed's production in the future will be as 

versatile as it is today-and has been in the past. 

3 Diversified Living 
You work better in Lockheed's atmosphere of 

vigorous, progressive thinking-and you live better in 
Southern California. You enjoy life to the full 

in a climate beyond compare, in an area abounding 

in recreational opportunities for you and your family. 

AIRCRAFT CORPORATION 
Burbank, California 
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Phono Equipment, ape 
Recorders, Radio Tuners, Audio 
Amplifiers, loud speakers and TV! 

- SUN -RADIO':De;t:-ss:9' ---- ---- .... -. 
650 Sixth Avenue. New York II. N. Y. I 
Please rush mv FREE  Audio Book. I 'Name_. I 
Address I 

_ £i�-=_ _ _ _ _ _ _ _ _ _�!!!:-==_! 
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regular motions that is best absorbed 
while doing both. A sundial is seldom 
actually used as a timekeeper today, al
though in the blissful absence of a radio 
at my isolated summer camp I do often 
set my watch from a sundial which is ac
curate within two minutes. The object in 
building an accurate sundial is not really 
to ascertain the time but to win bets from 
friends who challenge its accuracy be
cause it does not agree with their inac
curate watches. 

the first of these dials and supervised its 
construction. It was given to the N a
tional Bureau of Standards by its staff, in 
appreciation of Lyman J. Briggs after his 
retirement as director. The details of its 
essential parts are shown in Roger Hay
ward's drawing on page 160. 

The four accurate and scientific sun
dials this department describes herewith 
were designed by builders who had 
taken the necessary pains to study out 
the earth's motions. They are all direct
reading dials which tell the time without 
correction from graphs or tables or by 
mental calculation. In sundialing this is 
elegance. 

R. Newton Mayall, co-author with 
Margaret Mayall of the book Sundials, 
How to Know and Make Them, designed 

The central, elliptical part of the dial 
plate is a simple dial for telling the ap
parent (sun) time. It has a flat-topped 
gnomon (shaft) which casts its straight 
shadow to the left in the morning and to 
the right in the afternoon. The gnomon is 
parallel with the dial plate, which in turn 
is parallel with the earth's axis and there
fore points to the celestial pole. If the 
earth revolved around the sun at a uni
form speed in a circular orbit, and if it 
were not for the obliquity of the ecliptic, 
a simple sundial like this would always 
be accurate. Unfortunately for lazy sun
dial builders, the earth's orbit is not a 
circle but an ellipse, with the sun nearer 
one end than the other. When the earth 

!--- inner 5urfdce of one halfcylinder 
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The Egger sundial in Switzerland 
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Radar e.yes see in darkness, storm, or fog 

to lock this twin-jet fighter on its prey. • • 

-the Douglas F3D Skyknight 
Out of Korea come new reports of the, 
Douglas F3D Skyknight in action, down
ing Migs for the United States Marine 
Corps during advanced night and foul 
weather operations. 

Designed for the U. S. Navy, the all
weather Skyknight flies at near-sonic 

Be a Naval flier-write to 
Nav Cad Washington 25, D. C. 

speeds, operates from aircraft carriers as 
well as small advanced airfields. A side
by-side seating arrangement of pilot �nd 
radar operator results in closer combat 
teamwork-permits Skyknight's modern 
radar search and fire control equipment 
to be operated with maximum efficiency 

Depend on DOUGLAS 

when against marauding enemy planes. 
Performance of F3D Sky knight in 

action is another example of Douglas 
leadership in aviation. Planes that can 
be produced in quantity to fly faster and 
farther with a bigger payload are a basic 
rule of Douglas design. 

First in Aviation 
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DAVE BUSHNELL says, 

,p fREE! 11j.9--
MY 1 4- PAGE BOOK f 

STOP B E I N G  CON FUSE D 
ABOUT B I NOCULARS ! 

Binoculars are somet h i n g  you buy only 

once i n  a l i fet ime.  Know what you're 

buying before you invest. I nvestigate I 

Kindly send me absolutely FREE 
o c o p y  of your l i m ited edition 
book l e t :  "How to Se lect Binocu
lars," I u ndersta nd there .  is n o  
o b l igation w hatsoever. 

Address' ___________ ,Zone __ 

I. �t! _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
S�a�=-=-=-=-= _, 

WAR SURPLUS BARGAIN 

A C H ROMAT I C  T E L ESCOP E O B J E CT I V E S_Perfect 
MUg"ncsium Fluoride Coated and cemented Gov't 
SUI'IIIus lenses made of finest Crown and Flint opticnl gl<lss. They lll"e fully conceted and have tre
m e ndous resoh' l n g  pOwel' llnd can be l'ead i ly used 
w i l h  1/4 " F.L. eyepieces. Guaranteed well suited f I l l '  Asll'onDl\l il'a l Telescopes, Spott i n g  Scopes, etc. 
O r ' l g' i n a l  G o v ' t  cost appl'oximately $ 1 00.00 each. 

Di ameter FO{,IlI Length Each 
54m/m ( 2 % " )  300m/m (11 . 811" ) .  . . . . . . $ 1 2. 5 0  
54m/m ( 2 1) '' ) 330m/m (13" ) . . """" , , $ 1 2.50 f 
G4m/m ( 2 � " )  3!JOm/m (15. 356" ) . . . . . . . . $ 9.75 
54m/m ( 2 Ys " )  508m/m ( 2 0 " )  . . . . . . . . . . . . . $ 1 2.50 
54m/m ( 2 % " )  BOOm/m ( 23 % " ) . . . . . .  $ 1 2.50 
7 8m/m (3f.J")  381m/m (15")  . . . . . . . . . . . . . . .  $ 2 1 .00 
80rn/ m  ( 3';( ' )  495m/m (19 % " ) """", , $28 .00 
81m/m ( 3;>.," ) 622m/m ( 2 4 % " )  . . . . . . . .  " ,$22. 50 f 
83m/m ( 3 %  " )  660m/m ( 26" ) . . . . . . . . .  528.00 
83m/m ( 3 14 " )  7 11m/1ll ( 28" ) . . . . . . . . . . . . . . . $28.00 
83m/m ( 3 % " )  876m/m ( 3 4 % " )  . . . . . . . . . . .  $28.00 
83m/ m  ( 3 1,4 " )  1016m/m ( 4 0 " )  . . . . . . . . . . . . .  $30.00 

1 0 0 m/m ( 4 % " ) * 1069m/m ( 42"," ) ."""" ,$60.00 f *Xot Coated 
We can supp ly  A L U M I N U M T U B I N G  for the above l enses. 
S Y M M E T R I C A L  E Y E P I EC E  L E N S  S ET-These sets 
cons i s t  o f  t w u  Magnes i u m - F I UOl'ide coJlted and cetncllted 1:lCIUOIlHltS. exact Gov't spaci n g  diagTam . 
r, h·r.s w i d e  flat f i e l d .  

\6 " E . Ii' .L.  ( 2 0X )  Lens Set J 3 m /1ll Dia . . . . .  S4 . 50 f 
*" E . fo' .I.J.  ( 1 3 X )  Lens Set 1 8 m /Ill Din . . . . . . . . 3 . 50 

M O U N T E D  E Y E P I EC E  h a s  � perfect l e n s e s  2 9 m m  
i n  d i n .  Deshrned i n  O J ' d e l ' _  to �ive go o o d  eye relief. Cell  Jlts 1 1/4 " tube. 1 l/4 " E . F . L .  (8X) . . . . . . ... . . . S4 . 50 
R ectangular Magnifying Lens-Seconds , sells 
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for reCld ing 
time beyond 
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The Paltl sundial in New York City 

is nearer the sun, gravitation moves it 
faster, which makes the sun seem to 
move faster. The eccentricity of the 
earth's orbit and the obliquity of the 
ecliptic (which is due to the tilt of the 
earth's axis) combine to make sun time 
as much as 16J� minutes fast in Novem
ber and 14J� minutes slow in February. 

The difference in hour angle between 
the sun and a clock, which runs at a uni
form rate, is the "equation of time." A 
plot of these differences through the year 
gives a curve shaped like the figure 8-
the so-called "analemma" which is fa
miliar on globes of the earth, where 
young people see it and embarrass older 
people by asking them to explain it. On 
the Briggs dial this analemma is mounted 
with a radius of curvature equal to its 
distance behind a small hole in a projec
tion at the top of the dial plate. It is set 
off from the center far enough to the side 
to allow for the length of time that it 
takes the earth to turn from the center of 
the time zone to the longitude of the dial. 
Noon by sun time comes when the small 
spot of light from the sun bisects the 
meridian line of the analemma, but by 
clock time it is noon when the spot bi
sects the analemma curve. Civilization 

runs by the constant clock and not by the 
inconstant sun. 

To obtain correct standard time from 
the analemma you must be on the spot at 
noontime, but you can obtain it at any 
even hour if each hour is marked on the 
dial by its individual analemma. This is 
what the upper and lower parts of the 
Briggs dial face consist of. Each part has 
its own chisel-edged gnomon. Dividing 
the analemmas into halves, as shown in 
the drawing, adds to the dial's attractive
ness and permits the insertion of ana
lemmas for each half hQur, without con
fusion due to overlapping. The lines in
cised in the bronze are filled with bright 
red, the references to sun time with 
white, and those to the calendar, with 
blue. It is a beautiful dial. 

Without knowledge of the Briggs dial 
Archibald Craig of Oxford, Fa., devised 
a direct-reading dial of a similar type in 
which entire analemmas from 8 a.m. to 
4 p.m. are separately inscribed. Instead 
of designing the dial by calculation. he 
let the sun lay out each analemma, visit
ing the dial to mark the shadow every 
day for an entire year. 

Hermann Egger, a geographer at the 
International Cartographic Office in 
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• 

The 
Problem 

• 

Midget with the giant brain 

To design and 

build a computer 

tor airborne 

automatic control 

systems - with 

severe restrictions 

imposed on size, 

weight and opera

tion under extreme 

environmental 

conditions; in 

short, a computer 

that would be 

small, simple� 
reliable, 

rugged - and easy 

to build 

and maintain. 

AT H U G H E S  R E S E A R C H  a n d  
Development Laboratories this 
problem was examined exhaus
tively, and it was concluded that 
a digital computer offered the best 
means for satisfying the require
ments because of its ability to 
solve complex problems accu
rately and quickly. 

Because the requirements of 
this application could not be met 
by existing digital  computers, 
owing to their large size,  the 
following developments were 
undertaken : 

1. Simplification of the logical 
structure of the computer through 
the use of a mathematical theory 
of computer design b a s e d  on 
Boolean algebra - but with reten
tion of the operational versatility 
of a general-purpose computer. 

2. Development of ingenious 
circuitry to utilize the new logi
cal designs. 

3. Achievement of minimum 
size by the use of subminiature 
techniques, including germanium 
diodes, subminiature tubes, and 
etched circuits. 

4. Employment of unitized con
struction : plug-in units of flip
flop circuits and diode networks. 

Need for subminiaturization, 
then,  was a governing factor. 
Consequently, entire new tech
niques for making things not only 
vastly smaller, but at the same 
time easier to build and service, 
were developed by Hughes. This 
is a continuing process and there 
is indication of even more signif
icant advancement in miniaturi
zation for the future. 

A major effort at Hughes is also 
devoted to adapting electronic 
digital computer techniques to 
business data processing and re
lated applications - destined for 
far-reaching peacetime uses. 

One of the subminiature switching circuits 
from the Hughes airborne electronic digital computer 
is examined by Dr. Eugene M. Grabbe ( right ) ,  
Associate Head, Computer Systems Department, 
Advanced Electronics Laboratory, 
and Phil A .  Adamson of the Technical Staff. 

E N G I N E E R S  A N D P H Y S I C I S T S  

Hughe s Culver 

City, 

A D D R E S S :  Scientific and Engineering Staff R E S EA R C H  Los Angeles 

County, 

California 

A ctivities at Hughes in 
the computer field are 

creating some new 

positions in the 

Computer Systems 

Department. Experience 

in the design and 

application of electronic 

digital computers is 

desirable, but not 

essential. Engineers and 

physicists with back

grounds of component 

development or system 

engineering are invited 

to apply. 

A N D D EV E L O P M E N T 
LA B O R AT O R  I ES 

Assurance is reQu i red t h a t  the 
re location of the app l i cant  w i l l  
not  ca use the d isruption of an  
u rgent m i l itary project. 
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I Listen and Learn 
Easily, Quickly, 

Accurately 
With 

lllGUAPHOIE 
World's-Standard 

FRENCH 
SPANISH 
GERMAN 
I TA L IAN 
RUSSIAN 
H EBREW 

Conversational Method 

Another Language 
Another Opportun ity 

You ca n add to your 
o p portu nities, enjoy 
l ife more when you 
s p e a k  another l a n 
g u a g e ;  ste p i nto a 
whole new world of 
s c i e n t i f i c ,  b u s i n e s s ,  
professiona l  a n d  cul
tural  o p portu nities;  
d o u b l e  y o u r  t r a v e l  
a n d  leisure time en
j o y m e n t ;  i n c r e a s e  

JAPANESE 
y o u r  chances for spe
cial ized work a n d  bet
ter ratings  in the 
Armed Services. 

NORWEGIAN 
PORTUGUESE 

You Listen 
and Learn 

You' re n ever too ol d to 
l earn a l anguage the 
L l N G U A PH O N E  way
or too young-it is the 
N A T U R A L  w a y .  T h e  
same w a y  you l earned 
your mother tongue long 
before you went to 
school. 

-any of 
29 . 

Languages 
available 

No Textbook C a n  
Tea ch Y o u  To Speak 
Linguaphone b rings a 

foreign l a n d  right into your own home. You hear 
ma ny men and women speak in their native tongue 
about everyday matters. You l i sten-YO U  under
stand-YO U  SPEAK with correct pronunciation 
a n d  proper swi ng. You l earn to read and 
write. It's a l l  amazingly easy. With Lin9ua
phone. the world " s-standard conversational 
method. y,ou ca n study a l on e  a t  your l ei sure, or 
have fami l y  and friends join you. 

World-wide Educational Endorsement 
Linguaphone courses were made astoni shingly 
easy and practical by more than 150 expert 
l i n guists of i nternational fame. Endorsed by edu
cators, used by col l eges, schools, U . N . ,  Armed 
Services, Government Agencies a n d  business firms 
for special speed-up individual and group per
sonnel  tra ining, O ver one mi l l ion home-study 
students of a l l  ages. 

STOP Wishing-START Talking 
Write today for Fasci(1ating FREE  Book, "Passport 
to a N ew World of Opportunity". l ingua phone 
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Institute, 309 M ezz . , Rockefel l er 
P l aza. N ew York 20. N .  Y. 

M ail Coupon TODA Y 

- - - - - - _ ._ - - - , 
L I N G U A P H O N E  I N STITUTE 
309 Mezz . ,  Rock . Plaza 
New York 20,  N. Y. 

o Send me your FREE book. 
want to l earn . . . . .  
l anguage. 
o Send me information on 
Special Group Speed-up P lan .  

Oc�upation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . 

Zurich, Switzerland, says he invented 
the gnomic cylinder dial shown in the 
drawing on page 162. The Egger dial 
plate is tilted parallel with the earth's 
axis. As in the Briggs dial, the anal emma 
is divided into two parts with two 
gnomons. However, instead of a flat dial 
plate Egger uses two cylindrical plates , 
one for the forenoon, one for the after
noon, set at 60-degree angles with each 
other. The gnomons are set at the centers 
of curvature as shown. In a variation not 
shown, two quarter cylinders are substi
tuted for the half cylinders and the 
gnomon is set midway between the 
center of curvature and the cylinder. An 
advantage in using a cylindrical dial 
plate is that the hour angles are equal 
and the analemmas parallel and alike. 

Egger says that a perfect sundial must 
meet the following requirements : It 
must show by a direct reading, at any 
hour of the day throughout the year, 
both the standard time and the date, and 
the aate and hour markings must be 
spaced at almost equal intervals. He says 
that he has invented the only dials which 
fulfill these requirements. Any sundial in 
the future that casts the rays of the sun 
by means of four projection centers on 
two concave cylindric scales will be an 
Egger sundial, he says. 

To obtain the time and the date from 
the sundial shown on page 164 you rotate 
and tilt the hour circle until a quarter
inch lens of lO-inch focal length behind 
a small round hole in the circle throws an 
image of the sun astride the line of the 
analemma. You then clamp it there. Rus
sell Porter made a number of dials of this 
type, terminating in one built around a 
Pyrex flask, shown in this department in 
September, 195 1. Herman L. Paul, a 
New York City machinist, saw the draw
ing of this dial and substituted metal 
circles for the flask. The outer circle is 
from a globe of the earth. It is placed in 
the earth's meridian and rotated until the 
axis it carries is parallel with the earth's 
axis. To avoid a broad shadow from the 
outer circle Paul removed a short seg
ment from it and substituted a thin strip 
of metal. He says that the dial gives cor
rect time within two minutes. 

Neither instructions nor blueprInts 
are available for building the dials de
scribed. Detailed instructions would re
quire too much space and deprive a 
builder of his fun, while blueprints for 
merely copying the dials would s�it but 
one location. "I had to study out what 
the whole thing meant," Paul said, add
ing that this was what gave him the most 
satisfaction. He digested the M ayall 
book until he clearly understood the 
principles common to all sundials. 
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LABO RATO R I ES . . . . . . . . . . . . . . . . . . . . . . . .  1 65 

Agenc y : Foote,  Cone & Belding 

I L L I N O I S  TEST I N G  LABO RATO R I ES ,  I N C  . . . . . . . . . . . .  1 2 2  
Agenc y : T h e  Buchen Company 

I N D I A N A  STEEL P R O D U CTS CO., TH E. . . . . . .  1 24 
Agency : The Fensholt Advertising Agency 

I N D U ST R I A L  TECTO N I CS,  I N C. . . . . . . . . .  1 1 3 
_>\gency : Carl Connable Advertising 

I NT E R N AT I O N A L  B U S I N ESS MACH I N ES CORP.  88 
Agen c y : Cecil & Presbx:ey, I n c .  

I N T E R N AT l b N A L  N I C K E L  COM PANY,  I N C . ,  TH E. .  1 5  
Agency : Marschalk & P r a t t  C o .  

JACK & H E I N TZ,  I N C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3 1  
Agenc y : Fuller & Smith & Ross, I n c .  

JAEGERS,  A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 64 
Age n c y : Carol Advertising Agency 

JARRELL-ASH COM PAN y. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 
Agency : F. P. Walther, J r "  and Associates 

KA I S E R  A L U M I N U M  & C H E M ICAL SALES ,  
I N C.  43, 44 

.
Agenc y : Young & Rubicam, I n c .  

K ETAY M A N U FACT U R I N G  C O R P . . .  1 37 
Agency :  Hicks & Greist, I n c .  

KOPP ERS COM PANY,  I N C . ,  C H E M I CA L  D I V I -
S I O N  ( C H E M ICALS ) . . . .  . . . . . . . . . . . . . . . . . . . . . . .  I I I  

Agency : Batten, Barton, Durstinc & Osborn, J n c .  

L E FAX 1 70 
Agen c y : H . Lesseraux 

L E I TZ, E., I NC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  1 02 ,  1 03 
Agenc y : N. W. Ayer & S o n ,  I n c orporatcd 

L I B B EY-OW E N S-fORD G LASS CO., L I B E RTY 
M I R R O R  D I V I S I O N  ... . . . . . . . . . . . . . . . . . .  8 4  

Agency :  F u l l e r  & S m i t h  & R o s s ,  I n c .  

L I  BRASC O P E ,  I N C O R P O RATED. . . . . . . . . . . . .  26 
Agency : Western Advertising Agency, I n c .  

L l N G U A P H O N E  I N ST ITUTE. . . . . . . . . . . . . . . . . . . . . . . . .  1 66 
Agen c y : Kaplan & Bruck Advertising 

L I TTLE ,  ARTH U R  D., I N C. . . . . . . . . . . . . . . . . . . . . . . . . .  28 
Agency : Larc o m  Randall, Advertising 

LOCKH E E D  A I RCRAFT C O R P O RAT I O N . . . 1 6 1  
Agenc y : Hal Stebbins, I n c .  

LONGMANS,  G R E E N  A N D  C O . ,  I N C. . .  1 50 

L U DW I G ,  F. G . ,  I N C. . . . . . . . . . .  1 38 
Agency : E. J. Lush, I n c .  

LYCO M I N G  D I V I S I O N S-AVCO M A N U FAC-
T U R I N G  C O R P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  30,  3 1  

Agenc y : Benton & Bowles, I n c .  

M AC M I LLAN COMPANY,  TH E . . . . . . . . .  . 1 4 1  
Age n c y : Atherton & Currier, I n c .  

M A L L O RY ,  P .  R . ,  & CO.,  I N C. . . . .  29 
Agenc y :  The Aitkin.Kynett  C o .  

M A R I O N  E L ECT R I CA L  I N ST R U M ENT C O M 
PANY 

Agency : �'Ieissner & Culver, I n c _  

MAXS O N ,  W. L . ,  C O R P . ,  TH E. . . . . . . .  1 30 
Agency : Engineered Advertising 

M EL ETRON CORPORAT I O N . . . . . . . . . . . . . . . . . . .  1 34 
Agency : MacFaden, J ohn R . ,  & Staff 

M ELPAR,  I NC. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 2  
Agenc y : Equity Advertising ."'gency 

M I N I A T U R E  P R EC I S I O N  B EA R I N G S  I N CO R-
PO RATED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . .  

Agency :  A d - Service I n corperated 

M I N N EA P O L I S-H O N EYWELL REGU LATOR CO. 
I N D USTR I A L  D I V I S I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2

'
0 ,  2 1  

Agen c y : The Aitkin-Kynett C o .  

M US I CA L  M ASTERW O R KS SOCI ETY, I N C. . .  1 52 
Agency : Schwab and Beatty,  I n c .  

N A T U R A L  H I STORY B O O K  C L U B ,  I N C. . .  1 43 
Agenc y : Waterston & Fried, I n c .  

N EW A M E R I C A N  L I BRARY O F  WORLD L I T-
ERAT U R E ,  I N C . ,  TH E. . . . . . . . . . . . .  147 

Agen c y : Franklin S p i e r ,  I n c .  

N EW H A M PSH I RE BALL B EA R I N GS ,  I NC. . .  1 2 3  
Agency : Elsworth W .  D u n c e  and Associates 

N O O N DAY P R ESS ,  T H E . . . . . . . . . . .  1 4 8  
Agen c y : 1\lort J u n�er Advertising 

N O RTH A M E R I CA N  P H I L I PS COM PANY,  I N C_ 
Agency : Erwin, Wasey & Company, I n c .  

N U CLEAR D EVELO P M ENT ASSOCI ATES, INC . . . . 9 9  
Agency : Ruder & F i n n  Associates 

O H M  I T E . M A N  U FACTU RI NG CO. . . . . . . . . . . . . . . . . . . . .  1 27 
Agenc y : The Fensholt Advertising Agency 

O P P L E M  COM P A N Y ,  I N C. . . . . . . . . . . . . . . . . . . .  1 1 3 
Agency : Kelly, Nason, Incorporated 

OXFORD U N I V E RS I TY P R ESS. . . . . . . . . . . . .  1 47 
Agenc y : Denhard & Stewart, I n c .  

P ER K I N - E L M E R  CORPO RATI O N ,  TH E. . . .  32 
Agenc y : Fred Wittner A dvertising 

P E R M U T I T  C O M P A N Y ,  TH E. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
Agency : Cunningham & Walsh I n c .  

P H I LOSO PH I C A L  L I BRARY, I N C. . .  1 49 
Agency : Lester Loeb Advertising 

P I TT S B U R G H  C O K E  & C H EM I C A L  CO. .  2 7  
Agency : Walker & Downing 

P I TTS B U RG H  LECT R O D RYER C O R P O RAT I O N . . 38 
Agen c y : Fuller & Smith & Ross, I n c .  

POTT E R  & B R U M F I E LD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 
Agency : LaGrange & Garrison Incorporated 

RADIi'Eg�UP���U��T 
O�vi��R���: ���� I�L: 1 59 

Agency : Al Paul Lefton Company, I n c .  

RA N D  M C N A L LY & C O M PANY. . .  148 
Agency : Franklin Spier, I n c .  

RAYT H E O N  M A N U FACT U R I N G  C O M PA N Y.. . 82 
Agency : Walter B. Snow & Staff, I n c .  

REVERE COPPER AND B RASS I N CO R P O RATED . . 33 
Agenc y : S t .  Georges & Keyes, Inc.  

ROHM & HAAS COM PANY. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 
Agenc y : J ohn F a l k n e r  Arndt & C o m p a n y ,  I n c .  

ST. M A RT I  N ' S  P R ESS.  142 
Agenc y : Franklin Spier,  Inc.  

SA N BO R N  COM PANY.  1 0  
Agency : Meissner & Culve�, I n c .  

S I G M A  I N STR U M ENTS,  I N C. . . . . . . . . . . .  1 32 
Agency : Meissner & C ulver, I n c .  

SORENSEN & C O . ,  I N C. . . . . . . . . . . . . . . . . . . . . . .  1 35 
Agenc y : Moore & Company, I n c .  

S P EC I A L I ZED I N ST R U M ENT C O R P O RAT I O N . .  1 69 
Agen c y : Gerth-Pacific Advcrtising Agency 

STO KES,  F.  J., MACH I N E  CO M PA N Y  .. . . . . . . . .  . .  
Agenc y : John Mather Lupton Company, Inc. 

S U N  RAD I O  & E L ECTRO N I CS CO., I N C. . . . .  1 6 2  
Agenc y : The Gasman -Levin C o . ,  I n c .  

S U P E R I O R  E L ECT R I C  C O . ,  TH E. . . . . . . . . . . . . . . . . . . . . . . . . .  1 07 
Agenc y : Hugh H_ Graham & Associates, I n c .  

SWI FT I N D U ST R I ES ,  I N C. . . . . . . .  1 68 
Agenc y : Shappe-WHkes I n c .  

SYNTH A N E  C O R P O RAT I O N . . . . .  1 3  
Agenc y : J ohn Falkner Arndt & ·C�·�·���;·: · ·i·��·:·· · 

TA L L E R  & C O O P E R ,  I N C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 
Agency : Harold Marshall Advertising Company 

T E L ECO M P U T I N G  C O R P O RAT I O N . . .  1 39 
Agency : Hal Stebbins, I n c .  

TH O M PSON P R O D U CTS, I N C . ,  J ET D I V I S I O N . .  1 2 5  
Agenc y : Meldrum & Fewsmith, I n c .  

U N I O N  CA R B I D E  AND CARBON 
C O R P O RAT I O N  . . . . . . . . . . . . . . . .  I N S I D E  FRONT COVER 

Agency : J .  1\1 . Mathes, I n c orporated 

. U N ITED B I N OC U LA R  CO. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 30 
Agency : E. H_ Brown Advertising Agency 

U N ITED SCI  ENTI FIC CO. . . . .  1 6 0  
Agenc y : L l o y d  Advertising, I n c .  

U N I T E D  STATES STEEL C O R P O RAT I O N . . . . . . . . . .  8 1  
Agency : Batten, B a r t o n ,  Durstinc & Osborn, J n c .  

U N I V E RSAL D R A FT I N G  MACH I N E  CORP . . .  1 68 
Agenc y : G. M. Basford Company 

V I K I N G  PRESS, TH E. . . . .  149 
Age n c y : Green-Brodie 

W I LEY,  J O H N ,  & S O N S ,  I N C. . . . . . .  146 
Agenc y : Waterston & Fried, I n c .  

W I SC O N S I N  A L U M N I  RESEARCH FO U N DA-
T I O N  . . . . . . . . . . . . . .  1 68 

Agenc y : Arthur Towell, I n corporated 
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Electrically 
Conductive Cloth 
A New Engineering Material for 
Many Applications in Electronics 

SUGGESTED 
USES: 

( RF SHIELDING 
RADAR REFLECTION � MICROWAVE GASKETING 
WARNING SYSTEMS 
ATIENUATORS 

luy it by tbe yarJ anJ sew it to sbape on flny 
sewing macbine. Or, bave us sew it for you. 

�!�T�!f!. 
10 Love Lane, Hartford 1, Conn. 

Hartford 2-1181 

Project research and consultation 

in Biochemistry, Chemistry, 

Bacteriology and Entomology 

Vitamin anCl Amino Acid As

says • Proximate Analyses • 

Mineral Determinations • In

secticide, fungicide and bacteri

cide screening • Antibiotic As

says • Biological and chemical 

insecticide assays • Toxicity 

Tests • Practical Chick Feeding 

Studies 

Write for price s�hedv'e 

WISCONSIN ALUMNI 
RESEARCH FOUNDATION 

P.O. BOX 2059 • MADISON I, WISCONSIN 

no finer instrument-at any price 
• Scientists and engineers the world over 
specify UNIVERSAL when they want the 
ultimate in drafting machines. They know 
the lasting value of this sturdy instrument 
in which are combined sound engineering, 
dependable time-tested materials and old
school craftsmanship. 
Fifty years ago Universal pioneered with 
the first drafting machine-today Universal 
leads in use wherever precision. visibility, 
ease of performance and adaptability to 
angle boards are decisi .. e purchasing factors. 
The Universal "Boardmaster" Bulletin 
describes this instrument in detail and 
makes clear why it is today's tOP value for 
any busy engineering department. Copy 
sent on request-write today. 

UNIVERSAL DRAFTING MACIHNE CORP. 
fi'·"·I.,.'·,I:··W:w:III .... ':w:w'·'�I •••• J:II.1 

BIBLIOGRAPHY 
Readers interested in further reading 

on the subjects covered by articles in this 
issue may find the list below helpful. 
The lists are not intended as bibliogra
phies of source material for the articles. 
The references selected will provide 
supplementary information. 

FUNDAMENTAL QUESTIONS 
IN SCIENCE 

POSITIVISM: A STUDY IN HUMAN UNDER
STANDING. Richard von Mises. Har
vard University Press, 1951. 

THE COMMON SENSE OF SCIENCE. J. 
Bronowski. W. Heinemann, 1951. 

MODERN SCIENCE AND MODERN MAN. 
James Bryant Conant. Columbia Uni
versity Press, 1952. 

WHAT IS MATTER? 

SCIENCE AND HUMANISM: PHYSICS IN 
OUR TIME. Erwin Schrodinger. Cam
bridge University Press, 1951. 

THE REVOLUTION IN PHYSICS. Louis de 
Broglie. The Noonday Press, 1953. 

WHAT HOLDS THE NUCLEUS 
TOGETHER? 

ELEMENTARY NUCLE�R THEORY. H. A. 
Bethe. John Wiley & Sons, Inc., 1947. 

THEORETICAL NUCLEAR PHYSICS. John 
M. Blatt and Victor F. Weisskopf. 
John Wiley & Sons, Inc., 1952. 

WHERE DO COSMIC RAYS 
COME FROM? 

HIGH ENERGY PARTICLES. Bruno Rossi. 
Prentice-Hall, Inc., 1952. 

THE COSMIC RAYs. Louis Leprince
Ringuet. Prentice-Hall, Inc., 1950. 

PROGUESS IN COSMIC RAY PHYSICS. 
Edited by J. G . . Wilson. Interscience 
Publishers, Inc., 1951. 

COSMIC RAYs. L. Janossy. Oxford Uni
versity Press, 1950. 

WHY DO GALAXIES HAVE A 
SPIRAL FORM? 

OBSERVATIONS OF THE NEBULAE. Wil
liam Parsons, Third Earl of Rosse. The 
Scientific Papers, 1850. 

GALAXIES-PUESENT DA Y PROBLEMS. 
Walter Baade. Publications of the 
Observatory of the University of 
Michigan, Vol. 10, pages 7-17; 1951. 

PROBLEMS OF COSMICAL AERODYNAMICS. 
Walter Baade and Nicholas U. Mayall 
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The New Spinco Model H Electrophoresis-Diffusion Instrument 

Electrophoresis-Diffusion facilities for high-precision research uses are combined in the 

Spinco Model H Electrophoresis-Diffusion instrument, illustrated. Having multiple optical 

systems arranged for rapid and efficient use, an optimum of automatic controls, and a single

unit construction, the instrument features ease and convenience of operation. 

With the development of this unit, reliable, reproducible laboratory procedures 

are routine in the isolation, separation, and identification of materials having electrically 

active particles. New applications are constantly developing in the fields of complex-colloid' 

, analysis, production control of purified proteins, and the discovery of new factors. 

For data on this new instrument, or on Spinco ultracentrifuges-the world-wide 

standard in their field-write: 

SPECIALIZED INSTRUMENTS CORPORATION 
Belmont 15 California 
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high-precision thermistors 

Whether you use these temperature respon
sive resistors in standard or special models, 
you can be sure of this. They'll match your 
needs for resistance values, size, temperature 
coefficient, mountings and quality. Made in 
our own plant under carefully controlled 
conditions, Bendix·Friez Thermistors know 
no equal. 

STANDARD TYPES FOR IMMEDIATE DELIVERY 

r---------,---------,---------,--------, 
Size (inches) @ +30°C. @ O°C. @ -30°C. 

I 
1--------- 1 -------- 1 --------

.140 x .75 45.0 ohms 86 ohms 194 ohms 

.040 x 1.5 12,250 ohms 26,200 ohms 65,340 ohms 

Used in this typical application 

for sensing the temperature of 
hydraulic oil. 

.018 x 1.5 35,000 ohms 82,290 ohms 229,600 ohms 

Write for details. 
FRIEZ INSTRUMENT DIVISION of • •  �/ 

1422 Taylor Avenue, BALTIMORE 4, M ARYLAND 
Export Sales: Bendix International Division 

A�IAT'ON CORPORATION 

72 Fifth Avenue, New York 11, N. Y. 

now 
equivalent and with as little effort 
as studio console recordings. Smaller than 
a portable typewriter (11 x lOx 8 in.), and 
weighs 15 Ibs. including dry.cell batteries 
that last 100 hours. The Magnemite* is 
easily carried .and operated anywhere. 
Here are truly professional ,pec ifications: 

• Model 610-50 (7112 ips, 50 to 7500 
c ycl e s) m e e t. secondan N ARTB 
.tandards. 

• Model 610-E II 5 ips, 50 to 15,000 .cycles) 
meets primary NARTB standard·s. 

• Dynamic range 50 db. 
• Flutter ± 0.1%. 
• Governor-controlled consta.nt speed 

spring motor. 

• Headph·one monitorin9" and playback 
facilities. 

170 

lVrite Dept. ,�A for complete tec1m'icallifcraftfre 
alld direct factory prices to: 

AMPLIfiER CORP. 
of AMERICA 

398 Broadway, N. Y. 13, N. Y. 
'Trade Mark Reg. Pat. Pend. 

LEFAX* * * 
POCKET SIZE TECHNICAL 

• DATA BOOKS $1 EACH 
Printed on loose leaf, six hole, 6%" x 
3%" bond paper, each book contains 
about 140 pages of technical data, pre· 
senting condensed, accurate and essential 
data for the student, engineer, technical 
worker and business man. 

Architecture 
Home Heating 
Illumination 
Electrician's Data 
Builder's Data 
Lumber Data 
Air Conditioning 
General Math. 
Math. Tables 
Physics 
Chemical Tables 
Metals 
Gen'l. Chemistry 
Reinforced 

Concrete 
Building 

Construction 
Radio 
Television &. FM 
Electricity, AC 
Electricity, DC 
AC Motors and 

Generators 

••• 
Transformers, 

Relays, Meters 
Hydraulics 
Surveying 
Mech. Drawing 
Machine Design 
Machinists' Data 
Piping Data 
Surveying Tables 
Trig-Log Tables 
Metallurgy 
Analytic 

Chemistry 
Highway 

Engineering 
Mechanics of Materials 
Power Trans. Mach'y, 
Thermodynamic Tables 

Be Charts 
Phys. &. Thermo

dynamic Data 
Phys. 8< Org. 

Chemistry 

Write for FREE catalogs (over 2000 listings). 

See for yourself how helpful LEFAX can be to 

you. Send $1 for each book, or $5 for any six 

books listed above, to: 

LEFAX, Dept. SA·14, Philadelphia 7, Pa. 
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HOW DO CELLS 
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dington. Cambridge University Press, 
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CHEMICAL EMBRYOLOGY. Jean Brachet. 
Interscience Publishers,
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Inc., 1950. 

WHAT IS MEMORY? 

-THE ELECTRICAL ACTIVITY OF THE 
NERVOUS SYSTEM. Mary A. Brazier. 
The Macmillan Company, 1951. 

PSYCHOLOGY OF HUMAN LEARNING. John 
Alexander McGeogh. Longmans 
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HANDBOOK OF EXPERIMENTAL PSY· 
CHOLOGY. S. S. Stevens. John Wiley & 
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WHAT IS PROBABILITY? 

A TREATISE ON PROBABILITY. John May
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THE NATURE AND ApPLICATION OF IN
DUCTIVE LOGIC. Rudolf Carnap. The 
University of Chicago Press, 1951. 

PROBABILITY, STATISTICS, AND TRUTH. 
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Company, Ltd., 1939. 
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has an· NO degree 

One man, using a desk calculator, 
would work seven years on the 
problem this IBM "701" elec
tronic computer solves in just a 
few minutes! In fact, this "brain" 
averages 14,000 mathematical 
operations per second! 
Such lightning results call for 
sensitive, accurate support of 
shafts and other moving parts. 
That's why New Departure ball 
bearings have the assignment of 
preserving alignment in the read
ing and recording devices at the 
center of the "memory" system. 

Back of the newest of New 
Departure applications are re� 
search, engineering and manu
facturing facilities unequalled in 
the industry. They are at the 
designer's and builder's disposal 
to help better present products 

.. develop new ones. 

N[W DEPARTURE. • DIVISION or GEN[RAl M010RS • IlRISTOL CONNECTICUT 
Also Makers of the FamOllS New Departure Coaster Brake 

International Business Machines' new "701" 
electronic computer employs New Departure 
boll bearings for mounting the magnetic drum 
rotors, as well as the magnetic clutches of 
its tape readers and recorders. All units 
of the calculator are shown at left. 
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NOW! To readers of this m�gazine-the most 
generous offer in the entire history of Executive Books 

Let us rush you all 3 of ther---se ------t 

business-success books for only $ 
I 

and FREE 
meMbe,..hlp 
In ExeeuUve 
Boob 

Pub. at 
$275 

Famous author 0/ uThe Art 

0/ Plain Talk" does it again! 

THE ART OF 
CLEAR THINKING 
by DR. RUDOLF FLESCH 

ttGet alol1g" faster and easier 
by getting along better 

WINNING YOUR 
WAY WITH PEOPLE 

by K. C. INGRAM 

John D. Ro ckefeller once 

said, til will pay more for 

the ability to handle people 

than for any other ability 

under the sun." Today, t�at 

feeling is becoming more 

Pub. at 
$350 

flow to become a memory 

expert in just 21 days 

THREE WEEKS TO A 
BETTER MEMORY 

by BRENDAN BYRNE 

Leaders in business, politics 

and the professions usually 

have extraordinary memories. 

Brendan Byrne's interesting 

easy-to-handle daily assign

ments show you how to 

remember names and faces, 

phone numbers, speeches 

and important data. His 

amazing "key word-picture" 

memory device works s o  

Publ ished at a total price of $1 0.25 
but you get all 3 for only $1. 

(plus few cents postaAe) 
GIVING you 3 full-sized, hard· cover books like 

these for only $1 is for us a very expensive way 
to introduce you to the Executive Plan and show you 
the kind of books you will be offered regularly as a 
FREE member of America's famous Executive Book 
Club at big savings-(members buy only the selec
tions of their choice-at savings of at least 25 % from 
the established retail prices.) 
We feel sure, however, that this introductory offer is the best 
way because these three Executive selections have been chosen 
by our editors as t,he very finest books available in the 3 most 
important "areas" of executive development. Indeed, execu
tives making $25,000 a year (and up) will tell you that this 
3·way development is the real key to winning your way to a 
better job at better pay. 

How this Executive "Plan" works-
• Each month, Executive Books' editors select an outstand

ing book by a recognized authority-a man at the TOP. Each 
book deals with knowledge essential to your success • • • 
practical, helpful texts. 

• Each month you will receive as a member, a free copy of 
our report, "The Executive:' In it you'll find a full description 
of the forthcoming month's selection (chosen from new books 
of the leading Publishers) and a summary of many other cur
rent books on practical subjects. Thus, you have ne.arly a 
month to tell us whether 01' not you wish the selection. 
• You are not obligated to accept every month's selection. 

You may take as few as four selections a year and still retain 
all the privileges and savings to which you are entitled. How
ever, let's be clear about it. As a member you agree to purchase 
four selections of your choice during the next 12 months. 

• The Executive Plan always saves you money, too. Execu
tive Book selections cost members an average of less than $3.25 (including shipping). You always pay at least 25 % less 
than the publisher's regular retail price. Frequently two books 
are offered as a Combined Selection-at a price that may be 
no more than the retail cost of one of the books-a saving of 
nearly 50% to you as a member. 

Mall coupon! You need send no money! 
The dollar you invest for these 3 vitally important 
"key" books may well be the most productive dollar 
you ever invested in your life. Just one of these books 
can make the difference between a better job and 
staying in the same old "rut." So, join with the thou
sands of Executive Plan members in "key" positions 
in such top organizations as American Tel. & Tel., 
Beechnut Packing, B&O Railroad, Bethlehem Steel, 
International Business Machines, Gulf Oil, Standard 
Oil of Ohio, Universal Atlas Cement, Remington 
Rand, etc. Act at once to let Exe<;utive Books help 
you succeed in business. Mail coupon today. 

A fascinating, yet down-to

earth guide to straight think

ing, and problem solving 

that shows you how to think 

tton your feet" • • .  how to win 

arguments quickly, logically 

• . .  short cuts to faster every

day mathematics, a speedy 

notetaking system, and a 

quick self-test of executive 

ability. "The Art of Clear 

Thinking" shows how not 

to rack your brain, how tlot 

to be bamboozled. Complete 

with 16 pages of drawings, 

documenting the famous Dr. 

Flesch's painstaking research. 

� i mportant throughout the 

business world. Top salaries 

ace paid to those who have 

the ability to influence and 

direct the efforts of others. 

Here, at last, is a practical, 

proven guide to handling 

people successfully. It reo 

veals the psychology of 

making people listen to you, 

think well of you, and 

remember you. 

;��/�� i:a

n

n
d :st:�i;� r ALL 3 BUSI NESS-SUCCESS BO ii KS FOR jj NL ;$1 

a l m o s t  m i r a c u l o u s  

memory feats within 

two weeks. Introduc

tion by James A. Farley 

- I l l us t r a tions by 

Richard Decker. 

Each month Executive Books gives away to subscribers 

$325.00 in CASH PRIZES!. 
13 CASH prizes every month. Open to subscribers only. These generous 
cash prizes stimulate mutually helpful and usable executive devel
opment suggestions. Contest is simple, interesting, no entry fees! 

EXEC.U'IIYE BOOKS 
172 

• 100 SIXTH AVENUE 
NEW YORK 13, N. Y. 

(published at total price of $10.25) 
EXECUTIVE BOOKS, Dept,246,1 00 Sixth Ave., New York 13, N. Y. 
I accept your introductory offer of these 3 Executi,e Selections for only 
$1.00* (plus a few cents shipping) wjth } .... ree membership in Executive Books. 

\Vith my :3 books also send me the current edition of .The Executive so I may 

decide whether or not I wish to purchase next month's sel{1ction. I understand 
that as a member my only obligation is to choose as few as 4 or the 16 or 
more books offered during the next 12 months.· As a subscriber. 1 may 
participate without cost in the monthly $325.00 cash prize contest. 

o Bill me $1 (plus a few cents shipping) 
*0 I would prefer you to pay shipping so I'm enclosing $1.00 

(KO-RISK GUARANTEF:: If not delighted. return all books within 7 days. 
and membership will be cancelled.) 

Name' ______________________________________________ _ 

Address, _______________________ __ 

City 
�---:::---:__-:--:_::__,__c____:__:_c_Zone (if any) __ State __ _ 

( In Canada , only S1.l 0-Address Owen Sound, Ont.) SA-9 
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Another new development using 

B. F.Goodrich Chemical raw materials 

T
HESE red globes in the picture are 
floats to support the huge nets in 

the business of catching tuna fish off 
the coast of California. 

These floats are a big jump ahead of 
other types because they derive many 
advantages from Geon vinyl resin. 
Theyare made of expanded vinyl sponge 
with closed cells-non-absorbing and 
permanently buoyant. They resist sun, 
fungus, corrosion and abrasion and 
can be made in any of Geon's wide 
range of colors. 

But don't stop at this float idea! Here 
are other uses for Geon vinyl sponge. 
It can be used as thermal insulation or 

to deaden sound. It makes excellent 
.. crash pad s" . 

Geon paste resin, the base material 
for this plastic sponge, has many non
sponge-type uses also. It can be used 
for molding, coating, casting or dip
ping operations-offers a range of ad
vantages that can help you improve or 
develop more saleable products. This 
is just one of many Geon materials, 
each designed for specific uses. They 
can make products resistant to heat 
and cold, abrasion, aging, water and 
many chemicals. We'll gladly help you 
select the one best suited ro your needs, 
to help you turn a selling idea into a 

sales success. For technical information, 
please write Dept. D-4, B. F. Goodrich 
Chemical Company, Rose Building, 
Cleveland 15, Ohio. Cable address: 
Goodchemco. In Canada: Kitchener, 
Ontario. 

GEON RESINS. GOOD- RITE PLASTICIZERS . . .  the ideal team to make products easier, better and more saleable 

GEON polyvinyl materials • HYCAR American rubber • GOOD-RITE chemicals and plasticizers • HARMON colors 
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Insurance. 
In sports, protection is part of the game. In business, too, protection 
against the possibility of accident, personal injury or interruption of earning 
power is just as essential. 

At American Cyanamid Company, for example, a detailed program has 
been worked out with leading insurance companies for the protection 
of Cyanamid employees and to indemnify the company against possible 
damage to plants and properties. 

But actual insurance "thinking" starts with prevention of loss. Full use is 
made of the excellent services available through the insurance industry, such 
as inspections of safety conditions, regular examinations of pressure vessels 
and machinery, and modern fire protection engineering. Employees are trained 
in methods to prevent accident, a program which has helped achieve an 
enviable safety record and establish Cyanamid generally as a "preferred risk." 

This modern concept of "insurance" is one of the ways Cyanamid 
safeguards its service as a vital source of supply for chemicals, drugs, 
pharmaceuticals and other important products. 

• ( 

AMERICAN � COMPAN, 

30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y 
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